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PREFACE 

On or before December 12, 1983, nine state and 
federal agencies each filed ·a letter with the Federal Energy 
Regulatory Commission on the Alaska Power Authority's Appli­
cation for License for the Susitna Hydroelectric Project, 
Federal Energy Regulatory Commission Project No. 7114. The 
Alaska Power Authority's detailed responses to the more than 
800 specific comments set forth in the nine agency letters 
are contained in the Alaska Power Authority's 
Comment/Response· Documents filed '<vith the FERC on 
January 19, 1984 and February 15, 1984. The document in 
which this Preface appears contains references cited in the 
Power Authority's Comment/Response Documents. Additional 
references are contained in separately bound reports. 

ARLIS 
. Alaska Resources 

Ltbrary & Infomlat10n Servwes 
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CCM~ENT(S}: A. 1 

tJ nited St:t~s Oep3rtment of the Inrerior 
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~&c~Q~ =~ che ~rcje.c: t ~~ be s~ea~, !:~ cha~ poaici~=· 

~e 3~'i's ~a:1• aa & ~:!~la-u.se &c~=7 1~ :o ~~ ~~· ~4 o! c:e 
~~oli: l.:ti~ cc ~:3 hi;Qas: ~ap&ci:y ~ value3 &Ad :c ~ci'a~~ ~ac:~ 
wnan pcss:f.~.l..&. I:l. :.:a ea.sa d t:J:U..s p~oj ec:. wa ue i.;.volvaci •.rJ.c:J:I. & 
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:he. sam& ~"'' ~he lmd. sc.a.:~ :e.qu.:l..:a.s =.ore. cc::::.:::a=.c:.a c;onc:.a:-:~' cia~~icns 

oa ~na: ~s a.l.lcva~ co ha~pe: QQ ~esa ~. 

3~ad. oc waa: ~• ~v a~oue cha p:ojac: coday f:o~ :avt~g ~=c~•=:~ 
~~ :aa~ss ~i~:..~ ~=~, ~ats &ad AlA wa ~= ac: !arlee aay ~a&so~ ~~Y ::a 
~=~::t.:ua~== e: ~ecjec: ~avelc9~: sho~.l.d. QOC p:oca~d.. •• of~ar c~e 
£oUQvin3 W:~t"""..aC.:.cu fen: yt:~u: lUI&! 
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l.. Picaea.: !.o.a.d. !tl:l~:.u. 

AA ~ ~a:s:~d. ~he sicuar:.:.ca, !ce ~=•• :ou:as ch&c: or:f.t:f.~Aca 

u.:ha: c: ~e · .Uaau !L&.U.::u~od. o: ::A• h.:~ l:ti,hvay, C.: a 
l'i.one.a: R.oaci 110u.l.li b.&va ~= oa t::::n:~oa:::uc:aci d.u.::t.:; =~• ye.a.::s 
l9S~•l964 ~ cede: co ~va &e ~:cved. acce.ss d.u:~; l9SS 
a.=Ci u.:.l.y l.386, • .,bic..1 ~ou.l.d. :he: p:ov1.~4 ~=: a. scacs of 
~=::~uo~.s &cc .. a !:~ ::a ~a4la et l9S6 Q~a::s. ~e 
?:!.J::~aa•u: ltoa.ti c.occe.l)C :aqu.1..:u :o&4 ::.&i'1U""''g-.,.;,y a.:ci :al.a.ee<i 
~e~:~ du:i:l :~e y•a: Q: l3S2 vhi~ ~ pr~: ;o =~• ~'C 
li~a~i:~ ~r=c•••· ~&:a a:a obvtc~ly seve:al p:cble:s 
wi~ =~• ?~=a••= lo&ti ~=nca~~. ~ ~• ~ ~~a:sc.a.nci ;~e 

si~~&:!on, ~•Y ~=• a~ !oll;va: 
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L. ~~t7 ~onser~~=i~r. ~f ~h4 ~i~ncee ~o~~ wo~!4 h~vc ca ~~ 

pa~::e~ by a 3~~ t~;h~~i•J&y :~~= vouL~ requi:e •~ 
tnv~:oamen~~ i=~~~= sc~ca=e~c s.,a~~ce e:Q= chose 
cio~u=anca QOW bein; ~=~~a:ec co: c~• ~rejae:. App:aa~~­

ia; cna lionee: loaa 1roja~: iA ~ ae~4:a:e tiS Wichou: 
av&lya~S c~e aa:!:c S~ie:3 ~:~j~c: :ay lead ca a 
lac&l ~llense of ~1ecese~l1As ' ~i31e: ~rojece. !A 
ocb.a: w:d.s, •o~e ~auld. be c."l..a.Usnse~ e:a: r:he rca4 i.s 
u:aJ.y & pa:-c d .a. l.&:za: ove:au b.yd.:oellc:::~t: ~::oj sc:: 
~o~n.1.c:A shouJ.cf. be 1.a..1..Lynd. a.c: oa.a e.tma. 

1. the P1cuae: lca4 would. d.avia:e e:o= c~e lcca:ion of 
cha f1:4l &ccess :o&d. pa:~icul&:~y au ~"l.a :ouca sou:A 
of =.aa S4&ai=a Uv~&: De~o~•e=. Oev:U' s C.auyoa md. eho 
llat:.a:u. si:a. 

l. the Pioueer lead. cocu:a;u: :aqui:u 4ac!.sic\\ ~~ by 
~e Cook tAJ.ac Kacive Co~o~a~o~. Sc&e~ of Al&Ska, ~d. 

. _c:.t;.._ !u,::o~:at.t. .. ~.~ ~d. ~as~ac, ;~no: c:a Uce.=s1.:; by 
n::a.c. !ole ua verr awc.'1. <:oet.cez:'l:l.ad. c:na.c ' <tae.i.d=u 1:2u 
~a p1cnae= ro&d. :ay la&4 co sa:1~u• ~~vi:o~e~ ~d. 
eco:e~c ~=~~~ueacaa ~r~or c:c c:ne ~c:u£1 lica:si:s 
of 1:!1& proj ec:r:. iolh.Ua iC: 13 C&Ct: l.Aely a me Ucaue 
IIW. be cieaio~&d. d;a~ c:he h.a.si~W:y of cha ;:Jroj ee: bu 
bee~ aseao~hod., ci:e h.a.s & vay of ~;i:g ~n• Ya.l.ues 
sec: ay u.=.y al ~1U:' !'&.Sl! ~ecl..sic~ md. ..,. &a U\'.&t'&e:e. 
I;Ct:ie·s--c:~oC UU. C:..~e p~;;c~ee=!Oia·-~CiuCi.a~e IJ.sticl7. 
the:e. a.re. c:nree oc:!'let' U\'aC::~ of cbe ?1cn~eer aoad. 
c:once.f': viii sheW. d. :;m:u::iau. 'tho sa a:-e. : l.) 1: i.s vorr 
likaJ.y & S•cr:icu 10 ~e::i: will b~ ~equ1:ed. !or c::ossi:; 
a.avisabla tJ&c:e:s (Susi:::u R.ivar) , 1) .t Sec:.:.cu:t 404 
pa==i: fo: tJ&t!.a:d.s ~ ~· :equi:e~ =~== ~he Co~ o~ 
'A&i4et:s, m~ l) ~- de~1ion =~ ch& ?~o:ee: lo.a~ 
c:onc:e.~c: vill be.elavaead. co c~a lavel of ~~ Scc:ec:~ry 
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o(~!:l~~-~~:-.;,o r ................ A...I.J.. of ~-;.-. .. :~tctic~IBd. __ probla=-a:u.s .... - - ... ----------·--
. O.U c.i=& &:ct, as 1:~ i.s at.~- eueo.ca, __ ~:~~.;:e.=elt_ 
~ort.m.c :n&e-;·a & rouu i.i · c:beuo. ::uc: :a~uJ.:u 
P!cu.e:: B.aacl ~~:u:z.s:'::'\lc:1on. Chat the !iec:i.3toc be :&de 
&a &&rly as posai~le ~ eh&c che &"~l!eae1oa ~=r rigbe­
ol~y a:A Cl~~-~ ~e~:s ~- a&de CQ ~- Ce~~:~c Qe 

· ·~:a:~o~ &ed 0•9a:~: oc O•la~se &g~c:ies ac: ~a 
e&:.U.es\: ;to.uil:ll& =a:a:u::.. 

t.I1'V"'i.:o=w:~.eal t•ac:s: .. 
we a:e. c:onc-~&4 '\lbc~c.- c!te·::.raiau•re· •Qvi::-::n:u::•=·=.u··-~-=~i:tiotf s 
~A&~ =uat: be ~. t! cnis proj•c:: Ls c~ ~e ~=~c=uc~ad.. Ye 
~oe &C ~1$ cima :•cc==ead co yQu ~ ~faierr•d accas• :euce 
6Dd. sade. 4ha:a are obv\ousty sc=• rcu~as hovave: chac 
pose ral&e!vely ~sna: envi:on=a~=~ ~cscs. !hose :ouces 
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a:a c:h'a one souc.!\ ~.E ch11 ~u..s~t:t~ !ti'ICIIr b.tc·.run J-avil' s CJ.nyon 
and Wat&A& ~ 'e~ocdly, eh~ ~~~~ide: ~a:ail~~:in~ eh• 
t44UA uve:. AJ..to ct. .Jigni.!ic:n~ env:Lron.ms:m • .al ~dO:!t:H ~.li 

c:l'l• iouca ~1:'0\'0Se.ti sou:.h · froaa cne Oen.a.U ili:ih"'a:l'. n1e i.m~ac:: 
hare Ls soaaevna: aiti,~ced by cne we•~arn :ouca ~s o~~os~d 
co cne :ouce v~ auec:a ~•ka. !: il scill u:c~~ar ~s co :n~ 

re~4cive =as~cutie ot c:he im~ac:: oc ~a:ibou posad by ch• 
wesc:era 1:0uce soueb fros c:ha Oen&~i Kighvay. ~bils we ~re 
c:occe~ad a• ~= ~a i=pace o~ ch&c ~a:ibou he:a, we fael cha: 
c:ba &A~oame::al c:s4aoff iG ~uatcioc iS one of ~aces 
on cha caribou ha:d ve:~ua cha ~acts of =are ~roti~ccive 
habie..&u i.a cha &:u of t4c:U..an. llva: or Fog t..-.kes &:ta. 
trom aa envi:oQm&:c~ sc:AntiQoi:c, cba :ouce soucne:ly from 
the OecaU Uaava.y see.u 9-n.hn-a.bla he~ c:.be. &SpQcC of 
minim1:~g di5cu:bBAca of ~roduc~ve babicae. tha :ouce 
from. e.!:la O.:.&.lJ., however, poses a. secocc:l.al:"'f ia;~ac:. cb.tc. of 
huma.a. acc.ua ~:o r:J:le ~roj•~= a:e.& a.hu cousc:uc::ioa.. L'u.bU.c: 
access c~ the ~:~jec: a:a& 1~ & evo-ec:lga4 swo:c. ~e rec.ogui~e 

eha: ~- ~a;~ r~ojec: =ay p:o~4e a val~le rac:eac~cc 
sow:ca fo: peot:~l.e of r:J:la aouchc:enc:al AJ..uk.a. t c- is a .. ha 
:eccp.i.:•fi h01r1eve.r, c.:ac: p~.U~ rec.:u:ioa. ~ :,e a "~&::Y 

des:ruc:iva ac:iVi~y. ~e sub~~ :hac: ~ccc::ol of eaa access, 
cha Sca:e Came L~vs. aa.d che p:ojac.: =aa.&8t=ea.:, &lter 
eca.serucc:ioa., a:e ~ool.s chac: ea: be usati eo ~aaa ~· ~tivat3e 
~i:aee.s of ~:eaaac:l :tc:aa:ioa. oppor~~cias. !he quaac~oQ 
of public access co cba prajec.: &r&& i3 a s~ia.af= ot cha c~e 
of accasa eh&c i.s ~evelo~ec:l !o.r proje.c.c: eo~cruc.c:ion. Ybile 
=any problams ~re prasaa.: we subm.ic c:a you che follovia.; 
e.oa.c~l.l.Sio"s .: 

&. ao~ :ail &a.c:l :oat:! acc.es• ~ill be raquized. fa: ~ocst~uc.~ 
c!oc. We feel cnis eoa.ce~c ~~ovtdes a4e~~ca fle~ibili:y 
aa.d lo&isc:!es 41.l~-cs e.o~:ruec:ioc phases. 

b. tt is i.:llp~ob&.bla c..i.e Sc:ata o.f .U.a.sk.a. c.an c.onsC::'I.lc; a. 
proj ac: of t:hi..s up;1.r:w:ie ..ri~ou: same for= of rudil; 
a~a.U.ibla ~~llc acees& u & :uidua.l. p~oc:lu.c::. 

c. the .&At.:i:e 5~1::& p:oj ac:: i.s su..r-:ow::~.c:lac:l oy ~:i:ar:.ly 

·~JO ~a of l&SA ovua:saip, a~~ro:i=acaly 213,000 ae:as 
of privata l&a.4~. ia. Nac~v• o~ershi~s, a:d a ve=7 
la:;e ac:aace of Staca Laa.d. The Cook t~~ee la;ioa. 
Corpo:aciQa. has ia.d~cac:l they p~efa~ develo~=a~: oe 
c.hcl.:' l.uuis u a aauu of ga.11e:aci:lc nvanua. We ~a.a. 

deduce l:ha: ~~~ su:a ol .U.Uu l..1kavi:sa 1.s ~ol:llm..ir::ac:l 

co cba. Q&VelQ~gaac· ot the hi&hasc ~ti bate ~se a£ i:s 
land. !hi~ 1&04 avaa~sh~~ pacca:n aA4 tha :as~accive 
maa.aceaaeuc ~ftiloto~ni4s l&&d ofta ta bal!ev• ehac ~o~c:l 

accasa rl.U be su~potcad. by r:J:lu• C"JO Y'4'f:1 i..t::;sorc.anc. 
l.&.Q.clOVQ1!l.l:~ 1.4 ~he &:u o t t.h.a pro j ec.:. 
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tc ts ou; po'1~~ eo ~o:k wt:n you o~ ~~e ~roj~c: ~:o~o3al ~= ;he =as~ 
4X~·~~~=:·maaca: we e:c ~hi!4 wo~kic3 ~iehiA ~c l~•s ~= :es~l•:i~as 
pla~au ~~o~ ua. t: Che:e &:a g~:~a: que•cic~ eo==~~ic& ~u: ~==m4nes 
~lease eoac~: =a a~ (901) l~7-ll46. !h~ak you. 
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INITIAL SHORELINE EROSION IN A .PE~~FROST AFFECTED RESERVOIR, 
SOUTHERN INDIAN LAKE, CANADA. 

R. W. Newbury, K.G. Beaty'and G.K. McCullough. -Dept. of the Environ­
ment, Fisheries & Marine Services, Freshwater Institute, Winnipeg, 
·Manitoba, Canada. · 

. Field surveys of eroding shorelines in permafrost affected 
fine·-grained materials indicate that during the initial impoundment 
of a lake basin, deep erosion niches are formed at and immediately 
below the water's surface. Eroded volumes correlate well with erosive 
wave energies exerted on the shorelines but appear to be lower than 
the volumes anticipated in more southern reservoirs, particularly in 
the western USSR. The lower erosion rates are partially accounted 
for by the initial phases of impoundment distributing wave energies I 
over a range of shoreline, the formation of a protective matte of .l 
forest debris on the foreshore, and the limiting of erosive 
capabilities by the rate of thawing of frozen materials under high ) 
wave energy conditions. l 

~ ~ 

EROSION INITIALE DU LITTORAL DANS UN RESERVOIR SUBISS&~T LES EFFETS DU PERGELISOL, 
LAC SUD DES IN'DIENS, CANADA 

R. W. Newbury, K. G. Beaty, G.K. McCullough, Ministere de l'Environnement, Services 
maritimes et des Pecheries, Institut des eaux douces, Winnipeg, Manitoba, Canada. 

L'etude sur le terrain de lignes de rivages edifiees dans des materiaux a 
grains fins soumis a l'action erosive du pergelisol, indique que pendant les premie­
res phases de retenue des eaux dans un bassin lacustre, de profondes niches d'ero­
sion se constituent a la surface et immediatement au-dessous de la surface de l'eau • 
.!-..!! volu.me de materiaux ar"I"aches par !'erosion correspond bien a l'energie des vagues 
qui battent le rivage, mais il semble qu'il soit inferieur au volume habituellement 
mesure dans les reservoirs situes plus au sud, en particulier dans l'ouest de l'URSS. 
Les vitesses moindres d'erosion sont probablement dues au fait que pendant la phase 
initiale de retenue des eaux, l'energie des vagues se repartit sur une grande partie 
du littoral, qu'il se forme sur l'avant-plage une couverture protectrice de debris 
vegetaux arraches a la foret et que le potentiel d'erosion est limite par la lenteur 
du deg.:l des materiaux geles, meme dans les lieux ou l'energie des vagues est elevee. 

HAqAnbHAR 3P03H~ BEPErOBOH nHHHH PE3EPBYAPOB C YqACTKAMH MHOrOnETHER 
MEP3nOTbl 

fiOJ1eEf:ile H:CI'If:il'I'a.HH.ff Mep3.11blX MeJ1l<03epHHC'I'f:ilX rpy.HTOE Ha 6epery 03e­
pa CayT-Ha~Haa-ne~I< /Kaaa~a/ noi<a3f:i!EaiDT, q'I'o s npouecce aaqanbaoro 3a­
npy~H:saHHR eacce~Ha 03epa aa nosepxaocTH: H: aenocpe~cTseaao no~ rrosepx­
HOC'I'biD 80~ Oepa3YIDTC~ !"J1Y60I<H:e 8p03HOHHf:ile HHWH:. 00ge~~ pa3pyweHHf:ilX 
nopo~ XOpOWO l<OppenHpyiDT C 8Hep!"H.ffMH 8p03H:OHHf:ilX EOJ1H 1 S03~eHCTEyiDmHX 

aa 6eperosyro J1HHHID, ao MeHbWe npe~nonarae~~x oegeM08 8 pe3ep8yapax, 
pacnono*eHHf:ilX 8 eonee ID*Hf:i!X paAoaax, s qacTHOC'I'H s 3arra~Hf:i!X pa~oHax 

CCCP. Eonee HH3Ka.::r a:neHCH8HOC'I'b 8p03HH: OT'4:aCTH: o6ycnoa.neH3 HaY:aJ1bn:r:vm 
¢a3aMH 3aiTPY*HSaHaR, pacrrpe~eJ1RIDmHMH 90J1H0Ef:ile 3HeprHH S~OJ1b 6epe~OEOH 

nHHHH, oepa3osaaae~ 3aWHTHoro sana H3 ~pesecaoro noMa Ha 3aTonnRe~o~ 

npH6pe~HO~ ITOJ10Ce H OTTaHEaHHeM Mep3J1f:i!X ~PYHTOE 8 YCJ109HRX S~COKHX 
8Hepi"H~ EOJ1H. 
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INITIAL SHORELl~E EROSION IN A PE~~~FROST AFFECTED RESERVOIR 
SOUTHERN INDI.;N ~AKE, CANADA 

R.W. Newbury, K.G. Beaty and G.K. McCullough 

Department of the Environment, Fisheries and Marine Service, 
Freshwater Institute, Winnipeg, Manitoba, Canada. R3T 2N6 

INTRODUCTION 

I~poundmen~s in river valleys for water 
storaae and the develooment of hvdro­
electric energy create-a condition in which 
unconsolidated valley materials are exposed 
to the erosive power of wind generated 
water waves. Through erosion.and deposit­
ion in the near-shore and backshore zones, 
stable shorelines are ultimately developed 
as the impoundment ages. Similar processes 
occur in lake basins that are raised or 
lowered in elevation beyond the natural 
range of water level fluctuation. If the 
valley or backshore materials are fine­
grained (clays, silts) the effects of the 
erosion during the period of restabilizat-

,ion may be intense. The immediate shore­
line is undercut, slumps, and rapidly 
retreats, providing coarse sediments which 
deposit to form offshore shoals, and finer 
seaiments which are held in suspension and 
circulated throughout the water body. In 
large lake basins, the concentration of 
suspended sediments may increase by ten 
times the pre-impoundment value, dramat­
ically lowering light penetration and 
transparency and affecting primary bio­
logical production and fish species 
composition (Hecky et aZ 1974). The rate 
of release of sediments, and the time 
required for the re-stabilization of shore­
lines are largely unknown. 

Research dealing with the creation of 
stable shorelines has been generally 
confined to predicting the loss of storage 
potential due to increased sedi.mentation 
(van Everdingen 1969, SNBS 1972). A 
broader recognition of the factors of 
shoreline morphology, overburden materials 
and wave energy has been proposed for 
reservoirs in Poland (Cyberski 1973). A 
generalized terminal form of an eroded 
shoreline based on several reservoirs in 
the USSR was developed by Kondratjev (1966). 
The terminal form proposed by Kondratjev 
consists of an eroded backshore platform 
with a stable foreshore depositional shoal 
that dissipates incoming erosional wave 
energy. Although adequate surveys have 
not been made in older Canadian reservoirs, 
the shorelines in unfrozen erodable 
materials appear to agree with the 
Kondratjev model (Newbury et aZ 1973). 

A comorehensive treatment of shoreline 
erosion in reservoirs of the Volga, Don, 
and Dnieper river valleys in the western 
USSR was presented by Kachugin (1966). 
Wave energies and shoreline morphology 
were correlated to produce a "wash out 
coefficient" for various shoreline 
materials (cu. m eroded per ton-metre of 
wave energy) . The rate of erosion was 
established as decaying exponentially 
wi~~ time. The erosion rates presented 
in this paper are compared with those 
proposed by Kachugin. 

Little or no research has been done·on 
large northern impoundments in the sub­
arctic climatic zone that is subject to 
widesoread discontinuous oermafrost 
conditions. Where permafrost is present 
in flooded shoreline materials, the pro­
cesses of shoreline formation appear to 
be a combination of erosive and thermal 
phenomena. In the last two decades, six 
hydro-electric impoundments and one major 
river diversion have been constructed o~ 

atudy 11tee 

0 wiftd recorder 

... ,. 

Figure 1: Southern Indian Lake in aentraZ 
Canada shewing shoreZine erosion mon~tor­
ina sites seZeated vrior to a 2 m im-
p o ;-.m dm en t in 1 9 ? 6 • • 



·the Churchill and Nelson Rivers in central 
Canada. The total irnoounded water area 
exceeds 5000 sq. krn including 1500 sq. krn 
of newly flooded terrestrial area, creat­
ing over 6000 krn of new shoreline. The 
diversion of 850 cu. m per sec. from the 
Churchill River into the Nelson River is a 
:ajar component of the project. The 
di7ersion was accomplished by raising the 
le•rel of Southern Indian Lake, a major lake 
on the Churchill River system, thereby 
allowing the flow to cross the drainage 
di•ride to the Nelson River basin 300 krn 
~est of Hudson Bay. Southern Indian Lake. 
(Lat. 570N Long. ggow, Figure 1) had a 
surface area of 1930 sq. krn and fluctuated 
in elevation between 254.5 m and 256.0 rn 
(wsl) under natural conditions. In 1976, 
a control darn at the lake outlet was 
closed and the lake was raised 2 m to 
ele•ration 258.0 m (rnsl), flooding 600 sq. 
k~.of the adjacent shoreline. The shore­
line affected was approximately 2900 km in 
length. The initial shoreline adjustments 
are reported in this paper. 

SOUTHERN INDIAN LAKE BASIN 

The Southern Indian Lake basin is 
located in the western arm of the Pre­
ca.r..brian Shield. The geology of the area 
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is dominated by massive intrusive granitic 
rocks in extensive areas of meta-sedimentary 
gneisses derived from greywackes and arkosic 
sequences (Frohlinger 1972). The bedrock 
surface has been heavily glaciated to a 
near uniform plain with a low relief (less 
than SO m) of rounded hills and valleys. 
Surc-~i c-i-a-1-· depos i-ts-o·f·· g1;aci·a1.-,· gl·aci·o-.· · · 
fluvial, and glacio-lacustrine origin over­
lie the bedrock surface in thicknesses 
va~Jing from 0 m to 5 rn in high areas and 
up to 30 min low infilled valleys. The 
upper surficial deposits of the south­
eastern two-thirds of the basin are 
dominated by fine-grained, varved silty 
clays varying from 0.5 m to 5 m in thick­
ness deposited in an extensive glacial lake 
basin (Agassiz) of the late Pleistocene 
epocn· TKTassen era.z. 19-7 3f: -- · ·· ····· ·------
---The-- uc1ands-s-u-rroundina the-];ake are- ·-­
generaliy forested with dominant boreal 
species (Piaea ~arianna, Populus 
~rem~l?ideaj Pinus bankaiana) interspersed 
with extensive muskeg areas. In near-shore 
zones, the fores~ comolex is more diverse 
with ~~e addition of deciduous species 
(P~;uZus ba~aamifera, Betula papyrifera, 
AZnus spp., sa:i: spp.J. Awell develo!Jed 
organic laver overlvina most deoosits is 
composed oi .. decayin.g f~ather ino"sses­
(~:aur~zium sahre~eri, Hyloaomium spZendens), 
l.l.chen 'CZad:Jni:::. app.) and sphagnum moss 
(Sp".:::.;r::."7 SF!-·.'. The organic layer 
gener.3.lly exceeds 0. 3 m in thickness and 
may exceed 4 m in low-lving areas (Beke 
e! ::: 1973). · 

The lake region lies within the wide­
spread discontinuous permafrost zone with 
a mean annual temperature of -40C (Brown 
et aZ 1973). The ice free season for ocen 
water bodies is less than 6 months. Perma-
frost conditions generally occur within · 
1 m of the surface in all fine-grained 
shoreline materials (post-irn!Joundment 
shorelines) where the organic cover is 
0.3 rn or greater. The average depth to 
permafrost at 14 sites widely distributed 
around the lake (mid-September 1975 and 
1976) was 63 ern. In all fine grained 
materials regular ice banding a few rnm in 
thickness occurred with occasional ice 
lenses up to 8 ern thick. The ice content 
of all frozen samples fell between 44 and 
68 percent (percent of gross weight). 

In 1972, a shoreline classification 
system developed for Precambrian lake 
basins was applied to Southern Indian Lake 
(Newbury et al 1973). Fifteen major 
shoreline categories based on morphology, 
surficial materials, and vegetation were 
mapped on the lake. In Table I , the 
categories have been regrouped into four 
general divisions depending on their 
susceptability to erosion. Over two­
thirds of the flooded shoreline length 
consists of materials subject to 
solifluction on melting and subsequent 
erosion by water waves. 

EROSION STUDIES 

Seventeen locations were selected on 
Southern Indian Lake in 1975 for erosion 
monitoring during and following irn!Jound­
rnent (Figure·-!). The si·tes were selected 
from the three major divisions of shore­
line types (Table I) in a variety of 
exposures to wind generated waves. Off­
shore mean fetch lengths ranged from 0.2 
km to 12.8 krn. The sites were surveyed 
in September 1975 and September 1976 on 
several cross-sectional lines running 
perpendicular to the shoreline and 
extending 50 m inland. Acoustic and line 
?..Q_I,l:E1C!_j,_:El9'.§. .. ~.E:.f:e ;:a]<e:_n, §!._i; __ E:!Egh_ s_ij;JS! ii_S_ W§!l_l 
to a distance of 500 m offshore. The 
'loiume·of-e·roded-materia:t at-each· site-
( cu. m per m) was obtained from the change 
in the surveyed cross-sections at each 
site (averaged) . A typical cross-section 
at Site 11 is shown in Figure 2. 

Nind generated waves for each hourly 
wind during the open water period between 
successive surveys were developed using 
~~e forecasting technique·of Sverdrup­
Munk as revised bv Bretschnieder (U.S.C.E. 
1966) .. Hourly wind velocities and direc-­
tions were recorded at two locations 
adjacent to the lake (Figure 1) and 
corrected for onshore and offshore direc­
tions(Richards ~t ~z 1970). The erosive 
com!Jonent of wave energy perpendicular to 
the shoreline was combined with the 

l 

·l 

·I 

l 
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1 TABLE I Southern Indian Lake Shorel1ne Characteristics 

' J 

I I 

i 

'I I 
I I 
I ' 

I 1 

) 

Shoreline Type 

Site Number and 
!-tao Location 
(Figure 1) 

Depth to 
Permafrost 
(September) 

Total 
Length 

I Exoosed Bedroc)c 
(granitic intrusive rocks, 
meta-sedimentary gneisses, 
etc.) • 

660 km 

II Varved Clays Overlying 
Bedrock 

1 through 6 0.6 - 1.0 m 350 km 

(0-0.6 m forest peat, 
2-5 m clays) 

III Boulder-Clay Till 
Overlying Bedrock 
(0-1. 3 m forest peat, 
2-5 m clay till) 

7 through 13 0.5 - 1.2 m 1790 km 

IV Granular Glacio-Fluvial 
Deposits 

14 through 17 generally 
absent 
near shore 

12C km 

(0-0.1 m organic, up to 
5 m sand and sandy silt) 

duration of winds causing onshore wave 
action to obtain .the total erosive wave 
energy exerted on each site between 
successive surveys (ton-metres perm). 

During the survey, samples of overburden 
materials were obtained at each site for 
grain size analysis. In addition, off­
shore water samoles were obtained to 
determine suspended sediment concentrations. 

0 10 20 
met rea 

30 •o . 

Figure 2: Erosion niche formed in perma­
frost affected bank materiaZs at Site 11 
as imooundment occurred bet~een Se~tember 
1975 ~nd September 1976 ~ater Zeveis (W.L.) 

TOTAL SHORELINE LENGTH 2920 km 

DISCUSSION AND RESULTS 

Shoreline erosion during the initial 
impoundment was highly variable at eac~ 
survey site but generally correlated w~th 
the total erosive wave energy exerted on 
the shoreline (Figure 3). In permafrost 
locations, erosion takes place in a 
combination of thermal and mechanical 
processes that cause a deeply incised 
niche to form at and immediately below 
the water's edge (Figures 2 and 4). As 
the melting and eroding niche proceeds 
into the bank, the overlying mass of 
material increases until a large cuspate 
slump occurs, exposing new materia~s to 
the lake water. With further melt~ng 
and erosion, the forested surface of the 
former backshore s.ettles to form a semi­
protective matte of debris in front ?f the 
shoreline that is slowly saturated w1th 
water and sinks below the surface or is 
carried away into the main body of the 
lake (Figure 5). 

Shorelines forming in fine-grained over­
burden (generally 55 - 70% clay, 30 -
45% silt) contributed large amounts of 
susoended sediment to the main body of 
the-lake. Offshore suspended sediment 
samoles often contained 75% of the finer 
grain sizes being eroded at the shoreline. 
Long olumes of sediment were observed 
moving from the eroding shoreline into 
the main lake body (Figure 6). The 
formation of offshore depositional shoals 
was observed only at shoreline sites 
composed of granular deposits. 



.•. 

Q ... 
Cl 
0 
c .. 

• 
~ 
: I 

• ... .. 

20 40 
WAVe ~NRRGT ~~ 10'"" 1

1!:im 120 

Figure 3: Shore~ine erosion and wave energy 
re~ationship for surveyed sites on Southern 
Indian Lake. The mean washout coefficient, 
<e, is .00013 au. m/ton-m of wave energy 
;;er metre of shoreZine·. The coefficient 
for 14 of the 17 sites fa~Zs in the range 
.00005 to .0002 (after Kachugin 1966). 

Figure 4: Niahe de-:;e Zopei in permafrost 
affected shore~ine ma~eriaZs chrough 
meZting and wave erosi~n ~~ Site 11. 
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Figure 5: SZumping of underau~ aZay bank 
at Site 2 with fa~~en trees a~ong the 
foreshore. 

.J 
Figure 6: Eroded mate.ria~s from ji a­
grained permafrost affeat:ed a here! ne.:; 
~rans~~rted into the m~i~.bod~ ?j h~ ~ake 
Ln sea~menc plumes ez:e~~Lng ;ro~ a.a~~a 

and the ma!nland. 
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In the relatLonship plot~ed L~ graphical 
form in Fiaure 3, a qross linaar correlat­
Lon exists ·bet:•,o~c~n the volume eroded at 
each site and the wave energy exerted on 
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the shoreline between successive survevs 
(coefficient of determination, R2 = O.S5). 
Sites consisting of thick deposits of 
varved clays demonstrate high erosion rates 
and generally lie above the mean correlation 
line (Sites 2, 4, and 6). Sites ab which 
a comcination of boulde:y clay till and 
exposed bedrock exist demonstrate moderate 
erosion rates and lie near the mean correla­
tion line (Sites 3, 11, and 13). Sites in 
granular materials or where more dominant 
bedrock features are exposed lie below the 
mean correlation line indicating a 
relatively high resistance to erosion. 
Two notable exceptions occur; at Site 16 
where a backshore sand berm was removed by 
wave action before a regular beach form 
was developed, and at Site 1 where a 
barrier of fallen forest debris existed 
prior to the impoundment due to frequently 
occurring bank failures. The lack of 
erosion at low wave energy sites implies 
that a threshold value of wave force may 
be required to destroy the protective 
forest cover and organic matte that pro­
tects the newlv flooded foreshore. 

On the basis-of several years of 
observations in the western USSR, Kachugin 
(1966) suggested that an erodability index 
for reservoir bank materials could be 
formulated as a washout coefficient, "ke", 
expressing the volume of a particular bank 
material eroded oer ton-metre of wave 
energy exerted on the shoreline. Values 
of "ke" range from . 0065 for easily eroded 
fine sands and learns to .0005 or less for 
resistant bank materials defined as "clayey 
sandstones, fractured gaize sand with 
pebbles and boulders, clays, and dense 
marls". 

On Southern Indian Lake where signi­
ficant erosion occurred during the initial 
year of impoundment, the values of the 
washout coefficient generally ranged 
between .00005 and .0002 (Figure 3). This 
range of values lies well below Kachugin's 
proposed boundary for significantly 
erodable materials in the highly resistant 
bank materials category. 

Several factors would contribute to 
producing low values for the erosion index, 
some of which may become more apparent as 
the impoundment continues: (1) in the first 
year of impoundment, new shoreline was 
exposed to erosion gradually as the lake 
level rose 2 m to its maximum stage. Thus 
the wave and thermal energies were distri­
buted over a wide vertical range. This 
will not occur in subsequent years as the 
reservoir will be maintained at the 
impounded level, concentrating the erosion­
al energy in a narrower range; (2) under­
cutting and slumping was widespread in 
fine-grained frozen shoreline materials 
causing large volumes of forest debris and 

cr~.J.nic ~a:erials tc form a ':J!"Otective 
cover on ~~e ~ew :oreshore; a~d (3) ir. 
the frozen state, the shoreline materials 
are consolidated and hiahlv resistant to 
erosion. At hi~h wave energy sites, 
where the active laver is removed and the 
bank retreat is greater than 2 m, it ·..;as 
observed that a frozen section of shore­
line was constantly exposed, implying 
that the erosion rate may be limited by 
the rate of thaw of the materials. In 
subsequent years, this factor can be in­
vestigated more fully by comparing high 
and low wave energy sites when the frozen 
materials have been exoosed to the lake 
water for longer periods of time at the 
impounded water level. 

CONCLUSION 

Shoreline erosion in permafrost mater­
ials occurs through a combination of 
thermal and mechanical processes that 
causes a deep niche to form at and 
immediately below the water's edge. As 
the niche enlarges, slumping occurs and 
frozen materials are exposed directly to 
warm lake water and wave action. Fine­
grained frozen shoreline materials exhibit 
the highest susceptability to erosion, 
ranging up to .0002 cu. m per ton-m of 
erosive wave energy. Bouldery till and 
bedrock shoreline materials exhibit a 
high resistance to erosion. On the basis 
.of the initial year of impoundment on 
Southern Indian Lake, the erosion rates 
of oermafrost materials are lower than 
those exoerienced in similar unfrozen 
materials in the USSR. 

The limitation of erosion at high wave 
energy sites by the rate of thaw of perma­
frost materials will prolong the period 
of re-stabilization of shorelines in 
flooded lake basins. Similarly the con­
tribution of fine-grained sediments in 
suspension to the main lake body will be 
prolonged, extending the period of bio­
logical impact beyond that which would be 
anticioated in more southern reservoirs. 
On Southern Indian Lake, further invest­
igations of erosion and sedimentation will 
be conducted annually to determine the 
long-term effects of impoundments on 
permafrost affected shorelines. 
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November 9, 1983 R &M No. 352333 

Envirosphere Company 
1617 Cole Boulevard, Suite 250 
Golden, CO 80401 

Attention: Mr. Don Beaver 

Re: Susitna Hydroelectric Project, Slough Groundwater Studies 

Dear Don: 

I recently reviewed your report, September 1983 Site Visit and FY 1984 
Plan of Study. In this report you requested the following 1983 data: 

1. 

0 

0 

0 

0 

Water levels and temperatures from wells. 
Slough and mainstem stage and discharge measurements. 
Seepage meter and piezometer data. 
Slough temperature and water quality data. 

Water levels and temperatures from wells. 

This data is not yet complete and will be forwarded when 
possible. We are awaiting reduction of Data pod chips. 

2. Slough and main stem stage and discharge measurements. Enclosed 
are: 

a. Water discharge records for the Susitna River at Gold 
Creek for water year 1982 and provisional 1983. 

b. Water discharge records for 1983 for Sloughs 8A, 9, and 
11 (provisional) . 

3. Seepage meter and piezometer data. Enclosed are: 

a. Seepage meter program summary. 

b. Seepage meter field data collected this summer in 
Sloughs 8A, 9, 11, and 21. 

c. Plots of data in "b" above. 

d. Comments on seepage meter data. 

......... • ~I. . 
,, . ._ 
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Mr. Don Beaver 
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4. Slough temperature and water quality data. 

a. 

b. 

Selected portions of ADF&G report ''Winter Aquatic · 
Studies (October 1983 May 1983). Covered in thts 
report are intragravel and surface water temperatures for 
Sloughs 8A, 9, 11 and 21 for the period August 1982 to 
May 1983, and results of an incubation study which 
measur·ed various water quality parameters of upwelling 
groundwater. 

A short review of ADF&G Preliminary I ntergravel 
Temperature data for Sloughs 8A, 9, 11 and 21 covering 
the period June 1983 to August 1983. 

Data· that needed for groundwater analysis, but not yet reduced 
includes: 

0 Precipitation for 1983 at Sherman. 

0 Specific mainstem water surface elevations at various 
discharges in the areas of Sloughs 8A, 9, 11, and 21 (ADF&G 
data). 

0 
· Results of further ADF&G incubation studies. 

0 Water levels and temperatures from wells. 

The above will be forwarded as available. 
questions or desire additional data. 

Please call if you have 

Very truly yours, 

-------·--------·--------v_ . --~-------·---·---------·--·--···---·----·--·-·-------··· 

- ;r :/ Jl~ 
Robert Butera 
Staff Civil Engineer 

RB/kys 

cc: Dr, John Sizer 
~r. \\'ayne Dy~ 
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· Nitrogen gas in the deep water of a reservoir may be slightly super-saturated due 

to the hydro-static pressure of the overlying water (Wetzel, 1975). Therefore 

water flowing from a dam with a deep intake may contain a super-saturated concen­

tration of nitrogen. If this excess nit-rogen gas is not rapidly released into the 

atmosphere, it may cause nitrogen gas bubble disease in fish residing below the 

dam outfall (Conroy and Herman, 1970). 

A-study was conducted at Lake Comanche Dam, Mokelumne River, California, to 

determine the efficiency of the Hewell-Bunger Valve in removing super-saturated 

dissolved nitrogen (N2) f-rom the dam's tailwater. 

The valves spray outfall wate-r into concrete conduits before releasing the water 

to the stream. This was observed and photographed at Lake Comanche Dam on 28 May, 

\~2- ~,at a flow of 4000 cfs into the Mokelumne River (see accompanying photos). 

This creates a turbulent and aerated flow with the purpose of facilitating nit-rogen 

gas release to the atmosphere. 

By sampling nit-rogen gas in the reservoir near the intake, and at several locations 

below the outfall valves, the efficiency of the valve was obtained. 

In order to determine nit-rogen gas concentrations at various depths in the reser­

voir, water samples were collected in Lake Comanche approximately 50 m from the 

dam directly over the river channel on 28 Hay 1982. A Van Dorn Bottle was lowered 

from a boat to collect water samples at depths of 0, 10, 20, 30, and 38.4 m. As 

., ... :;:.t:!.P...O:rt.§!.ct by Eas.t Bay MunicipaLUtility District.the.dam.int:ake .was at.a depth of 

·-··-~J8-.-4-m:-(-l26· ft-)-at· the time-of· the· samp±±ng.- ·-
j 

Once'taken aboard, each sample was poured with minimum turbulence into an airtight 

bottle and capped in a manner that left no air bubbles in the bottle. Bottles 

were placed in a cooler for t-ransportation to the lab. Studies conducted by Steve 

Wilhelms of the Hydraulic Laboratory, U.S. Army Waterway Experiment Station, 

Vicksburg, Mississippi (personal communication) indicate that brief exposure of 

deep water samples to atmospheric conditions has little effect on nit-rogen gas 

concentrations. However, he has found that periods of e."tposure to atmospheric 
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air bubbles during transportation can cause significant changes in nitrogen gas 

conce~rations, hence the need for removing all air bubbles before transportation. 

Excess water remaining in the Van Dorn Bottles was measured for temperature. The 

a1:m.0spheric pressure measured on site at the time of sampling was 7 53 mm·. 

At the tailwater below the dam, water was collected by immersing the sample bottles 

under the water and capping them in a manner that left no air bubbles in the bottles. 

Samples were taken at the outfall, 100 m·below the outfall, and ZOOm below the out­

fall. Water temperatures were taken at each of these locations. Bottles were placed 

in a cooler for transportation to the lab. At the time of sampling, the outfall flaw 

was 4,000 cfs. The atmospheric pressure was 753 mm. 

The water collected was analyzed for nitrogen gas (N2) and oxygen (0 2) in a 

California State Certified Water lab using a Carle Model 8700 Basic Gas Chromato­

gram with a thermal conductivity conductor several hours after collection. 



Locat:ion 

Reservoir 

Dam Tailwater 

At Valve 
100 m downstream 
200 m downstream 
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Depth 
(m) 

0 
10 
20 
30 
38.4 

0 
0 
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RESULTS 

Temperature 
(OC) 

22.0 
14.5 
1.3. 2. 
n.o 
10.0 
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APPENDIX B 

SPILLS AT WATANA AND DEVIL CANYON DEVELOPMENTS 

B. 1 - OPERATION OF WATANA AND DEVIL CANYON 
COMBINED (Beyond Year 2002) 

(a) Spill Quantities and Frequency 

The monthly reservoir simulation studies calculate spill volumes as the 
flow required to be discharged from the dam to satisfy downstream 
requirements less the maximum turbine capacity, and does not restrict 
the turbine flow in relation to the actual energy demand of the system. 
Total energy production, as calculated, is the energy potential of the 
schemes. Usable energy is then calculated as the potential or the 
maximum energy demand, whichever is smaller. The turbine flows are not 
readjusted to the level of usable energy production. Tables B. 1 to 8.9 
present selected results of the reservoir simulation stud-ies which 
indicate this. 

Tables B. 10 to 8.12 are developed from the reservoir simulation studies 
for adjusted turbine flows for two alternative generation patterns at 
Watana and Devil Canyon for the months of August and September when 
spills are mast likely to ocCur. Alternative A assumes that whenever 

_: the potentia 1 energy generation from Watana and Devil Canyon deve 1 op­
• ' ments is greater than the usable energy level, each development will 

share the usable energy generation in proportion to their average heads. 
However, in the months when Watana outflow~ as simulated, is not 
sufficient to generate energy in proparti on to its average head, Devil 
Canyon will make up this· difference. This operation is required in 
such years when Devil Canyon is being drawn down to meet the minimum 
downstream flow requirements (years 1, 2, for- example). Alternative B 
assumes that Devil Canyon would generate all the energy possible 
consistent with downstream flow requirements, and Watana would only 
operate to make up the difference in years when energy potential is 
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greater than usable. This assumes that all the energy from Devil Canyon is 
useable as base 16ad on a daily basis. Battelle load forecast (1981) 
tends to confirm this assumption for the year 2010. However, during earlier 
years, such operation may not be fully possible. 

It may be readily seen from Tables B.lO to B. 12 that frequency of 
continuous spills (24 hours) from the reservoirs in the months of August 
and September is significantly greater than presented by the reservoir 
simulation (Tables B.3 and B.6). 

The analyses summarized in Tables B.lO to 8.12 indicate that Devil 
Canyon would spill in 30 out of 32 years in August and 16 out of 32 
years in September for the Case "C" .operation which maintains a minimum 
instantaneous flow of 12,000 cfs in August at Gold Creek. For down­
stream discharge requirements greater than 12,000 cfs at Gold Creek, it 
is estimated that the frequency of spills may not be increased signi- · 
ficantly. However, the volume of spills will be larger to make up for 
increased flow requirement. The above spill frequency is simulated for 
a system energy demand in the year 2010 (Battelle Forecast) and assumes 
thatthe entire demand is met by Watana and Devil Canyon developments 
where possible. The spills will be greater and more frequent in the 
years between 2002 (Devil Canyon commissioning) and 2010. 

It may be seen that operation Alternative 2, which provides for maximum 
possible energy generation from Devil Canyon while Watana is allowed to 

J·spill, results in significantly reduced spill frequency from Devil 
r 

Canyon. This type of operation is expected to be advantageous with 
regard to downstream water quality (see Section 8.2). 

Several intermediate distributions of generation between Watana and 
Devil Canyon is also possible. A recommended operation will be derived 
after finalizing the downstream flow requirements and the refined 
temperature modeling studies which are currently in progress. 



. (b) Spill Quality 

(i) Spill Temperature 

Figures B. 1 and 8.2 are extracts from the project Feasibility 
Report· (7) and present simulated temperature profiles in the Watana ~ 

and Devil Canyon reservoirs for the months June to September. 
Refinement of reservoir· temperature modeling is currently in 
progress, but the differences between the revised profiles are not 
expected to be very significant from the ones presented here 
for these months. 

Temperature of spill waters at Watana is expected to be close to 
that of power flow, and hence, it is not expected to create 
temperature problems downstream 1~hen Watana is operating alone 
(1993-2002) or when it spills into Devil Canyon. At Devil Canyon, 
however, spill temperature is expected to be close to 39°F compared 
to a power flow temperature of 48-49°F in August and 45°F in 
September. This is based on the conservative assumption that the 

--· -·-----··----·---- ·- -------~----·-----·· . ----~~----~-- --
temperature of spilT waterdoes- not ncrease s gnftTcaritly whiTe· 

in contact with the atmosphere despite the highly diffused valve 
discharge. It is, therefore, considered prudent to keep the spill 
from Devil Canyon to a minimum to maintain as high a downstream 
temperature as possible during spills. 

·--·- -- -~----·-·--·-----·- ---~·- ---------------~---r-he----op e-r-a-t-i-on --A1-te."Cn.at~Lv-e ___ 2. tn.dj_cat_es_ .tt:tat _._by .. _o_p_~r_a_t_iJlg ____ Q_e.y_.tl 
; Canyon to generate as much as possible during these months and 

with Watana generating essentially to meet peak demands and 
spilling continuously when necessary, it would be possible to 
maintain downstream flow temperatures below Devil Canyon close to 
that of power flow. 

During major floods (1 :10 year or rarer frequency), there will be 
significant spills from Devil Canyon (see Tables 8.10 and 8.11) 

in addition to the power flow resulting in cold slugs of water 
downstream for a few to several days. It will be necessary to 
establish criteria for acceptability of lower temperatures for 
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short durations in August and September in consultation with 
fisheries study groups and concerned Agencies. Currently, down­
stream water temperature analyses are being refined, and when the 
results are available, the above spill temperatures and duration 
should be reviewed to confirm downstream temperatures during no0Tial 
power operation as well as flood events. If the projected ~ 

temperature regime downstream is unacceptable, alternative means 
to remedy the situation should be considered. These may include 
provision of higher level intakes to several or all fixed-cone 
value discharges at Devil Canyon, multilevel power intake at Devil 
Canyon, limited operation of ma~n overflow spillway (for floods 
1:50 year or more frequent) to improve downstream water temperature 
without serious increase in nitrogen supersaturation, etc. 

(ii) Gas Supersaturation 

It does not appear (from Table 6.1) that there would be significant 
advantage in spilling from Watana as compared to spills from Devil 
Canyon in terms of gas concentration. 



8.2 - OPERATION OF WATANA ALONE (1993-2002) 

Before Devil Canyon is commissioned, Watana would operate alone, and spills 
required to maintain downstream flows will have to be made through the fixed­
cone valves. Reservoir simulations indicate that, generally, spills would be 
of lower magnitude during this operation due to greater percentage of flow 
being used to generate usable energy. 

It is believed that the river reach of some 30 miles between Watana dam and 
Devil Canyon would lessen the impact of spill temperature and gas concentration 
below Devil Canyon and would pose less problems, if any, compared to the case 
when Devil Canyon development is also commissioned. 
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1 INTRODUCTION 

GAS CONCENTRATION AND TEMPERATURE OF 
SPILL DISCHARGES BELOW 

WATANA AND DEVIL CANYON DAMS 

· Supersaturation of atmospheric gases (especially nitrogen) in hatchery and 
aquarium facilities was first noted in the 1900's (1) and was ascribed as 
causing the condition in fish known as gas bubble disease. Supersaturation 
caused by entrainment of air in waters spilled over dams on the Columbia 
River was recognized as a problem for anadromous fisheries in the river in 
1965. A comprehensive study (2) of dissolved gas levels in the Columbia River 
showed that waters plunging below spillways was the main cause of super­
saturation in the river-waters. Several later studies have confirmed the 
harmful effects of nitrogen supersaturation to fisheries. The tolerence of 
fish to levels of nitrogen supersaturation depends on the time of exposure, 
age, and species of the fish; dissolved nitrogen levels referenced to surface 
pressure above 110 percent are generally considered harmful (3). The state 

---of Alaska water quality criterion is set of 1'10% for total gas saturation in 
its waters. 

With this background,_ the potentia 1 problem of supersaturation of spi 11 waters 
from the proposed Watana and Devil Canyon developments on the Susitna River 
was recognized early during the feasibility studies. Alternative spillway 

-- . ~- -·" 

__ f_~~-i iti~~-\!~rEE. s!~~i~~-t._orll__fn_imiz~_SIJ~h a p~t~ntial_jlroblern, and a sch~e 
ccmprising fixed cone valves and overflow spillway was selected for each 
development based on detailed discussions with environmental study groups. 

This report describes the selected spillway schemes briefly and presents the 
analyses and field investigations carried out to assess the performance of­
the proposed schemes with respect to gas supersaturation in spin--waters. 
A related concern on temperature of spill waters is also discussed. 

A summary of the studies undertaken and the important conclusions are 
presented in Section 2. A short description of the proposed schemes is given 
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in Section 3. Section 4 details the engineering analyses carried out. Results 
of these analyses, field investigations, and their interpretation are presented 
in Section 5. 
these studies. 
deals with the 

The next section presents the major conclusions drawn from 
Appendix A comprises the field study report and Appendix B 

temperature of spill waters, its impacts downstream, and possible 
reservoir operation scenarios to minimize such impacts. 

·-· 



2 - SUMMARY 

Relatively little information is available in the literature on the performance 

I 

.· ... ~ 

, I 

of fixed-cone valves to reduce gas supersaturation in their discharges. Published , / 
studies (4) on the aeration efficiency of Howell Bunger valves (the more 
commonly known type of fixed-cone valves) were reviewed, and a theoretical 
assessment of the performance of the proposed valve layouts was made based on 
the physical and geometric characteristics of diffused jets discharging freely 
into the atmosphere. Results of a companion study on assessment of scour hole 
development below high-head spillways (5) were used to estimate the potential 

s I 
plunging of the valve discharges into tailwater pools at the proposed develop- . 1 

ments, and the resulting supersaturation in the releases was calculated. 
Specific field tests were conducted at the Lake Comanche Dam on the Mokelumne 
River in California (6) to study jet characteristics and the efficiency of the 
existing Howell Bunger valves in reducing supersaturation level in the reser-
voir releases. 

The analyses indicate that no serious supersaturation of nitrogen is likely 
_ -~ ~ ~--to~occur-~Jn.the r-elea-ses from~- the pY'epesed Watana and~-Devi+-e-anyon developments 

for spills up to 1:50 year recurrence interval. Field test results tend to 
confirm some of the assumptions made in the theoretical analysis with respect 
to jet shape, diffusion, and gas concentration in the valve discharges. 
Several assumptions and approximations, albeit conservative, have been made in 
the analyses which should be confirmed in later study phases, perhaps in _a 

·· physical model.·· For the purpose of· feasiDilit,Y-stud.fes, however, H i~ f~lt-~ 
·------~--·----~--­

-·-----~---~·---·-

that the analyses adequately support the proposed schemes for their intended 
purpose. 

A related question of the temperature of spill waters and its effects on the 
downstream water temperature has been analyzed and detailed in Appendix B. 
Simulation studies of the two-reservoir operations indicate that continuous 
(24 hour) spills would occur in the month of August in 30 out· of 32 years of 
simulation and in 18 out of 32-years in September for the Case "C" operation 
which maintains a minimum instantaneous flow of 12,000 cfs in August at Gold 
Creek. This spill frequency is simulated for a system energy demand in the 
year 2010 (Bettelle forecast) and. assumes that the entire demand is met by 
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Watana and Devil Canyon developments where possible. The spills will be 
greaterand more frequent in the years between 2002 (Devil Canyon commissioning) 
and 2010. When Watana alone is operational (between 1993 and 2002), less 
frequent spills are simulated to occur. Reservoir operation studies are 
currently being refined to finalize acceptable downstream flows. 

Temperature of spill waters at Watana is expected to be close to that of 
power flow, and hence, it is not expected to create temperature problems 
downstream when Watana is operating alone (1993-2002) or when it spills into 
Devil Canyon. At Devil Canyon, however, spill temperature is expected to be 
close to 39°F compared to a power flow temperature of 48-49°F in August and 
45°F in September. This is based on the conservative assumption that the 
temperature of spill water does not increase significantly while in contact 
with the atmosphere despit·e the highly diffused valve discharge. It is, 

... · . 

therefore, considered necessary to keep the spill from Devil Canyon to a minimum to 
avoid unacceptably low downstream temperatures. The analyses indicate that by 
operating Devil Canyon to meet most or all of the base load demand and with 
Vlatana generating essentially to meet peak demands and spilling continuously 
when necess~ry, it would be possible to maintain downstream flow temperatures 
below Devil Canyon close to that of power flow while reducing spill freqtien~y 

considerably. 

During major floods (1:10 year or rarer), there will be significant spills 
from Devil Canyon in addition to the power flow resulting in cold slugs of 
water downstream for a few days. · It will be necessary to establish criteria 
for acceptability of lower temperatures for short durations in August and 
September in consultation with fisheries study groups and concerned agencies. 
Currently, downstream water temperature.analyses are being refined, and when 
the results are available, the above spill temperatures and duration should 
be reviewed to confirm do~~stream temperatures during normal power operation 
as well as flood events. If the projected temperature regime downstream is 
unacceptable, alternative means to remedy the situation should be considered. 
These may include provision of higher level intakes to several or all fixed­
cone valve discharges at Devil Canyon, multilevel power intake at Devil Canyon, 
limited operation of main overflow spillway (for floods 1:50 year or mpre 

frequent) to improve temperature without serious increase in nitrogen super­
saturation, etc. 



~ 
~--:' 3 - SCOPE OF ANALYSES 

The.objective of the analyses presented in the following ~ections is to 
provide an assessment of the performance of the fixed-cone valves in their 
proposed configuration with respect to their potential in reducing gas con­
centration in spill waters from the Watana and Devil Canyon developments. The 

'analysis is a theoretical study supplemented by available field infonnation on· 
performance of these valves for aeration. Field measurements were conducted 
on the Howell Bunger valves at the Lake Comanche dam on the Mokelumne River 
in California. Results of the tests are interpreted to confirm some of the 
study assumptions. 

A related question of temperature of spill waters is analyzed in Appendix B. 
The data for the analyses has been drawn from the Feasibility Report {7). 
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4 - SCHEME DESCRIPTION . 

This section presents a short description of the selected spillway and outlet 
facilities for the proposed Watana and Devil Canyon developments. 

4.1 - Scheme Description · 

Selection of the discharge capacity and the type of spillway and outlet 
facilities has been based on project safety, environmental, and economic con­
siderations. At each development, a set of fixed-cone valves is provided in 
the outlet works to discharge spills up to 1:50 year recurrence interval. The 
main spillway comprises a gated control structure and a chute with a flip 
bucket at its end. This facility has a capacity to discharge, in combination 
with the outlet works, the routed design flood which has a return period of 
1:10,000 years. A fuse plug with an associated rock-cut channel is provided 
to discharge flows above the design flood and up to the estimated probable 
maximum flood at the dam. Detailed descriptions of the facilities are pre­
sented in the Feasibility Report (7). 

The primary purpose of the outlet facility is to discharge the spill waters 
up to 1:50 year recurrence in such a manner as to reduce potential super­
saturation of the spill with atmospheric gases, particularly n{trogen. This 
frequency was adopted after discussions with environmental study groups as an 
acceptable level of·protection of the downstream fisheries against the gas 
bubble disease. A set of fixed-cone valves were selected ~o discharge the 
spills in highly diffused jets to achieve significant energy dissipation 
without provision of a stilling basin or a plunge pool where potentially large 
supersaturation develops. The valves have been selected to be within current 
world experience with respect to their size and operating heads. At Hatana, 
six 78 inch diameter valves are provided and are located about 125 ft above 
average tailwater level in the river. The design capacity of each valve is 
6,000 cfs. At Devil Canyon, seven fixed cone valves with a total design 
capacity of 38,500 cfs are provided at two levels within the arch dam, four 
102 inch valves at the high level some 170ft above average tailwater level, 
and three 90 inch valves about 50ft above average tailwater level. The lower 
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valves have a capacity of 5,100 cfs each and the higher ones 5,800 cfs each. ; ) 
In sizing these valves, it has been assumed that the valve gate opening will 
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be restricted to 80% of full stroke to reduce vibration. : ,··) 
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5 - ENGINEERING ANALYSES / 

This section details the analyses carried out to estimate potential super-
, r saturation in the releases from the Watana and Devil Canyon developments 

when the reservoirs spill. 
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! 1' 

' ! .-­
(< 
I 

I { 

' 

~ 5.1 - Available Data 

Fixed cone valves have been used in several water resource projects for 
water control, energy dissipation, and aeration of discharge waters, and data 
on their performance for such operations is readily available. However, no 
precedence has been reported on the use of such valves for reducing or 
eliminating gas supersaturation in spill waters. Manufacturer's catalog 
information on Howell Bunger valves and Boving Sleeve type discharge 
regulators (both particular types of fixed cone valves) and the Tennessee 
Valley Authority Study (4) on aeration efficiency of Howell Bunger valves form 
the specific data available. Theoretical analyses are carried out based on 
the geometric and physical characteristics of diffused jets discharging 
freely into the atmosphere. 

5.2 - Field Data Collection 

A review of existing facilities where a potential for spilling during the 
spring of 1982 existed was made, and the Lake Comanche dam, on the Mokelumne 
River in California, was selected as a feasible site for specific testing. 

The Comanche Lake dam is of the rockfill type with outlet facilities fitted 
with four Howell Bunger valves. These valves are located at the toe of the 
dam and spray the discharge into confined concrete conduits before releasing 
the water to the stream. 

Outflow through the valves was around 4,000 cfs during the test on May 28, 
' 1982. Water samples were collected at several depths in the reservoir near 

." the valves and at downstream locations and analyzed for nitrogen and oxygen 
concentrations. Details of the test procedure and results are presented in 
Appendix 1. 
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5.3 - Method of Analysis 

(a) Flow from the fixed cone valves leaves the structure as a free-discharging 
jet diffusing radially at the cone angle. The path of .the jet depends on 
the energy of flow available at the valve and the angle at which the jet 
leaves the valve (a~sumed as 45°). Referring to Figure 5.1, the path of 
the trajectory is given by the following equation (8): 

x.z y = X tan 6 - __ ___;,;; __ _ 

k(4 Hn Cos 2 e) 
(1) 

where: 

e = angle of the jet to the horizontal; 

k = a factor to take account of loss of energy and velocity reduction 
due to the effect of air resistance, internal turbulences, and 
disintegration of the jet (assumed at 0.9); 

H = net energy or the .:ief, ft. n 

The proposed valve operation restricts the opening of the valve gate to 
80% of full stroke. This may be interpreted as equivalent to producing 
an additional head loss in the system, thereby reducing the discharge 
to 80% of the theoretical capacity. Ihe~genergl__.Qi~;_c_b~ar_gs::_e_qu~atj_on_fo~r_ _____ _ 

- ·--~---------------------~------~-'"·-·-~-------------- '----------------- -- -------- ·--·-------··- -------.. ·-~~----·---·-------·--- .... -~--.. --- -·-- -~--

~·· 
~ : .. , 
' .. 

_ _t he_v.aJ_v.e: __________ ·-·· ----·-

may then be written as: 

= CA /Zg X ·64 X hn 

(2) 

(2a) 

( 3) 
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(b) 

; I 

where: 

QT = theoretical capacity of valve, cfs; 
A = area of valve, ft; 
C = coefficient of discharge (~ · 85 for fixed-cone valves); 
h

0 
= net head upstream of valve, cfs; 

QD = design capacity of valve, cfs. 

Equation (1) may be rewritten now as: 

x2 y = X tan 6 - _____ --.;. _____ _ 

k 4 x (0.64 x hn) x Cos 2 e 
(4) 

Referring to Figure 5.1, the longitudinal throw of the jet is calculated 
with 8=45° and -45° while its laterial throw calculated when e=0°. 

Vertical rise of the jet above the valve is calculated as a simple 
projectile subject to gravity and neglecting air friction to yield a 
conservative value. 

Potential Plunging Depth of Jet(s) Into Tailwater Pool 

As part of the feasibility studies of the Watana and Devil Canyon develop­
ments, a study was made by Acres on the scour hole development below 
high head spillways, and the results therefrom have been used to estimate 
the potential plunging of the jets from the fixed cone valves into 
tailwater. Figure 5.2 presents a definition sketch for the study 
carried out for a typical flip bucket spillway configuration. I~ may 
be readily observed that significant differences exist between a "solid" 
jet leaving a flip bucket and the diffused discharge jet from the fixed-. 
cone valves in the available energy and its concentration in the jet 
for scouring downstream or plunging into the tailwater pool. Equation 
(5) was developed in the above mentioned studies to estimate scour 
depth for a solid jet: 

y = 0. 24 q0.65 H0.32 ( 5) 



~. ~ 
1t is assumed that spills from Watana will get completely mixed in the 
Devil Canyon storage during their passage through 26 miles of reservoir 
and that no supersaturation would build up in the reservoir due to 
Watana spi 11 s. 
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6 - RESULTS 

Table 6.1 presents the results of the analyses carried out to as~ess the 
performance of the fixed cone valves at the proposed Watana and Devil Canyon 
developments in relation to the potential gas supersaturation of spill waters. 
Figures 6.1 and 6.2 present the jet interference pattern and the areas of 
impingement. 

Estimated supersaturation in the spill discharges with.a recurrence interval 
of 1 in 50 years is 101% at Watana and 102% at Devil Canyon. For more 
frequent spills, these concentrations are expected to be somewhat lower due 
to lower intensity of spill discharge and consequent lower plunge in the 
tailwater pool. For spills of rarer frequency, the main chute spillway will 
operate leading to potentially greater supersaturation in the downstream 
discharges. 

Results of spill temperature analysis is presented in Appendix B. 



TABLE 6.1 -RESULTS OF ANALYSES 
~­
~ 

·oescrij:?tion 

1. Valve Parameters 

Diameter of fixed cone valves-inches 
Number of valves 
Design capacity-cfs 
Elevation of valve centerline-ft 
Elevation above average tailwater-ft 
Net head (hn) at the valve~ft 
Angle of valve discharge with 
horizontal-degrees (assumed) 

2. Jet Geometry 

Longitudinal throw-near edge-ft 
Longitudinal throw-far edge-ft 
Lateral throw-ft 
Impingem~nt ~_rga of single J_et-ft2 

Impingement area of all jets-ft2 

Maximum fall of jet (H)-ft 

3. Jet Characteristics 

Average intensity of discharge of 
single jet cfs/ft2 

Watana Valves 

78 

6 

4,000 

1 '560 
105 
508 

45 

91 
676 
351 

- .J45,200 

221,300 
359 

0.028 

102 90 

4 3 
5,800 5' 100 

1 '050 930 

170 50 

365 450 

45 45 

130 46 

550 564 
378 228 

. ---112,250- 83,400 -"--

173,250 
353 275 

0.052 0.061 
- ~- ~ ---~ ~--- ~---- "·-·- --- .-~~-~--~------.---------~----------

·---------~---- ·------- --~- -- - - -- - -~ - ~ 

·-------· Ma:XTrilUm 'lnfens-1ty (qT)when afl I~!~. .... 6 X 0. 028 _4.~ •0_5_2_ ± __ 3 X .-_06_L = 0_..39J 
--- ---- areoperaffng ·cfs/ft2 ········ -- -- · ;;0.168 --- --

Estimated plunge depth-ft 0.3 

4. Supersaturation Estimates· (1:50 year flood) 

Design valve discharge-cfs 
Assumed simultaneous power flow-cfs 
Total downstream discharge-cfs 
Assumed gas concentration in power 
flow-percentand valve discharge at valve-% 
Maximum gas concentration in valve 
discharge below dam-% 
Maximum gas concentration in total 
downstream discharge-% 

24,000 
7,000 

31,000 

100.0 

100.9 

100.7 

0. 62 (H=353 1 ) 

38,500 
3,500 

42,000 

100.0 

101.9 

101.7 
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1. 7 - CONCLUSIONS 
i 

· 1. The analyses described above indicate that the proposed fixed-cone valves 
I' would adequately prevent serious gas supersaturation in spill waters up to 

a recurrence interval of 1:50 years. 

("" 

i I 

' ' 
I ' 
/ ' 

r:-·. 
~~~~ 

~ 2. Several assumptions have had to be made in the analyses with respect to 
jet characteristics and its potential plunge into tailwater pool. ·Field 
test results available are only indicative of the valve performance. In 
particular, the configuration of the proposed valves set high above the 
tailwater pool and their free discharge with the atmosphere differ signi­
ficantly from the Lake Comanche dam arrangement and the TVA test facility. 
In view of the nature of analyses and lack of precedence for the proposed 
valve arrangement, it is recommended that a physical model study be 
carried out to confinn the performance of the valves. 

. . 
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3 - SCOPE OF WORK 

The objectives of this study are to analyze extreme cases of flood waves 
produced by hypothetical failures of the proposed dams of the Susitna 
Hydroelectric Project. Tre analyses are carried out over the reach of the 
Susitna River from the most upstream point in the reservoir of the dam being 
considered to the confluence of Trapper Creek, approximately 5 miles downstream 
from Talkeetna (see Figure 3.1). 

To satisfy the study objectives, the work was organized and carried out in the 
fo 11 owing manner: 

Scenarios of worst case hypothetical dam failures were postulated for the 
Watana dam, the Devil Canyon dam, the Watana upstream cofferdam, and a domino 
type failure of both the Watana and Devil Canyon dams. 

-A dam break computer program was selected to assist in analyses. 

- Final dam breach dimensions and time of breach formation were estimated for 
each scenario. 

- De>w_ns_tr_§_arn y __ alley __ to_pographica 1 and -vegetative information were assembl·e·d- and 
the geometric models were prepared. 

- Dam break hydrographs were developed and routed downstream. Peak flood eleva­
tions, time to peak, and peak discharges were determined at various downstream 
locations for each of the postulated fai 1 ures. 

- The study was com p 1 et ed wi !h _ an_g]_ys e_s__o_Ltbe_Lout.ed-hydr-ogr-aph-s-and-- a-eompar-i--- -­
son-Cif-flooCf-wav~crest levels in the river reach under dam break and probable 
maximLm flood conditions together with the 50 year flood conditions. 
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4 - HYPOTHETICAL DAM FAILURE SCENARIOS 

Earth/rockfill dams are extremely safe structures capable of safely withstanding 
severe seismic shaking. The structure is normally designed to slump during a 
severe earthquake without being overtopped. As with all major water retaining 
structures, the safety of the development is also dependent on the performance 
of properly designed spillway facilities to safely discharge severe floods. 
Should spillway facilities not perform satisfactorily during a major seismic 
event (they are normally very conservatively designed to do so), there is a risk 
of overtopping of the earth/rockfill dam which could lead to a breach and 
subsequent failure. 

Concrete dams are also extremely safe structures capable of safely withstanding 
severe seismic shaking and flood conditions. However, there is a very remote 
possibility of a flood of unforeseen magnitude occurring simultaneously with 
severe seismic shaking which together with spillway malfunction might lead to 
overtopping of the dam and under extremely adverse conditions, breaching of the 
structure. 

Four hypothetical dam failure scenarios which create extreme conditions in the 
river reach have been postulated. The probability of any of these scenarios 
actually occuring is considered to be extremely small, but still not equal to 
zero. The hypothetical dam failure scenarios are described below. 

4.1- Hypothetical Watana Dam Failure 

The remote possibility of a failure at Watana would have to be based on a 
combination of unlikely events. For_stygy p_urp_os.es .. these-ev .. ents-ar-e assumed as 
fol-1-o\•rs: ·Prio~rt6 the construction of the Devi 1 Canyon dam, a major earthquake 
and a Probable Maximum Flood (PMF) simultaneously occur at Watana. All normal 
outflow facilities are inoperable and only the emergencyspillway is left to 
discharge flows from the reservoir. Seismic activity causes the Watana dam to 
slump to a crest elevation of 2205. The rockfill dam catastrophic failure is 
initiated when the reservoir level is three above over the crest level (El. 
2208). 

4.2.~ Hypothetical Oevi l Canyon e-Dam Fa·i+ure- ·--- -- ----- - - ---- .. ---···---···-··· ·---···----···-·····-·--··-·· 

·---··-···simiTarly,-at-Devifcanyon the following combination of unlikely events is 
assumed: The Devil Canyon arch dam fails during a PMF routed through the Watana 
reservoir. All of the Devil Canyon dam normal outflow facilities are inoperable 
and only the emergency spillway discharges flows downstream. The Devil Canyon 
arch dam failure is initiated when the Devil Canyon reservoir reaches the 
maximum level or when thirty feet of water is flo.wing over the arch dam, 
whichever o~curs first.· Failure of the saddle dam is not considered since this 
case would produce lowt:r discharges and water levels below the dam compared to 
the fai lur·e of the arch dam. 
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4.3- Hypothetical Domino Type Failures 

In this case, the following combination of unlikely events is assumed: This 
scenario is a combination of the Watana and Devil Canyon failure scenarios. The 
Watana dam failure triggers a· failure of the Devil Canyon arch dam. The Watana 
dam failure is the same as that postulated in Section 4.1 followed by Devil 
Canyon arch dam failure as postulated in Section 4.2. The Devil Canyon 
reservoir level at which catastrophic failure begins is that level which is 
determined during the analysis of the hypothetical Devil Canyon dam failure. 

4.4 -Hypothetical Watana Cofferdam Failure 

In this case, the following scenario is assumed: The upstream Watana cofferdam 
fails during a fifty year flood. The diversion tunnels are sufficiently 
obstructed to raise the pool level three feet over the dam crest. The cofferdam 
crest elevation is 1545 and catastrophic failure is initiated at a pool level of 
1548. 
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5 - TECHNICAL METHODOLOGY 

The technical methodology employed yields the most accurate results reasonably 
achievable given the constraints of the problem. Thi.s methodology employs 
state-or-the-art analysis of the problem and is described in the following 
sections. 

5.1 - Dam Break Computer Program Selection . 

The National Weather Service (NWS) dam break flood forecasting model, "DAMBRK," 
by Or. Danny Fread (2) was selected to model the hypothetical dam failures. 
McMahon (4), United States Geological Survey (5), and others have judged this 
model to be the best dam break model currently available. The NWS DAMBRK model 
includes an extremely versatile dynamic flood routing program which· solves the 
Saint Venant equations by implicit finite difference techniques. 

The dam break hydrograph is developed internally by the Fread method. The 
hydrograph is dependent on the final breach shape and the time over which the 
breach develops. Specific breach input parameters are bottom width, bottom 
elevation, side slopes, and time of failure (see Figure 5.1). 

The program requires minimal river cross section data. Of major importance is 
river slope, roughness, and valley geometry. DAMBRK interpolates cross sections 
at intervals as needed and specified by the user. This capability is nearly 
essential for numerical stability requires that the distance between cross 
sections be approximately equal to the product of the wave speed and the time 
step used in the analysis. 

TO determine the hypothetical failure pool level of the Oevi 1 Canyon arch dam 
discussed in Section 4.2, the Modified.Puls method, a storage routing technique 
based on the continuity principle, was employed to rout the PMF through the 
Watana and the Devil Canyon reservoirs. This method was also used to determine 
the point on the PMF hydrograph at which the hypothetical Watana dam failure 
commences. The ~rodified Puls routing was accomplished with an Acres' in-house 
computer program. 

--- 5.2- - -Breach--Dimensions -and Time of Failure 

The final breach geometry is specified in DAMBRK by bottom width, bottom eleva­
tion, and side slopes which must be equal on both sides. The natural channel 
width and elevation at the sites have been used as breach dimensions. Breach 
side slopes are assumed to be one horizontal to one vertical for an earth/ 
rockfill dam and the average valley slope for the arch dam. 

\J. 
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Development_of the breach commences when the pool level is equal to or greater 
than the assumed failure elevation. Breach progression is directly related to ; [ 
the ratio of the time passed since start of failure to the total duration of c· 
failure, or "time of failure". The time of failure pertains to only the 
c.atastrophic event and not to the r.elatively lower antecedant discharges. Dam · ... ) 
break hydrographs can be very sensitive to the time of failure. Unfortunately, 1 
there is no method available to accurately determine time of failures. Time of 
failures may be either crudely estimated based on erosion characteristics of the "! 

: I 

5-l 



r : 
t . I 

I I 

.. i 

j 
l_ -· 

r i\ 

I 1 

r' : 
I i 
I . 

! 
r' ·' 

L.. 

rl 

I' 
L 

dam and/or determined as that time which would produce a-hydraulically instanta­
neous failure. The unreliability of time of failure prediction necessitated a 
sensitivity analysis. Watana dam time of failures of 2.5 hours and 3.0 hours 
were analyzed. These times are based on a·conservative estimate of time 
required to erode approximately 49 million cubic yards of material. Devil 
Canyon time of failures of 0.4 hours and 0.5 hours were analyzed. A Watana 
cofferdam time of failure of 0.5 hours was assumed. The domino failure scenario 
is based on a Watana time of failure of 2.5 hours and a Devil Canyon time of 
failure of 0.5 hours. 

5.3 - Geometric Model 

A simplified geometric model representative of the river valley is input into 
DAMBRK. Cross sections are required only at significant changes in river slope 
or valley cross section. Eight elevations and corresponding valley widths are 
input to define each river cross section. Additional sections are created in 
the model by interpolation. Surface roughness is expressed as the Manning 
coefficient 11 n" and input for each reach defined by the original sections. 

The majority of cross section information was taken from United States Geologi­
cal Survey quadrangle maps with a horizontal scale of 1:63360 and 100 foot 
contour intervals upstream of the Town of Chase and 50 foot intervals downstream 
of Chase. r-bre detai 1 ed river valley topographical information is avail ab 1 e 
only in the vicinity of Devil Canyon and Watana. 

To define the downstream cross section geometry it is desirable to have more 
detailed information than currently available. This is especially true in the 
vicinity of Talkeetna where the river valley width is in the range of two to 
three miles and only 50. foot contour intervals are available. Nevertheless, the 
available topographical information is sufficient to analyze flood waves with 
reasonable accuracy. 

The Manning coefficients were predicted for the reaches of the Susitna River. 
Manning's coefficient calculations for the over- bank area are based on bottom 
friction and drag from partially submerged obstructions {6). Composite 11 n" 
~alues were determined using the assumption of equal velocity across the section 
(1). Preliminary DAMBRK runs showed that in a few reaches the flow regime 
changed with time from subcritical to supercritical and back to subcritical as 
the dam break flood wave passed through a reach. At numerous sections, the 
Froude nL.mber became so 1 arge that mathematical nonconvergence occurred in the 
computer run or the computed flow area at a cross section became zero. To 
eliminate modeling problems due to supercritical.flow in a subcritical run, it 
is common practice to either alter the cross section geometry or increase the 
"n" value {3). Thus, in a nunber of reaches, the 11 n" values were increased to 
values above the predicted 11 n" value. The artifically high "n" values tend to 
reduce the speed of the wave and increase the depth of flow in the reach. The 
DAMBRK output has been adjusted slightly in an attempt to smooth errors created 
by computer modeling limitations. 
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6 - ANALYSES OF DAM BREAK FLOOD WAVES 

Dam break hydrographs have been dynamically routed down the Susitna River to the 
confluence of Trapper Creek which is approximately 5 miles downstream from 
Talkeetna. Peak flood levels, peak discharges, and time to peak were determined 
along the river. The following sections summarize the study results and discuss 
sensitivity of the analysis to time of failure assumed. · 

Peak dam break flood levels are compared to the PMF and 50 year flood levels 
at selected cross sections and shown graphically in Figures 6.1, 6.2 and 6.3. 

6.1- Watana Failure Analyses 

The hypothetical Watana dam break was analyzed for failure times of 3.0 hours 
and 2.5 hours. The Watana dam break hydrograph superposed on the PMF hydrograph 
is shown in Figure 6.4. The Watana dam break hydrograph at Watana and Talkeetna 
is shown in Figure 6.5. Maximum stage, flow rate, velocity, and time to peak 
stage are given in Table 6.1 at six loc.ations along the Susitna River. 

6.2- Devil Canyon Failure Analyses 

The hypothetical Devil Canyon dam break was analyzed for failure times of 0.5 
hours and 0.4 hours. The Devil Canyon dam break hydrograph at Devil Canyon and 
Talkeetna is shown in Figure 6.6. Maximum stage, flow rates, velocities, and 
times to peak stage are given in Table 6.2 • 

6.3- Domino Failure Analyses 

The hypothetical domino type failure analysis is based on failure times of 2.5 
hours and 0.5 hours at Watana and Devil Canyon, respectively. The dam break 
hydrograph at the Devil Canyon dam and Talkeetna is shown in Figure 6.7. Maxi­
mum stage, flow rates, velocities, and times to peak stage are given in Table 
6.3. 

6.4- Watana Cofferdam Failure Analysis 

The hypothetical Watana cofferdam failure analysis is based on a failure time of 
0.5 hours. The Watana cofferdam hydrograph at Watana and Talkeetna is shown in 
Figure 6.8. Maximum stage, flow rates, velocities, and times to peak stage are 
given in Table 6.4. 

6.5- Sensitivity Analysis Discussion 

The sensitivity analysis conducted revealed that the failure times chosen give 
results not significantly different from those for hydraulically instantanous 
failure times. Both the Devil Canyon and Watana peak discharges increased only 
slightly with reduced failure times. Differences in downstream effects are not 
discernible over the range of failure times tested .. However, since much longer 
failure times would be outside of the hydraulically instantanous failure range, 
they should significantly reduce the downstream affects of dam failure. 
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WATANA DAMIBREAK ANALYSES SUMMARY TABLE TABLE 6.1: 

'Maximum Sta?e ( ft} 
Time to Peak 

location Maximum flow (cfs} Maximl.lll Velocit~ Cf(!s} Stage (hr) PMf Stage ( ft} 
i (1) . 2) (1) (2) (1) ( ) (1) (2) 

Wstana N~A. N.A. !42,624,000 40,464,!000 76 73 N.A. N.A. N.A. 

Indian River 126 125 130,121,000 29,390,\000 63 63 3.9 4.3 22 

Gold Creek 179 177 \29,980,000 29,239,000 40 39 4.2 4.6 31 

Curry 205 203 127,939,000 27,439,,000 62 62 4.5 4.9 53 

Talkeetna 77 77 126,331,000 25,992,000 16 17 5.4 5.7 25 

Trapper Creek 85 85 :26,175,000 25,910,000 21 21 5.9 6.2 15 

(1) 2.5 hour ti~e of failure 
(2) 3.0 hour U~e of failure 

m I 
I 

I TABLE! 6.2: DEVIL CANYON DAM BREAK ANALYSES SUMMARY TABLE 
N 

Time to Peak 
location MaximUm State (ft) Maximum flow (cfs); Maximum Velocit~ (f(!s) Stage (hr) PMf Stage ( ft) 

I (1) 2) I n' . (2) (1) ( ) (1) (2) 

Devil Canyon N.A. N.A. ~1,453,000 10,963,000 60 59 N.A. N.A. N.A. 

Indian River 7J 7J 9,054,000 9,116,000 43 43 0.8 0.9 22 

Gold Creek 103 103 8,512,000 8,598,qoo 31 31 0.8 1.0 31 

Curry 112 112 6,391,000 6,408,000 37 37 1.9 1.9 53 

Talkeetna 42 42 5,271,000 5,274,000 9 9 3.3 3.3 25 

Trapper Creek 56 56 4,608,000 4,609,QOO 8 8 4.1 4.2 15 

(1) 0.4 hour time of,failure 
(2) 0.5 hour tin\e of failure 

N.A. - Not Applicable :. 

·~-- ··-c----' ·---



m 
I 
w 

·-r-,~-

TABLE 6.3: DOMINO fAILURE ANALYSES SUMMARY TABLE 

Maximum Stage MaximLill flow Maximum Velocity Time to Peak 
Location ( ft) (cfa) (res> Stage (hr) 

Watana N.A. 42,507,000 75 N.A. 

Devil Canyon 579 31,112,000 90 J.6 

Indian River 120 31,036,000 64 3.0 

Gold Creek 103 30,053,000 39 4.1 

Curry 200 20,991,000 63 4.3 

Talkeetna 79 27,553,000 17 5.2 

Trapper Creek 06 27,457,000 21 5.7 

TABLE 6.4: WATANA COffERDAM fAILURE ANALYSE SUMMARY TABLE 

Maximum State Maximum flow Haximuin Velocity Time to Peak 
Location ( ft) (cfa) ( Fea> Stage (hr) 

Watana N.A. 469,800 19 N.A. 

Indian River 18 321,400 15 5.0 

Gold Creek 27 323,700 12 5.3 

Curry 30 298,400 21 7.2 

Talkeetna 11 290,000 6 10.1 

Trapper Creek 11 354,900 6 10.8 

N.A. -· Not Applicable 

PMf Stage 
( ft) 

N.A. 

N.A. 

22 

31 

53 

25 

15 

50 Yr flood 
Stage ( ft) 

N.A. 

3 

9 

18 

7 

5 
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7 - CONClUSIONS 

7.1 -Conclusions 

The conclusions of this study are: 

-The hypothetical darn failure at Watana produces a peak flood level at 
Talkeetna 52 feet above the 1 evel which would be produced by the PMF. 

-The hypothetical dam failure at Devil Canyon produces a peak flood level at 
Talkeetna 17 feet above the level which would be produced by the PMF. 

The hypothetical domino failure downstream effects are not significantly 
different from those of the Watana dam failing prior to the construction of 
the Devil Canyon dam. 

-The hypothetical failure effects of Devil Canyon dam failing singly are less 
devastating than those of the failure of Watana singly. 

- The Dev i1 Canyon dam wi 11 fail if the Watana darn fails. 

- Peak discharges and elevations produced by the hypothetical Watana cofferdam 
failure are less than those which would be produced by the PMF but 
approximately 4 feet higher than the 50 year flood at Talkeetna. 

-A period of approximately 5 hours would elapse between initiation of a failure 
at Watana and the arrival of the flood peak at Talkeetna. Additional time 

_ITiig[lj: __ b_e_ay_aU_abJ e __ prtor.to the. -f.a-i-1-ur-e with appropri-ate- Hood-and oth·er event­
warning syst ens. 
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APPENDIX A 

EXCERPT FROM DAMBRK: THE NWS DAM-BREAK 
FLOOD FORECASTING MODEL (2) 
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DAUBRK: THE Ni-lS D.o\1-!-BREAJC 
FLOOD FORECASTING HODEL 

D. L. Fread 

Office of Hydrology'· National. lleather Service (Nt-lS) 
Silver Spring, Maryland 20910 

FeBruary 10, 198~ 

Ca.ta.Sf:roplii.c flash flooding occurs 'tiheu a d.a.m is breached and t:he 
impounded tilater escapes through the breach into the downstream. valley. 
Usuall.y the response t::Lme avai.lable , for wa.'tlli.ng is m'Q.C.h shorter than 
for prec:ipitati.au-rtmof:f floods. Dam failures are often caused by • 
overtcpping of the dam due to inadequate· spillway capad.ty during large 
iDfl.ows to the reservoir f1:0m heavy precipitation runoff. Dam fa:il.ures 
'11lJ!l'Y also be caused by seepage or piping through the dam or along interna.l 
conduits, slope embankment slides, earthquake damage and li.quefac:t:ion 
of earthen dams from earthquakes, and landslide-generated waves ~l:h:tn 
the' reservoir.. Middlebrooks (1952) describes earthen dam fa:ilures 
occurring within the u.s. prlor to 1951. J'ohnson and nles (1976) 
summarize 300 dam failures throughout the world. 

The potential for. catastrophic flooding due to dam failures has . 
recently been brought to the Nation's attention by severa.l dam failures 
such as the Buffalo Creek coal~t:e dam, the Toccoa Dam, the Teton 
Dam, and the Laurel Ru:a Dam. A report: by the U.S. Army (1975) gives 
an inventory of .the Nation's approximatel.y so;ooo dams vit:h heights 
greater than :zs: ft. or storage volumes in exc'ess of 50 oacre-ft:. The 
report also c.la.ssifies some 20, 000 of these as being rr so located 
that· failure of the dam could result in loss of human life and 
apprec:ia.9le property damage •••• •• . . 

'I'he Nat:iona1. 'Weather Service {NYS) has the responsibility to 
advis~ the public: of dcmnstream flooding Yhen there :is a failure of 
a dam. Although this type of flood has many similarities to floods 
produced. by precipitation runoff, the dam-break flood has some very 
important: differences which make it difficult to analyze with the 
common techniques which have worked so well for the precipitation­
runoff floods. To aid M1S flash flood hydrologists who are called 
upon to forecast: the downstream flooding (flood inundation :inforca­
tion and warning times) resulting from dam-failures, a numerical QOdal 
(DM!BRK) has been recently developed. Herein is presented an outline 
of the model's theoretical basis, its predictive capabilities, and 
ya.ys of util.i.zing the model fer forecasting of dam-break floods. 
Ihe.~mRK mode.l may also be used for a multitude of purposes by 
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planners.~aesigner~ and analysts Yho are concerned Yith possible 
future or historical flood in'U.tldation mapping due to dam-break. floods 
and/or reservoir spi2lYay floods, or any specified flood hydrograpb. 

2. 

The DAMBRX. model att:~pts to rep~esent the current state-of-the­
art ill underst.a:nding of dam. failuZ"es and the utilization of hydro­
dynamic: theory to. predict the dam-break yave f or.cat::ion and dmmstre.am 
progressioa. The model has 'Wide applic:abili.ty; i1: can function with 
various levels of input data r.ang:ing fror:1 rough est::i.m.ates to complete. 
data specifica.tian.; the required data is readily ac:cessible; and it 
is economically feasible to use, i.e., it requires a minimal compu­
tation effort em. 1a:rge computing facilities. 

The IrliOdel consists of three ftlllCt:icma..l patts, namely: (l) de­
sa:ripticm of t:he dam failure mode, i.e., the temporal. a:c.cf. geometrical · 
descrlption of the breach; (2) computation of the time h:f.story. 
(hydrog%'apb) of the outflov through the breach as af~ected by the 
breach description, reservoir ihflo~, reservoir storage characteristics, 
spillway outflows, and dow-nstream tailwater elevations; and 
(3) routing of the outfl~ hydrograph through ;he dow-nst%'eam valley 
in order to det:ermine ··the changes in t:he hydrograpn due·'to valley 
storage, frictional resistance, downstreac bridges or dams, and to 
determine the resulting water surface elevat~ons.(stages) and flood­
Yave· t:ra:vel times •. 

DAMBRX. is an expanded version of a practical operational model 
first presented in 1977 by the author (Fread, 1977). That model Ya.S · 

ca:sea on previou.S ~ork by-tfie authOr-on model.ixig breached. dams (Fread. 
and Harbaugh~ l973) and routing of flood Yaves (Fread, 1974, 1976) •. 
There have been a number of other operational dam-break models that 
have appeared recently in the lit:erature, e.g., Price, et. al. (1977), 
Gundlach and Thomas (1977), Tha.Das (1977), Keefer and Simons (1977)~ 

Chen and Druf£el (1977)~ Balloffet, et al. (1974), Balloffet (1977), 
Br~ and Rogers (1977), Rajar (1978), Brevard and Theurer (1979). 
D~!BRK differs from each of these models in the treatl:lent of the breach 

· ·fomat:ion·;-tne ·autflcw-Iiydrograpf£_~e_t:_~ra.-a.on;-iiid --the-- dotms ~e!a~j1_~~d ~ 
·- · - routing~ 

6. SUMMARY AND CONCLUSIO~IS 

A damo-break..-flood forecasting model- (DAMBRK) is .descno·ea and 
applied to same actual dam-break flood waves. The model consists 
of a breach component ~hich utilizes simple pa;rameters . to provide 
a temporal and geometrical description of the breach. A second. com-· 
ponent: computes the reservoir outflo~ hydrograph resulting from the 
breach via a broad-crested weir-flo~ approximation, Yhich includes 
effects of submergence from downstream tailwater depths and corrections 
for approach velocities• Also, the effects of storage depletion and 
upstream inflo~ on the computed outfl~ hydrograph are accounted 
for througll storage routing within the "rese:r:voir.. The third component. 
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consists CJ.f·~ ... dynamic. routing tec.lm.ique for determining the modifications 
to the dam-break. flood wave as it. advances through the downstream 
valley, ;·including its travel time and resulting water surface elevations. 
The dynamic routing component is based oa a weighted, four-point non­
linear finite difference solution of the one-dimensional equations 
of unsteady flow which allows variable time and distance steps to 
be used in the solution procedureo Provisions are included for rout­
ing superc.ritical flows as well as subcritical flows, and incorporating 
the effects of downst4eam obst4Uctions such as road-bridge embankments 
and/or other dams. 

Madel dat:a · requirement:s are flexible, allO':ring minimal data input: 
wen 12: is not. ava:Uable wh:Ue permit.t:ing ext:ensive data to be used. 
when appropriate. 

'Ihe model. Yas tested oa t:he Tet:cn Dam. failure and the 'Buffal.o 
Creek coaJ."""''i1a.ste dam colla'Pse. Computed outflOtJ volumes through the 
breaches coincided wi.th the observed values in magnitude and t:imi:c.g. 
Observed peak discharges a..lcug the dm.'"llSt:.ream valleys >Jere satisfac­
t.ori.ly reproduced by the model even though t.he flot7d yaves ~re 
severely attenuated as they advanced dcwa.st4eam.. 'nle computed peak 
f~ood. elevaticms ~e vithi.a. an average of 1.5 ft and l..S ft: of the 
observed. ma::dmum ele.vaticins fer Teton and Buffalo Creek, res-peeti.vel.y. 
Both the Tetca and 'Buffalo Creek. siculat:ions indicated. an important. 
lack of sensitivity of downstl:eam ctischa:rge· to errors in the for~ast 
of the. breach size and timing. Such errors produced sigrdficant. 
di.fferenc:es in the peak discharge in the vici:c.ity of the dams; how­
ever, the differex::u:es ...era· rapidly reduc~ as the waves advanced 
dcmnstteam. O:lmput:aticmal requirements of the model. are qu:Lte feasible; 
CPU' time (IBM 360/195) was 0.005 second per hr per mil.e of protoeype 
dimensions for tha '!etcu Dam. simuht:icn, and 0..,095 second per hr per 
mile for the Buffalo Creek. sim:u.latiou. '!he mere rapidly rising BuffaJ.o 
Creek. ~ve (t· ::a 0.008 hr as compared. to Teton where T ::a 1 .. 2.5 hr) 
required smaller ~t and A:l:. computational. steps; however, total. compu­
tation t:imes (Buffalo: 19 see and TetctL: 18 sec) were si.m:i:,J.ar since 
the BuffaJ.o Creek 'W.Ve at:t.e.nua.ted to insignificant values in a shorter 
distance down.st4eam and in less time than the '!etoa. flood wave. 

Suggested wys for using the D&'!B'RK model in. preparati.on of pre­
computed flood infarmatiaa and in real-cime forecasting were presented. 
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APPENDIX B 

SAMPLE DAMBRK OUTPUT 
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IJ 63.00' 2200.01 152~.09, ::I 14 70,50' :!208.01 1520.30 
15 71.00 1!i20,JO lS20,J0 

''1 16 71.5fl 1515.46 1515.46 I. 
17 n.15: ·1510.59 151~ •. 5~ 

1·1 IB 7:!.73- 1505.02 150~.0~ 
19 73.30. 1496.79 149~.0~ I 20 7.4. 28 1479.79 1-1791.9~ 

1'1 
; 

21 7,:>,26 1465.02 146~.4~ .. :.l 22 76.24 14~8.58 1145,.1'1 i"· .. II 2J 77.22 1'156.67 1127!. 9~ r.l , H 7.0.20 14::.6.05 11101 .1~ - I ·- 25 79.74 1455.74 1J09;o 35 
:!6 01.20; 1455.57 1360.46 
:•7 112.02. H55.15 134~.3~ ... -.. • -- "i • -

! 
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:!Y u:i.9o l 1\::i!j. :~5 1279.::!7 

I r\' :so 1)7.7} 1455.17 1256.77 
:u 119.63 145!i.l2 1210 .... • ..rn 

Lli 32 91.50 14~:i.OB 1102.66 
I J ,. 

3:1 93.05 1455.01 1151.93 !' I 

'I·! 
Jo\ V-1.60 l-4!i5.02 1120.69 ., 
l5 96.15 1455.01 1009.43 1: I 
36 97.70 1155.00 1060.12 ! 
37 V9.75 l45i.90 999,41 

1-. 
38 101.80 1455.00 949.73 
39 102.:!0 919.73 949.73 
40 102.73 939.23 939.23 

.. 41 103.27 929.34 929. J4 
42 IOJ,OO 913.91 913.94 t ' •' 43 IOS,IO 807.07 887.07 .... 106.40 060.86 060.06 I· 45 107.70 941.30 941.30 
46 109.00 912.65 812.6$ j .. 
17 109.79 799.42 799.42 

I 49 110.56 784.34 794.31 i 
II 19 111.34 769.99 769.99 I , .. I· 50 112.12 756.31 756.31 I 

51 112.90 741.13 J.t(,IJ 'l l I 52 113.25 736:29 736.29 ;, :. 
:u llJ, 60 731.45 731.45 

!1 
h 54 I 13.9$ 726.62 726.62 

~i:S 111. JO 721.79 721.70 
ll 56 114.65 716.95 716.95 ., 
1 57 115.00 712.11 712.11 ·:1 

' 
50 115.35 707.28 707.28 '·I 59 115.70 702.45 702.45 I. 

I 60 116.05 697.63 697.63 ··I 

I 
61 i16. 40 692.80 692.90 ':I 

I 
62 116.75 687.97 687.91 
t.:J 117.10 683.15 603.15 " 
64 117.15 670.33 670.33 

I. 65 117.80 673.51 673.51 
66 118. 15 668.69 668.69 !) 

·67 110.50 663.87 663.87 

J 
i 69 118.95 659.05 659.05 

69 119.20 654.24 654.24 ·-1: 
. 

70 119.55 649.42 619.42 . i j'J 119.90 644.93 641.03 ·~ 

72 120.41 639,49 639.19 

'J 73 120.99 6JII,I7 634.17 
H 12 I ,53 628.07 629.97 

; 75 122.09 623.59 623,59 ··I ,. ... 
76 12:!.62 610.31 610.34 j·l 
77 123.17 613.13 61J.tl .. ~ 
78 123.71 607,95 607.95 

., 
'·•I 

79 12;.,.26 602.82 602.92 I 
00 124.90 597.75 597.75 I 

i ~ 
Ill t2:i. 35 592.74 592.H i 82 125.89 !'.07.01 507.03 
OJ l:!ti.H 5113.03 50J.OJ 
(11 126.90 570. u 578. -t2 
115 127.53 571.06 571.06 . 
06 120.07 569,90 569.90 

..... ' 07 120.62 566.19 566.19 
... 
I 

! 00 I :!9, 16 56::!.63 56::!.63 ·I .. 09 129.71 559.09 559.09 ;Ill 
90 IJ0.25 555.11 55~.11 

·- 91 130.110 549.10 5·19 .to I 

92 lJ l. 69 538.76 530.76 
93 132.56 ~28.7ft 520.71 
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9-'1 }"33.-'-17 Slb.IJ.> 
95 13-1 .J2 508.98 
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96 135.20 501. 12 
97 d6.o7 49-t.H 
98 136.94 497.96 
99 a37.ea 401.50 

100 138.69 475.10 
101 1J9.56 468.74 
102 140d3 462.38 
103 141.30 455.49 
1114 142.65 443.72 
1115 1H.oo 430.18 
106 1~4.46 425.18 
107 14-4.92 420.22 
JOB 145.38 415.28 
109 145.04 410.35 
110 146.30 405.41 
Ill 146.76 400.39 
112 1~;7.22 395.21 
113 1p.68 399.73 
ll4 148 .... 384.29 
ll5 t48.6o 370.50 
116 1~8.06 376.00 
117 149.13 373,54 
ll8 1~9.39 371. ll 
ll'J B9.65 368.71 
120 1 ~~. 91 366.34 
121 1:i0,19 364.00 
1~2 15~ ..... 361.69 
123 150.70 359.39 
124 1S0.96 357.13 
125 IS i. 23 354.96 
126 151.49 353.00 
127 15!. 75 351.48 
128 &52.01 350.52 
129 t$2.28 350.02 
130 152.54 349.77 
131 l;J2.00 349.65 
t.i2 153.13 347.93 
Ill t53.45 345.64 
134 1SJ.78 343.32 
IJS t54. 11 340.96 
136 tiH.u 330,57 
137 154·76 336. 16 
138 155.09 333.72 
139 ISS. 41 331.27 
140 &!i5.74 328.80 
141 IS6.07 3:!6.33 
IU &56.39 323.91. 
143 156.72 321.10 
IH 157.05 318.95 
145 157.37 311.. 54 
146 157.70 314.18 

lT z i ; o.oooo 
OUU)i" 252743.0 

TT .. : i o.oooo 
OU( Ui = 252743.0 

H " : o.oooo 
011(1)!;= 252743.0 
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3ay.73 
30~.29 
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35~.96 
353.00 
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i. f'ROF ILE OF CRESTS Atilt Tl liES FOR SUSiltl/1 RIVER 
llHOII HUL Tlf'I.E FAILURES • •• I' -, 1.1 RVR HILE HIIX ElEU HAX FLO~ TIHE 11/IX 11/IX VEl 11/IX VEL FlOOit El EU TJHF fl 00(1 HEU 

II FROH I•AH (fll CCFSI ElEUCIIRI IFT/SECl IHIIIIRI IH I (Iff<) :1• I uuuuu HHUtU .......... ......... ............ ......... UHHU8 ......... 
" •• 

; I o.ooo 2228.27 25761 a 2.800 11.33 7. 72 o.oo o.oo I •· 

" 
I J,704 2200.40 317065 0.480 9.56 6 r•o o.oo o.oo .:1• I! .... 

y 0.243 2200.09 6215~6 0.400 0.69 5.92 o.oo o.oo 

I 
12.703 2200.03 l1-t7660 0.600 9.99 6.01 o.oo o.oo .o 
17.162 2200.02 1910650 0.240 ll .a 7 7.6:0 o.oo o.oo ·: t e :!1.622 2:!00.02 2920112 0.200 12.53 0.54 o.oo o.oo 

5 
I:: 

26.001 2:!00.01 4234050 0.120 14.96 10.20 o.oo o.oo 
30,541 2208.02 :'i90l427 0.290 17.47 lJ, 91 o.oo o.oo t I 35.000 2200.02 7950014 0.200 17.35 11,93 o.oo o.oo 

! 42.000 2209.0] 124~9996 0.120 19.90 12.97 o.oo o.oo .. , 
I 49,000 2200.03 18725301 0.040 16.99 11.50 o.oo o.oo ·:.!. 56.000 2200,02 26391248 o.ooo 15.35 IO.H o.oo o.oo 

63.000 2200.01 35471500 o.ooo 13.96 9.5:? o.oo o.oo 
., 

r. 'I 70.501) 2200.01 42507424 o.ooo 62. 10 42.40 o.oo o.oo ·.1 t I.! ! 71.000 1007,19 4:1507424 2.520 75,10 51.26 o.oo o.oo 

-! I i 71.575 i 8(o2, 00 42547012 2.640 62.07 u.86 o.oo o.oo 
72.150 104~.43 42417684 2.800 5], 7J 36.6-t o.oo o.oo -~ . 72.72S 1834.07 42101500 2.960 <46,]4 ]1.59 o.oo o.oo . t. 73.300 1027.47 41820912 3.ooo 39,90 27.26 o.oo o.oo ~_: 

74.200 1819.31 41234012 3,040 37.01 25.23 o.oo o.oo :t I. 75.260 1013.t6 10452496 3.000 34.17 23,]0 o.oo o.oo ,. 
?6.240 1000,46 39507136 3.000 30 ~ 46 20,77 o.oo 0.00 

I· 77.220 1004.92 30556220 3.120 27.15 10.72 o.oo o,oo ;. 
~ 70.200 1002,10 J7H7756 3. 120 24.5] 16.72 o.oo o.oo 

79.740 1797.23 35002:!00 3.120 24.93 17.00 o.oo o.oo 
OI.:UIO 1791. 10 31552012 3.160 25.66 17.50 o.oo o.oo t 02.020 1702.03 33066140 3.200 27.42 10.69 o.oo o.oo 
114.360 1770,60 33424050 3.200 31.75 21 I 64 o.oo o.oo 

1 05.900 1740.7:! 33102712 3.280 40.48 27.60 o.oo o.oo • 
~ 

07. 767 1127 .. 3 32730712 3.120 10.20 27.46 O.OH o.oo 
99.633 1701.16 3::!371)350 3,400 -10.77 27.80 o.oo o.oo 

5 91.500 1670.24 31906112 3.410 41.73 2B.-t5 o.oo o.oo .: :; 
I. 9J.OSO 165~.93 31726170 l.-140 42, JO 20.70 o.oo o.oo ·I 91.600 1633 • .,5 31497282 J.'IBO 12.30 20.09 o.oo o.oo ., 

96. 150 1610.53 31329130 3.520 H.ll 29.40 o.oo o.oo I , 'II 
I. 97.-700 1507.09 31221110 3.520 H.OJ 30,02 o.oo o.oo 

•. 99.750 1551.01 :u 1402]0 3.520 46.10 31.69 o.oo o.oo J 

101.000 H06,30 .Jilll910 ).520 60.02 ·10.97 o.oo o.oo 
102.200 !J9:'i. 66 Jli1J910 J.560 09.69 {ol.l!'i' o.oo o.oo 
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~~.1 r'. 
p 103,800 1252.-tJ 31104920 3.560 69.45 47. :~:; o.oo o.oo 

105.100, 1187.22-. 3110710~ 3.600 60.15 <I 1. 01 o.oo o.oo 
Lll! 106.400 1130.05 31095154 3.600 54.05 36.85 o.oo o.oo f ,I 

107.700 1075.58 31082102 3.640 50-.5J 34.45 o.oo o.oo t ,ol 1 109.000 976.75 31084594 3.640 65,95 -14.97 o.oo o.oo 

I·! 
109.780 960.00 31082242 3.640 50.40 39.87 o.oo o.oo 
110.560 942.65 31074844 3,600 53.34 36.36 o.oo o.oo j: ! I •! .. 
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PROFILE Of CRESTS AHD Tjlti~S FOR SUSITHA RIVER I 

b 
liELOU tiULiiP~E fAILURES 

J 
'I RVR HILE tiAX ELEV HAX FLOW 'll HE tlt'tX till X VEL HAX VEl. FLOOD ELEV T ltlf HOOP ELEV 
I• fROtl [11\tl CFT I (Cf5) I iELEVUIRI (fT/SECI ltii/HRI (fT) wro .. 
I uuuuu $UUUU . ....... ~. iuuuu .......... i$UUUU •uuuu ......... 

:: I :I 
.I 

111. J40 925.22 31071896 3,680 49.60 33,82 o.oo o.oo , .. 
v I 112. 120 907. 10 3106030~ 3.720 47.09 32.t 1 o.oo o.oo !; 
~ :j ,. 112.900 887.83 31036336 3.760 4S.75 31.20 o.oo o.oo 

! 'I 113.250 882.69 3103920{ 3.800 45o86 31.26 o.oo o.oo ; 

o.l 113.600 877.71 31025504 3.840 45.00 31.28 o.oo o.oo .. 
~ l.j 113.950 072.84 

~~~:~=~~ 
3.840 45.90 31.29 o.oo o.oo 

:~J l . 1H.300 060.19 3.920 45.88 31.28 o.oo o.oo 

I 
114.650 863.87 

;~:~!:!~ 
4.000 45.82 31.24 o.oo o.oo 

L 115.000 859.90 4.040 45.52 31.04 o.oo o.oo 
·:1 r~ 

115.350 85&.53 30898216: 4.120 45.26 30.86 o.oo o.oo 
115.700 053.47 30853371 4.120 44.08 30.60 o.oo o.oo 1,1 

I 
116.050 OS0.76 30799250: 4.1&0 41.39 30.27 o.oo o.oo I. 

I 116.400 040.33 30736221 4.200 -43.79 29.06 o.oo o.oo 

H 
116.7SO 046.19 30665176: 4.200 43.09 29.38 o.o·o o.oo 
11 7. 100 844.26 

~~~r~~~~: 
4.200 41.99 28.6] o.o'o o.oo 

fi 
117.450 042.51 4.200 41.18 28.00 o.oo o.oo 

-117.800 040.9<1 30437970 4.240 40.35 27.51 o.oo o.oo :·j 
!" 110. 150 039.51 303551021 ·4.240 39>52 26.94 o.oo o.oo ·I 
I 110.500 030.20 30278670 4.240 30o40 26 .to o.oo o.oo 

l L 
118.050 037.00 30201·3761 ... 240 37.61 25.64 o.oo o.oo 
119.:!00 035.88 • 30123054 4.240 36.85 25. 13 o.oo o.oo 

:J 119.550 034.04 300519621 4.240 35.89 24.17 o.oo o.oo 
l.t n 119. 9oo 833.86 29902134, 4.240 35.21 24.00 o.oo o.oo 1'1 
I" 120.H5 031.06 290769(101 4.240 35.12 23.95 o.oo o.oo '••I I 

120.990 02~.93 297000041 4.240 35.2'1 21.06 o.oo o.oo ·I !. 121.535 027.75 29690360 4.240 35.29 24.06 o.oo o.oo •' 

! 122.000 0::!5.61 296063021 4.240 35.52 24.22 o.oo o.oo "i I. 1:!2.625 023.41 29530492 4.240 35.63 24.29 o.oo o.oo ··. I: 
123.170 021.14 294S0908, 4.200 35.95 24.51 o.oo o.oo I 

123.715 1110.70 293969841 4.280 36.17 21.66 o.oo o.oo 
124.260 016.33 29337450; 4.290 36.50 2-\.94 o.oo o.oo 

~I. 
124.805 013.76 :'92070061 4.280 36.94 25.19 o.oo o.oo 
125.350 011.05 292396581 -1.280 37.40 25.55 o.oo o.oo 
125.895 000.19 :>9200130 4, :!BO 37,99 25.90 o.oo o.oo 

,. I· 126.4'10 005. 13 29162536 4.200 30.69 26.30 o.oo o.oo 
" • I 1::!6.98:i 001.04 291307661 4.200 39.40 26.06 o.oo o.oo 

127.530 790.28 29102700 4.200 <10.31 27.48 o.oo o.oo . J •. 
1:!0.015 794.38 290761041 4.200 '11.30 20.16 o.oo o.oo 
128.6:.00 79u. o~• 29056406 4.320 .. 2.53 20.99 o.oo o.oo ---- .. -...... 

i, 

., _; __ 
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IZ'J, 14.:. 1BLIS' z. '" 5!.-'1~• -'/ • ;Sl.O .~t:~.-,A ,..,.,., . o.oo £1•0,; 

~._, .. -.I --1 
1::!9,710 779.'10 29019 ·I !it. "· .120 45.69 Jl. IS o.oo o.oo 

I 130.:!55 77:!.67"' 2'i'OO:o960 4.]:!0 17.92 3:!.67 0.00 o.oo r" It I 30, 000 763.96 20991:?60 ,:g 'I' 1.320 :50.9~ 34.72 o.oo o.oo 
Ll_; 131.600 7~5.07'- 20976520 4.360 51.05 34.00 0.00 o.oo ,. 

132.560 747.25 29950014 4.360 51.39 35.04 o.oo o.oo , .. ! t I . JJJ,HO 737.67 29943:!16 -1.360 :'i2.02 3~.47 o.oo o.oo 

r 
r: 131.320 726.25 20934120 4.360 53.37 36.39 o.oo o.oo I ·I 
j·: 

13 J 35.200 693.12 28928538 4.320 69.14 47.14 o.oo o.oo I .. I 
I 1: ,I 
j' 

II I" I' 

1: I .I . \ 
1- I" 

i• 

'. 
! . 

f'ROfiLE OF CRESTS 1\Hll lli1ES FOFc SUS I lilA FelVER 

r' llEL.OII 11Ulllf'I.E Fllllll~ES I 

ij 
I' RVR 111LE 111\X HEll ttl\ X FLO II TI11E 111\X 111\X VEL 111\X VFL Fl oora ELEV TII1E FLOOIJ ELEV 
I FRlJI1 f•AH Cff) CCFSI ELEVIIIRI CFJ/SECI CI11/IIRI CFT I CIIRI 
I • .......... ......... .......... ........ .. ........ uuuu• ... ....... uu:uu·• ;' I 

Ia i I 

136.071 669.67 29926830 4.400 66.97 4~.59 o.oo o.oo 
'i . 136.943 656.67 289193H 1.400 61.98 4·t.24 o.oo o.oo 
t 

I 137,914 6H.88 20910270 4.400 62.74 42.70 o.oo o.oo 

' 
,. 

130.606 633.24 20906220 1.4-tO 60.97 41.57 o.oo o.oo ,: 139.557 623.00 :!00925-t2 4.520 59.01 40.23 o.oo o.oo 
~ i: U0.129 615.04 28063014 4.560 55.99 30.17 o.oo o.oo I~ 

I·' J-11 141, JOO 610.7·1 2803156-t 4.560 52.52 35.91 o.oo o.oo I 
~ 'I 

I r~ 
142.650 600.89 20901742 4.520 ..... 07 30.59 o.oo o.oo 

!S'IH.OOO 52<!.69 29794799 4.490 70.99 53.96 0,00 o.oo 
114.460 ~16.52 20796170 4.520 l>J .19 43.07 o.oo o.oo , .. 
144.920 507.73 20796079 4.520 54.09 36.09 o.oo o.oo . 

I"· t-t5.J90 499.24 29796651 1.520 40.03 32.75 o.oo o.oo . 
145.840 491.16 20795200 1.520 43.65 29.76 o.oo 0,00 

j 
. 

J.16,JOO 4BJ,H :!0793432 4.560 40.33 27.50 o.oo o.oo j'' 
1-16.760 475.98 29793992 4.560 37.76 25.75 o.oo o.oo 

1. -~ 117.2:!0 460.65 20793024 4.560 35.79 24.39 o.oo o.oo .. 
I I 

147.690 461.::!7 20790269 1.600 34.34 :!3.41 o.oo o.oo 
148.110 4fo3.49 20799042 4.600 JJ,57 22.09 o.oo o.oo j r ,, 118.600 H4.43 28786930 4.600 34.12 ~J.26 o.oo o.oo 

·l-t8,063 441.21 29704756 4.640 33.16 2:!..61 o.oo o.oo 
I· 119.12fo 130 oil 20779500 1.760 32.25 21.99 o.oo o.oo 
I 149.300 435.71 20765746 s.ooo 31.20 :!I. J3 o.oo o.oo 

119.650 134.07 20733760 5. 120 30.10 :'0. 5:~ o.oo o.oo ... 1 
.I 

149.913 4]:!.09 7.0675600 5.120 20.59 l9.-t9 o.oo o.oo 
~! 

150.175 -132.04 2R59JOOB 5.160 26.59 10,13 o.oo o.oo I 150,4]0 4Jl. 4:! 20~92502 5. j 60 24.71 16.05 o.oo o.oo :.j 
150.700 1]0.96 20377526 5.160 :12.63 15, -tJ o.oo 0,00 
150.963 -130.61 20259330 5.160 20.00 14.:!-4 o.oo o.oo ) 

151.22~ 4JO,J5 :!.0142144 5.160 19,09 13.02 o.oo o.oo -'i 
151.-tOO 1]0. 15 200270:!.6 5,160 17.19 11.9:' o.oo o.oo 
151.750 430.00 27917000 5. 160 16.05 10.94 o.oo o.oo I 

152.01J 429.00 :!7012036 5.160 .... 76 10.06 o.oo o.oo .! 
..... : ., J 

I IS2.275 429.79 27717316 5. 160 13.67 9.32 o.oo o.oo 
1 :i:.!, :iJR 429.7:! 27630332 5.160 12.62 0,60 o.oo o.oo ~·: 

rl I 52 oiJOO 4:!9.66 27!i!iJ4S:! 5.160 I I, 60 7. '16 o.oo o.oo , . • 1!13.127 127.95 27699-142 5. 160. 11 • 90 0. 17 o.oo o.oo . - 15J.153 1:!6.0J 276]::!]90 5.160 12. 19 o.3t o.oo o.oo . I 

A5J. 700 424.14 27570476 5.200 l2.U a. 47 o.oo o.oo 
154.107 122. a? 27535142 ~.~00 12.66 Ill. 6] o.oo o.oo 
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·~·--154.760 418.01 27471650 5.200 13.:!1 
155,087 415.76 27457812 5,200 13.52 
155.413 113,30 27-144142 5.200 13.87 
155,740 410.83 27438440 5.240 14.27 
156.067 408.06 27435t:i6 5.240 1'4. 72 
156.393 <105.02 27439010 5.200 15.27 
156.'720 401.58 27444002 :;,200 15,95 
157.047 397.53 27456694 5.200 16.87 
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rRO~lLE Of CRESTS AND T~HE~ FOR SUSITNA RIVER 

RVR HILE 
FROH ltAH ............ 

157.373 
It· t57. 100 

HAX,ELEV 
Iff) ......... 

392.45 
385.06 

BELOW HULTIPLE FAILURES 
.• r I 

HAX FLOW I 
CCfS) I 

uuuut~ 

27475192! 
27507370! 

liKE HAX 
ELEVCIIR) ........ 

5.120 
4.960 

tiAX .VEL 
(fl/SEC) 

uuuuu 

18.25 
21.ll 

---. 
~ woB/ ' o.~-

9,01 
9.22 
9.46 
9.73 

10.04 

' 10.41 
10.87 
11.50 

I HAX VEl 
ictti/IIR) 
UUUtU 
i 

12.45 
14.39 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
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fl.OOD ELEV 
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lliSCIIARIIE IIYI•IWGRAI'II FIJR SUSJTNA RIVER ••• SII\TIGtl NUHHR l:i 
DElOW HUlTiflE FAilURES AT Hllf 71.00 

01\0E ZfRO • 1~55.00 HAX ElEVATION REACHED DY flOOD UI\VE • 1007.49 

IIR STADE 
o.o 65.3 
0.2 70.3 
0.4 91.2 
0.6 121.3 
o.a Ul.5 
1.0 200.9 
I, 2 239.9 
I. 4 273.5 
I. 6 306.5 
1.9 337.9 
2.0 369.0 
:!.2 396.:! 
2.4 421.9 
2.6 431.5 
2.0 127.0 
3.0 420.7 
3.2 411.9 
3.4 400.9 
3.6 309.5 
3.0 375d 
1.0 361.9 
4,:! 310.2 
1.4 331.6 
1.6 321.3 
1.9 300,1 
~.o 295.1 
5.2 292.3 
5 ... 269.9 
:i.6 257.7 
5.8 :!~6.0 

6,0 234.9 
6.2 2:?J.6 
£.4 212.9 
6.6 :!03.5 
6,0 194.9 
7.0 106.3 
7,::! 177.7 
7-i 169.4 

7·' /1/. {, 

flODll STADE NOT 1\VAill\&lE 
HAX STAGE • 432,49 AT JJIIE " 2.52 IIOURS 
Ill\ X FLOU • 42587424 A l I litE .. 2. 52 IIDUf\S 

FLOU 0 B:S1740~ 17034968 2:i~:S2452 31069936 
361093 • I I I I 
479953 H I I I I 

1014976 .. I I I I 
21::!9369 I * I I I I 
3949966 I • I I I I 
6297127 I ' I I I I 
9499439 I H I I I 

13504259 I I • I I I 
19199556 I I u I I 
23442124 I I I • 1 I 
29069926 I 1 • I 
349ii6756 I I u 
40519904 I I 1 
41523176 I I I I I 
39339640 I I I 1 I 
34090161 1 I 1 I u 
31496260 I I 1 I • I 
20290109 I I I I • I 
253610l2 1 I I * I 
2275JBO'l I 1 I * I I 
2015061:! I I I t I I 
101102::!0 I I I ' I I 
1666?037 I I • I 
150715::!11 I I • I I 
13621444 I I • I I 
1230565::! I 1 • I I 
11107020 I I t I 
I 0021 !\50 I I • I 

9041072 I It 
8153100 I • 7358992 I .. 
6625690 I • 1 
5958229 I • I 
5137003 I t I 
4971215 I • 1 
450988::! 1 t I 
'!061652 I ~ I 
]6534"10 
JUl037 

4:?587120 
I 
I 
I 
I 
I 
I 
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(IISCIIAROE I!Y,IIROBI"\Af'll FOR SUSITHA RIVER ... SJAllOH HUttl•ER 38 J)tVIL. 

'' 
BELOW HULTifLE FAI~URES "' HILE 101.80~ 

GAGE ZERO •- 907.00 HI'IX ELE~IIT IOH 1"\EI'ICIIF.D ltY FLOOII WAVE = 1'1EI6,38 
; ' 

FLOOD STAGE HOT AVAILI'I&LE 
ttl\ X STADE • 579.30 . AT TIHE .. 3.52 !lOURS 
HAX flOfol 31!1191~ 

' JIHE J.52 IIOURS ! . AT .. 
! 

IIR STADE FLOW 0 622238il 12444764 18667146 24889:i28 31111910 
o.o :H8.o 160500 • 1 I I I 
0.2 5:13,0 ' 160500 * I t I I I I 
0.4 554.9 160500 * I I I I I I 
0,6 556,6 .160500 • I l J J I I 
o.o 558.1 

i 

160567 • I , I I I J 
1.0 :i59.4 167277 'J I I I I I 
1. 2 560.7 ' '179916 

!j I I I I I 
1.4.,} 567.9)' '325063 I I I I I 

f1.6 571,0 •l607777 I • I : I I I I 
1.8 504.1 13280243 at I u I I I 
2.0 440.0 14664711 ,I I I ' I I I 
2.2 440.6 14701547 •' I I • I I I 
2.4 457.8 16307010 :J I 1 I * I I I 
2.6 486.7 19,167628 I I " I I 
2.0 522.1 23,000854 I I I I I It I I 
3.0 553.8 26976634 I' I I I I I • I 
3.2 571.2 29638658 II I I I I • I 3.4 578.3 30913356 II I I J I * 3.6 579.1 31058l22 II I I I I • 3.8 576.0 30433892 H I I I I .. 
-1.0 570.0 :!'9,337148 IV I I I I • I 
4.2 561.7 27978732 II I I I I • I 

"·" 551.6 26490338 II I l I I • I 
4.6 5oJ0,3 2'1958996 ;J I I I • I 
-t.o 528.2 2'3'152606 I I I • I I 
5,0 515.5 22018078 II 1 I I •. I I 
5.2 502.6 2.0672402 1-l I I 1 • 1 I 
5.4 189.7 19329332 1• I I u I I 
5.6 176.8 18009714 Jl I I u I I 
5.0 ....... 2 1.6791272 1/ I I • I 
6.0 451.8 15658334 I' 1 I * I 
6.:! 439.6 I:-t561101 

H 
J J * I 

6.4 127.0 1:3-191602 I I • I 
6.6 113.5 1:!424975 l • J 
6.8 399.7 11423067 JJ I • I J I 
7.0 386.0 1046840-t .. I • I I I 
7.2 373.0 9620321 IJ I :t I I 

., 
7.4 360.4 9831975 I' I *' I I 1., 3i7.'J 80NS"D3 
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IJISCIIAIW£ IIYIJRUORAPII FOR SUSITNA HIVER S I A II 011 tlllllllER 51 -:f,Vl>T/lA) CRH-k. ... 

I 
IJELO~ HULTIPLE fAILURES AT 1111.£ ll:.!. 90 :., 

1:: 
II 

OAOE ZERO D 730.00 IIAX ElfVAT ION r>EACIIF.IJ BY FLOOIJ ~AVE c 01\7.03 j fLOOD BlADE 1101 AVAIUH•L£ 
IIAX STAGE • 1:S7,83 AT TIHf z 3.76 IIOURS 
ltAX flOII " 31036338 AT T IIIE . J,]2 IIOURB ·.:. 

··; 

IIR STAGE FLO~ 0 6207267 12-414534 18621801 24829068 31036335 
y 

~ 

I··' ! ·I 
I , 

~ 

o.o ll •• 174500 • I I I I I I 

Oo2 11.1 174501 • I I I I I 
0.4 11.2 175231 .. I I I I I .. 
0.6 ll.2 175589 • I I I I I .. 
Oo8 II, 2 175686 • I I 

I 
I I 

~ 

I I· 
I 
~'' 
I' 
I. 

~.-~ . ·. 

I, 0 11.2 175706 • I I I I 
I, 2 11.2 175707 • J I I I 
lo4 11.2 175728 • I I I I 
I • 6 11.2 175595 • I I I I 

I 
1, 8 II ,I 175501 • I I I I c., 
2.0 68.4 7558-429 I I • I I I 
2.2 10!.7 14112761 I I • I I I . ~ 
2.4 108.6 14704284 I I • I .1 I :I 2.6 114.2 16309481 I * I I I 
2.8 123.2 19299470 I .. I I .-j 
3,0 134.8 23357660 I I • I I ., 
J.2 145.6 21204840 I I I • I ,, 
3,4 153.1 29777102 I I I • I . ·., 
3.6 156.9 30909888 I I I • 

.. 
•.' 

3,8 157.0 30944184 I I I • :I 4.0 156.8 30258800 I I I .. 
I 4.2 154.7 29143764 I I I • I q 4.4 151.9 27799204 I I I • 4.6 148.-1 26352440 J I * I 

4.8 144.5 24861506 I • J 5.0 140.2 233620'12 I • I 
5.2 136.0 21962082 I • I 
5,4 131.8 20650026 I • 1 !: 5.6 127.5 1933125'1 It . 
5.8 123. l 18054620 .. I 

I 

6.0 119.0 16866352 • I ,. 
6,:! 115.0 15757381 • I 
6.4 111.1 14695907 I t . .. 6.6 107.2 13655168 I t , 
6.8 103,3 I ::'627906 I 

·- 7.0 99.3 11651947 tl . J 
7 .,. 9S.:i 10742671l I ' ' ·-7.4 91.0 989270/. I 
7.~ 88.3 'ti13:JS'i 
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Ill SCIIIIRGE: IIYD.ROORIIfll FOR SUSJ~HA; RIVER ... STIIHON NUHBfR 91 CURRJ' ; ~ 
1.' DEL OW 11UL Tlf'LE fAILURES AT 111LE uo.:8o ~ ·. 

I ' ·_j 

I:! GIIOE ZERO' ,. 52J,OO HAX ElEV~TIOH REACIIEIJ BY fLOO~ loiiiVE . 763.96 .j 
FLOOJI STAGE; NOT AVAILIIDLE .·:1 I' HAX STAGE • 2401,96, AT TliiE .. 4.32 IIOUR!l .. '· ~ i \ :, 11AX flOW • 28991*701 AT TitlE . 4, 24 tiOURS 

It 1.: I, 
·:·1 ,. 

IIR STAGE' fLOiol 0 :i798254 1 11596508 17J'Itl62 23193016 28\'91270 
9 I! o.o 26.': 188500 * !I I I I I 

~ 
0.2 26.1: 180500 • : I I I I I 
0.4 26.1. • 108500 • I I I I I 

' 
I 0.6 26ol 188500 • I I I I I .. 

e t'j 0.8 u •. l 188500 • I I I I I '~ 

I·; 
1.0 26.1 188500 I I ., ·------·· ... 

2 * I I .·1 
1 .2 26.1 . 188500 • I I I I I :I I .... 26. I 188500 • I I I I I 
1 .6 26.1 188500 • I I I I I ,~1 
1.0 26.1 188500 • J I I I I ;! 

~ . 2.0 26.1 •188605 • 'II I I I I i:• 1 2.2 26.1 ·188919 • :r I I I I I'· 
~I k 

2.4 26.2 189275 * I J I I I 
2.6 88.4 4348701 I • ;I I I I I 

~1 j'• 2.8 140.1 10439139 I J • J I I I .. 
I ~ 3.0 163.4 13660586 I I I I • I I I '• 

3.2 184,3 172:!7870 I II I • I I ) 
I' 3.4 203.7 21317502 I II I I • I I '1 '· 3.6 219.7, 248'00390 I I• I I I * I 

:~ 
,., 3.8 230.8 27177342 1 ':I I I I • I 

4.0 237.4 284(!9240 I I• i I I I u .I 4.2 240.4 28973620 I II I I I * :~ 240.9: 
' I 4.4 28849276 I If I I I • .. , 

4.6 2J9,5 28291464 J \1 I I I u 

h 
-t.a 236.7 27138192 I II I I I • I ... 
5.0 233,0 26384570 I it I 1 1 • I ·I 
5.:! 228,6 25197396 I '11 I I I • I ::l 

~ .. 5.4 223.7 23968042 I il I I u I ·: 
5.6 218.7 22740702 I II I I *' I 
5.8 21J.!i 21511230 I :J I I • l I j 6.0 208,1 20276976 I 'J I I ie I I } _, ~j 6.2 202,7' 19081808 I 1 I I f I I •• i I 6.4 197.3 17938606 I I u j .. 6.6 191.9 16846116 I J t.l ., 
6.8 106.6 15788913 I . I • I ·- 7.0 IOJ, 2, 14763081 I I * I . I 

7,2 175.9 13769617 I I t I 
7.4 110.5 1:!826947 l I • I 

~- r~ ·-·-·-
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PIBCIIARGE IIYDROBRAF'H FOR BUSITNA RIVER ... S 1 A 11 ON NUHiiER lll -,;./h..~ 

PELOW HULTIPLE FAILURES ill HILE 152.00 

DADE ZERO • 333.00 HAX ELEVATION REACIIED DY FLOOD UAVE • 429.U. 
FLOOD BlADE HD1 AVAILAiiLE 

HAX STADE ;., 94.66 AJ JJHE .. 5.16 IIOURS 
!: HAX FLOW • 27553454 Al llltE "' 4.92 IIOURB 

IIR STAGE fi.OU 0 5510490 11021380 16532070 22042760 .27553450 
'l 

I·! 
o.o 16.6 200500 • I I I I I I 

v 0,2 16,6 200500 • I I I I I . I 
I 

0.4 1&.7 :!OIOU • I I I I I ;·I 0.6 14.7 :!01657 • I I I I I .. 

' 
o.o 14.7 202016 • I I I I I 
1.0 16.7 202212 • I I I I I •I ;; 

l:i 1.2 16.7 202330 • I I I I I ·' 
I .... 16.7 202407 • I I I I I :;:1 

1.6 16.7 202-450 • I I I I I . --····-· .I 

':I 
1. 0 16.7 202479 • I I I I I 

'. 2.0 16.7 202497 • I I I ,. 
2.2 16.7 202508 • I I I 

'··i 

2.4 16.7 202517 • I I I 
:·1 2.6 16.7 :!02521 • I I I 

2.8 16.7 202524 • I I I 
1 .• 

I' 3,0 16.7 202526 • I I I !. 

f: 
3.2 16.7 202520.1 • I I I I I I. 
3.4 17 .l 259l99 1 • I I I I I 
3.6 10,3 090590711' I I • I I I I 

I· 3.0 66.2 1601637Jv' I I I .. I I p ol 4.0 76.9 20701010( I I I I • I I 

i: 4.2 04.4 23014176" I I I I I • I d ..... 09.6 25797432• I I I I • I 
1.6 93.2 269196541' I I I I .. ... 
4.0 95.4 27466200 1 I I i I * .I 5.0 96.5 27526430 .... I I I I 

fJ I! 5.2 96.6 "!7195-1621 I I I I .. 
I' 

fi,4 96.2 265526:!:!r I I I I * I .. , 
•I 5.6 95.3 256011321 I I I • ,. 

5,8 94.0 24605470' I I I • I 6.0 92.6 23616612" I I I • I· ... I 6.2 91,0 22503600" I .. ,. ,. 
! ; 6 •• 89.1 2136066•1•' i .. 

r1 · 
.. l .. 6 07.6 2024361-t'. I I 

6.8 85,9 19145956, I I I 
7.0 04, I IOOOHH~ I I • I 

.. J ·- 7.2 02.4 l705JOil21 I .. I .. 
7.4 00.6 1605500~· I ••• 
7·1 'lB. 9 IS'O'tDJ,JS"/ 
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COill-1ENT I. 3 7 5: 

"Paae E-3-251: Item 8: We are concerned that illustrations 
of mitigative design features are minimal and generally 
limited to road construction without specific data on the 
extent to which area materials will allow implementation of 
the side-borrow or balanced cut-and-fill techniques. 
Location maps should also be included for all mitigative 
design features." 

RE$PONSE: 

This suggestion regarding the inclusion of more 
illustrations and location maps of mitigative design 
features will be carried out in more refined versions of the 
Mitigation Plan, especially as detailed engineering design 
proceeds. Please refer to the Response to Comment I.378 for 
additional discussion regarding the side borrow technique. 

COM.t.fENT I. 3 7 6: 

"Page E-3-251: (b): The FWS supports funding and 
implementation of mitigation concurrently with project 
planning and construction. We are concerned that outlined 
mitigation studies are generally limited to planning studies 
with some follow-up monitoring (Table E-3-177). Provisions 
are lacking for implementing measures that will be 
recommended through these study efforts. Please also see 
our comments on Table E.3.177." 

RESPONSE: 

The Mitigation Plan presented in FERC License Application 
Section 3.4 is specific where detailed design and 
construction planning have proceeded sufficiently and 
conceptual where they have not. As stated on FERC License 
Application page E-3-252, "as engineering design and 
construction planning proceed, features of this mitigation 
plan will be correspondingly refined with respect to 
specific locations, procedures and costs." The Power 
Authority cannot locate the referenced comments on FERC 
License Application Table E.3.177. 



COMMENT I.377: 

"Page E-3-252: Paragraph 1 to 4: We recommend that the 
Biological Stipulations included with our. comments as 
Attachment A be made conditions of the FERC· license and 
incorporated in any project contracts and bid specifi­
cations. 

"With the exception of wetlands mitigation planning, we 
concur with the mitigation objectives and framework outlined 
here. As stated previously in Sections 3.2.3 and 3.3.5, 
inadequate identification of wetlands means that higher 
priority mitigation options to avoid and minimize impacts 
may now be more difficult to incorporate in project 
planning. 

"We believe that a mechanism and responsible parties should 
be identified for ensuring that, 'features of this 
mitigation plan will be correspondingly refined with respect 
to specific locations·, procedures, and costs' as project 
design and planning proceeds." · 

RESPONSE: 

l 
\ 

~ ... ., .. , 

.) 

A. The Power Authority does not concur with the. DOI 
recommendation that all Biological Stipulations ) 
included in DOI Attachment A be made conditions of the · 

-----· ----·-··- - -·-------·--.PERG L-ie ens e-. · -·I-"C ·4-s··-the-·Power~Au·thority-'-s-op-in±on· tha-t~-· 
many of these conditions, or similar conditions, will j 
be stipulated in state, Federal and local permits 
required fo.r construction and operation of the Project. 
That being the case, it is unnecessary that they become 
FERC License conditions. 

Also, many of the proposed stipulations are either 
__ ···----···- ·----·--···-·----·-------S.Qn.t.:J::fl:¢1..J_·. c_t_QJ;:Y _Q:JL t1n:t~nai:>J,_e_ •.. ···-~·-···-----·--·--·-------····-·-- -··-·-· 

B. 

--:---=----;;-:;::-;;;;--- -------------·-·--·----··-. 
See also Response to Comment I.425. 

The Power Authority believes that several 
mechanisms already exist which may result 
refinement of the Mitigation Plan. These 
are described below: 

Application Process 

formal 
in the 
mechanisms 

Agency and public comments addressing the Mitigation 
Plan in the License Application may be used to refine · 
the Mitigation Plan. l 

. l 
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RESPONSE TO COMMENT I.377 (cont.): 

NEPA Process 

The Draft EIS will provide for agency and public 
comment on project features and alternatives as well as 
mitigation proposed for each. The Power Authority may 
use those comments to further refine its Mitigation 
Plan. 

Settlement Process 

The Power Authority has embarked upon an ambitious 
settlement process the main emphasis of which is to 
coordinate with agencies, local governments and 
intervenors and arrive at a mutually agreeable 
Mitigation Plan (see Response to Comment I.81). 

FERC Hearing Process 

If the NEPA process and the Settlement Process do not 
result in a mutually acceptable Mitigation Plan, the 
FERC may order hearings to address this issue. It is 
the Power Authority's intention, however, to avoid 
hearings to the maximum extent possible. 

COMMENT I.378: 

"Page E-3-252: (a) Direct Loss of Vegetation: We question 
the estimated area for access borrow areas. According to 
the following Section, (i), (page E-3-265, paragraphs 2 and 
4) borrow needs could run from 90 to 180 acres the Denali 
Highway-to-Watana road segment and from 50 to 100 acres for 
the road between the Watana and Devil Canyon Dams. 
Potential borrow needs for the railroad link, work pads, 
airstrips, and camps/villages are not clearly identified, 
and the size of potential spoil disposal areas are not 
quantified. Our specific comments on the five mitigation 
options follow under Sections (i) through (v) ." 

RESPONSE: 

The preliminary inve$tigations performed in siting the 
access roads to both Watana and Devil Canyon and the 
railhead-railway for Devil Canyon established potential 
borrow sites to be used in case sufficient material from 
side borrow was not available. The definition of these 
sites was to indicate the potential resources available 
along the access routes. The upper limit on borrow areas 
indicated in the Comment does not reflect the area that will 



RESPONSE TO COMMENT I.378 (cont.): 

be required. Similarly, the lower limit would also indicate 
that each of the borrow sites identified would be utilized, 
which may or may not be the case. Optimum access siting 
requires a balance between the length of access (volume of 
material moved and placed) and the material haul lengths. 
The siting of an access maximizing the utilization of 
material adjacent to the access can justify an increased 
length and still be the most economical alternative. In 
FERC License Application Figure E.3.37 potential borrow 
sites are indicated along the alignments for the Watana 
access road, the Devil Canyon access road and the railhead­
railway for Devil Canyon. The area requirements in hectares 
for these three accesses including borrow sites are 
presented in FERC License Application Table E.3.1.44 (see 
revised Table E.3.144 referenced in the Response to 
Comment I.370). Site material not suitable for use in 
access construction will be stockpiled until the borrow 
operation is advanced well enough at the site so that the 
spoil material can-be placed-in the used-borrow-area. This 
spoil material will be shaped and graded so as not to affect 
drainage and impact runoff water quality. 

Borrow for construction camps and villages will be minimal, 
the permanent village requirements principally for 
landscaping can be obtained from borrow area D and quarry 

-------~---~-----~- ----s-1:-t-e--B-.--- --Spo-i:l--from~the--construct±on~ca~ps--th-at--:c-annot--be-- --------
incorporated in grading or landscaping can be spoiled in 
designated areas that lie within the impoundment zone. Two 
specific areas are designated on each of FERC License 
Application Exhibits F 35 and F 71. 

COMMENT I.379: 
~-----------~----------:::-------~--~~----

"Pages E-3-254 through E-3-275: (i) Minimization: The 
discussion is limited by the: (1) inadequacy of wetlands 
mapping (see our comments on Sections 3.2.3 and 3.3.5), and 
(2) vegetation classification-which cannot be usefully 
integrated with the wildlife impact analyses and mitigation 
determinations. Without these items, it is impossible to 
assess the adequacy of minimizing impacts .through siting." 

.. ·-- - -
·' 

RESPONSE: 

The Power Authority anticipates that the DEIS will reason­
ably describe wetlands in the project area, classify vege­
tation as necessary and assess various mitigation options 
and that the DEIS will summarize and incorporate prior 
studies of these topics. 
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COMMENT I.380 (underlined text): 

"Page E-3-254 Last Paragraph through Page E-3-256: Paragraph 
~: We recommend that the proposed temporary airstrip be 
sited so that it can later be expanded to become the 
permanent airstrip. This suggestion is compatible with the 
applicant's recent request to fund~ 2500-foot temporary 
airfield at the Watana base camp which would subsequently be 
expanded to the 6000-foot airfield necessary during project 
construction 3B-5/. 

"We also recommend consolidation of the Watana constuction 
camp, village, and townsite. We note these facilities 
(Exhibit F, Plate F35) are spread out corn pared to the Devil 
Canyon camp and village (Exibit F, Plate F70). We also note 
the Watana facilities are close to the environmentally 
sensitive Deadman Creek area. Following remapping of 
wetlands, the siting of Watana facilities should be 
reviewed. 

"The purpose and scheduled use of the circular road system 
outlined in Exhibit F, Plate F35, between the emergency 
spillway, Susitna River, and Tsusena Creek should be 
explained. As we commented on the draft license 
application, we have not had input into the decisions 
regarding the type, administration or siting of the 
construction camp, village, and townsite (Chapter 11, 
W-3-046). We concur with the concept of common corridor 
routing for the Watana-to-Gold Greek access and transmission 
corridors although the map scale represented in Figures 
E.3.39 and E.3.40 makes it difficult to evaluate those 
project features. Consultation with resource agencies 
during the on-ground planning of detailed project design may 
indicate areas where winter movement of construction 
equipment and materials is preferable to prevent impacts in 
biologically sensitive areas. Please refer to our previous 
comments on access for line maintenance, Section 3~3.4(b) ." 

"3B-5/ Construction of Temporary Airfield at Watana. 
Appendix 4 to Agenda Item IV, Action Item No. 1, prepared 
for the APA Board of Directors." 

RESPONSE: 

Refer to the Response to Comment I.92. 



C9MMENT I • 3 81 (under 1 ined text) ': 

"Page E-3-254 L~st. Paragraph through Pag~ E~3-256: Paragraph 
2: We recommend that-the proposed temporary airstrip be 
site·d so that it can later be expanded to become the 
perma.nent airstrip. This suggestion is compatible with the 
applicant's recent request to.fund a 2500-foot temporary 
airfield at the Watana base camp which would subsequently be 
expanded to the 6000-foot airfield necessary during project 
construction 3B-5/. 

"We also recommend consolidation of theWatana constuction 
camp~llage, and townsite. We note these facilities 
(Exhibit F, Plate F35) are spread out compared to the Devil 
Canyon camp and village (Exibit F, Plate F70). We also note 
the Watana facilities are close to the environmentally 
sensitive Deadman Creek area. Following remapping of 
wetlands, the siting of Watana facilities should be 
reviewed. 

"The purpose and scheduled use.ofthe circular road..system 
outlined in Exhibit F, Plate F35, between the emergency 
spillway, Susitna River, and Tsusena Creek should be 
explained. As we commented on the draft license 
application, we have not had input into the decisions 
regarding the type, administration or siting of the 
construction camp, village, and townsite (Chapter 11, 

-·~-w;;;;J;;;;o-4·6·)-.-·-we. concur wn:~t:Jieconcept: of common. corrrdor--
routing for the Watana-to-Gold Greek access and transmission 
corridors although the map scale represented in Figures 
E.3.39 and E.3.40 makes it difficult to evaluate those 
projedt features. Consultation with resource agencies 
during the on-ground planning of detailed project design may 
indicate areas where winter movement of construction 
equipment and materials is preferable to prevent impacts in 

---· ------- ·-····--------··--biological-ly -sens.it-ive--a-reas-.---P.lease refer--to~our-previous 
___________________ c.ommen.ts_on ___ acc.es.s __ f_o.r_.line __ main_tenance_, ___ sec.tion-3 .. .3_._4.._(h)_._"_ __ _ 

"3B-5/ Construction of Temporary Airfield at Watana. 
Appendix 4 to Agenda Item· IV, Action Item No. 1, prepared 
for the APA Board of Directors." 

RESPONSE: 

Refer to Response to Comment I.91 relative to combining the 
Construction Camp, Village and Permanent Village. During 
final layout of facilities, impacts on wetlands will be 
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RESPONSE TO COMMENT I.381 (cont.): 

minimized to the extent practical. 

COMMENT I.382 (underlined text)~ 

"Page E-3-254 Last Paragraph through Page E-3-256: Paragraph 
2: We recommend that the proposed temporary airstrip be 
sited so that it can later be expanded to become the 
permanent airstrip. This suggestion is compatible with the 
applicant's recent request to fund a 2500-foot temporary 
airfield at the Watana base camp which would subsequently be 
expanded to the 6000-foot airfield necessary during project 
construction 3B-5/. 

"We also recommend consolidation of the Watana constuction 
camp, village, and townsite. We note these facilities 
(Exhibit F, Plate F35) are spread out compared to the Devil 
Canyon camp and village (Exibit F, Plate F70). We also note 
the Watana facilities are close to the environmentally 
sensitive Deadman Creek area. Following remapping of 
wetlands, the siting of Watana facilities should be 
reviewed. 

"The purpose and scheduled ~ of the circular road system 
outlined in Exhibit F, Plate F35, between the emergency 
spillway, Susitna River, and Tsusena Creek should be 
explained. As ~ commented ~ the draft license · 
application, we have not had input into the decisions 
regarding the ~' administration 2E siting of the 
construction camp, village, and townsite (Chapter 11, 
W-3-046) . We concur with the concept of common corridor 
routing for the Watana-to-Gold Greek access and transmission 
corridors although the map scale represented in Figures 
E.3.39 and E.3.40 makes it difficult to evaluate those 
project~atures. Consultation with resource agencies 
during the on-ground planning of detailed project design may 
indicate areas where winter movement of construction 
equipment and materials is preferable to prevent impacts in 
biologically sensitive areas. Please refer to our previous 
comments on access for line maintenance, Section 3.3.4(b) ." 

"3B-5/ Construction of Temporary Airfield at Watana. 
Appendix 4 to Agenda Item IV, Action Item No. 1, prepared 
for the APA Board of Directors." 



RESPONSE TO COMMENT I.382: 
··J 

Please refer to the Responses to Comments I.92 and I.543 r 
concerning airstrips. See the Responses to Comments I.380 
and I. 54 3 for Resp0nse to Comments on Construction Camp, .

1 village and townsite. We also confirm that final siting of l 
these installations will take into consideration any 
wetlands (see Response to Comment I.330). The "circular 
road system outlined in Exhibit F, Plate F35" is for moving 
material excavated for project features to spoil areas and 
moving materials excavated in borrow and quarry areas for 
use in the project features. Given the scale of the 1' 

drawing, the alignment shown is schematic. Detailed design ~ 

will consider site specific topography and foundation 
conditions in selecting an alignment that will minimize .J 
environmental impacts during and after project construction •1 and meet design and safety standards established in the 
design criteria and construction specifications. Please 
refer to the Response to Comment I. 367 regarding access for ·. ) 
transmission line maintenance. 

The scheduled use of these temporary construction roads can ·l 
be determined from the Watana Construction Schedule in FERC . · 
License Application Exhibit C (Figure C.l). For example, 
main dam excavation begins after mid-1986, fill operations 
begin in mid-1987 and continue intermittently until late 
1993. Emergency spillway work begins early in the second 

-------~------qu-arter~of-1-99-1-and-cont±nue·s-for-approx±mat·e-ly-s·±x-months --- · 
with the same schedule repeated in 1992. ) 

COMMENT I.383: 

"Page E-3-256: Paragraph 3: and Page E-3~258: dParagraph 2: 
Facility sitings presently are located iri low biomass areas. 

______________________ I_t_is __ imp_o_r_tant ___ that __ these __ areas_he ... not_onl¥-..economical.ly ________ _ 
___ ________________ advantageous to clear l but that such areas be of low value 

to wildlife, as acknowledged on page E-3-260, paragraph 2. 
For example, a low birch/mixed shrub ar~a may be more 
important in providing moose forage, particularly if cover 
is available nearby, than the higher biomass of a tall alder 
area which provides cover but no food."· 

RESPONSE: 

Comment noted~ ·~ 

l 

\ 



COMMENT I.384: 

"Paragraph 3 through Page E-3-258, and Pages E-3-260: 
Paragraph 4 through 262: We reiterate our recommendation to 
drop the Denali Highwa.y-to-Watana access segment because of 
big game resource values described here, as well as area 
furbearer, raptor, and wetland values. Moreover, signifi­
cant secondary impacts of increased disturbance will result 
from the increased access allowed by that route. Please 
refer to our letters dated August 17, 1982 and January 14, 
1983 to Eric P. Yould, APA. Eliminating the Denali Highway­
to-Watana access road is the design change with the greatest 
potential for mitigating access road impacts to wildlife." 

RESPONSE: 

The issues surrounding the selection of a preferred access 
route are complex from an environmental perspective (see 
Responses to Comments A.1, A.3 and F.7). It is recognized 
that the Denali route traverses a relatively inaccessible 
area considered to be of a relatively high quality for 
wildlife and other resources. From a purely wildlife 
standpoint, impacts· could be greater for the Denali plan 
than for a plan involving access from the west. Impacts to 
large raptors, furbearers, brown bear and caribou could be 
higher under the Denali plan, while impacts to black bear 
and moose would likely be higher under the other alternative 
plans. Wetland impacts and the total amount of habitat lost 
could also be higher under the Denali plan. Probably of 
greatest concern from a wildlife standpoint, however, is .the 
potential for increased accessibility to sensitive areas 
from road traffic along the Denali access road. With 
careful management and use restriction (see Responses to 
Comments I.289 and I.364), it will be possible to reduce 
nonconstruction-related secondary impacts. 

Although wildlife-related impacts could be judged greater 
with the Denali access plan, the Denali access plan is 
preferred when all factors are considered. Thus, although 
it is recognized that wildlife impacts could likely be 
greater for the Denali plan, the other benefits of the 
Denali alternative outweigh the disadvantages. 

Reasons supporting the Denali access route include the fact 
that the proposed Denali to Watana access road crosses fewer 
major streams than other routes along the Susitna River, and 
would not cross any anadromous fish streams. The Denali 
route generally traverses flatter terrain, w~th better 
drained soils than the other routes, and would be the least 



RESPONSE TO COMMENT I.384 (cont.): 

difficult to construct of the aternatives considered. These 
conditions result in the Denali plan having a·lower initial 
cost, and its being favored from a construction standpoint. 
The Denali plan provides the best access for support of 
field forces since under the Denali plan the early stages of 
project construction can be completed more readily. These 
and many other factors wereevaluated in several reports, 
including. the Access Recommendation Report (Acres American, 
Inc. March 1983), which summarizes the maj0r issues~ 

REFERENCES 

Acres American, Inc., Supplement to the Feasibility Report 
(March 1983). 

COMMENT I~ 3 as~: ~ 

"Page E-3-258: Paragraph 1: Although the Watana-to-Devil 
Canyon transmission and access routes share a common cor­
ridor, it does not appear that they have adjacent or com­
bined rights-of-way. Higher resolution mapping and field 
verification should be used to evaluate the viability of 

~---· -~---~~--- ~ ~comb~ining r·ight~s-of-wa:y-to--m±n±mrz-a~adverse..:._±mpact·s-;-"-·· 

RESPONSE: 

Sharing or combining rights-of-way generally results in less 
overall environmental impact and reduced construction cmd 
operating costs. The viability of combining more of the 
transmission and access road rights-of-way will be explored 

··~--~~-~------~~ ~-~-~..J:i~- tQy;rex__si_t.i_Qg____a:nQ._r:QJJt.e_r_e_finement __ t~ak_e __ p~la.c~e~ __ dur_ing ___ the ... ·~-~ 
detailed engineering phase of the Project. At that ti.l!!~.-'-

. -up-to-date aerial photography will be utilized in 
conjunction with field investigation and construction ·site 
drawings. However, transmission right-of-way generally is 
point to point to minimize length. Road right-of-way must 
take advantage of contours to maintain acceptable grade, 
horizontal and vertical curves. 

-- ------ - -------··· -- ~ -·· --·--- - - - --- ·- --. 
c 

COMMENT.I.386: 

"Page E-3-256: Paragraphs 1 and 2 and Pages E-3-261 through 
266: We concur with the objective of siting borrowareas 
adjacent to the access road and with the recommended side-
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COMMENT I.386 (cont.): 

borrow or balanced cut-and-fill techniques. These methods 
will work only where suitable materials exist within the 
proposed access corridor or when it is stipulated in project 
licensing requirements and contractor specifications and 
then monitored throughout project development. 

"For side-borrow construction, we recommend that the project 
engineers work with interagency monitoring team in the 
selection of temporary overburden and topsoil stockpile 
l'ocations. Schedules should be provided for use and 
reclamation of access borrow and spoil areas. Borrow areas 
which would remain open for maintenance of roads, workpads, 
or other facilities should also be indicated. Necessary 
reclamation, whether simply recontouring, scarification, and 
fertilization to promote reestablishment of native species, 
or seeding and possibly sprigging of willows in more 
erodable areas, should be detailed in project reclamation 
plans and receive concurrence of the monitoring team. Site 
preparation should be undertaken as soon as construction use 
of an area is completed; seeding should be done by the first 
growing season after site disturbance has been completed. 
Please refer to the Biological Stipulations we have included 
as Attachment A and our comments on Section 3.4.2(a) (ii) 
Rectification." 

RESPONSE: 

The adoption of certain construction practices, including 
the sideborrow concept, can limit the impact of access road 
construction. Since the development of large borrow areas 
has the potential of disturbing more area than the access 
roads themselves, special attention will be given to 
designing the access road to take advantage of opportunities 
to employ the sideborrow technique. In addition, Alaska 
Power Authority intends to have its engineers work with 
environmental scientists in selecting temporary overburden 
and topsoil stockpile locations. Other suggestions in the 
Comment will also be considered for incorporation into the 
access road design and construction specifications. 

It is the Power Authority's intention to identify more 
potential borrow areas and stockpile sites than will 
actually be needed, so that the contractors will have a 
number of options for completing the access road 
construction. Resource agencies will have an opportunity to 
review design criteria and alignments. 



COMMENT I.387: 

"Page E-3-263: Paragraph 4: This section should ~xplain how 
the transmission corridor in the Jack Long Creek area will 
be maintained since 'temporary' bridging of the creek will 
be accomplished for construction. We recommend transporta­
tion of construction materials and equipment via helicopter 
in this area to minimize potential disturbance, erosion, and 
loss of fish and wildlife habitats. 

"Please refer to Attachment C, for additional recommenda­
tions." 

RESPONSE: 

The transmission line right-of-way in the Jack Creek area 
will be maintained by ground access. East of the Jack Creek 
crossing, the transmission line right-of-way-will be 
maintained by access from the Devil Canyon access road. The 
line and right-of-way west of the crossing will be 
maintained via access alorig the -Iritertie route to-the Gold 
Creek substation. 

It is the intention of the Power Authority that ground 
access be used for construction and maintenance of the 
transmission line (FERC License Application page E-3-271). 
The many limitations of helicopter use (FERC License · 

··---·-~·-·-~·--·· ·-·-A:pprica'EYon -page E:::T.;;27rr-maK.e ·rt-1mpract:ical--Eo specrfy--~··-· 
helicopter use as the sole means of access except in very 
limited locations where rugged terrain or severe 
environmental impact make their use imperative. In 
addition, being forced to depend solely on helicopters as 
the means of transport for service restoration presents an 
unnecessary risk in terms of delay and safety. 

·-·~--····-···· ·--··------P.:r::udent.-plann-ing .. -for-mai-n-t.enanee--and:~:est;orat. .. ion--o-f-·-t.he·-····­
~--·--··-------·--~--tr.ansmis.sion......line .. necessita:tes __ p.r.mz:.isionsJor_g.r.o.und.....access__~··. 

to the line. 

COMMENT I.388: 

"Pag.e E-3-264: Paragraph 1: . We conc;:ur with reali_gnm~r1ts and 
improved.siting of the. railhead facility to further minimize 

·project ·impacts to furbearers.,·~eagles:,--and wetlandsc ··The 
discussion should include how such siting will minimize 
disturbances to big game. Until additional assessment data 
can be incorporated into moose, black bear, and brown bear 
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COMMENT I.388 (cont.): 

models, it is not possible to compare habitat values of 
alternative locations. 

"Paragraph 3: A road crown of 2 to 3 feet above original 
ground level may not provide an adequate thermal blanket in 
areas of permafrost." 

RESPONSE: 

The railhead facility site, while necessary to be placed on 
the south side of Jack Long Creek due to a beaver pond and 
other wildlife concerns, is sited close to the construction 
camp and village to reduce disturbance effects on 
surrounding big game. It is also in fairly wet 
forested habitats containing some black spruce--habitats not 
highly productive for either browse species used by moose, 
or spring forage or berry plants utilized by bears. 

FERC License Application Figure E.3.83 contains a typical 
cross-section of the side-borrow roadway. The feasibility 
design as shown indicates a variable sub-base thickness. 
The reference to a two-to-three-foot road crown on FERC 
Licen·se Application page E-3-264 is a generality for 
allowing the reader to compare a finished road section using 
side borrow with the conventional roadway section. The 
actual thickness of the roadwav crown will be established 
prior to completing the construction specifications by 
design-related investigations of the sub-base material 
conditions in the field including permafrost. 

Roads susceptible to deterioration by permafrost usually lie 
on silt-covered lower hillslopes or organic-rich soils in 
lowlands which contain a high percentage of ice and ice 
wedges. Thawing of such ground results in noticeable 
differential subsidence. 

Because permafrost containing large amounts of ice has not 
been encountered along the proposed alignment, the roadway 
is expected to be subjected to only that subsidence caused 
by thawing of the so-called "warm" permafrost prevalent in 
the area. Some slough and swale deposits may contain 
segregated ice, but these deposits are restricted and easily 
removable. For these reasons, the feasibility design using 
two to three feet of road crown is considered to be 
appropriate. See also ·Response to Comment A. 4 . 



COMMENT !.389: 

"Page 266: Paragraph 3 through Page 268: We recommend that 
resource agency concurrence be obtained during detailed 
engineering design for final site selection and procedures 
for spoil disposal. Spoil should be armored with rock 
and/or gravel to stabilize the soils against wave action and 
prevent sedimentation during reservoir drawdown. Spoil 
which may be unsuitable for disposal because of cost, 
composition, or proposed construction schedules should be 
identified. Settling ponds may be necessary in conjunction 
with temporary construction berms or borrow pits. No spoil 
should be placed upon snow, even for temporary disposal, and 
overburden should not be pushed onto areas adjacent to 
roadways which cross tundra vegetation. 

"Additional recommendations for settling ponds, should they 
be used in spoil disposal, follow: 

1. Settling ponds should be sized for gravel pro­
cessing-quantities·;- and fines~ · 3B-6/; 

2. Generally, when half the capacity of settling ponds 
are filled with silt, they should be cleaned out. 

3. If the settleable fines are to be deposited between 
the flood pool's high and low water marks, they should 
b-e~c<:::>vere-d-w:tth~-a-rtrck-b~l-ar:iket----'-for~st-abi.-1-izat±on·;-------------

"The length of time and potential areas to be covered by any 
'temporary' spoils disposals should be designated." 

"3B~6/ U.S. Forest Service. Guidelines for Reducing 
Sedimentin P.lacer-MiningWastewater. _No_date, available 

---~----------~ __ fr_om_Al_ask_a __ R.as_o_ur_c__e_s_L_ibr_a_r_y:_, Anchor ag_st,_ Alaska. ___ 3 ___ LRP____!__" 

RESPONSE: 

Spoil sites are to be located within the impoundment or 
within the borrow pits themselves (see Plates F 34 and F 71 
of FERC Lic~n~e ~I?P.l~<?Cl:~~~n~. _ _ ___ _ 

--D:uring-the dej::~iled e11gineerip3g--de§ign E>J spo:i:~ _cJperations, 
technical specifications will be developed and incorporated 
into the earthwork contract packages concerning final spoil 
site selection and procedures for spoil disposal. See the 
Response .to Comment !.425. 

l 
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RESPONSE TO CO~~ENT I.389 (cont.): 

The contents of these specifications will comply with 
Federal and State regulatory statutes and will include: 

1. Classification of spoil materials; 

2. Types of spoil sites (exterior to impoundment, interior 
impoundment, permanent- temporary); 

3. Pe~mit and code requirements; 

4. Site preparation (stripping, grubbing, stockpiling 
organics); 

5. Grading and drainage (excavation, construction berms, 
dikes); 

6. Erosion control and spoil stabilization (slopes, 
surface treatment) ; 

7. Sedimentation control (settling ponds, treatment); 

8. Discharge requirements; 

9. Quality control, sampling and testing procedures; and 

10. Documentation. 

By incorporating these specifications into all earthwork 
contracts, continuing long-term earthwork operations will be 
accomplished in compliance with appliqable regulations 
through application of contract administration techniques 
and quality control testing and inspection. 

COMMENT I.390: 

"Page E-3-267 Last Paragraph through Page E-3-268: 
Paragraph 1: This section should explain the proposal to 
deposit spoil above the 50-year flood level for the Devil 
Canyon Reservoir. We recommend that all disposal be within 
the impoundment area and that vegetation· slash be burned to 
preclude debris accumulations in water entrainment systems." 

RESPONSE: 

As stated on FERC License Application page E-3-253, 
generally spoil will be deposited within the impoundments or 
in the excavated borrow areas. Spoil disposal, siltation 



RESPONSE TO COMMENT I.390 (cont.): 

l 
l 

control and site rehabilitation will be addressed in detail I 
in the Project Erosion Control, Waste Management, 
Revegetation/Rehabilitation Plans, to be developed by the 

1 
Power Authority and reviewed by the appropriate agencies. 

I 

COMMENT I.391: 

"Page E-3-268: Paragraph 3: Accurate wetlands maps should 
be used .in geotechnical alignment studies so that wetlands 
and ice-rich soils can be avoided. Involvement of the 
environmental monitors should help further minimize sitings 
or drainage crossings potentially detrimental to fish and 
wildlife." 

RESPONSE: 

During detailed design, wetland maps at 1:63,360 of the 
project area as well as site specific studies along portions 
of the access road alignment will be completed prior to and 
in conjunction with geotechnical exploration. All wetland 
activities will comply with COE, ADEC and ADF&G regulations. 

State-of-the-art practices in ice-rich soils and ADOT road 
design criteria will be used in the design and construction 

· · ·· · -·--·--··- ·· of-··the···acce·ss··roa·d;;-- ··--··---·- · 

Please also refer to the Response to Comment I.147. In 
addition, the Power Authority and the U.S. Fish and Wildlife 
Service, Region Seven are currently negotiating an MOU that 
will support a joint wetland mapping program. Draft wetland 
maps are expected during the winter of 1984-85. 

COMMENT I. 3_92: ·-------··~·-----··-···--··----·· 

"Page E-3-269: Parairaph 3: It is unclear what portion of 
the Anchorage to Fa~rbanks transmission corridor to 'be 
widened to accomodate an additional single-tower right-of-

! 

j 

way .190 feet (58 m) wide' has been included iri the previous j 
vegetation assessment (Section 3.3.4(a) and Tables E.3.79, .. 
E.3.80 and E.3.86);. The statement that this alignment .'may 
depart from the previously est?blished corr:i,dor' .slJ.}:)stan- I 
ti.at:.es our previous concerns that by not evaluating the ( 
Intertie as an integral part of the Susitna project, further 
impacts could result from later needs to upgrade the line." 
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RESPONSE TO COMMENT I.392: 

The additional single-tower right-of-way referenced in 
paragraph 3, FERC License Application page E-3-269 of 
Exhibit E, refers to the addition of the Devil Canyon 
transmission line from Gold Creek to Anchorage. This 
results in two lines existing between Gold Creek and Willow 
(not including the Intertie) and three lines existing 
between Willow and Cook Inlet (Knik Arm) . FERC License 
Application Tables E.3.79 and E.3.86 did not include a 
calculation of the area of vegetation to be cleared for the 
additional line to Anchorage associated with Devil Canyon. 
These have been corrected and are referenced in the Response 
to Comment I.370. FERC License Application Table E.3·.ao 
represents impacts associated with the transmission lines 
between Watana and Gold Creek and is not relevant to the 
Anchorage-to-Fairbanks corridor. 

The statement that the alignment "may depart from the 
previously established corridor in locations" was intended 
to reflect the possibility that conitraints identified . 
during construction of the Internie often may be avoided 
through route refinement. Major corridor deviations are not 

.intended. Typical impacts associated with construction of 
transmission lines, such as change 'of vegetation, will occur 
when the later (Devil Canyon) line is constructed. However, 
since it will be adjacent and parallel to the other Susitna 
River and the Intertie line, the types, locations and 
significance of impacts within this corridor can be anti­
cipated as a result of previous construction. 

COMMENT I.393: 

"Page E-3-269: Paragraph 4: The referenced 69 kilovolt (kv) 
service transmission line has not been previously mentioned 
and appears inconsistent the statement that diesel 
generators will be used to maintain the camp and village and 
construction activities (Exhibit A, Section 1.13(d) (i), page 
A-1-27). Please clarify the purpose of this line, proposed 
right-of-way, height of utility poles, distance of the 
centerline from the access road, and connections at the 
Denali Highway end. According to the APA, three 
alternatives are under consideration for supplying power 
during project construction; (1) a 69kv service transmission 
line from Cantwell along the Denali Highway-to-Watana access 
route; (2) a transmission line from the Intertie near Gold 
Creek along the railroad and access road which follow the 
Susitna River; and (3) use of diesel generators (Thomas A. 



COMMENT I.393 (cont.): 

.l 

I 
Arminski, APA Deputy Project Manager, personal communica- I 
tions of September 30, 1983). The existence of those three 
alternatives should be described in detail in the license 
application. We recommend that alternative (3), diesel 

1

_j 

generation, be used to avoid impacts of an additional 
transmission line." 

RESPONSE: 

The type of power supplied for project construction and camp I 
purposes has not yet been finalized. Issues that will be · 
addressed in reaching a final decision include contractor 
preference and flexibility, construction scheduling, power 
availability and reserve from the Intertie, and agreements j 
with utilities to tap Intertie power. 1 

The three alternatives referenced in the Response to 
Comment I.393 are still under consideration. While a final 
decision has not been made, a combination·of diesel and 
transmission line is considered most likely. Presently, the 
preferred option for supplying transmission line power is 
construction of a line from Gold Creek to Watana as shown in 
Exhibit G of the License Application (reference Response to 
Comment A.7). This line would be energized at 138 kV and 
then stepped down to the necessary power requirement at the 
constructron-·s±t·e-.-uport~comp-J:et·±-on-o·f-wat·arra~ctmcst:tu·ctiorr ·-··· 
the line would then be upgraded to 345 kV for incorporation 
into the Susitna power system. 

The 69 kV transmission line option, if selected, would run 
from Cantwell along the Denali Highway to the access road, 
and then parallel the access road to the construction site. 

I l 

Placement of this line would be within the right-of-way of .

1 
·····-···--·----···------±he_access_road._T¥pical-design~.charac.teristics __ for-such .. a-.... 
_________________ line include the_ following_;__ -········· _ 

0 

0 

0 

0 

b 

Tower Type 
Height 
Right-of-way 
Proximity to access road -

Connection at Cantwell 

Single Circuit wood pole 
42-45 feet 
Approximately 50 feet 
Outside edge of drainage 

swale . 
~-Transformer ·at cantwell 

~ubstat-ion ---

l 

.l 
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COMMENT I.394: 

"Pages E-3-269 through E-3-274: The mitigative practices 
that are described here should be part of Biological 
Stipulations included in project licensing and contract bid 
specifications. Once the moose carrying capacity model and 
more detailed vegetation mapping.is completed, an analysis 
should be undertaken of the potential to optimize browse 
producti9n by additional transmission line clearing or 
varying vegetation heights by changing maintenance schedules 
within constraints of safe line operation. Follow-up 
studies should be initiated to confirm the value of expected 
browse enhancement and aid planning and implementation of 
such vegetation manipulations." 

RESPONSE: 

A. As mentioned in more detail else\<7here (I. 425) , the 
Pow·er Authority does not concur with the U.S. Fish and 
Wildlife Service's recommendation that all biological 
stipulations be adopted as articles of license or (as 
presented) contract specifications. 

B. The Power Authority will investigate the feasibility of 
enhancing moose browse within the transmission line 
right-of-way. If an enhancement program appears 
warranted and is embarked upon, an appropriate 
monitoring program will be initiated. Please refer to 
the Response to Comment I.277. · 

COMMENT I.395: 

"Page E-3-273: Paragraph 4: Potential policy conflicts 
should be identified in conjunction with access road and 
transmission line siting studies. Agreements with public 
and private landowners which provide for the mitigation 
determined necessary by the applicant should be confirmed 
prior to project licensing. Unless such agreements are 
incorporated into the license, there is no guarantee that 
mitigative management policies will be adopted. The record 
on negotiation settlement proceedings for the Terror Lake 
hydroelective project now under construction by the ap­
plicant on Kodiak Island supports such careful planning." 



RESPONSE TO COMMENT I.395: 

The Power Authority is presently discussing policy issues 
with agencies and landowners including issues dealing with 
access and transmission lines. It is the Power Authority's 
intent to continue consulting with resource management 
agencies, land managers and owners to identify all relevant 
issues and resolve conflicts; if any. · 

As. required. by FERC regulations, measures and facilities 
recommended for mitigation by agencies have been described 
in the FERC License Application. When feasible and neces­
sary, agreements with public and private landowners regard­
ing mitigation may be obtained prior to project licensing. 
It is anticipated, however, that not all agreements regard­
ing mitigation will be confirmed prior to the license. 
Refinements to mitigation plans are a continuous process 
based on information received from ongoing studies, site 
specific information gathered during field investigation and 
information based on detailed design. All of these will 
continue after grantingof·the FERC license. 

In addition, given the length of time to completion of the 
Project and the dynamic arena of Alaska land use planning, 
it is prudent to reexamine policy issues and agreements 
prior to, during and after construction. 

·------ --The-·Power~Aut·hor-ity-ant-ic·ipates-t-hat-the-F·RR€-l-i-cense-issued--­

for this Project will include FERC's customary and appro-
priate conditions and will not include unnecessary condi-
tions. For example, any mitigation agreements may be 
enforced in accordance with their terms and need not be 
duplicatively and wastefully enforced through FERC license 
c-onditions. 

COMMENT I.396: 

"Page E-3-274: Paragraph 4 and Page E-3-275: Paragraph 1: 
The text should explain: (1) inconsistencies between these 
figures and those in Section 3.4.2(a); and (2) calculations 
of areas where vegetation removal·will be minimized." 

RESPONSE: 

Inconsistencies between figures on FERC License Application 
pages E-3-274 and E-3-275, and calculations of areas where 
vegetation removal will be minimized have been corrected in 

I 

l 

I 

l 
IJ 

.I 
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RESPONSE TO COMMENT I.396 (cont.): 

Supplemental Information Request Response 3B-7 provided to 
the FERC on July 11, 1983. The revised tables and relevant 
portions of the text that subsequently required modification 
is included in Reference I.370.2 (see February 15, 1984 APA 
Response Document, Reference Volume). Additional 
cross-sections to FERC License Application page E-3-252 have 
been included in Reference I.370.2 as well. 

COMMENT I.397: 

"Pages E-3-275 through E-3-281(ii) Rectification: A pre­
liminary assessment should be made of vegetation cover type 
losses from the standpoint of how long each area will be 
disturbed. As reclamation and revegetation take effect and 
disturbance by construction activities decreases, some 
habitat values would be expected to slowly increase. We 
agree that predictions of how plant succession will proceed 
on these lands over time are difficult to justify. However, 
we suggest that the information presented here, coupled with 
the successional information presented earlier 
(Section 3.3.1(b) [i] and in Table E.3.144) will allow an 
assessm~n~ of the range of possible vegetation restoration 
over time. The typical 10-year time frames within which 
each area will be completely out of production must be 
coupled with the up to 150 year time spans necessary for 
revegetation in order to thoroughly assess project impacts. 
Although these losses may be 'temporary,' they are signifi­
cant within the average life-spans of area wildlife." 

RESPONSE: 

The statement in the FERC License Application which 
discusses the rate of revegetation and states that 150 years 
may be required for revegetation refers to development of 
mature plant communities on harsh sites. The intervening 
successional phases provide productive habitat. Additional 
evaluation will be made during the Mitigation Plan 
refinement. Assessments of the rate and direction of 
revegetation can be made part of the site-specific 
restoration plans. 

COMMENT I.398: 

"Page E-3-276: Construction Camp: The text should clarify 
the double listing for dismantling and redraining the 78 
acres involved here." 



RESPONSE TO COMMENT I.398: 

The FERC License Application text' cites the rehabilitation \ 
action as "dismantling" of the temporary facilities such as 
the construction camp and "reclaiming" the area by preparing \ 
the acreage for re-establishment of vegetation. It is .. 
anticipated that the camp will be dismantled in phases and 
therefore will likely occur over a two-year period. This is 
why the 156 acres required for the construction camp is 
split into two parts. 

COMMENT I.399: 

"Page E-3-277: Borrow Area· D: It appears that an additional ~~~-~ 
70 acres should be listed under the excavation and reclama-
tion category for 1986." 

·RESPONSE: ', J 

Under Borrow Area o·, on· the lHfting ·of ·rehabilitated ·rands 
at Watana, an additional 70 acres should be added under ·_j 
excavation and reclaiming, for 1986. The revised list 
should read as·follows: 

.I 



RESPONSE TO COMMENT I. 399 (cont.): 

License Application Page E-3-277 - Revised 

3.4 - Mitigation Plan 

WATANA (CONT.) 

Facility & 
Vegetation Action Year Area 

(acres) 

Borrow Area D Excavate 1985 70 
- Woodland Black 

II 
Spruce Excavate & Reclaim 1986 70 & 70 

- Closed Birch 
Forest Excavate & Reclaim 1987 70 & 70 

- Open Mixed 
Forest Excavate & Reclaim 1988 100 & 70 

- Wet Sedge-
Grass Tundra Excavate & Reclaim 1989 100 & 100 

- Closed Tall 
Shrub Excavate & Reclaim 1990 100 & 100 

- Birch Shrub Excavate & Reclaim 1991 100 & 100 

l 
- Mixed Low Excavate & Reclaim 1992 100 & 100 

Shrub Reclaim 1993 100 

DEVIL CANYON 

Facility & 
Ve~etation Action Year Area 

I 
(acres) 

I . . ) 

Construction CamE Start Canst. 1994 45 
- Closed Mixed 

Forest Complete Canst. 1995 45 
Dismantle & Reclaim 2002 89 

Village Start Canst. 1995 48 
- Closed Mixed 

Forest Complete Canst. 1996 48 
Dismantle & Recla±m 2002 96 

Construction 
Roads Start Canst. 1994 75 

- Open Black 
Spruce Forest Complete Canst. 1995 25 

- Closed Birch 

I l Forest Grade &·Reclaim 2003 100 
- Open Mixed ___ j 

Forest 
- Closed Mixed 

Forest 
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PL ANN(' R~i 

CLIRV(" VOR~, 

November 9, 1983 R &M No. 352333 

Envirosphere Company 
1617 Cole Boulevard, Suite 250 
Golden, CO 80401 

Attention: Mr. Don Beaver 

Re: Susitna Hydroelectric Project, Slough Groundwater Studies 

Dear Don: 

I recently reviewed your report, September 1983 Site Visit and FY 1984 
Plan of Study. In this report you requested the following 1983 data: 

1. 

0 

0 

0 

0 

Water levels and temperatures from wells. 
Slough and mainstem stage and discharge measurements. 
Seepage meter and piezometer data. 
Slough temperature and water quality data. 

Water levels and temperatures from wells. 

This data is not yet complete and will be forwarded when 
possible. We are awaiting reduction of Data pod chips. 

2. Slough and main stem stage and discharge measurements. Enclosed 
are: 

a. Water discharge records for the Susitna River at Gold 
Creek for water year 1982 and provisional 1983. 

b. Water discharge records for 1983 for Sloughs 8A, 9, and 
11 (provisional) . 

3. Seepage meter and piezometer data. Enclosed are: 

a. Seepage meter program summary. 

b. Seepage meter field data collected this summer in 
Sloughs 8A, 9, 11, and 21. 

c. Plots of data in "b" above. 

d. Comments on seepage meter data. 

......... • ~I. . 
,, . ._ 



November 9, 1983 
Mr. Don Beaver 
Page 2 

4. Slough temperature and water quality data. 

a. 

b. 

Selected portions of ADF&G report ''Winter Aquatic · 
Studies (October 1983 May 1983). Covered in thts 
report are intragravel and surface water temperatures for 
Sloughs 8A, 9, 11 and 21 for the period August 1982 to 
May 1983, and results of an incubation study which 
measur·ed various water quality parameters of upwelling 
groundwater. 

A short review of ADF&G Preliminary I ntergravel 
Temperature data for Sloughs 8A, 9, 11 and 21 covering 
the period June 1983 to August 1983. 

Data· that needed for groundwater analysis, but not yet reduced 
includes: 

0 Precipitation for 1983 at Sherman. 

0 Specific mainstem water surface elevations at various 
discharges in the areas of Sloughs 8A, 9, 11, and 21 (ADF&G 
data). 

0 
· Results of further ADF&G incubation studies. 

0 Water levels and temperatures from wells. 

The above will be forwarded as available. 
questions or desire additional data. 

Please call if you have 

Very truly yours, 

-------·--------·--------v_ . --~-------·---·---------·--·--···---·----·--·-·-------··· 

- ;r :/ Jl~ 
Robert Butera 
Staff Civil Engineer 

RB/kys 

cc: Dr, John Sizer 
~r. \\'ayne Dy~ 
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· Nitrogen gas in the deep water of a reservoir may be slightly super-saturated due 

to the hydro-static pressure of the overlying water (Wetzel, 1975). Therefore 

water flowing from a dam with a deep intake may contain a super-saturated concen­

tration of nitrogen. If this excess nit-rogen gas is not rapidly released into the 

atmosphere, it may cause nitrogen gas bubble disease in fish residing below the 

dam outfall (Conroy and Herman, 1970). 

A-study was conducted at Lake Comanche Dam, Mokelumne River, California, to 

determine the efficiency of the Hewell-Bunger Valve in removing super-saturated 

dissolved nitrogen (N2) f-rom the dam's tailwater. 

The valves spray outfall wate-r into concrete conduits before releasing the water 

to the stream. This was observed and photographed at Lake Comanche Dam on 28 May, 

\~2- ~,at a flow of 4000 cfs into the Mokelumne River (see accompanying photos). 

This creates a turbulent and aerated flow with the purpose of facilitating nit-rogen 

gas release to the atmosphere. 

By sampling nit-rogen gas in the reservoir near the intake, and at several locations 

below the outfall valves, the efficiency of the valve was obtained. 

In order to determine nit-rogen gas concentrations at various depths in the reser­

voir, water samples were collected in Lake Comanche approximately 50 m from the 

dam directly over the river channel on 28 Hay 1982. A Van Dorn Bottle was lowered 

from a boat to collect water samples at depths of 0, 10, 20, 30, and 38.4 m. As 

., ... :;:.t:!.P...O:rt.§!.ct by Eas.t Bay MunicipaLUtility District.the.dam.int:ake .was at.a depth of 

·-··-~J8-.-4-m:-(-l26· ft-)-at· the time-of· the· samp±±ng.- ·-
j 

Once'taken aboard, each sample was poured with minimum turbulence into an airtight 

bottle and capped in a manner that left no air bubbles in the bottle. Bottles 

were placed in a cooler for t-ransportation to the lab. Studies conducted by Steve 

Wilhelms of the Hydraulic Laboratory, U.S. Army Waterway Experiment Station, 

Vicksburg, Mississippi (personal communication) indicate that brief exposure of 

deep water samples to atmospheric conditions has little effect on nit-rogen gas 

concentrations. However, he has found that periods of e."tposure to atmospheric 
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air bubbles during transportation can cause significant changes in nitrogen gas 

conce~rations, hence the need for removing all air bubbles before transportation. 

Excess water remaining in the Van Dorn Bottles was measured for temperature. The 

a1:m.0spheric pressure measured on site at the time of sampling was 7 53 mm·. 

At the tailwater below the dam, water was collected by immersing the sample bottles 

under the water and capping them in a manner that left no air bubbles in the bottles. 

Samples were taken at the outfall, 100 m·below the outfall, and ZOOm below the out­

fall. Water temperatures were taken at each of these locations. Bottles were placed 

in a cooler for transportation to the lab. At the time of sampling, the outfall flaw 

was 4,000 cfs. The atmospheric pressure was 753 mm. 

The water collected was analyzed for nitrogen gas (N2) and oxygen (0 2) in a 

California State Certified Water lab using a Carle Model 8700 Basic Gas Chromato­

gram with a thermal conductivity conductor several hours after collection. 
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APPENDIX B 

SPILLS AT WATANA AND DEVIL CANYON DEVELOPMENTS 

B. 1 - OPERATION OF WATANA AND DEVIL CANYON 
COMBINED (Beyond Year 2002) 

(a) Spill Quantities and Frequency 

The monthly reservoir simulation studies calculate spill volumes as the 
flow required to be discharged from the dam to satisfy downstream 
requirements less the maximum turbine capacity, and does not restrict 
the turbine flow in relation to the actual energy demand of the system. 
Total energy production, as calculated, is the energy potential of the 
schemes. Usable energy is then calculated as the potential or the 
maximum energy demand, whichever is smaller. The turbine flows are not 
readjusted to the level of usable energy production. Tables B. 1 to 8.9 
present selected results of the reservoir simulation stud-ies which 
indicate this. 

Tables B. 10 to 8.12 are developed from the reservoir simulation studies 
for adjusted turbine flows for two alternative generation patterns at 
Watana and Devil Canyon for the months of August and September when 
spills are mast likely to ocCur. Alternative A assumes that whenever 

_: the potentia 1 energy generation from Watana and Devil Canyon deve 1 op­
• ' ments is greater than the usable energy level, each development will 

share the usable energy generation in proportion to their average heads. 
However, in the months when Watana outflow~ as simulated, is not 
sufficient to generate energy in proparti on to its average head, Devil 
Canyon will make up this· difference. This operation is required in 
such years when Devil Canyon is being drawn down to meet the minimum 
downstream flow requirements (years 1, 2, for- example). Alternative B 
assumes that Devil Canyon would generate all the energy possible 
consistent with downstream flow requirements, and Watana would only 
operate to make up the difference in years when energy potential is 
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greater than usable. This assumes that all the energy from Devil Canyon is 
useable as base 16ad on a daily basis. Battelle load forecast (1981) 
tends to confirm this assumption for the year 2010. However, during earlier 
years, such operation may not be fully possible. 

It may be readily seen from Tables B.lO to B. 12 that frequency of 
continuous spills (24 hours) from the reservoirs in the months of August 
and September is significantly greater than presented by the reservoir 
simulation (Tables B.3 and B.6). 

The analyses summarized in Tables B.lO to 8.12 indicate that Devil 
Canyon would spill in 30 out of 32 years in August and 16 out of 32 
years in September for the Case "C" .operation which maintains a minimum 
instantaneous flow of 12,000 cfs in August at Gold Creek. For down­
stream discharge requirements greater than 12,000 cfs at Gold Creek, it 
is estimated that the frequency of spills may not be increased signi- · 
ficantly. However, the volume of spills will be larger to make up for 
increased flow requirement. The above spill frequency is simulated for 
a system energy demand in the year 2010 (Battelle Forecast) and assumes 
thatthe entire demand is met by Watana and Devil Canyon developments 
where possible. The spills will be greater and more frequent in the 
years between 2002 (Devil Canyon commissioning) and 2010. 

It may be seen that operation Alternative 2, which provides for maximum 
possible energy generation from Devil Canyon while Watana is allowed to 

J·spill, results in significantly reduced spill frequency from Devil 
r 

Canyon. This type of operation is expected to be advantageous with 
regard to downstream water quality (see Section 8.2). 

Several intermediate distributions of generation between Watana and 
Devil Canyon is also possible. A recommended operation will be derived 
after finalizing the downstream flow requirements and the refined 
temperature modeling studies which are currently in progress. 



. (b) Spill Quality 

(i) Spill Temperature 

Figures B. 1 and 8.2 are extracts from the project Feasibility 
Report· (7) and present simulated temperature profiles in the Watana ~ 

and Devil Canyon reservoirs for the months June to September. 
Refinement of reservoir· temperature modeling is currently in 
progress, but the differences between the revised profiles are not 
expected to be very significant from the ones presented here 
for these months. 

Temperature of spill waters at Watana is expected to be close to 
that of power flow, and hence, it is not expected to create 
temperature problems downstream 1~hen Watana is operating alone 
(1993-2002) or when it spills into Devil Canyon. At Devil Canyon, 
however, spill temperature is expected to be close to 39°F compared 
to a power flow temperature of 48-49°F in August and 45°F in 
September. This is based on the conservative assumption that the 

--· -·-----··----·---- ·- -------~----·-----·· . ----~~----~-- --
temperature of spilT waterdoes- not ncrease s gnftTcaritly whiTe· 

in contact with the atmosphere despite the highly diffused valve 
discharge. It is, therefore, considered prudent to keep the spill 
from Devil Canyon to a minimum to maintain as high a downstream 
temperature as possible during spills. 

·--·- -- -~----·-·--·-----·- ---~·- ---------------~---r-he----op e-r-a-t-i-on --A1-te."Cn.at~Lv-e ___ 2. tn.dj_cat_es_ .tt:tat _._by .. _o_p_~r_a_t_iJlg ____ Q_e.y_.tl 
; Canyon to generate as much as possible during these months and 

with Watana generating essentially to meet peak demands and 
spilling continuously when necessary, it would be possible to 
maintain downstream flow temperatures below Devil Canyon close to 
that of power flow. 

During major floods (1 :10 year or rarer frequency), there will be 
significant spills from Devil Canyon (see Tables 8.10 and 8.11) 

in addition to the power flow resulting in cold slugs of water 
downstream for a few to several days. It will be necessary to 
establish criteria for acceptability of lower temperatures for 
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short durations in August and September in consultation with 
fisheries study groups and concerned Agencies. Currently, down­
stream water temperature analyses are being refined, and when the 
results are available, the above spill temperatures and duration 
should be reviewed to confirm downstream temperatures during no0Tial 
power operation as well as flood events. If the projected ~ 

temperature regime downstream is unacceptable, alternative means 
to remedy the situation should be considered. These may include 
provision of higher level intakes to several or all fixed-cone 
value discharges at Devil Canyon, multilevel power intake at Devil 
Canyon, limited operation of ma~n overflow spillway (for floods 
1:50 year or more frequent) to improve downstream water temperature 
without serious increase in nitrogen supersaturation, etc. 

(ii) Gas Supersaturation 

It does not appear (from Table 6.1) that there would be significant 
advantage in spilling from Watana as compared to spills from Devil 
Canyon in terms of gas concentration. 



8.2 - OPERATION OF WATANA ALONE (1993-2002) 

Before Devil Canyon is commissioned, Watana would operate alone, and spills 
required to maintain downstream flows will have to be made through the fixed­
cone valves. Reservoir simulations indicate that, generally, spills would be 
of lower magnitude during this operation due to greater percentage of flow 
being used to generate usable energy. 

It is believed that the river reach of some 30 miles between Watana dam and 
Devil Canyon would lessen the impact of spill temperature and gas concentration 
below Devil Canyon and would pose less problems, if any, compared to the case 
when Devil Canyon development is also commissioned. 
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1 INTRODUCTION 

GAS CONCENTRATION AND TEMPERATURE OF 
SPILL DISCHARGES BELOW 

WATANA AND DEVIL CANYON DAMS 

· Supersaturation of atmospheric gases (especially nitrogen) in hatchery and 
aquarium facilities was first noted in the 1900's (1) and was ascribed as 
causing the condition in fish known as gas bubble disease. Supersaturation 
caused by entrainment of air in waters spilled over dams on the Columbia 
River was recognized as a problem for anadromous fisheries in the river in 
1965. A comprehensive study (2) of dissolved gas levels in the Columbia River 
showed that waters plunging below spillways was the main cause of super­
saturation in the river-waters. Several later studies have confirmed the 
harmful effects of nitrogen supersaturation to fisheries. The tolerence of 
fish to levels of nitrogen supersaturation depends on the time of exposure, 
age, and species of the fish; dissolved nitrogen levels referenced to surface 
pressure above 110 percent are generally considered harmful (3). The state 

---of Alaska water quality criterion is set of 1'10% for total gas saturation in 
its waters. 

With this background,_ the potentia 1 problem of supersaturation of spi 11 waters 
from the proposed Watana and Devil Canyon developments on the Susitna River 
was recognized early during the feasibility studies. Alternative spillway 

-- . ~- -·" 

__ f_~~-i iti~~-\!~rEE. s!~~i~~-t._orll__fn_imiz~_SIJ~h a p~t~ntial_jlroblern, and a sch~e 
ccmprising fixed cone valves and overflow spillway was selected for each 
development based on detailed discussions with environmental study groups. 

This report describes the selected spillway schemes briefly and presents the 
analyses and field investigations carried out to assess the performance of­
the proposed schemes with respect to gas supersaturation in spin--waters. 
A related concern on temperature of spill waters is also discussed. 

A summary of the studies undertaken and the important conclusions are 
presented in Section 2. A short description of the proposed schemes is given 
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in Section 3. Section 4 details the engineering analyses carried out. Results 
of these analyses, field investigations, and their interpretation are presented 
in Section 5. 
these studies. 
deals with the 

The next section presents the major conclusions drawn from 
Appendix A comprises the field study report and Appendix B 

temperature of spill waters, its impacts downstream, and possible 
reservoir operation scenarios to minimize such impacts. 

·-· 



2 - SUMMARY 

Relatively little information is available in the literature on the performance 

I 

.· ... ~ 

, I 

of fixed-cone valves to reduce gas supersaturation in their discharges. Published , / 
studies (4) on the aeration efficiency of Howell Bunger valves (the more 
commonly known type of fixed-cone valves) were reviewed, and a theoretical 
assessment of the performance of the proposed valve layouts was made based on 
the physical and geometric characteristics of diffused jets discharging freely 
into the atmosphere. Results of a companion study on assessment of scour hole 
development below high-head spillways (5) were used to estimate the potential 

s I 
plunging of the valve discharges into tailwater pools at the proposed develop- . 1 

ments, and the resulting supersaturation in the releases was calculated. 
Specific field tests were conducted at the Lake Comanche Dam on the Mokelumne 
River in California (6) to study jet characteristics and the efficiency of the 
existing Howell Bunger valves in reducing supersaturation level in the reser-
voir releases. 

The analyses indicate that no serious supersaturation of nitrogen is likely 
_ -~ ~ ~--to~occur-~Jn.the r-elea-ses from~- the pY'epesed Watana and~-Devi+-e-anyon developments 

for spills up to 1:50 year recurrence interval. Field test results tend to 
confirm some of the assumptions made in the theoretical analysis with respect 
to jet shape, diffusion, and gas concentration in the valve discharges. 
Several assumptions and approximations, albeit conservative, have been made in 
the analyses which should be confirmed in later study phases, perhaps in _a 

·· physical model.·· For the purpose of· feasiDilit,Y-stud.fes, however, H i~ f~lt-~ 
·------~--·----~--­

-·-----~---~·---·-

that the analyses adequately support the proposed schemes for their intended 
purpose. 

A related question of the temperature of spill waters and its effects on the 
downstream water temperature has been analyzed and detailed in Appendix B. 
Simulation studies of the two-reservoir operations indicate that continuous 
(24 hour) spills would occur in the month of August in 30 out· of 32 years of 
simulation and in 18 out of 32-years in September for the Case "C" operation 
which maintains a minimum instantaneous flow of 12,000 cfs in August at Gold 
Creek. This spill frequency is simulated for a system energy demand in the 
year 2010 (Bettelle forecast) and. assumes that the entire demand is met by 
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Watana and Devil Canyon developments where possible. The spills will be 
greaterand more frequent in the years between 2002 (Devil Canyon commissioning) 
and 2010. When Watana alone is operational (between 1993 and 2002), less 
frequent spills are simulated to occur. Reservoir operation studies are 
currently being refined to finalize acceptable downstream flows. 

Temperature of spill waters at Watana is expected to be close to that of 
power flow, and hence, it is not expected to create temperature problems 
downstream when Watana is operating alone (1993-2002) or when it spills into 
Devil Canyon. At Devil Canyon, however, spill temperature is expected to be 
close to 39°F compared to a power flow temperature of 48-49°F in August and 
45°F in September. This is based on the conservative assumption that the 
temperature of spill water does not increase significantly while in contact 
with the atmosphere despit·e the highly diffused valve discharge. It is, 

... · . 

therefore, considered necessary to keep the spill from Devil Canyon to a minimum to 
avoid unacceptably low downstream temperatures. The analyses indicate that by 
operating Devil Canyon to meet most or all of the base load demand and with 
Vlatana generating essentially to meet peak demands and spilling continuously 
when necess~ry, it would be possible to maintain downstream flow temperatures 
below Devil Canyon close to that of power flow while reducing spill freqtien~y 

considerably. 

During major floods (1:10 year or rarer), there will be significant spills 
from Devil Canyon in addition to the power flow resulting in cold slugs of 
water downstream for a few days. · It will be necessary to establish criteria 
for acceptability of lower temperatures for short durations in August and 
September in consultation with fisheries study groups and concerned agencies. 
Currently, downstream water temperature.analyses are being refined, and when 
the results are available, the above spill temperatures and duration should 
be reviewed to confirm do~~stream temperatures during normal power operation 
as well as flood events. If the projected temperature regime downstream is 
unacceptable, alternative means to remedy the situation should be considered. 
These may include provision of higher level intakes to several or all fixed­
cone valve discharges at Devil Canyon, multilevel power intake at Devil Canyon, 
limited operation of main overflow spillway (for floods 1:50 year or mpre 

frequent) to improve temperature without serious increase in nitrogen super­
saturation, etc. 



~ 
~--:' 3 - SCOPE OF ANALYSES 

The.objective of the analyses presented in the following ~ections is to 
provide an assessment of the performance of the fixed-cone valves in their 
proposed configuration with respect to their potential in reducing gas con­
centration in spill waters from the Watana and Devil Canyon developments. The 

'analysis is a theoretical study supplemented by available field infonnation on· 
performance of these valves for aeration. Field measurements were conducted 
on the Howell Bunger valves at the Lake Comanche dam on the Mokelumne River 
in California. Results of the tests are interpreted to confirm some of the 
study assumptions. 

A related question of temperature of spill waters is analyzed in Appendix B. 
The data for the analyses has been drawn from the Feasibility Report {7). 
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4 - SCHEME DESCRIPTION . 

This section presents a short description of the selected spillway and outlet 
facilities for the proposed Watana and Devil Canyon developments. 

4.1 - Scheme Description · 

Selection of the discharge capacity and the type of spillway and outlet 
facilities has been based on project safety, environmental, and economic con­
siderations. At each development, a set of fixed-cone valves is provided in 
the outlet works to discharge spills up to 1:50 year recurrence interval. The 
main spillway comprises a gated control structure and a chute with a flip 
bucket at its end. This facility has a capacity to discharge, in combination 
with the outlet works, the routed design flood which has a return period of 
1:10,000 years. A fuse plug with an associated rock-cut channel is provided 
to discharge flows above the design flood and up to the estimated probable 
maximum flood at the dam. Detailed descriptions of the facilities are pre­
sented in the Feasibility Report (7). 

The primary purpose of the outlet facility is to discharge the spill waters 
up to 1:50 year recurrence in such a manner as to reduce potential super­
saturation of the spill with atmospheric gases, particularly n{trogen. This 
frequency was adopted after discussions with environmental study groups as an 
acceptable level of·protection of the downstream fisheries against the gas 
bubble disease. A set of fixed-cone valves were selected ~o discharge the 
spills in highly diffused jets to achieve significant energy dissipation 
without provision of a stilling basin or a plunge pool where potentially large 
supersaturation develops. The valves have been selected to be within current 
world experience with respect to their size and operating heads. At Hatana, 
six 78 inch diameter valves are provided and are located about 125 ft above 
average tailwater level in the river. The design capacity of each valve is 
6,000 cfs. At Devil Canyon, seven fixed cone valves with a total design 
capacity of 38,500 cfs are provided at two levels within the arch dam, four 
102 inch valves at the high level some 170ft above average tailwater level, 
and three 90 inch valves about 50ft above average tailwater level. The lower 
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valves have a capacity of 5,100 cfs each and the higher ones 5,800 cfs each. ; ) 
In sizing these valves, it has been assumed that the valve gate opening will 
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be restricted to 80% of full stroke to reduce vibration. : ,··) 
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5 - ENGINEERING ANALYSES / 

This section details the analyses carried out to estimate potential super-
, r saturation in the releases from the Watana and Devil Canyon developments 

when the reservoirs spill. 
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~ 5.1 - Available Data 

Fixed cone valves have been used in several water resource projects for 
water control, energy dissipation, and aeration of discharge waters, and data 
on their performance for such operations is readily available. However, no 
precedence has been reported on the use of such valves for reducing or 
eliminating gas supersaturation in spill waters. Manufacturer's catalog 
information on Howell Bunger valves and Boving Sleeve type discharge 
regulators (both particular types of fixed cone valves) and the Tennessee 
Valley Authority Study (4) on aeration efficiency of Howell Bunger valves form 
the specific data available. Theoretical analyses are carried out based on 
the geometric and physical characteristics of diffused jets discharging 
freely into the atmosphere. 

5.2 - Field Data Collection 

A review of existing facilities where a potential for spilling during the 
spring of 1982 existed was made, and the Lake Comanche dam, on the Mokelumne 
River in California, was selected as a feasible site for specific testing. 

The Comanche Lake dam is of the rockfill type with outlet facilities fitted 
with four Howell Bunger valves. These valves are located at the toe of the 
dam and spray the discharge into confined concrete conduits before releasing 
the water to the stream. 

Outflow through the valves was around 4,000 cfs during the test on May 28, 
' 1982. Water samples were collected at several depths in the reservoir near 

." the valves and at downstream locations and analyzed for nitrogen and oxygen 
concentrations. Details of the test procedure and results are presented in 
Appendix 1. 
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5.3 - Method of Analysis 

(a) Flow from the fixed cone valves leaves the structure as a free-discharging 
jet diffusing radially at the cone angle. The path of .the jet depends on 
the energy of flow available at the valve and the angle at which the jet 
leaves the valve (a~sumed as 45°). Referring to Figure 5.1, the path of 
the trajectory is given by the following equation (8): 

x.z y = X tan 6 - __ ___;,;; __ _ 

k(4 Hn Cos 2 e) 
(1) 

where: 

e = angle of the jet to the horizontal; 

k = a factor to take account of loss of energy and velocity reduction 
due to the effect of air resistance, internal turbulences, and 
disintegration of the jet (assumed at 0.9); 

H = net energy or the .:ief, ft. n 

The proposed valve operation restricts the opening of the valve gate to 
80% of full stroke. This may be interpreted as equivalent to producing 
an additional head loss in the system, thereby reducing the discharge 
to 80% of the theoretical capacity. Ihe~genergl__.Qi~;_c_b~ar_gs::_e_qu~atj_on_fo~r_ _____ _ 

- ·--~---------------------~------~-'"·-·-~-------------- '----------------- -- -------- ·--·-------··- -------.. ·-~~----·---·-------·--- .... -~--.. --- -·-- -~--

~·· 
~ : .. , 
' .. 

_ _t he_v.aJ_v.e: __________ ·-·· ----·-

may then be written as: 

= CA /Zg X ·64 X hn 

(2) 
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( 3) 
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where: 

QT = theoretical capacity of valve, cfs; 
A = area of valve, ft; 
C = coefficient of discharge (~ · 85 for fixed-cone valves); 
h

0 
= net head upstream of valve, cfs; 

QD = design capacity of valve, cfs. 

Equation (1) may be rewritten now as: 

x2 y = X tan 6 - _____ --.;. _____ _ 

k 4 x (0.64 x hn) x Cos 2 e 
(4) 

Referring to Figure 5.1, the longitudinal throw of the jet is calculated 
with 8=45° and -45° while its laterial throw calculated when e=0°. 

Vertical rise of the jet above the valve is calculated as a simple 
projectile subject to gravity and neglecting air friction to yield a 
conservative value. 

Potential Plunging Depth of Jet(s) Into Tailwater Pool 

As part of the feasibility studies of the Watana and Devil Canyon develop­
ments, a study was made by Acres on the scour hole development below 
high head spillways, and the results therefrom have been used to estimate 
the potential plunging of the jets from the fixed cone valves into 
tailwater. Figure 5.2 presents a definition sketch for the study 
carried out for a typical flip bucket spillway configuration. I~ may 
be readily observed that significant differences exist between a "solid" 
jet leaving a flip bucket and the diffused discharge jet from the fixed-. 
cone valves in the available energy and its concentration in the jet 
for scouring downstream or plunging into the tailwater pool. Equation 
(5) was developed in the above mentioned studies to estimate scour 
depth for a solid jet: 

y = 0. 24 q0.65 H0.32 ( 5) 



~. ~ 
1t is assumed that spills from Watana will get completely mixed in the 
Devil Canyon storage during their passage through 26 miles of reservoir 
and that no supersaturation would build up in the reservoir due to 
Watana spi 11 s. 
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6 - RESULTS 

Table 6.1 presents the results of the analyses carried out to as~ess the 
performance of the fixed cone valves at the proposed Watana and Devil Canyon 
developments in relation to the potential gas supersaturation of spill waters. 
Figures 6.1 and 6.2 present the jet interference pattern and the areas of 
impingement. 

Estimated supersaturation in the spill discharges with.a recurrence interval 
of 1 in 50 years is 101% at Watana and 102% at Devil Canyon. For more 
frequent spills, these concentrations are expected to be somewhat lower due 
to lower intensity of spill discharge and consequent lower plunge in the 
tailwater pool. For spills of rarer frequency, the main chute spillway will 
operate leading to potentially greater supersaturation in the downstream 
discharges. 

Results of spill temperature analysis is presented in Appendix B. 



TABLE 6.1 -RESULTS OF ANALYSES 
~­
~ 

·oescrij:?tion 

1. Valve Parameters 

Diameter of fixed cone valves-inches 
Number of valves 
Design capacity-cfs 
Elevation of valve centerline-ft 
Elevation above average tailwater-ft 
Net head (hn) at the valve~ft 
Angle of valve discharge with 
horizontal-degrees (assumed) 

2. Jet Geometry 

Longitudinal throw-near edge-ft 
Longitudinal throw-far edge-ft 
Lateral throw-ft 
Impingem~nt ~_rga of single J_et-ft2 

Impingement area of all jets-ft2 

Maximum fall of jet (H)-ft 

3. Jet Characteristics 

Average intensity of discharge of 
single jet cfs/ft2 

Watana Valves 

78 

6 

4,000 

1 '560 
105 
508 

45 

91 
676 
351 

- .J45,200 

221,300 
359 

0.028 

102 90 

4 3 
5,800 5' 100 

1 '050 930 

170 50 

365 450 

45 45 

130 46 

550 564 
378 228 

. ---112,250- 83,400 -"--

173,250 
353 275 

0.052 0.061 
- ~- ~ ---~ ~--- ~---- "·-·- --- .-~~-~--~------.---------~----------

·---------~---- ·------- --~- -- - - -- - -~ - ~ 

·-------· Ma:XTrilUm 'lnfens-1ty (qT)when afl I~!~. .... 6 X 0. 028 _4.~ •0_5_2_ ± __ 3 X .-_06_L = 0_..39J 
--- ---- areoperaffng ·cfs/ft2 ········ -- -- · ;;0.168 --- --

Estimated plunge depth-ft 0.3 

4. Supersaturation Estimates· (1:50 year flood) 

Design valve discharge-cfs 
Assumed simultaneous power flow-cfs 
Total downstream discharge-cfs 
Assumed gas concentration in power 
flow-percentand valve discharge at valve-% 
Maximum gas concentration in valve 
discharge below dam-% 
Maximum gas concentration in total 
downstream discharge-% 

24,000 
7,000 

31,000 

100.0 

100.9 

100.7 

0. 62 (H=353 1 ) 

38,500 
3,500 

42,000 

100.0 

101.9 

101.7 
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1. 7 - CONCLUSIONS 
i 

· 1. The analyses described above indicate that the proposed fixed-cone valves 
I' would adequately prevent serious gas supersaturation in spill waters up to 

a recurrence interval of 1:50 years. 
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~ 2. Several assumptions have had to be made in the analyses with respect to 
jet characteristics and its potential plunge into tailwater pool. ·Field 
test results available are only indicative of the valve performance. In 
particular, the configuration of the proposed valves set high above the 
tailwater pool and their free discharge with the atmosphere differ signi­
ficantly from the Lake Comanche dam arrangement and the TVA test facility. 
In view of the nature of analyses and lack of precedence for the proposed 
valve arrangement, it is recommended that a physical model study be 
carried out to confinn the performance of the valves. 

. . 
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EROSION .AND SEDThfENTATION IN THE KENAI RIVER, 
AlASKA 

By KEVL.'l M. SCOTI 

ABS'IRACI" 

The Kenai River system is the most important freshwater fishery in 
Alaska. The flow regime is characterized by high summer flow of gla· 
cial melt water and periodic flooding caused by sudden releases of 
glacier·dammed lakes in the headwaters. Throughout most of its 
50·mi course across the Kenai Peninsula Lowlands to Cook Inlet, the 
river meanders within coarse bed material with a median diameter 
typically in the range 40-60 mm. Every non tidal section of the stream 
is a known or potential salmon· spawning site. 

The stream is underfit. a condition attributed to regional glacial re· 
cession and hypothesized drainage changes, and locally is entrenched 
in response to geologically recent changes in base level. The coarse· 
ness of the bed material is explained by these characteristics, com· 
bined with the reservoirlike effects of two large morainally im· 
pounded lakes, Kenai and Skilak Lakes, that formed as lowland 
glaciers receded. Throughout the central section of the river the 
channel is effectively armored, a condition that may have important 
long-term implications- for the ability of this section of channel to 
support the spawning and rearing of salmon. 

The 3.8·river·mile channel below Skilak Lake contains submersed, 
crescentic gravel dunes with lengths of more than 500 ft and heights 
of more than 15 ft. Such bed forms are highly unusual in streams 
with coarse bed material. The dunes were entirely stable from 1950 
to at least 1977, so much so that small details of shape were unmod· 
ified by a major glacial-outburst flood in 1974. The features are the 
product of a flood greatly in excess of any recorded discharge. 

The entrenched section of the channel has been stable since 
1950-51 or earlier; only negligible amounts of bank erosion are indi· 
cated by sequential aerial photographs. Bank erosion is active both 
upstream and downstream from the entrenched channel, however, 
and erosion rates in those reaches are locally comparable to rates in 
other streams of similar size. Although erosion rates have been gen· 
erally constant since 1950-51, evidence suggests a possible recent 
decrease in bank stability and an increase in erosion that could be 
related to changes in river use. 

The high sustained flow of summer encourages a variety of 
recreation·related modification to the bank and flood plain-canals, 
groins, boat ramps, slips, embankments. as well as commercial de· 
velopments. As population and recreational use increase, develop· 
ment can pose a hazard to the productivity of the stream through in· 
creased suspended-sediment concentration resulting directly from 
construction and •. with greater potential for long·term impact, indi· 
rectly from bank erosion. A short·term hazard to both stream and 
developments is the cutoff of meander loops, the risk of which is in· 
.creased by canals and boat alips cut in the surface layer of cohesive, 
erosion-resistant sediment on the flood plain within nonentrenched 
meander loops. A significant long· term hazard is an increase in bank 
erosion rates resulting from the loss of stabilizing vegetation on the 
high (as high as 70 ft) cutbanks of entrenched and partly entrenched 
sections of channel. Potential causes of erosion and consequent vege· 
tation loss are river-use practices, meander cutoffs, and groin con· 
struction. 

INTRODUCTION 

The Kenai River is a large preglacial stream draining 
the inland side of the Kenai Mountains and crossing 
the lowlands of the Kenai Peninsula to Cook Inlet. The 
most obvious feature of the river in the lowlands is the 
presence of coarse bed material in association with a 
meandering pattern; in the spectrum of bed-material 
sizes of meandering streams, the Kenai River is near 
the coarse end. Both the bed material and the channel 
pattern reflect previous geologic intervals when dis· 
charge was greater and glaciers were more widespread. 
Glaciers continue to influence the hydrology of the 
river, extending today within the watershed to altitudes 
below 500 ft. The major flood discharges have origi· 
nated historically from outbursts of a glacier·dammed 
lake every 2 to 4 years. 

The Kenai River system is the most heavily used 
freshwater fishery in Alaska (U.S. Army Corps of En· 
gineers, 1978, p. 126). Salmon fishing attracts increas· 
'ing numbers of visitors from the Anchorage area dur· 
ing the summer, particularly for the runs of king sal· 
mon. The development associated with this recreational 
use, though small in scale, is expanding rapidly along 
the downstream 45.5 river miles that. lies mainly in a 
corridor of State-owned and private lands outside the 
Kenai National Moose Range (fig. 1). The potential for 
further development, evidenced by the demand for re· 
creational property and the population increases in 
communities within the corridor, is large. For details 
on the environment of the river and the associated 
197 ·mr corridor, readers can refer to the comprehen· 
sive survey by the U.S. Army Corps of Engineers 
( 1978). 

The section of the river described in this report is the 
50.3 mi of channel below Skilak Lake, a large 
moraine-impounded lake with influence on the flow re· 
gime of the river (fig. 1). The purpose of the study is to 
describe the recent history, geomorphic characteris· 
tics, and sedimentation system of the stream 
downstream from Skilak Lake and to indicate the 
types, locations, and timing of development that could 
prove harmful to the fluvial habitat in its ability to 
support the spawning and rearing of salmon. This re· 
port is concerned mainly with developments in the 
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THE KENAI RIVER WATERSHED 3 

category of alterations to the navigable channel for 
which a permit from the Department of the Army is re· 
quired. Upland development and land-use changes are 
not considered. 

In a stream the size and type of the Kenai River, in· 
creased suspended-sediment transport will be the first 

· general effect of development with the potential to be 
deletenous to the physical stream system, chiefly 
through deposition of fme sediment in the pores of the 
streambed gravel. Consequently, the present levels of 
suspended-sediment concentration and the possib"ie. 
causes of future increases are emphasized. Other 
clianges1n the sediment system are, of course, possi· 
ble. 

The most important feature of the environment to the 
economy of the area is the ability of the Kenai River to 
act as the freshwater habitat for salmon taken directly 
by sport fishing and indirectly by commercial fishing in 
Cook Inlet. Four species (king, sockeye, silver, and· 
pink) use the river for spawning in runs from early 
spring to as late as December. The presence of chum 
salmon has also been reported. The young of three val· 
uable speqies (king, sockeye, and silver) are found in 
the stream year round. Every nontidal part of the river 
is a known or potential spawning site for at least one 
species (U.S. Army Corps of Engineers, 1978, fig. 27). 

Salmon-producing habitats are sensitive to many fac· 
tor~, but most imeortantlx to sedimentation and water 
temperature (Meehan, 1974, p. 4). The deposition of 
fme sedhi:ient, witfi'the consequent loss of pe'rmeability 
in streambed gravel during the time of egg and fry cie::­
velopment, has been described by many studies as the. 

Ji].ost detrimental sedimentation effect (for example, 
Meehan and Swanston, 197'7', p: H. The ·deposited sed· 
iment reduces-the flow''oloiygen·bearing water within 
the gravel where eggs and alevins ( preemergent fry) 
are incubating. It may also act as a physical barrier to 
the emergence of fry and may cause changes in the 
population of aquatic insects on which the young sai­
mon depend for food. · · ·- -----

Erosion and sedimentation have been described as 
the most insidious of civilization's effects on aquatic 
life, in that the processes may go.unnoticed and the 
damage can be widespread, cumulative, and perma· 
nent (Cordone and Kelley, 1961, p. 189 ). Unlike most 
causes of degradation in water quality, erosion and the 
resulting increase in sediment transport may be 
triggered by a set of conditions and then may continue 
to increase or even accelerate after the triggering cir· 
cumstances have ceased. The possible causes of such a 
response and why this form of response could occur 
along the sections of the Kenai River with hig,h, pre· 
sently stable cut banks are one focus of this report. 

Acknowledgments.-This study was completed in coop· 
eration with the U.S. Fish and Wildlife Service,. to the 
personnel of which the writer is indebted for much 
helpful discussion and the supply of aerial photo· 
graphs. Many local residents shared their knowledge of 
the past behavior of the Kenai River and helped form 
the writer's historical perspective on the stream. 

THE KENAI RIVER WATERSHED 

The Kenai River drains 2,200 mfl 'of the Kenai Penin· 
sula, encompassing a watershed that extends from the 
icefields of the Kenai Mountains westward to Cook In· 
let. Summer flow originating as melt water from ice· 
and snow-covered terrain dominates the hydrologic 
system of the river. Approximately 210 mi2 of the 
drainage basin consists of glaciers or permanent snow· 
fields, of which 130 mf! is part of the Harding Icefield 
and attached valley glaciers (fig. 1). 

CIJMATE 

The climate of the watershed is transitional between 
the wet and. relatively mild marine climate of coastal 
areas and the colder and dryer continental environment 
of interior Alaska. The high sustained flow in the Kenai 
River in middle and late summer reflects the combina· 
tion of melt water ·and superimposed storm runoff. 
More than half the annual precipitation falls in the 
4-month period from July through October, with an 
average of almost 4 in. occurring in September, the 
wettest month. 

Annual rainfall totals vary greatly within the drain· 
age basin because of the orographic effect of the Kenai 
Mountains on storm systems moving northward from 
the Gulf of Alaska. In the lowlands downstream from 
Skilak Lake the annual precipitation is less than 20 in. 
Southeastward in the progressively higher parts of the 
basin, precipitation totals increase markedly and prob· 
ably exceed 80 in. at the crest of the range. The regional 
distribution of precipitation is reflected in the altitudes 
to which glaciers descend-many outlet glaciers extend 
to the tidewater of the Gulf of Alaska; within the Kenai 
River drainage basin, however, valley glaciers reach no 
lower than 500 ft. · 

VEGETATION 

The flood plain of the Kenai River and the surround· 
ing terrain are covered by Alaskan taiga association of 
white spruce and hardwoods, locally with black spruce 
on north-facing slopes and poorly drained areas ( Hel· 
mers and Cushwa, 1973, figs. 1. 2; U.S. Army Corps of 
Engineers, 1978, fig. 31). Evidence of stream behavior 
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can be obtained from vegetation bordering stream· 
banks and on flood plains. Areas of active bank erosion 
may be characterized by spruce trees leaning at angles 
into the z:iver as their root support is progressively 
eroded. When nearly horizontal, the trees are known as 
"sweepers," named with good reason by early· day 
raftsmen and hazardous to modern river runners as 
well. Ice damage in spruce trees on flood plains is evi· 
dence of ice·jam flooding and, if datable by dendra· 
chronology, can serve as evidence of flood frequency 
(Levashov, 1966). Several episodes of ice damage are 
detectable on trees of the flood plain within meander 
loop 3-H. 

The interior meander loops of the Kenai River do not 
show the vegetational age succession that would be ex· 
pected under conditions of rapid channel change. Some 
meanders do, however, show a variation in vegetation 
type within the point· bar deposits that corresponds to 
differences in sediment texture. As documented by Gill 
( 1972) in the Mackenzie River delta, coarse· textured 
deposits with a lower water content and higher soil 
temperature encourage the growth of such hardwoods 
as balsam poplar. The finer textured deposits com­
monly support mature stands of spruce. The differ· 
ences in texture mark the episodic accretion by which 
the meander loops develop-the coarser deposits cor· 
respond to the more rapid periods of accretion. 

summer months, reflecting the melting of glaciers and 
lake storage of melt water, that makes feasible the 
riverbank development in which bed and bank material 
is simply bulldozed to form canals, boat slips, and 
groins. The stage variation of a typical subarctic stream 
would make this kind of development nearly useless. 

The mean annual flow of the. Kenai River at Soldotna 
is 5,617 ft'l Is or 37.95 in.( 1965-78). Annual peak flows 
generally occur in August or September at discharges 
in the range 20,000-30,000 ft'lls. From freezeup in late 
November or December to breakup, occurring ordinar· 
ily in April but as early as February, flow levels base 
within the range 800-1,700 ft'l Is. 

The Kenai River begins at the outlet of Kenai Lake, a 
glacially sculpted lake extending fiordlike for 22 mi in· 
land from the front of the Kenai Mountains to within 
15 mi of Seward on the Gulf of Alaska. Downstream 
from the outlet of Kenai Lake at Cooper Landing, the 
river flows for 17 mi before entering Skilak Lake. The 
50-mi course of the stream between Skilak Lake 
and Cook Inlet is the subject of this report; the 17 ·mi 

. segment between tlie major lakes is exCluded. .. .. 
Major headwater tributaries of the Kenai River are 

the Trail and Snow Rivers, which enter Kenai Lake 
from the north and south, respectively. The major 
tributary entering the Kenai River between the lakes is 
the Russian River, famous for a run of sockeye salmon 
during which they can be taken on artificial lures. 

- --~- -~-~· -------- HYDROI:;OGY--- --~----- - Gther-large-tributariesincludethe-Skilak· River~--which­

The most obvious characteristic of flow in the Kenai 
River is the continuous rise in discharge that begins in 
May, followed by flow at sustained high levels through· 
out the summer and then by recession during the 
period from October to January (fig. 2). It is this un· 
usual pattern of relatively uniform high flow during the 
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drains the Harding Icefield and flows directly into 
Skilak Lake, and the Killey River, which joins the Kenai 
River 6 ini below the outlet of Skilak L~ke. All these 
streams have significant areas of their headwaters co· 
vered by permanent ice and snow, and as a group they 
supply the high summer melt-water flow of the Kenai 
River. 
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FIGURE 2. -Mean monthly discharges at gaging stations. A. Kenai River at Cooper Landing. B. Kenai River at Soldotna. Black arrows show ' ·1 
times of release of glacial lakes in Snow River; white arrow shows times of release of glacial lakes in Skilak River. ·. J 
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Downstream from the Killey River, all tributaries to 
the Kenai River drain only the Kenai Lowlands. Runoff 
from these streams is• dominated by snowmelt runoff, 
with annual peaks generally in April or May. Poorly in· 
tegrated drainage and numerous lakes and marsh 
areas, as well as lower rates of precipitation, result in 
comparatively low annual runoff. The largest of these 
streams is the Moose River, which joins the Kenai River 
at river mile 36.2. The Funny River, and Beaver, Sol· 
dotna, and Slikok Creeks, are other lowland 
tributaries, of which Beaver Creek is the only stream 
with more than sporadic flow records ( 1967-78). 

Anderson and Jones ( 1972, pl. 2) presented a sum· 
mary of all discharge information for the Kenai River 
downstream from Skilak Lake as of 1972. These data 
and subsequent information can be obtained from the 
series of annual reports entitled "Water Resources 
Data for Alaska," published by the U.S. Geological 
Survey. Gaging-station records on the Kenai River have 
been obtained since 194 7 at Cooper Landing, and since 
1965 at the Soldotna bridge at river mile 21.1. 

The Kenai River is noteworthy for a low variation in 
annual peak flows during the period of measurement. 
There are, however, three potential sources of major 
flooding on the stream in addition to the normal 
sources of flow-melt water and storm runoff: ( 1) sud· 
den discharges from glacially dammed lakes, ( 2) out· 
burst floods of water stored in or under glaciers, and 
('3) ice jams. Each is discussed in the following para· 
graphs. 

The annual peak discharges from melt water and 
storm runoff have been generally less than the annual 
peaks that resulted from the sudden release of glacially 
dammed lakes. The historical peak discharge at Sol· 
dotna occurred September 9, 1977-instantaneous 
peak discharge was 33,700 ftl I s-in response to the re· 
lease of a glacially dammed lake in the Snow River 
drainage basin (fig. 1). The lake is one of two paten· 
tially hazardous such lakes in the watershed for which 
Post and Mayo ( 1971, sheet 1) recommended monitor· 
ing. The lake at the headw:tters of the Snow River has 
caused outburst flooding periodically since 1911 or 
earlier. Typical of the floods is that occurring in 197 4 
(fig. 3) and yielding the peak discharge of record on 
the Kenai River at Cooper Landing. This lake has 
yielded floods at intervals, most commonly from 2 to 4 
years in length and at levels apparently related to sys· 
·tematic changes in glacier size. Post and Mayo ( 1971, 
p. 4) cited reports that flooding historically has occur· 
red most commonly in November, December, or 
January. In recent years ( 1964, 1967, 1970, 1974, 
1977), however, flooding has occurred in August and 
September at times of high base flow derived from 
melt water. If this trend continues, the flood hazard 
from lake releases will in~;rease. 

The second potentially hazardous glacial lake occurs 
in the headwaters of the Skilak River (fig. 1) and dis· 
charges directly to Skilak Lake. This glacial lake 
yielded a comparatively small volume of flow in 
January 1969 (fig. 2), but the flood wave fractured 
large volumes of ice on the Kenai River, thereby caus· 
ing locally serious flooding from the resulting ice jams 
(Post and Mayo, 1971, p. 4). Aerial observations by the 
U.S. Weather Service on October 18, 1979, revealed 
that the lake has refilled (S. H. Jones, oral commun., 
1980), apparently setting the stage for another out· 
burst flood. 

A phenomenon similar to glacial lake discharges is 
the outburst of water impounded beneath glaciers. 
Though potentially originating from any glacier of at 
least moderate size, floods entirely from subglacial 
outbursts have not been specifically recorded on the 
Kenai River. They may not, however, have been ob· 
served if originating in uninhabited areas like the 
Skilak or Killey River drainage basins in the period be· 
fore to flow measurement at Soldotna (before 1965). 
Part of the glacial lake in the Skilak River headwaters 
is formed beneath the Skilak Glacier, and that lake dis· 
charges subglacially into the Skilak River ( S. H .. Jones, 
written commun., 1980). 
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FIGURE 3.-Successive downstream hydrographs for flood o{ Sep· 
tember 1974 originating from an unnamed glacially dammed lake 
(No. 26 of Post and Mayo, 1971) in headwaters of the Snow River. 
Concurrent discharge record of nearby Trail River is .illustrated for 
comparison. Instantaneous peak discharges were 26,400 ft3 Is in 
the Snow River, 23,100 ft3 Is in the Kenai River at Cooper Land· 
ing, and 26,900 Ct3 Is in the Kenai River at Soldotna. 
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The final cause of flooding is ice jams, from which an 
additional hazard is the channel~rosion effects with 
which they are associated on other northern rivers 
(MacKay and others, 1974). Jams on the Kenai River 
are most common near Big Eddy, a point of constric· 
tion in a tight meander at river mile 14.3 (fig. 1). The 
probability of ice jamming at Big Eddy led the U.S. 
Army Corps of Engineers ( 1967, exhibit 4) to calculate 
upstream flood-hazard levels that are as much as 10 ft 
above the stage of a flood, with a recurrence interval of 
50 years. Potential levels of flooding from ice jams at 
Big Eddy exceed levels of the 50-year flood as far up· 
stream as Soldotna. 

QUATERNARY ffiSTORY 
OF THE KENAl RIVER VALLEY 

the Alaska Range and dammed the regional drainage 
into a proglacial lake that e~isted periodically and at 
successively lower levels until near the end of the Nap· 
towne Glaciation. However, the periodic existence of 
this lake-a major premise of Karl-strom's 
interpretations-has not been verified by subsequent 
investigations in the Cook Inlet region. 

Deposits of the three youngest major glaciations are 
present along the Kenai River in the study area, but it 
is the events of the youngest episode, the Naptowne 
Glaciation, that dominate the geomorphic history of the 
stream. The ·spatulate N aptowne erid moraines are the 
most prominent topographic feature of the Kenai Low· 
lands, extending as far as river mile 38.9. The type 
localities of the N aptowne Glaciation and several of its 
subsidiary advances are located along the river within 
the study area (the town of N aptowne is now known as· 
Sterling). The sequence of advances within the Nap-

The flood plain, terraces, and valley of the Kenai towne Glaciation is, stratigraphically: 
River reflect the influence of glacial events to a high Tanya 
degree. The modern landscape of the river, extending Skilak 
even to variati()IJ.S in: channeLpattern and size of. Killey 
channel-bed material, is partly a function of glacial ac· Moosehorn 
tion, including sculpture by glacial ice, deposition from The age of the N aptowne Glaciation has been revised 
receding ice sheets, and changing base levels related to downward to less than 14,000 B.P. (Pewe, 1975, p. 
the .effects of glaciation or tectonics. The final major 14), considerably later than reported by Karlstrom 
Quaternary glaciation of the Kenai Lowlands did not ( 1964). Dating by Karlstrom of the post·Moosehorn 
end until about 5,000 years ago, and today an outlet events appears reasonable in light of this revised age 
glacier from the Harding Icefield reaches to wi~hiil. '7 II1:L andis shown intable·l. · ---------

-· -of-th:e-lieadof'SkilakLiilfe~ - The initial phase of the Naptowne Glaciation, the 
An understanding of the recent glacial history of the Moosehorn advance, was named for the Moosehorn 

Kenai Lowlands is prerequisite to interpreting the Rapids in the Kenai River at river mile 39.4 near the 
modern Kenai River. The sequence of events, their margin of the Naptowne end moraine. Moraines of the 
ages, and an interpretation of their effects on the river Killey advance, named for exposures along the Killey 
are p:es7nted in table 1. The glacial. histo~ of the River, a major tributary to the Kenai River, extend to 
Ken~1 ~1ver a;ea and the surroundmg- region was river mile 40.5; and those of the subsequent Skilak ad· 
stud1ed m detail by Karls~om ( 19_64), and mo~t of t~e vance, named for exposures around the edge of Skilak 

______ genera! ll.~PE'!<:ts_ and terii1m_q_lggy_m_the followmg diS·- -I:;-a:ke;-occur as far aownstream as. river mile 48 .4. 
cussion are based on his work. 

- - --TheCOOkliilet region has undergone five major Pleis­
tocene glaciations and two major subsequent advances. 
In stratigraphic order (youngest to oldest), the major 
glaciations are: 

Naptowne 
Knik 
Eklutna 
Caribou Hills 
Mount-Susitna 

Much of the Kenai Lowlands was covered by ice dur· 
ing the f1rst three major glaciations. During Knik time, 
however, glaciers from the Kenai Mountains reached 
only as far as river mile 26.7. According to Karlstrom 
( 1964), farther southwest in Cook Inlet, Knik glaciers 
from the Kenai Mountains coalesced with those from 

EVIDENCE OF PROGIACIAL lAKE IN COOK INLET 

The existence of a proglaciallake. in Cook Inlet, or at 
least its. chronology as interpreted by Karlstrom, has 
been thrown open to question by a revised origin and 
radiometric age of a unit previously thought to repre· 
se.I1t a_ middle Wisconsinan interstadial event. In the 
AnchoragE! area a distinctive deposit of silty clay, the 
Bootlegger Cove Clay (Miller and Dobrovolny, 1959), 
occurs beneath and adjacent to the local equivalent of 
the Naptowne end moraine (Trainer and Waller, 1965, 
p. 170). The unit was believed to be mainly lacustrine 
in origin and middle Wisconsinan in age (Karlstrom, 
1964, p. 37-38). Because failure of the Bootlegger Cove 
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TABlE 1.-Lote Quotemorv (Wisconsinan to present) hlstorv of the Cook Inlet area and correlation wllh the geomorphology of the Kenol Rluer 
(Glacial evonta and allandllnu altor Karlalrom 11964, table 31· conolatlon with cla"lcaiHquance In part modlllad from Pewi 11975, table 211 . 

Thouaanda oil/lUI 
Slrandllnu ol hypothaallad Hl1lory oltha Kenai River In study area 

Epoch Glaciation Glacial ovont and UIOCiated radiocarbon datu pr011laclal lakaa llael above 
Dapoalllonal 111<1nll Eroalonal avanll balore preacnt pra11nt II& Iaveii 

TWlnelll advance 
A.D. 155Q:t 150 
A.D. 1500:t200 

1-1 c TWlnall advance A.D. 565:t200 
8 

f-2 ~ Twtumona Ill advance 
300:~:300 B.C. 

a 420:~:100 B.C. 

1-3 ~ Twtumena II advanc. 1250:t 150 B.C. :a 
< 

1-4 Twtumena I advance 2550:~:450 B.C. 
I! Pro-Twtumana advance 

·j 1-5 1)..10 (marino Dapoalllon ol tidal acdlrnant n· Etoalon ol tidal Rats continuing to 
llanagraulonl poaad below river mUo 12.3 pro11nt 

1-6 Tanya Ill advance 3850:~:500 B.C. 
4850:tSSO B.C. IL ·. 50 1- Entrenchment ol Jlvarlnlo Soldotna 1-7 Tanya II advance }'"'"'""'"" Ia vela Ianace baglnn and continues to 

prcwnt 
1-8 100-125 Aucluatlng 1.-,.la ol hypothullad P<O!IIactal 

Soldotna tsnace lormod 
c Tan11a I advance I lake In Inlet with ana or more comploti 
g withdraw ala 

1-9 s SkUak Ill advance 7050:t750 B.C. 
Po11lblo lacustrine, glactolacualrlno, 

10 T ~ Skhk II advance 
7920:t250 B.C. and deltaic dop<ialllon In rlv•n .. 8420:t350 B.C • 275 ,....--valloya below atrandllnoalndlcatad .. ~ Skhk I advance Glacial advance to rl11<1r mil• 48.4 21 

-2 ll. 

" KUioy advanc:ea 10,9SO:t300 B.C. 500 
~ 

z L:::-!I l1,550:t400 B.C. Gloclal advanco to rlvar mila 40.5 Auctuallng levala of hypothutz•d j J! 

~ Mooaohom advance 750 proolactallake In Cook Inlet wllh 
Glacial advance to rlvar mlla 38.9 one or mora complclo wilhdraw-.. 
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Clay caused disastrous slides during the 1964 Alaska 
earthquake, it has been the subject of additional study 
that has established an entirely marine origin (Han· 
sen, 1965, p. 20) and an age of about 14,000 B.P. 
(Schmoll and others,.1972, p. 1109). Pewe (1975, p. 
74) concluded that the interpretation of a glacial lake 
occupying the upper part of Cook Inlet during Knik and 
Naptowne time is refuted by this later evidence. 

At least some of the features attributed by Karlstrom 
to a freshwater lake have other explanations. The Sol· 
dotna terrace, a well-developed surface bordering the 
Kenai River over much of its lower course, was inter· 
preted as a lake terrace in mapping by Karlstrom 
( 1964, pl. 4) but is described here as a former flood· 
plain surface, an origin in common with other alluvial 
terraces. The Soldotna terrace grades to one of two 
well-developed terrace levels bordering Cook Inlet. 

These levels occur 50 and between 100 and 125 ft 
above present sea level and were interpreted by 
Karlstrom as lake terraces (table 1). They are, how· 
ever, more likely marine in origin, on the ~asis of the 
extent of their development. It is difficult to envision 
an ice-floored lake spillway being sufficiently stable for 
the interval necessary for cutting of the terraces. The 
changes in base level consequently are more likely due 
to isostatic rebound or tectonic uplift than to changes 
in level of the hypothesized lake. Favoring the lake 
hypothesis is Karlstrom's mapping of other higher 
strandlines indicating lake levels at altitudes too high 
(table 1) for reasonable explanation by sea· level 
change due to isostatic rebound or tectonics. The exis· 
tence of these higher strandlines could not, however, 
be coniirmed during field investigations in the Kenai 
River watershed. 

FIGURE 4.-Kenai River at the Soldotna bridge. The river is entrenched 30 to 40 ft below the Soldotna terrace, upon which part of the town of 
Soldotna is visible here. Wakes in the river are caused by large boulders. the presence of which is characteristic of the entrenched section 
of the stream. Direction of flow is toward upper left. Reach visible in photograph extends from approximately river miles 21.5 to 20.i. 
Scale. 1:4.800, or 1 in.= 400 ft. Photograph credit: U.S. Army Corps of Engineers. 
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QUATERNARY HISTORY OF THE KENAI RIVER VAUE'l 9 

TERRACES AND RIVER ENTRENCHMENT 

The Soldotna terrace, here named informally for the 
town constructed upon it (fig. 4), is the most promi· 
nent topographic feature in the Kenai River valley be· 
tween river miles 13 and 31. The terrace averages about 
a mile in width, is covered with mature taiga vegeta· 
tion, and occurs at altitudes generally from 25 to 50 ft 
above the present Kenai River flood plain. It dominates 
the valley upstream from river mile 17 .6, above which 
.point the river is entrenched in the terrace surface and 
little modern flood plain exists. The entrenchment, 
which extends beyond the upstream end of the terrace 
as far as river mile 39.4, is a result of a lowering in 
base level, from the level to which the terrace was 
graded, to present sea level. 

Karlstrom ( 1964, pl. 4) interpreted the section of the 
Soldotna terrace between river miles 31 and 27 as a 
river terrace and the remaining part as -a hanging del· 
taic complex associated with a proglacial lake of Nap· 
towne age. The entire terrace upstream from Soldotna 
(river mile 22) is here interpreted as a former flood 
plain of the Kenai River. Profiles of the terrace and 
river channel measured along the. valley axis (fig. 5) 
show that the terrace is graded to. a height above pre· 
·sent sea level. 

The extension of the Soldotna terrace below the town 
probably correlates with the 100· to 125-ft·high marine 
terrace. A well-developed 50-ft marine terrace is also 
present, and figure 5 portrays possibility that tlle allu· 

vial part of the Soldotna terrace grades to this lower 
level. The town of Kenai is mainly on this lower terrace, 
which is not represented by obviously correlative allu­
vial equivalents along the Kenai River. 

TOPOGRAPHY OF TifE KENAI LOWlANDS 
AND COURSE OFTii.l:; lU:&I RIVER 

The poorly drained, lake-dotted Kenai Lowlands con· 
tain many abandoned channels that are visible on aer· 
ial photographs yet do not form a drainage system 
which is obviously integrated with the present network. 
The channels, though well developed at some localities. 
are discontinuous and not easily traceable. Karlstrom 
( 1964, p. 15) believed that the pattern locally suggests 
scabland topography formed under torrential-flood 
conditions. 

Changes in the drainage of the Kenai River system 
have occurred within a geologic time span that is appa· 
rently too short for any but partial adjustment of the 
channel-in pattern and bed material size, for example. 
A change in pattern (an increase in wavelength 
downstream from river mile 36; fig. 6) below the point 
of inflow of the tributary Moose River suggests that 
discharges proportionally larger than those now 
supplied by the Moose River have occurred in the past. 
If true, the Kenai River downstream from the Moose 
River is underfit to a greater degree than is the river 
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QUATERNARY HISTORY OF THE KENAI RIVER V AI.J..Ef 11 

upstream from the junction. This effect would be in ad· 
dition to the probable basinwide underfit condition re· 
fleeting the general reduction in precipitation that has 
occurred with glacial recession. 

Figure 7 illustrates the channel of the Moose River a 
short distance upstream from its junction with the 
Kenai River. The underfit condition is pronounced. The 
present channel is approximately 80 ft wide where it 
meanders within a paleochannel 600 to 700 ft wide. 
The Moose River paleochannel appears to be a natural 
upstream extension of the lower part of the Kenai River, 
from both the similarity in pattern and the trends of 
the two channels at their junction. 

Topography at the front of the Kenai Mountains indi· 
cates several past variations in drainage in which the 
Moose River would have yielded much greater flow 
than at present. It is possible to project an extension of 
the Skilak Glacier to the head of Skilak Lake where it 
could divert the Kenai River into the headwaters of the 
East Fork of the Moose River (fig. 8}. The course of 
probable diversion is today a chain of lakes, beginning 
with Hidden Lake in the gap between Hideout Hill and 
the hills north of Skilak Lake and continuing with the 
Seven Lakes, each connected by the drainage that be· 
comes the East Fork of the Moose River. This 
hypothesized diversion probably occurred with the 
Skilak advance of the N aptowne Glaciation and could 
also have occured during the"Tanya advance. Tanya end 
moraines have not been recognized in the Skilak Lake 
area, although they were mapped by Karlstrom ( 1964, 
pl. 4) at their type locality near Tustumena Lake. An 
advance of the Skilak Glacier similar in distance and 
gradient to the relation between the Tanya end 
moraines and the Tustumena Glacier, the extension of 
which was the type Tanya advance, could have diverted 
the Kenai River into the Moose River drainage. 

The effects of earlier glaciations on the drainage pat· 
tern would have been greater. Drainage from the area 
of Kenai Lake, which was glacier f:tlled during much of 
pre-Tanya Naptowne time, may also have entered the 
Moose River drainage north of Hideout Hill (fig. 8). 
During the maxima of Skilak and earlier Naptowne ad· 
vances, glacial lobes from the Kenai Lake valley en· 
tered the Moose River basin and discharged large vol· 
umes of melt water. 

No matter what scenario of melt-water drainage is 
hypothesized, during each of the Naptowne advances 
the tendency was for greater proportions of the total 
discharge of the Kenai River basin to have entered the 
Kenai Lowlands from the Moose River than from the 

. present Kenai River channel above the confluence with 
the Moose River. The Kenai River channel downstream 
from the Moose River thus has had a constant drainage 
area, and the overall decrease in discharge in that 
channel has reflected the general climatic change. The 
channel upstream from the Moose River, however, re· 

FIGURE 7.-Moose River channel between 1.3 and 2.6 mi upstream 
from its junction with the Kenai River-a striking example oC con· 
fined meanders occurring within a large sinuous paleochannel. 
Flow is toward bottom of photograph. Downstream change in pat· 
tern of present channel from meandering to straight is in response 
to entrenchment of the Kenai River. Scale, 1:12.000, or 1 in. = 
1,000 ft. Photograph credit: U.S. Army Corps of Engineers. 
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fleets partially offsetting changes in climate and drain· 
age area. The effects of change in drainage area have 
been to reduce the high discharges at times of glacial 
maxima. In consequence, the channel of the Kenai 
River bel'ow the Moose River reflects a history of ad· 
justment to greater absolute change in discharge than 
does the channel upstream from the tributary, and this 
difference in adjustment is reflected in the channel and 
sediment characteristics described in the following sec· 
tions. 

CHANNEL OF THE KENAI RIVER 

Study of the channel pattern, degree of entrench­
ment, position of riffle bars, symmetry of cross sec· 
tions, and slope permits a description of the Kenai 
River that, in combination with the subsequent sections 
on bank erosion and development, can be used to as· 
sess the relative susceptibility of various sections of the 

stream to the actions of man. The information will be 
presented in the following section but will be applied in 
the final section on river development. 

STREAM TYPE 

The Kenai River can be fitted to an engineering clas· 
sification of streams (Brice and Blodgett, 1978, p. 94; 
Brice, 1981, fig. 5) that emphasizes lateral stability­
the potential for bank erosion. The classification is 
based on observable channel properties that show an 
association with varying degrees of lateral stability. The 
section of the Kenai River between river miles 39.4 and 
17.6 has characteristics similar to the type described as 
equiwidth point bar. Such streams are relatively stable. 
Upstream and downstream from this section the Kenai 
River more closely fits the category described as 
wide·bend point bar. This type of stream is generally 
less stable than equiwidth point· bar streams. 

FiGURE 8.-Drain~ge network in the Kenai River watershed near the front of the Kenai Mountains. Limits of subsidiary advances within the 
Naptown Glaciation are shown (mainly from Karlstrom. 1964, pL 4). 
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CHANNEL QF THE KENAI RNER 13 

CHANNELPATI"ERN 

Variations in channel pattern can be empirically use· 
ful in assessing differences in susceptibility to bank 
erosion. For example, the straighter, less sinuous 
reaches of a stream tend to be significantly more stable 
than the more sinuous reaches, solely on the basis of 
the observation that bank erosion is most intense at 
channel bends. Channel pattern can be in part de­
scribed by means of a sinuosity index (S.I.), defined as 
the ratio of the thalweg length to the length of the 
meander-belt axis (Brice, 1964, p. 25). Although the 
symmetry of channel bends is not cons~dered in cal­
culating the index, channels can be descnbed by boun­
dary values of the index. In the classification used here, 
reaches with a sinuosity index greater than 1.25 are 
described as meandering, those with an index between 
1.05 and 1.25 are sinuous, and those with an index less 
than 1.05 are straight (Brice and Blodgett, 1978, p. 
70). 

The sinuosity indexes of overlapping reaches 4 mi in 
length are shown in figure 6, where values aie plotted 
at midpoints 2 mi apart. That the Kenai River varies in 
sinuosity is readily seen. Three intervals of meandering 
channel are present: the first, between Skilak Lake and 
river mile 34.8; the second, between river miles 21.8 
and 13.4; and that farthest downstream, between river 
mile 9.0 and the mouth. This last interval shows the 
downstream increase in channel width and meander 
amplitude associated wjth tidal augmentation of flow. 

The river branches into multiple distinct channels 
( anabranches) in two reaches (fig. 6). The upstream 
anabranched reach, between river miles 42.7 and 39.6, 

discharge. His original set of 105 pairs of data gives 
the relation ( Dury, 1970, p. 273) 

Also, meander wavelength is related to width of 
bankfull channel according to the relation (Leopold 
and Wolman, 1970, p. 216) 

A =6.5w1•
1
• 

Dury ( 1976, fig. 2) summarized 173 pairs of _values of 
wavelength and width and calculated the relat10n 

Leopold and Wolman ( 1970, p. 216-217) sho_wed that 
wavelength was more directly dependent on width than 
on discharge when data were compared for a large 
range of stream sizes. Bankfull discharge is considere_d · 
here as equivalent to channel- forming disch~ge and 1s 
calculated as the discharge at a recurrence mterval of 
1.58 years in the annual series. . . . 

The plot of wavelength with bankfull diScharge (fig. 
9) indicates that the channel in each of the. three 
meandering sections tends to be underfit; that IS, the 
data points are in or above the upper ranges of the 
data of Inglis and Dury. In such cases of appare1_1t un· 
derfit, a meander of a given size is associated with. an 
uncommonly low channel-forming discharg~, leadmg 

100,000 .------------;------------, is part of the first meandering section. The downstream 
anabranched reach, between river miles 15.8 and 11.4, 
includes part of the middle meandering section. The is­
lands within the upstream anabranched section of 
channel are mainly covered with mature spruce. V ege- ~ 

tation on islands in the downstream anabranched sec- i 
tion is less dense, but is generally mature and indicates ~-· 

that the islands are only rarely inundated. ~ 

EXPLANATION 

• Upstream meandering section 

•Middle meandering section 

• Downstream meandering section 

lNVESTIGA.TION OF UNDERFIT CONDmON 

w 
-' w 
~ ::: 
cr 
w 

The possibility of an underfit condition can be inves· ~ 

tigated by comparison of the channel pattern with dis· ~ 

charge and channel width. Paired observations have 
shown that meander wavelength is a function of 
bankfull discharge according to the relation (Inglis, 
1949, p. 147; Leopold and Wolman, 1970, p. 216) 

A =36Qo.s. 

10,000 

1 o.ooo 1 oo.oaa 
BANKFULL DISCHARGE. IN CUBIC FEET PER SECOND 

FIGURE 9.-Meander wavelength against bankfull discharge. Lines 
Dury ( 1965, p. 5; 1970, p. 273; 1976, p. 223) analyzed representing limits of Inglis ( 1949) and Dury ( 1965, 1970, 1976) 
several sets of paired observations of wavelength and data are approximate. 
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to the assumption that discharge has decreased since 
the meanders were formed. 

The data points in the plot of wavelength against 
width at bankfull stage (fig. 10} tend to cluster in or 
above the upper ranges of the data plotted by Leopold 
and Wolman ( 1970, fig. 7 .13) and Dury ( 1976, fig. 2). 
Tht.Ls the channel width is smaller for a given 
wavelength than would be expected by comparison with 
other streams, as the likely result of the meander pat· 
tern of the Kenai River having been formed during a 
previous period of higher discharge with, of course, the 
width of the channel reflecting the present, lower dis· 
charge. 

Meanders from the tidal section of channel mainly 
plot below the mean lines of the data in the Leopold· 
Wolman and Dury studies (fig. 10), but the signifi· 
cance of this relation is not known because those au· 
thors included no data from tidal reaches. The 
downstream meandering channel reflects tidally aug·· 
mented flow and shows the consequent characteristic 
increase in channel width, and so it should expectably 
indicate an underfit condition relative to the freshwater 
disc:harge of the stream, as it does in the plot of figure 
9. 

U.S. Army Corps of Engineers ( 1967, 1973, 1975, 
1978} permits analysis of flow depths according to pos· 
ition in the meander course and the type of channel 
pattern. The discharge at Soldotna during the 2·day 
period of the survey was in the relatively narrow range 
of approximately 11 ,500 to 11,900 ftfl / s. The cross sec· 
tions, therefore, represent the bed at a moderate flow 
level, approximately 70 percent of bankfull discharge, 
in the reaches between river miles 4 7 and 26. 

In meandering.streams the shallows analogous to rif. 
fles occur at the crossovers or points of inflection in the 
meander curve, and the pools are found at the bends, 
with the deepest point near the outside or concave 
bank. If this pattern of pools and riffles is not present 
or if it occurs with a different spacing relative to the 
meanders, some aspect of the fluvial environment is 
preventing the normal adjustment of the bed response 
to flow. For example, the meanders may be relict from 
a period of previous, generally higher discharge, or the 
mobility of the bed may have been reduced by the pro· ' 
cess of armoring, in which finer sediment is selectively 
removed and the bed· is rendered progressiVely im· 
mobile. Dury ( 1970, p. 268} recognized an underfit 
condition in which the old meanders continue as the 
stream channel, but in which the pools and riffles as· 
sume an irregular distribution reflecting the new re· 

FLOW DEPTH VARIATION wrrHIN MEANDERS duced discharge. . 
AND WITH DIFFERING CHANNEL PATI'ERN The following statistical analysis was made to inves· 
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... . . .. . .. ... . . ... . ... , _ _ _ ··-- _tigate the.spacing of.bars. Maximum depths in selected­
The measurement .of a series of cross sections by the sections were grouped in table 2 according to whether 

the channel was meandering or sinuous to straight. The 
data from meandering channels were subdivided by 
location-whether the section was at a bend or at or 
near a crossover-and were further grouped according 
to whether the meander was free to migrate laterally or 
was entrenched. Hypothesis testing of the differences 
between the means of the data subgroupsfor meander· 

··ing channels yielded unexpected-results;· There·was··no' ···· · 

uj 10.000 Wolman dala 

.. significant differcence-between--the max-imum-depths-in- -· 
bends and at crossovers, a result suggesting, when 
considered with other evidence, that the channel is un· 
derfit. The morphology is similar in some respects to 
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that of the illinois River (Rubey, 1952, p. 123-136), a 
stream with a stable and deep uniform channel that oc· 
cupies a valley formed by large pro glacial discharges. 

Tliere was also no significant difference betWeen the 
maximum depths in the channels· of meanders that are 
free to migrate-and those that appear to be entrenched. 
The only significant difference was found between the 

1000 '---------'-----------~ depths in all meandering channels and the depths of 
100 1ooo 1o.ooo sinuous or straight reaches. Maximum depths in the 

CHANNEL WIDTH AT BANKFULL DISCHARGE. IN FEET 
channel where it is sinuous or straight are less than 

FiGURE 10.-Meander wavelength against channel width at bankfull those where the channel meanders, with a probability 
stage. Lines representing ranges of previous data are approximate. in excess of 0.99. 
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ASYMMETRY OF CROSS SECI10NS AT BENDS 

Cross sections of the channel of a meandering stream 
are characteristically asymmetric at bends, with the 
point of maximum depth close to the outside of the 
bend. Of the nine sections located at meander bends, 
only four show the expected asymmetry, each in mean· 
ders free to migrate. Although none of the sections 
from entrenched meanders shows asymmetry, the 
sample size is too small for significance tests. Absence 
of or abnormal asymmetry can be regarded as evidence 
of underfitness, as exemplified by the lllinois River 
(Rubey, 1952, p. 129), where the normal asymmetry is 
reversed and the deepest part of the channel is close 
against the inside of meander bends. 

SLOPE 

The slope of the water surface of the Kenai River has 
a variation of at least an order of magnitude in the val· 
ues determined from 5-ft contour increments and plot· 
ted at the midpoint of each increment (fig. 6). These 
data should be viewed as approximations to the actual 
slope because of their photogrammetric derivation. The 
accuracy of photogrammetric altitudes is such that, 
over short longitudinal increments of channel, expect· 
able inaccuracies in altitude can yield significant dif· 
ferences in slope. Field observations likewise fail to 
conf1rm some of the slope data in figure 6 as more than 
approximations, useful for comparison only. 

At the largest scale there is a difference in slope be· 
tween the meandering reaches and the long middle sec· 
tion of the river with only a slightly sinuous configura· 

tion. The meandering reaches generally have the lesser 
slope, in accord with the general inverse correlation be· 
tween sinuosity and slope. 

At a smaller scale within the meandering reaches, the 
tendency toward anabranching, which is commonly as· 
sociated with an increased gradient (see Mollard. 
1973, fig. 1), does not fit this tendency, according to 
the data of figure 6. The anabranched and meandering 
sections of the river apparently have a lesser slope than 
some sections of single meandering channel. The 
reason for this anomaly is that parts of the upstream 
and middle meandering sections are entrenched. The 
entrenched meanders have the greatest slope, shown in 
figure 6 and verified by field observations, of any part 
of the river except the Moosehorn Rapids. 

BED :MATERIAL 

The bed material of the Kenai River is among the 
coarsest recorded for a meandering channel of similar 
size (compare data in Kellerhals and others, 1972). The 
reasons are both geologic and hydrologic. The coarse 
material reflects initial transport by glaciers, which 
throughout the Pleistocene covered at first all, and 
then sttccessively lesser, parts of the drainage basin. 
Coarse bed material was supplied directly from melting 
ice and outwash discharges and subsequently was de­
rived throughout the length of the stream from erosion 
of previous glacial deposits. Numerous boulders too 
large for transport by even the highest discharges re· 
main in the channel throughout the entrenched sec· 
tions of the river (fig. 4). 

TABLE 2.-Statistical analysis of mtUimum flow depths at cross sections measured August 23-24,1974 
[Location of sectiona, between river miles 26 and 47. Probable variation in discharge. lesa than 5 percent. Depths are in feet. SJ •• sinuosity index) 

Channel 
pattern 

meanderinf 
(8.1.>1.25 

Sinuous 
f:r strai~tht 
S.I.< 1.25) 

P .. ition 
in meander 

Bend 

Crossover 

Not determined 

Cbannel "rree" 
or entrenched 

Nonentrenched 
meanders 

Entrenched 
meanders 

Nonentrenched 
meanders 

Entrenched 
meanders 

Entrenched 
to varying 

degrees 

II 

6 

3 

4 

3 

8 

:r 
(range) 

11.1 
(8.7-13.5) 

10.7 
( 7.7-13.7) 

10.3 
(8.3-12.0) 

11.4 
(9.2-15.1) 

7.9 
(5.8-10.2) 

•• 
1.9 

3.0 

1.5 

3.3 

1.7 

!Jata grouped a.s indicated 

•• 

10.9 2.1 (7.7-13.7) 

10.7 2.2 (8.3-15.1) 

l: 
(range) 

10.8 
(7.7-15.1) 
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As glaciers receded within the Kenai Mountains, vented upstream extension of the entrenchment. The 
transition from a braided to a meandering channel oc- bed material below river mile 39.4 is coarser than that 
curred as the flow regime changed to one of lesser dis· upstream, remaining in the range 40-60 mm through· 
charge and greatly decreased sediment supply. Similar out the entrenched part of the channel downstream 
changes in pattern have been widely noted throughout from the Moose River. Below river mile 20, bed mate· 
areas peripheral to receding glaciers. In the Kenai rial becomes gradually finer, and, correspondingly, 
River, formation of the large lakes left by the receding bank-erosion rates locally increase to rates comparable 
glaciers..,..first Skilak Lake and then Kenai Lake-acted to those in the reaches upstream from river mile 39.4. 
much as the construction of reservoirs. Downstream The roundness (Meehan and Swanston, 1977) and 
degradation and partial armoring of the channel occur· size (McNeil and Ahnell, 1964) of bed material have 
red in response to the sediment-entrapment effects of been related to success rates of salmon spawning in 
the lakes. The pronounced entrenchment of the chan· southeastern Alaska. Survival of salmon eggs was 
nel below the Soldotna terrace, however, is attributed slightly higher in angular than in round gravel. The 
mainly to degradation consequent to change in base roundness of Kenai River bed material fell within 
level rather than to the downstream effects of the categories defined as subrounded or rounded, and no 
lakes. significant longitudinal variation was detected. Little 

The size of bed material in the active channel is variation in productivity consequently can be ascribed 
shown in figure 11 as the median diameter (Dso). These to this factor. Gravel permeability, which correlated 
data were obtained from large emersed bars by strongly with salmon survival rates, was found to be 
pebble-counting techniques that are statistically valid negatively related to the percentage by volume of sed· 
for coarse sediment (Wolman, 1954). Several esti· iment passing a 0.833-mm sieve. In measuring the size 
mat!!S oLthe median grain size were made .during a distribution of Kenai River bed material, the percent· 
boat traverse of the river, and these points are so de· age of material in size fractions finer than sand was not 
signated. The estimates were made only for the sub· determined because, for statistical validity of the re· 
mersed gravel dunes found in the reaches downstream suits, large volumes of material wou'Id have to be exca· 

. from Skilak Lake (fig. 12). vated and separated before the fine components could 
The distribution of median sizes of bed material (fig. be sieved. However, the percentage of sediment of 

11) reflects the entrenchment and partial armoring of sand size or finer ( <2 mm) was determined during the 
parts of the river. The comparatively finer gi"aiJ!e_Q_ bec!__pebble·counting_p.l'o.cess._Using. those.percentages-fol" 
materiaTupstream -from riverm:lfe 39.4, site of the comparison-a conservative approach because only part 
Naptowne end moraine and the Moosehorn Rapids, of the sediment finer than 2 mm would pass the 
coincides with the reaches in which higher erosion rates 0.833-mm sieve-the bed material of the Kenai River is 
were documented (see section on bank erosion). The highly permeable and contains a relatively small pro· 
extremely coarse bed material (Dso = 122 mm) in the portion of fine sediment. The streams studied by 
channel at the end moraine functions as the base level McNeil and Ahnell ( 1964, fig. 7) contained bed mate· 
for the river upstream to Skilak Lake and has pre· rial of which 5 and 20 percent was finer than 0.833 
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mm. At all measurement sites the surficial bed material 
of the Kenai River contained less than 5 percent sedi­
ment finer than 2 mm. No great significance should be 
placed on this comparison because of the greater 
coarseness of the Kenai River bed material and the dif­
ferences in sampling techniques. If it had been possible 
to measure samples of the Kenai River bed near the 
thalweg, the percentage of fine sediment would have 
been greater. 

GRAVEL DUNES IN CHANNEL BELOW SKIL\K LAKE 

The reach containing crescentic gravel dunes that are 
visible on aerial photographs between the outlet of 
Skilak Lake and river mile 46.5 is among the most pro­
ductive on the river in its ability to support heavy 
spawning of several types of salmon (see data sum­
marized by U.S. Army Corps of Engineers, 1978, fig. 
27). Whether the productivity relates to the bedforms 
or to the effects of suspended-sediment retention in 
Skilak Lake, leading to minimal deposition of fine sed­
iment in this reach, is not known. Crescentic dunes are 
a highly unusual mode of transport in gravel-bed 
streams. Both the. coarseness of the bed material com­
posing the dunes in the Kenai River and the scale of 
the dune forms (fig. 12) are exceptional. 

Active dunes of comparable and larger sizes occur in 
much larger rivers, such as the Mississippi and Mis­
souri Rivers, but are associated with finer, generally 
sand size bed material. The dunes in the Mississippi 
River are as much as 22 ft in height and range in 
length from 100 to 3,000 ft (Lane and Eden, 1940). 
The dunes of the Kenai River likewise vary in size, as 
indicated by their submersed images on aerial photo· 
graphy. The largest dunes are at least 500 to 600 ft in 
length, approximately equivalent to the mean channel 
width in this reach. Smaller dunes are developed on the 
larger forms and are common in lengths of more than 
50 ft. The maximum height of the dunes, estimated 
from water depths in the intervals between the shallow 
riffles that mark the crests of the forms, is at least 15 
ft. The ratio of height to length for the Kenai River 
gravel dunes appears to be greater than that for the 
sand dunes measured in larger rivers. 

Features of comparable coarseness and scale have 
been reported to result from an exceptional flood dis· 
charge, such as a surge from a dam failure (Scott and 
Gravlee, 1968, fig. 18), but in these unusual instances 
the features are not subsequently active. The gravel 
dunes of the Kenai River were examined with aerial 
photography taken in 1950, 1972, and 1977 to deter· 
mine the degree of their activity. Where best de· 
veloped, between river miles 48.5 and 46.5, the dunes 

show a surprising and remarkable similarity in posi­
tion. Resolution is relatively poor on the 1950 photo· 
graphs, but the positions of the major forms are clearly 
the same as those in 1972 and 1977. Striking compari­
sons of the 1972 and 1977 photographs show that even 
the small irregularities of dune morphology did not 
change in that interval, one that included a major flood 

i 
FIGURE 12.-Kenai River between approximate river miles 47.5 and: 

46.9. Crests of large crescentic gravel dunes appear just bela~ 
water surface as darker areas. Flow is from bottom of photograph 
toward top. Scale 1:4,800 or 1 in. = 400 ft. Date: July 11, 1977. 
Photograph credit: U.S. Army Corps of Engineers. 
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discharge in 1974 (fig. 3). The dune forms, like the 
traveling bars of an incipiently meandering channel 
and nearly all other types of submersed dune forms, 
are the type of bedform that migrates progressively 
and changes position at I.east seasonally. The rate of 
movement of the Mississippi River dunes described 
above ranged from a few ft per day to as much as 81 ft 
per day (Lane and Eden, 1940). The historical stability 
of the Kenai River dunes indicates that, like the forms 
described by Scott and Gravlee ( 1968), they are the 
product of an exceptional flood event, one probably 
greatly in excess of any flood during the period of flow 
records. 

The question of why the dune forms are confined to 
the 3.8 river miles downstream from Skilak Lake is not 
so easily answered. The presence of the dunes coincides 
almost exactly with the reach that appears "drowned"; 
that is, the channel shows evidence of having been 
formed at lower water-surface elevations. This part of 
the river presently functions in part as an extension of 
the lake-channel width is large and irregular; banks 
show little evidence. o.L~r()~io_n. '!'he DJQstJikely reason 
for the ,;drowned'' channel is the presence of gravel in 
the form of the dunes, which have effectively plugged 
the reach. The cause of the flood that introduced the 
gravel and molded it into dunes is unknown, but, as 
noted, the event was of exceptional recurrence interval. 
The effect of wave action in introducing suspended sed· 
iment into the river at the outlet of Skilak Lake is de· 

· s"Cribed·in-the-disrcussion of suspenaea·seaiment:-Simi:­
larly, it is possible that a flood surge traversing the 
lake mobilized sufficient coarse sediment at the lake 
outlet to form the dunes and aggrade the channel to its 
present configuration. 

dence of this condition includes sediment size and 
channel stability. The causes are threefold: the long· 
term decline in flow accompanying glacial recession, 
the reservoirlike effects of Skilak Lake, and, to an un· 
known extent, the presence of coarser underlying 
gravel than is present outside the entrenched reaches. 

The size data in figure 11 are mainly from emersed 
bar surfaces; the average bed material in a cross sec· 
tion is likely to be coarser. The most visible feature of 
the armored reaches is the presence of large boulders, 
which protrude above the water surface at normal 
levels of summer flow (see fig. 4) and may exceed 13 ft 
in intermediate diameter. In other streams the size of 
the Kenai River, the bed material normally will be 
moved by discharges not greatly in excess of bankfull 
discharge. Field calculations of tractive force compared 
with known critical values (for example, Baker and Rit· 
ter, 1975, fig. 1) indicate that only discharges greatly 
in excess of bankfull or channel-forming discharge will 
transport the coarse fractions of the size distributions 
in the entrenched reaches. These calculations are not 
presented here because of the confidence limits applic· 
able to the slope data and therefore to the values of 
tractive force. The general conclusion is believed to be 
valid. 
It should not be concluded that no ·movement of 

coarse bed material occurs in the entrenched channel. 
Competence is sufficient to transport coarse sediment 
supplied from reaches upstream and frQ_~tri~taries 
to theentrenched reaches. -Both sources have lower 
flow competence, in the case of the upstream river be· 
cause of a lesser slope. The basic gravel framework of 
the entrenched channel is, however, stable at bankfull 
flow. 

As will be documented in th~ discussion of bank ero· 
sian, the entrenched channel has been generally stable 
since 1950. Over much of the e·ntrenched channel no 

Armoring is the process whereby finer sediment is. detectable erosion has occurred, within the limits .of.. .. 
. progessively-r-emovea;-feaV1iii Hie co-arsesf materlai. to accuracy of the measurement techniques. Tbis_sJtJ.Iation _____ _ 

ARMORlNG OF THE CHANNEL 

-~rm·or-the-bea surface~-It occurs wlien tbelifgnflows· ··contrasts with that both upstream and downstream, 
that transport the coarse material no longer occur, as where extensive amounts of bank erosion have occur· 
happens when a reservoir is built upstream. In places red. 
where the change in flow regime is engineered, the ar· Excavation of the submersed bed material to deter· 
moring commonly involves only the surface of the bed, mine the size gradation within the. bed was not practi· 
is one particle diameter in thickness, and is easily ob· cal because of flow levels during the fieldwork in sum· 
serYable.{Vanoni,l975, p. 181~182). As the term is . mer and early fall~ The size gradation is probably slight 
applied here; to the sedimentologic response to a long· compared With the ar!D.orill.g resu}ting frOII1 such en._­
term natural reduction in flow, the :resultS are less ob- itneered changes in flow as that seen· in- the channel 
vious and do not appear as a pronounced size differ· downstream from a dam. The size difference may exist 
ence immediately below the bed surface. chiefly with respect to comparison of the size of bed 

The bed material within the entrenched channel (be· material with that of the underlying outwash graveL 
tween river miles 39.4 and 17.6) has a size distribution The important observation, however, concerns the 
in which a significant proportion of the particles is not competency of flood flows of a frequency that in 
erodible under the present f1ow regime, and the evi· nonarmored channels would readily move most sizes of 
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particles present in the bed. In the Kenai River, only 
the most extreme floods would mobilize the bed mate· 
rial in the entrenched section of channel. 

POSSIBLE E.FFEcrS OF ARMORING ON SALMON HABITAT 

From spawning to the time the young salmon leave 
the interstices of the gravel, the oxygen supply is criti· 
cal (see Phillips, 1974, p. 65-68). The initial shaping 
and sorting of the redd by the adult fish serves the dual 
purpose of increasing the flow rate within the gravel, 
through the irregularity of bed surface thus produced, 
and removing deposits of fine sediment from within the 
pores of the gravel. For the several months during 
which the young remain in the gravel, they are vulner· 
able to any renewed deposition of fine sediment. Even 
where dissolved-oxygen concentration is high, newly 
deposited sediment can act as a physical barrier to fry 
emergence. 

Einstein ( 1968) studied the progressive clogging of 
spawning gravel in flume experiments and observed 
that silt particles filter slowly down through the pores 
without any systematic horizontal motion, settling on 
top of individual clasts and filling the pores from the 
bottom up. These observations show that the armoring 
of the channel has important implications for the pro· 
ductivity of the Kenai River in terms of its ability to 
support the spawning and rearing of salmon. If bed 
material is too coarse to be moved by a normal range 
of flow, as is the gravel in the entrenched channel, fine 
sediment will gradually accumulate within the pores of 
the gravel and reduce the permeability. Because the in· 
filtrating fine sediment was observed to move only in a 
general vertical direction, lateral redistribution in the 
bed apparently will not occur. Thus, in an armored bed 
the clogging of the gravel pores is an irreversible pro· 
cess. Only the movement of the gravel framework, by 
either the spawning fish or an exceptional flood, will 
flush out the accumulating fine material. 

Observations by personnel of the U.S. Fish and 
Wildlife Service (Wayne Pichon, oral commun, 1979) 
show that salmon, particularly king salmon, can con­
struct redds in bed material as coarse as that in the 
armored channel. Study of spawning locations verifies 
that the armored reaches are the sites of active spawn· 
ing (U.S. Army Corps of Engineers, 1978, fig. 27). AI· 
though salmon are capable of building redds in the 
material and thus cleansing it at a point, it seems likely 
that the productivity of a progressively silting reach 
would decline. 

The historical rate of fine-sediment deposition in the 
gravel of the armored reach has not detectably reduced 
the permeability of the bed at the depth necessary for 
spawning and rearing. Before concluding that this will 

continue to be true, two factors should be considered. 
First, the rate of interstitial deposition will increase 
with any increase in suspended-sediment transport 
that may result from development or other man· 
induced change. Second, an exceptional flood compe· 
tent to mobilize and cleanse the armored bed will not 
necessarily occur. The flood that emplaced the gravel 
dunes in the reach below Skilak Lake may have been 
competent to mobilize the bed material in the armored 
reach, but its magnitude and cause, as well as its age 
(other than pre-1950), are unknown. Similar floods are 
likely to be the result of geologic events, such as the 
breaching of landslide and glacial dams, and thus their 
probabilities are not predictable from a short series of 
annual flows. 

The stability of the reach containing the gravel dunes 
indicates that the above conclusions apply to it as well. 
This at first seems unlikely because of the relatively 
finer bed material of which the dunes are composed. 
The dunes themselves, however, have dammed the 
channel and reduced the slope and thus the compe· 
tence of a given discharge. 

SURFICIAL DEPOSITS OF THE MODE.R.."'l' FLOOD PL\IN 

A flood plain exists lateral to the nonentrenched sec· 
tions of the Kenai River, but only small segments are 
found along the entrenched channel. Like the flood 
plains of the group of streams described by Wolman 
and Leopold ( 1957), the underlying material consists 
mainly of channel deposits. Only at the surface is there 
a distinct segregation of cohesive material within the 
size range of silt ( 0.004-0.625 mm) and clay ( <0.004 
mm). This layer of sediment deposited during overbank 
flow is as thick as 6 ft and is laced with roots that act as 
a strong binding agent. It is well developed in the in· 
terior of nonentrenched meander loops. 

A "mat" of root-bound fine-grained sediment is a 
characteristic of northern rivers and, because of either 
the absence of permafrost or the presence of a thick 
active layer (depth of summer thaw in permafrost), is 
particularly well developed in subarctic streams. This 
layer serves the important function of stabilizing river· 
banks by retarding the slumping that occurs in re· 
sponse to erosion of th·e underlying noncohesive chan· 
nel deposits (Scott, 1978, p. 11). As the channel de· 
posits are eroded, the cohesive layer may fold down to 
protect the bank from further erosion for a period as 
long as years. In such cases it has been likened by Rus· 
sian observers of northern streams to a cloth draped 
over the edge of a table. The layer also acts to protect 
meander loops from cutoffs. Observations of arctic and · 
subarctic streams by the writer indicate that cutoff is 
preceded by stripping of the surface cohesive layer. 

I 
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This process may extend over several successive high 
flows in smaller streams, or it may occur entirely at the 
time of the flow causing the cutoff in larger streams. 

tion in waters flowing over salmon spawning grounds" 
(Cooper, 1965, p. 61). · --; 

Values of suspended-sediment concentration in the; 
Any cutting or removal of the surface layer where it 

occurs along. the banks on the active flood plain of the 
Kenai River will create an increased potential for bank 
erosion. A boat slip without riprap, for example, and 
cut transverse to the flow direction creates a point of 
attack from which the cohesive layer can be stripped. 
Once the cohesive layer is lost, th.e underlying channel 
deposits are subject to rapid erosion that could lead to 
a meander cutoff. 

/ 
Kenai River at Soldotna ranged as high as 151 mg/L in "' 

SUSPENDED SEDIMENT 

24 samples collected from 1967 to 1977. The typical 
_c;oncentration during summer flow fell within the range 
.10~100 . ..m.g/L._Asample taken on September 9, ~@7..7-
the date of the peak discharge of record, 33,700 
ft;'J / s-yielded a concentration of 104 mg/L. The only 
con:iparabie-nearby stream, the Kasilof River, has a . __ { 
similar melt-water flow regime ancf'iik~wise drains a 
large moraine-impounded lake, Tustumena Lake. The 
stream is, like the Kenai River, the site of important 
salmon runs. Suspended-sediment concentration in 
that stream, from i9sampies coliected between 1953 

Sediment sufficiently fine grained to be transported a_P..d 1968, fliiLwithin the uncommonly narrow- range 
_in suspension affects the salmon habitat in a variety of J5::-45· n:!-g[J;.. This lower, narrower range can be as· 

direct and indirect ways (see Meehan, 1974, p. 5-7). As cribed mainly to the greater sediment-retention effect 
described previously, the main detrimental effect of of Tustumena Lake, but it could be due in some part to 
fine sediment occurs consequent to deposition, through lesser river use and bank development relative to the 
the reduction of gravel permeability during egg and fry Kenai River. 
development. Suspended sediment can be directly Limited sampling from the Kenai River at Cooper 
harmful to fish if concentrations are both high and per· Landing, at the outlet of Kenai Lake, suggests the pre­
sistant, but the requisite levels are not well defined. sence of generally low concentrations of suspended sed· 
After a literature survey, Gibbons and Salo ( 1973, p. 6) · iment at that point. The concentrations in 24 samples 
concluded that prolonged exposure to sediment con- taken between 1956 and 1974 at discharges from 420 
centrations of 200-300 mg/L is· lethal to fish, although tol9,ioo ff:'l Is- ranged fro in 2· to 26 mg/L, exceii-t for 
other studies report higher levels. High concentra- one measurement of 72 mg/L. Concentration at the 
tions may.also-detractfrom the esthetic. and- recrea·- -discharge-of-19,1-00-ft:l-/-s- was-only--2-mg-/L,-sampled-­
tional values of a fishery. Because salmon are sight September 20, 1974-the day before the peak dis· 
feeders, angling success is reduced and competition charge of record that resulted from release of the gla· 
with species more tolerant of turbidity is increased cial lake in the Snow River drainage (hydro graph in 
with a significant rise in suspended-sediment concent· fig. 3). 
ration (Phillips, 1971, p. 65). All pre-1979 measurements from the Kenai River at 

Subarctic alpine streams are characterized by a lim· Soldotna are plotted in fig'ilre- 13. A sharp distinction in 
I ited and specialized macroinvertebrate fauna that is the relation between water discharge and sediment 
\ adapted to the glacial melt-water environment (Hynes, concentration is evident in the data representing dis· 
- ·1970).-It-is·logicalto· assumethat·even minor-changes- ·charges of:January'through May and· tho·se for tne-

-- ---in-habitat- could-affect-the-macroinvertebrate-popula-- -·period-June-September. A-similar-difference-is-evident 
tion and thus the fish fauna dependent on it for food in the sediment-transport curve for the station (not 
(U.S. Army Corps of Engineers, 1978, p. 102). shown), in'which water discharge is compared with sed· 

-:-Unfortunately, the effects on the salmon habitat of iment discharge rather than concentration. The group· 
-~ \ specific values of suspended-sediment concentration ings of data seen in figure 13 represent the sustained 

11 Lhave ..2,2l been established. The preferred environments low-flow period of winter and spring and the prolonged 
and times for salmon spawning are clearly those with period of high melt-water flow throughout the summer. 
tlie least suspended sediment. Concentrations were ob· They illustrate the important conclusion that concent· 
served to be ''minor'' (less than about 30-50 mg/L) :rations can vary widely withii1 each range of flow. Tb,e 
during the spc.·."l~in-g and incubation periods in the biota of the Kenai River consequently will be at 
most stable producing areas for sockeye and pink sal- greatest risk to increases in concentration due to con· 
mon (Cooper, 1965, p. 6). Also, experiments compar· struction activity during the low-flow period. An- influx 
ing deposition rates from flows with 20 and 200 mg/L of sediment that caused little change in concentration 
of suspended sediment indicate the "necessity for levels during the summer could result in significant 
maintaining very low suspended sediment concentra· adverse impact during winter and spring. 
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Neither the base concentration levels nor the short· 
term variations in concentration are evident from the 
scattered historical samples shown in figure 13. To il· 
lustrate these aspects of the sediment system of the 
river and to provide a basis for future comparison, 
daily sampling at Soldotna was begun on August 23, 
1979, and continued until December 5, 1979 (fig. 14). 
During this period, suspended-sediment concentration 
ranged from 1 to 52 mgiL, at mean daily discharges of 
5,260 to 21,600 ft'l Is. In comparison with previous flow 
records ( fig. 2), the mean discharge of 11 ,800 ft'l Is in 
September 1979 was typical. Unfortunately for pur· 
poses of comparison, flow later in the fall of 1979 was 
abnormally high. The mean discharge for October of 
14,000 ft'l Is was more than 50 percent above the pre· 
vious high mean discharge for the month, and the 
mean flow in November of 7,330 ft'l Is exceeded the 
previous high by a similar proportion. 

Throughout the period of daily sampling, concentra· 
tion levels based near or below 10 mg/L and generally 
increased above that level in the early stages of a rise 
in flow (fig. 14). An unexpected pattern of variations in 
concentration with flow is the see.ming gradual rise in 
base concentration as discharge underwent its seasonal 
decline in late October and November. From base val· 
ues of approximately 5 mg/L in early September and 
m.id·October, the typical base concentration increased 
to about 10 mg/L in the period from late October to 
the end of data collection on December 5. Although the 

reason for this anomalous increase as flow declined is 
not known, one possible cause is wind-generated wave 
action on Skilak Lake. 

Each daily rise in concentration of more than 5 mg/L 
accompanied a significant increase in discharge in 
comparison with the preceding day (fig. 14). The shar· 
pest daily changes in concentration and discharge oc· 
curred early in both major rises in discharge during the 
measurement period. On days following the peak in 
concentration, discharge continued to increa~e. most 
notably during the rise in discharge that began on Sep· 
ten:iber 13. Concentration peaked on September 15 and 
then generally declined for the five subsequent days as 
discharge continued to increase. 

Speculations concerning the sources of this sus· 
pended sediment are possible. The relation of water 
discharge and sediment concentration described in the 
preceding paragraph is designated as advanced (or 
leading) sediment concentration (Guy, 1970, p. 22); 
that is, the peak concentration precedes the peak of the 
water-discharge hydrograph, in this case markedly so. 
This relation is the most common and is consistent with 
transport of loose sediment by the first direct runoff. 
However, in the Kenai River at Soldotna the concentra· 
tion is so advanced that the bulk of the sediment is 
clearly of local derivation, originating in the section of 
watershed downstream from Skilak Lake. This conclu·. 
sion is expected, given the sediment-entrapping func· 
tion of the lake, and narrows the sources of much of 
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the sediment to the Killey River basin and bank erosion 
along the Kenai River. 

Scattered sampling of the tributaries entering the 
river downstream from Skilak Lake shows that 
suspended-sediment concentration is generally very 
low, especially in the subordinate storm-runoff peaks 
of middle and late summer. Snowmelt peaks are the 
dominant discharge events in the flow records of these 
lowland streams, and the runoff is greatly retarded­
typical of marshy subarctic terrain. The Killey River is 
the exception: it drains a watershed that extends to 
nearly 6,000 ft in altitude (timberline is approximately 
2,000 ft) and includes the Killey Glacier, an extension 
of the Harding Icefield. Runoff from the Killey River 
basin contributes to the early part of any rise in. the 
Kenai River that occurs in response to a basinwide 
storm. Traveltime of flood waves from the headwaters 
is unknown, but it would be measured in hours as op· 
posed to days for a flood wave from the Snow River 
drainage (fig. 3). Unfortunately, storm sediment con· 
centrations of the Killey River are unknown. Observa· 

tions indicate that they are relatively high. Two sets of 
aerial photographs ( 1950, 1977) of the Ke-nai-Killey 
confluence show a turbid plume, representing the un· 
mixed contribution of the Killey River, extending sev· 
eral miles downstream in the Kenai River. Sequential 
aerial photography also indicates that the Killey River 
channel is actively eroding; a neck cutoff o: a meander 
1.5 mi upstream from the confluence occurred between 
1950 and 1972. 

The dispersion· in concentration at a given discharge 
is mainly due to variations in natural sediment· · 
producing processes. There is no increase in concentra· 
tion over time evident in the limited data of figure 13 
that can be ascribed to development or river use. This 
result may reflect the small number of samples taken 
at low flows. The effect of canal dredging and cleaning, 
which are probably accomplished mainly during low· 
flow periods, are limited in time and would have been 
sampled only by extreme change. Local residents re· 
port that episodes of abnormally high turbidity are 
caused by· dredging of canals. This high turbidity prob· 
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ably correlates with increased suspended-sediment 
concentration. 

One cause of dispersion in concentration levels at a 
given discharge is wind action on Skilak Lake. The lake 
is at the foot of large icefields and is periodically swept 
by violent winds that have caused the deaths of more 
than 20 boaters. The association of wind action on the 
lake, high turbidity levels in the lake, and turbid flow 
in the downstream part of the Kenai River has been ob­
served by S. H. Jones of the U.S. Geological Survey 
(written commun., 1979). These observations coincide 
with those of Smith ( 1978), who described sediment 
movement in a glacier-fed lake in Alberta in response 
to wind-generated currents. In addition to generating 
high turbidity throughout Skilak Lake, wind-induced 
waves may erode lake-bottom and shoreline sediment 
in the vicinity of the outlet. The entrained sediment 
may then be introduced into· the river as part of the 
suspended ·sediment load. 

Size measurements of the suspended sediment from 
the Kenai River at Soldotna indicate thatm2 to 71 per· 
cent falls within the size ranges of silt and clay. Com· 
parison with data from other Alaskan streams, jnclud· 
ing those fed by glacial melt water and controlled by 
lakes, shows that size distribution to be typical. Turbid· 
ity measurements from the station are too few for com· 
parison or generalization. 

BANK EROSION 

An. unknown but probably significant amount of the 
suspended-sediment load in the Kenai River is pres· 
ently derived from bank erosion. Future increases in 
suspended sediment thus will be caused by any typ·e of 
development or river use that increases bank erosion. 
The historical rates at which banks have been eroded 
can indicate which sections of the river are likely to be 
the most vulnerable to future man-induced changes. 

Bank-erosion rates were determined by comparing 
aerial photographs taken in 1950-51, 1972, and 1977 
(table 3). Additionally, the 1977 photographs were 
compared with ground photographs of the present 
( 1979) bank configuration in channel bends. These 
comparisons showed that since 1950 the entrenched 
section of the stream has been exceptionally stable. 
Elsewhere, erosion rates have been comparable with 
those to be expected in a river the size of the Kenai. 
There is an indication that a recent increase in bank 
erosion may be occurring in response to river-use prac· 
tices. 

METHODOLOGY 

Amounts of erosion were measured by superimposing 

TABLE 3.-Aerial phorography of the Kenai Riuer downstream 
from Skilak Lake 

Date Agency Scale Area coveted 

June, August 1950 • U.S. Geolo· 1:36,000 Entire river 
June, August 1951 _ gical Survey 
May 1965 -------- U.S. Army 1:12,000 Downstream 

Corps ofEngi· from Soldotna. 
neers 

September 1972 ••• U.S. Army 1:12,000 Upstream from 
Corps of Engi· Soldotna. 
neers 

July 1977 -------- U.S. Army 1:4,800 Entire river 
Corps of Engi· 
neers 

the projected image of one photograph on another of a 
differing date. If the projection is precise. the differ· 
ences in bank position correspond to erosion and accre· 
tion of the channel in the interval between the sets of 
photography. For this study, projections were made 

·with a Bausch & Lomb Zoom Transfer Scope. This 
technique permits immediate comparison ·of photo· 
graphs of greatly differing scale-a distinct advantage 
over previous methods. Because the procedure is not 
described in the literature, it will be discussed here in 
detail. 

Use of the Zoom Transfer Scope involves viewing one 
photograph directly through a binocular eyepiece. On 
that photograph is projected the image of a second 
photograph, with the scale of the projection continu· 
ously variable with a zoom control to as much as 14X. 
The image of the smaller scale photograph is projected 
on to the larger, and the illumination of either may be 
varied with a rheostat. In matching the images, it is 
useful to vary one of the illumination controls rapidly 
so that the two photographs are seen in alternating 
succession. Then, once the scale and position of the 
photographs have been correctly matched, channel 
changes will stand out with remarkable clarity. 

The main obstacle to precise measurement of channel 
change is scale variation in the aerial photographs. On 
each photograph the scale changes with distance from 
the center, reflecting the vertical orientation of the 
camera. Consequently, on each pair of photographs it 
is necessary to match geographic features in the im· 
mediate vicinity of each bank segment as it is analyzed. 
Features useful in matching photographs of the Kenai 
River include individual trees, large boulders, roads, 
and houses. The need to match features on or near the 
bank segment being studied cannot be overem­
phasized. Generally, the scale variation was such that, 
if one bank was matched, the opposite bank of the 
stream would not be matched, even in reaches where 
no bank erosion had occurred. 
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MECHANICS OF BANK EROSION-LOW BANKS AND HIGH BANKS differing flows levels shown on the photographs. 
Unfortunately, this generalization does not apply to 

Although permafrost is not present in significant the entire river. Above river mile 39.4 and below river 
amounts, the low banks bordering most of the nonen· mile 17 .6-the limits of the entrenched channel-are 
trenched parts of the Kenai River, and its flood plain areas with low banks eroding at rates as high as 5 ft 
where present, erode in a manner similar to the bank per year. Figures 15 and 16 illustrate the distribution 
erosion of streams in permafrost areas (Scott, 1978, p. of erosion within parts of these two sections of the 
10}. Channel deposits erode, thereby undercutting the river. Several observations on these figures are perti· 
stabilizing surficial layer of cohesive sediment. All nent. 
areas of relatively rapid bank erosion, with rates com- First, the eroding areas are local in distribution, and 
parable to those of small and medium-sized rivers even in these less stable reaches, much of the bank has 
elsewhere (Wolman and Leopold, 1957, table 4), in- not been affected by measurable amounts of erosion. 
valve the low banks. The positions of the rapidly eroding banks are not pre-

The low banks downstream from approximately river dictable from the configuration of the channel. This ef· 
mile 14 are composed of cohesive, clay·rich sediment feet is not unusual and has been shown in some other 
interbedded with less cohesive silt and sand, and lo· rivers to be caused by a wandering thalweg. Composi· 
cally with coarser sediment. Erosion progresses most tion of the banks is a chief control on erosion of the 
rapidly in the sand and gravel layers and triggers bank Kenai River banks, along with the correlative factor of 
failure by slumping. This bank material represents bed-material size. For example, at river mile 40.4 (fig. 
tidal and shallow marine deposition during the marine 15) the flow impinges at a 90° angle on the right bank, 
transgression near the close of the Naptowne Glaciation yet only negligible erosion of that bank has occurred. 
(table 1). Modern tidal deposition is occurring as far This section of bank is part of a topographic lineament 
upstream as river mile 12, but the deposits now subject against which the north sides of meanders are de­
to erosion mainly represent the earHer interval of dep· formed upstream from river mile 39.4 (fig. 1). Cut 
osition. banks along the lineament reveal glacial till that is re· 

The high banks are those extending well above the sistant to erosion because of its clay-rich matrix. 
level of bankfull stage to heights as much as 70 ft. They Second, erosion rates have been relatiyely constant 
occur along entrenched sections and locally along during the period 1950-51 to 1977. This conclusion is 

..nonentz:enched_sections_of_"_the riv.er. The banks -are based on the proportional-amounts-of erosion -in sub­
composed mainly of glacial-outwash gravel that is dis· divisions of this period. In the downstream area of high 
tinctly fmer grained and more poorly sorted than the erosion rates (fig. 16), the amount of erosion between 
modern channel deposits. Most cut banks are covered 1950 and 1965, a 15-year interval, is similar to or 
with mature spruce and historically have been stable. slightly greater than that between 1965 and 1977, a 
Where the high banks are eroding, the slope is under· 12;year interval. Upstre-am (fig. 15), most of the ero~ 
cut at the base, and the vegetated surface is progres· sion occurred between 1950 and 1972, with smaller 
sively unraveling. Trees and mats of vegetation slide amounts between 1972 and 1977. The intervals reflect 
into the river until the entire slope becomes composed the dates of the photographs. 

-of loose gravel at the angle of repose; The slope angle·--· ·Finally;the two·sectionsoftne river With-thehigl:fesc-···· 
_ ---is--nearly-the-same-as-that-of-the--completely-vegetated- -erosion-rates- coincide with those:·sections· of-the-river-··· 

banks, showing that the history of the banks is one of having a tendency to anabranch. In each case the slope 
erosion interrupted by a geologically recent interval of of the eroding reaches is controlled by a base level a 
low erosion rates that has allowed the mantling and short distance downstream. In the upstream reach the 
stabilizing of the slopes by vegetation. The period of control is the N aptowne end moraine; in the 
high-bank stability may now be ending in response to downstream reach the control is sea level. 
increased river use, a possibility discussed below. Tidal action extends upstream approximat~ly as far 

. . as l-iver mile i2 and affects tfie reach shown in figure 
RATES OF BANK EROSION . 

The posftic:mof-the-high. banks ortlie entrenched 
channel in 1977. was remarkably similar to their posi­
tion in 1950-51. Rates of erosion less than 1 ft per year 
were the rule. At most sites there was no detectable 
change in bank position, within the limits of accuracy 
of photographic comparisons and with adjustments for 

16. Jc:>nes( 1!3_~_(1),J_Il. l:!~t'll,dy oOheKenai River estuary, 
measured tidal velocities at sections as far upstream as 
river mile 11.4, above the illustrated reach. The meas· 
urements revealed significant floodtide velocities at 
that point at a time of low streamflow and high tides 
(May, 1969). Bank erosion from upstream tidal flow is 
possible during such periods. The distribution of the re· 
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FIGURE 15.-Reach in upper section of the Kenai River. showing bank 
erosion rates. Solid line is bank position in 1977. 
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FIGURE 16.-Reach in lower section of the Kenai River, showing 
bank·erosion rates. Solid line is bank position in 1977. 
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co.rded erosion (fig. 16) indicates, however, that 
downstream flow is the main cause. The erosion of the 
head of. the island at the bottom of figure 16 is an 
example, as is the erosion on the inner, upstream side 
of the"bend immediately above river mile 10. 

POSSIBLE RECENT INCREASE IN BANK EROSION 

larger amounts once the stability of the bank is de­
stroyed. The groins were constructed before 1972, and 
the opposite high bank is beginning to fail by slumping 
near the point opposite the largest groins. 
- Another explanation is a recent change in river use. 

Beginning approximately in 1974, it was discovered 
that the most efficient sport-fishing technique for king 
salmon consisted of "drifting'' -the practice of trolling 

Although no obvious changes in bank-erosion rates· from a boat while floating downstream without power 
could be determined in the period 1950-51 to 1977, through a promising reach, and than using power tore-

-there is evidence of recent change that possibly fore- turn to the head of the reach and repeat the maneuver. 
casts a period of more rapid erosion. The most notice- Fishing for most other species, such as silver salmon, 
able change is the number of fresh slide scars on the has continued in large part from anchored boats. The 
high banks visible in the 1977 photographs. Figure 17 practice of" drifting'' for king salmon has resulted in a 
illustrates these scars on the high banks along the out- substantial increase in the use of high-horsepower 
side of meander 3-H. The features occur where a ina- sport boats and more intensive usage of the boats per 
turely vegetated bank is undercut and the bank surface man-day on the river. These effects are additive to the 
slides off into the river. The amount of erosion in terms general increase in sport-fishing popularity (table 4). 
of distance of bank retreat h~s thus far been small. An assessment of this problem is beyond the scope of 
Nevertheless, if sliding continues and the entire this report and should await conclusive study of the 
lengths of meander cut banks become active, a serious possible recent increase in erosion rates mentioned 
erosion problem will result. Because of the heights of above. The potential for river-use practices as con­
some banks (50-70ft), small amounts of bank retreat tributors to increased bank erosion is a significant one, 
will add large volumes of sediment to the stream. however, and should be considered by planners 

To investigate this increase in erosion of the high whether an- increase in erosion can be documented or 
banks, ground photographs were made of the inside of not. Once the stabilizing vegetation on the high banks 
all meander bends and then compared with the 1977 is lost, erosion can potentially accelerate, even if river 
aerial photography. The results suggest that the insta- use is subsequently controlled. 
bility is of recent occurrence and is continuing and The effect of boat wakes on the banks is sufficient to 
posSiblyincreasingaCthe 'present 'time{l979Y: -The- 'initiate aria cause--continued erosion of the hfgh -blinkS 
evidence for this conclusion is based on the 1977 without other significant changes. Observations along 
photographs, which are of larger scale ( 1:4,800) and the cut bank of meander 3-H reveal that each wake 
consequently of greater resolution than any preceding runs up the loose gravel bank as much as 3 or 4 ft, 
photographs, as well as on a comparison of that photo- eroding and entraining sediment and creating a zone of 
graphy with ground photographs. To establish the re- visibly turbid water at the edge of the stream. The bank 
cent instability of the high banks without qualification, is progressively undercut, and the slope profile is 
it may be necessary to compare. the 1977 photography maintained by sediment from the upper sections of the 
~~.b a !g~~! !S!!t Jb~_tis ~gtl,_iy~~:~:g:tj,J:L§.~~l~:!JI,Ilg_ resolu ~ __ QgJ:l~jYJv~r~ the __ bankjs_vege_tated or formed.of_cohe~ 
tion. sive sediment, the resistance to boat-wake erosion is 

----There are sever3.1 explanations for tliis apparent in-- greater. 
crease in slide scars on the high banks. The possibility 
that construction debris was dumped over the banks 
was excluded in most instances. Another possibility is 
that the increased deflection of flow into cut banks as a 
result of construction of groins, boat ramps, and 

TABLE 4.-King salmon taken by sport fishing in the Kenai River, 
1974-79 

[Data from Aluka DepUUDeut o(Fiab and Game. Aanual catch is limited by State 
regulatioaal 

bank-protection structures has thus far caused small Year· ~~.:ia '(:tu~';t 
amounts of erosion. The most obvious example is _...__ ______ ......;. ___________ _ 

Total 

1974 1.685 . - 3,225 4 910 meander 1-P near Sterling, where the inside of the - ---------------------:. · sis 2,355 2:970 

entrenched-meander bend is studded with 13 groins ~~~::::::::::::::::::::::: 1,555 4,477 6,032 
from 15 to 75ft long (fig. 18). These groins create the 1977---------------------- 2,173 5,148 7,321 

Potential for bank erosion of at least an equivalent dis- 1978---------------------- 1•542 5•578 7,120 
1979----------------,------ 3,661 4,634 8,295 

tance ·on the opposite cut bank and the possibility of 
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FIGURE 17.-Kenai River between approximate river miles 16.7 and 15.3. Note concave high bank with slide scars, and canal development and 
forest clearing on flood plain within meander loop. Wakes are caused by boats. Flow is from bottom of photograph to top. Scale, 1:4 .BOO. 
or 1 in.= 400 ft. Date: July 9, 1977. Photograph credit: U.S. Army Corps of Engineers. 
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DEVELOPMENT AND THE KENAI RIVER CHANNEL 

This part of the report discusses which sections of the 
river are most vulnerable to development and the types 

· of development and impacts associated with each. 
Table 5 summarizes the channel characteristics· and the 
sensitivity of each section of the stream to develop· 
ment. It will serve as background information on the 
channel for the discussion of development types that 
follows. For use by planners, this section is intended to 
be used in conjunction with the flood· hazard maps pre· 
pared by the U.S. Army Corps of Engineers (1967, 
1973, 1975). The existing criteria for development 
permits are presented in the comprehensive report by 
the U.S. Army Corps of Engineers ( 1978, p. 16-52). 

CONSEQUENCES OF DEVELOPMENT 

Because the risks of development cannot be quan­
tified, the definition of the hazard~ to the Kenai River 

salmon fishery must be subjective. The exact erosional 
response of the river's banks to certain types of de· 
velopment is unknown, although a significant response 
can be expected on the basis of our·knowledge of river 
behavior. Nor can the increase in suspended-sediment 
transport that will result from increased bank erosion 
be stated with any degree of certainty. We know that 
suspended sediment will increase as bank erosion in­
creases, and th~ studies cited in the section on sus­
pended sediment indicate the potential for decline in 
the salmon iiShery with increases in concentration only 
moderately above present levels. Conclusions regarding 
the range of concentration levels that may prove harm· 
ful will not, however, meet with agreement among 
those studying salmon habitats. 

Additions to suspended sediment that will occur di· 
rectly from construction activities should be distin· 
guished from the more significant increases in con· 
centration that can occur with the increased bank ero-

FiGURE 18.-Kenai River between approximate river miles 38.2 and 37.0. Flow is from right to lefL Scale. 1:4.800, or I in.= 400ft. Date: July 
11. 1977. Photograph credit: U.S. Army Corps of Engineers. 
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DEVELOPMENT AND 'mE KENAI RIVER CHANNEL 2 

sion triggered by some types of development. (This 
section deals with the latter type of hazard unless 
stated otherwise.) An ·additional potential cause of in· 
creased suspended-sediment transport is such upland 
land-use changes as logging, but these effects are 
excluded from the analysis. And possibly more sig· 
nificant than any effect of development is the potential 
adverse impact from river·use practices described in 
the previous section. 

In determining what types of development to allow, 
planners are faced with two problems. The first prob­
lem involves the fact that, although a type of develop­
ment may now be insignificant in its effects on the 
river, the cumulative effect of many such develop­
ments, combined with other actions in the future, may 
have an important negative effect. An example of such 
a situation, discussed below, is the excavation of boat 
slips in the entrenched section of the river. An ap­
proach to this general problem is to continue to 
monitor the productivity and sediment content of the 
stream as development progresses. 

The second problem involves the fact that, because 
none of the risks associated with any of the develop­
ment types can be quantified, cost· benefit analysis 

cannot be used directly. This. however. should no 
serve as a rationale for lack of decisions concerning de 
velopment. This report defines the impacts of eaci 
common type of development, ranks them in order o 
risk, and indicates (table 5) how the impact will var: 
along the river. 

Each development type can be assessed for its paten 
tial to cause channel change. The most dramati 
change, and one that poses a short·term hazard to th· 
stream by increasing erosion and suspended sediment 
is. the cutoff of a meander loop. A cutoff is a sudder 
diversion of the main channel that may set up a dis 
equilibrium which causes substantial channel chang· 
extending beyond the vicinity of the diversion. Cutoff 
consist of two types: loop or neck cutoffs. in which < 

meander loop tightens until flow cuts across the nar 
row neck; and chute cutoffs. in which flow cuts across < 

meander loop, generally one less tightly developed anc 
one which may have incipient channels between ridge:: 
of point-bar deposits. 

The first effect of a loop cutoff will be seen in the 
change of shape of adjacent meanders in response to 
the local change in slope. The extent of this change has 
been variously reported to be slight or to consist of 

TABLE 5.-Sunimary of channel characteristics pertinent to determining sensitivity of the Kenai River to deL·elopment 

Rate of Relative 
Segment of channel Pott1n1 and bank erosion sensitivity 

( river miles) degreeo( Underfit conditions Degree of armoring under present to 
ent.-enchment regime development 

( fttyr) 

50.3 to45.7 Meandering; Channel appears Partly armored (stable 1.0 Low 
slightly en- "drowned"-formed at crescentric dunes). 
trenched. lower streambed 

elevations. 
45.7 to 39.4 Meandering; Channel is product of None-------------------- 5.0 High 

free to present flow regime. 
migrate. 

Low 39.4 to 34.8 Meandering; U nderfit, especially Mainly armored----------- <1.0 
entrenched. below junction with 

Moose River. 
34.8 to 21.8 Sinuous to Most underfit section do -------------------- <1.0 Do. 

straight; of entire river. 
entrenched 
within Soldotna 
terrace. 

21.8 to 17.6 Meandering; Underfit----------------- do --------------------
< 1.0 Do. 

entrenched 
within Soldotna 
terrace. 

17.6 to 13.4 Meandering; Slightly underfit ___ -- ____ Parts may be slightly 2.0 High 
Partially armored. 
entrenched. 
but meanders 
are migrating. 

Do. 13.4 to 9.0 Sinuous and Channel is product of 
None ____________________ 

5.0 
anabranching. present flow regime. 

9.0 to mouth Meandering in Channel is mainly 
do --------------------

2.0 Moderate 
tidal regime; product of present 
channel is free flow regime. 
to migrate. 
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channel realinement extending for miles beyond the The unriprapped canals in the interior of meander 
site of the cutoff. Case histories of cutoffs in streams loops are of concern to the stability of the river. The 
similar to the Kenai River are not useful in forecasting canals create. a point of attack for flood flows to cut 
the likely effects. A loop cutoff of an entrenched sub· tlirough and peel away the surficial layer and erode the 
arctic stream-the Pembina River in Alberta-was de· underlying channel deposits. Once a channel is formed 
scribed by Crickmay ( 1960), but little bank erosion in the underlying gravel, the potential is for a cutoff 
outside the point of cutoff apparently occurred becausa and a diversion of the entire channel through that point 
the stream, unlike the Kenai ·River, .was entrenched in in the neck of the meander. 
resistant bedrock. Loop cutoffs on the White River in Meander cutoffs have occurred on the Kenai River, 
Indiana resulted in rapid growth of adjoining mean~ probably within historical time, although none has oc· 
ders, but the effect did not extend very far upstream or curred within the post-1950 period-documented by aer· 
downstream (Brice, 1973, p. 191). In a new meander ial photography. The bend labeled meander "1-J" may 
formed after a chute cutoff on the Des Moines River, have been a fully developed meander, now cut off, the 
erosion rates were initially high and then decreased as previous course of which is in part marked by a small 
the equilibrium position approximated by the meander residual channel. Meander loop 1-L (fig. 15) is a 
belt was approached (Handy, 1972). A contrasting re· meander probably in the process of a gradual chute 
suit was described by Konditerova and Ivanov ( 1969), cutoff. 
who documented a pattern of change in the Irtysh The areas at risk from a meander cutoff are those 
River, a tributary of the Ob River in Siberia, in which where the river channel is not entrenched and the level 
changes in a single "key" meander controlled the de· of the interior surface of the meander loop is below the 
formation of a long sequence of meanders. Perhaps the level of the Intermediate Regional Flood-that which 
most comprehensive study of the eff~cts (){cutoffs is will.recur once in 100 years on the average but which -
that by Bricidi986), who has compiled case histories could occur in any given year. The risk of a cutoff is 
on approximately 60 sites where artificial cutoffs have associated with lesser floods, but the frequency of 
been made. In most places the results were slight, but flows or the depth of flow on the flood plain with which 
in a few there were drastic effects. The reasons for this the risk is associated cannot be accurately stated. 
differential response are not yet known. In the upstream part of the river the areas at greatest 

Probably the greatest long-term hazard to the stream risk of cutoff potentially triggered by unriprapped 
is the loss of stability of the high banks. Once the veg· canal development include the J:J!~ai:lgerJoot~l3 in the 
etative cover ofthe banks is lost, erosion rates a:iid sea~ r-each that extends from river mile 45.7 to river mile 
iment loads could increase rapidly to levels endanger· 39.4. Below this section of channel the river is fully en· 
ing the productivity of the river. After the process be· trenched, and upstream to the mouth of Skilak Lake 
gins, the only means of restoring the stability of these the meanders are stable, and the normal pattern of 
banks could be a costly engineering solution. The pos· pools and riffles are replaced by gravel dunes. 
sible effects of river use on the high banks were discus· In the downstream part of the river the area at risk 
sed in the section on bank erosion. A type of develop· from channel changes initiated by canals extends from 
ment that could have a similar effect is.the building of river mile 17.6 to river mile 9.0. The channel upstream 
groins and boat ramps on the conve_x b13._l!~ (jf li:lE!all_~ Jrom _r.i::v..er_mile __ L1.6-is-entrenched,-and--that------
derS:Some-lossoHiigh·-bank stabilitY could also result downstream _from approximately_riy_er_mile __ 9_.is rela.-__ ___ ---

--from ·a·meanaef cutoff on a nonenfrenclied partol'the- -tiV'ely stable within the tidal regime. This section of the 
stream. river includes the area of single greatest risk, meander 

Where the channel is not entrenched, the interior of 
several meander loops has been developed by means of 
canals bulldozed within the active flood plain for the 
purpose of providing waterfront access to trailer sites 
and homesites. This unusual form of development is 
possible only because of the sustained high flow that 
keeps the water level in the canals within a restricted 
range throughout most of middle and late summer. The 
most extensive canal developments occur within mean­
ders 3-H and 1-H (figs. 17 and 19, respectively). 

3-H. Here the stream is partly entrenched-the interior 
of the meander loop is active flood plain; the outside 
high bank is 40 to 45 ft in height. This bend is the 
tightest of any meander on the river, and the interior 
of the loop has been subject to canal development and 
forest clea.ring _ (fig. 17). The consequences of a loop 
cutoff of meander 3-H could be significant. Much of 
the area within downstream loop 3-I would potentially 
be subject to erosion as the channel adjusted to the 
postcutoff configilration. There is little impediment to a 
major realinement of the stream at this point. The high 
bank on the downstream side of meander 3-H is ac· 
tively eroding; vegetative cover has been lost, and the 
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bank is composed of relatively fine grained glaciofluvial 
sediment. 

The area upstream from meander 3-I, the apex of 
which is the tight bend known as Big Eddy, is subject 
to periodic ice-jam flooding. The potential for channel 
cutting through the neck of meander 3-H is con· 
sequently increased. Ice scars in spruce trees growing 
on the interior-meander flood plain extend to heights of 
approximately 20 ft. Flooding and erosion risks as· 
sociated with ice jams are present on the entire river, 
of course, but they are pronounced in this place. 

GROINS AND BOAT RAMPS 

Groins are structures placed at approximately a right 
angle to the bank, commonly for the purpose of pre· 
venting bank erosion. Along the Kenai River the struc· 
tures are emplaced most commonly to provide docking 
facilities and a protected area for boat mooring. The 

coarseness of the bed material allows it to be formed 
into groins that are sufficiently stable to remain for 
years with the addition of riprap on the point and up· 
stream side. The riprap may consist of rock· or 
concrete-filled drums, iron bars and cable, tires linked 
with chain, or dumped scrap metal. Without minimally 
maintained riprap, the groins and boat ramps are ob· 
served on the sequential aerial photographs to become 
blunted over a period of years as the material is slowly 
eroded. 

The greatest development of groins is found on 
meander 1-P (fig. 13), as described in the section on 
bank erosion. They are mainly confined to the en· 
trenched section of the channel, where they are the al· 
ternative to canals and boat slips because of the im · 
practicality of excavation in the high banks. 

Characteristic of a groin is the formation of an eddy 
downstream from its tip and a resulting deflection of 
flow that can erode the bank. The problem can be 

FIGURE 19.-Kenai River between approximate river miles 44.8 and 42.9. Interior of meander loop has been developed with canals. Note 
natural channels across neck of meander; one channel has been partly excavated to form a canal. The Killey River enters from bottom of 
photograph. Flow direction is from right to left. Scale, 1:12,000, or 1 in.= 1,000 ft. Date: September 24. 1972. Photograph credit: U.S. 
Army Corps of Engineers. · 
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minimized by emplacing the groin at a slight upstream 
angle. This type of bank scour associated with groins 
and boat ramps on the Kenai River is not normally a 
problem because of the coarse bed material. 

The most obvious deleterious result of groin and 
ramp construction is the potential for displacement of 
the channel toward the opposite bank a distance equiv· 
alent to the length of the structure. This result has yet 
to occur at meander 1-P because the bank on the out· 
side of the meander bend was stabilized by vegetation 
at the time of construction. At present ( 1979) the bank 
is beginning to fail by undercutting and slumping, a 
process that can be expected to increase in future years 
if the groins are maintained with the addition of riprap. 

If the distance of channel displacement was confined 
to the length of the structures, a cost-benefit analysis 
of their construction would be possible. Unfortunately, 
once the stabilizing vegetation on the bank is lost, the 
erosion potential is much greater, and it is possible for 
a cycle of increased erosion over a period of years to 
begin. 

EXC\ VA TED BOAT SUPS 

are a type of development that is not necessary for re· 
creational use of the river. For most owners of river· 
front property, a slip can be viewed as a matter of con· 
venience; small boats can be drawn up on the bank at 
any place where the bank height is low enough to make 
a slip feasible. Excavated slips, however, may encour· 
age the use of large, high-horsepower boats of the sizes 
that may be contributing, disproportionate to their 
numbers, to the possible increase in bank erosion dis· 
cussed previously. With unlimited river use, the grant· 
ing of permits for boat slips could logically, therefore, 
be assessed for the potential additional effect of en· 
couraging larger boats. 

BANK· PROTECTION STRUCIURE? 

A variety of measures have been employed to support 
and protect homes constructed on the banks of the 
Kenai River. They include concrete walls, gravel berms, 
earthen embankments, piles driven into the bank, and 
chained tires. The purpose is commonly multifold: to 
provide. docks, to provide founciati()I1S Jor structures, 
pore& aiid patio areas~ or to expand usable lot size, as 
well as acting as revetments to provide protection from 

Boat slips excavated in the channel bank are proba· bank erosion. 
bly the most common type of development along the The effects on the stream channel of most such bank 
Kenai River. In the past the excavated material has modifications will be slight as long as the original bank 
been dumped to form a small protective groin on the profile is not greatly changed. Loss of channel capacity 
upstream side of the slip or·just pushed into the chan· and concentration of flow toward the opposite bank, 

--~-·_nel._B.othJllethO-ds-9Ldisposal.,"-howeve~.-a~e-p~esently-- -1 ea-din-g--to--ero·sion-of.:...t·h-at-0 ank~- · are --possiOleTf- tlie ---- ----~-­

contrary to the conditions attached to a construction structures are sufficiently extensive and of sufficient 
permit (U.S. Army Corps of Engineers, 1978, p. 43). height to function l~>cally as flood levees. Indirect ef· 
The slips and the caiia:l systems are excavated and fects, related to excavation of gravel and removal of the 
cleaned, most commonly during the low-flow period. cohesive surface to supply fill for berms and levees, are 

The potential for harmful effects of unriprapped boat also possible. · 
slips varies with location .. Where excavated on the up· 
stream side of a meander loop in the nonentrenched GRAVEL MINING AND comfERCJAL DEVELOPMENTS 

part of the stream, a single boat slip can pose a hazard _ _ ---------------------------·--
-by-creating-a-point-ofattack-for--fic)oa·flows:Meander --Arseverarlocations visf6fe on the 1977 aerial photo· 

---1---H-is-a-bend-that-would-become-more-vulnerable-to- -graphs-it-aplYe·ars-than·:neoanksnave Been mined-for _________ _ 
·utoff through the construction of slips on the up· aggregate. The largest of these sites is on the north 
-ream side, especially at the locations of natural chan· bank of the Kenai River, approximately 0.2 miles up· 
Is visible in figure 19. Where slips are excavated at stream from the junction of the Moose River. The im· 
st locations on the entrenched part of the stream pacts of gravel mining on stream ·channels have been 
':lie 5), the individual hazard will be slight, but each described previously (forexample, Scott; 1973; Bull 

form part of a cumulative effec~. The 11eeg f()r rip· . and Sc_Qtt, 1974) and need not be elaborated here. The 
vill also vary.greatlywith location. Where-excava- hazards are-clear,-and; because-ofabundant·sand and 
~ in the coarse channel· d~posit~~ch~act!'!ristic. of gravel depositsthrdugliout:tne::area,:Uttle:rationale 
ltrench-ed--a.l:i~fp~~tly ~~mored sections of the presently exists for permitting mining of the Kenai 
he need for lining by even coarser material will River banks. In addition to channel diversion and bank 
1t at most locations. Riprap will be advisable at erosion, there is risk of dumping of the unmarketable 
>s outside the entrenched channel. fine-grained sediment fractions into the river. 
1re other considerations illustrating the com· Operators of many small fishing resorts have mod· 
the impact of boat slips. Excavated boat slips ified the banks to provide ramp access to the stream as 
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well as convenient parking. At a few sites large volumes 
of gravel have been displaced, most of which has been 
used for fill. At a few resorts developed on higher. 
banks, large volumes of gravel apparently have been 
pushed into the channel and subsequently transported 
by the stream. In some cases the gravel ramps extend· 
ing into the stream are periodically maintained with 
newly excavated gravel. The impacts of these commer· 
cial developments, whether they involve extending or 
cutting the natural bank, will correspond to those pre· 
viously discussed for groins, boat ramps, and slips. 

CONCLUSIONS 

Suspended-sediment concentrations in the Kenai 
River are naturally low because of sediment retention 
in upstream lakes; levels known from other streams to 
be harmful to salmon habitat are reached only rarely. 
More frequent elevated concentrations may result 
from increase in development of the types now present 
along the navigable channel of the river. These types of 
development are listed in the preceding section in the 
order of their magnitude of impact on the sediment 
system of the stream. 

Rates of bank erosion since 1950-51 show that sec· 
tions of the river differ greatly in their sensitivity to 
development, as indicated in table 5. Throughout the 
central section of the river (between river miles 39.4 
and 17 .6) the channel is entrenched, partly armored, 
and has undergone rates of bank erosion that are very 
low to undetectable. Upstream and downstream from 
this section the bank erosion rates are more typical of 
proglacial streams-as high as 5 ft per year. Two addi· 
tiona! sections of channel are exceptions to this pat· 
tern: the initial 3.8 river miles of channel below Skilak 
Lake are highly stable because of the presence of large 
gravel dunes emplaced by a pre·1950 flood surge; also, 
the downstream 9.0 river miles of channel are moder· 
ately stable because of the dominance of the tidal re· 
gime. 

Develop::.ent along the navigable channel will affect 
the sediment system of the stream in several ways. 
Construction may increase suspended-sediment 
concentration temporarily, with the greatest potential 
for harmful impact between January and May, as indi· 
cated by the relation between discharge and concentra· 
tion for that period. Development can increase bank 
erosion, and thus the suspended-sediment concentra· 
tion, over the longer term by causing cutoff of meander 
loops, loss of stabilizing vegetation on banks, and loss 
of the cohesive surface layer of flood-plain sediment. 

Throughout this report, emphasis has been placed on 
the potential for increased suspended-sediment trans· 
port because that is the first general effect of develop· 

ment which is likely to be harmful to the physical 
stream system. The effect on salmon habitat occurs 
mainly through deposition of fine sediment in the pores 
of the streambed gravel in reaches used for spawning 
and rearing. There is additional concern for habitat 
conditions throughout the entrenched and partly ar· 
mored section of channel. Without the cleansing action 
of flood flows competent to mobilize the coarser bed 
material of those reaches, increased transport of fine 
sediment will result in deleterious rates of deposition 
within the bed. In contrast with normal reaches, flow 
magnitudes competent to move the bed material of the 
armored reaches are greatly in excess of bankfull dis· 
charge and may not recur at the frequencies necessary 
to maintain a viable fishery if suspended-sediment 
transport increases. 

Bank-erosion rates have been generally constant 
since 1950·51. The high cut banks present in en· 
trenched and partially entrenched sections of channel 
have been mainly vegetated and stable through the 
same period. Loss of stability of the high banks is of 
special concern because of the potential for large, 
long-term contributions to the sediment load of the 
river. Ground photography in· 1979 suggests that the' 
high banks have locally begun to erode more rapidly,\ 
although verification of this possibility must await fu· 
ture study. A likely contributing cause of such erosion I 
is increased intensity of river use and a recent change) 
in sport-fishing technique. / 

The Kenai River salmon fishery is a major component 
of the economic base of the Kenai Peninsula. It justifies 
continued concern for changes in the sediment system 
of the stream, in response to channel and flood-plain 
development as well as trends in land use and olher 
changes within the watershed. This can be best ac· 
complished by monitoring the suspended-sediment 
concentration and the stability of the high banks. 
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3 - SCOPE OF WORK 

The objectives of this study are to analyze extreme cases of flood waves 
produced by hypothetical failures of the proposed dams of the Susitna 
Hydroelectric Project. Tre analyses are carried out over the reach of the 
Susitna River from the most upstream point in the reservoir of the dam being 
considered to the confluence of Trapper Creek, approximately 5 miles downstream 
from Talkeetna (see Figure 3.1). 

To satisfy the study objectives, the work was organized and carried out in the 
fo 11 owing manner: 

Scenarios of worst case hypothetical dam failures were postulated for the 
Watana dam, the Devil Canyon dam, the Watana upstream cofferdam, and a domino 
type failure of both the Watana and Devil Canyon dams. 

-A dam break computer program was selected to assist in analyses. 

- Final dam breach dimensions and time of breach formation were estimated for 
each scenario. 

- De>w_ns_tr_§_arn y __ alley __ to_pographica 1 and -vegetative information were assembl·e·d- and 
the geometric models were prepared. 

- Dam break hydrographs were developed and routed downstream. Peak flood eleva­
tions, time to peak, and peak discharges were determined at various downstream 
locations for each of the postulated fai 1 ures. 

- The study was com p 1 et ed wi !h _ an_g]_ys e_s__o_Ltbe_Lout.ed-hydr-ogr-aph-s-and-- a-eompar-i--- -­
son-Cif-flooCf-wav~crest levels in the river reach under dam break and probable 
maximLm flood conditions together with the 50 year flood conditions. 
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4 - HYPOTHETICAL DAM FAILURE SCENARIOS 

Earth/rockfill dams are extremely safe structures capable of safely withstanding 
severe seismic shaking. The structure is normally designed to slump during a 
severe earthquake without being overtopped. As with all major water retaining 
structures, the safety of the development is also dependent on the performance 
of properly designed spillway facilities to safely discharge severe floods. 
Should spillway facilities not perform satisfactorily during a major seismic 
event (they are normally very conservatively designed to do so), there is a risk 
of overtopping of the earth/rockfill dam which could lead to a breach and 
subsequent failure. 

Concrete dams are also extremely safe structures capable of safely withstanding 
severe seismic shaking and flood conditions. However, there is a very remote 
possibility of a flood of unforeseen magnitude occurring simultaneously with 
severe seismic shaking which together with spillway malfunction might lead to 
overtopping of the dam and under extremely adverse conditions, breaching of the 
structure. 

Four hypothetical dam failure scenarios which create extreme conditions in the 
river reach have been postulated. The probability of any of these scenarios 
actually occuring is considered to be extremely small, but still not equal to 
zero. The hypothetical dam failure scenarios are described below. 

4.1- Hypothetical Watana Dam Failure 

The remote possibility of a failure at Watana would have to be based on a 
combination of unlikely events. For_stygy p_urp_os.es .. these-ev .. ents-ar-e assumed as 
fol-1-o\•rs: ·Prio~rt6 the construction of the Devi 1 Canyon dam, a major earthquake 
and a Probable Maximum Flood (PMF) simultaneously occur at Watana. All normal 
outflow facilities are inoperable and only the emergencyspillway is left to 
discharge flows from the reservoir. Seismic activity causes the Watana dam to 
slump to a crest elevation of 2205. The rockfill dam catastrophic failure is 
initiated when the reservoir level is three above over the crest level (El. 
2208). 

4.2.~ Hypothetical Oevi l Canyon e-Dam Fa·i+ure- ·--- -- ----- - - ---- .. ---···---···-··· ·---···----···-·····-·--··-·· 

·---··-···simiTarly,-at-Devifcanyon the following combination of unlikely events is 
assumed: The Devil Canyon arch dam fails during a PMF routed through the Watana 
reservoir. All of the Devil Canyon dam normal outflow facilities are inoperable 
and only the emergency spillway discharges flows downstream. The Devil Canyon 
arch dam failure is initiated when the Devil Canyon reservoir reaches the 
maximum level or when thirty feet of water is flo.wing over the arch dam, 
whichever o~curs first.· Failure of the saddle dam is not considered since this 
case would produce lowt:r discharges and water levels below the dam compared to 
the fai lur·e of the arch dam. 
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4.3- Hypothetical Domino Type Failures 

In this case, the following combination of unlikely events is assumed: This 
scenario is a combination of the Watana and Devil Canyon failure scenarios. The 
Watana dam failure triggers a· failure of the Devil Canyon arch dam. The Watana 
dam failure is the same as that postulated in Section 4.1 followed by Devil 
Canyon arch dam failure as postulated in Section 4.2. The Devil Canyon 
reservoir level at which catastrophic failure begins is that level which is 
determined during the analysis of the hypothetical Devil Canyon dam failure. 

4.4 -Hypothetical Watana Cofferdam Failure 

In this case, the following scenario is assumed: The upstream Watana cofferdam 
fails during a fifty year flood. The diversion tunnels are sufficiently 
obstructed to raise the pool level three feet over the dam crest. The cofferdam 
crest elevation is 1545 and catastrophic failure is initiated at a pool level of 
1548. 
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5 - TECHNICAL METHODOLOGY 

The technical methodology employed yields the most accurate results reasonably 
achievable given the constraints of the problem. Thi.s methodology employs 
state-or-the-art analysis of the problem and is described in the following 
sections. 

5.1 - Dam Break Computer Program Selection . 

The National Weather Service (NWS) dam break flood forecasting model, "DAMBRK," 
by Or. Danny Fread (2) was selected to model the hypothetical dam failures. 
McMahon (4), United States Geological Survey (5), and others have judged this 
model to be the best dam break model currently available. The NWS DAMBRK model 
includes an extremely versatile dynamic flood routing program which· solves the 
Saint Venant equations by implicit finite difference techniques. 

The dam break hydrograph is developed internally by the Fread method. The 
hydrograph is dependent on the final breach shape and the time over which the 
breach develops. Specific breach input parameters are bottom width, bottom 
elevation, side slopes, and time of failure (see Figure 5.1). 

The program requires minimal river cross section data. Of major importance is 
river slope, roughness, and valley geometry. DAMBRK interpolates cross sections 
at intervals as needed and specified by the user. This capability is nearly 
essential for numerical stability requires that the distance between cross 
sections be approximately equal to the product of the wave speed and the time 
step used in the analysis. 

TO determine the hypothetical failure pool level of the Oevi 1 Canyon arch dam 
discussed in Section 4.2, the Modified.Puls method, a storage routing technique 
based on the continuity principle, was employed to rout the PMF through the 
Watana and the Devil Canyon reservoirs. This method was also used to determine 
the point on the PMF hydrograph at which the hypothetical Watana dam failure 
commences. The ~rodified Puls routing was accomplished with an Acres' in-house 
computer program. 

--- 5.2- - -Breach--Dimensions -and Time of Failure 

The final breach geometry is specified in DAMBRK by bottom width, bottom eleva­
tion, and side slopes which must be equal on both sides. The natural channel 
width and elevation at the sites have been used as breach dimensions. Breach 
side slopes are assumed to be one horizontal to one vertical for an earth/ 
rockfill dam and the average valley slope for the arch dam. 
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Development_of the breach commences when the pool level is equal to or greater 
than the assumed failure elevation. Breach progression is directly related to ; [ 
the ratio of the time passed since start of failure to the total duration of c· 
failure, or "time of failure". The time of failure pertains to only the 
c.atastrophic event and not to the r.elatively lower antecedant discharges. Dam · ... ) 
break hydrographs can be very sensitive to the time of failure. Unfortunately, 1 
there is no method available to accurately determine time of failures. Time of 
failures may be either crudely estimated based on erosion characteristics of the "! 
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dam and/or determined as that time which would produce a-hydraulically instanta­
neous failure. The unreliability of time of failure prediction necessitated a 
sensitivity analysis. Watana dam time of failures of 2.5 hours and 3.0 hours 
were analyzed. These times are based on a·conservative estimate of time 
required to erode approximately 49 million cubic yards of material. Devil 
Canyon time of failures of 0.4 hours and 0.5 hours were analyzed. A Watana 
cofferdam time of failure of 0.5 hours was assumed. The domino failure scenario 
is based on a Watana time of failure of 2.5 hours and a Devil Canyon time of 
failure of 0.5 hours. 

5.3 - Geometric Model 

A simplified geometric model representative of the river valley is input into 
DAMBRK. Cross sections are required only at significant changes in river slope 
or valley cross section. Eight elevations and corresponding valley widths are 
input to define each river cross section. Additional sections are created in 
the model by interpolation. Surface roughness is expressed as the Manning 
coefficient 11 n" and input for each reach defined by the original sections. 

The majority of cross section information was taken from United States Geologi­
cal Survey quadrangle maps with a horizontal scale of 1:63360 and 100 foot 
contour intervals upstream of the Town of Chase and 50 foot intervals downstream 
of Chase. r-bre detai 1 ed river valley topographical information is avail ab 1 e 
only in the vicinity of Devil Canyon and Watana. 

To define the downstream cross section geometry it is desirable to have more 
detailed information than currently available. This is especially true in the 
vicinity of Talkeetna where the river valley width is in the range of two to 
three miles and only 50. foot contour intervals are available. Nevertheless, the 
available topographical information is sufficient to analyze flood waves with 
reasonable accuracy. 

The Manning coefficients were predicted for the reaches of the Susitna River. 
Manning's coefficient calculations for the over- bank area are based on bottom 
friction and drag from partially submerged obstructions {6). Composite 11 n" 
~alues were determined using the assumption of equal velocity across the section 
(1). Preliminary DAMBRK runs showed that in a few reaches the flow regime 
changed with time from subcritical to supercritical and back to subcritical as 
the dam break flood wave passed through a reach. At numerous sections, the 
Froude nL.mber became so 1 arge that mathematical nonconvergence occurred in the 
computer run or the computed flow area at a cross section became zero. To 
eliminate modeling problems due to supercritical.flow in a subcritical run, it 
is common practice to either alter the cross section geometry or increase the 
"n" value {3). Thus, in a nunber of reaches, the 11 n" values were increased to 
values above the predicted 11 n" value. The artifically high "n" values tend to 
reduce the speed of the wave and increase the depth of flow in the reach. The 
DAMBRK output has been adjusted slightly in an attempt to smooth errors created 
by computer modeling limitations. 
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6 - ANALYSES OF DAM BREAK FLOOD WAVES 

Dam break hydrographs have been dynamically routed down the Susitna River to the 
confluence of Trapper Creek which is approximately 5 miles downstream from 
Talkeetna. Peak flood levels, peak discharges, and time to peak were determined 
along the river. The following sections summarize the study results and discuss 
sensitivity of the analysis to time of failure assumed. · 

Peak dam break flood levels are compared to the PMF and 50 year flood levels 
at selected cross sections and shown graphically in Figures 6.1, 6.2 and 6.3. 

6.1- Watana Failure Analyses 

The hypothetical Watana dam break was analyzed for failure times of 3.0 hours 
and 2.5 hours. The Watana dam break hydrograph superposed on the PMF hydrograph 
is shown in Figure 6.4. The Watana dam break hydrograph at Watana and Talkeetna 
is shown in Figure 6.5. Maximum stage, flow rate, velocity, and time to peak 
stage are given in Table 6.1 at six loc.ations along the Susitna River. 

6.2- Devil Canyon Failure Analyses 

The hypothetical Devil Canyon dam break was analyzed for failure times of 0.5 
hours and 0.4 hours. The Devil Canyon dam break hydrograph at Devil Canyon and 
Talkeetna is shown in Figure 6.6. Maximum stage, flow rates, velocities, and 
times to peak stage are given in Table 6.2 • 

6.3- Domino Failure Analyses 

The hypothetical domino type failure analysis is based on failure times of 2.5 
hours and 0.5 hours at Watana and Devil Canyon, respectively. The dam break 
hydrograph at the Devil Canyon dam and Talkeetna is shown in Figure 6.7. Maxi­
mum stage, flow rates, velocities, and times to peak stage are given in Table 
6.3. 

6.4- Watana Cofferdam Failure Analysis 

The hypothetical Watana cofferdam failure analysis is based on a failure time of 
0.5 hours. The Watana cofferdam hydrograph at Watana and Talkeetna is shown in 
Figure 6.8. Maximum stage, flow rates, velocities, and times to peak stage are 
given in Table 6.4. 

6.5- Sensitivity Analysis Discussion 

The sensitivity analysis conducted revealed that the failure times chosen give 
results not significantly different from those for hydraulically instantanous 
failure times. Both the Devil Canyon and Watana peak discharges increased only 
slightly with reduced failure times. Differences in downstream effects are not 
discernible over the range of failure times tested .. However, since much longer 
failure times would be outside of the hydraulically instantanous failure range, 
they should significantly reduce the downstream affects of dam failure. 
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WATANA DAMIBREAK ANALYSES SUMMARY TABLE TABLE 6.1: 

'Maximum Sta?e ( ft} 
Time to Peak 

location Maximum flow (cfs} Maximl.lll Velocit~ Cf(!s} Stage (hr) PMf Stage ( ft} 
i (1) . 2) (1) (2) (1) ( ) (1) (2) 

Wstana N~A. N.A. !42,624,000 40,464,!000 76 73 N.A. N.A. N.A. 

Indian River 126 125 130,121,000 29,390,\000 63 63 3.9 4.3 22 

Gold Creek 179 177 \29,980,000 29,239,000 40 39 4.2 4.6 31 

Curry 205 203 127,939,000 27,439,,000 62 62 4.5 4.9 53 

Talkeetna 77 77 126,331,000 25,992,000 16 17 5.4 5.7 25 

Trapper Creek 85 85 :26,175,000 25,910,000 21 21 5.9 6.2 15 

(1) 2.5 hour ti~e of failure 
(2) 3.0 hour U~e of failure 

m I 
I 

I TABLE! 6.2: DEVIL CANYON DAM BREAK ANALYSES SUMMARY TABLE 
N 

Time to Peak 
location MaximUm State (ft) Maximum flow (cfs); Maximum Velocit~ (f(!s) Stage (hr) PMf Stage ( ft) 

I (1) 2) I n' . (2) (1) ( ) (1) (2) 

Devil Canyon N.A. N.A. ~1,453,000 10,963,000 60 59 N.A. N.A. N.A. 

Indian River 7J 7J 9,054,000 9,116,000 43 43 0.8 0.9 22 

Gold Creek 103 103 8,512,000 8,598,qoo 31 31 0.8 1.0 31 

Curry 112 112 6,391,000 6,408,000 37 37 1.9 1.9 53 

Talkeetna 42 42 5,271,000 5,274,000 9 9 3.3 3.3 25 

Trapper Creek 56 56 4,608,000 4,609,QOO 8 8 4.1 4.2 15 

(1) 0.4 hour time of,failure 
(2) 0.5 hour tin\e of failure 

N.A. - Not Applicable :. 

·~-- ··-c----' ·---
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TABLE 6.3: DOMINO fAILURE ANALYSES SUMMARY TABLE 

Maximum Stage MaximLill flow Maximum Velocity Time to Peak 
Location ( ft) (cfa) (res> Stage (hr) 

Watana N.A. 42,507,000 75 N.A. 

Devil Canyon 579 31,112,000 90 J.6 

Indian River 120 31,036,000 64 3.0 

Gold Creek 103 30,053,000 39 4.1 

Curry 200 20,991,000 63 4.3 

Talkeetna 79 27,553,000 17 5.2 

Trapper Creek 06 27,457,000 21 5.7 

TABLE 6.4: WATANA COffERDAM fAILURE ANALYSE SUMMARY TABLE 

Maximum State Maximum flow Haximuin Velocity Time to Peak 
Location ( ft) (cfa) ( Fea> Stage (hr) 

Watana N.A. 469,800 19 N.A. 

Indian River 18 321,400 15 5.0 

Gold Creek 27 323,700 12 5.3 

Curry 30 298,400 21 7.2 

Talkeetna 11 290,000 6 10.1 

Trapper Creek 11 354,900 6 10.8 

N.A. -· Not Applicable 

PMf Stage 
( ft) 

N.A. 

N.A. 

22 

31 

53 

25 

15 

50 Yr flood 
Stage ( ft) 

N.A. 

3 

9 

18 

7 

5 
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7 - CONClUSIONS 

7.1 -Conclusions 

The conclusions of this study are: 

-The hypothetical darn failure at Watana produces a peak flood level at 
Talkeetna 52 feet above the 1 evel which would be produced by the PMF. 

-The hypothetical dam failure at Devil Canyon produces a peak flood level at 
Talkeetna 17 feet above the level which would be produced by the PMF. 

The hypothetical domino failure downstream effects are not significantly 
different from those of the Watana dam failing prior to the construction of 
the Devil Canyon dam. 

-The hypothetical failure effects of Devil Canyon dam failing singly are less 
devastating than those of the failure of Watana singly. 

- The Dev i1 Canyon dam wi 11 fail if the Watana darn fails. 

- Peak discharges and elevations produced by the hypothetical Watana cofferdam 
failure are less than those which would be produced by the PMF but 
approximately 4 feet higher than the 50 year flood at Talkeetna. 

-A period of approximately 5 hours would elapse between initiation of a failure 
at Watana and the arrival of the flood peak at Talkeetna. Additional time 

_ITiig[lj: __ b_e_ay_aU_abJ e __ prtor.to the. -f.a-i-1-ur-e with appropri-ate- Hood-and oth·er event­
warning syst ens. 
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APPENDIX A 

EXCERPT FROM DAMBRK: THE NWS DAM-BREAK 
FLOOD FORECASTING MODEL (2) 
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DAUBRK: THE Ni-lS D.o\1-!-BREAJC 
FLOOD FORECASTING HODEL 

D. L. Fread 

Office of Hydrology'· National. lleather Service (Nt-lS) 
Silver Spring, Maryland 20910 

FeBruary 10, 198~ 

Ca.ta.Sf:roplii.c flash flooding occurs 'tiheu a d.a.m is breached and t:he 
impounded tilater escapes through the breach into the downstream. valley. 
Usuall.y the response t::Lme avai.lable , for wa.'tlli.ng is m'Q.C.h shorter than 
for prec:ipitati.au-rtmof:f floods. Dam failures are often caused by • 
overtcpping of the dam due to inadequate· spillway capad.ty during large 
iDfl.ows to the reservoir f1:0m heavy precipitation runoff. Dam fa:il.ures 
'11lJ!l'Y also be caused by seepage or piping through the dam or along interna.l 
conduits, slope embankment slides, earthquake damage and li.quefac:t:ion 
of earthen dams from earthquakes, and landslide-generated waves ~l:h:tn 
the' reservoir.. Middlebrooks (1952) describes earthen dam fa:ilures 
occurring within the u.s. prlor to 1951. J'ohnson and nles (1976) 
summarize 300 dam failures throughout the world. 

The potential for. catastrophic flooding due to dam failures has . 
recently been brought to the Nation's attention by severa.l dam failures 
such as the Buffalo Creek coal~t:e dam, the Toccoa Dam, the Teton 
Dam, and the Laurel Ru:a Dam. A report: by the U.S. Army (1975) gives 
an inventory of .the Nation's approximatel.y so;ooo dams vit:h heights 
greater than :zs: ft. or storage volumes in exc'ess of 50 oacre-ft:. The 
report also c.la.ssifies some 20, 000 of these as being rr so located 
that· failure of the dam could result in loss of human life and 
apprec:ia.9le property damage •••• •• . . 

'I'he Nat:iona1. 'Weather Service {NYS) has the responsibility to 
advis~ the public: of dcmnstream flooding Yhen there :is a failure of 
a dam. Although this type of flood has many similarities to floods 
produced. by precipitation runoff, the dam-break flood has some very 
important: differences which make it difficult to analyze with the 
common techniques which have worked so well for the precipitation­
runoff floods. To aid M1S flash flood hydrologists who are called 
upon to forecast: the downstream flooding (flood inundation :inforca­
tion and warning times) resulting from dam-failures, a numerical QOdal 
(DM!BRK) has been recently developed. Herein is presented an outline 
of the model's theoretical basis, its predictive capabilities, and 
ya.ys of util.i.zing the model fer forecasting of dam-break floods. 
Ihe.~mRK mode.l may also be used for a multitude of purposes by 
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planners.~aesigner~ and analysts Yho are concerned Yith possible 
future or historical flood in'U.tldation mapping due to dam-break. floods 
and/or reservoir spi2lYay floods, or any specified flood hydrograpb. 

2. 

The DAMBRX. model att:~pts to rep~esent the current state-of-the­
art ill underst.a:nding of dam. failuZ"es and the utilization of hydro­
dynamic: theory to. predict the dam-break yave f or.cat::ion and dmmstre.am 
progressioa. The model has 'Wide applic:abili.ty; i1: can function with 
various levels of input data r.ang:ing fror:1 rough est::i.m.ates to complete. 
data specifica.tian.; the required data is readily ac:cessible; and it 
is economically feasible to use, i.e., it requires a minimal compu­
tation effort em. 1a:rge computing facilities. 

The IrliOdel consists of three ftlllCt:icma..l patts, namely: (l) de­
sa:ripticm of t:he dam failure mode, i.e., the temporal. a:c.cf. geometrical · 
descrlption of the breach; (2) computation of the time h:f.story. 
(hydrog%'apb) of the outflov through the breach as af~ected by the 
breach description, reservoir ihflo~, reservoir storage characteristics, 
spillway outflows, and dow-nstream tailwater elevations; and 
(3) routing of the outfl~ hydrograph through ;he dow-nst%'eam valley 
in order to det:ermine ··the changes in t:he hydrograpn due·'to valley 
storage, frictional resistance, downstreac bridges or dams, and to 
determine the resulting water surface elevat~ons.(stages) and flood­
Yave· t:ra:vel times •. 

DAMBRX. is an expanded version of a practical operational model 
first presented in 1977 by the author (Fread, 1977). That model Ya.S · 

ca:sea on previou.S ~ork by-tfie authOr-on model.ixig breached. dams (Fread. 
and Harbaugh~ l973) and routing of flood Yaves (Fread, 1974, 1976) •. 
There have been a number of other operational dam-break models that 
have appeared recently in the lit:erature, e.g., Price, et. al. (1977), 
Gundlach and Thomas (1977), Tha.Das (1977), Keefer and Simons (1977)~ 

Chen and Druf£el (1977)~ Balloffet, et al. (1974), Balloffet (1977), 
Br~ and Rogers (1977), Rajar (1978), Brevard and Theurer (1979). 
D~!BRK differs from each of these models in the treatl:lent of the breach 

· ·fomat:ion·;-tne ·autflcw-Iiydrograpf£_~e_t:_~ra.-a.on;-iiid --the-- dotms ~e!a~j1_~~d ~ 
·- · - routing~ 

6. SUMMARY AND CONCLUSIO~IS 

A damo-break..-flood forecasting model- (DAMBRK) is .descno·ea and 
applied to same actual dam-break flood waves. The model consists 
of a breach component ~hich utilizes simple pa;rameters . to provide 
a temporal and geometrical description of the breach. A second. com-· 
ponent: computes the reservoir outflo~ hydrograph resulting from the 
breach via a broad-crested weir-flo~ approximation, Yhich includes 
effects of submergence from downstream tailwater depths and corrections 
for approach velocities• Also, the effects of storage depletion and 
upstream inflo~ on the computed outfl~ hydrograph are accounted 
for througll storage routing within the "rese:r:voir.. The third component. 
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consists CJ.f·~ ... dynamic. routing tec.lm.ique for determining the modifications 
to the dam-break. flood wave as it. advances through the downstream 
valley, ;·including its travel time and resulting water surface elevations. 
The dynamic routing component is based oa a weighted, four-point non­
linear finite difference solution of the one-dimensional equations 
of unsteady flow which allows variable time and distance steps to 
be used in the solution procedureo Provisions are included for rout­
ing superc.ritical flows as well as subcritical flows, and incorporating 
the effects of downst4eam obst4Uctions such as road-bridge embankments 
and/or other dams. 

Madel dat:a · requirement:s are flexible, allO':ring minimal data input: 
wen 12: is not. ava:Uable wh:Ue permit.t:ing ext:ensive data to be used. 
when appropriate. 

'Ihe model. Yas tested oa t:he Tet:cn Dam. failure and the 'Buffal.o 
Creek coaJ."""''i1a.ste dam colla'Pse. Computed outflOtJ volumes through the 
breaches coincided wi.th the observed values in magnitude and t:imi:c.g. 
Observed peak discharges a..lcug the dm.'"llSt:.ream valleys >Jere satisfac­
t.ori.ly reproduced by the model even though t.he flot7d yaves ~re 
severely attenuated as they advanced dcwa.st4eam.. 'nle computed peak 
f~ood. elevaticms ~e vithi.a. an average of 1.5 ft and l..S ft: of the 
observed. ma::dmum ele.vaticins fer Teton and Buffalo Creek, res-peeti.vel.y. 
Both the Tetca and 'Buffalo Creek. siculat:ions indicated. an important. 
lack of sensitivity of downstl:eam ctischa:rge· to errors in the for~ast 
of the. breach size and timing. Such errors produced sigrdficant. 
di.fferenc:es in the peak discharge in the vici:c.ity of the dams; how­
ever, the differex::u:es ...era· rapidly reduc~ as the waves advanced 
dcmnstteam. O:lmput:aticmal requirements of the model. are qu:Lte feasible; 
CPU' time (IBM 360/195) was 0.005 second per hr per mil.e of protoeype 
dimensions for tha '!etcu Dam. simuht:icn, and 0..,095 second per hr per 
mile for the Buffalo Creek. sim:u.latiou. '!he mere rapidly rising BuffaJ.o 
Creek. ~ve (t· ::a 0.008 hr as compared. to Teton where T ::a 1 .. 2.5 hr) 
required smaller ~t and A:l:. computational. steps; however, total. compu­
tation t:imes (Buffalo: 19 see and TetctL: 18 sec) were si.m:i:,J.ar since 
the BuffaJ.o Creek 'W.Ve at:t.e.nua.ted to insignificant values in a shorter 
distance down.st4eam and in less time than the '!etoa. flood wave. 

Suggested wys for using the D&'!B'RK model in. preparati.on of pre­
computed flood infarmatiaa and in real-cime forecasting were presented. 
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APPENDIX B 

SAMPLE DAMBRK OUTPUT 
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..... ' 07 120.62 566.19 566.19 
... 
I 

! 00 I :!9, 16 56::!.63 56::!.63 ·I .. 09 129.71 559.09 559.09 ;Ill 
90 IJ0.25 555.11 55~.11 

·- 91 130.110 549.10 5·19 .to I 

92 lJ l. 69 538.76 530.76 
93 132.56 ~28.7ft 520.71 
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9-'1 }"33.-'-17 Slb.IJ.> 
95 13-1 .J2 508.98 

( i 

96 135.20 501. 12 
97 d6.o7 49-t.H 
98 136.94 497.96 
99 a37.ea 401.50 

100 138.69 475.10 
101 1J9.56 468.74 
102 140d3 462.38 
103 141.30 455.49 
1114 142.65 443.72 
1115 1H.oo 430.18 
106 1~4.46 425.18 
107 14-4.92 420.22 
JOB 145.38 415.28 
109 145.04 410.35 
110 146.30 405.41 
Ill 146.76 400.39 
112 1~;7.22 395.21 
113 1p.68 399.73 
ll4 148 .... 384.29 
ll5 t48.6o 370.50 
116 1~8.06 376.00 
117 149.13 373,54 
ll8 1~9.39 371. ll 
ll'J B9.65 368.71 
120 1 ~~. 91 366.34 
121 1:i0,19 364.00 
1~2 15~ ..... 361.69 
123 150.70 359.39 
124 1S0.96 357.13 
125 IS i. 23 354.96 
126 151.49 353.00 
127 15!. 75 351.48 
128 &52.01 350.52 
129 t$2.28 350.02 
130 152.54 349.77 
131 l;J2.00 349.65 
t.i2 153.13 347.93 
Ill t53.45 345.64 
134 1SJ.78 343.32 
IJS t54. 11 340.96 
136 tiH.u 330,57 
137 154·76 336. 16 
138 155.09 333.72 
139 ISS. 41 331.27 
140 &!i5.74 328.80 
141 IS6.07 3:!6.33 
IU &56.39 323.91. 
143 156.72 321.10 
IH 157.05 318.95 
145 157.37 311.. 54 
146 157.70 314.18 

lT z i ; o.oooo 
OUU)i" 252743.0 

TT .. : i o.oooo 
OU( Ui = 252743.0 

H " : o.oooo 
011(1)!;= 252743.0 

IT =i 0.040(1 

; i 

.s,~·oF 
508.98 

I ' :50!.12 
49~ ... 9 
487.96 
4BA.50 
47:Lao 
46~.74 
462.38 
455.49 
HJ.72 
430.18 
42$.18 
420.22 
4as.2o 
410.35 
405.41 
400.39 
395.u 
3ay.73 
30~.29 

378.50 
376.oo 
37*.5~ 
371.1l 
368.71 
361..34 
36~.0~ 
361.69 
359.39 
357.13 
35~.96 
353.00 
351.40 
350.52 
350,02 
349.77 
349.65. 

I 

347.93 
34~.6~ 

~:g::; 
33a.57 
33lo.l~ 
33il.72 

I ' 
331.27 
320.80 
32~.Jls 
32ll.9l. 
32t.40 

' ' Jl9.95 
3tb.s'4 
31~.·~ 
l•TU " 

YU(~) ~ 

I 
i 

PTII 
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l•TH ;;:: 
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I 

'' r
1

u ... I .. 
I 
I 
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0.0400 ITE~R = 0 
2218.5 OUIIH =i 428500.0 YUUU . 314.18 FIWH=O.l.9 

0.0400 JTE~R : 1 
2218.5 OU(H) • 1 429697.0 YU(H) .. 314.18 ffWH :O, 68 

I 

0. 0·\00 ITE~R 

2210.5 OUitl) = 429601.2 YIHN) 314.&R f1Wti=0.68 

0.0-100 
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IFH= 13 
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i. f'ROF ILE OF CRESTS Atilt Tl liES FOR SUSiltl/1 RIVER 
llHOII HUL Tlf'I.E FAILURES • •• I' -, 1.1 RVR HILE HIIX ElEU HAX FLO~ TIHE 11/IX 11/IX VEl 11/IX VEL FlOOit El EU TJHF fl 00(1 HEU 

II FROH I•AH (fll CCFSI ElEUCIIRI IFT/SECl IHIIIIRI IH I (Iff<) :1• I uuuuu HHUtU .......... ......... ............ ......... UHHU8 ......... 
" •• 

; I o.ooo 2228.27 25761 a 2.800 11.33 7. 72 o.oo o.oo I •· 

" 
I J,704 2200.40 317065 0.480 9.56 6 r•o o.oo o.oo .:1• I! .... 

y 0.243 2200.09 6215~6 0.400 0.69 5.92 o.oo o.oo 

I 
12.703 2200.03 l1-t7660 0.600 9.99 6.01 o.oo o.oo .o 
17.162 2200.02 1910650 0.240 ll .a 7 7.6:0 o.oo o.oo ·: t e :!1.622 2:!00.02 2920112 0.200 12.53 0.54 o.oo o.oo 

5 
I:: 

26.001 2:!00.01 4234050 0.120 14.96 10.20 o.oo o.oo 
30,541 2208.02 :'i90l427 0.290 17.47 lJ, 91 o.oo o.oo t I 35.000 2200.02 7950014 0.200 17.35 11,93 o.oo o.oo 

! 42.000 2209.0] 124~9996 0.120 19.90 12.97 o.oo o.oo .. , 
I 49,000 2200.03 18725301 0.040 16.99 11.50 o.oo o.oo ·:.!. 56.000 2200,02 26391248 o.ooo 15.35 IO.H o.oo o.oo 

63.000 2200.01 35471500 o.ooo 13.96 9.5:? o.oo o.oo 
., 

r. 'I 70.501) 2200.01 42507424 o.ooo 62. 10 42.40 o.oo o.oo ·.1 t I.! ! 71.000 1007,19 4:1507424 2.520 75,10 51.26 o.oo o.oo 

-! I i 71.575 i 8(o2, 00 42547012 2.640 62.07 u.86 o.oo o.oo 
72.150 104~.43 42417684 2.800 5], 7J 36.6-t o.oo o.oo -~ . 72.72S 1834.07 42101500 2.960 <46,]4 ]1.59 o.oo o.oo . t. 73.300 1027.47 41820912 3.ooo 39,90 27.26 o.oo o.oo ~_: 

74.200 1819.31 41234012 3,040 37.01 25.23 o.oo o.oo :t I. 75.260 1013.t6 10452496 3.000 34.17 23,]0 o.oo o.oo ,. 
?6.240 1000,46 39507136 3.000 30 ~ 46 20,77 o.oo 0.00 

I· 77.220 1004.92 30556220 3.120 27.15 10.72 o.oo o,oo ;. 
~ 70.200 1002,10 J7H7756 3. 120 24.5] 16.72 o.oo o.oo 

79.740 1797.23 35002:!00 3.120 24.93 17.00 o.oo o.oo 
OI.:UIO 1791. 10 31552012 3.160 25.66 17.50 o.oo o.oo t 02.020 1702.03 33066140 3.200 27.42 10.69 o.oo o.oo 
114.360 1770,60 33424050 3.200 31.75 21 I 64 o.oo o.oo 

1 05.900 1740.7:! 33102712 3.280 40.48 27.60 o.oo o.oo • 
~ 

07. 767 1127 .. 3 32730712 3.120 10.20 27.46 O.OH o.oo 
99.633 1701.16 3::!371)350 3,400 -10.77 27.80 o.oo o.oo 

5 91.500 1670.24 31906112 3.410 41.73 2B.-t5 o.oo o.oo .: :; 
I. 9J.OSO 165~.93 31726170 l.-140 42, JO 20.70 o.oo o.oo ·I 91.600 1633 • .,5 31497282 J.'IBO 12.30 20.09 o.oo o.oo ., 

96. 150 1610.53 31329130 3.520 H.ll 29.40 o.oo o.oo I , 'II 
I. 97.-700 1507.09 31221110 3.520 H.OJ 30,02 o.oo o.oo 

•. 99.750 1551.01 :u 1402]0 3.520 46.10 31.69 o.oo o.oo J 

101.000 H06,30 .Jilll910 ).520 60.02 ·10.97 o.oo o.oo 
102.200 !J9:'i. 66 Jli1J910 J.560 09.69 {ol.l!'i' o.oo o.oo 
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.... uiz.l 
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~ :-J r:--·l r::-- ~ IOZ •• - I ,;;.. .. ., • ...3 . .3.~ .. v • ·, .,,. -.d .. • • /.0 o . .,., ..... "'" 103.267• 1287.9-t~ l1106220 3.560 79.59 54.27 o.oo o.oo 

~~.1 r'. 
p 103,800 1252.-tJ 31104920 3.560 69.45 47. :~:; o.oo o.oo 

105.100, 1187.22-. 3110710~ 3.600 60.15 <I 1. 01 o.oo o.oo 
Lll! 106.400 1130.05 31095154 3.600 54.05 36.85 o.oo o.oo f ,I 

107.700 1075.58 31082102 3.640 50-.5J 34.45 o.oo o.oo t ,ol 1 109.000 976.75 31084594 3.640 65,95 -14.97 o.oo o.oo 

I·! 
109.780 960.00 31082242 3.640 50.40 39.87 o.oo o.oo 
110.560 942.65 31074844 3,600 53.34 36.36 o.oo o.oo j: ! I •! .. 

. ·I 

i i i 
I . -~1 '\ I 1. 

::! :1 i 
I I 

I o I i 
PROFILE Of CRESTS AHD Tjlti~S FOR SUSITHA RIVER I 

b 
liELOU tiULiiP~E fAILURES 

J 
'I RVR HILE tiAX ELEV HAX FLOW 'll HE tlt'tX till X VEL HAX VEl. FLOOD ELEV T ltlf HOOP ELEV 
I• fROtl [11\tl CFT I (Cf5) I iELEVUIRI (fT/SECI ltii/HRI (fT) wro .. 
I uuuuu $UUUU . ....... ~. iuuuu .......... i$UUUU •uuuu ......... 

:: I :I 
.I 

111. J40 925.22 31071896 3,680 49.60 33,82 o.oo o.oo , .. 
v I 112. 120 907. 10 3106030~ 3.720 47.09 32.t 1 o.oo o.oo !; 
~ :j ,. 112.900 887.83 31036336 3.760 4S.75 31.20 o.oo o.oo 

! 'I 113.250 882.69 3103920{ 3.800 45o86 31.26 o.oo o.oo ; 

o.l 113.600 877.71 31025504 3.840 45.00 31.28 o.oo o.oo .. 
~ l.j 113.950 072.84 

~~~:~=~~ 
3.840 45.90 31.29 o.oo o.oo 

:~J l . 1H.300 060.19 3.920 45.88 31.28 o.oo o.oo 

I 
114.650 863.87 

;~:~!:!~ 
4.000 45.82 31.24 o.oo o.oo 

L 115.000 859.90 4.040 45.52 31.04 o.oo o.oo 
·:1 r~ 

115.350 85&.53 30898216: 4.120 45.26 30.86 o.oo o.oo 
115.700 053.47 30853371 4.120 44.08 30.60 o.oo o.oo 1,1 

I 
116.050 OS0.76 30799250: 4.1&0 41.39 30.27 o.oo o.oo I. 

I 116.400 040.33 30736221 4.200 -43.79 29.06 o.oo o.oo 

H 
116.7SO 046.19 30665176: 4.200 43.09 29.38 o.o·o o.oo 
11 7. 100 844.26 

~~~r~~~~: 
4.200 41.99 28.6] o.o'o o.oo 

fi 
117.450 042.51 4.200 41.18 28.00 o.oo o.oo 

-117.800 040.9<1 30437970 4.240 40.35 27.51 o.oo o.oo :·j 
!" 110. 150 039.51 303551021 ·4.240 39>52 26.94 o.oo o.oo ·I 
I 110.500 030.20 30278670 4.240 30o40 26 .to o.oo o.oo 

l L 
118.050 037.00 30201·3761 ... 240 37.61 25.64 o.oo o.oo 
119.:!00 035.88 • 30123054 4.240 36.85 25. 13 o.oo o.oo 

:J 119.550 034.04 300519621 4.240 35.89 24.17 o.oo o.oo 
l.t n 119. 9oo 833.86 29902134, 4.240 35.21 24.00 o.oo o.oo 1'1 
I" 120.H5 031.06 290769(101 4.240 35.12 23.95 o.oo o.oo '••I I 

120.990 02~.93 297000041 4.240 35.2'1 21.06 o.oo o.oo ·I !. 121.535 027.75 29690360 4.240 35.29 24.06 o.oo o.oo •' 

! 122.000 0::!5.61 296063021 4.240 35.52 24.22 o.oo o.oo "i I. 1:!2.625 023.41 29530492 4.240 35.63 24.29 o.oo o.oo ··. I: 
123.170 021.14 294S0908, 4.200 35.95 24.51 o.oo o.oo I 

123.715 1110.70 293969841 4.280 36.17 21.66 o.oo o.oo 
124.260 016.33 29337450; 4.290 36.50 2-\.94 o.oo o.oo 

~I. 
124.805 013.76 :'92070061 4.280 36.94 25.19 o.oo o.oo 
125.350 011.05 292396581 -1.280 37.40 25.55 o.oo o.oo 
125.895 000.19 :>9200130 4, :!BO 37,99 25.90 o.oo o.oo 

,. I· 126.4'10 005. 13 29162536 4.200 30.69 26.30 o.oo o.oo 
" • I 1::!6.98:i 001.04 291307661 4.200 39.40 26.06 o.oo o.oo 

127.530 790.28 29102700 4.200 <10.31 27.48 o.oo o.oo . J •. 
1:!0.015 794.38 290761041 4.200 '11.30 20.16 o.oo o.oo 
128.6:.00 79u. o~• 29056406 4.320 .. 2.53 20.99 o.oo o.oo ---- .. -...... 

i, 

., _; __ 
-~·-
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IZ'J, 14.:. 1BLIS' z. '" 5!.-'1~• -'/ • ;Sl.O .~t:~.-,A ,..,.,., . o.oo £1•0,; 

~._, .. -.I --1 
1::!9,710 779.'10 29019 ·I !it. "· .120 45.69 Jl. IS o.oo o.oo 

I 130.:!55 77:!.67"' 2'i'OO:o960 4.]:!0 17.92 3:!.67 0.00 o.oo r" It I 30, 000 763.96 20991:?60 ,:g 'I' 1.320 :50.9~ 34.72 o.oo o.oo 
Ll_; 131.600 7~5.07'- 20976520 4.360 51.05 34.00 0.00 o.oo ,. 

132.560 747.25 29950014 4.360 51.39 35.04 o.oo o.oo , .. ! t I . JJJ,HO 737.67 29943:!16 -1.360 :'i2.02 3~.47 o.oo o.oo 

r 
r: 131.320 726.25 20934120 4.360 53.37 36.39 o.oo o.oo I ·I 
j·: 

13 J 35.200 693.12 28928538 4.320 69.14 47.14 o.oo o.oo I .. I 
I 1: ,I 
j' 

II I" I' 

1: I .I . \ 
1- I" 

i• 

'. 
! . 

f'ROfiLE OF CRESTS 1\Hll lli1ES FOFc SUS I lilA FelVER 

r' llEL.OII 11Ulllf'I.E Fllllll~ES I 

ij 
I' RVR 111LE 111\X HEll ttl\ X FLO II TI11E 111\X 111\X VEL 111\X VFL Fl oora ELEV TII1E FLOOIJ ELEV 
I FRlJI1 f•AH Cff) CCFSI ELEVIIIRI CFJ/SECI CI11/IIRI CFT I CIIRI 
I • .......... ......... .......... ........ .. ........ uuuu• ... ....... uu:uu·• ;' I 

Ia i I 

136.071 669.67 29926830 4.400 66.97 4~.59 o.oo o.oo 
'i . 136.943 656.67 289193H 1.400 61.98 4·t.24 o.oo o.oo 
t 

I 137,914 6H.88 20910270 4.400 62.74 42.70 o.oo o.oo 

' 
,. 

130.606 633.24 20906220 1.4-tO 60.97 41.57 o.oo o.oo ,: 139.557 623.00 :!00925-t2 4.520 59.01 40.23 o.oo o.oo 
~ i: U0.129 615.04 28063014 4.560 55.99 30.17 o.oo o.oo I~ 

I·' J-11 141, JOO 610.7·1 2803156-t 4.560 52.52 35.91 o.oo o.oo I 
~ 'I 

I r~ 
142.650 600.89 20901742 4.520 ..... 07 30.59 o.oo o.oo 

!S'IH.OOO 52<!.69 29794799 4.490 70.99 53.96 0,00 o.oo 
114.460 ~16.52 20796170 4.520 l>J .19 43.07 o.oo o.oo , .. 
144.920 507.73 20796079 4.520 54.09 36.09 o.oo o.oo . 

I"· t-t5.J90 499.24 29796651 1.520 40.03 32.75 o.oo o.oo . 
145.840 491.16 20795200 1.520 43.65 29.76 o.oo 0,00 

j 
. 

J.16,JOO 4BJ,H :!0793432 4.560 40.33 27.50 o.oo o.oo j'' 
1-16.760 475.98 29793992 4.560 37.76 25.75 o.oo o.oo 

1. -~ 117.2:!0 460.65 20793024 4.560 35.79 24.39 o.oo o.oo .. 
I I 

147.690 461.::!7 20790269 1.600 34.34 :!3.41 o.oo o.oo 
148.110 4fo3.49 20799042 4.600 JJ,57 22.09 o.oo o.oo j r ,, 118.600 H4.43 28786930 4.600 34.12 ~J.26 o.oo o.oo 

·l-t8,063 441.21 29704756 4.640 33.16 2:!..61 o.oo o.oo 
I· 119.12fo 130 oil 20779500 1.760 32.25 21.99 o.oo o.oo 
I 149.300 435.71 20765746 s.ooo 31.20 :!I. J3 o.oo o.oo 

119.650 134.07 20733760 5. 120 30.10 :'0. 5:~ o.oo o.oo ... 1 
.I 

149.913 4]:!.09 7.0675600 5.120 20.59 l9.-t9 o.oo o.oo 
~! 

150.175 -132.04 2R59JOOB 5.160 26.59 10,13 o.oo o.oo I 150,4]0 4Jl. 4:! 20~92502 5. j 60 24.71 16.05 o.oo o.oo :.j 
150.700 1]0.96 20377526 5.160 :12.63 15, -tJ o.oo 0,00 
150.963 -130.61 20259330 5.160 20.00 14.:!-4 o.oo o.oo ) 

151.22~ 4JO,J5 :!.0142144 5.160 19,09 13.02 o.oo o.oo -'i 
151.-tOO 1]0. 15 200270:!.6 5,160 17.19 11.9:' o.oo o.oo 
151.750 430.00 27917000 5. 160 16.05 10.94 o.oo o.oo I 

152.01J 429.00 :!7012036 5.160 .... 76 10.06 o.oo o.oo .! 
..... : ., J 

I IS2.275 429.79 27717316 5. 160 13.67 9.32 o.oo o.oo 
1 :i:.!, :iJR 429.7:! 27630332 5.160 12.62 0,60 o.oo o.oo ~·: 

rl I 52 oiJOO 4:!9.66 27!i!iJ4S:! 5.160 I I, 60 7. '16 o.oo o.oo , . • 1!13.127 127.95 27699-142 5. 160. 11 • 90 0. 17 o.oo o.oo . - 15J.153 1:!6.0J 276]::!]90 5.160 12. 19 o.3t o.oo o.oo . I 

A5J. 700 424.14 27570476 5.200 l2.U a. 47 o.oo o.oo 
154.107 122. a? 27535142 ~.~00 12.66 Ill. 6] o.oo o.oo 
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J!Jf; '"'-'I ~ ... .,.JS' ,_, . .:PillS. , S".i. .... • 

·~·--154.760 418.01 27471650 5.200 13.:!1 
155,087 415.76 27457812 5,200 13.52 
155.413 113,30 27-144142 5.200 13.87 
155,740 410.83 27438440 5.240 14.27 
156.067 408.06 27435t:i6 5.240 1'4. 72 
156.393 <105.02 27439010 5.200 15.27 
156.'720 401.58 27444002 :;,200 15,95 
157.047 397.53 27456694 5.200 16.87 

' ! 
rRO~lLE Of CRESTS AND T~HE~ FOR SUSITNA RIVER 

RVR HILE 
FROH ltAH ............ 

157.373 
It· t57. 100 

HAX,ELEV 
Iff) ......... 

392.45 
385.06 

BELOW HULTIPLE FAILURES 
.• r I 

HAX FLOW I 
CCfS) I 

uuuut~ 

27475192! 
27507370! 

liKE HAX 
ELEVCIIR) ........ 

5.120 
4.960 

tiAX .VEL 
(fl/SEC) 

uuuuu 

18.25 
21.ll 

---. 
~ woB/ ' o.~-

9,01 
9.22 
9.46 
9.73 

10.04 

' 10.41 
10.87 
11.50 

I HAX VEl 
ictti/IIR) 
UUUtU 
i 

12.45 
14.39 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

fl.OOD ELEV 
ern 

tUUUU 

o.oo 
o.oo 

,·--"""'1 
..., •• ..J 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

JJitE FLOOD ELEV 
CIIR) 
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o.oo 
o.oo 

...._,......! 
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lliSCIIARIIE IIYI•IWGRAI'II FIJR SUSJTNA RIVER ••• SII\TIGtl NUHHR l:i 
DElOW HUlTiflE FAilURES AT Hllf 71.00 

01\0E ZfRO • 1~55.00 HAX ElEVATION REACHED DY flOOD UI\VE • 1007.49 

IIR STADE 
o.o 65.3 
0.2 70.3 
0.4 91.2 
0.6 121.3 
o.a Ul.5 
1.0 200.9 
I, 2 239.9 
I. 4 273.5 
I. 6 306.5 
1.9 337.9 
2.0 369.0 
:!.2 396.:! 
2.4 421.9 
2.6 431.5 
2.0 127.0 
3.0 420.7 
3.2 411.9 
3.4 400.9 
3.6 309.5 
3.0 375d 
1.0 361.9 
4,:! 310.2 
1.4 331.6 
1.6 321.3 
1.9 300,1 
~.o 295.1 
5.2 292.3 
5 ... 269.9 
:i.6 257.7 
5.8 :!~6.0 

6,0 234.9 
6.2 2:?J.6 
£.4 212.9 
6.6 :!03.5 
6,0 194.9 
7.0 106.3 
7,::! 177.7 
7-i 169.4 

7·' /1/. {, 

flODll STADE NOT 1\VAill\&lE 
HAX STAGE • 432,49 AT JJIIE " 2.52 IIOURS 
Ill\ X FLOU • 42587424 A l I litE .. 2. 52 IIDUf\S 

FLOU 0 B:S1740~ 17034968 2:i~:S2452 31069936 
361093 • I I I I 
479953 H I I I I 

1014976 .. I I I I 
21::!9369 I * I I I I 
3949966 I • I I I I 
6297127 I ' I I I I 
9499439 I H I I I 

13504259 I I • I I I 
19199556 I I u I I 
23442124 I I I • 1 I 
29069926 I 1 • I 
349ii6756 I I u 
40519904 I I 1 
41523176 I I I I I 
39339640 I I I 1 I 
34090161 1 I 1 I u 
31496260 I I 1 I • I 
20290109 I I I I • I 
253610l2 1 I I * I 
2275JBO'l I 1 I * I I 
2015061:! I I I t I I 
101102::!0 I I I ' I I 
1666?037 I I • I 
150715::!11 I I • I I 
13621444 I I • I I 
1230565::! I 1 • I I 
11107020 I I t I 
I 0021 !\50 I I • I 

9041072 I It 
8153100 I • 7358992 I .. 
6625690 I • 1 
5958229 I • I 
5137003 I t I 
4971215 I • 1 
450988::! 1 t I 
'!061652 I ~ I 
]6534"10 
JUl037 

4:?587120 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
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(IISCIIAROE I!Y,IIROBI"\Af'll FOR SUSITHA RIVER ... SJAllOH HUttl•ER 38 J)tVIL. 

'' 
BELOW HULTifLE FAI~URES "' HILE 101.80~ 

GAGE ZERO •- 907.00 HI'IX ELE~IIT IOH 1"\EI'ICIIF.D ltY FLOOII WAVE = 1'1EI6,38 
; ' 

FLOOD STAGE HOT AVAILI'I&LE 
ttl\ X STADE • 579.30 . AT TIHE .. 3.52 !lOURS 
HAX flOfol 31!1191~ 

' JIHE J.52 IIOURS ! . AT .. 
! 

IIR STADE FLOW 0 622238il 12444764 18667146 24889:i28 31111910 
o.o :H8.o 160500 • 1 I I I 
0.2 5:13,0 ' 160500 * I t I I I I 
0.4 554.9 160500 * I I I I I I 
0,6 556,6 .160500 • I l J J I I 
o.o 558.1 

i 

160567 • I , I I I J 
1.0 :i59.4 167277 'J I I I I I 
1. 2 560.7 ' '179916 

!j I I I I I 
1.4.,} 567.9)' '325063 I I I I I 

f1.6 571,0 •l607777 I • I : I I I I 
1.8 504.1 13280243 at I u I I I 
2.0 440.0 14664711 ,I I I ' I I I 
2.2 440.6 14701547 •' I I • I I I 
2.4 457.8 16307010 :J I 1 I * I I I 
2.6 486.7 19,167628 I I " I I 
2.0 522.1 23,000854 I I I I I It I I 
3.0 553.8 26976634 I' I I I I I • I 
3.2 571.2 29638658 II I I I I • I 3.4 578.3 30913356 II I I J I * 3.6 579.1 31058l22 II I I I I • 3.8 576.0 30433892 H I I I I .. 
-1.0 570.0 :!'9,337148 IV I I I I • I 
4.2 561.7 27978732 II I I I I • I 

"·" 551.6 26490338 II I l I I • I 
4.6 5oJ0,3 2'1958996 ;J I I I • I 
-t.o 528.2 2'3'152606 I I I • I I 
5,0 515.5 22018078 II 1 I I •. I I 
5.2 502.6 2.0672402 1-l I I 1 • 1 I 
5.4 189.7 19329332 1• I I u I I 
5.6 176.8 18009714 Jl I I u I I 
5.0 ....... 2 1.6791272 1/ I I • I 
6.0 451.8 15658334 I' 1 I * I 
6.:! 439.6 I:-t561101 

H 
J J * I 

6.4 127.0 1:3-191602 I I • I 
6.6 113.5 1:!424975 l • J 
6.8 399.7 11423067 JJ I • I J I 
7.0 386.0 1046840-t .. I • I I I 
7.2 373.0 9620321 IJ I :t I I 

., 
7.4 360.4 9831975 I' I *' I I 1., 3i7.'J 80NS"D3 
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IJISCIIAIW£ IIYIJRUORAPII FOR SUSITNA HIVER S I A II 011 tlllllllER 51 -:f,Vl>T/lA) CRH-k. ... 

I 
IJELO~ HULTIPLE fAILURES AT 1111.£ ll:.!. 90 :., 

1:: 
II 

OAOE ZERO D 730.00 IIAX ElfVAT ION r>EACIIF.IJ BY FLOOIJ ~AVE c 01\7.03 j fLOOD BlADE 1101 AVAIUH•L£ 
IIAX STAGE • 1:S7,83 AT TIHf z 3.76 IIOURS 
ltAX flOII " 31036338 AT T IIIE . J,]2 IIOURB ·.:. 

··; 

IIR STAGE FLO~ 0 6207267 12-414534 18621801 24829068 31036335 
y 

~ 

I··' ! ·I 
I , 

~ 

o.o ll •• 174500 • I I I I I I 

Oo2 11.1 174501 • I I I I I 
0.4 11.2 175231 .. I I I I I .. 
0.6 ll.2 175589 • I I I I I .. 
Oo8 II, 2 175686 • I I 

I 
I I 

~ 

I I· 
I 
~'' 
I' 
I. 

~.-~ . ·. 

I, 0 11.2 175706 • I I I I 
I, 2 11.2 175707 • J I I I 
lo4 11.2 175728 • I I I I 
I • 6 11.2 175595 • I I I I 

I 
1, 8 II ,I 175501 • I I I I c., 
2.0 68.4 7558-429 I I • I I I 
2.2 10!.7 14112761 I I • I I I . ~ 
2.4 108.6 14704284 I I • I .1 I :I 2.6 114.2 16309481 I * I I I 
2.8 123.2 19299470 I .. I I .-j 
3,0 134.8 23357660 I I • I I ., 
J.2 145.6 21204840 I I I • I ,, 
3,4 153.1 29777102 I I I • I . ·., 
3.6 156.9 30909888 I I I • 

.. 
•.' 

3,8 157.0 30944184 I I I • :I 4.0 156.8 30258800 I I I .. 
I 4.2 154.7 29143764 I I I • I q 4.4 151.9 27799204 I I I • 4.6 148.-1 26352440 J I * I 

4.8 144.5 24861506 I • J 5.0 140.2 233620'12 I • I 
5.2 136.0 21962082 I • I 
5,4 131.8 20650026 I • 1 !: 5.6 127.5 1933125'1 It . 
5.8 123. l 18054620 .. I 

I 

6.0 119.0 16866352 • I ,. 
6,:! 115.0 15757381 • I 
6.4 111.1 14695907 I t . .. 6.6 107.2 13655168 I t , 
6.8 103,3 I ::'627906 I 

·- 7.0 99.3 11651947 tl . J 
7 .,. 9S.:i 10742671l I ' ' ·-7.4 91.0 989270/. I 
7.~ 88.3 'ti13:JS'i 
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Ill SCIIIIRGE: IIYD.ROORIIfll FOR SUSJ~HA; RIVER ... STIIHON NUHBfR 91 CURRJ' ; ~ 
1.' DEL OW 11UL Tlf'LE fAILURES AT 111LE uo.:8o ~ ·. 

I ' ·_j 

I:! GIIOE ZERO' ,. 52J,OO HAX ElEV~TIOH REACIIEIJ BY fLOO~ loiiiVE . 763.96 .j 
FLOOJI STAGE; NOT AVAILIIDLE .·:1 I' HAX STAGE • 2401,96, AT TliiE .. 4.32 IIOUR!l .. '· ~ i \ :, 11AX flOW • 28991*701 AT TitlE . 4, 24 tiOURS 

It 1.: I, 
·:·1 ,. 

IIR STAGE' fLOiol 0 :i798254 1 11596508 17J'Itl62 23193016 28\'91270 
9 I! o.o 26.': 188500 * !I I I I I 

~ 
0.2 26.1: 180500 • : I I I I I 
0.4 26.1. • 108500 • I I I I I 

' 
I 0.6 26ol 188500 • I I I I I .. 

e t'j 0.8 u •. l 188500 • I I I I I '~ 

I·; 
1.0 26.1 188500 I I ., ·------·· ... 

2 * I I .·1 
1 .2 26.1 . 188500 • I I I I I :I I .... 26. I 188500 • I I I I I 
1 .6 26.1 188500 • I I I I I ,~1 
1.0 26.1 188500 • J I I I I ;! 

~ . 2.0 26.1 •188605 • 'II I I I I i:• 1 2.2 26.1 ·188919 • :r I I I I I'· 
~I k 

2.4 26.2 189275 * I J I I I 
2.6 88.4 4348701 I • ;I I I I I 

~1 j'• 2.8 140.1 10439139 I J • J I I I .. 
I ~ 3.0 163.4 13660586 I I I I • I I I '• 

3.2 184,3 172:!7870 I II I • I I ) 
I' 3.4 203.7 21317502 I II I I • I I '1 '· 3.6 219.7, 248'00390 I I• I I I * I 

:~ 
,., 3.8 230.8 27177342 1 ':I I I I • I 

4.0 237.4 284(!9240 I I• i I I I u .I 4.2 240.4 28973620 I II I I I * :~ 240.9: 
' I 4.4 28849276 I If I I I • .. , 

4.6 2J9,5 28291464 J \1 I I I u 

h 
-t.a 236.7 27138192 I II I I I • I ... 
5.0 233,0 26384570 I it I 1 1 • I ·I 
5.:! 228,6 25197396 I '11 I I I • I ::l 

~ .. 5.4 223.7 23968042 I il I I u I ·: 
5.6 218.7 22740702 I II I I *' I 
5.8 21J.!i 21511230 I :J I I • l I j 6.0 208,1 20276976 I 'J I I ie I I } _, ~j 6.2 202,7' 19081808 I 1 I I f I I •• i I 6.4 197.3 17938606 I I u j .. 6.6 191.9 16846116 I J t.l ., 
6.8 106.6 15788913 I . I • I ·- 7.0 IOJ, 2, 14763081 I I * I . I 

7,2 175.9 13769617 I I t I 
7.4 110.5 1:!826947 l I • I 

~- r~ ·-·-·-
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PIBCIIARGE IIYDROBRAF'H FOR BUSITNA RIVER ... S 1 A 11 ON NUHiiER lll -,;./h..~ 

PELOW HULTIPLE FAILURES ill HILE 152.00 

DADE ZERO • 333.00 HAX ELEVATION REACIIED DY FLOOD UAVE • 429.U. 
FLOOD BlADE HD1 AVAILAiiLE 

HAX STADE ;., 94.66 AJ JJHE .. 5.16 IIOURS 
!: HAX FLOW • 27553454 Al llltE "' 4.92 IIOURB 

IIR STAGE fi.OU 0 5510490 11021380 16532070 22042760 .27553450 
'l 

I·! 
o.o 16.6 200500 • I I I I I I 

v 0,2 16,6 200500 • I I I I I . I 
I 

0.4 1&.7 :!OIOU • I I I I I ;·I 0.6 14.7 :!01657 • I I I I I .. 

' 
o.o 14.7 202016 • I I I I I 
1.0 16.7 202212 • I I I I I •I ;; 

l:i 1.2 16.7 202330 • I I I I I ·' 
I .... 16.7 202407 • I I I I I :;:1 

1.6 16.7 202-450 • I I I I I . --····-· .I 

':I 
1. 0 16.7 202479 • I I I I I 

'. 2.0 16.7 202497 • I I I ,. 
2.2 16.7 202508 • I I I 

'··i 

2.4 16.7 202517 • I I I 
:·1 2.6 16.7 :!02521 • I I I 

2.8 16.7 202524 • I I I 
1 .• 

I' 3,0 16.7 202526 • I I I !. 

f: 
3.2 16.7 202520.1 • I I I I I I. 
3.4 17 .l 259l99 1 • I I I I I 
3.6 10,3 090590711' I I • I I I I 

I· 3.0 66.2 1601637Jv' I I I .. I I p ol 4.0 76.9 20701010( I I I I • I I 

i: 4.2 04.4 23014176" I I I I I • I d ..... 09.6 25797432• I I I I • I 
1.6 93.2 269196541' I I I I .. ... 
4.0 95.4 27466200 1 I I i I * .I 5.0 96.5 27526430 .... I I I I 

fJ I! 5.2 96.6 "!7195-1621 I I I I .. 
I' 

fi,4 96.2 265526:!:!r I I I I * I .. , 
•I 5.6 95.3 256011321 I I I • ,. 

5,8 94.0 24605470' I I I • I 6.0 92.6 23616612" I I I • I· ... I 6.2 91,0 22503600" I .. ,. ,. 
! ; 6 •• 89.1 2136066•1•' i .. 

r1 · 
.. l .. 6 07.6 2024361-t'. I I 

6.8 85,9 19145956, I I I 
7.0 04, I IOOOHH~ I I • I 

.. J ·- 7.2 02.4 l705JOil21 I .. I .. 
7.4 00.6 1605500~· I ••• 
7·1 'lB. 9 IS'O'tDJ,JS"/ 
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ncaER AU~BORITl BESPONS~ ALASKA ~ ·n NSE 
TO AGENCY COMMEN1S ~N LICE . 
APPLICATICN; EEIEBENCE TC 
CO I1 MEN 'I ( S) : C. 7 2, I. 8 7 

KEY TO SPECIES 

1 Two dorsal fins, base of first short, length of base of second 6 or more times 
that of the first; 1 anal tin ........................................ BURBOT, Lota Iota (p. 641) 

Three dorsal fins, bases of near equal length; 2 anal fins ..... : ............. , ....... . 
........................................ ATLANTIC TOMCOD, Microgadus tomcod (p. 646) 

BURBOT 

Lota lota (Linnaeus) 

Description Body elongate, robust, 
average length about 15 inches (381 mm); 
anterior to anus it is nearly round in cross 
section, the body width to body depth ratio 
about 1 : 1, sometimes wider than deep for 
large adults; posterior to anus body distinctly 
compressed laterally. Head triangular, broad, 
depressed, its length 19.2-19.9% of total 
length; eye small, its diameter 11.2-16.4% of 
head length; snout projecting, of moderate 
length 27.5-32.5% of head length; one tube 
or barbel-like extension for each nostril open­
ing, each about t the length of chin barbel; 
interorbital broad, its width 27.9-31.9% of 
head length; mouth rather large, slightly sub­
terminal, maxillary extending to below orbit; 
teeth in jaws and vomer slender, and in many 
rows, no teeth on tongue or ma.·dllaries; a 
slender barbel on tip of chin, its length 12.5-
29.9% of head length, higher values for large 
fish. Gill rakers 7-12. Branchiostegal rays 7, 
rarely 8. Fins: dorsals 2; first dorsal low, 

short, rays 8-16; second dorsal low, base long, 
extending onto caudal peduncle and joined to 
caudal tin, rays 60-79; height of first dorsal 
and second dorsal about 25% of head length; 
caudal rounded, joined to second dorsal and 
anal fins, a deep notch separating fins, but 
there is no free caudal peduncle; anal long 
and low, lower than dorsals, rays 59-76; 
pelvic fins jugular, inserted in advance of pec­
torals, rays 5-8, second ray prolonged; 
pectoral fins rounded, short, paddle-like, rays 
17-21. Scales cycloid, small, embedded, 27-
29 between second dorsal and lateral line, 
embedded scales on integument on base of 
tins; lateral line complete. Pyloric caeca 
31-150. Vertebrae 50-66. 

Colour In the lower Great Lakes 
region overall colouration of adults yellow, 
light brown, or tan, becoming daxker north­
ward; the background colour is overlaid by a 
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distribution, but 
March in Canad_. 
evidence that burbc 
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1-4 feet of water J 
in shallow bays, o •... 
deep. Although th: 
lake they are alsc;. I 
to spawn. Male bt 
grounds first, folio\' 
females. The actual 
to take place in a \1 

diameter, which l 

is made up of 1 0-
stantly moving in eli •

1 
place only at ni 
deserted in the dt . 
of the water duri~ 
usually· 33 °-35° :r 
built by this sped l 
young. Average d .. 
eggs of bur bot has t 
Manitoba (before f 
Minnesota and . 1 

number (calculate 
45~600, ili a 343~, 
for a 643-mm fe ·1 lace like p[!.ttern of dark brown orblack; at tbe present state of our knowledge, the recog- Eggs hat.:h in_30 .c 

times, especially in inland lakes, adults may nition of subspecies seems unwarranted. therefore, appear:-~ 
be uniformly dark brown or black. On young 
fish, 1.6-3.6 inches ( 40-90 mm), the speck- Distribution The burbot is generally Growth in the:· 

'b · life is relatively r:c led pattern is conspicuous and a dark pigmen- distn uted, mall suitable habitats, in the fresh -
ted margin may occur on the posterior por- waters of continental Eurasia and North is a gradual dec-:·· 

increase in wei,~;:: tion of the second dorsal and somct_imes on America, southward to about 40°N. It is 
······ --theanai,-whereas.on.the.caudaLthe.pigmenta::. ___ abs.ent_JI'.Qffi_tb_!LK<tmchiltka Peninsula of of 3·0-8·25 inc~.c I 

tion does not extend to the outer m;rgin of eastern USSR, from Scotland, Ireland, and ---------- --~f-the-first-gro_wi: I 
the fin. ·------ most islanos, an<rfromtnewest coastof· ----- - - hths) __ burbot m L 

Systematic notes Hubbs and Schultz 
( 1941), in a study of northwestern North 
American fishes, described Lota lota leptura 
as a new subspecies, found in northwestern 
North America and western Siberia, distinct 
from Lota lata lata of Eurasia and Lot(]. lata 
maculosa of eastern North America. Subse­
quently, the nameL.l. maculosa-wasreverse'd­
to L. l. lacustris (Speirs 1952). Studies by 
Lindsey (1956), Lawler· (1963), and 
McPhail and Lindsey (1970) have shown 
some evidence of clinal variation. Hence, in 
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about 21.5 inches ( Norway. It is present in southern England and 
on Kodiak Island, Alaska. 2-3 pounds. The. \' 

In_ Canada this species occurs in New was a 13-year-
Brunswick, Labrador, Quebec, throughout (838 mm) totaller · 
Ontario, Manitoba, Saskatchewan, Alberta, is a growth diffen;. 
and the continental portion of the Northwest at 4 years of age t ) 
and Yukon territories, exclusive of the north- longer than males 
ernmost tips, to central and eastem British length-weight reL 
Cohrmbia:-It is absent from Nova Scotia and W=2.52+3.164 ·; 

ounces and L=tc I the Atlantic islands. 

Biology The burbot is one of the few 
Canadian freshwater fishes that spawns in 

maturity in the 
during the third c 
and 18.9 inches 
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:·.:ies. occurs in New 
C Fbec, throughout 

1 ;ki ~hewan, Alberta, 
·;i~n 'of the Northwest 
.:.!dusive of the north­
~[ i ti eastern British 
:roi !Nova Scotia and 

:oJ. \s one of the few 
shL~r that spawns in 

midwinter, under the ice. It spawns from 
November to May over the whole of its wodd 
distribution, but mainly from January to 
March in Canada. There is circumstantial 
evidence that burbot spawn in deep water in 
some areas but the spawning site is usually in 
1-4 feet of water over sand or gravel bottom 
in shallow bays, or on gravel shoals 5-10 feet 
ueep. Although they usually spawn in the 
lake they are also known to move into rivers 
to spawn. Male burbot arrive on the spawning 
grounds first, followed in 3 or 4 days by the 

· females. The actual spawning activity is said 
to take place in a writhing ball about 2 feet in 
diameter, which moves over the bottom and 
is made up of 10-12 intertwined and con­
stantly moving individuals. This activity takes 
place only at night and the grounds are 
deserted in the daytime. Surface temperature 
of the water during the spawning period is 
usually 33°-35° F (0.6°-1.7° C); no nest is 
built by this species and no care is given the 
young. Average diameter for the semipelagic 
eggs of burbot has been recorded as 0.5 mm in 
Manitoba (before extrusion) but 1.25 mm in 
Minnesota and 1. 77 mm in Ontario. Egg 
number (calculated) increases from about 
45,600, in a 343-mm female, to 1,3.62,077, 
for a 643-mm female weighing 6.1 pounds. 
Eggs hatch in 30 days at 43 o F and the young, 
therefore, appear from late February to June. 

Growth in the first 4 years of the burbot's 
life is relatively rapid but after that time there 
is a gradual decrease in length increment and 
increaSe in weight. The young attain a length 
of 3.0-8.25 inches (76-210mm) by the end 
of the first growing season. At age 5 (by oto­
liths) burbot iii Lake Simcoe, Ont., average 
about 21.5 inches (546 mm) long and weigh 
2-3 pounds. The maximum size in that lake 
was a 13-year-old female, 32.9 inches 
(838 mm) total length and 9.5 poundS. There 
is a growth differential between the sexes and 
at 4 years of age females become significantly 
longer than males; this condition prevails. The 
length-weight relation in Manitoba is log 
W=2.52+3.I64 log L, where W=weight in 
ounces and L=totallength in inches. Sexual 
maturity in the burbot is usually attained 
during the third or fourth year between 11.0 
and 18.9 inches (280-480 mm), but males 

often mature at a smaller size. 
The following comparison of age-:length 

relations reveals that growth rate for the 
species increases from Manitoba through 
Ontario to its highest in Lake Erie. 

Heming L,Man. L Simcoe, Ont. L. Erie, Ont. 
(McCrimmon & 

(Lawler 1963) Devitt 1954) (Clemens 195lb) 

Age AvgTL AvgTL AvgSL 
(mm) (mm) (mm) 

1 147 165 210.0 
2 246 305 322.7 
3 279 432 376.5 
4 323 483 424.0 
5 366 546 492.1 
6 399 512 539.9 
7 429 635 551.8 
8 465 673 519.1 
9 737 590.6 

10 762· 616.0 
11 787 
12 812 
13 837 

It would appear that the maximum size 
known for burbot in Canada is 38.3 inches 
(937 mm) fork length and 18.5 pounds from 
Great Slave Lake. Elsewhere ·in the world, 
the species is reported to attain lengths in 
excess of 46 inches (1200 mm) and a weight 
of 75 pounds. Maximum age in Canada is 
probably between 10 and 15 years. . . 

In central and southern Canada the bur\)ot 
is usually a resident of the deep waters of 
lakes whereas in northern Canada it is also 
present in large, cool rivers. It has been taken 
as deep as 700 feet and throughout the sum­
mer is restricted to the hypolimnion. Optimum 
temperature for this species is 60°-65° F 
(15.6°-18.3° C) and 74° F (23.3° C) 
would appear to be its upper limit. Burbot 
move into shallower water during summer 
nights when they are active and in certain 
areas they definitely move into shallower 
water to spawn. Also, there is often a post­
spawning movement into tributary rivers 
during late winter and early spring. During 
this period of concentration they are some­
times readily caught in large numbers. In the 
north, summer habitat is often in the river 
channels of lakes and young-of-the-year and 
yearling burbot are frequently found along 
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rocky shores and sometimes in weedy areas 
of tributary streams. All movement seems to 
cel!Se by July and the large fish penetrate to 
the deep water where adult burbot share the 
hypolimnic habitat with lake trout, white­
fishes, and sculpins. 

The burbot is a voracious predator and 
night feeder. Small burbot, 2-12 inches (51-
305 mm) in length, in streams feed on 
GammarzLr, mayfly nymphs,. and -crayfish. 
The diet of young burbot, to approximately 
19.7 inches (500 mm) in length, consists 
mainly of immature aquatic insects, crayfish, 
molluscs, and other deepwater invertebrates, 
especially Mysis relicta, but relatively few 

leeches, molluscs, and crustaceans. The bur­
bot, throughout its range of distribution, is 
one of the important second intermediate 
hosts of Triaenophorus · nodulosus. Detailed 
accounts of the parasites found in or on bur-:­
bot from various parts of Canada have been 
published by Bangham and his co-workers: 
for Lake Erie by Bangham and Hunter 
(1939), for Algonquin Park lakes by Bang­
ham (1941), Lake Huron and Manitoulin 
Island by Bangham (1955), and from British 
Columbia by Bangham and Adams ( 1954). 

For a summary of parasites of this species 
in North America, see Hoffman (1967). 

fishes. Burbot over 19.7 inches (500 mm) Relation to man In Canada the burhot 
long feed almost exclusively on fishes such as populations ar:e not exploited commercially 
ciscoes, yellow walleye, yellow perch, alewife, and the species is almost universally regarded 
kokanee, smelt, sculpins, trout-perch, stickle- as a coarse fish by management agencies and 
backs, freshwater drum, logperch, and white fishermen alike. Records of commercial 
baiis, depending on what species are available. catdies are not usually entered in statistical 
In summer large burbot sometimes feed ex- summaries (except in Ontario) and thus cur­
elusively on M. relicta in rivers, and the winter rent or potential yields are difficult to assess. 
food of adults consists of invertebrates brow- The species may occur in considerable num­
sed from the bottom, even though (presum-. bers in inland waters but not in the Great 
abJy) fish are as available as in the summer. Lakes where conditions have changed drasti­
Bti~bot captured on cisco spawning grounds cally in recent years. The writings of Dymond 
ar~ _ofteri"go.rge.d_1Yiih_cis~o~ggs. The litera- ( 1926), Dymond, et al. · ( 1929), and Kolbe 
tur contains many detailed analyses of the ( 1944), among others attested-to tliefofmer 
food of burbot (Van Oosten and Deason abundance of the burbot and also that it was 
1938; Clemens 1951a; McCrimmon and once considered to constitute a serious 
Devitt 1954). nuisance to· the commercial fishery in the 

Since the burqot shares the l1ypolimnion Great Lakes. In other Canadian lakes it is 
with such commercially important species as sometimes thought to be a serious predator of 
lake trout and the whitefishes, since it cats the more valuable species and to compete with 
same food, and since individual burbot have such species for food. 

I 

scarcity ... ," uJ 
noted that along tht 
the flesh was co{. ·1 
food purposes : 
Indians. In Wyo'mt 
(1940) to have ,[, 
source of food. :N .I 
courage public a 
Canada as a quali.tr . 
industrial use ha v .. c. 'j 
to date. 

When availab 
burbot may be use. 
ranches and in the ~~ 
oil. The vitamin ~ 
is stated to be at. ..... 
gram and analyscs•c 
of the oil obtaine '~­

shown it to be as 
cod liver (Branion · 
was abundant in L 
men, who regula: I 

Nomenclature 
Lota iota ·-~. 

Gadus Lora Linn'. 
Gadus lacustris 
Gadus maculosus 
Gadus (Lata) ma< 
Loca maculosa ( L_ / 
Lota Iota maculas,. 
Lota Iota (Linr1ar.: 

1 
Lora Iota lqcustri1 _r 

been reported to consume as many as 179 fish, Provincial agencies engaged in coarse fish Ecymology .. , 
--rns an ifnpcftranrdirect-competitor-of-these-··removal-programs-occasionally-harvest--bur,_ ---------····--------------- ; / 

- · -species.-Gf-the-deepwater-fauna-iLwoulL.boLfx:om_inland lakes during the winter ___ _ ___ _ -Common nam~ 
appear that the burbot is a predator only on months. One such operation in Manitoba 
eggs and young of the cisco. In the Susque- (Anon. 1964), using trapnets, yielded 50,000 (Saskatchewan, ':0 

lawyer (Great L.:., ). hanna River, of the northeastern United pounds of burbot in 3 days' fishing, indicating 
States, where burbot occur with large num- that high yields may be obtained if the fish 
bers of brown and brook trout, it was con- are harvested during the winter months, when 
sidered a negligible predator of these sport concentrated because of spawning activities. 
fishes. In their tum young burbot are known Altlwugh 1he "Y.ll.ite,_~~J(y flesh is palatable 
to be part of the food of smelt, yellow perch; and nutritious it is not highly esteemed in most 
and.other fishes.___ P11J!$_()J_ Cl1!1.l19:l:!: a11d even early reports con-

In general, burbot harbour a wide variety cerning its palatability are often contradic­
of parasites including protozoans, trematodes, tory. As early as 1836, Richardson stated 
cestodes, nematodes, acanthocephalans,_ that the "flesh was eaten only in times of great 
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scarcity ... ," although MelviU (1915) 
noted that along the east coast of James Bay 
the flesh was considered to be excellent for 
food purposes by both Europeans and 
Indians. In Wyoming it was said by Bjorn 
( f940) to have long been regarded as a 
source of food. Nevertheless, attempts to en­
courage public acceptance of the burbot in 
Canada as a quality food fish or processed for 
industrial use have not been very encouraging 
to date. 

When available in sufficient quantities 
burbot may be used for animal food on fur 
ranches and in the production of fish meal and 
oil. The vitamin A potency of burbot liver oil 
is stated to be about 500 units or more per 
gram and analyses of the Vitamin D potency 
of the oil obtained from the large liver have 
shown it to be as good as that obtain~d from 
cod liver (Branion 1930). When the burbot 
was abundant in La!Ce Erie, poundnet fisher­
men, who regulady handled tar-soaked net-

ting, sometimes used the liver oil on their 
hands as a protection against the ravages of 
the tar. Burbot livers are eagerly sought in 
many European (especially Scandinavian) 
countries and are a valuable commodity when 
smoked and canned. Heavy infections of T. 
nodulosus in the liver however .often prohibits 
this use. The Fisheries Research Board of 
Canada has experimentally· canned Canadian 
burbot livers and the product is considered to 
be of high quality especially for such use as 
the making of canapes. 

In Canada the burbot is caught incidentally 
by anglers while "ice-fishing" for lake trout. 
In recent years fishing through the ice for 
burbot has become a popular sport in some 
areas of British Columbia and in the state of 
Wyoming (Simon 1946), and in the latter 
case a closed season has been established. In 
paf'ts of Europe and Asia the subspecies L. l. 
Iota is a recognized food fish and is commer­
cially exploited~ 

Nomenclature 
Lotalota . 
Gadus Lota Linn. 
Gadus lacustris 
Gadus maculosus 

- Linnaeus 1758: 255 (type locality Europe) 

Gadus ( Lota) maculosus (Cuvier) 
Lota maculosa (LeSueur) 
Lota iota maculosa (LeSueur) 
Lota Iota (Linnaeus) 
Lota Iota lacustris (W alba urn) 

- Forster 1773: 152 
-Walbaum 1792: 144 
-LeSueur 1817b: 83 
-Richardson 1836:248 
-JordanandEvermann 1896-1900:2550 
=- Hinks 1943: 85 
-Dymond 1947:32 
-Speirs 1952: 100 

Etymology Lota - the ancient name used by Rondelet. 

Common names Burbot, American burbot, ling, eel pout, loche, freshwater cod, maria 
(Saskatchewan, Manitoba, northern Ontario), methy (northern Canada), lush (Alaska), 
lawyer (Great Lakes states). French common name: lotte. 
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ALASKA PO~ER AOTHORITY RESPONSI 
TO AGENCY COMBEN15 CN LICENSE 
APPLICATION; EEFEBENCE TO 
COMMENT (S): C. 90 

SUMMARY OF BOTANICAL RESOURCES SECTION 

EXHIBIT E, CHAPTER 3 OF THE 

SUSITNA HYDROELECTRIC PROJECT 

FERC LICENSE APPLICATION 

BASELINE DESCRIPTION 

Threatened or Endangered Plants 

The Susitna River watershed upstream from Gold Creek was surveyed at 
I 

selected habitat sites for plant taxa under consideration for threatened or 

endangered status. Access routes, borrow areas, and the intertie corridor 

were also surveyed for the presence of these taxa. No candidate threatened: 

or endangered plants were fo~nd. Further endangered plant surveys will be 

made in the Healy-to-Fairbanks and Willow-to-Anchorage transmission 

corridors during the detailed design phase of project development. 

Plant Communities 

A diversity of plant communities occurs within the areas potentially 

affected by the project. The types of plant communities encountered and 

their areal coverage within a 20 mile (32km) wide area spanning the Susitna 

River between Gold Creek and the Maclaren River, include: Coniferous forest 

(351,640 ac), .consisting of woodland, open and closed spruce (black and 

white spruce); mixed open and closed conifer-deciduous (56,500 ac); 

deciduous forest (10,860 ac), consisting of open an~ closed birch, and ._., 
closed balsam poplar vegetation types; tundra (283,490 ac), consisting of 

wet sedge-grass, sedge scrub, herbaceous alpine, and mat and cushion 

vegetation types; shrubland (438,020 ac) consisting of open and closed tall 

shrub, and birch, willow, and mixed low shrub vegetation types; herbaceous 

(44 ac), and grassland (2,670 ac) communities. 
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Wetlands 

Wetlands within the Susitna project area primarily i_nclude locations within 

ripar.ian zones, ponds and lakes and adjacent areas on upland plateaus, wet 

black spruce woodland, and wet tundra. Concentrations of wetlands occur in 

the ~icinity of upper Brushkana Creek and Tsusena Creek, the area between 

lower Deadman Creek and Tsusena Creek, the Fog Lakes area; the Stephan Lake 

area, Swimming Bear Lake, Jack Long Creek, in and near the many lakes of the 

Watana watershed, and along the transmission line corridors betw~n Willow 

and Knik Arm and in the Tanana Flats area. e 

. ' 
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IMPACTS 

This section summarizes botanical resource impacts that are of sufficient 

magnitude to influence mitigation planning. Impacts are grouped into one of 

three catego~ies (direct loss; indirect loss; and alteration of 

communities), based on resource vulnerability, the probability of the impact 

occurring, and the duration of the impact. Direct losses of vege.tation are 

judged most important because of the certainty and permanence of the impact. 

Plant community alterations are judged to be less important than vegetation 

losses. These impacts are less predictable and often of shorter duration 

than vegetation losses. 

Direct Loss of Vegetation 

Direct losses for the Watana project include 31,300 acres (12,667 ha) of 

vegetation for the dam, impoundment, and spillway. An additional 4300 acres 

(1742 ha) have been designated for use as camp, village, airstrip, and 

borrow areas. These potential losses account for 1 percent of all 

vegetation in the middle Susitna basin, and 3.6 percent of the vegetation 

present in a 20 mile (32 km) wide area spanning the Susitna River from the 

mouth of the Maclaren River to Gold Creek. More importantly, substantial 

losses of certain vegetation types will be sustained during construction of 

the Watana Dam. Losses of forested areas may total 8.3 percent of the 20 

mile (32 km) wide area. Losses of open and closed birch forest will be 

greater than 20 percent for the 20 mile (32 km) wide area. 

Direct losses for the Devil Canyon project will include 5871 acres (2376 ha) 

of forests, tundra and shrubland. Negligible amounts of tundra and 

shrubland (less than .OS percent) will be lost, but 0.7 percent of all 

forested lands in the middle basin (1.8 percent of the 20 mile (32 km) wide 

area) will be affected. Because of the steepness of Devil Canyon, these 

losses are relatively smal~compared to the Watana site and are 

comparatively less important for wildlife. However, 18.6 percent of the 

closed birch forest within the 20 mile (32 km) area will be eliminated. 
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The Watana access road will result in a loss of approximately 568 acres (230 

ha) of mixed tundra vegetation types. Additional losses of about 494 acres 

(200 ha) for access roads and 193 acres (78 ha) for rail will be produced by 

the Devil Canyon facility. Direct losses within transmission corridors will 

occur from construction of access tails, tower sites, and substations. 

Indirect Loss of Vegetation 

Additional losses of vegetation may ~cur due to erosion, permafrost melting 

and subsequent land slides and slumpage, ORV use, blowdown of trees, and 

other causes. While some of these losses will be short-term with typical 

vegeta~ion succession ensuing, or with shifts to new vegetation types for 

that area, long-term vegetational losses enduring for 30 to more than 100 

.years may occur on sites of continual erosion, land slumpage, or ORV use. 

The amounts that will be lost because of these factors are small compared to 

amounts inundated by the reservoirs. 

Indirect losses of vegetation are projected to be greatest at the Watana 

_ t:;_g~, where lar~~ a~_E!as on th~ south s id:._ o_!_~~e-~mp~':_~dm':nt are under lain 

by 200 to 300 feet (60 to 90 m) of permafrost at near melting temperature. 

Also, because of the large size of the reservoir, other erosional processes 

such as wind erosion, together with effects of dust, may cause very 

localized vegetation loss, especially in wind-exposed areas. The smaller, 

steeper nature of Deyil Canyon will limit indirect losses of vegetation. 

---·--·-Except- for-the--possibilitJT_of_one_mas_s_iy_e_..f_l_ow near River ~ile 175, rock 

----------------------- --s-l:i-des oc·curring-above-the·i-mpoundment-represent;-t=-he--g-rea-t=-es-t--t=-h-rea-t-s--- ------ --­

and these will result in only small scale losses. 

Some indirect loss of vegetation is expected due to erosion caused by 

changes. in drainaage p_at~e:rns .and dust deposit~on along the access road 

edges. Increased utliliza.tion by ORV_s .a:Lcmg .acce~s r:qa_ds a.J:!d ro_?d 

maintenance may damage adjacent area~ Little indirect loss in transmission 
1\ 

line corridors is likely as a result of clearing or construction, but 

uncontrolled ORV access could affect vegetation on and adjacent to 

corridors. 
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Alteration of Vegetation Types 

Alteration of vegetation types will be caused by changes in drainage 

patterns, altered river flows, and fire. In many instances, natural 

succession of cleared or disturbed areas not subject to inundation, will 

result in vegetation type changes. For example, primary he~aceous and weedy 

vegetation and secondary shrub growth may follow. clearing of sites. There 

may be development of alga~ species and aquatic vegetation in shallow areas 

of the impoundments. 

The most important change to existing conditions that will result from the 

Watana and Devil Canyon dams will be in the downstream floodplain between 

Gold Creek and Talkeetna, where annual spring and summer flooding and scour 

by ice jams will be reduced. As a result, some of the previously pulse­

stabilized communities will mature. The willow and balsam poplar shrub will 

eventually change to mature balsam poplar and then to spruce. Within the 

license period, new vegetation on the newly exposed banks and island will 

develop into medium and tall shurubs. ,, 
'f 

.il . 11 . .f. . h . d. h 
Pot~~t~a y s~gn~ ~cant ~mpacts may occur to t e vegetat~on surroun ~ng t e 

Watana Reservoir. Disturbance may cause warming of the soil, melting of the 

permafrost, and deepening of the active layer. In well-drained areas, this 

may result in increased growth and productivity by the existing plant 

community, but in waterlogged areas a shift to bog vegetation is likely. If 

the organic layer is lost during disturbance, long term losses of 

vegetation may result. Most forest and shrub areas disturbed near the 

reservoir will recover naturally. The ensuing patterns of vegetational 

succession will be enhanced if the organic layer is retained, and if root 

suckers or seed of vegetation remain. 

Outside the actual impoundment and dam site, very few alterations of 

vegetation types are anticipated at Devil Canyon. Forest types will be 

subject to minor alterations, primarily near borrow sites G and K, and near 

camp and village sites. Likewise, changes in drainage, waterlogging of soil 

60751/SUM 5 



or permafrost melting, will be highly localized because the soil is 

generally very rocky and well .drained, with only sporadic occurrences of 

permafrost. The smaller, steeper character of Devil Canyon will also act to 

limit microclimatic and mesoclimatic alterations. 

The access roads between the Devil Canyon and Watana sites, and between 

Watana and the Denali Highway, as well as rail construction between Devil 

Canyon and Gold Creek, will alter surface drainage patterns and may induce 

dust-related alterations in vegetation at roadsides. Selective clearing or 

top-cutting of tall vegetation for transmission line corridors will result 

in local shifts in plant types from trees to shrubs. Wet and moist tundra 

areas and their peripheries will be more susceptible to water logging due to 

vehicular traffic, with subsequent development of bog species and/or black 

spruce in place of cottongrass and shrub species. 

Mitigation Summary 

Mitigation plans for botanical resources have b.een developed primarily to 
,, 

.sup:gort t::hELTo~Hci1ife~~iti~ati()J:l~~~~J:'am,. Liste;<t. below. is a brief synopsis . -.. ·-··~· ~r-··-- ··--- ----·--··-··- -··-------~-·-· 

of the mitigation plan elements: ,, 

1. 

2. 

3. 

Minimize facility dimensions. 

Consolidate structures. 

Site facilities in areas of low biomass. 

······----· ------··-·~--~-·- ---~4-.----8-i-t.e--fac-i~l-it.ies.-to.~minimize~cl.ear.ing_o_f_l_ess abundant vegetati()n 

s. 

6. 

7. 

Site facilities to minimize clearing of vegetation types 

productive as wildlife habitat components. 

Minimize volume requirements for borrow extraction. 

Dispo~e of spoil within the impoundments or previously excavated 

-~areas •. 

8. Design transmission corridors to allow selective cutting of trees 

and to accomodate uncleared low shrub and tundra vegetation within 

rights-of-way. 
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9. Dismantle nonessential structures as soon as ·they are vacated. 

10. Develop a comprehensive site rehabilitation plan. 

11. Monitor progress of rehabilitation to identify locations requiring 

further attention. 

12. Acquire replacement lands for implementation of habitat 

enhancement measures. 

13. Plan and develop an environmental briefings program for all field 

personnel. 

14. Avoid the Prairie Creek, Stephan Lake, Fog Lakes, and Indian River 

areas by access routing. 

15. Restrict public access during construction by gating the access 

road. 

16. Use signs and possibly establish regulatory designation and 

measures to discourage use of ORVs and ATVs. 

17. Phase implementation of the project Recreation Plan with 

interagency review and concurrence. 

18. Site and align all facilities to avoid wetlands to the maximum 

extent feasible. 

19. Involve agency coordination and participation in detailed 

engineering design and construction planning of civil engineering 

measures to minimize potential wetlands impacts. 

20. Conduct high-resolution mapping of wetland vegetation within the 

project area, in coordination with COE and USFWS representatives 

(scheduled for 1983). 
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HOMING OF TRANSPlANTED AlASKAN BROWN BEARS 

STSRUNG 0. MILLER. Alaska Department of Fish ana Game, 333 Raspberry Road. Anchorage, AK 99502 
WARREN B. BALLARD. Alaska Department of Fish ana Game, P.O. Box 47,. Glennallen, AK 99588 

Abstract: Forty-seven brown bears (Ursw arctos) were captured and !Tansplani:ed in Alaska in 1979. 
Post-release data were adequate to evaluate the survival and homing movements for 20 adults and 9 younl{. 
At least 12 adults (60%) successfully returned &om an average !Tansplant distance of 198 km. Age (for males) 
and distance !Tansplanted (sexes combined) were directly related to observed incidence of return !P < 
0.05). Sex or reproductive status did not appear to be related to observed incidence of return. Initial post­
release movements of non-homing as well as homing bears indicated that most bears were aware of the 
correct homing direction. None of the !Tansplanted females was known to have produced young in the 
year following transplanting. Six of 9 cubs or yearlings !Tansplanted with their mothers were lost. Trans­
planting nuisance brown bears does not appear to be a reliable management procedure. 
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Wildlife biologists frequently are re- mental area. This paper reports on the 
quested to resolve conflicts between bears rates and frequency of return of the trans­
and man by t:ra.D.splanting the bears away planted brown bears. 
from the area of conflict. Most biologists Financial support was provided by the 
recognize this approach as ineffective be- Alaska Department of Fish and Game 
cause the bear may become a problem (ADF&G). Additional support was pro­
elsewhere or because it returns to the site vided by the Bureau of Land Manage­
of capture. This general premise is, how- ment, U.S. Department of Interior. We 
ever, supported by relatively few pub- gratefully acknowledge the field assis­
lished data, a situation which led Cowan tance provided by employees of ADF&G, 
(1972) to recommend careful documen- and the skills of our pilots: V. Loftsted, 
tation and publication of transplant re~ K. Bunch, A. Lee, and R Halford. We also 
ords. Homing of transplanted nuisance acknowledge C. Gardner (ADF&G) for 
brown or grizzly bears has been reported assistance with data collection. The 

- - - ~- - -hy-Graighead-and Graighead(-197-2kGole - -Alyeska -Pipeline Service--eompany was 
(1972), Pearson (1972), Craighead (1976); cooperative in permitting access to the 
and Meagher and Phillips (in press). Typ- right-of-way of the Trans-Alaska Pipe­
ically, these bears were transplanted dis- line. K. Schneider, K. Pitcher, and D. 
tances of less than 100 Ian and high fre- McKnight (ADF&G) reviewed earlier 
quencies of homing were observed. As drafts of the manuscript. 
part of a study on the impacts of brown 
bear predation on moose (Alces alces) STUDY AREA AND METHODS 
populations (Ballard et al. 1981; Ba!lard Bears were captured in the headwaters 

---~--~--~~-----------~------et-al:;-unpubl~rep~;~Alaska-Dep~Fis-h-and-ofilie SusTtria~ivedn soulli central Alas.:··· 
·· ······ --- · -- · --~-- --Game-Fed.-Aid~Proj.-Wcl7-:9;-W--17-10;-W--·-ka;-The-area~was--hordered-on-th-e-rrorth · 

17-11, and W-21-1, 1980), brown bear by the Alaska Range, on the east by the 
densities were artificially reduced in a Clearwater Mountains, on the south by 
portion of south central Alaska. This re- Butte Creek, and on the west by Well's 
duction was accomplished by capturing Creek. Topography, vegetation, and eli­
and transplanting as many bears as could mate of the area have been described 
be found within a well-defined experi- elsewhere (Skoog 1968). Bear densities 
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870 HO:I.IING Of' TRAJ.'iSPLAl'JTED BEARS • Jfiller and Ballard 

in this area were considered equivalent 
to that in the areas of south central Alaska 
where captured bears were released. 

Bears were captured from 22 May 
through 22 June 1979. They were initial­
ly located from fixed-wing aircraft, ime 
mobilized from a helicopter (Bell 206B), 
and transported to a nearby highway 
where they were weighed and measured, 
specimens were collected (teeth, hair, and 
blood), and bears were marked with lip 
tattoos, ear tags, and ear flags. Radio col-:­
lars (Telonics, Mesa, Ariz.) were placed 
on bears estimated to have completed 
80% of their growth. Reproductive status 
of females was determined by examina­
tion of the vulva. Immobilized bears were 
transported by an open pickup truck 
either to their release sites or to an airport 
where they were further transported with 
fixed-wing aircraft (Cessna 206) to remote 
airstrips. Ages of the bears were estimate 
ed from counts of tooth cementum ·lines 
in a premolar (Mundy and Fuller 1964). 

ThirtY-six bears were immobilized ini­
tially with phencyclidine hydrochloride 
(Sernylan, BioCeutic Laboratories, St. Joe 
seph, Mo.) at doses of 0.5 mg/kg of estie 
mated body weight Sernylan was also 
used to maintain immobilization during 
transport for all but 6 bears at doses of 
0.2-0.5 mg/kg. Bears not immobilized 
(N = 9) or maintained (N = 6) with Ser­
nylan were given a mixture of ketamine 
hydrochloride (Vetalar, Parke-Davis and 
Co., Detroit, Mich.) and xylazine (Rom­
pun, Cutter Laboratories, Inc., Shawnee, 
Kans.) (Hebert and McFetridge 1979) at 
doses of 2.3 mg/kg of estimated body 
weight for initial immobilization and 1.3-
2.3 mg/kg of measured weight for main­
tenance. Ketamine hydrochloride/xyla­
zine mi.xtures were discontinued for im­
mobilization maintenance because 
recovery was unpredictable and thus 

constituted a hazard for handlers. Two 
cubs were transported in cages and were 
not immoblized during either capture or 
transportation. 

Bears transported by truck were ob­
served until mobility was regained. 
Twentyofour bears remained immobile · 
from 6.4 to 26.2 hours (.t' = 14.4 hours) 
from the time of initial capture. Recovery 
was not observed for bears transported by 
aircraft (N = 13), but all release sites were 
checked to verify that bears had re­
covered and moved away. 

Bears were transplanted in easterly di­
rections to several places in the vicinity 
of Mentasta Pass, in southeasterly direc­
tions into the Wrangell Mountains or 
along the Copper River in the foothills of 
the Chugach Mountains, and in 
southwesterly directions along the lower 
Susitna River (Fig. 1). 

Twelve fixedewing aircraft flights were 
made to relocate radioomarked transe 
planted bears in 1979 (1 in May, 4 inJun, 
3 in Jul, 2 in Aug, 1 in Sep, and 1 in Oct). 
Other location data were collected from 
miscellaneous radiolocations and hunt­
er kills in 1979-81. Locations were plot­
ted on U.S. Geological Survey maps 
(scale = 1:250,000). Distance transplant­
ed and distance between subsequent 
sightings were measured as a straight line 
without regard to topographic or hydro­
graphic features. Rates of movement were 
calculated by dividing the distance be­
tween consecutive sightings by the num­
ber of days between sightings. The di­
rection of movement was defined as 
homing if the direction taken from the 
previous sighting was within 35 degrees 
of the direction required to return to the 
capture site. 

The criteria used in making a deter­
mination on when a particular bear had 
returned were subjective in some cases. 
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Previous studies in this area (Ballard et 
al. 1982) indicated a mean adult home 
range of 572 km~ using minimum home 
range polygons (Mohr 1947). A home 
range of this area, if circular, would have 
an average home rap.ge diameter (~HRD) 
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of 27 km. All bears classified as returned 
were within 1.2 AHRD of their capture 
sites except for 2 bears. Bears #244 and 
#273 were 3.8 and 2.3 AHRD, respec­
tively, from their capture sites when clas­
sified as having returned on the basis of 
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872 HOMING OF TRA..."lSPLA.t'ITED BEARS • i\,filler and Ballard 

Tabls1. Mov~mant data for transplanted brown bears known to have returned to capture areas in south central Alaska. 

Oil'flCt distance No. days 
transplanted Distance from No. from 

from Oil'flCt capl\l!'e site when reiO<:Otions release 
Age()'T) captlm!l site distance chwilied returned :"o. until 

(reproductive retumed Pr.,. Post- younq return 
lost ven6ed Bear lll swus) km 

Males 
237 

b 10.5 145 
b 2.15 
272 9.5 209 
218" 5.5 230 
268• 4.5 255 
i 7.5 211 

Females 
213 11.5 (2 cubs) 173 
236 5.5 (estrus) 145 
240 5.5 (2 yrlg5) 207 
251 10.5 (2 yrlgs) 211 
269 16.5 (2 yrlgs) 199 

244 6.5 (1 yrlg) 201 
2.73 3.5 (estrus) 188 
.t 8.5 189 

All beaES 
.t 8.2 198 

• Average home range diameter ., '2.1 km. 
' This beu wu transplanted twice. 
• No rodlo collar, bear shoe by hunter. 

AHRO" (km) 

5.4 145 
8.0 215 
1.1 209 
8.5 215 
9.4 258 
1.8 208 

6.4 173 
5.4 145 
1.1 208 
1.8 211 
7.4 199 

7.4 106 
7.0 135 
1.0 168 

7.3 173 

nondirectional movements which sug­
gested they were in familiar territory. 
Differences between means were exam­
ined with Student's t test. 

RESULTS AND DISCUSSION 
Forty-seven brown bears were cap­

tured and successfully released. This in­
cluded 2 releases for 1 male ( #237), which 
was transplanted twice. Homing data 
were available for 34 of the releases. The 
homing data were derived from reloca­
tions of radio-collared adults (N = 20), 
from young accompanying radio-collared 
females (N = 11), or from hunter kills of 
marked but nonradio-collared bears (N = 
3). In 1979 and 1980, 127 relocations were 
obtained for the transplanted bears (ex­
cluding cubs and yearlings) (Tables 1, 2). 

km AHRD~ retum rerum 

18 0.1 1 4 19 
33 1 . .2 0 5 13 
13 0.5 2. 3 39 
23 0.9 0 1 

. 14 0.6 0 1 
20 0.7 24 

14 0.5 1 2 2 74 
6 0.2 5 7 43 

3 3 ? 92 
13 0.5 3 14 2 33 
12 0.4 3 4 0 69 

103 3.8 3 4 1 82 
61 2.6 3 3 133 
35 1.3 72 

28 1.0 58 

The fates of 13 transplanted bears (in-
' eluding 3 yearlings) w~li'e not deter-

mined. These animals werk too small for 
radio collars and did not appear in the 
hunter harvest. 

At least 5 of 9 adult males and 7 of 11 
adult females returned to their capture 
areas (Table ·1). There were no differ­
ences (P > 0.10) between the mean dis­
tances that returning males and females 
were transplanted (Table 1). The time 
from release until return was verified and 
was much greater for returning females 
than for males (Table 1). However, bears 
actually returned more quickly than in­
dicated (Table lJ because of delays in 
verification of date of return. This delay 
resulted from infrequent monitoring 
flights. For example, the mean number of 
days from the previous sighting until the 
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Tal:!lfJ 2. Movement-data for nonreturning brown bears transplanted in south central Alaska. 

Direct dis~:o~nce 
from 

Direct distance So. capture site 
Age(yr) tr.uuplanted locations to l .. t.location So. 

(repiixluctive after voung: 
BearrJ swus) km AHRD• Oates under observation release km AHRO". ·lost 

Males 
211 5.5 268 9.9 31 May-12 Sep 1979 5 185 6.9 
265 4.5 268 9.9 4 Jun 1979-10 May 1980 (shot) 6 .'303 11.2 
246 4.51' 211 7.8 25 May-23 Sep 1979 (shot) 1 2.18 8.1 
230 10;5 2.56 9.5 1 Jun 1979-24 May 1980 (shot) 2 105 3.9 
21&: 11.5 178 6.6 2.2 May-15 Jun 1979 4 166 6.2 
247° 8.5 240 8.9 26 May-31 May 1979 1 201 7.4 
258° 21.5 286 10.7 30 May,-27 Jul1979 1 305 11.3 
x 6.2 2.51 9.3 3.5 202 7.5 

Females 
209 5.5 (estrus) 260 9.6 4 Jun 1979-8 Sep 1981 (shot) 8 298 11.0 
215 3.5 (anestrus) 168 6.2 24 May 1979-15 Aug 1980 8 113 4.2 
248 4.5 (estrus) 249 9.2 26 May-30 Sep 1979 6 190 7.0 
261 7.5 (2 yrlgs) 1~ 6.8 1 Jun 1979-6 Jun 1980 4 210 7.8 1 
x 5.3 215 8.0 6.5 202 

.. _ 
1 • .::1 

All bears 
i 5.8 233 8.6 5.0 202 i.5 

• Aver.age home r:mge diameter • 27 km; 
• So radio. 
• Insufficient data, not included in caleulations of means. 

time a bear was verified as having re- er-killed bears as hunters may select for 
turned was 33 days but ranged frQm_lLto __ larger_(.older)-bears .. When-hunter-killed 

·- -----··--· · ·- ·----84 days. The sum of the distances be- bears are excluded, the mean age of re-
tween sightings until return for 10 radio- turning males (10.0 years) was different 
collared bears averaged 107% of the (P < 0.005) than that of nonreturning 

; l 

, l 

~~ 

direct distance back (61-130%). This sug- males (4.8 years). No females were shot .

1 
... gests that returning bears moved back by hunters in 1979 or 1980. Excluding 

with a minimum of nondirected move- hunter-killed bears and combining sexes, 
ments. there w;;ts a difference (P < 0.05) in age 

Eight adults did not return to their cap- between returning (i = 8.8 years, N = 9) l 
·-····-··-·---------·· ______ t.ure_ardieas_(Iabfrle_2).-Eor-these-bearths,th

1 
e-and-nonreturning--bears-(:r-=-5:-3 years;-- · .. 

mean 'stance om capture site_to_ e_ <>=:_N =-5}. ··--·--·-·-·-·-··-·· ··--·· ·-
---------~··--- cation last observed was 87% (41-115%) Both returning and nonreturning bears 

ofthe distance transplanted. Nonreturn- included females in estrus and females 
ing bears were transplanted farther than with offspring. Reproductive status 
returning bears (Tables l, 2); this differ- therefore did not appear to be a deter­
ence was significant (P < 0.05) only when minant of whether a female returned. 
data for both sexes were pooled. Daily movement rates of returning 
· There were no differences in mean ages bears were compared with those for 

·of retu!!lil!g .. ai1cl._tlonr.et.urning.bears.oL nonretumingbears and with th()se ofre- ·l 
··~---·--·-··-··-~~··-···-either sex (-P·-> O.!O)·(Tab1es 1, 2). These tiimed-beai-ii. Returning bears had great-

data may be biased by inclusion of hunt- er (P < 0.0 l) movement rates (.t = 3.6 kmJ 
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874 HO&lL.'l'G OF TRANSPL.Ai.'il.'ED BEARS • (\filler and Ballard 

day) while traveling back than following bear traveled eastward and in fall 1981 
their return ·{X= 0.6 kmlday). Returning was shot by a hunter 298 km from her 
bears had greater (P < 0.01) movemetlt capture site. Male #230 lost his radio col­
rates than did nonreturning bears (i = lar 2 weeks following release at a point 
1.4 km/day). Nonretuming bears had 249 km southeast of his capture site. This 
. greater (P < 0.05) daily movement rates bear was shot almost a year later (~lay 
than did returning bears subsequent to 1980) 150 km southeast of his capture site. 
return. These results would be expected Travel routes followed by some trans­
from nonretuming bears attempting to planted bears may have been influenced 
establish themselves in a new area rela~ by natural or man~made barriers. Five 
tive to homing bears on their way back or bears (#'s 209, 211, 265, 261, and 269) 
subsequent to return. These data do not that originally headed directly back to­
accurately reflect actual movement rates wards their capture areas reversed dirac­
because of varying, and long, intervals tion prior to crossing the wide and braid­
between sightings. Intensive studies of ed Copper River. Only 1 of these bears 
21 undisturbed brown bears in the study ( #269) eventually crossed the river and 
area indicated daily movement rates av- returned to its capture area. Another 
eraged 7.7 km/day (Ballard et al. 1982). (#209) eventually crossed the Copper 

Returning bears moved in a homing di- River (by Sep 1979), but still did not re­
rection for 87% of the distance between turn to its capture area. Two of the 5 de-

.. sightings and for 89% of the days be- fleeted bears had yearling offspring ( #' s 
tween sightings. Nonreturning bears 261 and 269). Five other radio-collared 
moved in a homing direction for only 39% bears released east of the Copper River 
of the distances between sightings and ( #' s 258, 230, 273, 272, and the 2nd re­
for only 27% of the days between sight- lease for #237) crossed the Copper River. 
ings. Initial post-release movements were None of these bears had offspring. 
in a homing direction for 5 of the 10 ra- Movements of 3 bears (all females with 
clio-collared bears which returned and for offspring) appeared to have been briefly 
5 of 7 radio-collared bears which did not. influenced by highways. These 3 bears 
This suggests that many of the nonreturn- eventually returned to their capture areas. 
ing bears initially knew the proper direc- For example, female #213 (with 2 cubs) 
tion to return home, but for unknown rea- moved in a dire9t homing direction 
sons did not return. (northwest) following release until she 

It is possible that some of the 11 bears encountered the Glenn Highway, 8 days 
classified as nonreturnirig actually re- and 21 km north of her release site. ~ine 
turned but were not discovered due· to days following release she lost her cubs; 
radio failure. When last located, 6 of these _ she remained within 1-8 km of the Glenn 
bears were closer to their respective cap- Highway for at leaSt 2 more weeks until 
ture sites than they were at the point of she crossed the highway on a direct route 
release (Table 2). back. Similar short-term apparent deflec-

Two bears classified as nonreturning in tions from highways were observed for 
1979 moved in homing directions in 1980. females #240 and #244. both with year­
Female #209 was observed in May 1980 ling offspring. 
198 km south of her capture site. In Au- These observations of apparent de flee­
gust 1980 she was only 118 km southeast tions or delays in homing caused by rivers 
of her capture site. Subsequently, this and highways may indicate an aversion 

J. Wildl. ~tanage. 46(4):1982 
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by some bears, especially females with she had no offspring when observed on 
young, to cross such obstacles. However, 18 July 1980. Female· #215 was not no­
such. barriers do not consistently deflect tably in estrus when·transplanted, but was 
bear movements~ In September 1973, a seen with an adult bear on 3 July 1979. 
3.8-year-old male from Cordova was She had no offspring when observed on 
transplanted 93 km by boat to Montague 15 August 1980. Bear #269 successfully 
Island in Prince William Sound, Alaska. homed with both of her yearlings in 1979. 
Within 28 days the bear had returned to She had n,o young with her in September 
the capture site (J. Reynolds, pers. com- 1980. This bear was .shot by a hunter in 
mun.). Only 2 returning routes were fall 1981, reportedly without offspring. 
available, both would have required· These observations suggest the possibil­
swimming long distances ( 15.1 or 10.5 km) ity of lowered productivity by transplant­
across strong tidal currents. ed females, possibly related to trauma as-

Of the 9 young transplanted with 5 ra- sociated with transplanting, homing, or 
clio-collared females, only 3 (2 returns and re-establishment in a new area. 
1 nonteturn) were still with· their mothers Three transplanted males were seen 
when last observed in 1979. One addi- with smaller, presumably female, bears 
tional female (#240) was not observed af- subsequenfto release. Trauma associated 
ter her return to the capture site in 1979 with transplant may have less effect on 
so the status of her 2 yearlings could not male breeding activity. 

-- · · be·· verified: Available data are inade- There were no evident differences in 
quate to compare the observed rate of off- ability to return related to the type of drug 
spring loss with that of natural popula- used for immobilization or for mainte­
tions in this area; however, we suspect nance. There were also no evident dif­
the transplanted young had higher than ferences in homing ability related to types 
normal losses. The time that the lost off- of transportation (truck and/or aircraft). _ 

. spring survived varied from 0 to 36 days. Homing bears were transplanted an av- :1 

··- ----·---·--·-~--- ------ ---~-;:;[:~eci~£;!~~1~~~o!~~n;i:~~~~d~;-~:~~!~;·t~%4-~~t;-;~7~~~~-~:;:;::;~--:-il-: 
lone cubs have been reported (Johnson were probably totally unacquainted with 
and LeRoux 1973);· we suspected that their release sites. However, the direc­
most died. It is a. reasonable ·speculation tions of movement following release, for 
thatthese offspring, released into terrain both returning and nonreturning bears, 
which was unfamiliar to their mothers, suggested that most transplanted bears 
would have been particularly vulnerable sensed the correct homing direction and 
to preda~on by resident male bears. that successful homing was not depen-

-----Six-of-H-radio-coHared~adult-females-dent-on·random--movements·untiHamiliar~-

----were-observed-in~1980,-but-none-was-aG--termin-was~eneenntered...-bentfer-(-l-97-2., ·-
companied by offspring. Two (#273 and 1973) suggested that polar bears (Ursus 
#209) were in estrus when captured in maritimus) inhabiting drifting pack ice 
1979. Female #244 had a yearling in 1979 are able to navigate, without physical ref­
which she lost by 2 July 1979. She was erence points, to maintain their position 
observed with an adult bear on 15 Sep- or to find a seasonally recurring area of 
tember 1979 but had no offspring when food abundance. Homing brown bears 
seeri in July 1980. Female #251 had 2 may be able to navigate in a similar fash­
yearlings which she lost by-19June -1979; ion. - -·----···· · 
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Although nonreturning bears were 
moved farther and were younger than 
homing bears, no threshold distance or 
age beyond which bears could or would 
not return was demonstrated. U ndoubt­
edly, a threshold distance exists but our 
results suggest it is greater than 258 km, 
the longest distance returned by a trans­
planted bear. The average age of nonre­
tuming bears (greater than 1.5 years old) 
was 5.8 years. However 5 bears equal to 
or younger than this average age returned 
to their capture areas suggesting the ab­
sence of an age threshold. Many nuisance · 
bears are accustomed to feeding in gar­
bage dumps; such bears may find natural 
habitats at transplant sites to be less de­
sirable than such dumps. Corresponding­
ly, transplanted nuisance bears might be 
expected to show even higher rates of re­
turn than demonstrated by the non-nui­
sance bears transplanted in this study. Al­
though transplanting problem bears may 
be occasionally justifiable by social or 
economic factors, we conclude that such 
efforts have high probabilities of failure. 
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BURNING AND BROWSING EFFECTS ON 
WILLOW GROWTH IN INTERIOR ALASKA 1 

LGL AlASKA 

ANCHOP.AGE 

JERRY 0. WOL~ Museum at Vertebrate Zoology, University at California. Berkeley 94720 
.----

Abstract: Productivity and utilization of browsed and unbrowsed Scouler willow (Salix scouleriana) 
was measured in a 1971 bum and in an adjacent 70-year-old mature black spruce ( Picea mariana) for­
est. Production of available willow browse in the bum increased from 8 kg/ha in 1973 to 22.6 kg/ba in 
1974. The greatest production came from branches which had been browsed the previous winter. In 
the bum in 197 4, an average browsed branch produced 4.0 g of new growth, whereas an unbrowsed 
branch produced 2.4 g. The available willow browse produced in the control in 1974 was 9.9 kg/ha, 
with a browsed branch producing 2.8 g and an unbrowsed branch 0.8 g. Willow shrubs are able to com­
pensate for loss of biomass due to overwinter browsing by increased productivity of browse-dantaged 
stems. 

During winter, moose ( Alces alces) in 
Alaska feed primarily on shoots and 
branches of willow (Salix spp.), birch 
(Betula papyrifera), aspen (Populus tremu­
loides), and balsam poplar (Populus bal­
samifera) ( LeResche and . Davis 1973, 
Cushwa and Coady 1976). These hard­
woods are frequently associated with plant 
communities characteristic of early succes­
sional stages after burning' ( LeResche et al. 
1974, Viereck 1973). Browse production in 
early sera[ stage development is high, and 
the shoots and branches of woody browse 
species are numerous and within reach of 
mammalian herbivores (Spencer and Chate­
lain 1953, Leege 1968). Klein ( 1970) sug~ 
gested that quality and digestibility of for­
age are as important as quantity and 
availability, and Cowan et al. ( 1950) and 
Leege ( 1969) stated that quality is related 
to successional stage. Trees and woody 
shrubs often grow out of reach in later suc­
cessional stages and thus the number of 
small twigs and branches available as for­
age is reduced ( LeResche et al. 1974, Spen­
cer and Hakala .1964). 

1 This work was supported by the Institute of 
Northern Forestry, USDA Forest Service, Pacific 
Northwest Forest and Range Experiment Station, 
Fairbanks, Alaska 99701. 
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During the later 1950's, moose popula­
tions appeared to increase throughout inte­
rior Alaska (U.S. Fish & Wildlife Service 
unpubl. reports, Coady 1973) concurrent 
with an increase in seral range created by 
wildfires ( Hardy and Franks 1963, Barney 
1969). Early seral stage communities cre­
ated by fire can increase the carrying capac­
ity of winter range (Spencer and Chatelain 
1953, Leege 1968, 1969). 

The dominant species in mature forests of 
interior Alaska is either white spruce (Pice a 
glauca) or black spruce (P. mariana), with 
woody shrubs present at lower densities 
(Viereck 1973). The biomass of forage 
available to moose at various successional 
stages has not been determined for this 
region of interior Alaska, though it has been 
done elsewhere by Bishop ( 1969) and Milke 
(1969). I compared current annual growth 
of browsed and unbrowsed Scouler willow 
on a bum and on an adjacent mature black 
spruce forest. The role of fire in improving 
winter moose habitat through increased pro­
duction of woody browse was also exam­
ined. Data were collected in 1974 and 1975. 

STUDY AREA 

The 2 study areas were located in a 70-
year-old mature black spruce stand (con­
trol) and in 50 ha of an adjacent 6,300 ha 

135 
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1971 bum. These are at the Wickersham 
study site of the USDA Forest Service, 50 
km northwest of Fairbanks along the Elliott 
Highway. Prior to the wildfire, both areas 
were dominated by black spruce with scat­
tered alder (Alnus crispa) and willow 
shrubs in the understory. 

METHODS 

Browse Utilization 
Willow shrub density was estimated in 20 

10 X 100 m plots in each area. Fecal pellet 
group counts (Neff 1968) were made in 
the same plots. A shrub was defined as a 
plant with a variable number of stems origi­
nating from the same root system. The bio­
mass of forage available and consumed was 

shrubs in each plot. Shrubs in the control 
had been browsed by both moose and snow­
shoe hares (Lepus americanus). Produc. 
tion of new growth from branches browsed 
and not browsed the previous winter was 
compared on the same shrub and between 
shrubs. Samples were oven-dried for 48 
hours at 65 C and weighed. 

Browsing Simulation 
All twigs were collected from 2 un­

browsed willow shrubs in the bum in April 
1974 before growth began, then in Septem­
ber 1974 and September 1975 after new 
growth ceased. This simulated 100 percent 
browsing with the intention of showing its 
effect on productivity. 

estimated using the Shafer twig-count RESULTS AND DISCUSSION 
method (Shafer 1965). Available browse 
included all twigs less than 4 mm in diam- Browse Utilization 
eter lying between 50 em and 4 m above There were 400 :t 13.4 (bum) and-489 ± 
the ground. In May 1974 anq, ;1975, the 16.3 (control) willow shrubs/ha. Willows 
total number of browsed anc;l) i:mbrowsed in the bum arid control averaged 17 and 9 
branches was counted on 200; randomly stems/shrub, respectively (Figs. 1 and 2). 
selected willows in each area. ·Alder was The greater number of stems on willows in 

--r. 
·..rc . 
. :.,._!t 

··- · not-utilized-as-forage_by moose and was the bum was due to heavy browsing inten­
not included in the sampli~rneter ··sity·by-snowshoe __ ~ during 1971-72 
at point of browsing ( dpb) was measured which resulted in multiplebranCliingsa:t­
on 50 browsed branches: Fifty unbrowsed the root crown. In the bum, browse utiliza­
twigs of the same diameter were clipped, tion was 44 percent and 45 percent in 1973 
oven-dried, and weighed for mean weight and 1974, whereas in the control it was 34 
per twig. The weight per twig was multi- percent a:nd 8 percent (Table 1). Browse 
plied by the number of branches available production and utilization was not quanti-

. .per..s~ and the number of shrubs/ha to fied in the control in 1973. -Milke. ( 1969) 
. . _get the total blorriassofbrowse available-to _found the browse removed by moose from 

m~Tnebrowse-available-was.multi- __ v~VVlll()WSpecies··during-.one.wintet 
plied by the percentage of browsed twigs to to range fromO:l-to-33.8-percent._In~- _ 
get an estimate of browse consumed per 15-year-old willow stands along a flood­
hectare. plain in interior Alaska, I recorded browse 

utilization of 55 and 56 percent (Wolff 
Browse Production 1976). Spencer and Chatelain (1953) mea-

. Iri early September 1974, Clll'rent annual sured browse utilization in 4 areas on the 
growth (determined by bud scale scars) .. Kenai from 1950-1952 and found an aver-

- was collected from 30 .. selected willow age utilization of 45-.ss pe;~e~t. .. 
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Fig. 1. Photo of a willow shrub In the burn 3 years after 
fire. 

Table 1. Production and consumption of willow browse in 
the burn and control study Sites at Wickersham for 1973 and 
1974. (:!:SE) 

o- .,_ .. ,. .. ,. , ... , ... 
o- e-,lj., ..,., 
>:8 ,::;:; 
Q:S Q~ ="' ;;·; 

AJ-ea ~a ::::r. 
Burn 1973 11.0 8.0:!: 2.5 
Burn 1974 52.5 22.6:!: 3.2 
Control 1973b 
Conll'cl1974 21.1 9.9:!: 2.5 

.. 
0.>1 

~ 
~:; -.. -;: .. u .... 

.S.;:~ J:IS 
·~~d -;" ~! -a 

~8 E; .. ~ 
~~~- tJu_ 

3.5 44 1.6 :!: 0.5 
10.2 45 4.5:!: 0.6 

34 
0.8 8 2.0 :!: 0.5 

• Carrying capacity and utilization computed on an aver­
age daily consumption rate of 5 kg woody browse/moose/ day 
(Gasaway and Coady 1974). Moose days/ha (M.D./ha). 

• Production and utilization of willow browse was not 
quantified in the conll'ol in 1973. 

J. Wildl. Manage. 42 ( 1) :1978 

Fig. 2. Photo of a willow shrub In the 70-year-old black 
spruce forest. 

In the burn, browse consumption in­
creased from 3.5 kg/ha during the 1973-74 
winter to 10.2 kg/ha during the 1974-75 
winter (Table 1). This 3-fold increase coin­
cided with a similar increase in food avail­
ability. 

During the 1973-74 winter, 9 ( ±0.10) 
and 7 ( ±0.08) pellet groups/ha were re­
corded for the burn and control, respec­
tively. At an average daily consumption 



138 BURN AND BRowsE EFFECTS ON ALASKAN WILLOW· Wolff 

Table 2. Production ot hardwood browse trom browsed and unbrowsed branches in the burn and control study areas at 
Wickersham during the 1974 growing season. (:!:SE) 

No. of New New Total 
No. of No. of browsed growth/ growth/ Total hardwood 

browsed unbrowsed willow branches/ branches/ new growth/ browae/ha 
Area shrobs/ha shrub shrub branch (g) branch (g) shrub (g) (kg) 

Burn 400± 13.4 42 ± 4.15 19 ± 3.01 4.0 :t: 0.35 2.4 ± 0.21 131.2 :t: 17.20 52.5 :t: 6.88 
Control 489 ± 16.3 19 ± 2.68 14 ± 4.81" 2.8 ± 0.64 0.8 ± 0.05 43.2 :t: 3.89 21.1 :t: 3.92 

• Branches in the control browsed by either moose or hares. 

rate of 5 kg woody browse for an adult 
moose (Gasaway and Coady 197 4), the 
forage available in the burn during the 
1973-74 winter would have supported 1.6 
moose-days/ha. However, only 3.5 kg of 
woody browse/ha were consumed in the 
burn, equivalent to 0.7 moose-days/ha. Nine 
pellet groups/ha were counted in the burn 
and at 0.7 moose.-days/ha this expands to 
12.9 pellet groups deposited/moose-day. A 
similar figure was obtainedfromthe.pellet .. 
counts in 1974-75. These results agree with 
the report by Julander et al. ( 1963) that 
the defecation rate for moose was 13 pellet 
groups/ day. 

Browse Prpduction 

mean weight per twig of 1.3 ± 0.02 g; some 
new growth ( 32%) had a diameter greater 
than this and was presumably unpalatable 
to moose. Therefore of the 52.5 kg of woody 
browse produced, only 22.6 kg should be 
considered as usable moose forage (Table 
1). In the 1973-74 winter, there was a 
greater portion of browse available which 
was less than 4 mm in diameter, conse­
quently, the percent of total production in 
197~74 which was available was greater 
than in 197~75. 

Willow browse was not quantified in the 
control in 1973; but in 1974 there were 21.1 
kg/ha produced, 9.9 of which was available 
to moose. Branches previously browsed by 
moose or hares produced 2.8 g/br and un-

···· -In-'1974~nbrowsed-willow~branches in browsed branches, 0.8 g/br. This may be 
the burn produced 2.4 g of new growth per somewliaf15iasecl;-however,as-the-br.anches_ 
branch .( g/l:>!), whereas a previously which were .previously browsed were prob­
browsed branch produced 4.0 g/br (Table ably more productive anci were selected by 
2). _ Browsing intensity from the previous the moose. Browsed branches were closer to 
winter ranged froril 0 to ·roo percent Pro- the ground than the l!nbrowsed ones, most 
duction of new growth was greatest on those of which were above 2 m. One possible rea­
shrubs which had been browsed most heav- son for this is that branches which grow 

- - -- ily. .. the_prf:!vipus winter. Krefting et al. close to the ground may have a high crude 
... ______ (~)found a simiiarresponstfWith-moun- protein-content .. (J~aij~y _ _1967). The lower 

tain maple ( Acer spicatum·)-: ·----------branches_~ easier for-moose to-feacn. 
The total current annual growth of willow -------·····--·-····-·------···· 

product;ld' in the burn in 1974 was 52.5 Browse Simulation 
kg/ha. About 25 percent of this was less · The 2 willow shrubs which were totally· 
than 50 em above the ground (mean snow clipped produced 90, 289, and 693 g (April 
depth from mid November through March 1974, Sept 1974, Sept. 1975) and 124, 317, 
was 48 em) ancl vvas not available during and 790 g~ Some of this (an estimated 25%) 
the 197~75 winter. Also, the dpb ueyetex- was greater than 4 mm · irj diameter and 
ceeded 4.4 mm ( x = 3.75 ± 0.03} with a--- should--not be consig~red: as moo~~ foi"age. 
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Both shrubs were browsed by moose or 
hares in the 2 winters prior to my experi­
ment. 

GENERAL DISCUSSION 

Although browsed branches produced 
more than unbrowsed branches from 1973 
to 1975 (Table 2), continuous browsing 
over several years might eventually deplete 
plant or soil reserves causing eventual de­
cline in productivitY (Menke 1973). Aldous 
( 1952) reported that paper birch could 
withstand clipping of 50 percent of the cur­
rent year's growth over a 6-year period 
without loss of production. Krefting et al. 
( 1966) found that mountain maple with7 
stood 100 percent simulated browsing for 
10 years and still produced more annual 
browse than a non-clipped plant. They sug­
gested that a lower browsing intensity may 
have better long-term effects, and several 
authors have suggested that 50 percent 
browse utilization may give maximum sus­
tained production of hardwood browse 
( Krefting et al. 1966, Spencer and Chatelain 
1953, Wolf£1976). 

Production and utilization was assessed 
only in Salix scoulerlaTUl. There are 34 spe­
cies of willow in Alaska (Viereck and Lit­
tle 19'72), and all species may not respond 
to browsing in the same way. However, per­
sonal observations of S. alaxen~. S. plani~ 
folia, and S. inte~ also indicate that 
browsing stimulates production. Moose 
seem to prefer some species over others, and 
the degree of utilization may differ con­
siderably (McMillen 1953, Murie 1961, 
Milke 1969, Coady 197 4). Though nutritive 
value of a plant may be a good indicator of 
preference (Albrecht 1945, Cook et al. 1956, 
Heady 1964, Hurd and Pond 1958), other 
inherent characteristics of individual spe­
cies seem to be important in determining 
palatability. 
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HOOSE HABITAT AND FOREST SUCCESSION. ON TilE TJ\111\NA 

!RIVtR FLOODPLAIN AND YUKON-TANANA UPLAND 

I I 
Je~ry ?· Wolff, Jnstftute .of Northern Forestry, 

USDA Forest Service, Fairbanks, Alaska, 99701 and 
I I , 
I 1 Museum of Vertebrate Zoology, 

Uhtv~rsity of California, Ber~eley. 94720 . I I . . I . 
:· 1 and 

JohJc.l Zasada, Institute of Nor~hem Forestry, 
lusoA Forest Service, Fafrban~s. Alaska. 
i I . 

Abstract: PrJdud:lon, availability, 1and utilization of woody , I . , 
browse by moos~ in winter were recorded 1~ :stands of 16 

dl fferent ages
1

1 on I the Tanana River flb

1 

odpla.ln and the Yukon­
Tanana uplands, of Alaska. Thes~ stands represented primary 

and secondary fuclesslon following fire, fl,oodlng, and clearing. 
The forage avaflablle Included 198 kg/ha in a 1-year-old aspen 
stand, 167 kg(ha ~nan 11-year-old·blrch stand, and 66 kg/ha 

' I ' 1n a 16-year-o1d w~llow stand. Stands greater than 25 years 
1 ! i 

post-disturban~e had less than 10 kg of browse per hectare. 

Aspen stands p~ovl~e the most browse 1-5 years post-disturbance, 
whereas birch ~nd ~fill ow stands provide the :most browse 

between 10 and 116 years. Browsing intensities ranged from OS 
' I ' to 561 In most stands, suggesting moose are •below their habitat 
! I • 

carrying capacities. The use of browse avaUabillty and 
, I : 

consumption rates to determine carrying capacities and moose-
days of use are I dis!cussed, 

I l 

. I : . 

1 During winter, "iosel (Alcee alcee) fn A~aska1 feed pr1marfly on shoots 

and, branches of wfll~s (Sali:.; spp. ), paper birch (Betula f!.GI?Yri[era), 

aspen (PopuZr.e tremuZJideJ), balsam poplar (~. balsamifera), ·lind cottonwood 
• I 

~. . . . 
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(P. trlohocarpaJ (leResche and Davis 1973, Cushwa and Coady 1976,· Wolff 

1978). These hardwoods are.frequently associated with plant communities 

characteristic of early sera1 stages (LeResche et al. 1974, Viereck 

1973). Browse production in early seral stage development is high, and 

the shoots and branches of woody browse species are numerous and w~thin 

reach of browsing mammals. Trees and woody shrubs often grow out of 

reach fn later successional stages, and thus the number of twigs available 

. Is reduced (LeResche et at. 1974, Spencer and Hakala 1964). In the 

Tanana region these early seral-stage plant communities are created by 

deposition of sand bars resulting from floodplain processes, by wildfire, 

and to a lesser extent by logging or other man made disturbances. The 
-predominant climax plant communities in the taiga of interior Alaska are 

either white or black spruce (Pioea gtauoa, P. ~). 

Forest succession and rate of change are determined by a host of 

factors. Among these are species composition of the disturbed community, 

nature of disturbance, site conditions, and avaf1abf1ity of seeds and 

other reproductive materials. These factors, acting in concert, produce 

three baste successional patterns (Lutz 1g56, Viereck 1975). The first 

is termed autosuccessfon, that 1s, a disturba1ce fn black spruce, white 

spruce, birch or aspen results fn the return of the same species fn 

relatively pure stands. Wf11ow, alder and other shrubs are common In 

the early stages of this successional pattern. Second, a disturbance in 

white spruce results in regeneration of birch from seed or stump sprouts 

and/or aspen primarily from root suckers followed by white spruce. The 

1- to 20-year-old aspen and birch stands are highly productive and have 

been well documented as providing prime moose winter range (Spencer and 

Hakala 1964). The third pattern is characteristic of the floodplains 

of Alaska's rfvers. wherein willow or willow-alder stands are replaced 

,---· .. ~. 
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by poplar and white spruce. Patterns 1 and 2 are secondary succession and 

pattern 3 is primary succession. For variations in these patterns see Viereck 

(1975). 

The major objective of this study was to compare browse porduction In 

different age communities following different types of disturbances to determine 

the capacity for providing moose winter range. These observations were made on 

the Tanana River floodplain and the adjacent Yukon-Tanana uplands. 

STUDY AREAS 

Table 1 presents general site and vegetation data for the areas Included In 

this study. A further brief description of each follows: 

Uplands 

·Wickersham (W). The Wickersham fire occurred in 1971 and covered 

about 6 000 ha. Wickersham-1 (W-1) is located fn an area which was classified 

as a heavily burned, black spruce stand. Site W-3 is located in a large, 

unburned black spruce stand across the fire line from W-1 and is representative 

of the conditions fn W-1 prior to the fire. Wlckersham-2 (W-2) ts an aspen 

stand burned at the same time as W-1 (wtllow) and located several kilometers 

from W-1. Wickersham-4 (W-4), the most severely disturbed site, was 

cleared for homesteading. Stands adjacent to the clearing are similar to 

WC-3. During the clearing, mineral soil was exposed placing the succession 

on this site somewhere between primary and secondary. 

Murphy Dome {MD). Murphy Dome 1 and 2 (HD-1, MD-2) are located in a 

2 DOO ha area burned tn 1958. 

Goldstream (GS). This area burned in lg66. 
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Parks· Highway (P) and Elliott Highway (E). These stands are representative 

of sapling- and pole-sized hardwood stands which cover large areas of the 

Yukon-Tanana upland and were burned 30-50 years ago. 

Bonanza Creek (BC). Thts site was a mature upland forest harvested in 

1977. Stem density of the trees prior to harvesting was 323 birch, 132 

white spruce, and 43 aspen per hectare. 

Floodplains 

Tanana River (TR). Tanana River-1,-2,-3, and -4 represent several 

stages of primary successional sequence on floodplains. 

METIIODS 

The amounts of browse available to moose and their browsing intensities 

were measured in May of each year after snowmelt. One 10-ha plot was 

established in each stand, except the Bonanza Creek area which was only 1 

ha. Each plot was considered representative of the stand. The densities. 

of trees and shrubs were determined by the point-center-quarter method 

(Cottam and Curtis 1956) using 40 points. Four trees or shrubs (160 per 

site) were sampled at each potnt, and the n~nber of browsed and unbrowsed 

twigs on each plant recorded. A shrub consisted of single or multiple 

stems arising from a single base.· A twig was a single branch less than 4 

mm in diameter, usually a portion of the current annual growth. The Shafer 

(1g6J) tw.ig-count method was used to estimate the availability and utilizatton 

of hardwood browse. This procedure was similar to that of Joyal (1976). 

The mean dillmeter at point of browsing was determ-Ined by measuring the 

diameter of 25 randomly selected browsed branches of each species. Twenty­

five unbrowsed twigs of the same diameter w~re clipped, ovendrled, and 

., 
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weighed in order to determine the mean weight Per twig. The weight per 

twig was multiplied by the number of twfgs per shrub and number of shrubs 

per hectare to provide an estimate of the total biomass of hardwood browse 

available to moose per hectare. The mean diameters at point of browsing 

(dpb) and weights per twig (Tabte-2)~;~-~~~d·t~ ~~~te the amount of 
·~ - -- . ·- . 
browse available per shrub and per hectare. An estimate of browse consumed 

per hectare was obt~ined by multiplying the total browse available by the 

percentage of brows?d twigs. Estimates of available browse Included 

l 
I 
I 

growth less tha~4 mm:in diameter between 50 em and 3.5 m above the ground. J 
. i ... --..:..__ 
·.~.' .... 

Table 2. The Ola1!l0ters at Point or Browsing end Twig Weights or 

the Browse Plant Sr<!ths Sampled. 

Oll .... ter at 

point or browsing Twig Vt. 

Drowse species m, (1 S.E.} g, (1 S.E.) 

Scouler willow 3.6 (.02) 1.02 (.01} 

Feltlur willow. 3.8 (.04) 0.8-4 (.OZ) 

Sandbar willow Z.ll (.04) 0.56 (.OJ) 

8olso10 poplar 4.1 (.07) 1.32 (.07) 

Cottonwood 6.0 (.U) 2.36 (.ZC) 

al~h 3.1 (.04) 1.02 (.04) 

P.spen 3.1 (.04) 0.97 (.OJ) 

Alder 2.9 (.OJ) 0.68 (.04) 

Hlghbush cranbei'T)' 3.0 (.OJ) 0.32 (.10) 

Willows• 3.0 {.06) 0.63 (.07) 

"'llllows Include Port willow, tall bluobei'T)' willow, ll«bb will.,.., 

dl...,.,dluf willow, and vrayleaf vlllaw. 

Preference tndfces (P.l.) were determined for stands that had two or 

more browse plant species to see if moose were selecting certain plant 

species to the exclusion of others. The index fs defined as Pib/Pi!L where 
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Pi!!. Is the proportion of the !th species in the diet, and Ph h the proportion 

of that species fn the stand. Preference indices were computed using three 

sets of data: number of stems, number of twigs, and biomass. These.computations 

gave somewhat different results due to the large difference fn number of 

twfgs per stem and weights per twfg. 

RESULTS 

Production of Available Browse 

Tree and shrub densities and production of available browse are shown 

in Ffgure 1 and Table 3. These results are presented below and organized 

.. by stand type. 
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Figure 1. Amounts of woody browse available by 
species fn stands of different age classes. 
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1 

l Uplands 

Wickersham: In W-1 (willow), browse production increased from 6.5 fo' 
Jl \ -

44.1 kg/ha, 3 to 7 years after the ffre. All b~se consisted exclusively 
I I ' 

of post-fire vegetative sprouts of Scouter hrtllow. The Increase fn production 
I i · 

was due to an fncre&se fn number of shrubs for the first 5 years and an I ', -
Increase fn number Of twigs per shrub for an 7 years. 

Browse prod~ctf\on fn W-2 (aspen) was greatest the 1st year after fire I I 

(198 kg/ha), decreas:ed to 113 kg/ha 4 years after ftre, and increased to 

134 kg/ha 7 yearl af\ter the ffre. The hfgh pro_ ductivity 1 year after fire 
I , 

was due to a large nUmber of stems wfth one twig/stem, whereas at 7 years 
I i . . 

:::~::::rt:f&~:~~ ~:: :::::a:::;,:::e~;r~~:to:u:::::.per stem had 
- I • 

W-3, the unburned stand of blac~ spruce; supported 489 willow shrubs/ha. 
I I . • I 

The b'lomass of naila~le b~se was less than 10 kg/ha for the S-year 

sa""Hng period. \The\ number of twigs per shr~b fn the unburned stand 
i i 

varied from 13 to\19 lompared to 68 twfgs/s~rub fn the 7-year-old burn • 

Some of the shrub~ ha~ branches 5 m high and were out of browsing reach. 
\ . I 

W-4 (birch clearing) had 11,065 stems/ha, 7,645 of which were birch. 
II I .. 

The mean number of tw~gs per birch stem was 19.7 and yielded 153.7 kg/ha ·of 
i i 

browse. Willows, aspen, and alder yielded ano.ther 53.6 kg/ha for a total I I - ... 
of 207.3 kg/ha of b~se. This stand resulted from the establishment of ' I . ·, . : I . . I' seedlngs and was the most productive of all stands sampled • 

Murphy Dome: \er~se production in Mo-1' w~~ 66 and 60 kg/ha, 16 and 
! \ 

19 years post-fire :resP,ecttvely. Production of wfllow and birch b~e 
; i 

decreased from 66 tb 52 kg/ha during the 3-year period as alder made up Bt 
i 1 . 

of the woody browselin Jthe older stand. White spruce wa~ also becoming 1110~· 

predominant fn the ~ta~d at 19 years attaining a density of 3,334 stems/ha 
I I 

- i ! 
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and a height of 1 to 2 meters. 

At MD-2, browse production was 119.7 kg/ha. The number of willow 

stems per hectare was greater than birch, but the larger number of twigs 

per stem (18.3 for birch and 4.7 for willow) resulted in a greater production 

of birch browse. Alder was not present in the bfrch stand, but whfte 

spruce density was 3,906 stems/ha. The birch stems averaged 6 m 1n height; 

consequently. about 25i of current annual growth less than 4 mm fn diameter 

was above browsing height and was not included in the sampling. The browse 

at both Murphy Dome stands resulted from seed. 

Goldstream: This 11-year-o1d willow stand had 2S,g kg/ha of browse. 

The majority of thfs was produced by three species: grayleaf (Sali% glauca) 

feltleaf. and diamond leaf willow (s. ptani[olia), none of which were 

identifiable to species at the tfme of sampling. Birch and poplar were 

less dense in the stand. Spruce seedlfngs were abundant but all were less 

than 30 em tall. 

Bonanza Creek: This stand had 1l,820 aspen stems/ha yfelding 11.8 

kg/ha of browse. T~ese stems were ro~t suckers and were about 1 m high. 

Birch regeneration was from stump sprouts which averaged 3g,4 twigs /stump. 

Birch seedlings were also present but were less than 10 em tall. All 

browse sampled fn thfs l-year-o1d stand was above snowline and available to 

moose as forage. 

Elliott Highway: Thfs SO-year-old stand of birch, alder,· and white 

spruce had no browse wfthfn reach. The birch had a d.b.h. of 6 to 8 em and 

a height of 6 to 8 m. The canopy was closedo and there were no other browse 

shrubs in the understory. 

Parks Htghway-1: ·This 3S-year-o1d aspen stand had 6,618 stemsiha~ 

however, the mean d.b.h. was 10 em, and the nearest twigs were 5 m from 

I 
I 
i 
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the ground. The stand had grown out of reach of browsing mammals, and 

there were no other woody shrubs in the understory. 

Parks Highway-2: Trees in this homogeneous, 70-year-old aspen stand 

had a d.b.h. of 20 em; and the dominant trees were 21 m. No twigs were 

within browsing range of moose. and there were no woody shrubs in the 

stand. White spruce was present fn the understory. 
I 

Floodplain 

Tanana River: Browse production at the TR-1 increased from 39.8 to 

49.g kg/ha between 8 and 11 years 'of age. Feltleaf willow was the most 

common species present with sandbar willow and balsam poplar also present. 

Alder was also present in the stand but did not show up in the sampling 

until 11 years. The number of twigs per stem varied from 2.4 to 5.0 for 

all browse species. The number of stems per hectare and twfgs per shrub had 

not changed from 9 to 11 years which suggests that maximum production of 

browse had probably been reached. Most shrubs were 2 to 3m tall and 

within browsing reach; however, about 51 of the feltleaf willows were 

taller.than 4 m and out of browsing range. 

The 28-.year-old alder stand, TR-2, produced only 6.4 kg/ha of browse. 

6.1 of which was alder. The alder·was 4 to 5 m tall, and the poplar was 9 

m tall. All poplar twigs were higher than 4 m. Alder and poplar had taken 

over the stand which presumably was dominated by willows in its earlier 

succession. 

The forage available at TR-3 (willow) was 112.5 and 98.2 kg/ha at ages 

16 and 19 years. The number of willow stems per hectare decreased substantially 

between 16 and 19 years, while the number of alders increased. This 

suggests that annual productivity is probably declining. The method 

- ~~--~ 

-~-·. ' 
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used for sampling the 16-year-old stand differed slightly from the method 

used for the 19-year-old stand. Thfs may have resulted in an overestimate 

of the 16-year-old stand and may account for the large difference 1n available 

forage. The decrease in forage available was real however, as evidenced 

by a large number of decadent willow siems. 

The formation of the Tanana River stands (primary succession) was a 

more complex process than those resulting from secondary successfori on the 

upland sftes. The majority of shrubs on floodplain sites are believed to 

be of seed origin; however, an unknown percentage are of vegetative origin. 

These have resulted from production of new plants from broken branches 

deposited and burfed durfng periods of high water. Shrub origin of, this 

type fs similar to seed reproduction fn that the plants must establish root 

systems. The other exception to seed origin fs that sandbar willoW:and 

balsam pOplar can expand vegetatively by. root suckers. The point to be 

made fs that shrubs and trees of seed origin do not have the advantages of 

sprouts which arise from established root systems wfth stored reserves. 

In the 80-year-old poplar stand, TR-4, browse production was limited 

to 4.3 kg/ha of alder. The poplars were 20 m tall wfth a d.b.h. of 20-25 

em. No other woody browse was available fn the understory. 

Browsing Intensities and Selectivity 

Uplands 

Browsing intensities and preference Indices are shown in Table 3. 

Wickersham: ·Browsing 1nten~ft1es it W-1 (willow) ranged from o~ to 

45~ during the 5-year sampling period. The heaviest browsing ln.tensfty was 

Bt 4 years, the lowest, no browsing, was at 6 years. During the years in 

whfch browsing was recorded, 67S to 77S of the shrubs had been browsed to 
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some extent. Mo~t shrubs which were browsed had less than so% of thefr 
l l . 

available twigs ~li~ped and rarely was 100% of th~twigs bft·ajgiven shrub • · 
. I I · · removed. This was true for all stands sampled. 

\ ! ~ 

Browsing intenslity in W-2 (aspen) was 100% 1 year after the ffre; 

however, this wa~ dJe entirely to snowshoe hares (lepus arnericanus). Moose 
i I , , : 

·browsing intensity was 19~ at 4 years and 0% at 7 years. 
\ d 

Browsing inten$~ty in the unburned stand, W-3, was 34Z arid B% at 75 
. ! j : : 

and 76 years resPectively, then decreased to 01 and 1~ for the next 3 
I I . i i 

years. I . 
' ' 

Browsing in~enstty at ll-4 (birch dearing) was 231. A p~eference was 

shown for aspen follc!Jwed by Scouter willow', birch, and alder. · ThfS was the 
I : 

only stand In whl:ch ~lder was browsed. 

·Murphy Dome:\ B~sing intensities at the HD-1, 16 and 19\years, 

were BS and 26~ r~s~ctively. At HD-2 browsing intensity was 61. Preference 
\ ~ ' 

Indices showed a aef~nite preference for1 wi11ows in the birch ~tand. 

Willows consfsteJ oflscouler and feltlea'f willows which were b~sed at 
i i i ' ; 

equal Intensities',. When using the preference index computed by number of 
' I . 

stems, however, J pr~ference was shown for birch In the birch stand. The 
I I . , 

differences in re~ul~s are due to a larger number of twigs per' stem on 

birch as compared(wiJh willow. 
• ) t ' 

Goldstream: lNo\browslng by moose was recorded at the 11-~ear-old 

stand at Goldstre~m. Browse was plentff~l: i~ this stand and wfthfn reach, 
i i but no browsing w~s r,ecorded. There was no evidence of browsing during the 

previous two wintlrs.l 
: ! 

Bonanza Creek: 'Browsing Intensity at the logged stand was 81%. This ==""'--"'-'=f-, I 

was the highest bfowsltng Intensity recorded. rA ,Slfght preference was shown 
• i . . 

for birch; however, bOth aspen and birch were browsed at higtr intensities. 
! I 

·I 
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____ No browsing by 1110ose was rt!corded in the adjacent unlogged 130-year-old 

stand. 

Tanana River: Browsing intensities at TR-~ ranged from oz at g years 

to a maximum of 56~ at B years. Preference 1ndfces showed sandbar wf11ow 

to be a preferred species; however, feltleaf willow also had a preference 

fndex greater than 1. Poplar had a low selectivity value, and alder was 

not eaten. No browsing by moose was recorded in 

TR-2. 

Browsing intensities at TR-3 were 55% and 13% at 16 and 19 years, 

respectively. A slight preference was shown for feltleof willow when the 

stand was sampled at 16 years wfth tall blueberry willow, park willow, and 

poplar consumed to a lesser extent. Sampling was conducted before budbreak 

at 19 years, so tall blueberry and park willow could not be differentiated. 

~o browsing by moose was recorded fn the 80-year-old poplar stand, 

TR-4. 

DISCUSSION 

Species Response 
.• 

Production and utilbatton of browse ts detennined by the fnteractfon 

of prfor stand densfty and composition, regeneration characteristics, 

growth rate of browse species, sfte conditions. nature of disturbance, and 

the impact of browsing on the vegetation. 

Aspen. Aspen was present fn three of the upland stands. It occurs on 

relatively wano, permafrost-free, upland sftes and is uncommo~ on floodplains. 

Because of fts abflfty to produce root suckers foll~fng death of the 

parent $tern, substantial amounts of browse are produced the first full 

growfng season following disturbance. Density and distribution of stems fn 

--~'-
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young aspen sucker stands 1s relatively unfform compared to the aggregated 

or clurepy nature of birch and willow stems of vegetative orfgln. The 

genetic composition of sucker stands fs such that one genotype (a clone) 
\ may cover a large area. For example, clone sizes up to 40 ha have been 

reported in North America (Kemperman and Barnes 1976). In the other major 

browse species, each stem or multi-stemmed group is genetically different. 
I 

These genetic patterns could have significance with regard to selection and 

palatability of browse. Aspen seed reproduction fs common fn this region, 

but pure stands resulting from seed are not known. 

The Wickersham aspen stand (W-3) exhibited the classic response to 

fire. The browse available at the end of the first growing season was the 

greatest observed in this study. By age 7, stem density was reduced to 

about 101 of that at age 1, while available browse declined to only 681. 

Maintenance of browse availability at higher levels is the result of the 

formation of lateral branches in older stems due to browsing effects. Few, 

if any, lateral branches are produced by 1-year-old aspen suckers. The age 

at which browse fs no longer available depends on sfte quality and other 

variables. Observations made in 17- and 15-year-old aspen stands Indicated 

that the lowest branches were 2 m from the ground and 75 percent of the 

current annual shoot growth was over 4 m above the ground. The 35- and 60-

year-old aspen stands produced no available aspen browse. 

In the severely disturbed homestead clearing, W-4, aspen occurred as 

widely spaced single stems suggesting that they were of seed origin. 

Observations ~de fn thfs study do not allow a comparison between browse 

production in seedling and sucker stands, however, our observations elsewhere 

fn this region suggest that seedling growth is ~ch slower than sucker 

growth and that 3 to S years or more are required before seedlings are tall 

', 
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enough to provide winter browse. The result of slower growth would be to 

offset the·productiv~ period by this number of years. Relative rates of 

browse production by seed and vegetative growth are summarized in Ftg. 2. 
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4· B 12 14 
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18 22 26 

Ffgure 2. Rates and relative amounts of browse produced by aspen. 
wfllows, and birch by seed and vegetative growth in different 
aged stands. 

30 

Bfrch: Birch, which occurs primarily on upland sites, was i major 

component In six of the stands examined. It fs also found to a limited 

extent In older successional floodplifn stands. Birch has a wider tolerance 

than aspen in that it occurs on the same sites plus somewhat colder sftes 

(Gregory and Haack Jg6S). 

Regeneration of birch occurs from seed and stump sprouts. Stems 

resulting from vegetative reproduction of birch are fast growing and 

produce moose browse at the end of the first full growfng season (e.g. 

,. 
' I 

i 
I .. 

,, 
I 

I 
~~ 

I 
·l 

I. 

j i 

233 i: 

stand BC, Tabl~ 3 ~nd rig. 2). The structure of the stand is one of ~ulti-
, i 

st1!!11llt!d clumps \art~ing from the stumpS\ of elirli~tr mature.~~. The'"tl!pa~y 

_of ~~~ature birc~! to\produce post-disturbl!nce :sprouts decre11ses after 40-60 

years. and by a'ge 100 only about one-half of, the cut trees appear to produce 
I I 

basal sprouts (~. Zasada, unpubl). 
1. ! 

In or~er: \to obtain stands with a 'structure and densit,y similar to 

aspen, 1t is ne~es~~~ry for seed reproduction' to ffll fn the gaps between 

the llkllti-ste~d gtoups. Birch produces vah quantities of seed at frequent 
\ I . . 

intervals,(Zasa~a a~d Gregory 1972). Establishment·of seedlfngs is greatest 

on min~ral soil l,but\ cim occur on disturbed o~ganic matter. Growth of 

seedlings is sl~er\than sprouts. Unpublished data collected at Bonanza 
'· I Creek Experimen~l ~orest fndfcated that average seedling height in clearcuts 

was about 70 em ~nd\maxfmum height about 1.2 111 at ageS. Birch sprouts in 

the same area av~raded 3-4 m. 1 ' 

'. I . Available ~ose browse varied froml4 kg/ha at the 1-year-old BC stand 

to 154 kg/ha at ~-4.1 No bfrch browse was available Jn the 50-year-old birch 
I ' 

stand. llfth the\exc~ptfon of stand 11-4, bn>Wse production was mostly 

produced by sproJts.\ At 11-4, the most productive fn terms of available 
' ' 

birch browse. thJ st~nd was composed entirely'of stems resulting from seed 
I I 

regeneration. J.\ Ol~emeyer (pers. cOil'lilunicatfon) recorded an annual production 
S I I . . of from 79 to 1 11 J;g{ha of browse 1n 25-year-old birch stands on the Kenai 

National Moose Ra1nge] 
I I 

llfllow: wn~ow~ are primary forage st>edes following disturbance in 
j : 

black spruce ccmmrni,ies on uplands and on newly formed sandbars of flood 

plains. Although! there is some overl_ap in species composition between 
1 I 

up~ands and lowlari\ds.\ the sites fn this.stud1 had only feltleaf wfllow 

occurring on both general types. Willow stand•formation on uplands following 
, I 

'\ 
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fire tends to be predominantly from sprouting. Sprouts can attain· heights 

of 50 to 80 em in 1 year. while seedlings take a~ least 3 ytars to attain 

this height. Stand formation On floodplains ts a mixture of stems formed 

from seed and buried branches. In the case of sandbar willow, additional 

stems are produced by root suckering. 

On upland sites, where Scouter willow predominated, stems were available 

above snowline the first 2 years after fire, but these were completely 

_consumed by snowshoes hares (Wolff 1977)~ Four(.years after the fire, 

browse production was twice as great in the burn as in the unburned stand; 

7 years after the fire, 1t was ftve times greater. Willow browse at MD-l 

(birch) was less than at W-1 (willow) and probably reached peak production 

between 15 and ~9 years post-fire. It fs projected that browse production 

In W-1 will peak between lO·and 15 years after the fire and decrease by 20 

years. 

At TR 1, a flooplaln site. browse production increased from.B to 11 

years, and ft appeared to pea~ between 10 and 11 years. In the adjacent 

28-year-old alder s_tand, TR-2. wt11ow production was neglfgfble, and alder 

was dominant. Alder was Invading the 11-year-old stand, and ft fs projected 

that TR-1 win be dominated by alder and balsam poplar by 20-25 years. 

A similar pattern of production and succession was evident at TR-3. 

Production declined between ages 16 and 19. Alder was beginning to Invade 

this stand; according to the predicted successional pattern for the flood 

plain, it will dominate the stand along with poplar in the ne~t 10 to 15 

years (Viereck tg7o). 

In unpublished wor~ we assessed sprouting capacity (rate of secondary 

succession) of floodpliin willows by conducting a cutting study at TR-1. 

A11 willow stems were cut from four. 100-~ plots. Stem density and browse 

I 

I 

I 
I 
I 
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production were determined in Hay 1975 (befo~ cutting), Hay 1976 (1 year 

. after cutting), and Hay 1978 (3 years after cutting). 

Cutting resulted in a 36% reduction in the number of willow stems per 

plot after 3 years. The number of shoots per shrub increased by 29 and 56% 

1 and 3 years respectively after cutting. Browse production was 82% of 

predisturbance condition after 1 year and slightly greater 3 years 8fter 
! 

clipping (Table 4).i These results indicated that the species on this 

floodplain site respond in a manner similar to that of willow on uplands. 

Table 4. ll!!sponse of lllllows at Tlnana Rher-1 Site to 
R!!IIOval of llbo'ft! t;round Stees. R•C 

Ttan Stems Twigs 1.--t 
since per per per 
cutting plot shrub plotll 

Befort cutting 253(42jY 1.9(.3) .37(.02) 
1 154(24) 2.C(.CJ .30(.041 
3 161(27) 3.1(.5) .CO(.OS) 

l/lllltlp1y by 100 for tg/ha, 

Y St.ondanl error of the nun of partnthtsu. 

Browse Preference: Browsing preferences were difficult to obtain 

because of homogeneity of stands. Over the 4-year sampling period at 

TR-1, a preference was shown for sandbar willow followed by feltleaf 

willow and balsam poplar. At TR-3, feltleaf willow was preferred over 

tall blueberry willow, park willow, and balsam poplar (Table 3). 

Willows were preferred to birch in the mi~ed stand at MD-2 and W-4. Jn 

Quebec, Joyal (lg76) also found willow to be preferred over aspen and 

birch. In the one instance where aspen occurred in mixture (W-4), it 
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was preferred to bfreh. Oldemeyer et al. (1977) found that alder and 

birch supply hfgher wfnter levels_ of protefn, but wfllow ts more digestible; 

because of variation in nutrients, trace elements, and digesttb!lfty 

among specfes, they'suggest that variety fs important tn the diet of 

moose. 

Preference for a species was dependent fn_part by fts abundance in 

the stand. When willow had a low frequency of occurrence, it had a 

higher selective value than when ft occurred in higher densftfes'(Figure 

3a) •. Preference indices using number of stems, branches, or bf~ass 

gave a sfmflar result. The same pattern did not, hONever, hold for 

bfrch (Figure 3b). Small sample size prevented statistical analysts of 

these differences. 
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Figure 3. The relatfonshfp between percent composf­
tfon fn the stand of willows (A) and birch (B) and 
moose preference fndfces. 

Due to low browsing intensities fn most stands throughout thfs 

study, it was difficult to obtain a quantitative measure of browse 

preferences or even stand-~pe preferences. Browsfng fntensftfes were 

high at Bonanza Creek, but this was a small stand, and stands within 200 m 
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I I . :' . 
experienced lower browsing intensities. In larger stands such as the 

Murphy Dome or ~ick~rs~~~ sites, moose had u~limited forage and could be 

more selective. I In\ fact fn W-2 (willow) br~sing by moose was not 

recorded ilt 7 yJarsl, but browsing in w-'1 (willow) was lg%, On the Kenai 

National Moose Jang~ where moose populations ,are high and food is lfmlted. 
' I I 

all ~rowse plan~ sp\)cies are consumed at high levels (Oldemeyer et al. 
l r ' 

1977). Similar :obs~rvatfons were made in McKinley .National Pari!: from 

1975 to 1978 whe:re ~~high moose population ha'_CI been browsing over 80% 'or 
, I 

preferred wfllowj splcfes {J. Wolff, unpubl) •. 

Using data :,n ~his study and unpublished olservatfons, we have 

attempted to lis~ ~e browse species prefe~nces. Sandbar will~ is th! 
I .I • · ' preferred specfe~ ft11l~ed by other wfll~ specfes, birch, aspen, cottonwood, 

poplar, highbush\cr~nberry, and alder. -Willow species, which are common 
\ \ < 

tn fnterfor Alaska a:nd are used extensfvely by moose, include S. al=e•uri11. 

s. p'tani[olia. and 5'~ arbuaeutcidelf (Hilke 1?~9, Machida 1979). Alder 
i i 

was reported consume~ by moose along the Co1v111e River on the North 
: I 

Slope of Alaska (Coa~y 1974). 
1 I ' ' ' 
· , ~o attempt has been made .t,o determine palatability 

I . 

\other than developing a P,reference index for each 

species. Nnr,rllnd~m b~stng by moose on Individuals wfthfn a specfes has 

(Cowan et al. 

browsed for seve 

which reduce pala 

. I . . 
LeReseche nnd Davis (1971) and was ~uantfffed by 

I ; . 

utrient content, digesti~flity, and fnhfbitory 

in different conce~trations fn different 

within a species ha~e an effect on palatabfl ity 

~r.",p'"'"Hve years my contain fnhfbftory compounds 

f.ty and inhibit further browsfng; however, Machfda 
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(1979) found that moose may select the same shrub for at least 3 consecutive 

years to the exclusion of others. Therefore. only a portion of the 

biomass of browse available ~n a stand may be pilatable to.moose. 

Carrying capacity and uttlfzation of browse in a stand'was computed 

using an av~ra9e daily consumption rate of 5 kg browse/moose/day (Gasaway 

and Coady 1974) and recorded tn moose days per hectare (M.D./ha) (Wolff 

1978). Carrying capacities and uttlfzatfon for all stands whfch produced 

woody browse are $hown tn Figure 4 and Table 5. Maxtmum_carry1ng capacity 

is based on a daily consumption rate of 5 kg/moose assu=fng all browse 

avatlabll!! fs palatable~ In this study, a maxfmum browsing intensity of 

56% was recorded. On the Kenai ftattonal Moose Range, J. Oldemeyer 

(pers. communication) found that moose·which were taking 85~ of the 

available browse were starving and were undergoing high over-winter 

mortality. In McKinley National Park. I recorded a brOIISing intensity 

of between ~ and 90%; calf production and winter calf survival there 

were low (S. Buskirk, National Park Service. McKinley National Park, 

Alaska. pers. comm.). Therefore, at a browsing intensity of between 60% 

and ass. moose are probably reaching the carrying capacity of palatable 

browse. Based on these figures and observations, we have adjusted the 

carrying capacfty of palatable browse tD 751 of total browse available 

which probably represents the'crltical threshold fn most stands below 

which moose can st111 select palatable browse. After 751 of the browse 

has been consumed, the remaining browse fs not only less nutritious but 

more·scattered and energetically more costly for the moose to locate and 

consume the remaining 25i. The maximum sustained browsing intensity 

which a shrub can withstand 1s prftbably between 501 and 751 (Krefting et 

al. 1966. Wolff 1978). The 75S adjusted carrying capacity must be 
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Figure 4. Maximum and adjusted carrying capacities and 
amounts of browse consumed by 1110ose in each stud,y area. 

" considered a generalization and should be further adjusted to specific 

stand condf tf ons. 

· Moose population densities during the period of this study (1972-

Jg7B) were not measured for the study sftes. However, during this 

period populations were generally considered very low (Coady 1976). The 

fmplfcatfons of these low populations to browse utilization are two­

fold. The ~ost obvious is the relatively low level of browse utilized. 

During the course of this study, all areas ob~ved had been browsed to 

some degree during at least 1 year. With several exceptions, however, 
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Tabla 5. C..IT)1ft9 CtPitfty IM 8rowll lltl1batf011 for S.loctH Uplalld alld Flood Plain 
St<~llds In the tanana Rt .. r Dralna;t. 

Sund 

Murphy lkrnt• 1 

Murphy lkrnt-2 

Coldstra.., 

Tanana Rhar·1 

8onanti CrHl 

Ag• 

+3 ... 
+$ 

+$ 

+7 

+1 
+4 

+7 

+7 
+76 

•n 
+78 
+7§ 

+II 

+16 
+19 

+It 

+U 

+8 

+9 
+10 

+11 

+IS 
+19 

+t 

.... ,_ 
8f'1lWJt carrying 
lnflablt capacity 
lg/hl 11.0./ha 

G.S 1.3 
1U u 
211.5 5.7 
37.1 7.4 
44.1 8.8 

1»8.4 39.7 
112.0 zz.s 
u.c.z 26.8 

9.5 1.9 
9.5 1.9 
8.5 1.7 
8.6 1.3 
8.3 1.7 

167.0 33.4 

ss.t 13.2 
S2.4 10.5 

tl9.7 23.t 

35.9 7.2 

39.8 8.0 
47.5 9.5 
so.o 10.0 
48.0 t.6 

11%.5 22.5 
62.7 12.5 

1 16.1 3.2 

Adju1tH Tout 
carrying browst Actual 
eapaeltr tons.....! utlllutiDfl 
II. D./hi lg/ha JII.D./ha 

1.0 2.0 o.s 
2.9 8.7 1.7 
4.3 7.4 1.5 

u 0 0 
1.6 . 8.4 1.7 

29.8 0 0 
17.0 21.5 4.3 
20.1 0 0 

1.4 3.2 0.6 
1.4 0.8 o.z 
1.3 0 0 
1.0 0 0 
1.3 o.a 0.2 

25.1 44.8 9.0 

••• 5.5 1.1 
7.1 15.5 3.1 

17.9 7.3 1.5 

1.4 0 0 

1.0 Z2.4 4.5 
7.1 0 0 

7.5 8.0 u 

'·' 10.5 2.1 

16.9 f1.7 12.3 

'·' 12.9 2.6 

2.4 13.0 z.a 
. \ 
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I 
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browsing fntensltfeslwere generally less than 50 percent; and fn four s~nds 

no browsing was dbse~ved. Although carrying capacity ls:not lnown for latge· 
• I 

areas wfth1n tht~ re~fon, the data suggest that moose have not been food-, . 
l i . 

limited, and much wl~ter range fs not being exploited. 
I . , . 

Secondly, mo'der:ate browsing fntensfttes on trees and woody shrubs In young 
• :1 

stands may actuaHy ~ncrease the amount of b~se tn future years (Spencer and 

Chatelafn,953, K~efilng et al. 1966). Wolff 
1
.0978) observed that browsing has 

i I 
a pruning effect In ~hat browsed branches produced more vegetative growth the 

• i 
following growing\ sea

1
son than unbrowsed branch~s. This Is true for young and 

I I · old stands but has a greater positive effect on young. shrubs or trees. Hultlpl' 
! 

stems and lateral :bra~chlng of mafn stems of willows at Wickersham are the 
! 

result of heavy b~ows,ng by hares and moose the first 3 years after fire. The 

large number of ~tgs\ per stem of birch at W-~ \and Murphy Dome are likewise the 

result of 11 brooml'ng ~ffect following several consecutive years of browsing on 
1. ! 

tenntnal shoots. ;ar.ooirstng had not occurred at \the Goldstream site for several 

years, and currenf an~ual growth on willows was less than 0.7 g/twfg. Current 
' I 

annual growth tn bh,w~ed s'tands was greater than 1.0 g/twtg; 1/olff (1978) . , I 

reported current annuAl growth of browsed, twigs· at W-1 to be 4.0 g/twlg. Heavy 
' I . , 

. j ! : . i' 
browsing fntensftyjne~r lOOt for several years may, however, lower current 

annual growth and ~n siome cases llll the plant. 

I I 
I " I I 
I I I I 

\ I 
i 

, 
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SUMMARY AND CONCLUSIONS 

1. Seral c011111uniUes important to moose winter range production 

result from both primary and secondary succession. The most common cause 

of the latter is wildfire> however, forest harvesting and land clearing 

also fall into thfs category. Primary successfon· occurs on newly deposited 

sandbars along the Tanana River and fts tributaries. 

2. The dominant trees and shrubs in these seral communities are 

several species· of willow, birch, aspen, balsam poplar and alder. All of 

these species, but particularly aspen, are capable of producfng some browse 

within one g~owing season after dtsturbance, provfded that vegetative 

regeneration is possible. If they must regenerate from seed, a mlnfmum of 

3-5 years ts required before browse production begins. 

3. The time of maximum production varies with spectes, site ~ondfttons, 

and severity of disturban~e. Aspen sucker stands_are most productive up to 

10 years old. Willow sprout stands reach maximum production between 10 and 

16 years with a marked decline after 20 years. Birch is similar to willow. 

4. · During peak production, aspen s·tands appear to produce.more 

biomass followed by birch and willow, in that order. This is probably due 

to the dense aspen stands formed by root suckers. 

5. One or more w111ow species are preferred to birch, aspen, balsam 

poplar, and alder. 

6. The realized carrying capacity of a stand may be only 75 percent 

of total browse available. 
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A1l EXP.ERIHENTAL ltJOSE IIUIIT ON IIECLJ\ ISLAND, IWHTOBA 

I L! . 

i Vince F. J. Crichtdn . . 
Manitoba De'par nt of Mines, Natural Re'sources' and Environment 

i J, _ Winnipeg. Manitoba · 

1. 1\ ! : 

Abotraat: Ev~de~ce suggesting that the mo~se herd on Hecla Island, 
located in lake Winnipeg, had surpassed the car~ing capacfty of 

' I the Island re~ul~d fn the implementation of a controlled moose 
.hunt fn the fatl 1of 1978. Two seasons weJi! held, an early fall 

' I • 
season lfmfted to! 150 bow hunters and a winter season restricted 
to 100 hunters. All licences were obtafned via a draN, Bow hunters 

:. I 'I harvested 3 bull moose while rifle hunters,took 37 moose (18 bulls, 
15 cows and 4 

1

1cal~es). The lungs, heart,lfver. kidneys, fe~~ale 
reproductive iract, stomach -sample. jaw, front leg bone and blood 

i ! i 
samples were o

1
bta1ned from mst animals. <In addition. lfve and/or 

dressed weight's were obtained from 1110st animals. A SU1111lary of the 
·analysts of th

1

~ b,ologtcal 11111terfal collected ts reported. An 
economic analysts !of the hunt showed thilt '101 rifle hunters spent 
a total of $9.r74i78 of whfch $8,338.56 was injected tnto the 
local econ~.! 139 bow hunters spent a -totll of $13,910.30 of 

'7 ! I . • 
whfch $4,815,50 w~s spent 1n the local area~ This hunt. although 
designed· to reduc~ the moose population closer to the Island's 
present carryi~g ·c1apacfty, did 11ttlo other' than remve a nuaber 
comparable to the ~tJUber of calves fn the pqpulatton tn early 

• i I . ' I 
December; A post season survey revealed 177 moose and the 
population fs estf~ated to be 221. . . 

I I ' ' 
Hecla Isla~. the largest island in •lake Winnipeg located 1n 

j 1 . 2 
the south centra1

1 
portion of Manitoba encomp11sses about 161 Kill and ts 

I ', 

considered unfqu~, fn \the province because of Hs Icelandic history and 
• i 

fts present d~ large moose population. Tha latter fs presently est-
' [ 
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l. SUMMARY 

Five species of Pacific salmon return to freshwater systems, including the 

Susitna River, in Upper Cook Inlet. The Upper Cook Inlet commercial fishery 

harvests mixed stocks and spe~ies migrating north of Anchor Point, with a long 

term average catch of 2.8 million fish, worth approximately 17.9 million 

dollars. 

The commercial sockeye salmon harvest has averaged 1.2 million fish ~he past 

ten years. This species is economically the most valuable speciesi receiving 

greatest emphasis in management and research. A stock identification Jrcgram 

using scale pattern analysis has been developed to estimate stock contribution 

of major river systems to the commercial harvest. Estimates for the 1979 ard 

1980 fisheries show stock contribution by the Susitna River was 22.7'~ and 

19.2% respectively. 

The Upper Cook Inlet chum salmon catch has averaged 707,000 fish the past ten 

years. Though available escapement data identify the Susitna River as the 

major producer, river systems on the west side of Cook Inlet are known. to 

support chum salmon populations. Evaluation of west side production is 

necessary to determine the need for a stock separation program. E1 ectro­

phoresis and scale pattern analysis are two options for stock identification, 

should a program prove necessary. 

The Upper Cook Inlet c.oho catch has averaged 204,000 fish the past ten years. 

Though the Susitna River appear's to be the single largest producing system in 

E-1 



Upper Cook Inlet, contribution of west side river systems must be addressed. 

Previous stock identification has been attempted with positive results using 

fish weight and scale pattern analysis. However, prior to implementing a 

stock identification program, major Upper Cook Inlet systems must be confirmed 

to estimate Susitna River contribution. 

The ten year average catch for Upper Cook Inlet pink salmon is 146,000 and 1.7 

million fish for odd and even years respectively. Two leading pink salmon 

producers are the Kenai and ·susitna river drainages. However, production of 

west shore systems is unknown. When major producing river systems have been 

defined, electrophoresis and leJ1_gth~weight data should 9e examined as stock 

identification techniques. 

Because migration timing relative to 25 june commercial season opening, 

Sus·i-tna·-River-·chinook-sa+mon cur.rent'ly are not· signifi·cantly exp·l-oit~·d in the 

Upper Cook Inlet fishery; a stock separation program is not necessary at this 

time. 

............... - .... ----·-----·-----·-·------ ··-·--·-------- .. --.. ·--·-··----- ...................... - .......... .. 

------------·------------~---~----...... 
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2. INTRODUCTION 

The Susitna River drainage is the largest watershed in the Cook Inlet basin. 

Though considered the highest salmon producing system in Upper Cook Inlet. 

quantitative contribution of the Susitna River to the commercial fishery is 

unknown due to the high number of intra-drainage spawning and rearing areas, 

the paucity of data on other known and suspected salmon producing systems ·in 

. Upper Cook Inlet and the overlap in migration timing of mixed stocks and 

species in Cook Inlet harvest areas. 

This r;eport focuses on the fea:sibili ty of assessing the Susi tna River con~ 

tribution to the commercial salmon fishery in Upper Cook Inlet through a stock 

identification program and is intended to serve as a planning document. In 

preparing this report, fishery harvest data was examined and a 1 iterature 

review was conducted centering on stock identification techniques and escape-

ment investigations in Upper Cook Inlet. 

This study is part of the Fish Ecology (Subtask 7.10) Phase I investigations 

of the Susitna Hydroelectric Project. 

The primary objectives of the fish ecology studies relative to Susitna Hydro­

electric Project are to: (1) describe the fisheries resources of the Susitna 

River, (2) assess the impacts of development and operation of the· Susitna 

Hydroelectric Project on these fisheries resources, and (3) propose the 

mitigation measures to minimize adverse impacts (Alaska Power Authority 

Susitna Hydroelectric Project, Environmental Studies Procedures ~lanual, 

Subtask 7.10, Fish Ecology Impact Assessment and mitigation planning, prepared 

E-3 



by Terrestrial Environmental Specialists August 1981). The task of meeting 

the first of these study objectives · is the responsibility of the A 1 ask a 

Department of Fish and Game (AOF&G) under a reimbursable services agreement 

(RSA) with the Alaska Power Authority (APA} and the second and third are the 

responsibility of Terrestrial Environmental Specialists (TES). 
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The purpose of this project was to identify and determine methods, means and 

feasibility of estimating Susitna River salmon stock contribution to the Upper 

Cook Inlet commercial fishery. 

4. METHODS 

Accomplis~ing the stated objective required examination of salmon harvest data 

for the Cook Inlet commercial .fishery, and review of literature regarding the 

Upper Cook Inlet fishery programs and stock identification techniques. 

To·determine the contribution of Susitna River salmon to the Cook Inlet com-

mercial fishery, assessment of salmon production in remaining Cook Inlet river 

systems is required. Therefore, salmen abundance data in ·freshwater systems 

was researched for chinook, sockeye, coho, pink and chum salmon. Whereas the 

term escapement in literature refers to the total number of adult salmon which 

have achieved spawning migration into freshwater, the terminqlogy 11 escapement 

enumeration or counts" used in this text and appendices refers to sonar, weir 

or tower escapement monitoring. Reference to "survey counts 11 or "peak survey 

counts" is aerial or stream survey data. Aerial ground survey and escapement 

monitoring data were provided by the Alaska Department of Fish and Game 

(ADF&G) Division of Commercial Fisheries, Fisheries Rehabilitation and Enhance-

ment Division and Division of Sport Fish, Cook Inlet Aquaculture Association, 

Dowl Engineers, and Woodward-Clyde Consultants. Biologists from ADF&G 

Division of Sport Fish, Cook Inlet Aquaculture Association and Woodward-Clyde 
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Consultants were interviewed regarding observations of fish in areas which had 

been surveyed but as yet, not documented. Additional observations were 

provided by Dowl Engineers. Sport fish harvest data (Mills 1980) was included 

as an indicator of species presence, particularly where escapement or survey 

data was nat available. The abundance data is tabled in the appendices by 

geographical area and listed by river system in alphabetical order. 

5. RESULTS AND DISCUSSION 

5.1 The Cook Inlet Commercial Fishery 

Cook Inlet is divided into twa management areas. The region north of the 

1 ad tude of Anchor Point is Upper Cook In 1 et and the area between the 

latitudes of Anchor Point and Cape Fairfield on the Kenai Peninsula is defined 

... as_Lower- Cook .. Inlet. ..Commercial fisheries in Lower Cook ln-let al"e primarily -· . 

terminal, occurring in small bays. Therefore, few salm0n migrating to Upper 

Cook Inlet are intercepted in the lower inlet area (Middleton 1980). Upper 

Cook Inlet fisheries harvest stocks bound for river systems north of Anchor 

Point. These systems account for 78% of the salmon produced in the Cook Inlet 
<'···--·----·-·-.. ---··---·-·--·-. ·-· .. -------.----···--·---· ..... , _____________ , ................ .. 

.. ---------ar-ea .... --·--~----.-.. --~------"-· 

To regulate commercial catch and effort, Upper Cook Inlet is divided into two 

managemc:nt sections, the ~entral and Northern districts. These districts in 

turn are brok~n in~o _subdj?tric:ts (Figure E.S.J) and again into statistical 

areas. Both set and drift gill nets are fished in the Central District, and 

only set nets are legal in the Northern District. Five salmon species are 

harvested in Upper Cook Inlet fisheries. Most of the catch occurs in the 

E-6 

} 

1 
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fiuure [.5.1. Upp;;r Couk lfdd l·li.llhllJelllt.mt J\reLl, J\dult J\nt~dr·omou!l Investigations, 193~. 



Central District (Tables E.S.l ~ E.5.3). The commercial catch has averaged 

2.8 million fish between 1970 and 1980, with an ex-vessel value of 17.9 

million dollars. 

5.2 Sockeye Salmon (Oncorhynchus nerka) 

Sockeye salmon is the species of highest value in the commercial fishery, 

receiving greatest attention in management and research by the Alaska Depart­

ment of Fish and Game (ADF&G). The commercial catch of sockeye salmon has 

averaged 1.2 million fish, the past ten years, with an ex-vessel value 6.9 

million dollars (Table E.S.T). In 1981, about 1.4 million fish were harvested 

of which 43'% were taken by the drift fleet in the Central District. The • 

fishing season opens by regulation 25 June, except for the Western Subdistrict 

which opens 16 June. Fishing periods are scheduled Monday and Friday of each 

l'~~~l$_, and Cir§_)"egl.JJ Cil~si by em~rg~ncy QtJier, dep_er:tdirtg. on_ catch .and escap.ement -

levels. 

Major river systems in Upper Cook Inlet are glacially turbid, preventing 

visual monitoring of escapement. Consequently, hydroacoustic techniques are 

Q ri rna ri 1 y, emQloy_e_d_._S i d_e_s_can_sonar:.....counte.r-s-a.r-e--used-to-mon .. i-tGr---e-sGapemen-t------- .. --.... 

in the Kenai, Crescent, Kasilof, and Susitna rivers by ADF&G, Division of Com-

mercial Fisheries. Escapement is enumerated by weirs in Fish and Cottonwood 

creeks by ADF&G Fisheries Rehabilitation and Enhancement Division (F.R.E.D.), 

and. P.ackers and Wolver-ine creeks by Cook Inlet Aquaculture Association 

(C._I.A.A.). 

E-8 

) 

l 

~ 

)· 

l 

. J 

l 
\ 
! 



fll 
I 

1.0 

---~ 

Table E.5.1. Commercial catch of upper COok Inlet salmon in numbers of fish by species0 

1960-1981, Adult Anadromous Investigations, Su Hydro Studies§ 1982. 

Year Chinook Sockeye Coho Pink Chum _Total 

1960 27,512 923,314 3116461 1,411,605 659,597 3,333 11889 
1961 19.737 1,162,303 117,778 34,011 349,628 1,6836463 
1962 20,210 1,147,573 3509324 2,711LI689 970,562 5,20il,:ns 

-1963 17,536 942,980 197,140 30,436 387,027 1,575,119 
1964 4,531 970,055 452,654 3g231,961 1,079,084 5,138w285 
1965 9,741 1,412.350 153,619 23,963 316,444 1,916,117 
1966 9,541 1,8516990 289,690 20 006,580 531,825 4.689(1626 
1967 7,859 1,380,062 111,729 32,229 296,837 1,894,716 
1968 4,536 1,104,904 470,450 2,278a191 1;119,114 4,971,201 
1969 12,398 692,254 100,952 33,422 269.855 1,108,881 
1970 8,348 731,214 275,296 813,895 775.167 2,603,920 
1971 19.765 636,303 100,636 35,624 327,029 1,119.357 
1972 16,086 879,824 80,933 628,580 630,148 2,235,511 
1973 5,194 670,025 104,420 326,184 667,573 1,773,396 
1974 6,596 4976185 200,125 483,730 396,840 1,584§476 
1975 4,790 604.818 227,372 336u359 951,796 2,205,135 
1976 10,867 1,664.150 208,710 1,256,744 469.807 3,610,278 
1977 14.972 2,054,020 192,975 554,184 1,233,733 4.049,704 
1978 11,308 2,622,487 219,234 1,687,092 571,925 5.118.041 
1979 13,713 920,780 259,956 74,318 654,462 18923,229 
1980 12,497 1,584,392 283,623 16811,058 387,078 4,138.648 
1981 11,548 1,443,294 494,294 127,857 842,849 2,919.621 

1979-1981; Preliminary data. 
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Table E.5.2o ~rcial catch of eeitral District· salmon in numbers of fish by species, 
1960tl981, Adult Anadr~ous Investigations, Su llydro Studies, 1982. 

I . ! . 
: . . I . . 

Ol~nlk ! 
~ear Sockeye I Coho Pinlt Chun Total 

I 
i . 

I ! I 
.1960 19l2~4 7l5.067 \167,084 '969.420 541,043 2,471,908 
'1'961 11r9~2 1,084,929 76,803 23,252 288,525 1,485,491 
1962 1or4~5 1,013,993 177,441 2,431,246 826,549 411459,654 
'1963 10,1~1 833,517 133,600 21,496 343,333 1,342,137 
11964 4r3~3 809.791 284,726 2,645,575 952,126 4,696,581 
.1965 9,441 1,380,775 131,717 19.049 299,538 ·1,840,520 

JT1 1966 at1~9 1, 720,885 209,122 1,633,913 496,188 4.,068.,227 
I 11967 1,261,997 133,875 23,769 258,453 1,685,769 1-' 7,6Jr5 

0 1968 41065 964,329 313,802 1,743,358 1,060,660 4,086,214 f I 

·. '1969 9~494 654,189 80,527 25,802 258,019 1,028,031 
1~70 6b88[7 664,795 1192,767 640,201 752,674 2,257,324 
1971 10!1617 595,770 i 78,542 27,201 310,426 1,022,106 
1972 11J17i4 794,087 • 61,587 53.7, 750 610,368 2,014.966 
1973 51024 624,411 \ 60,469 188,934 . 636,722 1,535,560 U I 

1974 6J42:7 455,622 1153,087 440,854 360,350 1,416,340 
1~)75 4j66:1 619,292 ,194,321 245,406 921,009 1,984,689 
1976 10146~ 1,594,585 !171,564 1,108 .. 126 455,510 3,340,251 I I 

1977 14J27i7 1,950,605 !172,892 '444,881 1,208,336 3,790,991 
1978 161634 2,570,863 117.1,978' 1,359,822 534.594 4,653,891 I I 

1 • 1979 12)12J) 816,090 208.303 25,515 644,400 1,706,436 
1980 nJ440 1,473,168 !180,842 1,371,754 368,597 3,405,801 
1981 10~79p 1,193,826 1360,992 74,556 796,766 2,436,930 

I I 
l i 

1979-1981; Pre1~inary Data 
I i 
I 

I 
I 
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Table E.5.3. Commercial catch of Northern District salmon in numbers of fish by species8 
1960-1981, Mllt Anadranous Investigations, Su Hydro Studies, 1982 .. 

Year Chinook . Sockeye Coho Pink Total 

1960 8,218 148,247 144,377 442,185 1181!954 861~981 

1961 7,755 77,374 40,975 10,765 61,103 197,972 
1962 9,785 133,580 172w883 280B443 144,033 740 11724 
1963 7,345 109.463 63,540 8,940 43,694 232,982 
1964 168 160,264 167,928 586 11 386 126,958 1,041 11704 
1965 300 31,575 21 8902 4,914 16,906 75m597 
1966 1,422 131,105 80,568 372,667 35,637 621,399 
1967 184 118,065 43,854 8,460 38,384 20811947 
1968 471 140,575 156,648 534,839 58,454 890g987 
1969 2,904 38,065 20,425 7,620 11,836 8011850 
1970 1,461 66,419 82,529 173,694 22,493 346,596 
1971 9,598 40,533 22,094 8,423 16,603 97,251 
1972 4,912 85,737 19,346 90,830 19,780 220,605 
1973 170 45,614 23,951 137,250 30,851 237,836 
1974 169 41,563 47,038 42,876 36,490 168,136 
1975 129 65,526 33,051 90,953 30,787 2206446 
1976 401 69,565 37,146 148.,618 14;297 270,027 
1971 515 103,415 20,083 109Q303 25,397 258,713 
1978 669 51,624 4711256 327~270 37,331 464ol50 
1979 1,585 104,690 51,653 48,803 10,062 216,793 
1980 1,057 111,224 102,781 499,304 18,481 732,847 
1981 758 249,468 133,081 53,301 46u083 482,691 

1979-1981; Preliminary Data 



The Kasilof, Kenai, Susitna and Crescent rivers, and Fish Creek (Big Lake) are 

considered principle sockeye salmon producing systems in the Upper Cook Inlet 

fishery. Run timing of these major stocks overlap (Figure E.5.2) requiring a 

method to assess individual stock contribution to the commercial fishery. 

Stock separation using scale pattern analysis has been used in the sockeye 

·salmon fishery since 1978 (Bethe and Krasnowski 1979; Bethe, et al. 1980; 

Cross et al. 1981). This tool provi~es an inseason estimate of stock compo­

sition of the commercial catch by fishing period and assists in regulating 

fishery openings and closures. In addition, the catch allocation provided by 

stock identification combined with escapement -·data, estimates the season's 

return to each major river system. 

Scale measurements, length and weight data have been used as variables far 

-----~-·-·- ·~· ··-~s-fac·K--cre-1-i ne a t-i a ri--- -w-rtn-·- -r-rne-ar- -·-cffS-cr i mi n ant- ru r1 c tion--a-nary s; S -~---·-s~Eoc·k·-1 deri-t1- -:--·---

fication models are built from measurements representing fish of known origin, 

i.e. escapements. Measurements from unknown fish (catch samples) are then 

classified with the models to their river of origin. Systems currently 

---~~------in_clu_de_d_jJL_:the_ana)j'sis __ ar-,e __ the.Kas.iJof_, .KenaL,-Sus.ttna., ... and .. Cr-escen-tr--iver-s ----·-----

a , about 22.7% of the sockeye run to Cook 

Inlet was from the Susitna drainage and about 26.7% and 36.0% of the run was 

produced by the Kasilof and Kenai rivers, respectively (Cross 1981). The 1980 

run composition by river system W(lS 19;2% Susitna, 38.3% Kenai and 31.3~~ 

Kasilof (Cross 1981). 

Success of the sockeye identification program varies each season and confi­

dence intervals for these limits are wide. One problem is continual mis-

E-12 

I 

~ -) .. 

I ) 

l 

\ 

l 
) 

) 

I 



I" 

I . IT) 

I ...... 
I .. w 

Susttnn 
River 

Kenai 
ltlver 

Kasilof 
Rivet• 

Crescent 
River 

L_ 

a-CHINOOK --t 
t-SOCK(Vl-1 

8-PUUl----. 
a ·CHUM· • 

i-COHO-t 
I I • 

1--CHIHOOK---i • I 
1-SOCKEfE-1 I I 

I PINK I 
J-COII0--1 . 1 

. I I I I s 

8--t&HI HOOK__, 
1-SO.CKEYE-I 

1-P'IHK· • 
t-iOUO-f I I 

1-SOCKEY E--i 

1-&0HO---

..__ __ -t----1----1------·-----·-----·----
May Juno · July August September 

figure t:.:...2. Tlminy of sockeyu, pink•, t:oho and chinook returns into the Kenai, l<aslJof, 
Cr'l!~cent ·iilltl Susitua HiVl!rs, Adult J\ali!dromous lnvestigatious. Su llydro Studies, 
l1JB2. 

.. 
... 



classification of Susitna River sockeye to either the Kenai or Kasilof rivers. 

Clarification of the model could be addressed by possibly identifying sub~ 

stocks within the Susitna River drainage or refining pattern measurement 

techniques. 

5.3 Chum Salmon (Oncorhynchus keta) 

The commercial chum salmon catch has averaged 707,000 fish the past ten years. 

Chum salmon are second to sockeye salmon in economic value averaging 2.3 

million dollars, ex-vessel. The 1981 fishery produced a catch of 842,000 chum 

salmon (Table E.S.1). Approximately 90% of the catch was taken by the Central 

District drift net f1eet. During the 1981 season, the .drift net fleet was 

harvesting substantial numbers of chum salmon by 27 June, continuing through 

mid-August. Chum salmon catches occur coincidentally with sockeye salmon in 

________ -~~ 0 i she Y'l ~ At !h_is __ j:jme LtbSL best dat_g g_ v ~ iJ_ abLe r_eg_a_r_dj_n_g __ cbum_ s aJmon and -­

a good indicator of run strength for each area are twenty years of commercial 

catch statistics collected by statistical area and day. This data, however, 

has yet to be analyzed. 

Survey and escaQement data regarding_c_b_um_s_a1morL_is_· Umj_te.d-(-~ppend-1-ce-s-----­

EA-EE). Production areas for chum salmon have been identified as Chinitna 

Bay, west shore river systems of Upper Cook Inlet, and the Susitna River. 

Escapement has been indexed into the Susitna River by sonar and tag/recapture 

operations, and into the Chinitna Bay by aerial survey. Though the Susitna 

River has been identified as the largest chum salmon producer, contribution by 

west shore systems is virtually unknown and may be significant. If it is 
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determined that the contribution of systems other than the Susitna River is 

insignificant, then a stock separation project is not necessary. However, 

should major chum salmon systems be identified, a stock separation program 

should be initiated. 

In Bristol Bay, catch allocation of sockeye salmon stocks has been attempted 

/ where percent age composition of adult returns differs for each river 

system (Meacham and Nelson 1980). The possibility that salmon in west side 

systems may differ from Susitna River fish and may be distinquished by 

1 /' age composition should not be overlooked. Calculation of age and length data 
i 

for chum salmon in the commercial catch has been non-existent, and for escape-

ments, 1 imi ted. 

f \ Both electrophoresis and scale pattern analysis have been used to distinguish 

between chum salmon populations. Electrophoresis is a biochemical method for 

detecting genetic differences in proteins. Because protein genotypes for 

! individual fish can be identified, the same genetic characteristics may 
i l 
I ' 

portray traits of a specific population. A basis for distinquishing between ,. 
I 
r groups of populations of fish is then provided. Electrophoresis has proven 

) 

. I 
: .. J 

I I 
} 

successful in distinquishing between mature and immature chum salmon and 

identifying chum stocks to river of origin in a mixed stock situation (Okazaki 

1979). Differences in chum salmon from western Alaska, central Alaska, and 

British Columbia have also been discerned by electrophoresis (Okazaki 1981). 

Chum salmon caught in the north Pacific Ocean have been identified to con­

tinent of origin based on scale pattern analysis (Tanaka 1969). In addition, 

the AOF&G stock separation program has examined the feasibility of identifying 
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chum salmon stocks in Southeastern Alaska. This study has resulted in devel= 

opment and suppo~t of a project on chum sa lmQn in that area ·(Cross, persona 1 

communication). Therefore, potential stock separation of Upper Cook Inlet 

chums by scale patterns warrants further investigation should several major 

producing systems be identifi.ed. Scale collection is a . relatively simple 

process, compared to collect~on of electrophor~sis tissue samples which 

require freezing within 24 hours of removal from the fish. Implementing a 

stock identification program by either scale pattern analysis or electro­

phoresis requires primary assessment of major production areas, run timing and 

collection of age-weight-length data fram·escapements. This information would 

assist in evaluating· the necessity of a stock separation program and which 

approach to implement. 

5.4 Coho Salmon (Oncorhynchus kisutch) 

Upper Cook Inlet coho salmon rank third in commercial value. Since 1960, the 

commercial catch has averaged 240,000 fish. The 1981 season produced the best 

harvest since statehood of 494,070 coho salmon (Table E.5.1). Distribution of 

the catch has gradually shifted with increased gear efficiency and drift net 
~---~-------------~-~---·- ---~--·-------·-·--···-----~----------------·~·-----~------··'"- --- ·- --~ ---~- - ---- -- --- -

fl ee t part i cj_p_a_tj_OJJ_._ln.:_th_e_ear..l.y_l.9.5.0-'-s-,.~50%_of-th e_Uppe.r---Co o-k-I-n-1-et-Ga-tGh----

was taken by Northern District set nets with the drift net fleet accounting 

for 10% of the harvest. Comparatively, in 1981, the Northern District set net 

and Central District drift net fishery provided 27~& and 48% of the harvest, 

respectively. Coho salmon catches have usually peaked in the Northern 

District set net fishery 25 July and in the Central drift net fleet, Kalgin 

Island and west side set net fisheries about 21 July. 
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Based on run timing and fish weight9 major coho salmon stocks have been 

identified as Kenai, Kasilof or Susitna River fish (Middleton 1980). The 

problem with this stock definition is the term Susitna refers to all systems 

in the Northern District. Significant numbers of coho salmon have been 

documented in the Northern District by aerial and ground surveys, escapement 

enumeration and sport fish harvest. These systems include Fish Creek (Big 

Lake), Little Susitna River, Susitna River, Cottonwood Creek and systems on 

the west side of the Inlet. In the Central District, coho salmon are known to 

return to the Kenai, Kasilof, and Crescent rivers, Packers Creek (Kalgin 

Island) and west side systems. Run strength information is documented only 

for the Kenai River, Susitna River, Fish Creek, Cottonwood Creek and Packers 

Creek. Run magnitude and contribution to the commercial fishery of echo 

salmon returns to remaining areas is unknown (Appendices EA-EE). 

,, 
'f 

The Susitna River coho salmon run bd$ins in early July and is coincidental to . ' 
the Fish Creek, Kasilof River and early Kenai River runs in the commercial 

fishery. Timing of late run Kenai River fish appears distinct from these 

other stocks (Figure E.5.2). Crescent River returns begin in mid-August and 

continue into fall. Late coho salmon returns to other west side rivers have 

also been reported, but abundance and run timing are unknown. Should run 

timing of any of these populations be distinct from the Susitna River returns, 

they need not be considered for a stock identification model, thereby 

simplifying the design of the program. However, these run characteristics 

must be examined before any system can be eliminated from such a study. 

Identification of coho salmon stocks exploited by the commercial fishery has 

been attempted using fish weight (vJadman 1976). Coho salmon from Northern 
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District rivers vary in weight between systems yet overall are significantly 

smaller thari fish from the early Kenai and Kasilof river returns. Appor­

tioning the commercial catch to system ·of origin was also attempted, using 

fish weight as criteria. Results indicated that prior to 2l July, the drift 

net fleet harvested mostly small coho salmon, or fish migrating to the 

Northern District (Larry Engel, Personal Communication). Commercial catch 

data has not been analyzed for stock identification of coho salmon since the 

1976 study. 

A feasibility study performed by Robertson (1979) examined classification of 

Cook Inlet coho salmon populations by scale patterns. Scales from adult 

salmon captured in the Kenai and Susitna rivers were used for known samples 

and overall, self-classification was high (89.0~& and 72.2?~ respectively). 

Stock composition estimates of. the fishery indicated, w.ith one exception, that 
'I 

_!Tl~s_t fis~ c~ptu~e~_~n~th~-~-M~rrl_2_i~~ of _the .. In~t_wer:_ELbound_fpr__tbe_S_usttna ___ · 

River and catches in east side fisheries were from the Kenai River. Analysis 

however, of the Central District west side set net fishery showed an extremely 

high propqrtion of Kenai River fish in the stock composition estimate. ihese 

istics of these unknown. samples were similar to Kenai. River fish, least 

comparable to Susitna River fish and classified accordingly. ihe weakness of 

the analysis was attributed to not having representative samples from all 

major sys_tem~. 

It is possible to include additional variables other than scale information to 

the l.inear discriminant model. Because fish weight appears to differ signifi-
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cantly between groups, the addition of this variable to the analysis may 

provide a key to a successful classification model. 

The feasibility of a coho stock identification study based on scale pattern 

analysis and fish weight should be examined~ once ·production of west side 

streams and run timing of west side coho returns has been qetermined. 

5.5 Pink Salmon (Oncorhynchus gorbuscha) 

Upper Cook Inlet pink salmon· returns exhibit even year run strength. The 

catch since 1960 has averaged 146,000 in odd years and 1,671,000 for even 

years. About 127,900 pink salmon were harvested in 1981. (Table E.S.l). 

Approximately 42% and 43% of the catch was taken by the Northern set net and 

Central District drift net fisheries, respectively. Though the Kasilof River 

supports a small run, the Kenai and Susitna river systems are considered 

primary producers of pink .salmon in the Upper Inlet. Pink salmon have also 

been documented in the west side river systems (Appendices EA-EE). As with 

the other salmon species, the importance of west side production is unknO\'In 

and needs to be addressed. 

Pink salmon escapement into the Susitna River peaks about 20 July, Y.1hereas 

Kenai River fish peak about two weeks later (Figure E.5.2). Kenai Peninsula 

pink salmon migrate close to the eastern shore and are caught primarily by the 

east side set net fishery. Pink salmon moving into the Northern District are 

harvested by the drift net fleet, when more valuable species become less 

abundant (Mfddl eton 1980). The best source of information concerning run 



stren~th and timings as with chum salmon, is historical catch data, yet to be 

analyzed. With exception of that for the Sus-itna River, escapement and 

available weight and length data is minimal for pink salmon. 

Absence of a freshwater growth zone and sma 11 differences found in marine 

growth patterns appear to limit applicatio)'l of scale pattern analysis as a 

stock separation tool for pink salmon. Therefore, scale pattern analysis is 

usually bypassed. Scale pattern analysis of British Columbian and Alaskan 

fish distinguished between even and:odd year returns, but correctly classified 

samples only to region and not river or origin (Bilton 1971). A feasibility 

study of S.outheastern Alaskan pink salmon showed littJe potential for using 

scale characteristics as a means for stock identification (Robertson 1978). 

Therefore,. scale pattern analysis is a technique that should be disregarded 

for Upper Cook Inlet. 

--~---·--- --------~---------·---·-- _______ .. ___________ ._. ______ ----- --·-----·-- .... _.._. ______ _ 

·Stock identification of pink salmon has been accomplished using electro­

phoresis with varying degrees of success. The major drawback with this 

technique .is that frequently differences between stocks occur only over wide 

geographical regions larger than the Upper Cook Inlet area (Johnson 1979). In 

-------co n-t-r-a-s-t-,-hGweve-r-,-s-tu d-i-es-i-n-P-r-i-nee-W-i-l+i-am-Sound-were-a·b-1-e-to-d·i-ffe-renttate·--­

between stocks of several streams and subpopulations within one stream 

(Nickerson 1979). In the same paper, Nickerson noted that differences in 

length-weight. data for pink salmon were useful i.n differentiating betv1een 

populations. 
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Electrophoresis appears to be the best option far pink salmon stock identifi­

cation. Assessing the contribution of west side pink saJmon stocks to the 

commercial fishery, confirming the differences in run timing, and sampling 

systems that will be classified as major producing systems for length, weight 

and tissue samples are necessary for preliminary investigation of any stock 

specific characteristics. 

5.6 Chinook Salmon (Oncorhynchus tschwyatscha) 

Three Upper Cook Inlet stocks of chinook salmon have been tentatively identi-

fied as Kenai, Kasilof and Susitna river fish. Abundance data for chinook 

salmon has been limited mainly to aerial surveys conducted by AOF&G, and catch 

statistics of the freshwater sport fishery (Mi 11 s 1980). Chi nook sa 1 man have 
. I II· aiso been documented in the Little Susitna River and ·in many east and 'tJest 

side streams (Appendices EA-EE). However, abundance information is nat 
1/ I . complete because many river systems have not been completely surveyed 

(Appendices EA-EE). 

! I 
1 The Susitna River chinook salmon run begins in late May and peaks in mid-June. 
' 

j 

, I 
1 ..• 

: I 

Therefore Susitna River fish have mostly passed through the area in which they 

would be subject to the commercia 1 fishery prior to the season c~en i ng 

25 June. In 1964, the continued depressed condition of Susitna chinook salmon 

stocks resulted in changing the opening date of the commercial fishery from 

mid-May to the end of June. Commercial catches of chinook salmon in the Upper 

Cook Inlet fishery since that time have primarily been Kenai and Kasilof river 

fish. 
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. About 11,500 chinook salmon were caught in the 1981 commercial fishery. Of 

.this total, only 364 fish were caught in the Western Subdistrict prior to 

25 June opening for the remainder of the Upper Cook Inlet fisheries. There­

fore, assuming these fish are the end of the Susitna River run, commercial 

exploitation is minimal. Though commercial effort is much less for chinook 

salmon .than other species, the subsistence and recreational· harvests are 

substantial. In· 1980, about 2,270 and 16,650 fish were taken in the sub­

sistence and sport fisheries, respectively (Mills 1980). 

Positive results have been attained in feasibility analysis of using scale 

patterns to differentiate bet~een chinook salmon· populations. Preliminary 

studies on the Yukon Ri'ver resulted in high self':"classification of upper, 

middle, and lower river fish (McBride 1981). This program is being expanded 

to refine the classification estimates by spawning population and to apportion 

-- - ··· ··· · -c ommercta-1·· catches-. -r-e·a·si·b·i~li·ty-ana-lys·i-s-o-f up·per-·coo-k~Inletcni n oo!f-Ffasal·so-·· ······ 

been examined (Bethe 1978). Escapement samples from Susitna, Kenai, Ninilchik. 

and Anchor rivers were collected and analyzed. Separability was high forall 

two-way comparisons, (range 72.0% to 73.~%) and for Susitna River fish versus 

........... .~9_111_~ ~~~~-- ?_a_f!lpl~~---fJ:.O.!I:I __ _!Sen_~t.L_AI1~hQ.r __ ~!'I-'L-~j_D.tJc:hi~ .... rtyr;_r·~_.(rgllg.e .Zt._O_~L_t.o ··-················· .. 

Because Susitna River chinook salmon presently are not exploited by the 

.commercial fishery, a stock identification program is not necessary at this 

timer:- Even i f-·a: pr'ogram were attemptedi~ th-e:::=number :of=- flsh currently har•· -­

vested commercially is too small to obtain adequate numbers of samples for 

analysis. Should commercial catch levels again become substantial, escapement 
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assessment for all systems, an inventory of the west side populations, and 

consideration of use of scale pattern analysis or electrophoresis for stock· 

separation should be examined. 
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6. RECOMMENDATIONS 

To pursue a program that will assess the contribution of Susitna River salmon 

s·tocks to the Upper Cook Inlet commercial fishery, the following are first 

year recommendations: 

1. Develop an inventory system to determine characteristics (timing, 

length, weight, age) of salmon runs to west side systems 6f Upper 

Cook Inlet. This data will help to determine the feasibility of 

pursuing a stock identification program. The accuracy of any stock 

identification program is also dependent on the entirety of the 

known samples used to build the model. Should the west side systems 

not be considered, the actual contribution by the Susitna River 

drainage will be misrepresented. 

2. Escapement sampling for age-weight-length information currently 

implemented in major sockeye salmon producing systems should be 

expanded to include chum and coho sa1mon. Length-weight data and 

tissue samples for electrophoresis should also be collected from 

pink salmon. This data combined with run timing and information 

regarding west side systems will provide the basis far determining 

if stock specific characteristics are present for each species by 

-which a stock separation program may be developed. 
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APPENDIX EA 

SALMON ABUNDANCE DATA FOR UPPER COOK INLET 

WEST SIDE SYSTEMS 
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Appendix Tabl~ EA-1. Salmon abunda~:c.} dai:a for Upper Cuok Inlet wef side river systems, 
comp:!,lod fr01:1 escape1;1ent enumeratio~ §''ogratas •· sportfish harvest 
data=! and aer·i a 1 ground survey dai:~v •. Adu 1t Anadromous Invest­
igations, Su llydro Studies, 1982. 

AfL'il 

13m::hutnu Cr L>ek 

near Creek 

Ccluga ltiver System 

11£:1uya l.uke 

Dc1uga ltiver 

llishop l.clke 

Chicl.untua l:i vee 

Coal Creek 

Year 

191H 

1981 

llefore 1970 

1970 

llefore 1970 

1~3 

1976 
977 

1979 
9110 
9111 

1981 
Personal Conan. 

Uefore 1970 
19111 

Dcfow 1970 

1980 

Before 1970 
191l0 
1981 

lJctOlC 1970 

1972 
1973 
1975 
!976 
1977 
1977 
1976 
1970 

Date 

7/20 

7/21 

9/01 

8/.24 
10/30 

6/27 

7/16 

7/16 

6/27 

6/27 
7/16 

6/29 

U/.25 
9/01 
B/09 
6/24 

Chinook 

0 

0 

0 

0 
0 

31 
0 

17 

Sockeye 

100 

0 

HI 

Pcesent 

0 

0 

0 
0 

1,250 

0 

1~1 
2,200 

75 

Coho 

0 

520 

·o. 

0 

0 

0 
0 

0 

Ch1111 

0 

0 

0 

0 
0 

0 

Pink Conments 

0 '!\U. I CiliA 

f-lax. CDWlt 50 sockeye U957h large runbes:s 
chinook and cobo (1!.146» 

~~ fish observed (1953-57• 
1,500 ~r River 

1 ClAA6 large !JIU!Iii.Jers of sallnon1 S&Jecies 
nown 

0 T.l-1., CIM 

T.lt., C!M 
Present Stan !\ubik0 1\Dt'Mi Div. Sil!)Cft. Fish «s. Jl(. • SP) 

Abundance csti111ate from l;everaA years 
observat190s 

Max. COUllt 81 chiJlOOk U964! 
T.M. 1 CIM 

Max,. count 2,000 sockeye U950) 3 5 pi Ilks, 8 chuu~• 
{19:J8) 

0 't.M., CIM 

0 

No fish observed 
'l'.tl., CIM 
'l' •• s., CIM 

nax. coonl: 2,000 :sockeye (!950); 25 pAillks, 25 chuut• 
«1965) 
!?cak survey count 

1/ Cou!tUliY ol J\l.alik•l I.Xl(U{tmeut ol' fi::;h and GUJne Uiv\ of Cuumcrcial fisher.ies1 Div. of Sloct t'ishi and fl'sherieu UchabiHtation il81U £nlt.UuccuK!nt llliv. (t'AUlll; 
C'ook. lnlc:t l'tJU.lCUllllre l\!i£0Clation (C!M); \"/OOI.Iwi!rJ~lyoc Cun::;ultants (l'IIIC); OOII!ing £n•Jinccrs Consu t:ing r rDI (01~). 

2/ 1Hqs
1 

Uichael J. 19110. Sli!lcwide lkuvest !:itud~· - 1979 luta. 1\laBki! Vcpurtment uL l'i:.;h <ami GiUIIU Div. o( Sturt Fish, l'edcral 1\ill llc!JOit, Vol. 22 Study ~U·I 
!-fills, rllcn...ael J. 1980. State~1i!lc ll.:.rvc:>l Slut.ly - l9UO Oilta. Alaksa Department of t'i!lh aml G<l!IIU Div. of Sport Fish, Fede~a! 1\id Helort, Vol. 22 Study fl-1-JC. 

)/ 1\11 culric::; ..are .. wrii!l or qrouud st,c.:uu :>urvcy tlala lUilcss otherwise dc:>iqnatcJ. 



Appendix Tabl~ EA-1. Crlntinucd. 
' 

YeJr 
' i: 

I\£Ci.l Date Chinook Sockeye 
I 

197h 
i 

Coal Cn:ck 1,551 I 2,11~ 
~~~~ 

8/.22 0 
9/19 I 500 

979 170 
19110 6/.29 0 0 
1980 8/22 500 
}!180 9/11 700 

98iJ. 221 
Personal COil I Ill• 

Coo.~l CrL-ck Lake Defore 197b 
I 

197!2 9/01 1,700 
1971] 51 
1978 75 
1979 300 
19111 9/04 1,100 

Drill Creek 197k ll 
1978 17 
1979 11 
19110 6/27 0· 0 

Personal Coom~ ' 1,000 
(.OUt: f.illlj CrL'Ck 

I 
Defore 1970 

Persona} C011111l 5,000 
1911 7/15 25 

fll 1-loulh Creek l'ersonal Con111l PretJeuL :P 
I I 

[.,) Olwll Crtcck Defore 1970 
1973 2 
1974 7/13 Pccsent 
1976 247 
1977 1,229 
)978 94 
]979 11 
19110 
1901 ll6 

Perwn<.~l Comnl Present 
I 

l'rctty Cn:.-ck [lcfore 1970 
)9110 6/27 0 0 

l'crwn<~l ComnJ 100 

Scurp Crt.'t:k l'crSUIIill ConmJ 1,000 Ptesent 

llc~Jt rort; l'c r :3011ill Co111.tJ 1,000 

~l i<J Jti vee Sy!.ilcm l.lufou: 197J" 
I 

1970 9/fll 1,200 
l9UO 7/02 0 0 
19110 8/29 15 ouo 
19111 6/ll :w'ooo 

I ! I 

--

Coho 

0 
5 

0 

Present 

150 

·o 

0 

0 

Chlln 

0 

0 

0 

0 

0 

' ~-,-

Pink 

0 

0 

Present 

0 
5,000 

Present 

Present 

0 

Siqnif. 

0 
1,000 

0 

Con~ucnLs 

Pe<~k survey cowat 

T.N., CIM 

S.K., SF 

11ax. cow1t less than 300 oockcyc (1950-59) 

Includes west fork 
Pea~ survey count 
Pea survey count 

Includes west fork 

T.tl., CIM 
S.K., Sf' 

11ax. COWlt 2,000 sockeye (1950»; chllllfl• pinks, 
chinoOk observed 
S.K., 'SFAAwest end of lake 
T.M., CI . 

S.K.,;SF 

•lax. COWlt l chioook (1958) 

'l'.rt., CIM 

Thousands of pinks, S.K. ,SF 

~lax. count 10 chinook, 1,153 llinks U950J 
"1'.1·1., CIM 
S.K., Sf' 

S.K., SF 

S.K., st' 

!·lax. count 3i275 sockeye (!960); 
some !>inks ( 961 ) . . 

•Jood coho rl.ll1, 

•r.ll., ClM 
'1'.11. 1 CIM 
T.tl., CJM, upper · anl! !1Mer river 



Appendix Tabl~ EA-1. Continued. 

Area Year Datu Chinook Sockeye Coho Chun !'ink Cooments 

Uorth t'ork r76 8/Nf 35 
980 

J~Ol 
10,000 

980 840 
1980 9/19 3,750 1,250 
1981 7/13 0 0 0 0 0 

Ho!verine Cceek Defore 1970 Coho present 
1981 7/ll 0 0 0 0 0 

Ill 9"/30 900 400 
17522 Esca~.ent count dweilr) 0 '!' .li. 0 CIM 

uuchitna Crwk 1981 7/07 0 0 0 0 0 '1'.14. 0 CIM 

caau1ery S1ou<Jh 1981 7/13 0 0 0 0 0 T.H., CIM 
Personal Coi11n. Present Si91lif. Present· S.K., SF 

Chukachan~aa ltiver System 

Chakachatna L<:l:e Defore 1970 Max. cow1t 590 sockeye (l955i 
19110 9/02 50 '1' 1 ~., CIM 
1961 9/14 Present Present Pcesent Present 5,000 til e Jo~·ce, !t[ioodrlard and Clyde 

Consultants •t.J., l·III!C& 
Chi 11 iyan Ui vee Defore 1970 nax. count 2,000 sockeye U952t 

r•l 19111 9/14 10,000 14.J. , ta-x:: 
)::o Personal Coi1m. 12 1,000 S.K., SF 
6 
w l<enilluua Lake Jlefore 1970 Few sockeye obsecved (1952) 

l·lcJ\r lhur l!i vee Defore J970 
9/14 

Good run of oocke~·e in Uest Creek U96H 
9110 Prc:sent Present Pretrent 5,000 tt.J., me . 

19111 7/15 40 
Pcroonal Coi11n. l'resent S.l<., SF 

lliU..Il u 1\i vue Before 1970 A fa~ coho relurtc!l (1961) 
91l0 9/0J 0 0 0 0 0 'l'.U., CIM 

19111 9/14 P&:coont ~resent M.J., ~~ Personal C01~111. ceren Pcesent S.K., 
llc.:~colil Hi vue 19111 9/14 Pcesunt M.J., ~A£ 

l'e r oona 1 COillll. Present S.l<., SF 

llt.~o:mlki.l Sl Oli':Jil Pcrwnal Cunu 5,000 I.'H:~nt Present S.K., SF 
l90i Large muul.>e!Cs of tr.:y, n.J. ux: 

SuU<.l~r..1ss Creek Uefore 1970 Sockeye and coho .prel:ient (1961) 

Strai<Jht Creek 1973 5 
1975 9 
1916 59 
1977 24 
1970 loa l91ll 26 
19111 9/14 3,000 Pcc!::cul l'Ccl;cnt ti.J., lA£ 

I'CH.iUIIul C011111. 100 r•rc-!:cnt:. 5,000 S.K. I Sl" 
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Append1x Table EA-1. Co1'1 t i nuec.l • 
\ 
I 
! 

i 

Yeac \ Chinook 
I 

ACI .. 'il Date Sockt:}'t! Coho Chuna Pink Colllncnts 
I 

Qaini tna flay Before 1970 l·lax. cowat 7,000-6,000 chuus (1959-60) 

Chini tllil Jli vee J9UO 9/10 200 100 'l'.tl., CIM 

lUI ' 8/03 1,000 
: 8/05 760 
I 8/15 2,200 

Cleamater Cret:k 1971 i 8/15 5,000 
197) \ 8/18 8,450 
197 i 8/22 1 ,8oo 
19~5 , 8/II 4 400 
19 6 8/l 12:soo uu 0/21 12,700 

8/12 6,500 
1979 8/21 ~,350 
1980 8/25 250 
1900 9ZAo s:ooo T •• l., CIM 
1901 0/ 3 1,000 
1981 8/15 6,150 

~st Glaciec Creek 1980 9/10 25 T.H., CIM 

t'cit2 Ccc."t!k Betoce }970 tlaX. COWlt U ,000 Chi.IIIS (1966) 
978 !8/12 800 

J979 
18/21 700 

980 18/22 1,000 
1980 \9110 200 100 'J'.H., CIM 

fTI i&H ;ft/03 200 50 )::. [115 500 
I 

+:>. Inishin IHver Cetore 1970 43 chun (l965) 

Jolutmu nivcr Detore 1970 
i9/l0 1980 600 300 

Max. count 500 co!lo6 
T.M., CIM 

50 pinks (1955) 

IJamh Crt .. -ck Detore ·J !HO 
19111 

Max. COWit )56 000 C!llSil..'l (1963» 
810 

I 

\liddle GJ.:acicr Cwek 19110 9/10 200 T.•t.' CIM 
>ort:a~e Creek lletore 970 tlax. count 5 chuns (!965B 

Hcd IUver 1980 ~/)0 0 0 0 0 0. 'l'.M., CJM 

Silver SilJJUon Cccek Dc.l.ore 1970 Fair sockeyr and chum ~runs; 
coho, 200' p Ilks «196!) 

•tax. count 60 

l~e:..;t Gl.:acicc Crct::k 19110 9/10 400 200 T.f·l., CIM 

Chuitua ltivcr Uctoce 1970 Max. count. !7 c~i!?IJ;ok, 40 colao. 20 chums aoo 

1973 149 
600-700 pi!lks « 9 B 

1974 111 
1975 629 
1976 1,904 
1971 1,901 
1970 1 ,no 
1979 1,246 

--· ·-----.. 



Appendix Table EA-1. Continued. 

1\!Cil Year Date Chinook Sockeye Coho Chlln Pink Co!lll\Cnt:t> 

Chuilua ni vee l!JUl ~14 165 lloo Da~a~ Dow.HsiCJ E!liJioocrs (R.D •• m::, 
1981 /16 40 '1'.11., I . 
1981 S/03 375 R.D., DE · 
1981 8/04 35 2 n.o., DE 

18lh 8/05 Pre::;ent 4 

21 

1 R.D., DE 
8/06 6 5 ll.D., DE 

1981 8/24 1 80 R.D., DE 

Jmll 8/25 9 n.o., DE 
9/2~ 269 R.D., DE 

981 9/.2 n ll.D. I DE 
1981 9/26 R.D., DE 
1981 9/27 63 R.D., DE 
198 9/28 23 n.D., DE 

Perwnal Conm. l're:>ent 1,000 Present S.K., SF 

Conuuhtluua Lilke 1981 7/15 0 0 0 0 0 '1' •• 1., CIM 

Ole.! 'l'yonck Creel; Defore 1970 Sockeye, coho, and pinks (•resent 41961) 

Ccc.:;umt River System 

Cre:.;eent: Lake (Grecian 
J~1x. count 132 socke~e Jl954); cblllls6 pinks Lake) llefore 1970 

1970 9/15 Present 
and chinook present 19 l) 

m 
):;> 1912 10,000 
8 1974 

a~t' 
69 

m 
1975 8/16 Signif. 

SLH:illll al Defore 1970 Max. count 2,500 sockeye (1952) 
19111 9/01 Present 

Stream Y2 llcfore 1970 tlilx. cow1t 1,000 sockeye .0952) 

nJt 6/15 0 
Sockeye present in SetJtcuiiCr Present 

Stream g] llefoce 1970 ttax. count 6 sockeye U954l 

!itrf:illll 04 llel'oce 1970 Pn:sent tli.IY.. COI.Ult 250 sockeye (1952) 

Crc!.iccnt l~i vcr Ue(tJu: 1970 flax. cotuit 2,000 ~uckc~•c (1952) 
1979 67,000 EGcapcmunt count ~sonar~ 
19130 91,000 Esca(c1ncnt count l:lonar 

!n 1981 41,211 Escu~cmcnt count uoMr ; coho~; pcclA!nt 
miJ- uguut 

Do<J ClL1.!k llcfoce 1970 'l'houuumls of chumu U959-196l) 

Dr il t IH ver l!efo.-e 19711 
19130 9/ltl 0 0 0 0 0 

Colluu ~ce!;<;ut in fc.tl! 
'l' .t·\. I 'lM 

(l%11 



I ~ 
App_end1 x Table EA-1. uon~ i nued. 

I i 
Area llear !Dilte Chiuook Sock~ye Coho Chum Pink CO!IIIIOOtS '\ 

Elling ~ke (Olue ~ke) 1970 ~~~u .l,2oo 1972 ,ooo 
1972 

~B~o1 
,ooo 

1980 i 100 '!'.tl., CJM 
1980 ! !o121 5,000 T.H., CIM 

I 

Falls Crt=ck 19Ul Prenent Present 
I 

liar ci et Cr E:Ck Defore j3Jf I No fish observed (1952) 
17/21 0 0 0 0 0 T.M., CIM 

De.:~r ~1\e 1981 \7/21 0 0 0 0 0 T •• l., CIM 

Indian Cleek Before 1970 Sockere·before !912 coro 
and p nks present (!961 . 

Island Creek Before 1970 Sockeye, col10, and ch1.111s present U96U 

Ivan CH.'ek 8efore 1970 
:7/06 

0 0 0 0 0 tb fish observed (1965) 
1980 0 0 0 0 0 T.li., CIM 

Kustatan t:iver Defore 1970 
17/15 

No fish observed (1958) 
1981 0 0 0 0 0 T.n., CIM 

ITl :r D1ac.:ksaud Creek 1981 0 0 0 0 0 T.r-1., CIM 
Ol Jeuoon Creek 8efore 1970 

\6/10 
Sockeye and cluaJW present (1961) 

1981 2,~00 Prenent 

l.e-Jis Hivcr [lefore 1970 Max. count 67 chh100k (!962) 
1970 12 
f972 nl 973 
197~ 135 
197 

il~ 13~~ 54 
1978 5Gl 
1979 

~/06 
546 

1980 0 0 0 .. 0 0 '!'.M., CIM 
1981 

I 
5GO 

Pert.oual Conru. 1,000 5,000 S.K., SF 

Uoulana IIi U Cn.:ck l9Ul 
I 
~/02 0 0 0 0 0 T.tl., ClM 

! 
i 0 noose Creek 1911! !5/28 0 0 0 0 

!Ukolai CH~k Ue{ore 1!170 tlilx. count l chi1100k ami some pinl:s U96l»a 

1911 143 
Fe~1 suitable spiU·I!Iin!] <u·cas 

1911 lJ/15 0 0 0 0 0 '!'.II., CIM 
. l''croonal C<>lllll. I lUO 500 10,000 S~~K., SF 



Appendix Table EJ\-1. Continued. 

1\cc:a Year Dute Chinook Sockeye Coho Chum Pink Co111ncnts 

Uiyinhl<utula Hi vee 19UO 9/02 0 0 0 0 0 T.H. 1 ClM 

l'acl:cr s Luke (Ka1gin Is.) Uctore 1970 llaxo count 100~000 oocke~·e (1926)& 

r70 9/0l 500 
516 0 coho (19 2) 

971 ~/}8 507 
97 3,356 

1972 7/20 200 
1972 10/09 298 

Ia1~ J:1~~ 19110 Present '1'.1·1., CIAA 
19111 n,ooo 2,000 T.lt., CIM 
1911 1 100 21040 
198 l !024 21440 Escap::mt.'llt count (weir) • '!'.11. ClM 

l>olly Cccck Defore 1970 ~x~1~ts 21000 coho; pinks and chums jpCesent 

19110 8/29 10,000 .. R., C!M 

l!elloui.Jt Cu:ek Defore l!LW 7/21 0 0 0 0 0 
Cohos ~re~;;Col: 
'A'.J.I., IM 

U96U 

South t'od; Crt:ekl:i 1981 2,000 'A'.U., CIM 

iTl 'l'IILOOOC c.: Hi vee Cetorc ~9-10 tlilx. count 67 chioook (1962) 
)::a 970 36 
I 

!Ill 
0 

........ 
23~ 
205 

197 95 
1976 11032 
1917 7/23 2126] 
19711 547 
1979 512 
1900 .'1/06 0 0 0 0 0 T .1·1. I CIAA 
1901 535 

l>cn:.onal C0111:1. 1,000 51000 S.l<. I SF 

'l'hrec lii.!e Creek 19UO 6/27 0 0 0 0 0 T.~l., CIM 
Personal Cuto~:~. 11000 5,000 S.t<., SF . 

'l'U>:(:dn i l'ay 

Dc.!C Ca:t:ek I9UO 9/20 0 0 0 0 .0 '1'.1-1.' CIM 

lliHicult Cicek l!>UO 9/11> 0 0 0 0 0 '1'.11 •• CIM 

!luuyr ytoiLIII Crt:ck 19UU 9/16 0 0 0 0 0 '1'.1-1 •• CIM 

Upcn CCt:CK 19UO 9/11> 0 0 0 0 0 'l'.ll., C!M 

'!'Uxl:dni IIi ver l!JIIO 9/16 'iU 60 'l' .II. I CIM 

lhau .. t.Jut:tl •1'ur. .. !.a u·,.t&U!i l'JUU 9/IL () u II () 0 '1'.11., CiM 



Appendix Table EA-1. 

Year 

1980 
1981 
19111 
1981 

Ucutforcli.lla<.l L .. dw!.i l!JUI 

UJ Cr:cck 

m U 4 Cet:ck 
)::;. 
I 

Oil' 
123 Crl:ck 

124 Cr(:l:l; 

125 Cr:L-ek 

__ r·. 
-~-· 

Before 1970 

Before 1970 
1970 

Before 1970 
1970 

Before 1970 

Ocfurc 1970 

Ut::tor:e 1970 

---

~on't 1 nued. 

lloltc 01iuook 

aY.2s 
7/21 0 

~~71 

7/p7 0 

Sockeye Coho Chilli 
I 

500 :o 0 0 
1·200 ,2QO 

0 0 0 

Preuent 

Present 

Pink Coomeuts 

'1' •• 1. 6 CIM 
0 'l'.f1., CIM 

'l'.tl., CIM 
'l'.U., CIM 

0 

Cohos present (1961) 

Cohos present in faU U96ll-69) 

Cohos present in fal!·(l96E-69) 

Pinks present (1960) 

Pinks present (1960) 

Cohos and pinks present (1961) 

---
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Appendix Table EB-1. 

Dird Creek 

CUlifornia C.:tek 

Chikaluon 

!ndi.an Cu:ck 

ln~ram Creek 

Ye;u 

llefore 1970 
1973 
1974 
1976 
1976 
1977 
1979 
1980 

Pe.:sonal Coam. 

1976 
1976 
1978 
!978 

Befo.:c 1970 
. 1913 

1974 
1976 
1977 

fe.:oonal Coo111. 

llcfore 1970 

1976 
19111 

Pccsonal Conta. 

Defore 1312 
1917 
1978 

Defore 1970 
1976 

l'CCSOIIal C011111, 

,• 

Salmon abundance data for Turnavin Arm river systems. coqJP.iled from 
escapement enUife§ation programs· • sport flsh harvest data~ and aerial/ 
ground surveys~ Adult Anadromous Investigations, Su Hydro Studies, 1982. 

Date 

0/.25 
9/01 

8/21 
8/.25 
8/10 
9/01 

0/19 
5/211 

8/.25 
9/01 
9/01 

0/21 

Chiuook . 

2 
3 
6 
6 
l 

Present 

2 
4 

201 
79 

210 
349 

0 

Sockeye 

1 

l 

Pcesent 

1,543 
0 

Coho 

26 
Present 

4 
5 

300 

0 
Present 

Clu.an 

7 
56 

Present 

6 

0 
P!:esent 

Pink 

906 
647 

2,f~t 
5,000 

155 
516 
59 

919 

5,000 

0 
P.:e~nt 

lOJ ' 6 
232 

489 

Pcesent 

CoolilOOtS 

1-lax. count 6 chinook (1957) 6 6,000 pinks U96~) 

Sport fis~ lmrvest 
Sfort Us 1 harvest 
Stan l<ubi , NIF&G IDiv. of SllOCt Fish {S.Iit. o S~') 
1-lax. abundance estimate fran revcral yeau; 
obse.:vations . 

Max. COWit 187 chinook (1964,; 16000 pinks (1958) 

S.K., SF 

•~x6 count 20t000 sockeye 
75, 00 pinks 1960) 

(1947); 

S.K., SF 

~lax. count 8 sockeye (1962); 230 pinks «1958) 

flax. count 211 pinks (1950& 

S.l<. 8 ~F 

1/ Cuurtm .. y ul 1\liluku lletJ•Ifllu<:lll ol f'ish uml t:;uue lhv._ uf Cuuauclciul 1-'i:;;hecic.!ll Oiv. ul' Spurt l>ish1 and t'isll!:!:ics Rehabilitation an!l l::nhalu.:cnll.:!lt l!liv. (fr'RI:ll); 
(.'(JUk Inlet ll.qu.:Jcu Hure 1\!.iWctat io11 (ClM); L~oudwarii...Clyuc Corumltants (tA'IC); flow i!llJ f:n')iucers t:onsuJ ting Fum (DE). 

2/ Hill~•( 1-lich.u-'l J. l!JUO. Slulcllidc 11i1Cvcsl ~tud~· - 19-19 Data, Aluska lli.:partmcnl ul Pi:.;h •lllll Giuue Oiv. o! ~Jort fiuh, !"l.•<lural Ait.lltqJOrt. Vol. 22 Study fll-Q 
Nills, Bic ••• cl J. l!JilO. Statewide llarvcut Stud~· - l9UO O<lt<l. Alaksa DE!p<ullucnt of Fish and Gilluu Div. of Sport Fish, Federal i\id ltctort, Vu!. 22 Study SN-lC. 

3/ 1\ll culr h.::; .u c ace 1al or ':JCOUJitl :.>Lrcilln ULII Vc}' dul.:. LU\lcsu otherwi:;e Lleui~IMtl-'tl• 

·------------
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Appendix Table EB-1. Cont~nued. 

I, 1 

Are:a Year o.:lte C!linook 
! ) : 

I\>C ti19e Creek PcCilOild.l C011111. 

Gravel Pit 1\rti:l lk!forc l!fJU 

Perwnal C011111. 500 

UiJliwaw Creek lk!fore 1970 
1974 9/!.ll 
197~ 9/]25 
197 6/!22 
1975 8/'lO 
1975 9/06 
1975 '''r 1976 8/t 1 0 
1976 8/' I 
1976 6/:25 
1976 9/03 

971 8/24 
97 9/01 

1970 8/10 
1970 8/l10 
1978 9/J9 

l'otter Creek Per oona 1 C011111. 

Ral.:bi ~ Crwk t>ersona.l Con1n. 

i Rcuurrectiul Crc~k llefore 1970 ! 
1976 11/11 
1976 8/21 

Eeuttle Creek 1976 o;;h 
! 
I 

Six tlile Crct!k l.lctore l970 
i, 

I 

976 8/21 
1978 6/~) 

Skookwu Cl L'Ck l'c r :.;una 1 Cuuau. 

'l'hrec llile Cr L-ck unu J.ake lk!fore 1970 

'1\wnt y IIH c Cr cck 1979 
19BO 

Ci.luuen l...tl:c 1976 11/20 
1976 0/21 
1978 8/~) 
19lll 

I 
I 

sockt:ye 
I 

50~ 

46 u 
~1 
4~ 

264 
76 

211 4 1 

13~ 42, 

204 
146 

2 

603 
29 

Coho Qlllll Pink COIIIIIelltS 

500 5000 S.K., SF 

Haxl cow-tt 350 chinook jl950); 650 oockeyc U952); 

200 1,000 
1 ~ nk Sl95U' 1 Cbllll c 953) s .•• s 
Max. count 291 soct:eye0 13 chums U928) 

0 0 0 

42 

Present S.K., SF 

100 500 S.K., SF 

Max. count 80,000 pinks (1960); 35 chums (1958 D 
640 

20 6,000 

Present 600 

800 
tlaXo COWit 696 pinks (1958) 

1,200 

Present S.K., SF 

Max. count 49 sockeye (1954)J 896 panks (1958) 

362 
439 43 

36 
43 

'lwcuty Nile River spoct f}sr.laacvm;t 
'1\leuty l·lt1c Raver !iport f s 1 aarvest 

9 
HI 

20 30 

I 
-::-;.---

~ _____....-... ~· 
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Appendix Table EC-1. 

Cottonwood Cceek 

Cottonwood Lak~.: 

Year 

Pee oonal Cai:111 

Defore 1970 
1910 

1r1 

l
~h 
9~2 

Ill 
197f 
1975 
n~s 

1
976 
976 
976 
977 

1980 
1979 
1980 
1981 

Defore 1970 
1912 

Defore 1970 
1910 
1970 
l97l 

l~h 
1972 
1979 

Defore 1970 
1912 

Salmon abundance data for Knik tna river systems, compiled from 
esc~pement enumeratio~ograms!{ sport fish harvest data.W: and 
aenal/ground surveys • Adult Anadromous Investigations Su 
Hydro Studies. 1982. 

3 

Dilte 

i~li 
9ZPJ 
~21 
9/.24 
9/23 
9/.25 
9/.26 
9/27 

10/02 

9/22 
9/24 

3~~ 

8/22 

9/21 
9/29 
9/20 
9/211 
8/22 
!J/25 
11/10 

0/22 

Sockeye 

253 

10 
38 

1,199 

1,525 
2 660 

25:180 

225 

290 

1,879 

110 

Coho 

100 

5 

29 
Present 

rA 
20 

l 
u 
21 
~~ 
20f 
18a 
264 
530 

~,198 

2:11~ 

Chum Pink 

Present Stan !<ubik, .!IDF£G ID!v. of S(Xlrt Fish (S.K.D SF) 
f~x. abundaQce estimate from ceveral years 
observervatlons 

Ma~J sockey~ count 8-10,000 (1936)J 
l,lol cohO U960) 

Sport fl·sb harvest 
§Port f sh harvest 
Escapement count (weir) 

•~. count 500 fish (1951) 

MaxJ count 51000 sockeye (l952-l9b~~~ 115 coho 
(l9o0) 

liax. count 256 sockeye (1956J 

l/ Courtesy of AJasl:a llc(Jilctatl(.1lt of fish and Came lliv., of Co111neccial Fishecies
1 

Div. of Sport Fish{ and Ffsheries Rehabilitation auil EnhaiJCCI.lent Oiv. (f'RID); 
Cook Inlet Ntut~cultuce 1\Urociation (ClM); UCJOO..iacd-clyoe Consultants (l·&£); Dow ing Engineers Consu ting F nn (DE). . 

2/ 11il}u1 J.\jchael JA l!lUO. Stqtcwitlc llurvest Study- 1979 Data. J\la!lka Dcpartlllcnt.of Fish and ~ne Div,_ of Smrt fish, F~dc{i:!l Aid llc~ct., v
2
o21,_ 2d·2 SJ;,udY !1'<1-l 

Uills, fl cnal!l J. 93u. Statewic.le Jlarvcst Study - l9UO Data. Maksa De~rt.ment of f1sh and Cane D1v. ot ::.p:>rt Fish, FectCcaA .1\ldl Ktcport, Vol. ;,tu Y .,.1-IC. 

3/ All cnl..rics arc ucri<~l or grouull si..Ccillu survey dat:a wtless othernise desiynated. 
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AppencU x Tall le EC-1. 
I • 

Ca'nt1nued. I . . -
I 
I 

Arli:il Yeac I Date 01ioook soc~eye Coho 01111! Pink Conments 
I 
I 

Eagle Rivet Befoce 1970 I ChAoook t:!eseni n966-!969); I·Jax. count 
1970 I u 3, 00 pi s (1 6 . 

r I 
976 

311 97} 97 South fork 
91 16~ I Personal Contu. Present Present Present Present S.R. 1 SF 

I 
Eklutna River Personal Contn. Present Pcesent Present S.K., SF 

t•ire Ccwk Personal Coatn. Present Present S.K., SF 

Fi!;h Crwk (Big Lake) Before 1970 i tlax4 cow1t 3066982 sockeye U940M 
1970 

19/30 
I 1,048 3,940 

19, 17 coho (1 38)1 f9f pinKS (1 0) 
31,,470 EsCapement count (we r 

~~~0 31·1~00 Ut Esca1x:ment count (weir) 

"I ~~~~3 
. ,, 50 

197 I 141 
r7 6,;~~~ 709 57 Escapement count (weir). 

97 9/00 
913 21705 210 6 Escapement count 

~~~HI m 197~ 16:225 1,154 Escapement count 
n 197 29,880 ,601 Escapement count weir 
I 1975 8/.21 134 N 1975 8Z26 l~9 l 975 8/29 

975 9/05 1,1192 1 
}975 9/23 ,968 

975 9/29 !194 1 
Escap;ment count (weir) }916 14,032 765 

917 9/01 !372 
1971 5,~83 

~~~~f 
189 Escaf:nent count telrl 1978 3, 55 Esca nent COWlt we r 

979 60,~39 , 00 Escaramcnt count ue &: 
J979 Ll57 Bfg . a~e sr.g&:t fis~ ~~rve!;t 980 1 43 B g La e s ort f ( ~fvest 
1981 50,~79 2,261 EsCap:ment count we r FRID 

Dlcx.l':jctt l.dkeu Defore 1!.1~0 
\U/22 153 

nax. count 15-20,000 sockeye. 
19 2 

I 

Keen Cceek Personal Coi&lll. Present: S.K., SFt 

l\nik Ri vee Personal Coi&all. 6,poo Larry Engql, 1\DF&G D(v. of S(:.JCt Fish (I •• E. 9 Sf) 
l·lax. ilbuiidailcc estimate froo several yca~rs 

4,000 
observations 

Perwr~l Clilllil. 50 Tan •lears Cook Inlet llquaruH:uce .I\Ss0 n 
I ('l' .n., CIM) Observ. froo .1\ug-Dcp. • !979-01 I 

Jim Lal:e 1\!cwnal Cvlll•ll Signif. I .• E., :JF 
198 Pcesenl T.ll., CJM 
1981 35 Test fish catch 

·--



Appendix Table EC-1. Continued. 

Ar~ Yo::ar Pate Chinook Sockeye Coho Olum Pink COIIIootltS 

Little Slillilllil River 197~ 373 
l~o 80 ~·4~8 3,302 36~ 1JU Sport ffs~ l~acvest 

646 ,1 1 6,302 . ·46 Sp>rt f ll 1 ~arvest 

II or scbre Lal;u lk:fore 1970 tlaK~COWl!: 45,000 llinkS 
(19 ) 

U91i4) • 2 chinook 

lliltanu;;ka IH vcr lk:forc 1!170 Chinook ~csent· 
l'ersoml Cor.111. 2,500 150 2,500 'l'~l, CI , l<lngs River confluence 

1 006ervat ons 

llodcuLurg Slough 1972 
~~~, 

4gl l'eak survey count 

tiU 16 
8/2 200 

97) 8Z30 23~ 

ul 
!1/M 

25 . 

B~ 
119 

97 ,~, I'! iJ WI n 
975 ~~~l r 975 

8~2~ 
30 

~l~ 9/0 ~3 
1975 !1/23 ~ 
r16 

8/23 I 916 8Z2J 1M m 916 9/0 
976 9/0~ r n 916 9'/1 u 6 l!l17 Oi'22 w 917 8/]0 u un 9/06 

9/15 
r18 8/22· 2l0 970 9/U 50~ 918 Peak.survcy count 

Gruuilc Creel> llcfore 1!170 Max. count sockeye 116 (1!1591, chum 61 U957~ 

floo!iu Cct:ek 1970 ~24 120 
97, 22 
97 ~~ 40 

197 
~~ 

15 
1972 6 
1973 6/0l. 36 

n~~ ~~ 
32 
55 

1976 101 

lluJ Lal:c ll!:tore 1!170 ~lilx. count 90 &Oekeye (19571 

llunc:y Luke lldote 1970 llilx. counl 1,000 &Oekcye (1954~ 
1912 U/1!> 5,000 
1972 9/07 530 
1972 9/11 1,919 
912 l, 7 1 l'cak uutvcy count 

1973 203 Peak survey COlUlt 

------------
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Append1x Table EC~l. 
I . 

Continued. 

Jbncy Lake 

Luke Creek 

Nancy Cn:ck 

PalloiCC Cre:ek 

Petec'to Cceek 

Petersen Creek 

Ship Cccck 
! l 

i 

197 I 
197~· . 
1975 .

1
1 

1975 

~~~~ i.l 

19J5 
1976' 
1976: 

n~r. 

n~~6~~ ~~j 
197 nl 
1~3 

Before 1970 

fill 
Before 1970 

1975 

12~~ 

Before 1970 

1;19 
1978 

llefore 1970 
Personal Comn. 

Pcrwnal Con111. 

Defore 1970 

1970 
1911 
1972 

~an 

Date 

U/21 
0/24 
8/26 
9/05 
9/23 
8/23 
0/27 

~~87 
9/12 
0/23 

. 8/30 
9/06 

9/07 

8/26 
OZ29 
9'/05 

Chinook 

1,746 
221 
121 

na 

. : 

I 
SOckeye 

I 

: 140 
84 
31 
56 
74 
60 
i2 

23l , ~u 
• 282 
[4,801 

1 n~ 
i 573 
!2,050 
~.on 
1 8oo 
l 69 

s8~ 
351 

Coho Ou.tm 

l 

Present Present 

.. 

Pink Carments 

Peak survey count 
Peak survey count 

EfiCa(X:Il~ent count (weh' » 

~~=~ ~t·l~l~l 
Sport fis~ ~rvest 
~x .. count 60 chinook j1967h 200 soclteye 
(l9:l8) 

Max. count 142 sockeye «1954) 

Max. count 144 sockeye (1957)a 
20 chums (1950) 

!·lax. count 10! chinook (1965) 
Pcesent S;K., SF 

Present S.K., SF 

I.Jax. CQl!l)t chinook l, 764 U964h 
chums 600 U95lh pinks l ,256 (1952) 

--.:.. _. 



Appendix Table EC-1. Continued. 

Acea Year: Date Chinook Sockeye Coho Pink Co!mlents 

Ship Cr:eek l976 006 
97~ 1,011 

197 8 1 
979 12, 

1979 5lli 91 ~r:t fls~ g:rvest 1930 30 • 9 405 sport f s rvest 
1981 1,000 

l'er:sonal COmn. Pr:esent Present S.K., SF 

Six llile Cr:t:ck 1900 300 100 T .H., CIM, 1980 observations 

Six llile Lake l'er:sona1 CVJ•&n. 200 200 S.K., SF 

Wusilla Cr:€.-ek 1970 9/25 101 
rr1 1970 9/28 

~u n 197! I r 9/21 U1 

~n 30 

91R ~~ 197 58 
1979 187 
1979 i,21~ 4~ 1)6 Sport f{s~ ~:rvest 
1930 ,55 210 sport f s rvest 

uasilla LukE: Defore 1970 •1ax
6 

count 3,5Bll sockeye U960b ll 6 l6l\ CO~AO 

1972 0/22 660 
(19 O) 
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Append1x Table E0-1. 

Bishop Cteek 

Bishop Lake 
Daniela Lake ' Creek 
Parsons Lake ' Cteek 
Timberlost Lake ' Cteek 

Deep Cteek 

'!\wt:amena Drainage 

Maallof ruver 

Year 

.. ,_161 
1!181 
1!181 
1!181 
1981 

Before 1970 

II 

- --------- ... 

Salmon abundance data fo~ Kenai Peniu~~la river systems, compi~~d 
from es~apement en~~rpt1on programs~ sport fish harvest dat~ 
and aer1al survey~ Adult Anadromous Investigations Su Hydro 
Stud1 es, 1982. . • 

Date Odnook 

~H 
~. 

9/0l 
9/0l 
9/0l 0 

9/0l 

5~0 2 0 
l46 l,aH 

I:JiJ 

Sockeye 

I:IU 
110 

2,000 

0 

2 

1,~~~ J49 83 

Halt. count 21,000 &Oekeye (1958) 

'l'c:lll Mea~,_ Cook lnlet l.quawlture AWBociaUoo 
(T.H. 1 Clj~,j~.) 

T.H., CIM 

T.H., ClM 
0 '1'.11. , CIA!\ 

T.H., CIM 

lJ Courtesy of Alaska Department of Fish and Goole Divt. of Coirlnercial Fisbedes1 Div. of Sport Fillb1 and Fillbedee Rebabilltat!on and ~t Divo «n.m»o 
O:lok Inlet ~aquaculture IISBOclatloo (CIM) 1 Woodward-clyae Cooeultanta (WWC) B Dowdng Eng nee~re COOsmting FiiJD (DB). 

Mns~Mg6a~~ei!MI&.11:EJW1~J:rlr.Jil~1ooo Ml:.llalfill~~~r={~~t~ ~h~ ~ ~lv~~t Sfl~. r~:&r~~~n~~,r~~l: ~
1
st~/~c~-

1 

3/ All entries are aerial or ground stream survey data unlesa otherwise designated. 

--~-----
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Appendix Table E0-1. Continued. 

I I 
I 

I \ i 

Acea 
I t I 

Yeac Dilte Qll~ Sockeye 1 
..,, .. Coilllenta 

I I, I 

· Befor:e 1970 
I I 

Beac Cceek I i ·' fUcOhoaxrlfisU•ooo ooclteye (1950)1 31 pi~ (l952h 

l B~ft J:l~l J I I !9 
l'eak sucvey oomt 

hU IIUCVOJ COIWlt 

~ 1111 I 
r'l 

dl 
J:l sucvey oomt 

~~y 39 
aucvey CCQit 

~~ 
l 

leak BUCVey oomt 

I 111 
~ 

IT1: ij I 1'eAk IIUCVe_f COll1t 0 

~u 18 I I 

0 0 N 10,0 T.ll., OM · 

Cleac Cceek Ill 
I i 

551 = aucveJ comt 

I I ·r! eucve comt 

II 
9/0ll 

l I· l 
Peak 8Utvey CXQlt 

I i Pea~ 8Utve~ CXQlt 

1/.l~l 
l'ea aucve comt 

I 11 r ~ t 

l:lt ! 

lzHI 
~ 

PeAk sucvey count 

·1 t}l 
III IY.dr 

IIi ~~ ~:1 
1l 

vn! T.ll., OM 

Cliff llouae C£eek Befo£e 1970 .l.l ~~~i9~yoo aockeye (19t9)g l chums «195lDD 

Coal C£eek 1979 0' 0 0 T.H., OM 
I 

I 
! I 

I 
I I I i i 

I 

I 

,~(:- --;;,.· 

~ -.....o---- --- ~ ~ ~-· ·----- ~' ------...; ,._._____. 
--~ 

._____: 
~ 



Appendix Table ED-1. Continued. 

Area Year Date Odnook Sockeye Coho au. Plllk CouJnenta 

Ccooked Creek 1&13 i68 Eaca~t count lwel'J 2, 60 !sea t count we r 
Crystal Creek · l'ellk survey oooot 

~~ 
1 1 

1 

H 1/0 
l,l 

~~ 
6 3~ 

IU 
BOfi 0 0 a 
M~ 

f3U ~~ U! 2 ,.., 
Bat ~~l 0 0 0 0 

0 860 I 
w Glaclet Flat& Creek Befoce 1970 Max. counts 10,500 aocteye (1968)§ 120 f!nk~ «1962» 

lilt jJ!ifi 
Peak survey coun~ 

I~M l l Hax. count 7 pinks (1958) 

Jfti tH lf~lli 
1 

r·~n 
l'ea~ surveJ count 

jill t1 !! 
Pea SUEVe count 
~ sucveJ count surve cowt 

8/~ ' ~~ 
312 ~~ 2 

rH Peak survey count 

!Ill 
8/0S :ltl 4 
oz~ 8/ ·~t Pea~ survey count 

6!U Pea survey oount 



Appendix Table ED-1. Continued. 

Area Yuc I Date . Olinook ~eye Quill CQ!ments 

Glacier Flats Creek 

Ill ~~ *1 0 0 0 0 
}0~00 '!'.11., CiliA 
0'18 I . 

f.i~1~«fir=leY:,igJnt'"la pA~M U95~» Indian Creelt Before IJ.Ji 1/'JB 0 0 0 0 .H., CIM · 
Hoot>e creek Before 

ff it1U 
~ count 18,000 mckeye (1968)1 52 pinks (1951» 

aurvey count _ -

r 11~ ~ 
I 

~~~ li 11 ,n I 
~~ l'ea~ autveJ cowt 

rn ~ aurve count 
t:J lls 8/13 1;UI 1 17 

Peak aucvey QOWt I 

"""' 

' 
I~W 

fill~ 
1 21 

~~n 
3J 

Peak survey COllllt 

6 

~H ~iU 
Peak survey 00111t 

tio 23 fgl 
l=t ~ti ls:lro 2 

ha 101 ~ '1'.11., CIN\ 
/19 8~ Present 

Nikolai Creek Before 1970 ~£um~~iy,ooo &OCkeye «19«6»» 96 pAmk&.«A96iBn 

m~ 
8/13 ·llfd 1 20 

B~U 1 1ii 
Peak survey oount 

lll9 '~~~ ,lsoA 
3 1ojos 2 ~ 1971 /10- 5'20 

1978 8/09 cjo9o 1 22 

llf ~n 
5 

t~U~ 
18 

0 
34J72 

0 0 0 

1981 ~'JB 10~000 '!'.H., CIM 

Olt>en Creek eefore lng HaK. count 34 eockeye (195•) 
'8/20 4 

---· - ~- -'--..-·· 



Appendix Table E0-1. Continued. 

Area Year Date Qdnook Sockeye Pink Camlente 

Kenai lliver System 

~tenai lliver . Defore 118 ~ counf 88 .ooo sockeye (l95U 

f:r.s 
~ count (BOnar 

I 
Est!iilates P!ttlal aur: ey and aomtJ counts Escaet count nar: 

•888 ~ t:t :::~ 
a:ooo Escait «XXlllt aonat ,ooo Esca t comt aonar 

~:m 
f: f com~ aonar coun aonalt 

Dt:ss EEt comt aonar Esca t com aonar 
981 7,638 t OOlllt aonar 

Beilver Creek Before l3J8 6/'JJ.J 0 0 0 0 0 
Coho& and pinks present (1967~ 
'f.H. , CIAA: 

rn 
01 carter Creek Defore 1970 Max. count 250 sockeye (l9f.i1) 
8 

11.1! 

Cooper: Creek Defore 1970 --~ ...... --~ . ~ ~t dBJ6~eye, 35 dlinook U950D 0 ~-...,_._....__ 

COttoPWood & Pipe Creeks 1981 8/0l 0 0 I> 0 0 T.H., CIM 

Creacent Creek Before UlB Max. count 250 aockeye (19~6) B 500 ~lnook (lgUb 
7/25 U1 

~y River Before l3J8 .9/11 0 0 0 0 0 
Max. ~ 7 plnku (1952) 
't.H., 

Grant Creek ' Lake 
~~·~ 

~~ 
0 

' 
0 0 0 

Max. coont 76 chinook (1963) ll 324 sockeye (1962) 

·j 
Hidien Creek Before 1970 Max. count 31194 sockeye (1965) 1 6 coho (1953) 

1970 8/28 112 
1970 

~~u 
158 

!Ill t:iD Escapement count (weir» 
8/28 



Appendix Table ED-1. ~o~tinued. 

I ' 
Area Year Date ad nook &!deye l'ink Cam!ent& 

I ! 

Uidden Lake 

w~~~~ 
Hax. count 3,700 

1 1 .a~a ~=:1 f ,9§8 . Esca t munl 
Esca t CCJm 

i ll~ 
Esca t count 
Esca t count 

~, 
i 

! :sg~ -~Er ...... Esca t comt 

til la!lfl 
Bsca t count 
Esca t com!: 

307 £sea t COIXlt 

Jean creek ' Lake Before 

I 
Max. oount 18200 BOCkeye (19.7) 

' 8/28 

~·l 
Escapement count (weir) 

r 
2,389 

M 
I B Ul 

rn &1 i1,oJl T.H., CIM 
0 901 101 'f.ll., CIN\ 
I 

()) 

Jobnson Creek w.,.,,. Max. CQUnt 625 Sockeye 41969) 

I' 
~i surveJ cooot sutve coont . 
fea surveJ counf 
fell au111e 00t11 

·JI . 8/27 
Feak survey 001mt 

Ill 1'!8 1 I 
1976 

~~ 
0 

21 
0 I I nu 8 8 

Ut ' 

.fl~j B1H 0 2i 0 0 
Peak survey count 

1971!1 8~24 lg2 98 
1971ll 780 Peak survey count 

1n; 1~8~ ill 
~~E ~~~:1\9~Ar"~» 8 A<!rge Juneau Creek & Lake Before 1970 

I 
0 

lll~ B~SB 1ft ~ 
0 0 

1977 8/23 5 15 
l 1978 ~09 42 1 

197~ /12 -90 

--· ..._ 



Appendix Table ED-1. Continued. 

Area Year Date Ollnook Sockeye OUllll fink Calmeots 

Kllley River Before :uno Hilx. count 100 plnke (1960) 

ltlng County Creek Before lllf 8/03 0 0 0 0 0 t?J ns&renetll ·"·· 
Moose Creek Before l lt:i cowt l~ .eodleyes l dlllll (19Slh l tPllM U!ll 

i:r1 
sunrey t 

l = surveJ IOOU!lt 

i~B 
eunre oomt 

~~ ~~ Peak &DEVey count 

~u 

~ 
!•lft r!i 1 

('~ :ill u a 

I ll feak aurvey cowt 
rr1 7/25 :986 0 

• ~ Motnlng Slough 
·~~~ 

8/ll 320 
8/23 281 

lbi Lake Before r10 Haxo (XQ)t 100 chloooit (l949b8 18000 sockel{e (1948) 

911 t:!U 
Peak survey count 

til Pe~ aurveJ count 
Pe aunre count 

uu I~D 0 I:~l~ 0 0 0 

~H 
35 

ur l:lll 191 Peak eurvey.count 
J976 8/05 eo2 
916 8Zl8 1, 48 

1977 8/0l 1740 
1977 8/12 1:840 l;ll 8/26 ... , 8/.09 

i~ ~~fj 
82 

l Dave's C~:e~ 
15 Dave'e Cre 



Appendix Table E0-1. Con~1nued. 

) ,. 
Area Year !Pate Olinook ~eye fink ~ts 

fipe Creek 

I ~ li 2 

j 
i 

l'talllligan Cleek Befo1e 1970 MD. c::owt 31000 sockeye (l!Jjl)§ 300 chlnook (1948) 

j ~~- I ···ji 0 0 0 
1'eak sucve~ Qlllllt 

I~H 
11 

0 0 0 

J :1a 1'eAk aucvey count 

~~ 
0 0 0 0 

fi}f •I 
1

501 0 0 0 

0 0 0 

rn nu 1~511 1'eak autvey comt 
0 

ru 3,5~1 I 
00 n~l 1532 

190 ~05 

(lua1tz Cleek Befote 1970 Haxl count 15 ~nook J1952) B 11. 0456 50Ckeye» 

1970 

:ll 
1 ~ nk and 10 119 «) 
Pe~ Burvey count 

..,I 
Pe survey count 

~I~B 
l3 l 

Pe survey comt 

m. 
:! uu I~U Jtaa~ 

1127 
1977 '8~26 ~ 

1}0 
1917 I 8/.21 

~I!IU 1978 ! 8/.1 .. 
)1 1 1978 ! 0/23 

I 

RaUa:oad Creek 
Before Ufl 1BI 

~ COURt 215 ~,. ))96}) survey coon 
Ilea sunreJ counl Pea sune cow 

uu II~D 
l Pe surve count 

lid 



Appendix Table E0-1. Continued. 

Ar:ea Year Date ad nook Sockeye Qlbo PAlik Cou~Dent& 

Railroad Creek 

flU ~~n i;IU ~~~ 

II 8/24 

l:~ = IIIKVe~ coont 

I~Yi 
aurve comt 

,n 
Rocky Creek 1981 163 

Russian River (llfller) Before 1970 n!f:'TJL~ «i~fit~~~e «ii£8Y~ w~ye 
1970 9/01 ll,OOO 87 77 ~t count, aockeye «weArh other 1BpeCil®~ 

~ ~=m 
e fnm sugveya 
Pea ney count 
=pe11100t c:ount (weirD 
Pea survey coont · 
fJ:fp!lllenl: count (web') · 

survey comt 
1'11 4 :~o~ =~t count (weir) 
0 fll 40!0~ 

Pea survey count 
I =~t count (weir) 

lO . 2,909 Pea survey count 

~js 
39,000 =pesuent count (web) 

866 Pea survey count 

B i 8/18 .~;BAa survey ~t 
86 1 2 Esca~t coun , BOCkeye (weirDo otile~r spacllee 

estr:tes fraa s~Kveys 
1971 38,983 Pea survey count 
197 H oo Esca(::t count lwelrl 
197 8 :ooo Esca t oount we r . 

Ull 1i~:IS~ 
l'eak survey count 

16098 =~t count, I!OCkeye (weirh Spo~rt tUsh 
rv st, coho 

1980 1lfi 1000 1,025 Escapement oount8 110Ckeye3 S(lort fllslm lhanest, CO.OO 

See(lilge Creek Before 1970 Hax. count 25,000 sgckeye (1946) 
1971 2,292 
1972 8/26 34 1 5 
1972 3,872 Peak survey count 

nu 8/.15 ~:~Y2 BZ22 

!"' Bir •. tu 976 

JU ~~ ~ 
8/26 587 
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Appendix Table E0-1. Oon~inued. 

1 

Area Year I Date 

Seepage Creek 

rr '~~ .. I ~-
Ship Creek Before 1970 

Skilak River 1981 8/03 

Blikok Creek (Lake) • Before ~~~~ 
8/03 

snow River Before 1970 

Soldotna Creek Before 1970 

Tern Creek 1979 7/21 

Trail Creek (IJWer) nn B1~i 
'' 

Trail Lake Bef9re 1970 

Trail River 
llefoce 19~ II ' l~tl 19 

Ill Bl2t 8/1 

Sdanson River Before 1970 

Odnook ~eye Pilllt Calmenta 
I 

I 

~·r1 1, y 
0 I 0 0 0 

I Ag>rox. 1,000 fish, &peciea wknown, (T.~.#CIM5 
~,376 

Hall. oowt 650 pblks (1951) 

0 0 0 0 0 T.H., qM 

8 8 8 8 8 
~x. '815 pinks (1951) a·· . . . ' . 
No fish dleer;vedl (1952) 

tb fl~ dleervedl (1957) 

~,693 

1

lU See Horning Sl(Qlb fot ~tiooal counts 

tb fish dleened (1952) 

~k count 10,000 &OCkeye dl971t 

i tD in 
I Hax. count 260U coho (1965) 
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APPENDIX EE 

SALMON ABUNDANCE DATA FOR 

THE SUSITNA RIVER 
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Appendix Table EE-l. Salmon abundance data for Sus'itna River Mainstream and mai.Lstream 
tributaries, compl)ed from escapement ~n~eration programs , sport 
fish harvest data ~ and aerial survey~. Adult Anadromous Invest-
igations, Su Hydro Studies, 1982. ' 

Area Year Date ad nook SOckeye Cbllll Pink CoimentB 

Hainstem 

Sus\tna Statts:: 

IIU 
38,000 

systemrw estimates) 
1U:883 15,000 au~sesttma~ frau aerial suneysg 

1974 15,000 10,000 ~l s~r:t gest es lllllte raa aerial sunep6 

1975 11,500 108,000 ~~ ~rt balvest e mate raa aedal suneys, 

1976 11,200 111,000 933,000 ~udes r~r~nest . ~ :-po a on estilllateJ cbii!COk estimate 

1911 118,100 238,000 50,000 105,000 1,490,000 ~ aer1~1 ~eHlminc1i s esJbla ~ ~ a est te; e te 

1978 81,100 94,000 100,800 148,000 2,418,100 ~~Af coun'lel&~~} ~r es~f:ttra&~ 
1919 17,200 157,000 125,000 ~!~r~t1~::f, ~~m:iooT~ba~ tr:am 

1980 191,000 7,939 2,04710QO aerial ~~ 1~1~ s~{t h~rvesfma f 
Esca~nen t sonar s ooo est ~ Ita&~ 

aerial surv~ ifs1udef ~~m:~rvesima 1981 60-70,000 340,232 33,410 46,461 ll3,3C9 =tLT::t t sonar 1 est te ftta&~ 
surveys 

Smsblne Station UBi 1'J:tBI li:Ul J~;llf U;Ui ~t!ce estimat~ (sonar:) 
Hac recap:u.:e es !niate 

Talkeetna Station 1981 =mce. estllllate (sonar, 1·46« 3,522 10,036 2,529 
1981 ,809 3,306 20,835 2,335 recaptu.:e estililate 

cuny Statioo 1981 2,804 A,U6 13,068 l,OU Hark/cecapture estimate 

'l'dbutarles 

Alellalldec Cteek Befoce 1910 Max COW\t 1 868 chlnoolt (1953) sock:~: ueaenll: 
dAS&~!Gmat¥3t3~o (1963), 1oo,6oo pi 96~bs 

II II 
1/'JiJ 

fll 

2, 720 sockeye and coho 

i: a 
1/ Courtesy of Alaska Depactment of Fish and G<llle Dlv. of ~ccial F!sbedes, Dlv. of fl[ort Flab, And Fishedea RebablUtaUon and Enhancement Div. (miD)w 
and Cook Ihlet llquaa.Jltuce Asoociation (CiliA). 

2~ HlllAIJ!!cbael JooA980. Statewide Uacvest Study- 1979 Da~ easka Depactment of F~ and~ Di~. of ~it F!~Fedew Aid Re(Xlttl ~~· ~~SoB-Ala 
lls, el J. 1 • Statew de Hacveat Study - 980 Data. as a Depad:ment of Fish Gillie D v. o Sport F sb, ~ ral BeportD Vo • . S lC. 

3/ All entdes are aedal oc ground stream survey data, mleas othen~iae designated. 
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Appendix Table EE-l. 
I ; . 

,n~lnued. 

I . 

Area ll'ear 
I ~te 

Odnook Sockeye 0\ID l'J.Ilk Calmente 
! 

Alexander Creek 

'~.-wl. 
1rHJ ~·~~ 1 :a~ 

6!2 

5,0n 

1'~18 lfi 250,61 let ttm t:rveet 1,1 t f rveet · . 
1{ub , N>F&.G Div. SJ,llrt f'ieb (s.a. sW) 

. i ~ alxuldance estimate fraa ~BeverAl yeart~ ! rvatione 
Bucker Creek Before 1970 Hax.oomt 20 chinook .(!9fi«h 1,000,000 pillh (1966) 

~lvedne Creek Bef«e 1970 Max. oomt U cb!IIOOk (196«) 

Bitch Creek Bef«e 1970 Lar:ge J:r9 oS ~k~e 'f:i1liJed 19511 few oobo 

ll ~ 
20! 

110018 111181 5, o pi e 

l ~ 107 ·ift 1., 1,051 
if. I 

il 
11 fT1 0 II 8 8 fT1 

8 } 0 
N 

~~ 
0 0 0 

J. 
I 49 

lf 
a 

9~05 ~~ 1 

flU I~D 
0 ~~ 0 0 

1' 

l tHi ~~H 
I 

HI 10 
I I 

Fish Lakea (Bitch Creek) 

Dd~e illi I ! Hax. counts 500 &Oclteye (1953) 

~~~ !~ 

~ iU 

ill I 43 

fH 
95 

~1 21 

!Ill ~- I~ V21 Peak survey count I 1~7 

I I 

-"------ ~ -
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.Appendix Table EE-l. Continued. 

Area Year Date ad nook Sockeye COOo Pink Cooments 

Fieh Lakes (Birch Creek) 

~ll 
~M 

~~ n 9 
6ft 

~~~~ 42 
Peak survey count 

2Jll 

28 
Peak survey QQlt. 

8/18 

Fourth of July Creek 197t 191 ~~u 26 594 
159 

Gooae Creek Befoce 1970 Chinook, r.J~esenb max. oount 5eOOO pillkB 

uu ~M 
2 

(1969h 11 (19 ) 

n 
lilt ~~ ltl 
IIU Ml 

rn 991 262 
1'11 
I 

w Ioo!an River .. '"'.Ill! Max. count 1,002 chinook (1957) 
~30 35 

B~ 

1111 

~~ 102 
511 

~~At 31 
64 

35 

lU 
1/'IJ IU 

1979 10/29 150 Cook Inlet AquawU;ur;e ABEI 0 111 (ClMb 

lUf ~~ 

Kash.r!tna River-Nortb Fork 
Chlnook present9 lllliU! count 10,000 ~ll&lk!!il «Jl.966» Before tBU 1 

972 31 

!In II) 
9J6 ~03 

~~~~ ll~ 
1991 551 



! 

Appendix Table EE-L Contl1nued. 

Area Year I Date ad nook Soc~~: eye Qlho fink Calftnta 
! 

lroto Creek Before 1970 )• 
Hax§ ~J ~noollwOOi nr~) 8 86 sockeye l 
~c~ it o~~Kti « 9 · · 97 

T I 
t FOlk :Ek 

~il 
~~~ f :1: :f 

Entice Desbkm River Syatea 

Ill l:Jil 2,290 m ~rt tt; ~est · ,11 
lo,B3i1 f.j~~ fir ent r~Deabka Rlver SyatEU) Per1101111l Cooa. 1)00 500, 

Lane Creek 
BefocetHi 

Chlnook present 
18/9/74 

1i ~ Peat uurveJ count 
3 Pea aucve count 

...... Little Willow Creek 
atax. count 278 chinook (19ti9)B 35,000 pi«llw ITI 

kf~e~~ ia~~ 
45 I 

~ 

~u l 

43 
141 118 Sp)ct fish tw:vest 262 745 JU 
i 77 49« 270 ti,t20 BpJrt fillb tw:vest, 

1981 459 

Hootana Creek Before 1970 · ~k ~eaent8 max! count 30,000 pinko 

Ill~ . ~~~ ~~ 
c 6)r o cohO (19 l) 

nn 
I ~m 

2' I~~ 106 

; } 
1971 

~~~ 521 Ill, I ~26 l:nl 
uu I 

I 881 I I 1,~, 
I 34ti 1,735 745 2,472 ~rt fish ~:::est 

~~~ ss: 257 2,684 .. 511 8,230 sport fish . cvest 
! 81 

~--· 
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Appendix Table EE-l. Continued. 

Area Year: Date CbliiOOk Sockeye P.tnk Qmnente 

Hoose Creek 

1111 1 
ull 

n~ 

Dl 
l'Or:tage Cr:eek 

Ill ~B ~~~ 
~g 

260 
150 

l'l ru 
276 218 

HI 
rn 

Question Creek and Lake rn 
Hu. count 5,970 soclteye (1957) I Before 1970 

Ul 

r 
9/:19 St 

311 ~i 

~ 97i 97 

U8 

.Habideaux Creek Before 1970 Chloook present 

liU ~~ 11 
99 

88 
l'ersona1 Coom. Present Present Pr:eaent S.lt., SP 

Red Shirt Creek Before 1970 Max. oounte6 2l600 sockeye (1952) s 

IIU ~H 1" 
100 

380 coho (1 52 

197j 8~20 0 0 0 0 
197 9/09 0 0 0 0 

liU 10/0l 163 l'eak auJ:Vey oomt 

IRU I~H 111 
976 
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Appendix Table EE-l. confinued. 

Area 

iled Sbht Creek 

Role Jo Lake 

! : 

Yealtl 

kf«el 

Defore 1970 

l~i 
IIU 
~~~ 

1900 
1981 

Slwgba 6,9,ll,U,16~17,19,20,21 1974

1 
&mebine Creek Defore 1970

1 
1979, 198, 

Tcawer creek 

Willow Cceek 

,__ __ _ 

Before 197, 
Detore 197, 

tiU 

I 

Date OUI'IOOk ~eye 

8/28-9/18 

0 

0 

i 103 

92 

0 

0 

f.teaent 

462 
430 

1,lU 

0 

0 

P.tesent 

1,352 

55 
225 

·-'-

fink 

0 

0 

Sockeye and coho J}Keaent 

feak 11utvey oount 

Max
6 

vount 25 cbinook (1963) 1 16000 plllke 

2,l8B ~~t,fl:t ~~::~ 
Max. vount 234 cbinook (1964) 

Hax count 4 500 chinook fl941)i 2,000 PDho 
119~0) 1 20,060 c~ (1950 a .a,uoo pi~ «l9SO)B 
ciO ~keye (1957) 

Sport fish ba.tveat 
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Appendix Table EE-l. Continued. 

Area Year: Pate 

Hlllw Creek 
~~ 

~ft 

l'eri!Onal CQ!m. 

Olinook 

l,fit 
l:l! 
1, I 

Sockeye Cobo l'~ Camnenta 

It !02 1, 07 §li 3,445 
21,638 ~ct n=~eat Spu:t eat 

1,000 250,000 Ji:try~ .NlPMl Dile ~f Sport F~ GL.B.o sn x. ce eatiloa l!'aa ~~eve1 years 
OOaflCVIltiOilS 
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AppendtxTable EE-2. ~al!!lon ab~ndance da~a for the Yentna Rher subdra1nage of thQ 
ius11 tna R1 ver, complled? !r9m escapement en~!~~;i on program;;!( 
~po,rt fish harvest data-, and aerial survey ,Adult Anadromous 
1"vistigations, Su Hfdro Studies, 1982. 

Area 
I ! 

Year Date thinook 
I 

Bear Creek 100 

Cache Creek 100 

Camp Creek 

Canyoo Creelt 

~~ 
135 

Chelatna Lalte 

Spdng Creek 

0 

Chriatmaa Tree Creek 

CleafWater Creek 

~ociteye 
i 

a 
"·. reaent 
! ~~ 

I 
s8 

0 0 

Pink ColmentB 

5,000 Stan lubik. I.DF.a DiV.t_Of SPort Flab (S.I.s SF) 
Max. al:orldbnoe eatww fr«* eev~rDl yeaR:& 
OOsetVIItiOM 

rreuent s.1., fi! 

Max. oowt lOll. chlnook (1965) 

Pre&ent S.l., SF 

Max. ~t 142 uockeye (195-t) 

0 

Sockeye !l"e&ent 

' I ! I 

1/ Courkte~y_of Alaaka Department of Fisb and Gillie Div. of Camlerciial Fiabedeo, Div. of Splrt Fish, and Fisheries ftehabi:Utation and EnhancEment Div. dFRm). 
and Coo uuet t.quawltute Asaociation :ccrAA). • 

-·-

. ' . : I i . · 
2/ H1ill~1 Michael J~,ftl980. Sta\:ewide llillrVeB.~ fitudv- 1979 Da~1 M. aaka Department of Fish and G<ne Div. of ~{t Flab~ Federal Aid R~rll:R Vol. 22 StOOv &H 
kil a, tucbael J. huO. Statewide Uarv;t ~tudy -1980 Data. Alaakia Departilent of Fleh and Game Dlv. of flp)rt P!Bhu ll'eaeral Aid ReplR:t, Vo.&. 22 Study StF-lC. 

3/ All entrlea are aedal or ground streamlsuney data, mleas ottr.erwiae desi"""'ted. · . . 
. I , . ~-
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Appendix Table EE-2. Continued. 

Area lear Date Oltnook Sockeye auu l'ink Callneota 

Coffee Creek Before 19r Sockeye ptesent r 2~1 

lM 
06 0 0 0 0 

8~~ 
7f 

2Jj Coffee Creek and Snowsl!de Cceek 

Contact C.teek l'etoona1 ewm. 100 Pceuent 1,000 S.lt, Si' 

CdwJ.e Creek 

II II ~~ 
'U 

2i ~~ 8 8 8 
Cryatal Creek iBU ~if n 

rn 
rn Deception Creek Ull :dl I 
1.0 

1981 366 

Dickason Creek 1'et oona1 CoulD. l'reaent l'P:esent S.l., S£1' 

Dookey Creek ferwnal fAml. 100 1,000 5,000 s.ll., sr 

Fish Lakea Before 1970 Sock~~J::r~Xceed!DIJ 1,000 U950) 
IIU 200 

1,048 
500 

Baca t t ( ~r» 
B.l., SF 

flag creek l'erwnal CQJm. l'cesent S.lt., sr 

Fdday Creek 1980 1/'Jii 82 

Gaguan Cceek 1981 l'reaent Preuent S.ll. 1 Sf 

Grayling Cceek Before 1970 Cbloook, coho~aen~ !r 1951 o sn1 pinks 

1975 8/'J!J 2 
(1 54) , 322 c (l 5 



Appendix Table EE-2. Contii nued. 
I r 

Atea Year 
I 

!Date Qdnook Sock~ye .aum Pi Ilk Ccmoentu 

Hewitt Lake BefCICe 197 

iu 
Mu. CQQ\t 3000 aockeye (1956) 

II 
·~ iu 

976 ~:.'1 feak ~ur:vey a»Jnt 

l11 
18~B l,U 1 

i'eilk eur:velf count 

ifl f l .~ l~ 18 n:tu :1 ===~ t= :=t::a 
Hewitt Creek BefCICe 1970 

! 
mk~ ~lit) chl!IOOk· present, mx. ~t 

I I :~ m 
fT1 
fT1 ., 
...-:. 
0 

i I ~~ Colilined wU:b \Wbisltey Lake 

II 
'1 11 

IB 
!50 50 

lPI:eaent S.log SF Personal Coam. Present 

llappy llivec Personal Calm. Present Pteeent 8.1., &" 

Huckleberry Creek 
Before 1~}~ Hax. count 434 sockel(@ «1953) 

:&/23 1 19 ] · !B/11 !uo 

tiU ~~~ 
689 

1 
~11 

~~ ~10 

1m !~! ~ ,J~b 1975 328 ! 
I I 



Appendix Table EE-2. ·continued 

Area Year Date OdllOOk Sockeye CQauents 

Huckleberry Creek 

1m 
9/0l Bj e survef coont su e · 

~~ t:jU 
tne&" w ~skey Lake ICOUilt 

Ulllgr~ Creek Pereonal o:.mn. 100 s,ooo S.ll., SF 

Indian creek Personal o:.mn. Present Present &.I.e SF 

Jobnoon Creek l'er sonal o:.mn. Present Present Present S.l., 61" 

licbatna 1977 
Personal caua. 1,aas 10,000 10,000 s.l., sr 

Lake Creek Bef()Ce 

~, 
. 7/"XJ 

Hu. comt 170 cbil1ook · (1969), 559 taoekeye U956» 

I 
700 

fTI 8/30 U2 fTI 
I ..... ..... 

IH llm 
7/"XJ 

113 ~40 i:lll 15,~~~ soi:Jii ~~t n:t ==~ Personal Colm, ,J~~ 5,o8~ a., sr 

Martin Creek 
OetO<e~~~ 

Chinook present 
23 

l,~t 
tiOOae Creek Personal Calm. present 600 S.l., SF 

Nakochna River Personal CWm 100 11000 S.l., SF 

Petero Creek 197~ 197 12j 

nu 
Personal Cami • l:8U 1,000 10,000 S.J.., 61" -

l'ickle Cceek Pecoonal Ccmn. 100 5,000 s.J.., sr 
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Appendii table EE-2. coLlued. 
I 

i 

I 
i 

Area Year I ,te OU.nook :Sockeye Ouu l'11lk Callllent& 
l 

~B 
I 

lUltellA Lake 

tm i:!l 
't 

I I 
i 

Quartz Cteek 

fill 
~~u 

2' .iS 35 

1,~ 
s SUl'V; ault SUl'Ve O!QlO: 

1161 5 
8Ul'V . OOlllt 

'50 
l'eraoMl Co!ID. I Preaent S.lt. r, Sf 

! 

Red Cteek 

-·~~ 
Cbloook present 

8(2• 1,5lt 0 0 0 0 
38 

1 1 7t9 
5,100 PetaoMl eooa. &.1., SF 

Red Salmon Lake 197 

II 
250 Pea~ aurvey oount 

I IJI 
Pea survey O!Qlt 

rn (0 
Pea survey cowt 

rn 
I l ..... 

I~B ··* 
Peak sw:vey O!Qlt 

N 
210 

900 

Ricb Cteek l'et110nal CQJm. few 8.1. 1 SF 

Shell Cteek 

~·"·~~~ II 
S1gn1f. nuiWer:s of uoclteye 

5,0,0 
8 8 f Peak survey oount WI 6~ !8 

1~03 10 0 0 0 

m~ 
o/'J!J 9r8 A ! ~ 

Baca(lellleRt count (weitr) 

at.H 2,~~ 18 Eaca~t oount (we!K) 

~~1 ~~0 55 

Mi 
Peak autv~lf oomt 

I til ~~M 200 
~04 !:1po 

----·- .... --::-:::.-:-- --' -· --------
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Appendix Table EE-2. Continued. 

Area Year Pate Qllnook &x:keye <ll\111 Pl!lk eaw.mte 

Shell Lake Befocet 970 Slgnlf, IUd:Je( of sockeye 

I ~~ 
0 0 0 0 

~~ 

I 
0 0 0 

1 I 
~ 

55 

I ~l) u 
lfU ~:i 

~~t f!~rn~eat 

=rmar~eat 
1~1B 1: oft 

Skwwtna River Befoce 1970 Hax. oount 75 mcke)fe (1953) 
rn nu ~~ j~ 

20 1 uo 
rn 
I ..... 

LJ snowsUde Creek 

mi J 0 0 0 0 

Ill 0 0 0 0 

SWflower Cceek Befoce 1970 IKU. oount l51 chinook dl9fi4) o A pillk «!951» 

Talachulitna River Sl{Btem un 405 11!1~~ • 458 12,783 202,915 
Peak surv~)f count 
Esc~pemen count (twe!' » 
Pea survey coont 

uu 
291 

!I~IU 
8 707 92,496 Esc~~t count (tower) 

303 193 us 50,496 
Pea survey count 
=pement count (tower» 
Pea suney count 

uu ~H 
1,319 

l~:~fi 
30,000 

1977 1,856 

nu 9/01 
1,375 

25,935 

8/24 12,570 500,000 

lilt ~~~29/7 13:~~ 
6,183 

1,648 



Appendix Table EE-2. 

I 

Cjntlnued. 

I 
t i Area Year Date Odnook Sockeye COOQ l?iflk Calluent& 
I I 

I 
r I 

'l'a!achulitna River System 

II 
220 

~~tn:t=:t 
~ 

~~~ 
135,000 lii . 25 5'188 l~O 

2,025 
125 

! I. 
l?eruonal CQ!m. 2,000 10,000 500,000 S.ll., SF 

Judd Lake Before 1910 
Yt;s~H.

10
&~1114l'f'hi~18'~ 

II 
~~~ 100 

~ ~ 6 . • 

3· ea 

~· 'Ill tv. 

~~~ 
~tt ft:l: l:rv"eat i 

261 sport f vest 

fT1 Judd Spr !nga 12 

W~•~~~ 1~lt ~~ 
Max. oount 2,858 uockeye (1956) 

fT1 
0 0 0 0 I - ~~ 

335 
~ 

'71 0 0 ·o 

I ~B 
0 

0 1 .. 0 0 0 

Ta1achulitna Cteek Before ~~l~ 19 Ui 
Max. oount 1,199 sockeye (1956) 

ls~n · 390 
973 :no 

IIH lh .. , 
~j 

Talachulitna Rivet Befoce 1970 I ~ \f'!t U goo aocken «i962A3 30 ooo ~ · 2 J ,5 'chllll8(195 D ,oo ,000
6
pillkQ 1960) 

IIU 19/16 30 c river 

li 
cos 

18 ufS:r drr 
I ill 

231 Ta ac ltna e 

~~ ~·~ba~ ~r r ver r r yer a a tna Lake 
1913 1 9/31 165 6 10 U(per rver 

I 



Appendix Table EE-2. Continued. 

Al"ea Year Date ad nook Sockeye PlM Cawlents 

'l'alAchulltna River 

I lj{t 
333 

303 
1ti~ 

~~~ 111 ower river: 
120 

~~ ~~~~~~ 
30,000 

l f:il= JrJac~!tna Lake and Judd ~!ng IJ2 

97 1,319 

1m 
9/01 

1,856 
296935 

8/31 

iY 
2,6!9 

~~ i1 ~~ ~~t n:~: ~est ul eat 

Tdnlty J,akea Bef"e 1970 Max& counts 417 BOCiteye (1957) D 66 0019 p!llke 

II ~~ il 
(19 2) 

ITJ 
fT1 
I 
t-' 20· U1 Peak a~m~ey count 

~~~~ 1980 9/1 200 

Whiskey Lake Bef()(e 1910 

~i n1 
Hax. count 1,000 &OCkeye (1951) 

Ill I 
~~ 

~~ 

·~ ~~~ 
t~ 

2 

~~~ 
Peak survey count 

lias Iii Splrt fish ban est 

~n Splrt flab banest 
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Appendix, Table EE-3. Salmoh abundance data f;or the Talkeetna River subdrainage of1the 

Sus)itra River, compiled~.from escapement enumerat1on~grams~ 
sp9rt1 fish harvest data , and aerial/ground surveys , Adult 
Anldri"Qus Investlgatitns, Su Hydro Studies, 1982. 

I I 

I ! 
Area 

OlwUna Cceek (Clear Creek) 

Mama and Papa Bear Lakes 

Lan1on Lake 

Befcce 1970 

Before 1970 nu nu 
Ill~ 

iiU 
liU 
1978 nu 

ll 
J6 

1,268 
661 

355 .. 385 

1,100 

Caimenta 

Sockeye, wboe tpinke &md cbuuls pcesent 

Max. COI.Ilt 559 .eockeye (1956) 

1/ Court:esy_of Alaska; Department of Flab~ oke Dlv. of CQnnerclal FiBberles, Dlv. of Sport Fiub, Bnd Flehedes RebabU!taUon IUld Enbancement D!vo (mfDDo 
And Cook Iru.et llquacuU:ute Association (CI~) • j .. 1 · 

21 Hl11~1 Hlcbael J:.-.1!160. Statewide llarveatl Studv - 1979 Da~1 Alaska Department Qf Fish .. and Gilne Dly. of ~{t Fl!!li!._F~ral Aid Report! Vol. 22 Studv 911-AB 
kills, mcbael J. buO. !3tatewlde llarvest SM -1980 Data. Alaska Departilent of Ftsh and ~. Dlv. o~ Sport Fl&h, ¥eQeral Aid Repoa:te Vo • 22 Study &F-!C. 

3/ All entries are aedal or grOlllld stream su.:vey data, unleaa otbend8e deal~ted. · · 

I i I I : 
I . 
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Appendix Table EE-3. Continued. 

Atea Year Dilte adlllOOk Sockeye Pink CQm!Jents 

frair!e ~eelt Befq:e 1970 Hax. comt 215 cbinook (1963) 50Cke]fe 

118 1/29 .au IPCe&ent 

I! ~i 
613 

- -::202.. -- . 
3,286 ·~·· 

ll vR ~ 
fr190 

~~ 
,t98 

l} 
369 

11 u 
IU 

6,513 

18 ~~ 

IU 3~ 8/21 
5,7 

H8 5,15 fealt survey count 
m 981 1,900 
m 
8 Stepum a.ake Before ~~l~ 

Hax. comt 6,500 sockey@ (1951) ..... 
~M 33 ""'-11 972 0 0 0 0 

1972 

~ 
feak survey count 

un ~it V11 Peak survey count 

Ill ~~g J 9"/17 1'ealt survey COlllt 

~aj 
1975 'i/21 136 
1975 Uf Peak survey count 

!Ill Ui8 11 
1976 

··ill 
~ survey count 

tGI ~~~ 
2 

survey count 

Talkeetna ltiver Before lKJ2 8/23 uo 
Large llUIItlet cbllllS (1951) 

Personal eoom. Signlf. Lar~1. f:i.G Dlv. of~~ FAiiih ~oo ISF) 
Jbun est te fr~ ~ver year& tvat!on 

'1\ienty Mile Creek Before 1970 Max. count 2, 705 cb!BlOOk (l9l>S) 



m 
m 
I 

!'-> 
()) 

Byers Cteek 

Byets Lake 

I I 
Appendix Table EE-4. Sa~~!~~" ab~ndance da~a lfor the Chulitna River subdra1nage of the 

Suflfna. R1ver, complle;d?from escapement enumeration p~ograms.l{ 
sp~rt f1sh harvest da~~~ and aerial/ground surveys~ Adult 
A"idtomous Investigat1!ons, Su Hydro Studies, 1982. • 

I I i 

Al:ea Yeac I ;nate Odnook Bock+ye Cdlo QllQ J.»illk Calmenta 
I I 

Befoce 1970 

Befoce U70 

II I 
II .H 
l~I 0121 

IIJ 

2 

I 
st 
69 

~ 

0 

·50 

1181 
1,~o8 

I 

/~¥e 

Gooli escapelllellt of p!llke in 1964 

Few chinook\JdfO &Oekeye (1964) 1 good pink escapement· · 

35 1,100 

•a 0 0 

39 
Peak survey oowt 

lM CD Cook Inlet llquaa.!lt.ute Aaa1n (CIM) 

100 200 
Pe&k survey Olllmt 

<lluUtna Rivet 1 f.ast: Fodt 
Befote jill 

iff 
Befoie tiff 

11 
ad.nook preaent9 mmx. (lOOI)t aockeye 500 U-9641) 

lgf 
Olulitna Rivet 1 Hainst:Jream 

7/23 

l'etaonal eoo.n. 

I I I 

l£oo~(efMgf ~fl:~~~ret=1gf1~~cfni)~ Div. of C'A:Ii~~~etcial r!tibedea, Dlv. of S[ott Flett, and Fiaberiea Relulbilitat!on and Enhancement IDiv. (fi'IOO), 

I I · 2/ Hill!'!r Michael J,_,,.l980. Stat~ide Hatvea~ fil:udv - 1979 Da~1 Alaska ~patt:ment Qf Fish and Gillie Diy. of $1JQit F!e~" Federal Aid lletpor,ti \101. ~~j!tudv1t.W-1B Hille, mcbael J. l:mO. Statewide llarveat' S~. -1980 Data. Mask& ~paruwnt of F1Sh DJ¥'1 G<me Dlv. or Spll"t F sb, feoeral Aid llepot , vo • 22 S ........ .~r aF- C. 

3/ All enttiea are aerial or grOt.lld atceam auprey data, mless otberw,lae designated. . 

I 
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Appendix Table EE-4. Continued. 

Acea ·Year Date Odoook Bock eye c:'Albo au. Pink Colments 

QluU.tna Rivet 1 Middle Fotk 

lffl 
~B~ iH 
Jl~ 

55 

l:1j~ 
Coal Cteek 

Defoce uu I aunook, pinks !Pl'e&ent 

~H 8 8 
0 

Honolulu Cteek 

rm ~~ ~ 
Par:ket Cteek Befote 1970 Max. count 200 !!lOCkey~ (1965) 

Slim Cteek Defoce Hax. O!Qtt 150 aockeye (19541) 

~~~~ J [T1 

~~ 
0 0 0 0 

[T1 
I ...... Peak Blll'Velf oomlt 

tO 

~N 
0 

IH 
0 0 0 

feat survey count 

~~ il z 
vi~-9/13 l~l 

8/:<B lo feilk autvey count 

Spink Cceek Before 1970 Hu. count «iO chinook (1958) 

Bwiln Lake Befote 1970 

~~g 
!!lax. count 150 aoclceye (!954) un ~~ 

1978 8~25-8/1ii 

!I ~~~ ~~H-9/22 
8/ 5 



Appendix Table EE-4. 
I i 

Continued. 

I I I 

Odnook Ol\lll l>ink Cazment& Atea Yeat PAte Bockiye 
I 
I I "JH:reek Detore 

' 
nax. count 400 oockeye (1954) 

8/UJ Mj Peak sutvey cooot 
tl~i~ I 

!L I i9ll8 
&lit &Utvey count I 

I ~~~~ I 
1 v 1 

I 
I 

I IB11i i Peak survey comt 

111M 
Peak autvey comt 

I 50 I ! I rcesent • l>tesent Peak auney oooot 
i 

'Moaltnia River Before i&Jf / &1¥· count 97 sockeye (1954) 
fre/t !?resent 

rrl I 
Max. ooont 100 chinook (1958) trl Troublesome Creek Before 

ij I I 
~21 5 

N I 
i~il ~ 0 

I 
70 

ll 'f 5 
1182 

I fit 1 
IUl 

I I~~ ·~~ 
I 0 0 0 

I 

I ll0/29 91 I 100 CIM 
I 

j! 

I 
I I 

I 
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ALASKA fCWEh AUTEOEITY BESPO~~~ 
TO AGENCY. COMMEN~S ON LICENSE 
APeLICATICN; EEFEBENCE TC 
COMMENT(S): I. 75 'Ol, ·-. 

Attachment Table 1. Summary of preliminary plans _for FY84 Aquatic Studies 
Program activities by habitat type and river mile. 

- , 
This table, prepared ·by Aquatic Habitat and Instream Flow personnel, presents the 
various study programs conducted by.project personnel at FY84 study sites. Study 
sites are presented in order of ascending river mile by habitat catagory. 

T A B L E 

AH ... Aquatic Hab;tat lnvestigati·ons 
FHS • Fish Habitat Studies 

A • Availability data 
U • Utilization data 
M • Modelling A+U (IFG type) 
X • Cross Section 
I • Incubation 
V • Vibert Boxes 

Th • Thalweg 

IFE = lnstream Flow Evaluations 
S = Staff gage. 
0 = Discharge 
T ,. Ryan (TRH} 

DIS • Datapod intragravet & surface temp. 
DST = Datapod stage and temp • 
. DC • Datapod dissolved gas. 

WO a Water Quality 
X • ·Cross Section 

•. ··i -~ .· .... : •\ 

L E G E N 0 

RJ • Resident Juvenile Investigations 
JH a Juvenile Habitat Study 

IFG ·4 Hodel 
Habitat Model 
WSP Model 

JP = Juvenile Preference Sites 
JC z Coded Wire Tag 
RT • Radio Telemetrs Tagging Site 
RH • Resident Fish Habitat Study 
RP • Resident Fish Population Estimate 
EF • Electrofishing Site 
JV • Juvenile Vibert Box Study 

AA = Adult Anadromous Investigations 
SS = Stream Survey 

E = Escapement Estimate (Petersen) 
SO = Escapement Estimate (Sonar) 
Ma = Fish use maping 

USGS & RM lnvestiaations 
St = Stage-Recorder- RM 
Qu • Discharge - USCS 
Qr • Discharge • RM 

* Tributary River Mile 
** Tributaries to the Chulitna River 

RH corre~ponds to Susitna River/ 
Talkeetna River confluence 
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Attachment Table 1: Continued 

STUDY SITE RIVER MILE 

Slough 

Rabideaux Cr. Slough 83.1 
Slough 1 99.6 
Slough 2 100.2 
Whiskers Creek Slough 101.2 
Slough 3B 101.4 
Slough 3A 101.9 
Slough 4 105.2 
Slough 5 107.6 
Slough 6 108.2 
Slough 6A 112.3 
Slough 7 113.2 
Slough 8 113.7 
Slough 80 121.8 
Slough BC 121.9 
Slough 88 122.2 
Moose. Slough 123.5 
Slough A' 124.6 
Slough A 124.7 

. Slough 8A -··· -· -· -· 1-25 .• 1 
Slough· B 126.3 
Slough 9 128.3 
Slough 98 129.2 
Slough 9A 133.8 
Slough 10 133.8 
Slough.ll 135.3 
Slough 12 135.4 
Slough 13 135.9 

· ~--s~lough·-1-4~--~-- ·- -----~---l3S-;g-~- · 
S-lough...cl-5 1-a7.-2 
Slough 168 137.3 
Slough 17 138.9 
Slough 18 139.1 
Slough 19 . 139.7 
Slough 20 140.0 
Slough 21 141.1 
Slough 21A 144.3 
:Sl O(Jgh 22 ···144.-J. 

Tributary 

Ventna River 30. l 
Answer Creek 84. l 
Question Creek 84.1 
Birch Creek 88.4 
fiT~ Creek a eetna River §~:~ 

AH 
FHS IFE RJ 

ES 
ES 

Th S,Q,WQ,X JH,RH,ES,JP 
JP 

JH,JP 

Th S,Q,WQ,X JH,RH,ES,JP 

S,Q,WQ,X JH,JP 

RT,ES 
ES 

AA 

SS,EG 

·USGS 
R & M 

SS,Ma,EG 
SS,EG 
SS,EG 
SS,EG 
SS,EG 
SS,EG 
SS,Ma,EG 
SS,EG 
SS,Ma,EG 
SS~Ma,EG 
SS,Ma,EG 
SS,Ma,EG 
SS ,~1a ,EG 
SS,EG .. 
SS,EG 

M,~I ... .. 0-I-S-,-S ,Q-, WQ-,.X RP~,J H~,.JG,R1'-,E-S-,JP -SS-,Ma ,-EG~ S t- ··· ·· 
SS,Ma,EG 

M, I DIS,S,Q,WQ,X JH,JC,JP SS,Ma,EG St 
SS ,EG · 
SS,Ma,EG 

M,I,V,Th JP SS,Ma,EG 
I,V,U,X T,S,Q JC ,JH ,~lP SS,Ma,EG 

SS,EG 
SS,EG 

-- ---------~-·-----~~-----~----- " .. -.---·---------~--~---------------·--·- -- --·-ss·~-EG _____ 
ES S-S-,Ma-,EG---

Th ES SS,EG 
SS,Ma,EG 
SS,EG 

T,S,Q,WQ,X ES,JP SS,Ma,EG 
X,Th S,Q,WQ,X JP,RH SS,Ma,EG 

M, I, V T,S,Q,WQ,X JC,JH,ES,JP SS,Ma,EG 
SS,EG 

Th S,Q JH,JP SS,EG 

T(4.0)* E(4.0)* 
ss 
ss 
ss 

T(l.S )* ,WQ ss 

i .I 

J 
~.·, !' 

( 

I 
'. I 

: i' ,. 

' 'I 
. ' 

' l 
r 

' \ 
I I 

,'} 
I 

I 
\. .1 

,\ 

l 
I l 
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Attachment Table 1: Continued. 
I 
I 

AH 
I USGS 

I J STUDY SITE RIVER MILE FHS IFE RJ AA R & M 

Byers Creek ** 98.6 ss 
Troublesome Creek ** 98.6 ss 
Swan Lake ** 98.6 ss 
Chulitna River 98.6 T(0.6)*,WQ ss 
Whiskers Creek 101.4 S,Q RT,JP,ES ss 
Chase Creek 106.4 JP,ES ss 
Slash Creek 111.5 ss 
Gash Creek 111.6 ss 
Lane Creek 113.6 u S,Q JV,RT,JP,RH,ES ss 
Lower McKenzie Cr. 116.2 JP ss 
Upper MeKenzie Cr. JP 
McKenzie Creek 116.7 ss 
Little Portage Cr. 117.7 ss 
Dead Horse Creek 120.9 ES ss 
Fifth of July Creek 123.7 ss 
Skull Creek 124.7 RT,ES ss 
Sherman Creek 130.8 ES ss 

i Fourth of July Cr. 131.1 U, I ,V S,Q RS,RT,JP,RH ss 
I /, Gold Creek 136.7 S,QST,Q ss 

Indian River 138.6 u S,DST,Q ES,RT,JP,JV,RH ss 
Indian· River Hello 10.1* JP 

· Jack Long Creek 144.5 RP,ES,RT,i:lP,RH ss 
Portage Creek 148.9 u S,OST ,Q. ES,RT,JP,RH,RP ss 
Portage Creek Helio 4.2* JP ss 
Portage Creek He1io 8.0* JP ss 
Portage Creek Helie 10.2* JP ss 
Cheechako Creek 152.4 ss 
Chinook Creek 157.0 ss 
Devil Creek 1.61 • 0 ss 
Fog Creek 176.7 
Tsusena Creek 181.3 T(O.l)* RT 
Deadman Creek 186.7 T(O.l)* 
Watana Creek 194. l T(O.l)* 
Kosina Creek 206.8 T(O.l)* 
Jay Creek 208.5 
Goose Creek 231.3 T(O.l)* 
Oshetna River 233.4 T(O.l)* 

Tributar~ Mouth 

Portage Creek 148.8 JP 
Lane Creek 113.6 A,U s JP 
Fourth of July Cr. 131.1 A,U s JP 
Indian River 138.6 JP 
Whiskers Creek 101.4 JP 



Attachment Table 1: Continued. 

STUDY SITE RIVER MILE 

Mains tern 

Flathorn MS 18.2 
MS at Susitna Sta. 25.5 

~1S above Oeshka · . 
Sunshine Station 
r~s at Parks Hwy. Br. 
MS at Whiskers Creek 

Slough mouth 
MS at Whiskers Creek 

Slough head 
Mainstem below Talk. Camp ··· · · 
Talkeetna Station 
LRX 9 
LRX 10.2 
LRX 10.3 
LRX 11 
LRX 12 
Oxbow--r-- -
LRX 16 
MS above Slough 6A 
LRX 18 
MS below Lane Cr. Mo. 
MS above Lane Cr. Mo. 
MS above Mainstem II 

NW Side Channel 

40.9 
80.0 
83.9 

101.2 

101.5 
102.5 

103.0 
103.2 
105.9 
106.4 
106. T 
108.4 
no.2 
112.4 
112.3 
113.0 
113.4 
113.7 

115.6 

AH 

FHS IFE 

T 
T 

T 

T,WQ 

s 
s 

S,T~WQ 

T 
s 
s 
s 
s 
s 
s 
s 
s 
s 

RJ 

JP 
ES 

JC 

Jp· 

JP 

AA 

E,SO 

E,SO 

MS above Mainstem II ________ ----------------------------·· -·-·-·-rlE~-s-fcre--~ .. ·e·ha·n-ne,----~---- --- --,-,.-s-~--g--·--------- ~-------~--------~-- --·---- -~-~----------

---Ma-i·n·s-te~cu rry 1T9. 5 
Currv Station 120.0 
LRX 24 120.7 
LRX 28 124.4 
LRX 29 126.1 
MS above Slough SA 127.2 
LRX 31 128.7 
LRX 32 129.8 
LRX 33 130~1 

s 
ES 

T E,SO 
S ,~IQ 

s 
S,T,WO 

s 
s 
s 
s 

i l 
I 

( 

( 
,' 

·-r 

USGS 

I R & M 

/ I 
'I 

I [, 

. \ 

~I 

\ 
J 

.. ( 
' •' 

) 
I 

. 't 

I !; 

I 
) 

~ 

'_.· t 
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1 
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a~a~aa rvu~~ --------- ---
TO AGENCY CC!MEI~S CN LICEJSE ·- - • ' ...... 4. .. .. 

APELICATION; liEFEBENCE TO 
CCMMENT(S)! I. 92 

I 
~~~------- ----t:fEp-ARTMENT OF THE ARMY 

ALASKA OISTFliCT. CORPS OF ENGINEERS 

POUCH 898 

NSP\tt' "9'6 
AY'fBMTICUG DPa 

Regulatory Functions Branch 
Permit Processing Section 

Mr. Raymond Benish 
Alaska Power Authority 

ANCHORAGE, A~ASKA 99505 

November 9, 1983 

334 West 5th Avenue, Second Floor 
Anchorage, Alaska 99501 

Dear Mr. Benish: 

Enclosed is the signed Department of the .A.riny permi:t, file number 
071-0YD-4-830374, Susitna River 9 authorizing the placement of fi11 
material in wetlands to cpnstruct an airstrip in Matanuska-Susitna 
Borough, Alaska. Also, enclosed is a Notice of Authorization which should 
be posted fn a prominent location near the authorized work.· 

If changes in the location or plans of the work are necessary far Jny 
reason, plans should be submitted to this _office pro~ptly. ·If the chahges 
are unobjr:ctionnble, the approval required by la\·1 before constru<:;tion is 
begun will be issued without delay. 

Sincerely, 

' / 

David 8. Barrows 
Chief, Regu1atory FuGctions Branch 

Enclosures 
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The followiog Special Coaditlooa will be applicable wht~n approprlstc: 

STKUCTURES IN Olr AffECTING NAVIGABLE WATERS OP THE UNITED STATES! 
L That. this permit does not authorize the interference with any existing or proposed Federal project and thmt the permlttM 

ebmU aot. be eatitJed to compensation for damage or injury to the structures or work authorized hereia whieh may be caused b:r 
or remult {rom ezieting or future operations uadert.akeo. by the United Slato111 in the publlc iatoreat. 

b. That no attempt. shall be made by the permittee to prevent-the full and Cree use by the public of aU navigable wat.ors at or 
adjacent. t.O the activity 11uthorized by thie permit. 

c. That if the display of lights and signals on any structure or work authorized hereio. ia not otherwise provided for by law, 
such lights aad signals a a may be prescribed by the United Statea Coast Guard shall be installed sad maintained by and at the 
expense of the permittee. 

d. That the permittee, upon receipt of a notice o.f revocation of this permit or upon its expirstion before completion of the 
authorized structure or work, shall, without ex pease to the United Stat.c:s and in such time and manaer as the Secretary of the 
Army or his authorized representative may direct, re!ltore the waterway to ita former coaditioos. If the permittee fails to com• 
ply with the direction of the Secretary of the Army or his authorized representative, the Secretary or his de;ignee may restore 
the wa'terway to its former condition, by contract or otherwise, and recover the cost thereof from the permittee. 

' . 
e. Structures for Smalll3oats: That permittee hereby recognizes the possibility that tht. structure permitted herein may be 

subject to damage by wave wash from passing vessels. The issuaoc:e of this permit does not relieve the permittee from taking all 
proper steps to insure the integrity of the structure permitted herein and the safety of boats moored thereto from damage by 
wave wash and the permittee shall oot bold the United States liable for any such d!l.lllage. 

MAINTENANCE CRECGING: 

e. That when the work authorized herein inch: des periodic maintenance dredging, it may be performed under this per=it 
for years from. the dat.c of issuance of this permit (ten yf!ars unles.s orheru:iu indicated); 

b. That the p~rmittee will advise the District Eogiaeer in writi:g et !east two weeks before he intends to uodertake any 

maint.cnance dredging. 

DISCHARGES OF ORECGEO OR Fill MATERIAL INTO WATERS OF THE UNITED STATES: 

a. That the discharge will be carried out in conformity with the goals and objective.; u! the EPA Guide!::.cs cst.:l!::!i~!!ed ~'.!:"· 
suant t9 Section 40-iibl or the C:.:ar. VIa tar Act ll.nd published in 40 CFR.230; 

b. Thllt the d:schar~e wili cocsi~t of suitable material free from toxic pollutants in toxic amounts: 

c. That the fill creatad by th1: cli::11:h~~.r"e will be properly u:ah:~:.incc! w ;:ir.,vt:nt erosion and ether non·pcint 2ourt:•!~ oi poilu· 

--tion. ------------· --···· -·-----

DISPOSAL OF DREOGEO MATEiUAl iNTO OCEAN '.'VA TEllS: 

a. That the disposal will be carriP.d out. in conformity with the goals, ol:!j~ctives, end requirements. of th~ EPA critaria 
.-stablished pursuant to Section 102 oi the Marine Protectioo, Research and Sanctuaries Ac~ of :972, published io 40 CFR 220. 

228. 

b. That the permittee suali piace 11. cupy of this pen::::lit in a co::s?ic:.:c::s place in the ve9sel t.n be u,Pd for the transportation 
nnd/ c~ dispo!<al of the dredged material as authori::ed herein. 

Perl""i;tee h!!re;;acc:e;Jts and ;gre~s to comply with the ten:ns and conditions of this permit.. 

;:::;/ // _,( /.: / / '"7) - ) I 

/~L~'f! ... i..)t!14_?:i;: !({<)-li"J 7'/.fl~~ /1- I-/ 9r_'?"_3 
J ?E"lMITTE- & TITLE DATE 

FOR: 

aY AUTIICI<:ITY Of THE SECREfAK f OF THE Ai<MY: 

.. ' ,. . 
David o. San·ows 
,~~.,.;_..: .., __ ,,_,t--ry c r'" · R h 
otsurC:t!NGJHr:<:~.~--u 1 '..l!Lt.1ons "'rc:nc 
u..s.AllMY.coRPsoFeNGINEERs Colonel Nei1 E. Saiing 
TrRnsicrce h.,rcby "!!:rE:"3 tv comply wi::.h the t..:rn::s nnd cocdiL:ons of t::i~ pern::it. 

------------·--· -- -·-- --
TRANSFEREE 

4 

---------·-·-
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s. That there ,shall be no unrollsonabls Interference with navig11tion by the exiat.ence or lUi& of t.!:le activity authorized 

bereili. 

t. That this permit may not be transferred to a third party without prior written notic:o to th6 District Engin~r. either by 
the t.ransferee'a written agreement. to comply with all ten:r:u1 and c:onditioum of this permit or by the trana£errefl subscribing to 

!.him permit. in !.he space provided below and thereby agreeing to comply with all terms and conditions of this permit. In add!· 
tioa, if the permittee tranalera the interests authorized herein by conveyance of realty, the deed shall reference this permit and 
the terms and conditions specified herein and this permit. shall be recorded along with the deed with the Register oi Deeds or 
other 11ppropriate official. 

u. That. if !.he permittee during prosecution of the work authorized herein, "ncounters a previously unidentified a.r· 
cheological or other cultural resource within the area subject. to DepartrDent of the Army jurisdictioo that might be eligible for 

li!ting io the National Register of Historic Places, he shall immediately notify the di11trict engineer. 

II. Special Conditions: I,Hen li3t conditions nlatinfl ;specificaUy co the propo;sed 3tructW'I! or worit authoriud by thu pet'TI'lit): 

3 



071-0YD-4-830374 

ApplleallonNo•·'--------~-----------------

Alaska Power Authority Name of Applicant _____ _:...:...:.:__:.:...:......:.;_...;.::;_ _________ _ 

NQV ~ t983 
Elf&ctlve Date_;:.:·------------------------

Expiration Date (Ifcpplic~b~) -------------------­

File No. Susitna River 9 

DEPARTMENT OF THE ARMY 
PERMIT 

• . d d July 5, 1983 · f ·t . Referr1ng to wrttt~n request. ate or a per:m1 to: 
· ( J Perform work in or affecting navigable waters of the United States, upon the recommendation of the Chief of Engineers, 
pursuant to Section 10 of the Rivers and Harbors Act. of March 3,1899133 U.S. C. 403); 

~ ) Discharge dredged or fill material into waters of the United States upon the issuance of a permit from the Secretary of the 
Army acting through the Chief of Engineers pursuant to Section 404 of the Clean Water Act (33 U.S. C. 1344); 

( ) Transport dredged material (or the purpose of dumping it into ocean waters upon the issuance of a permit !r!lt!l the 
Secretary of the Army acting through t.he Chio:f of Engineers pursuant to Sect1on 103 of the Marine Protection, Re!ie .. rch and 
Sanctuaries Act of 1972 (86 Stat. 1052; P.L. 92·532); 

Alaska Power Authority 
334 West 5th Avenue, 2nd Floor 
Anchorage, Alaska 99501 

is hereby authorized by the Secretary of the Army: 

u, place approximately 4,620 cubic yards (cy) of fill material by grading 
within the project area to construct an airstrip. Approximately 2 feet of 
peat will be rer.1oved and stockpiled along the edge of the runway. _.,..ho 
dimensions of the runway wi 11 be app rox ima te ly 2, 500' 1 ong and 50' wide. )( -

' ' 

in wetlands adjacent to the Susitna River, sections 27 and 28, T. 32 N., 
R • 5 E • , S • i·i • 

~ Matanuska-Susitna Borough, Ala~ka 

--------"in"-"'ac_c:_oLcl.a_nce_xith_tbe_pian!L~nd_dra.w:ings_attacbe .. Lht:r:eto-w.hich-are-incorporated-in-and-m·ade-a-p-arrot-~his-pennit-{"c;n-dr:::.:· -­
ir.g~. gir:e file number or ather definite idel!tifjcatian mar h.) 

"PROPOSED: WATANA AIRSTRIP: SUS ITNA 
Afl,JACENT TO THE SUS !TN A RIVER; AT: 
APPLICATION SUBMITTED BY: ALASKA POWER 

:JULjet..t. w dn: following condi:.iucs: 

1. General Conditions: 

HYDROELECTRIC PROJECT; IN: 
MATANUSKA-SUSITNA BOROUGH, 

AUTHORITY; DATED: JULY 1983; 

~ETLAiiDS 

ALASKA; 
1 SHEET 11 

a. Tl1at all activiti.,s idcnti:ied and ~uthorized l::ereit: shnll be c:Jnsi~t.P.nt with the ter.::::s and c"nditioos or this per:nit: aod 
that any acti-.rities not specificaily ii:!cn:ificd and authorized herein ~haii con~titu~ a viol~tion of the tern:s end c-o::clitions of 
!.his permit -::-h:C:h may re,ult in the rnodifl::ution. su~pn.~~ion c~ revoc!!ti'ln .,(this p'O'rmit. in whale or ia part. as set forth more 
s~cifica!ly in GenerRI Cunditions j or k hereto, and in the institution of such lc~al prc.c.::t:dic&s as the Ur:it.P.d States Govt:n:· 
ment rnay consider appropria~. whether or cot this pt:rr::nt hRs bee a previously rnodiiied. susptoded or rt:v\l;..,J iu .... l.o!e or in 
part. 
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b. That all activities authori:r:ad horoin shall, If they Involve, during their c~nst.ructloll or operado11, any dlllc:barge of 
pollutaat.s into waters of the United S~ates or ocean we~ters, ba at all times consist..ent with applicable wat.9r quality fltandards, 
effluonl: limitations and standmrda of performance, prohibition&, pretreatment staadard~ and management practices establish• 
ed pursuant to the Clean Water Act (33 U.S. C. 13:4.4)~ the Marine Protectioa, Research and Sanct.u&ieli! Act of 1972 (P.L. 92·532. 
86 Stat. 1052), or pursuant t.o applicable State and local law. 

c. That when the activity authori:r:ed herein involves a discharge during its constTI.lction or opera.tion, or any pollutant 
lizu:I~.~ding d~gtd or fiU mac.erial), into waters of the United States, the authori:r:ed activit.y shall, if applicable water quality stan· 
dsrda are revised or modified during the term of this permit, be modified, if neceuary, to conform with such revis~:d or modified 
water quality standards within 6 months of the effective date of any revision or modification of water quality standards. or a$ 
directed by an implementation plsn contained in such revised or modified standards, or within such longer period of time a a the 
District Engineer, in consultation with the Regional Administrator of the Environmental Prot.ectioo Agency, may det.t:n:Ilina t.o 
be reasonable under the circumstances. 

d. Th!lt the discharge will not destroy a threatened or endangered species as identified under the Endanger&d Species Act. 
or endanger the critical habitat of such species. 

e. That the permittee agree! t.o make every reasonable effort to prosecute the construction or operation of the work 
authorized herein in a manner so as to minimize any adverse impact on fish, wildlife, and natural environmental values. 

C. That the permittee agr~:es that he will prosecute the construction or work authorized herein in a manner so as to minimize 
any degradation of water quality. 

, g. That the permit:.ee shall allow the District Engineer or his authorized represent.ative(s) or designee(s) to make periodic in· 
spectioas lit. any time deemed necessary in order to ~;~ssure that the activity being performed under authority of this permit is in 
accordance with the terms and conditions prescribed herein. 

h. That the pen:aittee shall maintain the stl"UCtjlre or work autbori:r:ed herein in good condition a.t1d in reasonable ac· 
cordance with the plans and drawings attached hereto. 

i. That this permit doe~ not conv~<y any prop~:rty ri~hts. eit.her in real estate o: c:aterial, or any exclusive privii~~",;; a.n..l 
that it does not aut!:ori:r:e any injury to property or invasion of rights or any infringement of Federal, S!ate; or loc.;.l !,.,. s ::.:! 
r~g>lletions. 

j. That thi~ pen::lil d.::;es r:ot abl(ia~c :he requir:mcnt to cb:.ain s~ete O!' local as'lent required by law for the activity authori:· 
cd !:crein. 

k. That this permit may be either modified, Sl.i.:iponded or revoked in whole or in part pursuant to the policie!l and pro­
c~dures of 33 CFR 325. 7. 

l. That.in issuing this permit, the Governr:Jent has r"lied on the iniorrr.ation and data which the permittee has provided in 
connection with his permit application. If. sub~equent to the issuance uf ~his penllit, such i::lfcrmation and da:.a prove ~o be 
materially false. c:::.aterially incomplete or inaccurate, this permit may be modified, suspended or revo.ked, in whoie or in part, 
and/or the Governme.nt may, in addi~ion, institute appropriate legal proceedings. 

m. That any motiif;~.;Lion, ~ll~~r.s•on. or revocation oi this permit ~hall net be the ba.:sis for ar.y claim. ior da::::::<!!;!!S :;gaic,t 
the united States. 

n. That the permit~P.e c;hal! notify the Oi:;;trict Er.e;!:::.oer at wha:. ti!!le ~he activity ~otut.horit~d h~r~io ... ;i:f be cvw:::c;::.::z:d. :.9 

far in advance of the time .::;f c::::::::mc::cc:::::cmt as the District Engineer may sp~:cify, and of any auspeosian of work, if !or a period 
of more than oce week. re~·~:r.pdoo nf · ... ·n:-!( and i~s cc~plP.tioc. 

o. That i£ tht: ::t~~i·n~i 8•..1 ~h0~·iz.£:d ::,-"~.:::-: i:; :-:c: .:.-.u.t:=!r:tcd c::. c: before-~---. day ,r ----, 19 ----. i:.':.rce :e-::1:-.s 

from the date of i~sw:nce o/ :Ais perr.-.i' :.~.::!•·•~ ut~erwi>~ >;.;•c.,'i.til this permit, if :::ot prC\'iously revoked or specifically ,:•xt.ended, 
~ball automaticaily txpare. 

p. That thi~ permit does not au~!'!: ~i~c ur ttpprove the con~truction uf p&rtL:ular struct~rcs. ~!:e au~!::ori:!!tioo or approv'li oi 
which may require authori:r:atiou by ~he Cangre~~ or other agenci"~ of tr.e F,.,d .. ral Government. 

q. Thet 1f and ",1. hen the p~rmitr.Pr. d~~in·~ t..n ttbar!don th~ activiLy ~uthuriz.eod hcrc%c.. :.:::!t:!5 SL!Ch .:J.b!!.!:rloc.~t:!1.t !~ ~ ... !!rt nf" 

t.:'a::sfer procedure by which the pt:rmittee is trans(Hrir.g his inU!re~ts herein to a ~hird perty pursuant to G.:ne:ral c.,oditioa t 
hereof. be must restore·the area to a condition ~atisfactory w the :Jistrict Eo;;beer. 

r. That if the recordiog of this pc:r.nit is possible ur.der applicable S!ll!.e or local law, the ~:••r:nilt<:t: ,hall takE: .u.:h ar.tia:: ns 
may be necessary t.o record this permit with the Rcgistt•r of DL-eds or other appropri,.L., uff;.::ic.: d:arg.:d ;:;i!!\ :!:e rc:;;;o=::!::::!:t:;• 
for main~ining records of title t.o and interests in real property • 

2 
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FUEL 
STOR.AG£ 

() LIVING QUARTERS 

OWAREHDUSe 

VICINITY MAP t Tolk~tna Mta. USGS O~d 0·3 a D-4 
T 32~, R!iE, Seward M•ridlan 
N. 't S. 

LOCATION MAP 
WATANA SASE CAMP 

N. T. s. 

NOTES: 

I 
10

1 
~·RUNWAY I ld ' 5 , 

Shallderl' t 1Sl"o:luldvj" 1 

F!!ter Fcbric:­
(Opl!onol.)-- - - - ----- --· -- - -

'-----P.IWTlCln ojJ ~~~ l::.Jf e,o :lo-t 
e:ttceed rwo ( 2} fee I in orwq 
of deep p~. ?lcr.a fiit:ar 
r~:ric c..n remo;,.J n~ r--at 
Cut ·•oiurne __ e_st,,.,_::tes: 

5,356- :~ci: y~rd! St'~ii 
4,620 c:.:bie ycrda till 

TYPICAL RUNWAY SECTION 
. N. T. s. 

1. Temporary airstrip will be 2500 feet icng with~ centerline grade as 
c1ose to 2% as possible. 

2. A minimum of two feet of peat will be removed and stockpi1ed along 
__ _________ _ ____ · thJL_~dg~ _ _gf_j;.__!:lg_.r_YD.!'!.ay Jor .. use dur-ing_ r:es:t.oration upon a-i-rs-trip -

c1osure. 
a s ng cons on !nee out and no additional 

borrow mdteridl is required. Fi~t.e:r· fd!Jric: wil1 bE:': u::;!:!d J.S required. 
4. Natural drainage is toward Tsusena Creek ioca~ed ovec a miie to the 

west. 
5. ~atana Base Camp is located just north of the proposea site~ 
6. Construction is proposed for August lYG3. 

LAND IJWNC:RSHIP: 

l. 

2. 

Section 27. T32N. RSE, S.H. is o,.;ned by Kiiikatnu, Inc., 8ox 2130, 
\.Jasilla. Alaska 99645. 
::ection 28, T32N, RSE, S.M. is he1d in intE!rim conveyance for 
l:".nHatnu, Inc-. by Cook In1et P.e:Jion,. Inr.:., 2525 C Street, 
Anchorage, Alaska 99503. 

PROPOSED 'NATANA AIRSTRIP 
SUSITNA HYDROELECTRIC PROJECT 

Submitted by 
A I • f""t,' • ,..,1'"\lltr:"r'") A I I"T"I 11'"\,...,!TV 
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STATE OF ALASKA 

DEPARTMENT OF ENVIRONf1ENTAL CONSERVATION 

CERTIFICATE OF REASO"ABLE ASSURANtE 

A Certificate of Reasonable Assurance, as required by Section 401 of the 
C1 ean Water Act, has ·been requested by the A 1 ask a Power Authority, 334 
West 5th Avenue, 2nd Floor, Anchorage, Alaska 99501, for the construction 
of a 2,500' long, SO' wide airstrip w·ithin a wetland. Approximately 2' 
of peat [5,350 cubic yards (cy)] will be removed and stockpiled along the 
edge of the runway to be used during rehabilitation of the area after the 
project use. Approximately 4,620 cy of fi11 material will placed by 
grading .within the project area. No additional fill material will be 
brought to the site. Filter fabric will be used as required to stabilize 
the fo~nda:ion and facilitate dr~i1age. ~o ~ef~eling facilitiEs or. 
structures will be erected. 

The proposed activity is located in Sections 27 and 28, T32N. RSE. Seward 
Meridian. adjacent to the Susitna Hydroelectric Project Watana Base Camp 
near Talkeetna. Alaska. 

Pub1ic notice of the app1ication for this cer~ification ha~ been ~Jde i~ 

accordance with 18 AAC 15.180o 

Water Quality Certification i~ required for the proposed activity teca~se 
the activity will be authorized by a Corps of Engineers permit identified 
as Susitna River 9, NPACO No. 071-0YD-4-830374, ·and a discharge may 
result irom the proposed activity. 

Having reviewed the application and ccmr;1;nts received in response to the 
public notice, the Alaska Department of ~nvironmental Conservation certi­
fies tliat there is reasonable assurance that tne proposed activity, as 
well as any discharge which may result, is in compliance with the require­
m~nts of Section 401 of the Clean Water Act which includes the Alaska 
\·!atr:r Qualit:y Standards, 28 AAC 70, and the Standards of the A1c:ska 
Coastal ~an~gement Program, 6 AAC 30, provided that: 

1) If any petroleum products are stored on the site or if the site is 
used as a ;ueling facility, materiais such as sorbcnt ~ads ~ust b~ 
available on-site to contain and cleanup any .spii1ed fuel. ihis 
sti~'..ll~tion is. nec.es.s:ary to prc:ec: agair:s: the dest;--uc:iun cf 
i1~portant habitat by the acci·::!t:nta1 discharge of a toxic material. 
(6 AAC 80.130 Habitat). 

Date ' 
??d. 7, 1983 .£d~?;?1~ 

Sob Mart1n · 
Regional Supervisor 
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STATE OP ALASKA 

A deterr.1ination of consistency vi th the Alaska Coastal . 
Z·ia.nagement Progr<li!:r as required by 6 AAC 80,. has been 
requested by tbe Alaska Powe: Authority, 334 West Fifth 
Avenue, Second Floor. Anchorage,. Alaska 99501. The 
applicant proposes to construct an. airstrip by grad~g 
onsite material. Approx.il:!.ate·ly ·2' of peat (5,350 cubic 
yards {c-',1) l wcmld be removed and .stockpiled along the edge 
of the ~way to be used d~inq rehabilitation of the area 
a:tar the project usee Ap?ro~icately 4,620 ~: of fill 
~at~rial~ would be pl?ced by grading within ~e p~oject 
area. No. add1ticr-..al fill m.a:terial 'o.70uld" be brt:'uc:;ht to the 
site. A·'filter fabric would be used as required- to 
s~a~ilize ~~e =o~,dation ~,d facilit~t~ drainage. The 
a i:::-strip would be approxil!!ately 2 ,"500' long, and 50' wice, 
with 2-foot-w~de shoulders and a centerline grade close to 
2\ to utilize. natural togography and would SU??Ort field 
acti-:."ities and collec-t:ion of data during the Watana Dam 
Oetail-=d Desig:l Phase of the Susi tna trvdroeiectric: ~-~ ...... . 

~~~· ~Proj~ec~t.; ··'!'h:e~;>ro?Osed act'lv:ftyTs~Ioc~ted -at-T.~32 N., 
R. 5 Z., S.M., Section 27 a~d 29 nca~ ~~c Susitna River, 
Alaska. 

This propos~d activity, identificc as Susitna Ri7er 9 
(Stnte !.0. No. AX830324-S61 COE No. 071-0YD-4-R30374}, 
recuires an atithori::ation fro:::t th~ r.r .. S. A.rr:rv Cores of 
Engin!!~rs il!lC is therefore s-cbject to review for-consis-
tency with ~:;h~-1\~c;§};~~·~~Q5t~~~g,l_~~.if.l..P.~ag_eme.n-=._~P.rogr::!:ll,.--in---~~··-·- ~~~---~ ~ -~~- ~ 

.~~-~-accor<!mice with Section 30i (c) (3) (A) of the E"eder;U 
-------------._coastal Zone ~anaqe=cnt Act. 

Fia":Ting reviewed t."'le a?plic.::::.tion, '!:!i.e !Ji,..rision o~ 
Gcv~r~mcntal Coo7dinatio~ dct~~in7s t~~t t~e P~?os~d 
a:::t:.:·:l.ty is co:1s:I.stent .,.,l. ":.h t;:"lc: Gul.dali:lcs and St.:::mc~rds 
0 & -~e ~~u~ s·~~c 0 0 --o~~~?-~ ~~at·~~ ~-~1;-~~-

.... __ , l·-·••1 .,"'1,1'\o u,. t'""'J., -·---- -·· -·· ...... ~t-'1:' -""""-··-
CO::'!? li e:s with the fo llc~inq s ~=:~ula t ion ( s) : 

. ... -r.=--· .:::..:1~~ .-pe't:~':'l.e~-· ?=~dnc~s· :.!:.:=e· -!!tar·ed ·:!·t· ·'t.ne---~-·i·~·c· ··or 
i: ~~e facility ~s u~ed as a =uelinq fncili~v, 
:n.ate.rials ;:mch ·3.S sor!:>en~ pads shnll be avail.J.ble 
on-~it~ to cc~t~in ~nd cleanup soilled fuel. (Thi5 

Sl-.J;r;:)]\ I C.d342 I !C-7-SJ l 3 
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stipulatio~ il:t int.ende.d to protect Yater quality by 
prc~anting di~chargD of toxi: substances in water 
sources .. ) 6 AAC ao .. 14 0 PbiR, "LrtN'D, A~m ':11\.'l'E.'R QOA.!.I~ 

~dherence to the nbo~e otipulation(s} will ensure that 
this project will be consist~nt ~ith ~ha AC~~ ~tandard(s) 
6 AAC !10.140 AIR, LAND, .:UID nATER QUA!.!~ as follows: 

6 AAC SO e 140.. AIR., LA:ID, A."fO 71ATER QUALITY,. 
Notwithstanding any other provision of this ehaptar, th2 
sta~u~es pert~ininq to and th~ regulations and procedures 
of the Alaska Oepart::'r!:l2nt of Environmental Co.asei."V'~tion 
with r~spect to the protectio~ of air, land, and water 
quality are incorporated into the Alaska coastal 
management progra~ and, as a~~~istered by that agen~r, 
constitute ~~e components of the coastal =anage~ent 
program with respect to those purposes. 

Authority: 

s~:;n~ I cd342 I !0-7-83 I 1 

AS ·4 4 • 19 • a 9 3 
AS 46 .. 40.040 
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Public Law 88-29 
88th Congress, S. ZO 

May Z8, 1963 

Tu pruu1ole- the coortl!nntlon and .Je-"re>lopme-nt o! PltE'<'lh"E' prulfrnlln< n-lnthuc In 
outduor recTPa t!un, nnd !ur other JMlfllO"E"l'. 

Bt it t'mrrted by the Snvrlr rmd llomre of Reprnenfr~th•e• uf lht! 
l"ni.ted Sft~le"" of .-imerictt in f'ungru" ''"'"embled, Thnt the Congress i'!eol"ea.~i·on pl"'!'>­
tinds nnd clechu·es it to he rlesimble that nll • .\.mericnn people of pr-esent gl"'l::s. 
und funu-e geuemtiQns he nssm-ed ndef)unte outdoor t-ect-entlon re- C:::or-:.1nat1-:n ""' 
sources, :mrl that it is rlesimble fornllle,·elsof !!O''ernment nnd pri'l"•lte devel-:l;:r:ent. 
iutere$tS to tnke prumpr and coordinnterl nction to the e::ttent prarri-
<'11l>le without diminishing or nlfecting their respecti,·e powers nnd 
functions to conser'l"e, de,·elop, nnd utilize such r-esources for the 
henefit nnrl eujovment of the American pe<~ple. 

SEc. ::!. In orctcr to carry out the purposes of this .-\.(•t, the ~erret111T r=:::t!en!l and 
of the Interior is nnrhm·ized to perform the follot'l"ing functions and a.~t.ivitl.ea. 

ncth·ities: 
(n) I:i\'ESTOR>.-Plepnre nnrl maintain n continuin!!' i!l\'elltOlJ :md 

e,·aluntion of outrloor 1-ecrention needs and 1-esourees of the l·nited 
Stnres. 

(b) C"L.\R"IFIC.\TIO:s-.-Pr-epnr-e n !';y!'tem for rlnl'-o;ification of outdoor 
1-ecrelH ion re.;.onrees to nssist in the elfecti,·e and beneficial. nse nnri 
lllnna:,rcment of such resources. 

I ( (') x.\T!OXWIDF. Pr.\X.-Formulnte nnrl mn intain ll rornpt'Pill:•nsh·p 
nnrionwidP. outdoor 1-e<.'l~nl ion phm, tnking iuro c:msidernticn tl:c phms 

.. ~- -T~-~:~~;I~:~;~~:~i{-:e~ef~~]'f:I111~\~~~~~~d·d~~~~~;-g-{1t\t~~c:~;~iliW~1if;;~i~;:~---·· 
rloor re<'~nt ion nnrl the <'Urrent and foreseeable :wnilnl>ilitv in the 
futm'l! of ontdoor re<'rtmtion resources to mef't those llet!ris. The plan 

I ~hall ir'!cntifv .r:riricnl outdoor recrention prob1ems, rN'Ornrnend solu-

1 
tions, and 1~onunend riesirnble a<'tions to I.e taken at each );~,·el of 
)'lo'·ernment nud Ly pri,·Me interests. The Secretary shall transmit 
the initinl plnn, 'l't"hich sh:'lll be prepa.red ns soon _as prncricnLle t'l"ithin 
Jh·e years hereafter. to the President for trnnsmlttal to the Congress. 
Fmure nn·isions of the olnn shall be similnrlv transmitted at succeed­

~ ing ~h-e-yenr interntls. '1Yhen n pl?.n_ or re~·ision is trnnsmitted to the 
. --- ---~- ···--- -· - ··-···-··-L_._ -i- --~ __ _Congress, the_Secrernr;r.shn lltrnnsrntt!;'Qp,t~~-TQJ!}g G-~~~..l"Jiors _Qftl!.~ 

!. :;en·rni .States. 
---- ---~----~((1')-Tt:'C'll!'IC:'I:x;;-:t!'.ST!'"l"XSCT..-Prm·irle-t'!".!hnit>lthtssi!'t'!\ll~'P-n·nci-ad-------------~ 

Yi<'e to nnd r:-oopernte 'l't"ith .States, politicnl snbdh·isious, nnd pri nlte 
I imerests, incluaing nonprofit organiz.·ltion;;, 'l't"ith respect to omdoor 
~ l"f'<'T"Pntion. 
J (e) Hr.r:rm;.\L C'oni'F.RATION.-·Encoura!!e interstate ·nud n·g-ionnl 

I 
coope~tio. 11 in the pinnning, at.""quil>itiou, ;1uJ rlH~1opm.:m of Gtotdoor 
l"l.'<'t'?.ntlon resourres. 77 5':'!'!'. 

(f) 1"\c;..~£.\.RllC .. \.:i'D Enrc-.;.TtO:-t.-(1) SvcnSf)r. en;.r:\~e in .. :~ad a~sisr 77 :::.;:. 
;,, l"f'~.Pnrch r~latin!! to outcioor rw.rt•nti<Jn. d1re-cth· or bY ccmtrnct at• 

i C'OOt~erath·e 112'l"Cf'n1ents. nnd mnke pnyments for s11ch p;1rp'~l! with-
. • ortr·r~~':!\rci !o-the limita~ions of section :w4~ cf the R;;,·i,-~ ~tat11tes 

i 31 L.!:::i.C. ;;~:) l couo:-en11l1!! arl>nrH'!'S of fun as w\:pn he co.ns1rlers c;nch 

49. 
so. 

1 

a,:t::,1l in th:; pu!~liC' intet""!'t, f-2) nnrh:l"'Tnke !'tnrlies nlld as.c::emble 1nfor­
. :nnt11m rnnrPrmng ontrlour re-cl't'flt 1on, (hre..·rly Qr by r<mtr.\CT ot· 
c·cx•p~ml i ve ag1 etnlf!llt. ;lnd di:;;;emiHr.t~ snch infon::r1t :un ''it 1wur 
n•;:a1·d tu the provisiuns of :,t.:tiun .n;;~. rit!e :~!), t"::::f":! St:l!cc; C('dt,, 74 s· .... ~. 551. 
ami (3) cr..opernte '"ith Nlucntional insrituti8ns nnrl others in order II) 
n::.sist in _£·.stahlishing !.'rh:rntion l'Mf:Tilm!; sml acti,·ities nnci to enconr-
:li;e pubhc use nnd b~nefits from ontr!Mr recrcntiou. 
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Pub. Law 88-Z.9 -2.- May 2.8, 1963 
77 S'l'A'l'. SOc 

(g) I~T£Rn£l•.,KT:lti:!~TAL C'ool'j,;JU"rto~.-( 1) ('oopi!t'nte> 'rith and. 
provide tedmical nssistnuce to FeJeml depl\t·tments and :\~'"Cncies ·and. 
obtn.in from them iuformntion. dntn, reports. nd\"ire, nl\(f nssistance 
thnt. are needed o.nd ctm rensonnbly be· fumishcd in cat·r.·in;; out the 
pn~s of this .\ct. nnd (2) pt-omote coorrlinntion oi F'etleml phm.s 
and ncti\"ities genernlly rel:uin!!' to outdoor t-ect·eation. .\uy !lepnrt­
ment or agency fut·nishin;; n<h·ice ot· t\SSistnnce hereunder mny e:tpend 
its O\l"l\ funds fot· such purposes, \l"ith or without reiml.mrseurent, ns 
mn)• be ngred to by thnt agency. 

(h) Do:s-.\TIO~s.-Accel;lr nnd use donal ions of money,· pl'Opi!tty, 
!Jei'SOilltl sen·it-es, or fnrihties for the pmposes of this .\.ct. 

SEc. 3. In ot·der fm-ther to curry out the policv decl:u·ed in ~tion 1 
ofti_l.is Act, t~~~ head~ of Fedentl_ ci_epnrtments nt~d.h_~dependcnt :~gcncies 
ha..-mg ndmnustrntl\·e responstbth~v 0\"er nctt\"ltles or re~mr!'es the 
conduct, or use of \l"hich is pertiiumt "to fultllln••mt of that pv1il'.Y shnll, 
either ilidixidunlly or ns 11 group~ (t\) cqns\tlt with nnd he consulted by 
the S.:Ci-etary frprri time to time l>q~h,~~·-ith respect to their <'ouduct of 

__ . those ac.th·ittes'n:nd.their.use of those t'i!oo'itrces nnd with resnect to the 
ncth~.ities 'rhi<;h.thttSec.~~tnry of the Interfor enrries on under n.uthority 
ofthis.-Aet which are {>ertinent to their "'ork, and (b) carry out such 
resp6r:isibliities it~·~ueral confonmtnce \\~irh the nl\tionw.ide plan 11\l· 

thorized undcr.seetlon.2(c) of this Art. 
!let"1r.!~1ar.s; SEC~.·4: .\s used in this .\ct, the tem1 ··Cniten St:\t~ .. !-:ilail iudwl!! 

the District of Cohunbi:~ and the terms ·'Cnired Star.-s·· and '"~tntes .. 
ma.y, to the e:Iteitt vr:l<:tir,able, indude ti..: C<ii"li.;;;;jl\~··~·;dti: ·:f r::::!:":O 
Rico, the \'"iri:rin Islnnds. <runm. nnd .\.meri•·:m Sntllot\. 
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Aeration at high 
velocity flows (l'o-"11.' 

By N. L de S. Pinto•. S. H. Neidert and J. J. Ota 

PART ONE . 
The results of laboratory and prototype experiments on aeration at high velocity flows are presented. The 

,.. research relates to the spillway of the 160 mohigh Foz do Areia dam in Brazil, which has now been operating 
for about 18 months. The air discharge entrained by the various flow conditions was measured on the 
prototype, and model studies were made before and after this to compare results, and to optimize the design 
of the structure. 

SPILLWAY CHtJT'ES under high velocity flows may be 
subjected to cavitation damage even when the chute 
surface is essentially smooth and the flow of water 
apparently unifonn. Cavitation occurrence seems to be 
correlated not only to high velocities, but to discharge 
concentration as well. 

For high specific discharges, nowadays usual in large 
schemes, air entrainment from the water surface caused 
by the development of the turbulent boundary layer does 
not always reach the region ncar the bottom of the 
channel. In the absence of the protection provided by 
water-air emulsion, any surface irregularity capable of 
reducing pressure locally to the vaporization level 
becomes important. 

The· higher the water velocities, the more critical the 
cavitation problem becomes. For velocities .of around 40 
m/s or more, the pressure field is particularly sensitive, as 
shown in the pressure-velocity comparison analysis of 

•CSHPAA. Univerau:l.lae Fecl•ral ao Parana. ~iaa Posul 1.:309. 80 000 C..ritiba. Paron4. 
Brazil. 

Fig. 1. For that velocity range. local increases of SolO per 
cent are enough to cause corresponding pressure reduc­
tions of about 10 m of water column. 

As shown by recent events at the Karon spillway1 in 
Iran, it is very difficult (in fact, practically impossible) to 
finish the concrete lining to the standard of smoothness 
required to prevent cavitation at such high water 
velocities. · 
. In those cases, steps or ramps may be used to promote 

air admission under the nappe near the concrete surface 
to be protected. The Foz do Areia spillway, on the Igua?l 
river m Brazil, is a recent example of the successful use of 
such a system. · 

Many aspectsTelated to cavitation in high velociry flows 
and to the importance and benefits ot aeration were 
presented in a previous article2• 

This article deals essentially with the phenomenon of 
air entrainment. Based on a general analysis of the air 
entrainment mechanism and of the data from prototype 
and laboratory tests, an analytical treatment of the 

Wafer Pdwe,r ~ va£-~A &usf'l'tlc..fion 
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Fig. 1. Local pressure reduction as related 
to the velocity variation. _ 

Table_ !-.-Cavitation index values 

D 

s 
10 
'20 
40 

0.62 
0.50 
0.35 
0.2S 

H"" h +.PJ'T 
H. = steam pressure. 

· V = mean velociry of flow 

-a 
<I _, 

problem is developed, setting a basis for predicting the · 
performance of aeration devices from hydraulic model · 
studies. 

Designing an aeration system requires the answer to 
three main questions: · · ·· · · ·- · ·- -

• At what velocity should first aeration be provided? 
• What is the volume of air entrained at the aerator? and, 
• What is the spacing between aerators to maintain a 

aerator and also the development of air concentration 
near the surfac·e to be protected. Additional aerators are 
to be provided at sections in which the concentration falls 
below the minimum required level. 

Aerator geometry 
Ramps or steps insert~d on ~e chute surface are the 
s1mplest andmost practlcal devtces used to cause natural 
aeration of water flow near a solid boundary. The sudden 
discontinuity in the bottom alignment creates an air-water 
interface along which the high velocity water draes air in 
an intense mixture process, "Fig. 2 (a, b). -

A transverse gallery or a recess can be added to any of 
the systemsto improve conditions for.air admission to the 
cavity below the jet, and to improve aerator effectiveness, 
Fig. 2 (c, d). 

As indicated on Fig. 2 (e, f), a combination of the 
various systems is possible. 

For air admission to the space downstream of the step 
The answer to the first item is related to the concept of or ramp, special ducts, wall slots, recesses, or lateral 

given protection level? . 

aeration as a cavitation-preventing system. Care taken wedges are used accordin~ to specific desie:n conditions. 
___ _ _____ during concrete placing and ~nishing ~~rtainly contri- On .Fig. 3 various posstble m~thods are s~ow~. A 

CUtes {O'"'"""'"feduclng··surface-lrregulantleS--and,---aon--parucuJar.case.of.thelateral_r_ec_es$_t}.:p_e of a~rat_IQn IS the 
sequently, cavitation risks. Table I presents some values solution used in the Bratsk spillwa~· in Siberia~. The ramp 
of the incipient cavitation index, whtch indicate the effect is built near the end of the spillway pier and air is drawn in 
of surface quality. Quality improvement is naturally through the openings naturally formed in the separation 
related to a cost increment because of the difficulties of zone downstream of the piers. 
working ~he surface to more strict tolerance levels. Defining of the ideal proportions of the different parts 

One of the basic ideas underlying aeration systems is of the aeration device constitutes one of the fundamental 
the reduction in cost resulting. from Jess stringent design problems. There are several options to be 
specifications for the concrete surface finishing. An considered and it is difficult to evaluate the influence of 
adequate evaluation of the critical cavitation index tor the each dimension on the aerator performance. 

____ ·····--·-· ... ___ irr~glllari!I~~-t__ll_at may be expected in the works, and 
economical consiaerations;slfoule:l'influe·nce·thedesign Air-entraining-mechanism--

-----~----decision-as-to-the-plaaement-of-the-initiaLaerator. _____ Th~ initial air drag_ mechanism is characterised by the 
Available information about aeration effects3·

4 indi- taneential stress between water and ;m at tneintenaee­
cates that an air concentration of 5-10 per cent near the just downstream of the separation point at the step or 
surface to be protected, C = (v.N a + V w), almost ramp. Flow turbulence is responsible for the rouehness of 
eliminates cavitation risks. Therefore, an adequate the liquid surface which tends to increase along the jet, 
design of aeration systems depends on: the correct intensifying the drag. Once surface tension effects are 
evaluation of the quantity of air to be entrained at the overcome, the air-water interface changes into a spray 
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Fia. 2. Main types ofaeraror devices.· Fig. 3. Main solutions for air admission. 
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Notations 

m ,.. Angle to the horizontal of the channel bonom plmc 
~ · ,.. Angle ofthe ramp to channel bottom plane 
1 .. Rampheight(m) 
d • Step height (m) 
V "' Mean velocity of water (mls) 
h = Depth of flow normal to the bon om (m) 
L ""Waterjetlength(m) 
Ap .. Air pressure difference between regions above: and below the 

water jet (kglml) 
1 "' Aa:cleration of gravi~ ~sl) . 
p ""Wau:rdensiry(kgm· .s) 
~ "' Dynamic viscosity oh.-ater (kg m -Zs) 
11 • Water surface tension coefficient (kg m - 1

) 
C ... Oimensionless.coefficiena a. "'Airflow entrained bywatcr(m3/s) 
A .. Sectional ouea of the air jcrauhe exit oft he duct (m2) 
Pe = Airdcnsiry(kgm-4s~) · 
F, defines the flow conditions 
E, measures the influence of the difference of pressure: above and 

below the water jet 
Uh defines the jet geometry 
t.lh, dlh, tg a. tg ell define the aerator geometry 

which has considerably higher efficiency as an air 
entraining mechanism. In prototype structures the_~ 
effect is by far the preponderant mecf'liaism:: 
e_ntramment. 

Wheiltlie water hits the bottom of the channel,.the flow 
will have entrained a volume of air which will be moved 
downstream as an air-water mixture. The behaviour of 
the mixture presents some analogy with that of sediment · 
suspensions m turbulent flow. The air bubbles tend to rise 
from the bottom, while turbulence tends to maintain the 
mixture within the turbulent boundary layer. Air concen­
tration near the bettom reaches its maximum immediate­
ly after the impact point of the jet, gradually diminishing 
downstream until an equilibrium condition is· attained, 
after an eventual interaction with the air dragged from the 
upper free surface. 

Fig. 4. The air-entraining mechanism. 

a. 

Air concentration at a fair distance from the jump v.ill 
naturally tend to be very similar to that observed in high 
velocity flows aerated from the free surface alone. as 
reported by Straub and Andersnn6• In fact, it seems 
logical that the final air concentration curve would be 
independent of the air entraining system. The main 
aspects of the drag mechanism and mixture process are 
schematically shown in Fig. 4. 

·The continuity of the process, of course, requires a 
continuous air supply to the space created under the jet. 
In that region, pressures will always be sub-atmospheric 
because of the velocity of the air flow and the head losses 
through the aeration ducts. The pressure difference v.ill 
cause a deflection of the water jet trajectory in relation to 
the nonnal free-fall parabola to be reflected on the length 
of the jet." certainly an important parameter as far as the 
amount of entrained air is concerned. 

Dimensional analysis 
Dimensional analysis of flow over a step or a ramp is more 
easily carried out if aeration phenomena are ignored 
initially .. The problem is maintained within the frame­
work of classical hydraulics, the more complex biphase 
flow question is avoided, and the analytical procedure 
becomes considerably simpler. 

Analytical treatment of the phenomenon is made for an 
ideal aerator as shown in Fig. 5, assuming a two­
dimens.ional flow and limiting the aerator geometry to the 
step-raml' combination. 

Refemng to Fig. 5, it is possible to define the follo\\ing 
main variables to be considered in the studv of the 
phenomenon of air entrainment by running water (see 
~otations). · 

The phenomenon may be described by a function of 12 
parameters: · 

f (a., q,, l, d, V, h, L, ~p. g. p. IJ.. CT) = 0 ... (1) 

which may be reduced to nine dimensionless g.roups: 

f' (F., Re, Ec, W c• Lfh, tfh, d/h, tg, a., tg ¢) = 0 (2) 

where: 

F.= Vl'v'(gh); Re = pVU!J.; Ee =VI'\ 'l~pp): We= 
V (V(CT/pL) 

For the size of the hvdraulic structures being con­
sidered in this study, the effects of R. and W < may be 
disregarded, and Eq. (2) may be written as: 

f' (F, Ec, L/h, tlh, dlh, tg a., rg <t>J = 0 (3} 

The general configuration of the flow is related to the 
aeration phenomenon by the parameter Ee, which 
depends essentially on the conditions in which air is 
admitted to the v01d below the jet. 

Referring to Fig. 6, where an air intake is schematically 
represented, it may be written: 

(4) 

Eq. (4) may still be written in terms of Ee: 

Qa = CA V(p/pa) VfEe (5) 

The analytical treatment up to this point does not take 
into account the physical nature of the air entrainment 
phenomenon itself. For the complete solution of the 
problem, an additional equation is required to relate 
water and air flow parameters. 

The nature of such a relationship may be guessed by a 
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Fig. 6. Basic air intake system. 

Fig. 7. Schematic spray zone wedge. 

simplified i~terpret~tion of the spray _dragging .mechan­
ism. Refernng to Ftg. 7 and. constdenng the spray z~ne 
limited to the dashed wedge, 1t seems acceptable to wnte: 

q .. = K1 (L rg 41 V)/2 (6) 

or sunply: 

q. = K LV (7) 

where q .. is the air discharge per metre of width of the 
chute. · 

If q = Vh is the specific water discharge, Eq. (7) may be 
written in a dimensionless form: 

aer.1or 1 - 20 em diJI. 
1m11or 2- 15 em di1. 
Mmor 3 -10cmdia. 

Fig. 8. Aeration system of the Foz do Areia spillway. 

~~1: joinu •• T 
_....,.....,..... 

Fig. 9. Main dimensions of the Foz do Areia spillway. 

spillway, on the lguac;u river in Brazil. 
Foz do Areia is a 160m-high concrete face rockfill dam 

with a volume of 14 x 10°m-;; of rock which creates a net 
reservoir of 4.109 m3 for a 2500 MW hvdroelectric 

qafq = f3 = K (Uh) (8) powerplant at the right abutment. Fig. 8. · 
The spillway, on the left abutment. with a capacity of 

Prototype results . 

Simulating aiL entrainmenJ ph~no[Jl_ev.!tl!Ltbe labor.a~ JLQQ<Lnrl~.- ~Q!!.Si~ts of a clas~!f_.Qg_(!_e_<;~~st,_ ~h_f()l.!_r 
tory is known to be difficult because of the unknown scale sector gates of 14.5 x 18.5 m, followed by a 70.6 m-wide. 
effects:-Protot-.·pe-tests-would··be-ideaHor-checlcing-the-400-m•long-chute.-at-a-slope-.of-2:5-:-84-per-cent-to-t-he-flip--
nature of Eq. (8). Operation of the Foz do Areia spillway bucket deflector, at an elevation 118.5 m below the 
has provided a very convenient opportunity for thai reservoir maximum water level, Fig. 9. 
experiment. The main characteristics of the aeration system are 

shown in Fig. 10. 

This study is based on tests performed at the Foz do Areia 
During the initial phase of spillway operation, mea­

surements of air flow entrained at each aerator for 

- -o.a Cl-8 1" 

l Cl-7 ~. aerator 1 . l Cl-7 ~ oer••"' 2 ·· ' 
.. aerator 1 I 

0·6~ 
0 Cl-6 
+ aemor3 

. ' 1- 0 nrator 2 
0·5 o-s ,. ' ... ... : I I 
0·4 I 

Cl-4 
I ' 0·3 I ' 0·3 I 

" • Cl-033 LJh-
I .• (}2 I , 

~ /l• 0·023 LJII 0·2 , ..... 

Fig. 10. {3 f(Uh} as estimated from 
prototype results. 
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Tab!• !!-Results of tests performed 

Aerator 1 Aeraror2 Aerator 3 

Reservoir el. 
(mq/s) 

h .ipl-, L (~fs) I (~) lpl-, L Sa I h ~pl"f L 
(~is) Test (m) (mt (m) (m) (m) (m) (m /s) (m) (m) (m) 

01 731.5 1470 0.81 0.22 12.6 666 
02 .731.S 1000 0.59 0.16 11.1 SS4 
03 731.S 850 0.52 0.14 10.1 SIS 
04 731.5 690 0.46 0.11 9.5 453 
OS 731.5 535 0.38 0.08 8.2 395 
06 73S.3 2090 1.08 0.25 12.8 732 
07 735.3 3300 1.64 0.23 14.0 730 
08 738.4 538 0.39 0.1S 7.6 195 
09 738.4 1027 0.59 0.32 9.5 312 
10 738.4 1804. 0.9-t 0.54 10.7 412 
11 738.4 2060 1.06 0.58 10.7 437 
12 738.6 1032 0.60 0.~ 9.5 319 
13 738.6 2078 1.06 0.58 10.7 432 

different water discharges from 500 to 3300 m3/s were 
made. The water discharges were detennined · from 
spillway rating curves obtained in a 1:100 scale hydraulic 
model. 

Air discharges were calculated from pressures mea­
sured at the walls of the aeration towers, used as Venturi 
meters. Besides the air inflow, the pressure distribution 
under the jet along the step wall of the aerator was 
measured. Fi~. 11 shows the typical configuration of the 
pressure distnbution below the nappe across the chute. 

The results of all the tests performed are summarized in 
Table II. The aerators are tdentified by numbers 1 to 3 

Fig. 11. PressurtJ distribution below the water jet. Symmetrical 
air flow conditions. 

a:r-!R -t---t~::t:::::==t----t--r,~.l 
I-· ------b•70.6 m ---------1· 

Fig. 12. Pressure distribution below the water jet. Asymmet­
rical air flow conditions. 

0.74 
o.ss 
0.50 
o . .u 
0.38 
0.97 
1.43 
0.38 
0.56 
0.85 
0.95 
0.56 
0.96 

0.~ ll.S 
0.21 IO.S 
0.17 9.9 
0.13 9.0 
0.08 7.8 
0.42 11.9 
O.S2 13.3 
0.15 7.25 
0.45 7.8 
0.80 8.4 
0.90 7.7 
0.43 7.8 
0.87 7.7 

·- .... 
--~--

786 0.71 0 . .34 
613 0.54 0.22 
549 0.49 0.18 
485 0.44 0.15 
399 0.38 0.10 
861 0.90 0.39 
941 1.29 0.49 
228 0.38 0.10 
352 0.55 0.22 
463 0.80 0.38 
496 0.88 0.42 
348 0.56 0.22 
495 0.89 0.40 

Foz do Areia dam spillway discharging 2500 m 31s. 

11.9 ns 
11.0 587 
9.7 546 
8.7 476 
7.4 386 

12.5 846 
14.3 932 
8.6 395 

11.0 b04 
13.1 791 
13.3 832 
11.0 602 
13.3 832 

from upstream. Aow depth and jet lengths are also 
included in the Table. Aow depths were analytically 
computed by the direct step method without taking into 
account the aeration effects in the development and 
structure of the boundary layer. The length of the jet was 
obtained in a sectional hydraulic model of 1:50 scale. 
where the pressure under the nappe could be varied in a 
way so that the length value corresponding to the average 
pressure measured on the prototype could be obtained. 

Tests 1 to 7 correspond to normal spillway operation. 
To obtain a wider range of values and to· explore the 
sensitivity of the aerator devices, tests 8 to 13 were 
performed. with the. right-side air intake towers of 
aerators 1 and 2 closed. the supply of air at oply one of 
the extremities in those two aerators resulted in a 
noticeably modified picture of pressure distribution 
under the jet, as indicated in Fig. 12, and, consequently, 
in the length of the jet and in the air discharge as well. 

Plotting the experimental values in a graph of [3 = qalq 
against Uh (Fig. 10) seems to confinn the reasoning 
underlying expression (8), at least as a first approxima­
tion. 

The straight-line equation arbitrarily chosen to repre· 
sent the phenomenon is obviously an over-simplification. 
It is apparent in Fig. 10 (a) that the curve of best fit would 
indicate 13 tending to zero for a finite value of Llh. Also, 
from the non-symmetrical air flow tests, it seems that two 
different equations would better represent the ex­
perimental data, Fig. 10 (b). 

Limitations of experimental conditions are also to be 
taken into account. Air discharges do not include air 
being entrained laterally through the space left by a 10 em 
recess in the lateral walls. Also, in the non-symmetrical 
tests, plugs at the air intakes were not absolutely air-tight. 
Furthermore, estimating the length of the water jet, even 
in controlled laboratory conditions, is a somewhat 
subjective process. 

(To be concluded.) 
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Aeration at high 
·velocity flows· 
By N. L do S. Pinto•, S. H. Neidert and J. J. Ota 

PART1WO 

The development of suitable physical modelling to assess the behaviour and characteristics of aeration in 
spillways is verified by comparing model tests with the Foz do Areia dam's spillway in Brazil. The optimum 
spacir:~g of areators for spillways is also discussed. · . 

THE UMIT A TIONS imposed by the scale of the model were 
discussed last month, along with the test results, pre· 
sented in tabular form. The relationship of these tests to 
the prototype spillway aeration system are now ex· 
amin~d. · 

Model and prototype conformity? 
The Foz do Areia spillway aeration system design was 
suppc;ti'ted by hydraulic model studies on a 1:50 scale 
sectional model. 

As a true representation of the aeration mechanism 
co_uldJIQt be .expected at that reduced scale, tests were 
aimed' essentially at optimising the shape arid proportions 
of the ·ramps and steps. However, entrained air flow was 
measured and the results are shown in Fig. 13, together 
with prototype observations, to point out the con· 
sidera.ble scare effect,. if the Froude law of similarity is 
admitted. 
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At the 1:50 scale, surface tension effects prevent a true 
reproduction of prototype conditions as far as the 
aeration process is concerned. However, hydraulic 

.. ---- -· --conditions-of-the--flow~are--very -well- simulated. ··It--is 
~ssible, for example, to explore the nature of Eq. (3), as 
1s illustrated in Fig. 14. 

The model reproduces a constant aerator geometry, 
and different flow conditions are caused by different dis· 
charges and the variation of the pressure under the nappe, 
artificially produced by a throttling device at the air intake 
section. Parameters (dlh = 0), rg a, tg q, remain constant. 

Fig~ 14. Nsture of the function f(F,. E. L/h, t!h) = 0 /JS measur11a 
on the 1; SO scsle model for /Jerator no. 1. 

-It -may- be observed that parameter- E., does -not 
influence the geometry of the water jet for values above 
SO. For that region the water nappe can be considered as 
an essentially free jet, not influenced by the slight , 
negative pressure underneath. For values of Ee less than \ 
SO, the im~rtance of the air throttling effect upon the 
geometry of the flow is noticeable. 

The influence of the Froude number and of the 
parameter tlh are not readily distinguishable because of 

oeEHPAR, uniwnlidl<l• ~·• do,..,...... c.; .. "-.oo1.30t,eooooCurilibe.........,.. the nature of the tests. However, close examination of 
lruiL some tests in which the Froude number can be considered 

----to.be essentially the-same, clearly reveals the isplate_d 
..---------------------. effect of parameter tlh. 

-- --:-Results-presented-in~Fig; l4for aerator ·no: 1 were· 
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Fig. 13. Efficacy of sir entrainmtJnt; modtJI and prototype 
results. 

confirmed on aerators 2 and 3, which showed exactly the 
same tendencies. 

Air entrainment a_ti).Q.~_n:ed.Q!l til~ 1:50 scale model, 
is essentia,Oy_.cau~ .. by a. swiace dragging mechanism. 
Sp.r~y phenomena are.practically nan..existent, as sut:f?E!:! 
tens1on effects maiistam the integrity of the lower nappe. 

Surface tension effects may be evaluated by comparing 
the Weber number W;: = V/(V(a/pL) in model and 
prototype. Whereas in the latter it reaches values of the 

• order of 10 QOO, in the model the corresponding numbers 
are normally below 300. 

It is apparent that for convenient modelling of the air 
entraining process and reproduction of the s~;>ray mechan· 
isms observed in the prototype, higher Weber numbers 
should be attained in the model. 

The maximum head available in the CEHPAR labora-
tory, of the order of 10 m, set the limits for a 1:8 scale 
model of aerator no. 1, built in a 0.15 m-wide glass-walled 
flume. Water was conveyed through a 0.30 m-diameter 
vertical pipe where a Venturi meter and a control valve 
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were installed. The _pipe ended in a rectangular section 
where a slide gate, unmediately upstream from the test 
section. could regulate the water depth of the flow over 
the aerator. Air aamission was through a vertic:al conduit, 
0.10 x 0.10 m square, as illustrated in Fig. 6. in which waD 
pressures could be measured and air flow evaluated by the 
Venturi principle. The air jet. area (A) c:Ould be changed 
by a slide gate, to produce different pressure conditions. 
under the water jet. 

Flow discharges observed in the prototype were 
reproduced in the model according to the Froude law. 
Fig. 1S presents the results measured in the model. 

Air discharges ( Q.~~~~) are plotted againsi the average 
pressure below tlie water jet (Apf-y)m for different 
opening conditions of the air outlet orifice. from 1 x 10 
em to complete opening (curves l·Sj- Constant water 

. discharge curves fiom S3S to 3300 m /s ~totype) are 
also represented in the Fig. 15. Curves A and B represent 
the relationship between the average pressure below the 
nappe and the air discharge as actually measured in the 
prototype, for aerator no. 1. As can be seen, their nature 
ts for ali practical purposes well described by Eq. (4). It is 
to be noted that for plotting curves A and B, tlie Froude 
law was again accepted, so that values in the graph were 
computed from the following relations: 

a- - C2ap (1/8)512 (1.2n0.6) 1oJ 

(Ap/•y)m 011 (Ap/"f)p (1/8) 1oJ 

where Q.p is the total air flow measured in the prototype 
(m3/s), and (Ap/"f)p• the prbtotype average pressure 
under the water jet, in metres of water column. 

Therefore, curves A and B in Fig. lS represent 
prototype conditions. They could have been obtained in 
the model by a convenient setting of air inlet conditions. 
For instance a S x 10 em orifice reproduces very well the 
conditions described by curve B. 

The results may be better evaluated in Fig. 16, in which 
air discharge is plotted against water flow, both for model 
and prototype data. 

MOdel results are taken from Fig. 19, accepting as 
already known the relation Ap = f ( Q a) given by curves A 
and B. The agreement between model and prototype data 
is exceilen~. especially for discharges below 2000 m3/s. 

Tests on the 1:8 scale model have also provided an 
opportunity to study the nature of Eq. (8) as affected by 
the throttling of the air inlet. Results shown in Fig. 15 
include data for air inlet dimensions of 1 x 10 em to the 
complete duct opening. Conditions for Ap == 0 were 
inferred by extrapolation. 

As measuring the water jet length in the 1:8 scale model 
was difficult because of the intense spray formation, the 

Aerial view of Foz do Areie. 
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Fig. 15. Performence of t~entor no. 1. 

corresponding values ofL were measured in the 1:50 scale 
model in which the same flow conditions ·were re­
produced. Results shown in Fig. 17 clearly demonstrate 
the throttling effect. It is to be noted that, to minimise 
scale effects, only tests with Weber number above 1000 
were plotted. 
. Despite the limited number of tests, a tendency for the 
relation ~ "" f (Llh) to depart from the straight line 
through the ori~in is well characterized; more so for the 
less restricted a1r inlets. That seems to be in accordance 
with the rule of thumb, which recommends the ratio L!h 
to be above 4 or S for satisfactory beha,riour of aeration 
r3IflpS. 

The experimental study seems to have demonstrated 
the feasibility of modelling the aeration phenomena on 
hydraulic structures. The surface tension effect has been 
clearly detected and evidence as to the limits of its 
influence was gathered. ~ndications are that surface i 
tension effects may be disregarded for We above 1000. ~. 

The influence of throttling air admission to the lower 
nappe was demonstrated. It became clear that it is 
important to know the relationship Qa = f (lip) in any 
project. The air pressure is related to the air velocity head 
at the inlet section, and to the evolution ofthe air flow as it 
moves transversally to the water current while being 
entrained by it. Head losses at the air must also be added. 

Many pomts remain to be clarified before the problem 
of air entrainment by high velocity flows and its 
reproduction in hydrauhc models may be considered to be 
understood completely. The effects are to be analysed 
further of different geometries, such as: the slope of the 
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Fig. 16. Entrained airflowagainstwaterdischarge; model and 
prototype results. 
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conditions. 

ramps or of the chute itself on the air entrainment 
process; the nature of air flow through the aeration 
conduits and specially along the lower nappe and its 
relation with the evolution of pr:essures; the degree of 
generalization of the conclusions on surface tension 
effects and the meaning of Weber number as defined in 
the text. 

Unfortunately, spiUways in general do not operate very 
frequently, and prototype and model measurements are 
scarce. A complete understanding of the aeration 
phenomenon can only be expected after a considerable 
amount of prototYP.e data, duly confirmed by laboratory 
tests, become avaxlable. Meanwhile. the desirability of 
further observation, analysis and publication of results 
cannot be too strongly emphasised. 

Spacing of the aerators 
As mentioned previously, the concentration of air at the 
bottom of the chute is reduced along the flow because of 
the effects of gravity. The protective effect on the lining 

~~- ---:will~diminish_correspondingly_utllil it becomes in~uffi· 
cient, determining the need for a new aerator. .. 

Unfortunately, no defined criteria exist for evaluating 
the rate of change of air concentration and of its 
protection effectiveness. The designer is therefore· ex• 
pected to orient himself from existing information on 
practical experience and previous project de.cisions. . 

Semenkov and Lentjaev8 mention the experiments 
carried out on the Bratsk spillway, where average air 
concentration of the flow was observed to decrease at a 

A f :8 st:JJ/e model reproducing a water discharge of3300 m",s over 
11erator no. 7; w. • 1300. 

Bottom slo~ and curvature should be taken into 
consideration m spacing aeration devices. Fla~ter slopes 
make upward air movement more rapid, determining a 
faster reduction of air .concentration along the bottom. 
Centrifugal effects in concave curves~ such as flip buckets, 
increased the upward air bubble velocity considerably. 

Assessing the need for increased aerauon can be helped 
by an evaluation of self aeration conditions of the flow, as 
studied by Straub and Anderson~>. 

The need for more research on the evolution of air 
concentration along the flow and protection from the 
phenomenon is evident. Meanwhile. it seems reasonable 
to consider that a well designed aerator should be able to 
pr~tectasuetch of chute of about-50 to 100m. C1 

. rate of 0.5 per cent per metre of chute length. At a 1 
·~~·-~-·-- -~---cm~thi.ckJAyer closest to the bottom. the loss rate was . 

., from l.S to 2.0 times greater.-ATihe-BratsR gravityaam-- ----- ---- --~----·--·--- ........... ----.. ·---·-
-- --~ - -·-with-a-downstream-slope-of--0.8:-l,-a-second-aerator, .... ______ _ _ _ 

J initially planned for 40 m downstream along the spillway 
face was considered unnecessary. The 100 m·long chute is 
protected by a sin~P.e aerator between the crest piles. 

At the Nurek spdlway seven aerators were used, which Referencn 

• j 

! 
\. 

were formed by 40 em steps spaced every 20 m. It is 1. ··cavitation Casts Doubt on Karun Spillway Design", World Watt-r: 
kn h · 'd d June 1979. own t at aerat1on was cons1 ere to be excessive, and 2. PINTo. N. L DE s.. -cavita~;ao c .. acra(jao em lluxos de alta 

-some aerators have been eliminated. vcloc:idadc", Cthpar, No. 35, Curitiba. Brazil; December 1979 . 
At the Foz do Areia spillway, .. aerators wer~ spaced at 3. P!mRXA. A. J .• "The Effect of Entrained Air on Cavitation Pining". 

72 m and.90 m, as shown in Fig. 8. Operation seems tob~· Joint Meeting PaperAIRH·ASCE, Minneapolis. Minnesota, USA; 
d t I h ~ 't · 'bl 1 d h h August 1953, ··· ·· ···· ····· .... 

~--~~9t1~1e·-~.!_Ou 1 lS not possJ e to.conc u e w et er . 4. RussEL. S. o. ANO.SHEEHAN .. G. J .• ~.:Effect of. Entrained Air on 
two aerators wou d h·ave been enough; · ··· - ·-- Cavitation·Damagc";CanadianioumalofCivi/ Enginuring, Vol. 1; 

For the Emborca\jao spillway, a project similar to Foz 1974. 
do Areia, under construction, the chute of which is 330m s. GAL.PERJN. R. s .. Osr.oLKov. A. G., SEMENKov. v. M. ANO 
long with an 18 per cent slope. two aerators 103m a~art TsEoRov. G. N., "Cavitation in Hydraulic: Structures", Ent-rgtya. 

I d h d b 
. . l 

1 
Moscow, USSR; 1m. ··· 

were p anne , t e secon one emg appronmate y m 6. STRAUB. L. G. AND ANDERSON. A. G .. "Self-aerated Flow in Open 
upstream from the flip bucket. Channels", Transactions ASC£. Vol. 125; 1960. 

The raising of the Guri spillway in Venezuela involves 7. "Foz do Areia Executive Project", Milder-Kaiser Engenharia. 
extensive use of aeration devices. Chute lengths down· Parana, Brazil; 1980. 

fr f 5 150 
& d'u 8. SEMENKOV. V. 5., AND LENTJAEV. L. D .• "Spillway Dams with 

stream om aerators vary rom to m ,or luerent AerationofthcFlowoverSpillways".Ascparatcpaper.Intemation· 
parts and phases of the works. al Commission on Large Dams, XI Congress, Madrid, 1973. 
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Susitna Joint Venture-
Mro Rodney Schu11ing 
Matanuska - Susitna Borough 
631 South Valley Way 
P.O. Box B 
Palmer, Alaska 99647 

Mr& Chris Beck 
Department of Natural Resources 
land & Resource Planning Section 
555 Cordova St. 
Pouch 7-005 
Anchorage, .Alaska· 99501 

i 
~--~~~~~--------August 23, 1983 

SUBJECT~ Comments on the Susitna Area Plan 

·Dear Mro Schulling & Mr. Beck: 

The Alaska Power Authority would like to bring to your atten­
tion a number of actual or potential actions on the part of the 
Power Authority that may influence decisions on the Susitna Area 
Plan; and reciprocally, action of the plan which may impact the 
Power Authority's Susitna Hydroelectric Project. Needless to say, 

the Power Authority would seek to develop projects in conformity to 
any stated land use plan, and thus we await with interest, the 
publication of the Susitna Area Plan. In the same manner, the 
Power Authority would also seek to comply with other management 
plans as stated by other agencies, for example, the Alaska Depart­
ment of Fish & Game. The Federal Energy Regulatory Commission 
(FERC) will encourage the Power Authority to seek accommodations 
between agencies and the Power Authority when conflicts arise over 
management objectives. The Susitna Area Plan offers an opportunity 
to develop a balanced project and thus reduce the potential for 
conflicting resource plans. 

listed below are a number of points which the Power Authority 
feels should be addressed by your Team in developing the Susitna 
Area Plan. 

· . 1. Land Acquisitions 

9795/045 

Project lands are described in the Application for 
license • Exhibit G, a copy of which you have. Exhibit G 
plates show project lands required for facilities includ­
ing; dam, powerhouse, service facilities, permanent 
village, the impoundment area, including a buffer zane 
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around the perimeter, access roads, and the transmission 
corridors. Timely acquisition of these lands is criti~al 
to the project schedule. The Susitna Area Plan should 
anticipate project development, facilitate the process of 
acquisition, and minimize conflicts or confusion with 
adjacent landowners or potential owners by incorporating· 
the project features a·s proposed. Also, some flexibility 
should be built into the plan to accommodate a limited 
number of potential project modifications that remain 
under active review. 

2. Land Status 

Ownership of lands in the project area is in a state of 
-flux as federal lands are transferred to the State and 
the Native Corporations and State lands are transferred 
to the borough and to private ownership. Expeditious 
resolution of land status is a prerequisite to the timely 
acquisition of project lands.~· 

3. Land Exchange 

There is the potential for the exchange of lands between 
the State and Native Corporations. If this mechanism is 
acceptable, the plan should identify lands that the State 
consid~rs_1j~g]_x_for_ex.cba·nge._As_ment1oned--in- the-pre= 
vious point, the State must be prepared to act in a·time­
ly manner regarding acquisition of project lands. The 
plan should address the potential shift of lands from 
private to public ownership. 

4. Temporary Land Use 

Some lands would be used only during construction stagg~ 
-···-·· --- - --of the· project; Management gu-idelines shouTa.penrilt­

f-lex-i-b-i-1-i-ty--i-n-a-rrang-i-ng-for- the- divers·e-l<i nos ·ort~e--m-==-p-~-~-­
orary users that may arise. In addition, the State 
should retain title of State lands until project related 
uses have been completed. 

5. Project Induced Growth 

9795/045 

While project induced growth may account for only a small 
portion of growth in the Matanuska-Susitna Borough, some 
of the growth would be located along the Parks Highway in 
areas that otherwise might develop much more slowly. It · 
is likely that demand for commercial and residential land 
in the area of Cantwell and Trapper Creek may press on 
available supplies. The Susitna Area Plan should accom­
modate a pattern of growth somewhat different than a 
withou~- project baseline condition. 
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6o Rights-of~Way 

9795/045 

Transmission line, road and railroad rights·-of-way would 
be required for project development and operationo 
Proposed access plans and transmission corridors have 
been identified in the License Application~ When dispos-
ing of lands these proposed rights-of-way should be . 
retained by the State to assure that the Power Authority 
does not have to buy back what was earlier State lande 
Persons seeking lands, especially remote parcels, should 
be apprised of project related developments that may be 
approximate to the lands they are co~sideringe 

The development of both the road system, electrical 
transmission systems and other utility alignments should 
proceed along a plan of integrated utility corridors. 
Adequate space should be provided in these corridors for 
future utility developmente Iden~ification of utility 
corridors should involve participation of the Power 
Authority as.well as local utilitiesQ 

Major policy issues remain to be solved with respect to 
public access to the project roads at the conclusion of 
the construction phase of the projecto The License 
Application addresses both recreation planning and fish 
and wildlife mitigation with public access being permit­
ted following construction.. Open access also conforms to 
the desires of the Native Corporations who will be the 
adjacent landowners.. Open access would provide a "worst 
case" scenario in the impact assessment/mitigation plan 
because such access would require the largest investments 
in a recreation plan and the greatest mitigation effort 
in the fish and wildlife plan.. As we have stated, this 
is a "worst case" analysis in the absence of a single, 
coherent management plan for the lands in the middle of 
Watana Basin. The Susitna Area Plan provides an oppor­
tune forum for the enunciation of a single management 
plan. Such a plan would provide a balance among the many 
conflicting goals for this area. The Power Authority 
looks forward to working with your team in developing a 
set of management criteria for the lands and waters of 
the Susitna project area. 

Current federal policy tolerates All Terrain Vehicles 
(ATV) access to federal lands in the area of the Susitna 
project. An understanding of the policy for the use of 
ATV 1 s on State lands would affect recreation planning. 

···--·----. _-.. ··:-·----. ---:=- --
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7. Wildlife Mitigation 
. . 

.. While the analysis of project impacts and mitigation 
plans is ongoing, a preliminary Wildli.fe Mitigation Plan 
is outlined in the license Application. The details of 
the plan will be refined in cooperation with resource 
agencies as infonnation improves, and as guidance becomes 
more focused. Nevertheless, at this time we can state 
some attributes of mitigations lands, the extent and 
location of such lands. 

A •.. Moose and Bear Mitigation land 

The license Application states that compensation for 
loss and alteration of habitat for moose, brown · 
bear, and black bear will be provided through 
habitat enhancement measures to be conducted on 
lands to be selected for this purpose. The lo­
cations of these lands have not been identified. 
The Power Authority wishes to ensure that selection 
of habitat enhancement lands is consistent with land 
use designations provided for in the.Susitna Area 
Plan and other State and Federal agency planning . 
documents. To this end, discussions have been 
initiated with the Alaska Department of Fish & Game. 
We.-look forward to the close involvement of your 
team in assisting the Power Authority to identify 
lands which are optimal for habitat enhancement and 
consistent with intended land uses. 

Several attributes of lands suitable for moose and 
bear habitat enhancement have been identified on a 
provisional basis. Approximately 20,000 acres of 

...... -·--···-·····---------- ___ Qublic _]_g_ncts. willJ~.e. .. re.guJte.d ___ fo.r this_ purpose. 

9795/045 

Enhancement measures \'li 11 Qotenti ally_incl ude ... _ 
controlled--burning, 1ogging, vegetation crushing, 
and land clearing. Selection of lands with rela­
tively low-productivity· vegetation ~ypes, such as 
woodland black spruce or mature cottonwood forest, 
will allow the greatest increase in habitat 
suitability and help to limit the total number of 
acres required f()r" enh~ncement. )\ccess and topogra­
phy will be important considerations in allowing 
habitat _enhancement measures to be implemented. 
Suitable compensation lands will have varied terrain 
consisting of moderate slopes and elevation 
gradients, with a high appropriation of relatively 
low, flat areas suitable as moose winter range. 
Proximity of compensation lands to areas utilized by 
recreational and subsistence hunters may also be 
desirable. We anticipate that more precise criteria 

. ·--·-··"·-· -·--··--·-·-· ---~-·-~ -~--·---·--....... -·-· _ ... 
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will be developed with the participation of your 
team, the Department of Fish & Game, and other 
agencieso 

B., Caribou Compensation 

The proposed access road from the Denali Highway to 
Watana Dam Site has been relocated west to minimize 
its effects upon the Nelchina caribou herd. The 
road will be constructed on a minimum berm to 
minimize interference with the movement of caribou. 
Nevertheless, there may be some·unavoidable impacts 
to the caribou herd related to the access road, con­
struction activity and/or the proposed reservoir. · 
Some compensating action may be required to assure 
the continued well being of the Nelchina caribou . 
herd~ The Power Authority will worR with resource·· 
management a·gencies to identify and effect measures 
to. maintain the Nelchina caribou herd. One measure 
which deserves serious consideration is the estab­
lishment of the Nelchina Special Use Area as pro-

. posed by the Alaska Department of Fish and Gameo 
This area would have as its northern boundary the 
southern bank of the Watana Reservoir. The manage­
ment objectives for this portion of the proposed 
lands could address these lands being within the 
Special. Use Area. 

8. Fisheries 

9795/045 

The primary objective of the aquatic mitigation program 
is to maintain natural or .semi-natural production in the 
aquatic habitat. This would be accomplished by means of 
appropriate flow release schedules and various kinds of 
modifications to the side channels and sloughse It is 
critical that the integrity of aquatic ecosystems be 
maintained if aquatic production is to be retained. It 
is likely, therefore, that the Power Authority would 
request Mineral Closing Orders to protect productive and 
or modified reaches. It.may be necessary to acquire Land 
Use or Special Land Use Permits to support the aquatic 
mitigation program. 

The Power Authority anticipates that water quality in the 
mainstream, sloughs, and tributaries will be maintained. 
by using your land use measures to protect these waters. 
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9o Recreation 

The interplay of alternate options for resource develop­
ment is particularly clear in the area of recreationo 
Most recreation activity would be directed at the harvest 

· of sport fish and game. To increase access and recrea­
tion opportunities would place additional demands on 
existing fish and game populations. This, by its nature, 
is usually considered an adverse impact for the popula­
tion. In addition, new us.ers would compete with existing 

. users. The Susitna Area Plan· should state clear guide­
lines for recreation activities in the area. The plans 
should support regional recreation plans, the necessity 
to· maintain healthy populations of sports fish and 
wildlife, and the interests. of landowners and land .· 
managers. The Susitna project recreation plan can then 
be brought into line with the area plan. 

. We appreciate your effort towards -integrating our concerns 
with respect to Susitna Hydroelectric Project with the Susitna area 
planning effort •. Please keep us informed regarding the status of 
-the Plan. and do not hesitate to contact us if we can participate 
more fully. 

Sincerely, · · _£!_ ..• · · -

-- ~-t/~~;t_~ 
~Deputy Project Manager, Environment 

RF:ms 

cc: · Corrmissioner Richard Lyon, DCED, Juneau 
·····-···-···----- ·-commis·sionerEsthe r·-wu nnicl<e·;··oNR·; Jrnreatr··-·--;-

---------sus·i-tna-A-rea-Plan-Study-Team-Memb·ers--------------­
Mr. Carl Yanagawa, ADF&G, Anchorage 
Mr. Jeff Smith, DC&RA, Anchorage 

. Mr. Ned Farquhar, DNR, Juneau 
f. Mr:" Dwi:ght· Gl asscock";'H:.E; Aifdforage·:;~':l·~=.. ,.;,::1--~ 
..:::: Ms :· D :--Jari'(f'o·ren'rian~·PM&~:"Wash i ngtcin'·:: o·~ c:"-n.i 
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1 - SUMMARY 

The range ecology group of the University of Alaska, Agricultural 

Experiment Station, was responsible for conducting browse Inventory and plant 

phenology studies tn the middle Susltna River Basin and a pre-burn Inventory 

and assessment study In the Alphabet Hills of southcentral Alaska. 

j A total of 47 sites were sampled from 27 July to 20 August,.1982, to 

measure canopy cover, shrub stem density, browse uti I lzatlon, browse 

]I avallabll tty, and current annual growth biomass In the browse Inventory study. 

• 

The 47 sites were classlfl.ed and grouped f.nto tO Level IV vegetation types 

based on Viereck et al.'s (1982) vegetation classlffcatton system. Five of 

the sampled vegetation types were forest: Open White Spruce, Open Black 

·Spruce, Woodland Spruce, Open Blrch Forest, .and Open Spruce-Birch Forest. 

Five of the sampled vegetation types were scrub: Dwarf Birch, Dwarf 

Blrch-Wll low, Open Erfcaceous Shrub Tundra, Ericaceous Shrub-Sphagnum Bog, and 

Low Willow Tundra. 

P!cea g!au~a was the dominant overstory tree In the· Open White Spruce and 

Woodland Spruce vegetation types while Picea mariana dominated the tree canopy 

In the Open Black Spruce vegetation type. In these 3 needleleaf forest types, 

---A+ous-s-1-n-uata -w.as_the only tall shrub, Betyla glaodylosa and Sal fx pulchra 
~ --·~-----------·---~ -------

were the domtnant--TOWsnn.nrs;-arrd~vace+n-t-um ul Jginosum, :/... yltrs:::ra-aea-~--a-n-d-----

Empetrum ntgrum were the dwarf shrubs with the htghest average canopy cover. 
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Petas Ites fr I g I dus and Corn us canadensIs .were the predoml nant forbs. Moss ' I 
covjr averaged 46$ In the needleleaf forest types. Ainu• stnuata, a. 
glandulos~, and ,S.. pulchca were the dominant shrubs producing leaf and twtg 

current annual growth biomass and gross available twig biomass In the 3 

needleleaf forest vegetation types. Percent utrJrzatron of these shrub 

specres ranged from Z% to 30% fn the needleleaf forest. Betula papyrffera 
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j and mixed prcea glauca ~ ~0 papyrrtera stands were the dominant overstory 

I I 

I I 
I 

I i 
I 

i 

cover In the Open Birch Forest and Open Spruce=Birch forest vegetation types, 

respectively. Alnus slnuata was the dominant tall shrub In these deciduous 

forest typese. Dryopterts spp., Epllobfum angustlfolfum 9 and Llnnaea borealis 

were the predominant forbs. 

Betula glandu!Osa had both the highest canopy cover, stem densltyp 

current annual growth biomass, and gross available twig biomass In the Dwarf 

Birch vegetation type of all vegetation types sampled. Percent utilization of 

twigs, however, was only 3%. Salix pulchra had low canopy cover and scattered 

distribution In· the. Dwarf Birch Type, but still averaged 14 kg/ha current 

annual twig growth biomass with 9% utfllzatfonc The Dwarf Birch-Willow 

vegetation type was only 1 of 2 types sampled where the low shrub ~. pulchra 

had canopy cover estimates approximately equal to or greater than ~0 

gfandulosa, although stem density estimates remained lowero Current annual 

growth biomass of both leaves and twigs of~. glandu!osa remained much higher. 

than for ~. pulchra. The erlcaceous shrubs vaccfnfum u! lgfnosum, !. 

vltrs-!daea, Empetrum nlgrum,· an~ Ledum groen!and!cum were dominant 

low-growing shrubs In the Open Erlcaceous Shrub Tundra and Erlcaceous 

Shrub-Sphagnum Bog vegetation types. Salix pu!cbra In the Low Wll low Tundra 

vegetation type had both the greatest canopy cover and stem density In the 

vegetation types sampled. 

The phenology study was lnltlated to evaluate forage avallabll lty for cow 

moose during. parturition along the canyon slopes above the middle Susltna 

River. If critical spring forage were found only In the potential Impoundment 

j area, then moose surv Ivai and reproduction may be Impacted by the reserve I r. 

Exclosures were erected In late May at 4 elevations along 4 transects (3 at 1 

transect) on south-facing slopes to protect plants from grazing. The 

- 2 -



exclosures were sampled and the corresponding north-facing slopes were 

observed at 7-day I nterva Is for p heno.l og f ca I deve I opment of the vegetatIon and 

evfdence of utilization by moose. These observatrons were made from 31 May to 

2 Ju 1 y 1982. Some genera I observatf ons were ·ma.de on a reconna f ssance survey d. 

on 15 and 16 May. Samples were also obtained at the end of the growing season 

from 31 August to 3 September 1982. 

Elevation within transect and transect J"ocatlon had a significant effect 

on soft temperature, plant canopy cover, and current growth biomass during the 

spring period. However, the effects of elevation were not consistent among 

transects. On some transects vegetation matured faster at the 

bottom-elevation site while on others It matured faster at the middle-slope. or 

at the highest elevations. Vegetation along one of the transects matured mtiC:h 

later than along any other transect. ·Timing of vegetafion development 

resulted from an._lnteractlon of climate, topography, and site history. 

plant maturation differed among species at the same site. 
·-·---··--~--·--------··--- -- ------~--~ ------- --·----

Some 

Most 

early-developing sites that were·~tudted were above the level of the potential 

Impoundment, but could be Influenced by mesocllmatlc changes created by the 

reservoir. 

Twenty-five sites were sampled for cover of shrubs, ·herbaceous plants, 

In the A I habet HI II s stuciy.area·. -The; densTfy.of . 

trees as wei I as tall and low shrubs was estimated at each sfte. Biomass and 

uti I fzatlon of major tall and low shrub twigs were also estimated. The s ltes 

examined were classified Into 5 vegetation types: Open White Spruce, Open 

Black Spruce, Woodland White Spruce, Dwarf Birch, and Dwarf Birch-Willow. 

Plcea glauca and f. marrana were the maJor tree species present In the study 

area. Betula glandulosa, Sal !x oulcbra, and Sal Jx gfauca were the most 

abundant low shrubs. U'tillzatlon was greatest for .S.. pylchra twigs. 

- 3 -
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Vaecfn!um spp~ and Empetrum nlgrum were th~ most abundant dwarf shrubs. 

Egulsetu~ spp., Cornus canadensis, and Petas!tes frfgfdus were the most 

abundant forbs. Car ex spp 0 were a l.so abundant, as well as bryophytes and 

I lchens. 

Vegetation type names were lndlcattve of the relative abundance of trees 

and/or shrubs In each type. Cover of herbaceous vascular plants was Inversely 

related to shrub density. ln the study area. Fire may Increase the potential 

Qf Open White Spruce, Open ~lack Spruce, and .Woodland White Spruce types as 

moose habitat. Shrubs that are major foods of moose tn Alaska exist in these 

types. In addition, the Dwarf Blrch-Wl I low srtes had the greatest density of 

those Important shrub species, presumably due to a relatively recent history 

of fire. 
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INTRODUCTION 

Without doubt the IT'OSt dramatic event on a northern river is the formation 
of a large ice jam. This can cause water levels that far exceed even the 
largest summer, or open water, flood levels, with obvious consequences for 
riverside communities and engineering structures. Figure 1 (a) compares 
breakup and summer flood levels for Fort Vermilion on the Peace River in 
Alberta. The location is shown in Figures I and 2 of Appendix I I. The 
dominance of the breakup water levels is obvious. The view from the front 
door of one of the rive.rside homes in the town during the fourth highest 
flood is shown in Figure l(b). Bridge superstructures must obviously be 
placed well above such levels to avoid the problems shown in Figures 2 and 
3, and deve·lopment located to avoid the problems shown in Figures 4 and 5. 

The sudden failure of ice jams can cause high velocity flow and the IT'Ovement 
down river of large ice floes at high water levels. It is noteworthy that 
each pier of the bridge recently constructed at Fort Vermilion was 
designed to resist the full ice load of 7 MN applied at the highest breakup 
stage shown in Figure 1 (a). Ice jams can also cause unusual scour both of 
the bed and banks, the latter more by the flow of water in unexpected 
locations rather than the physical abrasion of the ice. 

Ice jams are therefore an extremely important feature of river engineering 
in cold regions*. Yet, in comparison with summer floods, their character­
istics are poorly known. 

Jr 

-] 

Ice Jams can be very· local and very brief~ yet very damaging. In unpopulated 1/!f!lfft· .)· 
regions they are also unrecorded. These features make it desirable that 
the mechanics of ice jam formation and behaviour be understood because 
stat i st-i·ca·J reccrrcfs· of-··breakup wafer -1-eve ls are few a·ncr;-·more Tm-po-rtanf l y , -
unlike summer flood records, those few cannot be transposed to other 
locations along even the same rJver. 

ICE JAM TYPES AND CHARACTERISTICS 

Ice jams can be broadly classified on the basis of the season in which 
they form- freeze-up, winter and brea -and of their 

--------·- ·---------an-a-grounaeCJ-. ---·---------

Freeze-up Jams 

These form when the stream becomes gorged with frazil ice, as shown in 
Figure 6, or when the down-river passage of pancake ice becomes obstructed 
and a jam forms. 

Winter Jams 

These form when a mid-winter thaw causes breakup. By definition such a 
breakup does not extend over a long length of the stream. The supply of 
;': 

When defining the geogra~hical limits of cold regions it is well to 
recall events such as the ice jam in 1899 on the Mississippi River at 
New Orleans! (Gerdel, 1969). 
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ice floes ls therefore limited and the increase in discharge is of short 
durat io.n. These two features general Jy limit the magnitude of the water 
level tncreases. The major significance of such jams is that they refreeze 
forming a formidable obstruction for the subsequent spring breakup. This 
is· also a danger with freeze-up jams (for example, see Frankenstein 
and Assur, 1972). 

Breakup Jams 

Generally these are of most concern and form during the general spring 
· ice run. 

After initiation an ice jam. can develop into a floating or grounded 
ice jam •• 

Floating Jam 

This type of jam maintains a relatively unobstructed flow of water under 
its full length, except perhaps for a short section near the toe (down­
stream end) of the jam. It· seems to be the most common type of jam and 
is sketched in Figure 7(a). 

Grounded (or Dry) Jam 

In this jam type the ice accumulation extends to the stream bed over a 
considerable portion of the length of the jam. The jam then behaves much 
1 ike a rockfi ll dam, as shown in Figure· ?(b), with the character of the 
flow being that of flow through porous media .. High water levels can 
th·erefore be expected. · 

The discussion that follows deals with breakup jams. Such jams will 
obviously depend heavily on the time and manner of breakup. This is 
briefly reviewed first. 

BREAKUP AND ITS PREDICTION 

First, it is important to realise that there are some rivers in cold 
regions which rarely, if ever, experience a well-defined ice run. Such 
streams are generally braided and shallow with large expanses of ice 
frozen to the bed, such as the Delta River shown in Figure 8 (which is 
nowhere near a delta). Such.streams are very common in N.W. North America. 
However for streams in which an ice run is a regular feature, the nature 
of breakup at a given location depends on: 

( i ) 
( i i ) 

( i i i) 
( i v) 

(v) 

snow melt (magnitude and rate of rise of water level); 
thickness and strength of the ice cover; 
water level at freeze-up; 
quantity of ice moving down from U(:Stream and, last, 
but definitely not least; 
morphology of the rive.r. 



Breakup c3n progress upstream or downstream depending on the orientation 
of the river and its tributaries relative to the spring isotherms and 
the occurrence of snowmelt and/or spring rains. In many instances 
breakup occurs first along the central portions of a stream because of 
the breakup of a major tributary. However, no matter in which direction 
breakup progresses, it is a progression only in a very general sense; 
there are many local perturbations, these often taking the form of major 
ice jams. 

Breakup is instigated by changes in one or both of two features: water 
level and ice sheet strength. The ice can become so weak that a low 
flow is sufficient to fragment and move the ice out. In this case the 
ice run will be minor. At the other extreme the water level and flow 
can increase sufficiently to float a strong ice sheet free of the bed 
and banks and to fragment the ice sheet. For a competent ice cover it 
would seem breakup can only occur in an intermittent fashion, with ice 
jams forming, however briefly, to build up water levels and release 
surges. Such a surge will move ahead of the fragmented ice to keep the 
breakup front moving. As will be discussed later, the celerity of such 
surges can be very high. 

From the above discussion it would seem the three most pertinent para­
meters governing the moment and manner of breakup at a given location 
are; 

( i ) 

fiT) 
( i i i ) 

the difference in water level from that just after the forma­
tion of astabl~ ice cover during freeze-up, 6H;. -----­
ice th icl<.ness, t i; 
the number of degree days of thaw, S, which provides a measure 
of the ice strength. 

That item (i) is releva.nt is supported by the graphs shown in Figure 9, 
taken from Shuliakovskii (1963). Item (iii) is supported by the other 
graph shown. 

3. 

( 

If item (iii) . i_? __ imP.o.r.tant. there i.s J.Lttle-dsubt--t-ha·t--i-ce·-th+ckrre·s-s----·------······ -
~-~· -------------~-----~·--.. ~-~-~-·--- ·- SFIO_U_fd_iTSO--Ile- a par a meter l a 1 tho ugh i t __ ma_y~_Y-a.r:.y_J_Lt-tJ-e _____ £r:om-yea-r--t-s-----~-~-·- i 

r~ I 
------------,yJ.e~a~r~a~t~a~g'iven site. However, it should be remembered that the natural 

ice thickness can be modified by the-formation of a freeze-up jam, 
winter jam or aufeis. 

Presumably, for a given river morphology, the relation between breakup 
and these parameters will have the form: 

I 
l 
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Unfortunately no systematic evaluation of such a function has been 
reported in North America. About all that can be said at present i.s 
that breakup wi 11 not occur unti 1 about 30°C days hav·e accumulated and 
the water level has increased somewhat beyond that at freeze-up. 

The required i~crease in water level can be caused by snowmelt (or rain) 
or by an ice jam failure upstream. Either of these can occur on the 
.mainstream or an upstream tributary. 

To give some idea of the way breakup progresses Figure 10 shows a 
summary of the average breakup dates for the major streams in Alberta, 
Canada. There are several features of interest. As mentioned above, 
several streams breakup in their central reaches first, the breakup 
generally being triggered by breakup in a major tributary. This role of 
tributaries in causing breakup on the mainstream can be an important 
consideration. If the relative discharges of tributary and mainstream 
are changed (for example, by regulation or diversion) this wil 1 change 
the influence of the tributary on breakup in the mainstream, and, 
consequently, may change the frequency of ice jams at and near the 
confluence. 

Also of interest ln Figure 10 is the concentration of the isochrones at 
the Wabasca ~Peace confluence near Ft. Vermilion. This is probably 
indicative of ice jams at the confluence and suggests that, unlike the 
Smoky River near Peace River town, breakup on the 'Wabasca is not strong 
enough to cause breakup on the Peace River. 

In addition to being important in the spring, the risk of inducing 

4. 

breakup imposes important constraints on the allowable range of discharges 
from hydro-plants (Burgi et al., 1971; Pentland, 1973). 

Some field observations of breakup have been reported (eg. MacKay, 1965; 
Newbury, 1967; Johnson and Kistner, 1967; Nuttall, 1970; Slaughter and 
Samide, 1971; Sampson, 1973; McFadden and Collins, 1977); and Michel and 
Abdelnour (1975) have done some preliminary studies in the laboratory 
using simulated ice, but in general much of engineering significance 
remains to be learned about the common event called breakup. 

INITIATION OF ICE JAMS 

The initiation of ice jams during breakup will probably be a function of 
the same variables as breakup. Hence ice jams can be expected with 
large ice thickness, heavy snow accumulation and a large and rapid 
increase in temperature above freezing. On the other hand, ice jams are 
less likely if there has been little snow or there is a gradual onset of 
spring. If an ice jam forms its severity will be a function of the rate 
of rise of water level (and the associated velocity), the amount of ice 
travelling with the breakup front, and the nature of the obstacle that 
initiates the jam • 



Obviously with all these parameters fixed, the probability of a jam at a 
particular location will depend on the river morphology. This can at 
least be roughly analysed. Using a simple analysis Nuttall (1973) has 
shown that locations of large mean depth, relative of the ave·rage for 
the stream, cause an increase in concentration of floating ice and hence 
constitute an hydraulic obstruction to the passage of ice and increase 
the chance of jam initiation. Such locations will correspond to bends 
and narrows. At these locations, the plan form of the stream provides 
a further impediment to the passage of ice. The headwaters of reservoirs 
provide other examples and these are indeed a common location of ice 
jams. Sudden changes in slope from steep to flat also seem to be prime 
ice jam locations. This is presumably related to the deepening of the 
flow and the decrease in velocity. 

Such high ice concentrations can also be caused by physical obstructions 
such as islands and bars. A very common physical obstruction is the ice 
sheet on the river, particularly if it is thick or more shore- or 
bottom- fast than .normal (eg. because of freeze-up of winter jams, 
auf~is, or hanging dams). The mainstream ice cover is a frequent. cause 
of ice jams at the mouth of tributaries. 

The Athabasca River at Fort McMurray, Alberta, (see Figure 10), is an 
example of a location where both hydraulic (sudden decrease in slope and 
increase in depth and width) and physical obstructions (islands, bars, 
bend, wide ice sheet) exist. Not surprisingly, therefore, it is a 
location where ice jams form almost annua.lly. 

-F-b-OAT+NG--1 G-E- JAM.S-

Ice jam initiation has been briefly discussed. After initiation the 
future characteristics of a breakup jam deperfd on a ser!es o-f hydraulic 
and structural constraints. 

A general analytical framework for determining the major characteristics· 
of floating ice jams was established over a decade ago by Pariset and 
.Hausser (1961), Michel (1965) and Pari set, Hausser and Gagnon (1966). 

······ The··analys·i-s· ref+ected-that-of an ear Her i nvesti gati on-of-the--mechanics 

s. 

-----o-f-1-og----j-ams--tl-y-Kenned.y-(-1-9-58-)-.-Some.-r:e..f_Lnemen.ts_to_tbe_anaJ_y_s_Ls----"'LeLe,____· __ _ 
added by Uzuner and Kennedy (1976) but, as pointed out by Beltaos (1978), 
the essentials remained unchanged. The latter investigator applied the 
analysis to two natural ice jams on the Smoky and Wapiti Rivers in 
Albert~ with encouraging results. Another successful application is 
reported by Macdonald and Hopper (1972). Although further confirmation 
under field conditions is obviously desirable, the approach seems viable. 
It should therefore_be possible to determinereasonable values for·the 

-maximum b-reakup water levels at a site-caused-by steady floating ice 
jams, using records of past breakup C!Tscnarges. ~The-1atter·are·genera11y 

both transposable and available. 

Hydraulic Constraints 

If the surface velocity is low enough ice floes will simply accumulate 
against the solid ice cover or obstruction and the accumulation front will 

-,..._ 

move upstream to leave behind an accumulation one layer thick. · j 
. ' 
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However, if the velocity exceeds a critical value the ice_ floe will turn 
underwhen it contacts the obstruction, and will be entrained by the 
flow. Again depending on the flow velocity, it may then be deposited 
under the downstream ice cover or carried on downstream. 

The deposition velocity has yet to be investigated in any detail for 
freeze-up or breakup conditions. If the latter occurs the ice front 
cannot move upstream until some event occurs downstream to lower the 
velocity near the front. If the former occurs, floes will accumulate 
under the downstream ice cover until the obstruction is such that the 
surface velocity at the front is reduced and the impinging ice floes are 
not entrained. The froRt will then begin to move upstream and the 
process of entrainment, deposition and surface accumulation repeated. 
This will result in a steady progression of the front if another condi­
tion is satisfied. 

It is argued that there is a tendency for the front of such an accumu­
lation to be entrained by the flow as it moves under the accumulation. 
This requires a local acceleration of the flow which in turn requires a 
lower piezometric head downstream. This causes a lowering of the water 
level just downstream of the front, much like the lowering of the water 
level in subcritical flow over a hump in the bed. 

A simple analysis of the hydraulics of the situation along these lines 
suggests that the front will be engulfed when 

v = 

! il 
/g t ( 1 - s. ) 

I 

·where V is the average approach velocity, h the approach depth, t the 
accumulation thickness, and Si the relative density of the ice (Pariset, 
Hausser and Gagnon, 1966). A rearranged version of this relation is 
compared with experimental and field results in Figure 11. The agreement 
is noteable. Figure 11 indicates that an ice accumulation cannot progress 
upstream ifF= V/~> 0.16 and that the dimensionless thickness, 
t/h, of the front portion of the accumulation must be less than 0.33. 
Field measurements (Kivisild, 1959) suggest that the critical value of 
F is actually about 0.08-0. 10. 

If the approach velocity is such that F > 0.1 (e.g. about 1.1 m/s for 
10m depth) no accumulation is possible (i.e. any accumulation will be 
continually engulfed) until a backwater due to some obstruction down­
stream reduces the velocity below the maximum accumulation velocity. If 
this occurs the ac;umulation should then progress, leaving behind a 
thickness that, initially, is close to 1/3 of the flow depth. 

Such are the hydraulic restraints placed on a floating ice jam. 

Structural Constraints 

As an accumulation progresses upstream an increased area of accumulation 
is exposed to the drag of the flow passing underneath. This accumulated 
drag must be transferred back to the original obstruction, or to the 
banks of the stream. To transfer this load, the accumulation must be 
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strong enough to sustain it. As. pointed out by Pariset et a1. (1966) 
the compressive strength of the accumulation is a direct function of its 
thickness. If the thickness given by the hydro-dynamic constraints is 
insufficient to·sustain the Joad to be transferred, the accumulation 
will collapse or shove until it is thick enough. The channel is considered 
narrow if the maximum thickness of the accumulation given by the hydraulic 
constraints is sufficient to sustain the additional load from an advance 
of the front by shear on the banks. In this case the accumulation 
thickness is governed by the hydraulic constraints. 

The channel is considered wide if th~ accumulation shoves as it lengthens. 
The shoving increases the maximum thickne.ss until the drag added by an 
advance of the front is sustained by shear on the bank as shown in 
Figure 12. When this thickness is reached no additional load is trans­
ferred to the obstruction. Thereafter the maximum accumulation thickness 
remains the same despite a lengthening of the accumulation. The thickness 
left behind as.the accumulation advances is then governed by the strength 
of the accumulation - that is, by the structural restraint. Th:is maximum 
Ehickness has come to be called the equilibrium thickness. 

The strength of an accumulation of ice and therefore, in a wide river, 
its thickness depends on. parameters ]J:, which· is reI ated to the poros·i ty 
and internal friction of the accumulation, and Cj, a cohesion ~~rameter. 
The maximum accumulation thickness is given by (Michei, 1965; Pariset 
et al., 1966; Uzuner and Kennedy, 1976). 

2C. 
1Jp. (1 - s.)gt 2 - [(gp.S- -

8
1

)8} t- T B = 0 
I · I . I 

~~--- ~ - -·-----··~--~-·-·---- -
--~~~~-~-~e-·;:-~-\e~~--~h~-r-e-5 is t:he channel slope, B the channel width at 
~ accumulation, and T is the shear of the water on the 

• ,:-')(YJO:!L~ '""' accumulation as shown in Figure 13 • 

the bottom of the 
bottom of the 

. ,__ r ~&Y 

. t:o~ s 
Simi tar values of \.l have been determined from field measurements in at 
least two independent investigations (Pariset et al., 1966; Beltaos, 
1978) and these values are not inconsistent with thos,e found in the 
laboratory (Uzuner and Kennedy, 1976). From these invesiigations a 

----va-lue -.for lJ·of--1-.-2-seems·-rea son a b·J·e-.--·ti-e-t·l-e-isn<:nown-abou t tne cones ion·--:--- . 
_________ .p_a_r:ame.ter-,-exeep.t-tha-t-i-t-s-e-f-f-ecz..t-seems-to-be-sma-1-1-i-n-b·reakup-Jams . 

.. ~- . -- ~ --.----~-

Laboratory tests suggest C. = 100 - 500 Pa~ 
I 

For uniform flow under the accumulation 

T = pgh.S 
I 

in which hi is the distance from the bottom of the ice accumulation to 
the maximum velocity polnt. The ratio hi/hj, where-hj is the--depth of 
flow beneath the jam, can be found from given roughnesses by 

h. 
I h:- = 
J I + k -1!4 

r 

where k 
r 

k. 
I 

= kb 

.AIIf.)t 

I l 
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In turn, h. can be found from 
J 

V. 
R ....L ... :Ls Ink+ 6.2 v ~': 

h. 
_L ..J.. where v. "" R = 

J h.B 2 
J 

1 + k l/4 

kb( 
r 

) "' I9RS k = v* = 2 

The roughness of the ice cover seems to be related to the thickness of 
the ice cover (Kennedy, 1958; Nezhikhovskiy, 1964; Tatinclaux and Cheng, 
1978) and, reason would suggest, the size of the ice floes. That is -

k. 
I - = 9... 
I 

f(L) 
£.. 

I 

where 1j is a typical floe length. A crude es~imate of the form of this 
function is shown in Figure 14. 

To calculate the equilibrium accumulation thickness all these 
relations must be satisfied simultaneously. A suggested procedure is 

1. Estimate k. 
I 

2. .Calculate h. 
J 

3. Determine B 

4. Calculate h. 
I 

s. Calculate 1: 

6. Calculate t 

7. Calculate 
water level = h. + 0.9t 

J 

A typical calculation is detailed in Appendix I. Consideration of the 
above will indicate that the increased water level is caused both by the 
additional roughness, and the additional thickness of the accumulation, 
over that of the normal solid ice cover.• On large flat rivers the 
former is the more important influence. In smaller steep streams the 
latter would probably be more important. 
Because it is .based on uniform flow calculations the above calculations 
give an estimate for the maximum level along a floating ice jam. However 
the actual water level will follow a gradually varied flow profile as 
sketched in Figure ?(a). An actual example is shown in Figure ?(c). The 
calculation of such profiles is not considered herein, but are 1 ittle 
more complicated than gradually varied flow calculations for normal 
open channel situations if the downstream boundary condition can be 
determined. This however is difficult at present. 

It is important to keep this open channel behaviour of ice covered 
channels in mind when assessing water levels along such channels. 

* If the ln expression for velocity is reolaced by a power function 
approximation, steps 4-7 collapse into the eval~ation of the single 
expression given in Appendix 1. If, further, 8 varies little •.::ith h., 
over the values of ~- of interest, this wo~ld include steps 2 and 3Jtoc. 
The siple relation f~r maximum ice jam stage that then results is 
given in Appendix 1 and shown in Figure 15. 

.;;; . 
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In all t!'!e above investigations the possibility of channel bed changes have 
not been c:onsid.ered. Yet such changes could have an important influence on 
the behaviour of the jam and the water levels it causes, and presumably on 
such engineering· structures as buried pipe! ines,, bridge piers or spur dykes 
that lie on or under the bed. A field observation of such scour is dis­
cussed below. A first attempt to calculate scour under a quasi-steady 
floa~ing ice jam has been reported by Mercer and Cooper (1977). 

Stability of Floating Ice Jams 

If the situation that prevailed at formation changes, the accumulation 
configuration may change. For example if the discharge increases the 
accumulation can be expected to shove and thicken. However, if the dis­
charge is reduced little should change, other than the water levels. 
Andres (1980) took advantage of this in their analysis of the 1978 ice jam 
at Fort Mc~urray. Likewise if the jam is thickened by the deposition of 
ice entrained upstream it sho~ld simply increase the upstream water levels. 
On the other hand, if the accumulation begins to melt it can become thin 
e~ough to be unstable and shove again. 

GROUNDED ICE JAMS 

) 

\ 

i f 

i \ 

These jams can be caused, for example, by the collapse of a floating ice 
jam, the sudden stoppage of ~ surge of ice ~nd water, or by blockage of the 
flow under a hanging dam. Given. the 1 imited and irregular depths of most 
natural channels, the formation of such jams is an obvious possibility. 

A/JFr' 

The destructive jams described by Barnes (1928) and Frankenstein and 
.. ~- -·-· ... Assur:-(-1~9-7'2-) ,--on the-A-l-l-egheny--and· +s·rae+-R+vers -respect+ve+y-,· we·re 

known t6 be grounded. The description of the Moira River ice jams at 
Belleville (Lathem, 1974) suggests that they only became threatening 
whe.n the passage under the ice was blocked - that is, when the jam 
primed. Mathieu and Michel (1967) found that if the ratio of the flow 
depth beneath a floating jam was l.ess than the largest .dimension 6f the 
entrained floes, the jam would 'prime' and become a grounded jam. 

As stated by Michel (1971) "in such jams the headlosses are considerable 
--~---·--Gsmpal"ed--to-t-hose·-of~-a-s+mp+e··-[-f·J·oat·i·ng-J-Jam-.-n-nas-15een imposs l·ol'--=e:---.;t-=o--­

d.e.t.er:mine_these-J.o.sses-i-n-a--gener-a-1-manne-r--bec-a~;~s·e-o-f-the-s·eem+n·g+~-r ------­
fortuitous length of grounding in each case and the variable solidarity 
of the accumulation of the floes 11

• This states the problem succinctly. 
However, given the possibility that such jams may be responsible for the 
highest breakup water levels, much further work is required on this type 
of jam, if only to establish a reasonable upper limit on the high water 
levels possible. 

I 
_, I 
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ICE JAM FORMATION AND FAILURE: THE UNSTEADY CASE 

Almost all past work has been concerned with almost-steady flow past an 
ice jam. However an examination of reports recorded in archives and told 
by eye-witnesses reveals important features of observed ice jams that are 
difficult to explain from steady flow considerations.· A minor but typical 
example is provided by Johnson and Kistner (1967). During breakup of 
the Meade River on the north slope of Alaska 11 a flow of brownish river 
water about 40 em in height was progressing over the top of the river 
ice (June 7) ••. at the pace- or a fast walk, perhaps 8 km/h. A floe 
[sic] of jumbled ice blocks choked the channel behind the slush wave. 
This ice flow [sic] at times overflowed the unbroken ice or simply 
created ice b.locks as. it advanced. The advancing ice flow [sic] with 
its slurry of water and ice blocks jammed quite suddenly when it reached 
a narrowing of the channel 0.5 km below camp. The river;, now completely 
choked with jumbled ice blocks, rose rapidly, about 2m in 1.5 hours 

On the afternoon of the 10th a very high water level allowed the ice jam 
to slip downstream ..• evidently a similar ice jam had broken upstream ... 
this time considerable ice arrived from upstream and the river was choked 
with ice blocks for several kilometres upstream [see Fig~re 16a]. On 
the night of the 11th the entire ice floe [sic] broke.:-•. After the 
dam [sic] released, the river level dropped briefly on the 11th and again 
on the 13th leaving both banks lined with vertical cliffs of ice blocks 
3-4m high (Figure 16b). 

A characteristic of the more dramatic reports is the extremely rapid rise 
in water levels. For example, in the Athabasca River at Fort McMurray 
in 1B75 "in less than an hour the water rose 57 feet, flooding the whole 
flat and mowing down trees, some 3ft. diameter, 1 ike grass ... 11 (Moberly 
and Cameron, 1929); on the Peace River near the Mikkwa River confluence 
in 1886 "the ice in the Peace River struck during the night and about 
2 a.m. the water rose rapidly in the Red (Mikkwa] River. Two feet more 
of rise would have put it over the banks ••• 11 (Hudson's Bay Co. Journal, 
Red River, 1886); on the Athabasca River 35 km upstream of the House River 
confluence in 1936 ''During the night they [three menl awakened to find 
three feet of water in the room. Scrambling into some clothes they waded 
out and untied their horses and tried to find higher ground. The water 
rose so rapidly that all they could do was to climb a tree. Lee and 
Cinnamon got a safe one and climbed higher as the water rose. They 
could see Donaldson in difficulties and shouted to him, but he appeared 
unable to climb or the sapling would not support him and he gradually 
sank out of sight ... 11 (Athabasca Echo, 27 April 1936, Athabasca, 
Alberta); on the Red Deer River near Red Deer the water rose 11m in 
about 3 hours and removed the superstructure of a CNR bridge (Morris, 
1976). 

Such rapid increases can only be explained by the action of surges created 
by the failure, and perhaps the reformation, of ice jams. That such 
surges occur is supported by the several reports in the lite~ature of 
very high velocities. For example Killaly (1887) observed 11 the ice [on 
the Missouri River] in the neighborhood of St. Joseph ... came down from 
above with a rush, causing a sudden rise in the river ••.• The river 
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foamed and hissed. The whole waterway was filled with broken ice grinding 
along the. bottom, and pitching and tossing on the surface. The water 
itself was not to be seen, as the mass of broken ice, and drift rolled by­
forest trees and masses of brush, wreckage of all sorts, whirling around, 
and forced into the air by the upward action of heaving ice. A gorge [jam] 
had broken above •••• 11 Doy I e ( 1977) reports on breakup in 1977 on the 
Athabasca.River at Fort McMurray: "Flood wave estimated to be 5 m high 
rushes downstream p~st bridge tossing ice blocks into air as it passes at 
an estimated velocity of 5 - 6 mfs••. With such behaviour possibly preceding 
the.formation of an ice jam it is difficult to imagine they would take up 
the orderly characteristics envisaged when analysing steady, floating jams. 
In particular, the increase~ possibility of priming a grourided ice jam when 
such 1 ice surges• are halted to. reform a jam is obvious. 

Consideration of the result of a sudden halting of such a surge suggests 
the answer to another anomaly. The quotation given above reports a 17 m 
increase in water ievel just after the passage of a surge on the Athabasca 
River at Fort McMurray in 1875. If this is simply caused by the pas?age of 
a surge released by an ice jam failure upstream, this ice jam would have 
nad to be at least double this height- say about 35m high. Although such 
an ice jam may be possible in the deep valley of the Athabasca River 
upstream of Fort McMurray, it is unlikely. However, if the consequence of 

·a surge reflection caused by the sudden reformation of the jam downstream 
of. Fort McMurray is considered, a much lower in it i a 1 surge, and hence a 
lower upstream ice jam, is required to explain the increase in water level 
noted. 

This 1 ine Rf reasoning, and the analysis of surges created by ice jam 
formation ~od failure has been pursued by Henderson and Gerard (1981). 
This anal~fis consi~ered t_~_*: __ c_~ns:qu~n-~e~~-.?_uddef'1_co'mplete ~ailur_g_ao_d ___ .... 

..... -----·-·- ·-··---~---subsequen·t-~reforma·tron· of 1ce Jams. It conf1 rmed the change 1n water level 
downstream of an ice jam immediately after failure cannot be more than half 
the initial water level difference across the jam. It also showed that 
extremely high velocities can be expected downstream of such a failure. A 
field example of high velocities after a partial jam failure has been 
reported by Gerard (1975). The 2-3m standing waves created by this sudden 
discharge is shown in Figure 17. Figure 18 shows another example on the 
Yellowstone River in Montana. Doyle (1977) reports velocities as high as 
6 m/s caused within anicejamas it readjusted wiJ:_bJo __ an __ Lce jam .. as. it 

··-··-··--·-~-:..-readjuste-d; Botn-He.nderson and -Gerard- (T98-! ran_d_ Be 1 taos and Kr i shnaQP-.a..,.,n'---~· 
--~~·-----(-1-98-1-)-,-~he-1-a·tte·r-usln·g-n·umer-i ca 1-eecfin i ques, have investigated the 

behaviour of the jam documented by Doyle (1977) and report good agreement 
between prediction and observation. Measurements of the propagation,of 
surges~ both in the upstream and downstream directions, have been reported 

:\ by Calkins (1981). Although often of short duration (from minutes to 
:iJI hours) the possibility of unusual scour by such events is obvious; to quote 

Killaly (1887) again 110n the 29-.th [February].a gorge occurred ..•. The 
·I' ',I river hurled itself, with great force, against dyke No. 6, and washed along 

its face ••• in a few hours the whole face of the dyke had been undermined; 
: J/ the channel having scoured out a depth of thirty-four feet (from the account 
. :: this seems to represent about 4 m of scour]. The dyke •turned over• !" 

BREAKUP WATER LEVELS 

As mentioned before, a major incentive for developing an understanding of 
ice jam behaviour is the need to predict breakup water levels for 
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river engineertng design purposes. These are often more important than 
water levels caused by summer, or open water, floods. They should 
therefore be subject to at least as much scrutiny in a river engineering 
investigation. 

Analytical Estimates 

Some indication of what these levels might be can be determined by 
analysis. 

Lower Bound 

If no ice jams are expected to form at the location of interest the 
breakup water level will be closely related to the freeze-up water 
level. As discussed previously indications are that, for a reasonably 
competent floating ice cqver, breakup will occur when the wa~er level 
rises about a metre or so above the maximum winter stage. This relation 
can be refined for a particular site if some observations on the time of 
breakup are available. 

After the relationship has been established breakup water levels for 
various past years can be estimated from winter discharge records and 
estimates of the thickness and roughness of the ice cover at the time of 
maximum winter stage. A probability analysis can be carried out on 
these estimates to fix a tower bound on the breakup stage distribution. 
It should be noted that in many locations these no-ice-jam levels will 
be above the 2-5 year summer flood levels. 

Upper Bound 

On the assumption that only floating jams can form and that they form 
downstream of the site each year, an upper bound for the probability 
distribution of breakup water levels can be estimated using discharge 
records and the analysis of floa~ing ice jams described above. 

If no grounded jams form the actual probability distribution should be 
somewhere between these bounds, depending on the probability of an ice 
jam forming in the reach each year. Unfortunately, this probability is 
difficult to determine. The other limitation on the above analysis is 
that jams other than simple floating jams may form in or near the reach 
of interest~ As pointed out above, the present understanding of breakup 
events other than quazi-steady floating jams is very poor. 

Hence because of these limitations on the current ice j~m state-of-the­
art, the above deterministic estimates must be supplemented by as much 
information on actual past breakup water levels as possible. 

Empirical Estimates 

As noted previously breakup water levels are very site-specific. 
Therefore to be useful the water level records must come from very near 
the site of interest. Sometimes information is available from residents, 
whether permanent or itinerant (eg. farmers, trappers). Other times 
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information can be gleened from archives of a nearby community (newspapers, 
biographies, maintenance records, ,journals, family photographs, etc.). 
In some cases a standard hydrometric gauge is installed in or near the 
reach» although failure of these installations during breakup is common. 
If such a gauge exists the original chart recordings or field notes must 
be examine~. If an i~e jam did form the water level changes may be rapid 
and will make interpretation of the chart difficult. An example is shown 
in Figure 19. 

How.ever, more often than not, there are neither inhabitants nor gauges 
near the reach of interest. The only available information is then that 
which. can be deduced from environmental evidence such as trim 1 ines, 
windrows, and damaged vegetation. Of the la.tter the most important items 
are the ice scars left on trees by high ice, an exampl~ of which is shown 
in Figure 20. The elevationsof these scars provide a lower bound on the 
higher breakup water levels that have occurred during the life of the 
trees. If the scars are sampled as shown in Figure 21, and their age 
determined by tree-ring dating (Sigafoos, 1964; Parker and Lozsa, 1973), an 
approximate history of past high breakup water levels can be reconstructed. 
A typical record completed in this way is shown in Figure 22. 

···, .... ---

. . 
On the basis of this observational data, both historical and environmental, 
another estimate of the breakup water level probability distribution can 
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be made. A method for carrying out a probability analysis of such unorthodox 
data is described by Ger'ard and Karpuk (1979)', exerpts of which are ·-; 
included herein as Appendix II. 

··-··~···· _ ... . _,4.n eng.ineering-asses sment- of the resul ts··of-the analyt ital arfcf empi f rc·a·l 
investigations will allow a compromise probability distribution for 
breakup water 1 eve 1 s to be chosen. This shou 1 d then be combined w.i th the 
estimated probability distribution for summer floods to get the required 
probability distribution for design. 

Joint Probability Analysis 

The two types of floods are more or less independent ~l'l_d_a!"..e _r:!ot .. ~~-~~-all'f 
·-·exc+us+ve · (i e~ both can occur i·r; a given )iea·r·r: Hence the: p robab i 1 i t y 

________ o,f.......one-or-bo.t.h-exGeed-i-ng-a~g·i·ven··s·tage-i·n-a~year;-·P~. ~;·s-gi ven -~--~··-·~-----· 

where Pb 

p 
s 

p = Pb + Ps - pbps 

= probability of a breakup flood exceeding the chosen stage 
in a year; 

This joint probability will obviously be hioher than either of the other 
two. A typical situation is shown in Figur~ 1 (a). 

Maximum 1 Probable 1 Breakup Water Levels 

As for summer floods it is very useful to have some estimate of the 
maximum breakup water level that could occur. Like all things associated 
with ice jams, this is difficult to assess. The potential is exemplified 

\ 
·J 

. I 

I i 

' l 



I 
I 
l 

I I 
I j; 

l. 

I 
.l 

.I 

14. 

by the following description of an ice jam on the Yukon River (Henry, 
1965): 11The highest jam causing the greatest depth of.flooding, according 
to reliable reports, occurred at Ruby, Alaska. Ruby is bu i 1 t on a 
hillside, one of the few villages situated welt above the river. In the 
spring of 1930 a big ice jam formed and the water backed up to the porch 
level of the present Northern Commercial Company store. Boats, tied to 
the porch, were at.least 35 feet above normal river levels. The river 
valley is 12. to 15 miles wide at Ruby and remains about the same for 
miles downstream. So the jam extended at least 15 miles across [sic] 
and rose to a height of 65 feet. No one knew the location of the blocking 

·jam down river. 11 · 

With a long well-gounded jam in an entrenched valley the water level is 
presumably limited only by the discharge and the supply of ice from 
upstream - the latter being a constraint that should not be overlooked. 
However, in a reach with a well-developed flood plain, water will be 
able to move around the toe if the water level rises above the flood 
plain. The maximum water level should then be a metre or so above the 
lowest passage on the flood plain. This mechanism limited the water 
level of the 1963 ice jam on the McLeod River in Alberta shown in 
Figure 23. (Note that !eve~ construction to provide protection against 
summer floods could remove this safety valve·.) 

Although a particular reach may be free of grounded jams it may still be 
within the backwater from a grounded jam in an entrenched reach down­
stream, or in the path of a surge released ~Y the sudden failure of one 
upstream. 

Hence at present little more than a qualitative assessment of maximum 
breakup water levels is possible, b~t nevertheless such an assessment 
should be made. 
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APPENDIX I 

Problem 

Determine the water level increase over open water caused by a floating 
lee jam formed on a river with the average cross~section geometry given 
below that is carrying a breakup discharge of 2500 m3/s. 

River Slope 
Bed Roughness kb 

0.00005 
0.3 m 

Cross-section geometry (defined from several cross~sections taken along 
the reach of interest). 

Surface Width 
(m) 

558 
616 
830 
881 

Assume u = 1.3 and C; = 200 Pa. 

Solution 

Average Depth 
(m) 

4~00 

4.80 
7.90 
8. lo 

First, as a convenience, graphically find the best-fit power law relation 
... betweeM,--the- sur-f-ace--wi-dt;h~and--average-depth·:-c · ----~-- ------- -- -~ - ----

1. Estimate the hydraulic roughness of the bottom of the ice accumulation 

k. = 3.6 m, say 
I 

Composite roughness of flow passage under the accumulation 

k. 
k I 

r = kb = 

• • k = 1.26 m 

3.6 
0.3 = 12 

2. Calculate depth of flow beneath the accumulation; From elementary 
hydraulics, for uniform flow in a wide channel: 

v - = 
v~': 

R 
2.5 In k + 6.2 
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where- R = 
n·. 
-L 0 

2 ' 

Q. = VA = 

v ... 
* 

and · B = 243 h~· 6 

J 

Solving for h. by iteration 
J 

h. = 7.8 m. 
J 

/9.81 X f X Q,QQQQ5 

3.: Determine the flow width immediately under the accumulation 

B = 243 h~· 6 = 833 m. 
J 

Calculate the distance from the underside of the accumulation to 
the plane of maximum velocity (or zero velocity gradient, hence 
zero shear stress). 

h. "" 
I 

h. 

(1 + k-l/~) 
r 

= 5.07 m 

s. A simple force balance for uniform flow in the upper portion of the 
flow gives 

6. 

T = pgh.S = 9.81 X 1000 X 5.0] X 0.00005 = 2.49 Pa 
I 

Calculate the equilibrium thickness of the accumulation 

2C. 
"UP. ( 1 - s.} gt 2 

- [ (gp. s - -6 I) B] t - T B =. 0 
I I I 

therefore 

(1.3 X 9.20 X (1- 0.92} X 9.81} t 2 J_.ra.- _}r .... _.... 
_........----")U' 

- ((920 X 9.81 X 0,00005 - 2 8~ X 833] t - 2.49 X 833 

939 t 2 + 24.1 t- 2074 = 0 

t = 1. 47 m 
. .~~· 

= 0 

This gives. kj = 5.4 m,.· which is somewhat different from that first 
assumed. Hence carrying out a second iteration gives 

k = 1. 64 m 
~· = 7.9 m ; V = 0.37 m/s 
h~ = 5.32 m 



·T 

t 
a 2e61 Pa 
= 1. 52 m 

The~efore accept the thfckness of the accumulation is 1.52 m. (Note how 
small this is. It is not known whether ice accumulations of such large 
rivers are indeed -so thin.) 

This gives a total depth of 

h = 7.9 + 0.9 x_l.52 = 9.3 m 

It is worth noting that this corresponds to the depth for a 20 year 
flood in this reach. 

For open water conditions 

v 
- =· v ~': 

R 
2.5 Ink+ 6.2 

solution oj which gives h = 5.5 m. 

Hence the water level increase caused by the ice accumulation is 

Approximate method 
·-· ·---·---~-- - --~-~-~---·--·· 

If the power function approximation for velocity is 

v = v* 
8.4 

R 1/s 
(-) 
k 

steps 4-7 reduce to the evaluation of the expression 

I 

where h h 
= ·!8 = ~ 

SB 
= ( 0.19qkl/s)3/s 

./ gS 

f[' . 
-- ·- ~-·--~---·----·- ·----~-----;· 

• /1 used vt z. . . 

Furthermore, if B varies I ittle over the range of h. of interest, this 
would include steps 2 and 3. J 

For example, in the present case, choosing B = 840 m, the above gives 
h = 8.7 m, a difference of only 6%. 
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Figure l(a) Comparison of breakup and summer flood stages, Peace River 
at Fort Vermilion, Alberta. 

Figure l(b) Surface of the 1963 ice jam on the Peace River at Fort 
Vermilion, Alberta. 
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Figure 2. 

Figure 3 
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Dead bridge, Milk River near Foremost, Alberta, 1952. 

Hissing spans, Red Deer River near Content, Alberta, 1928. 
( 

../ 

J 



Floodin& from lhc Susquehanna !liver . tossed 
uound boa as and · inunda~ CUI behind the Pcqu~ 

Susq~ehannai_i_c~ j~m watchetJ· 

.. 

Post Office and the Arrowhead Marina in P~va­
nia'Jlancaster County. An icc j~ ~~ «he fJoodin&-

Figure ~ Report on Susquehanna River jam 8 1978. 
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Near Silver· Creek, New York, flood waters left these chunks 
of ice and stranded many residents. (Wide World Photo) 
(from Troebst, 1963). 

·--·---------~---··-·---~- .. - - ..... 

Figure 6 Frazil ice jam on the Fox River after warm weather and rain 
opened channel, Februar-y 1961. (Photo by R.W. Gerdel). 
(from Gerdel. 1969). 

··~. 

: l 
1 I 

I I 

,,{ 

-· l I ), 

l 
I 



I \ 
\ 

I \ 
~ \ 

I 
I 
' I 
I ' 

\ 
J \\ 

\, \ 
I ' 

< \ 

I i 
' i 

\ 

\ 
' \ 

' \ 

I \ \ ' 

I, 

..1
• a!TI· ..aed tee Grounu 



] 
z 
2 ... 
~ ... 
..I ... 

260 

uo 

!40 

',:~ 

~·~ 
-e-e-tCE JAM Ill APRIL, i978 Q •18~0 C .. S 

I 

MOUNT Alit 
RAPIOS 

-'11-&-IC:E JAM ZOAPRII., 1978 O•IZ30CUS 

' ~~ 
..._ '-..._ ~~~ ----OP£11 WATER O•IB~OCNS 

',, ·~·,. 

-.oi.-6-ICE JAM Zl API!! I., 1978 0 • 850CNS 

' ~ ...... . ..... ' ....... i\ 
..... ___ ---.... .....~\\ 

.......... .... ..... 

............ --·----·--- .---
·~~­<:~.: 

NOBERL'I' 
RAP! OS 

.. acEWAN ----1-----
B~IOGE MOUTH OF THE 

CLEARWATER 
RIVE A 

wSC \3AlJGE 
170AOOI 

Z30~-------------r--------------r--------------r---------------r--------------~ 
3ZO 31~ 

Figure 7(c) 

310 300 
DISTANCE ( k m) 

'--'·-' 

Profiles of water levels through jammed reach of the 
Athabasca River at Fort McMurray, Alberta (Andres, 1980) 
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a. Near DoauellyllUI, donsueam viw. 

-·­'d; 

b. Four miles south ol DolUielly Dome, down­
stream view. 

l 

Figure 8 Delta River, Alaska (from Slaughter & Samide, 1971). 
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Figure 9 Relations between freeze-up, 

bre~k-up and degree-days of 
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(from Shul ~·akovski i, 1963). 
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FIG. 2.-ANALYSIS OF EQUIUBRIUJ,I CONDITIONS AT UP­
STREAM EDGE OF COVER 
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FIG. 3.-TIIICKNESS AT UPSTitEAt.l EDGE OF COVER 

Effects of hydraulic constraints (from Pariset. Hausser 
& Gagnon. 1966). 
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Figure 13 
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Drag and shear added by advance of upstream end of accumulation. 

Illustration of terms and velocity distribution under an ice 
accumulation. 
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Figure 14. Variation of hydraulic roughness of ice accumulations 
with accumulation thickness and floe size. 
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Figure 16 Meade River, Alaska during and after an ice jam (3-4 m high) 
(from Johnson & Kistner, 1967). 

Figure 17 Standing waves on ~thabasca ~ Figure 18 

River near Ft. McMurray, Alberta 
fo I 1 owing an 'ice jam fa i 1 u re, 197 4 
(from Gerard, 1975): 

..-.-. 

Floodwaters move swiftly down the 
Yellowstone River following. release 
of an ice jam downstream from tAe 
Lower Yellowstone Diversion 0< 

·February 16, 1971. 

(from Burgi, et al., 1971). 
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Figure 19 Gauge record of Athabasca River water levels 
if ice jam failure. 

km downstream 

Figure 20 Ice scarred tree, Smoky River, 
Alberta, 1979. 
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Figure 22 
Ice scar record, Peace River at Fort Vermilion, Alberta. 
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Figure 23 MeLeod River- iee jam at railway bridge. 
'6- 8 m above normal. 

Water level is 
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EXCERPT fROM GERARD AND KARPUK (1979) 

I 
ANALYSIS Of HISTORICAL DATA; PEDICli'TION STAGE I 

! 
The crux of the problem. of analyzin& such historidl data is to assign a 

rank and record length lo each reported flood peak. III js suggested here that 
this can best be done by introducin.g lhc concept of Ia 'ipcrccption stage" for 
each source of information. This is defined as abc st~gc above which it is 
estimated the source would •have provided informataon ion the flood peak in 
any given year. I i 
· For instance, the perception stage for a resident ~s l~al waler level below 
which i1 is estimated the maximum stasc in a given y~ar would have gone 
unnoticed, or nol be recalled, by abc resident. This s1tast may vary from year 
ao year for a particular resident. A rcsidcna living ~lo~c lo lhe river would 
be aware of relatively minor water level changes. If, ip la,tcr years, the resident 
moved to a location further from the river, only higher waacr levels would 
be noted and abc perception level should be raised a1cco,rdingly. Furthermore, 
as the years pass, recollection of individual lower wa

1
tcr ,level peals will fade, 

so that the perception stage should increase with disjam;e back in lime. Such 
changes in perception stage with lime would depend 1on :abc resident, bow abc 
interview was conducted, and whether the interviewer cbul~ prompt recollections. 
Durin& the interview, such features would have to be as~esscd, and abc perception 
stasc and its variation cstimalcd. ! i 

The perception stage for archival sources such as jbu~als, newspapers, and 
maintenance records is the minimum water .level thJt would have called for 
comment. This .level is estimated from the "feeling"! ga!ncd from all cnarics. 
Because abc information is recorded soon after lhc cv

1
c:nlj the perception stage 

for such sources will not require modification to allo~ f'Jr failing recollection. 
For bydromcaric records abc perception stage would be t,he ~inimum gage reading 
lhal could be recorded for any given year. : ' 

Similar assessmenls can be made for olher sourccsl, and i perception stage 
allocated to each source for' each year of record. ~be :perception stages so 
determined provide the means whereby lhe data fromlthc various sources can 
be merged to estimate the probability distribution. Th~ wqrtb of the perception 
stage follows from lhc fact lhat if the source was in Ia p,osition to notice and 
recall if this perception stage was exceeded, but JiJ./n't

1 
report it, it can be 

presumed lhe maximum water level was below the ~crc:eption stage for thai , 
year. This simple propeny of the perception stage a~lo~s for the syslematic 
analysis of historical cJata, as illustrated by examples in the ·following. Although 
the delermination of these perception stages will gcuciau~ be quue subJective, 
it is fell lhal this subjectivity is more than compcnsaicd \for by the objective 
analysis of the historical data it affords. I ' 

""""""'"'"" """'"' '"'"'""'"' s""-" o~• .. •l 
1 

To illustr. ae utility of .tJac perception stage concept data collected on 
I ' 

I 

--· i-

maximum spring breakup water levels in the reach of lhe Peace River through 
Fort Vermilion, Alberta will be used. Dcaails of this site arc shown in fiss. 
1-3. The information c:ollcclcd is summarized in fig. 4, lbc conslruclion of 
which is described in abc followins, in addition lo the sources of lhc data and 
interpretation of abc information obtained. A cross section of &he river al fort 
Vermilion is shown on fig. S. · 
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FIG. 1.-Locaclon Map Cl lkm "' 0.62 mll .. l 

Reddenllnte,;vlews.-Reliablc first-hand information from residents living near 
the river covered the period back to about 1912. lc was eslimated chat lhc: 
residents interviewed would have menlionc:d breakup water levels above al leasl 
abc l0.5-m stage. This was lhercforc chosen as the "perception and recall" 

·\~c: for the resident. inlervicws. The significance o~ this st~gc is &hal i~ 

.s high would have JUSI begun to ovcrlop abe low-lym& portaons of the i.. ., 

''------"' --=· 



and be about to nood the road lo the airfield. The Iauer providc4 the only 
access to this isolated co111munity at this lime of the year. Although lhe water 
would still be about l m below the bank at the selllemcnt itself, such a water 
level is obviously high and threatening, and would probably have been recalled. 

The early limit for "second-band" or "ancestral communication,'' is based 
on a statement quoted in a biography of Sheridan Lawrence, 1886-1952 (5): 

Never before in living memory, their native neighbours assured ahem, 
bad the Peace Jturle4 such havoc upon them las in !8881; never before 
bad a Oood of such proportion occurred. 

It is felt that a conservative limit on "livins memory" would be about 30 yr, 
so 1858 was chosen as the early limit for this source. In addition to the account 
in this biography, the 1888 Oood wu mentioned in resident interviews .as a 

FIG. 2.-Paaca River lookln!f Downetraam acroea Fort Vermilion on Right Bank 

result of conversations between present residents and "old timers" early in 
the cenlury. Such a source would also have an early limit of about 1860. The 
perception stage was chosen as 12.5 m because, at this level, general Oooding 
or the seulement would have begun and it is unlikely that a nood of this magnitude 
or higher would not have been mentioned in future conversations. 

lludsoo's Bay Company Arcblves.-Daily journals containing information on 
breakup water levels, wrillen by employees of the Hudson's Bay Company 
stationed at fort Vermilion, were available from the Manitoba Archives in 
Winnipeg for as far back as 1813. The perception stage for this source was 
chosen as 9.0 m. As indicated in fig. 5 the island opposite Fort Vermilion 
begics to Oood at this water level and, as there was generally a camp of free 
traders on &his island, Ibis Oooding would presumably have: been cause for 
com.ment. A perception stage considerably lower than that of present day residents 
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I 
or Fort Vermilion is also justified because events were rcfor1cd as they happened, 
and no recall is involved. As lhcse people were almost totally dependcnl .on 
the river for transport, communications, and, al.limc~. s~stenancc, &bey were 
also very sensitive to its behavior. : I / 

Pbolooraphs.-Photograpbs;taken by an employee or abe Experimental Farm 
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at Fort Vermilion were available for tbe breakup or 1950.1 The perception stage 
. ' ! 

i associated with this source was placed at tbe level ~t ,as fell would prompt 
a casual o' ·ter to 111kc a photograph or, perhaps mo~e imponanlly, would 
have made ,>holograph significant enough to be prJsc'}'ed. The chosen stage 
is shown in Fig. S. h can be seen that al this levellb~ ri~c:r would have looked 

I 

"full," being only a meter or so below Abe l-yr aurnmer flood stage. As abcrc 
i5 no information available on abc photographer's background, il i1 difficult 
to decide on a period &baa can reasonably be allocated fto tbis observation. 
It is possible abat the photographer was a casual visitor ~d in a position 10 
photograph breakup in only &hal one year, although abc fac:llhaa the photographs 
were preserved would suggest il was probably abc highest iD several years. 
Nevertheless il was thought prudent to associate only one year with thll source. 

llydromctrk Records.-The 4-yr period or record during breakup available 
hom abe Water Survey of Canada hydrometric gage at Fort Vermilion bas 
a minimum recordin& level of zero. This is therefore lllC perception .,.,C (or 
this source. 

The information·available from these four sources is summarized in ffi&. 4(a) . 
In tbis figure an open horizontal bar has been drawn at lbe estimated perception 
stasc for each source. Each bar was drawn lo extend over aU years alae source 

160 

~·~ . . ... ,.4.r . 
lelt · .... 

0 tOO 100 t.IO 1000 1100 1100 

p.ae .. 
ll•w.tuus . 
a1 aete 
.S.ac.e-•••• 

noo I tOO 

fAG. 5.~C~oaa S.H:tion ol Peac:a Rlvar a1 fort Vaimlllan (Sae fig. 3 for l.ocllltlcm 
Clm•UittU 

was in a position lo notice events durina breakup, regardles.s of wiJedler IIJat 
soun:e could provide quantitative Information· on breakup An thai year or nol. 
Thus, ror lbe resident interviews the horizontal bar is drawn from abc §)resenA 
back 10 1912; the bar for .. anccnslral communication .. was drawn from R860-19ll, 
the Iauer year beina when Jbc direct residcna interviews begin to Apply; for 
the Hudson's Bay Company journals Abc bar& were drawn across &be yean 
for which entries in the journals covered the breakup period, whether breakup 
was mentioned or not. Vertical bars for each year for wbich there was information 
on breakup stage were then drawn, extending from tbe perception ataac for 
the source to tbe maximum breakup stage estimate. 

These' operations resulted in tbe inilial summary diaaram shown in Fig. 4(a). 
The fmal summary diaaram required for the analysis (Fig. 4(b)J was prepared 
by block ins in the lowest perception bar crossing each year. 

Records beyond 1967 arc isnored for abe analysis described in ftbc foUowing. 
In tbis year a large dam across the Peace River in Bri&isb Colur 

1
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Dam) came uuo operl\tion and caused major changes in the natural now regime 
at Fort Vermilion. 

IJANI AND RtCORD bNOTH 

The summary diagram lfig. 4(b)l with the indicaacd perception ataaes, &llowa 
a rank and record length, which utilize:~ information from all sources, to be 
associated with each "peak." 

With this method or presentation, Abc number or years of record associated 
with each peak shown in given by the sum or aU years marked with a aolid 
bar at or below that peak. The rank of the peak is de&crmined by rankin& 
all peaks in &be group having a perception atagc equal IO or lower than the 
peak. 

The breakup wa&er level for 196S (9.8 m) can be used to illuauatc the reasoning 
behind the aforementioned criteria, and the advantages, ir aol the necessity, 
o( defming perception Stages. Jf a breakup Stage of this maeniludc (9.8 -m) 
had occurred durin& the years covered by abe Hudaon'a Bay Company journals 
it would have been reported, aiveg that the perception stage allocated to this 
source is concct. Therefore it can be assumed this breakup stage was not 
uceeded in the years covered by ahesc journals, except in ahosc years for 
which higher stases were actuaUy mentioned in the journals. Also. I he photograph 
taken in 19SO suggests that this breakup stage was not reached in that year 
citbcr. Therefore there arc records for S8 yr that would have been reported 
if Ibis stage bad been exceeded. This is the effective record length that can 
be associated with this peak. 

The years aoverncd by the perception stages of residents and hearsay cannot 
be included in this reco1d length because the chosen perception stages for lhese 
1ourccs arc above the peak. II is therefore presumed that they would not have 
been aware of, or would not have recailed, such low peaks. Even the years 
in which these two perceplion stages were exceeded cannot be included. These 
sources provided informalion for these years only because their perception stage 
was exceeded. The observations would therefore cause significant bias ifincludcd 
on &heir own. (fhe argument is probably not quite as definite as this. In certain 
ailuations the increased information provided by refeFring some ilages to 
perception levels lower than their source may more than compensate for a 
small amount of bias. For example, the Hudson's Bay Company journal for 
the year 1888 is missing. From other sources it is known that there was a 
very large flood in this year, and it is presumed the journal was lost in the 
flood. II is therefore felt that &he lillie bias introduced if abe perception stage 
for this year is placed at the Hudson Hay Company level, as indicated by 
the broken lines in Fig. 4(b), rather than at the higher level associated with 
the source or the information, is more than compensated for by the improvem~nt 
in the probability estimate of lhis peak. However, at present this can only 
be a subjective judgement. Further work, and perhaps, more information, is 
required to define criteria for such decisions.) 

h now remains to determine the rank of the 9.8-m stage.ln the 58-yr population 
defined by the perception stages lower than 9.8 m, a 9.8-m stage had been 
exceeded on three occasions-in 1876, 1888, and 1894 (note that the 1914 peak 
is not included). Therefore, the 1965 stage has rank 4. Similar arguments can 

be applied to the other .. peaks'• showo in fia. «i(b) lo arrive at the ranks and 
record lensths given in Table I. · 

l!lderem:e Stage and Probability Dlslrlbullon.-XR is uuended that the data listed 
in Table I be used to estimate the parameters or a selected probability dist~budon 
of annual maximum breakup stages. AI present &here 811 liltle indication or wha& 
probability distribution ia most appropriate lor Qhis parameter. Nevertheless 
h is possible to deduce some properties U1111 abc distribution should have. First 
Ahe lower limit or the distribution should be such thai alB possible :&Rages Ric 
above it. An obvious first choice for this limit is zero-flow sla$C• The upper 
Rimit of the distribution is that for which aU possible st.ges Ue bCiow il; this 
is more difficult to define. There is no doubA &hal &here is a phy:~ical upper 
limit to the maximum water level increase an icc jam can cause. fol!' example, 
in a su·cam with a broad flood plain it i11 difficult to imagine u h:e jam could 
cause the water level to rise too much beyond flood-plain level, •s ahen the 

TABLE 1.-Calculatlon ol Cumulative Pro!:aablllliaalor Recorded Maximum Breakup 
Stagaa on Peace River at Fort Vermilion 

Probability 
Stage, In of bain~ 

meters above greeter than 
zero flow Yaara oi or aquaB to, . 

Year elevation Rank record aa a percentage 
C1) C2t (3) (4) (5) 

8888 14.9 8 121 0.5 
1914 14.6 1 lll u 
1894 11.9 l lOS u 
1961 11.6 4 lOB 3.4 
8876 11.0 ,. 

108 .u 
!96S 9.8 ~ 58 6.2 
1950 8.S 2 s li 
1966 7.) l 4 3@ 

8961 • 5.5 l 4 62 
1964 4.9 4 ~ BS 

Willer is free to flow around the icc accMmuRatio811. 0~ Abe o&bcli band, & I!Ril'e&m 
entrenched in a narrow vaUey may DOl have ~him rcUc:f fac:Uiay and! llR ace jam 
could conceivably have no practical upper iimit. Thug, for abc sake or $cUeclin& 
a distribution to fil to the data, it is praclicaUy expedient and a Aufficie111~ 
appronimalion in many cases lo choose infmily !UI the upper llinia. Uowever, 
&be physical characteristics of the location should be kept very mucb an mind 
whe11 tryins to interpret or extrapolate the dAta. Another feature of the disaribuaoog 
that can be expected is that it wiD be skewed &owards the smaller &Sages. 

The _simplest and mos& convenient distribulion ahat satisfies these cons1rmi118s 
is a log-normal distribution; this distribution has been assumed iD this paper. , 
The probability estimates for each peal!: were ahereforc calculated using Abe 
formula (m - l/8)/(N + 1/4) (2). . 

Each probability estimate wiU have a diffcrena certainty and lhus when filling 
a line to the data each point should be given a different weight. This wei&ilt 



. j 

is usuaUy taken as being inversely proportionnl t~ the variance, whi~h. in l~m 
is simply proportional lo the: &quare of the cdnfidc:nce interval. To determine 
the confidence interval for a given observatio~ t~e variances of the cstima

1
~c:s 

of the population mean and variance arc required. These estimate&. lihould I be 
determined from the 'sample used to gel the\ ra~k of the given observation. 
i.e., observation~ ltaving a perception stage equal to or lower &han the pc:~k. 
However for the purpose of assigning wcights1 for a visual fit of the data .he 
approximate method suggcst'cd by Chow (l) was\us~d, with the required stand~rd 
deviation assumed equal to that give:~ by the linb initiaUy filled to the ddta. 
The: number of years of record .ass~gnc:.d to each p

1
cak\ was as prcv~ously dc:scrib~d. 

The assumed log-normal dtstnbutaon can be s~c:n to provade a reasonable: 
description of the brcalk:up 'data, although the lsirr!.ilarity of the stage rc:acbc:d 
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I I 
by the two highest icc tJams, suggests that there 1~ay be a physical limit o~ 
icc jam bciglu at about this elevation. Yet, as inditat~d by the El. 265-m contour 
(i.e., 21-m stage) show~ in fia. l, the topogra~hy i.of the reach is such thai 
it is difficult to rule out ,even higher icc jams. It ro~ld tbc:reforc sc:c:m prudent 
to assume thai this similarity of stage is a chanc~ happening and docs noa 
indicate an upper limit. i f 

SIONifiCAHCI oF let BnEAIIUP WAnll LEvELl I . [ 

To indicate the significance of icc jam stages J thJ hierarchy of flood stagd 
I I 

at fon Vermilion, as an. cumplc of whal might be ellpc:cted in o&her nonhero 
areas, abc cslimalcd distribution of summer Ooodls•atcs prior lo 1967 has been 
added Ill 1:ig. 6. (II is not uncommon to assume t~al \annual muimum summer, 

I ' __ , 

flood· discharges follow a log-normal dislribution. II is also common for abc 
logarithm of stage, when referred to a datum such abal zero stage corresponds 
co zero discharge, lo be liocarly related to lbe logarithm of discharge, particularly 
at high stage. The cumulative probability distributions of boah log-stage .and 
log-discharge should lbcrcforc be of abc same type. Thus, it ill ooa inappropriat~ 
to present maximum summer stages as a log-normal distribution.) II is apparent 
&hat icc breakup water levels dominate the distribution of annual maximum 
water levels for probabiliaics less &ban aboul 10~ (i.e., rc:lum periods grc:aacr 
than 10 yr), and ahal co derive Ibis distribution withoul aak~~ ~anlz.ance of 
icc breakup stages would be foUy. · 

The • usual compilaaion of historical data on high water include11 U.fonll!!lion 
from sources of varying rcliabilily. As a reaull it is difficule lo aUocale ~ rut 
and record leng~b to each reponed peak for abc purpose of es&iqlaling she 
probability of the peak. Because or &hill only lbc one or &wo hiJbcsl alasea 
in abc historical record arc commonly utilized in cslimaling a high water probabilily 
distribution, the major emphasis being placed on hydrometric records for which 
boih a 'rank and record length can usuaUy be simply allocated. Much potcntiaUy 
uscful'informalion in abc historical record is therefore rejected. This luxury 
can often be afforded for summer Ooods because of the availabiliay of hydrometric 
data and lbe case wilb which il can be transposed IO other localions. However. 
for icc breakup floods, which c:ao be very importanl in northern areas, oflcn 
the only source of inf'-'rmation is historical; data for other sites, even nearby 
sites on abc same stream, caonol be transposed. Thus, if a probJ&bility distribution 
is to be defined, historical data musl be utilized lo lbc fuUcsl. 

A simple method has been described ahal aUows abc systematic analysis o( 
historical data. The method was iUustraaed by applying il to data on maximum 
icc breakup stages coUcc&cd for abc Peace River at Fo11 Vcrmilio.- in nonhcm 
Alberta; Canada. The resulting probability dissribulioo was compared 10 &hal 
for summer Oood stages al this site ao emphasize &hal icc breakup slagcs \Can 
play a dominant role in defining the series of annual maxiqaum stages. 

1. Benson, M. A., "Uae of Historical Data In flood frequency Analy!ia,'' 1frDIII<ICIIona, 
American Geophysical Union, Vol. 18, No.3, June, 89~0. pp. 4111-424 .. 

1. Blom, G., Stalisllcal £stima1e11md Traf!sformt:d Bt:la·Yarhlblt:a, .1o1m Waley and Sonll, 
Inc.; New York, N.Y., 19S8. · · 

]. Chow. V. T., 1/andboak of Applied llydro/ov, McOraw-Hill Book Co., ~nc., foro:· to, 
Canada. 1964. · 

... D~tlrymple. T .• "flood frequency Analyses," AIOt!lltll ofllydrolal(l'. run J-l'lood 
Flow 1echnlqu~s. U.S. Gc:ologiul Survey Water Supply PMpc:r U4)-.',, 191.0. 

s. Myles, E. L .• TM Emperor of Peace River IIIB6-19.S2, CoupcriiliYc l'rc~s Limi&cd, 
Edmonton, Albcna, Can11da, 196S. 
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I ' ... I ., REFERENCE I.370ol 

:; 
.- EXHIBIT E 

Fish, Wtldlife, and Botantcal Resources 

Terrestrial Botanical Resources 

ALASKA FOWER AUTHORITY RESEONS! 
~0 AGENCY COMMENiS CN LICENSE 
APPLICATION; REFFEEICE TO 
CO.MMENT{S): I.370 

Conment 7 (p. E-3-225, para .. 2; p. E-3-240 .. para.. 2; p.. E-3-244, para. 3; 
Pe E-3-245,..para .. 3; p .. E-3-246? para. 5; p. E-3-247, para .. 2-4; p .. E-3-252,. 
para .. 5; p .. E-3-253, para. 1; p .. E-3-270, para .. 1; p. E-3-280, para .. S) 

Check and correct, as ne~essary, all calculations of land areas to be im­

pacted or mitigated. Discrepancies have been found within tables (e.g., 

Table E.3.83 totals for impoundment and for shrubland over the entire Watana 

facility} and between the text and calculations made from the tables. For 

example, on Po E~3-225 total direct vegetation removal due to Watana con­

struction is given as 16,582 ha 51 but this figure should take into account 

the 2128 ha of unvegetated area; on p •. E=3-245 51 the percentage of tot a 1 wet­

lands occupied by palustrine forested areas is not consisten~ with calcula­

tions made from Table E.3o82 •. Indicate whether unvegetated or disturbed 
" areas were included in the calc~pations for vegetation removals and whether 

unvegetated rocky areas were t.~~ated differently than river, 1 ake, or ice 

areas. 

Response 

A 11 figures of areas to be. impacted or mitigated have been checked and re­

calculated, and some have been re-measured. Tables E.3.79, E.3.80, E.3.83, 

E.3.84, E.3.85, and E.3.86 required corrections. The revised tables are 

attached, as are relevant portions of the text that subsequen.tly required 

modification. Unvegetated areas were not included in the calculations for 

vegetation removals, but disturbed areas were included. Unvegetated rocky 

areas were not treated differently from river, lake, or ice areas. 
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TABLE E.3.79: AREAS OF DIFFERENT VEGETATION TYPES TO BE CROSSED 

(REV I SED) BY WILLOW-TO-HEALY TRANSMISSION CORRIDOR* 

Percent 
Cover Type Hect·ares Acres of Total 

.. 
Moist tundra 58.5 144.5 3.8 
Wet tundra 116.4 287.6 7.5 

_ Alpine tundr-a 25.9 ... '64.1 1.7 
Bottomland spruce-

poplar forest 83.9 207.3 5.4 
Up 1 and spruce-

hardwood forest 455.8 1126.2 29.3 
-- -----1-owland-spr-uee-- --- --~---·-~----~-·-

~-~------··--·----· 

----~-
-- ~-~ 

hardwood forest 236.7 585.0 15.2 
Shrub 1 ands 443.9 1097.0 28.5 
Law brush, muskeg bog 134.7 322.8 8.6 

Total 1,555.8 3,844.5 100.0 
··--- -------- ·------· - - - -- ------ - -- -------- --·-----·· 

*Calculated from data in Table 22 from Commonwealth Associates (1982). The val­
ues here represent the widening of th~ corridor to 91 m (300 ft) from the 33 m 
(110 ft) given ·by Commonwealth Associ·ates (1982). Thus, the areas presented 
here represent a corrido~ width Df 58 m (190 ft)~ 
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TABLE E.3.80: AREAS OF EACH VEGETATION TYPE TO BE CROSSED BY 

WATANA-TO~GOLD CREEK TRANSMISSION CORRIDORS AND 
(REVISED) PERCENT TOTAL* FOR WATANA AND GOLD CREEK WATERSHEDS 

Watana to Devi 1 Canyon 
to Gold Creek***-Oevi 1 Canyon** 

Vegetation Type h·a acres %* . ha acres %* 

Forest 18.6 45.9 0.0 187.1 462.4 0.1 
Wood 1 and white spruce 8.7 21.5 0.0 24.6 60.8 0.0 
Woodland black spruce L2 2.9 0.0 
Open black spruce 3.9 9.7 0.0. 
Open birch 3.0 7 .3.·' 0. 3 
Closed birch ..; 4.9 12.~ 1.5 
C lased mixed 8.7 21.5 0.1 '150. 7 372.4 0.9 

Shrub land 291.4 720.2 0.0 
Open tall 41.7 103.1 0.1 
Closed Tall 65.5 161.8 0.1 
Birch 105.4 260.6 0.3 
Willow 13.3 32.9 0.1 
Low (mixed) 65.5 161.8 0.0 

Tundra 109.5 270.6 0.0 15.8 38.9 0.0 
Wet sedge-grass 15.8 38.9 0.3 
Sedge-grass (mesic) 2.9 7.2 o.o 
Sedge shrub 53.9 133.1 **** 
Mat and cushion 52.7 130.3 0.1 

Total 419.5 1036.7 0.0 202.9 501.3 0.0 

* Percent of total area of each vegetation type in entire Watana and Gold Creek 
watersheds, based on 1:250,000-scale mapping. (McKendrick et al. 1982). 

** Based on corridor width of 300 ft. 
*** Based on corridor width of 510 ft. 
**** Data not available for entire Watana and Gold Creek watersheds. 
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TABLE E.3.83: IIECTARES Of DIFFERENT VEG~TATION TYPES TO BE IMPACTED BY THE WATANA 
FACILITY COMPARED WITHITOTAL HECTARES Of THAT T~PE UPSTREAM Of 
GOLD CREEK IN THE SUSIJNA!WATERSHED AND IN THE ~REA WITHIN 16 km Of 
THE SUSITNA RIVER* (MODIFIED FROM MCKENDRICK ETIAL. 1982 

Dam and \ l Borrow 
'legetation Type 

forest 
Woodland black spruce 
Woodland white spruce 
Open black spruce 
Open white spruce 
Open birch 
Closed birch 
Closed balsam poplar 
Open mixed 
Closed mixed 

Tundra 
Wet sedge-grass 
Mat-and-cushion. 

Shrub land 
Open tall shrub 
Closed tall shrub 
Birch shrub 
Willow shrub 
Mixed low shrub 

Herbaceous 
Unvegetated 

Rock 
River 
Lake 

Total 

Spillways Impoundment Camp ·Village Airstrip A 

34**** 
8 

I 
13 

5 
7 

46 
6 

17 
I 

22 

13 
I 

12 

93 

I I 
1 Q784, 
3870 
1397, 

Z,\864: 
7691 
325 
460 

I 3! 
1}137\ 

'17~:1 
841 

I 

19741 
227 1 

2871 
44JI 
!66\ 

~~~I 
21o4 'I 

!59, 
2Q07 : 

138 I 

63 62 

34 35 

2g 27 

8 

a 

i 17 

' 1 J 
I 

4 

I . t 
14691i . 63 70 i17 

I ; I 
I I 

181 
179 

2 

70 

70 
81 

I 
I 
4 

75 

333 

Area given is above maximum impolundment fill level. :· . 
* 

D 

53 
16 

E 

l-80 

71 

62 

5 t, 

32 

a 
8 

224 

12 
8a 

124 

2 
2 

47 

287 180 

Areas' 
f. 

81 

69 

11 

199 

195 
4 

280 

H 

451 
224 

121 

106 

38 

17 
21 

489 

34 

15 

19 

34 

Total 

11798 
4297 

537 
3000 

a44 
326 
478 

3 
1460 
833 
162 

92 
70 

2404 
234 
317 
813 

87 
953 

45 
2128 

62' 
2019 

47 

16537 

· Percent of 
Watershed 
Tota 1 for 
That Type • 

3.4 
2.6 
2.6 
3.2 
3.2 

33.7 
148.0** 

*"'* 
6.3 
5.2 
0.1. 
1.9 
0.1 
0.4 
0.4 
0.4 
2.4 
D.9 
0.2 ...... 
0.9 
0.1 

13.8 
0.2 

LD 

of the Maclaren R:ver. 

Percent of 
(~m* 

Area For 
That Type 

8.3 
6.8 
4.0 

10.6 
a.1 

21.8 
20.6 
0.5 

15.4 
6.3 
0.1*"' 
2.6 
0. 1 ** 
1.4 
1.5 
2.0 
1.9 
1.0 
l.il 

250 .. 0** 
7.9 
0.4 

47.7 
0.8 

3.6 

An area 16 km (10 mi) on either \sid,e of the Susitna Rive~ from Gold Creek to the mouth 
** Hectares are apparently greater in [the impact_ areas than i'for the entire basin, because the basin was mapped at a much smaller 

scale, and many of the stands. did n'ot appear at that scale. 
*** Areas of this type were too small tp be mapped at the sc~le at which the watershed was 
•••• I hectare 2.471 acres. ' I 

mapped. 
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ABLE £.3.84: HECTARES OF DIFFERENT VEGETATION TYPES TO BE AFFECTED BY THE DEVIL 
CANYON FACILITY COMPARED WITH TOTAL HECTARES OF THAT TfPE IN THE 
WATANA AND GOLD CREEK WATERSHEDS AND IN THE AREA WITHIN 16 km OF 
THE SUSITNA RIVER* (MODIFIED FROM MCKENDRICK ET AL. ·1982). 

Dam and 
egetation Type Spillways 

orest 16**** 
Woodland black spruce 
Woodland white spruce 
Open black spruce 4 
Open white spruce 
Open birch 
Closed biich 3 
Open balsam poplar 
Closed balsam poplar 
Open mixed 7 
Closed mixed 2 

undra 
Wet sedge-grass 

hrubland 
Open tall shrub 
Closed tall shrub 
Birch shrub 
Will ow shrub 
Mixed low shrub 

nvegetated 2 
Rock 
River 1 
Lake 1 

Total lEl 

Impoundment 

2289 
133 

20 
300 
329 

57 
430 

6 
8 

279 
727 

11 
. 11 

70 
2 
1 

49 
14 

4 
826 

15 
810 

1 

3196 

Camp 

36 

36 

36 

Village 

39 

39 

39 

Borrow**** 
Area K Tota 1 

119 2499 
133 

20 
11 315 

329 
57 

433 
6 
8 

286 
108 912 

11 
11 

18 88 
2 
1 

18 67 
14 

4 
11 839 

15 
811 

11 13 

148 3437 

P.ercent of 
Watershed 
Total For 
That Type ... 

0.7 
0.1 
0. 1 
0.5 
0.5 
5. 9 . 

134.1** 
*** 
*** 
1.2 
5.7 
0.0 
0.2 
0.0 

. 0 0 0 
o.o 
0.2 
0.1 
0.0 
0.3 
.o.o 
5.5 
0.1 

0 .• 2 

Percent of 
16 km* 

Area For 
~ "i'ha t· .. lype 

1.8 
0.2 
0.2 

· Ll 
3.1 
3.8 

18.6 

L4 
3.0 
6.9 
o.o 
0.3 
0.1 
0.0 
0.0 
0.2 
0.2 
0.0 
3.1 
0.1 

19. 1 
o·. 2 

0.7 

An area 16 km (10 mi) on either side of the Susitna River from Gold Creek to the mouth of the 
Maclaren River. 

'* 

•** 
'*** 
'**** 

Hectares of closed birch are apparently greater in the impact areas than for the entire basins 
because the basin was mapped at a much smaller scale, and many of the closed birch stands did not 
appear at that scale. 
Balsam poplar stands were too small lo be mapped at the scale at which the watershed was mapped. 
1 hectare = 2.471 acr~s. 

Borrow area G (not in~luded) will consist of approximately 22 ha with stands of woodland and 
open black spruce, closed mixed forest, and open tall shtub. 
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TABILE\ E. 3.85: 
(REVISED) 

AREAS OFl EACH VEGETATION TYPE TO BE ClEARED fOR ACCESS, 
AND P~RCENT TOTAL* fOR WATANA AND GOlD CREEK WATERSHEDS 

; I 

Vegetation Type 

F~rest 1\ 

Woodland white spruce 
Open white spruce 
Woodland black\spruce 
Open black sprijce 
Open birch I · 
Closed birch ! 
Closed balsam J!)Oplar 
Open mixed I 
C lased mixed . 

Shrub land 
· Open tall 

C lased ta 11 
Birch (low) 
Willow (low) 
Mixed (low) 

I 

Tundra I 
, , Wet sedge-grass 
. • Sedge-grass (me

1
s ic) 

: Sedge-shrub 1 · 

: Mat and cushion .. 

Rock 

TOTAL 

I 

Denali Highway 
1 to Watana 
·. (Road) ** 

h~ acres · · % 

01.6 1.5 0.0 
liB 4.4 · 0.0 
. i-

:-

:-

8.8 21.8 0.0 

181.3 448.0 0.0 

78.t.9 194.9 0.2 
81~8 202.2 0.8 
20 .i6 50. 9 0. 0 

61;7 152.6 0.0 
12. !3 30. 5 0. 3 
17 .!6 43.6 0.0 

31.~8 78.5 0.1 

O.p 1.5 0.0 

254.~ 629.8 0.0 

Watana to 
Devil Canyon 

(Road) *** 

ha 

37.5 
5.7 

15.9 

0.4 

0.9 . 

4.0 
10.6 

103.7 
7.9 

22.1 
44.6 
5.3 

23.8 

21.6 
4.4 

7.5 
9.7 

acres %* 

92.8 0.0 
14.2 0.0 
39.3 o.o 
1.1 0.0 

2.2 0.3 

9.8 o.o 
26.2 0.1 

256.3 0.0 
19.6 o.o 
54.5 0.0 

110.2 0.1 
13.1· o.o 
58.9 0.0 

53.4 o.o 
10.9 0.1 

18.5 ***** 
24.0 o.o 

o.o 0.0 o.o 
162.8 402.5 0.0 

, ........ 
·•""' 

.., 
~·· 

De\lil Canyon 
to Gold Creek 
(Railroad)**** 

ha 

28.3 

1.5 
0.6 

0.3 
5.7 

20.2 

o.o 

0.8 
0.8 

acres %* 

3.7 o.o 
1.5 0.1 

o. 7 ***** 
14.1 o.o 
50.0 0.1 

0.0 

2.0 0.0 
2.0 o.o 

o.o o.o o.o 
29.1 72.0 o.o 

* Percent of tbt&l area of each vegetation type in entire Watana and Gold Creek watersheds 8 based 
:: :on 1:250,000tsca1e mapping (McKendrick et al. 1982). · 

**' :Based on clefr~ng w~dth of 120 rt. • 
**~ ,Based on cle,qng W!dth of 90 fL 
**** ·Based on clean'ng w1dth' of 50 ftl · 
*****Data not availdble for entire Watana and Gold Creek watersheds • 

. \ . 
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TABLE,E.3.86: AREAS OF DIFFERENT VEGETATION TYPES TO BE CROSSED 
BY TRANSMISSION CORRIDORS* 

,_ 

Healy to Willo.Y to Cook 
Fairbanks· 

Vegetation !yoe ha acres ha 

Forest 1034.9 2557.0 387.6 
Woodland spruce 47.5 117.4 57.4 
Op.en spruce 554.5 1370.1 29.5 
Closed spruce 16.2 40.1 56.8 
Open deciduous 93.9 . 231.9 
Closed deciduous 37.7 93.1 
Closed birch 44.6 
Woodland conifer-deciduous 9.3 22.9 
Open conifer-deciduous 159.3 393.7 30.7 
Closed conifer-deciduous 7.0 17.2 168.6 
Open spruce/open deciduous** 5.2 12.9 
Open spruce/wet sedge-grass/ 

open deciduous** 5.2 12.9 
Open spruce/low shrub/wet 

sedge-grass/open deciduous** 99.1 244.8 

Tundra 117.6 290.5 165.7 
Wet sedge-grass 103.1 254.8 165.7 
Sedge-grass (mesic) 6.4 15.7 
Sedge-shrub 8.1 20.0 

Shrub land 247.3 611.3 67.2 
Lo'*' mixed shrub 214.9 531.1 67.2 
Low shrub/wet sedge-grass** 32.4 80.2 

Disturbed 7.0 17.2 5.2 

River 20.9 51.5 

Total 1427.7 3527.5 625.7 

* Calculated from r~gures E.3.4B-50 and E.3.51-52. Right-of-way 
width was adjusted to 91 m (300 ft) along the entire corridor. 

Inlet 
acres 

957.7 
141.7 
73.0 

140.3 

110.2 

75.9 
416.6 

409.4 
409.4 

166.1 
166.1 

12.9 

1546.1 

** The Tanana Flats portion of the transmission corridor is an area of extremely 
complex mosaics of vegetation types. As a result, various complexes were 
recognized. 
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CHANGES IN THE TEXT OF THE BOTANICAL SECTION OF CHAPTER 3 RESULTING FROM 

CORRECTIONS OF BOTANICAL TABLES (the following sentences replace the corres-, 
p~nding sentences in the indicated paragraphs). 

l 

p.E-3-220, Spruce hardwood forests cover half (49.9 percent) of the total 

para. 1 area within the Willow-to-Healy transmission corridor. Upland -

spruce hardwood stands cover 1126 acres (456 ha}, lowland spruce 

hardwood stands cover 585 acres (237 ha), and bottom land spruce 

hardwood stands cover 207 acres ( 84 ha) • Shrub 1 ands are the 

next most predominant cover type (28o5 percent), occupying 1097 

acres (444 ha). 

p.E-3-220, · Almost 70 percent of the total area (1037 acres, 420 ha) within 

para. 2 the Watana-to-Devil Canyon section of the transmission corrida.r 

is shrubland. Predominant vegetation types crossed include open 

tall shrubland (103 acres, 42 ha), closed tall shrubland (162 

acres, 66 ha), low birch shrubland (261 acre5, 105 ha), low mix­

ed shrub land (162 acres, 66 ha), sedge-shrub tundra (133 acres, 

54 ha), and n:tat .and cushion tundra (130 acres, 53 ha). The 

De~LLC_aoy_on.~todntedie--<-Gold--G~eek-)--seet-i-on-of--the-tran·smi·s.;;-··· 

' 
sian corridor covers a total of 501 acres (203 ha), 372 acres 

(151 ha) of which is closed mixed forest. Smaller areas of 

wood 1 and white spruce (61 acres, 25 ha) and wet sedge-grass 

tundra (39 acres, 16 ha) are also crossed. 

__ ... ------ --····- .. _ p .E.,.,3 ... 225, . Constr-ucti-on of -the--Wat-an-a--deve·lopment-·will ·l"'esrne·-rn-·fne-arrect-
-------p-ara.-2 remova-1-of-llegetatlon wffnin an area of approximately 35,605 

acres (14,409 ha) covering a range of elevations from 1400 to 

2400 feet (430 to 730 m). In addition about 5,258 acres (2128 

ha) of unvegetated areas will be inundated or developed. Within 

__ :tbe. dam,_ spillway, and impoundment areas about · 36;~31 acres 

(14,784 __ ha) will be-disturbed -:bY <:on_str.ucti:on. and· _clearing 

operations. 
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p:~~3-240 5 Approximately 5700 acres {2305 ha) of forest and 170 acres 

parao 2 (70 ha) of shrub land ·Wi 11 be inundated or· cleared for the dam, 

spillways, and impoundment area (Table E.3.84}. 

p .E-3-243, Approximately 628 acres (254 ha) of primarily shrub and tundra 

para. 2 vegetation wi 11 be cleared along a 44 mile (71 km) corridor for 

the Denali Highway-to-Watana access route (Table E.3.85}. 

p.E-3-243, Construc.tion of this road wi 11 entai 1 clearing an additional 402 

para. 3 acres (163 ha) of roadway. A 12-mile (19 km) railroad extension 

between· Devi 1 Canyon and Gold Creek wi 11 be constructed on the 

south side of the Susitna River, removing an additional 72 acres 

(29 ha) of vegetation. 

p. E·-3-244, 

P.ara. 3 

Transmission corridors comprise a total of 10,460 acres 

(4233 ha) and wi 11 constitute another source of vegetation lass 

and/or disturbance (Tables E.3.79, E.3.80, and E.3.8~). The 

transmission lines from Healy to Fairbanks cover a total of 3528 

acres (1428 ha). Open spruce (1370 acres, 554 ha) constitutes 

the main vegetation type in the right-of-way. The Willow-to­

Cook Inlet transmission corridor (total cover 1546 acres, 626 

ha) wi 11 cross primarily closed coni fer-deci duaus forest ( 417 

acres, 169 ha) and sedge-grass tundra (409 acres, 166 ha). The 

Willow-to-Healy transmission corridor (3844 acres, 1556 ha) is 

composed primarily of upland spruce-hardwood forest (1126 acres, 

456 ha) and shrublands (1097 acres, 444 ha). Shrublands (720 

acres, 291 ha), forest (511 acres, 206 ha), and tundra (310 

acres, 125 ha) are included in the proposed right-of-way for the 

Watana-to-Gald Creek transmission corridor (total area 1538 

acres, 622 ha}. 

36-7-9 
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p~E-3~245, Far more potential wetland areas are included within the ~atana 

p~ra. 3 ·development (30,717 acres, 12,431 ha} than within the Devi 1 

Canyon project area (4,216 acres, 1,706 ha) (Table E.3.82). The 

. p.E-3-246, 

para. 5 

proportion of the area occupied by wetland types also differs 

within the two areas. Although potentia 1 pa 1 ustri ne forested 

areas occupy the greatest areal extent of wetland types in the 

Watana facility (66 percent of· total potential wetland), this 

type occupies 48 percent of the potential wetlands to be affect­

ed by the Devil Canyon facility. 

Direct losses for the Watana project include 31,300 acres 

(12,667 ha) of vegetation for the dam, impoundment and spillway 

(5,231 acrei,·2,117 ha of unvegetated area will also be disturb­

ed). An additional 4,300 acres (1,742 ha) have been designat~d 

for use .as camp, village, airstrip, and borrow·areas. These 

. potential losses account for only 1 percent of all vegetation in 

the Watana and Gold Creek basins, but 3.3 percent of the vegeta­

tion present in a 20 mile (32 km) wide area spanning the Susitna 

River from the mouth of the Maclaren River to Gold Creek. 

p.E-3-247, Direct losses of 1tegetation for the Devi 1 Canyon dam, spillway 

and impoundment areas will include 5,869 acres (2,386 ha) of 

forests, tundra, and shrub 1 and. 2046 acres (828 ha) of unvege­

tated land will also be disturbed (Table E.3.84). 

--------- ----- -- ~~ ---- ~ 

········-··-··-- ... ···-r:r:E:;;J;;247~ -Tne··wafanaaccess·raaif-Wf'IT. result-; na-·1 OS s of ap prox i rna te 1)' __ . 
para. 3 628 acres (254 ha) of mostly tundra and shrub land vegetation 

types. Addit1onal losses of about 402 acres (163 ha) for access 

roads and 72 acres (29 ha) for rail will be required for access 

to the Devil Canyon facility. 

--··-···- .... -·--· ... 
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p:E-3-247. Of the total 10,460 acres (4,233 ha) of vegetation on right-of-
para. 4 way for transmission lines, only a small fraction will need be 

i_ . 
subject to initial clearing, since there will be no clearing of 
low shrub or tundra typeso 

p.E-3-252, Without mitigation, construction of all project facilities would 
para. 5 remove vegetation from a_total of about 53,624 acres (21,701 ha) 

- to apportioned as follows: 
p.E-3-253, 
para. 2 

- Dams and spillways 
- Impoundments 
- Camps 
- Villages 
- Airstrip 
- Damsite borrow areas 
- ·Access borrow areas 

acres 
237 

36,959 
245 
250" 

42 
4,292 

35 
- Access routes 1~104 

- Transmission corridors* 10,460 

*Ground layer and soil will not be removed. 

hectares 
96 

14,957 
99 

101 
17 

1,737 
14 

447 
4, 233 

In addition 7,333 acres (2,968 ha) of unvegetated area will be 
disturbed. About 95 percent of this area is river channel with­
in the impoundment areas. 

Of this cumulative impact, vegetation removal resulting from 
dams and spillways, impoundments, access routes, and the Watana 
operational village will be permanent, accounting for about 70 
percent (38,454 acres, 15,562 ha). The remaining 30 percent 
(15,170 acres, 6,139 ha) will allow application of the following 
range of mitigation options. 
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ptf-3-256, The Denali Highway-to-Watana route will remove about 448 acres 

p~ra. 4 (181 ha) of shrub land and about 153 acres ( 62 ha) of tundra 

types, accounting for less than one percent of tot a 1 shrub 1 and 

~- or tundra in the Watana and Gold Creek watersheds- (Table 

Ee 3 .. 85). Only L5 acres (0.6 ha) of open white spruce forest 

wi 11 be affected, and the number of individual trees actually _ 

cut in this low density vegetation type will be statistically 

insignificant on a local o~ regional basis. 

p.E-3-257, About two-thirds (67 percent) of the route is shrubland (256 

para. 2 acres, 104 ha), about 20 percent is forest (93 acres, 38 ha) and 

15 percent is tundra (53 acres, 22 ha) (Table L3.85). 

p.E-3-257, The Devil Canyon-to-Gold Creek railroad route will traverse -para. 3 almost entirelY clos~d mixed forest (about 50 acres, 20 ha) and 

open mixed forest (about 14 acres, 6 ha) (Table E.3.85). 

p.E-3-258, Low abundance vegetation types which will receive the greatest 

para. 3 cumulat'ive impact from construction of the impoundments and 

1:9 __ ' 

p.E-3-259, 

para. 4 

Jtams_, _acces.L .. and tl"'.ansmission- -cor-1"-idor-s-,-and~a-1+- anc-illary- -­

facilities, will be open and closed birch forest, and wet 

sedge-grass tundra (Tables E.3.80 and E.3.83-E.3.85). A cumula-

tive total of 3221 acres (1303 ha) of open and closed birch for­

est could be affected by construction-related clearing between 

1985 and 2002. ~ased on the 1:63,360-scale mapping of the 20-

---·--------------------- -·--··-------------- ... mile- (-32--km)--st-r-ip- a-1 ongthe -Susi-tna -River- (the map sMwYn-g· ·tne 
----------:-------·ve·getati·on-of-·tne area i-rr-tne greatestaetai 1) (Table E.3.52), 

34 percent of the total 9,444 acres (3,822 ha) of this vegeta­

tion type could be removed by construction. About 3,143 acres 

( 1, 272 ha) or 33 percent of the tot a 1 coverage wi l1 be entirely 

removed_ by clearing of .the impoundments (Tables E.3.83 and 

E.3.84). The rema.ining 78 acres J32 ha) will be selectively 

cleared as discussed further below. 
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The other low=abundance vegetation type within the Watana and 

Gold Creek watersheds to be affected by construction, wet 

sedge~grass tundra; wi 11 be crossed by access and transmission 

corridors {82 acres, 33 ha) (Tables E.3.80, E.3.85) and inundat-

ed by the impoundment areas (235 acres, 95 ha) (Tables E.3.83, 

E.3.84). Borrow Area 0 (Figure E.3.37) will potentially remove _ 

an additional 20 acres {8 ha) (Table E.3.83). The siting of all 

pads, buildings, and other structural facilities has entirely 

avoided this vegetation type. The ref ore, a tot a 1 of 337 acres 

(136 ha) of wet sedge-grass tundra will be potentially affected 

by construction between 1985 and 2002. This cumulative impact 

represents about 4 percent of the total 8,691 acres (3,517 ha) 

present within the 20-mile (32 km) strip mapped at 1:63,360 

(Table E.3.52). Mitigative measures which will minimize drain--age alterations in this wet vegetation type are discussed in 

Section 3.4.2(c). 

In summary, siting of pads, buildings, the Watana airstrip, and 

other anci 11 ary facilities has minimized clearing requirements 

for low-abundance·vegetation types. As residual impact, the 

impoundments and access and transmission corrido.rs will remove 

about 34 ·percent of the birch forest, and 4 percent ··of the. wet 

sedge-grass tundra within the 20-mi le (32 km) strip mapped at 

1:63,360. 

p.E-3-270, In fact, as stated in Sections 3.3.4(a) and 3 .• 3.6(a)(iv), the 

para •. 1 10,460 acres (4,233 ha) required for transmission corridor 

rights-of-way will be cleared only to a limited extent, as 

explained in the following discussion. 
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p;"E~3.,274, Of the approximately 53,624 acres (21,701 ha) p_otentially sub-

para .. , .. 4 

to 
p.E-3-275 

parae 1 

ject to vegetation removal on a cumu 1 ati ve basis, about 30 per­

cent, or 15pl70 acres (6,139 ha), wi 11 allow application of 

mitigation measures discussed above. Approximately 46 the per­

cent of the total area covered by transmission corridors 

(4,812 acres, 1947 has, of the total 10,460 acres, 4,233 ha) 

wi 11 be left uncleared or partly c.leared. In addition, use of 

side-borrow and balanced· cut-and-fi 11 techniques far construc­

tion of the access roads and railroad extension wi 11 pr.otect up 

to 280 acres (112 ha) of vegetated area. 

Using the two examples cited above, measures to minimize vegeta­

tion removal will conserve about 5,092 acres (2059 ha), or up to 

about 35 percent of the land area in question. 

p .E-3-280, In sunmary, rectification will restore vegetation to · approxi­

para. 5 mately 3,209 acres (1,299 ha) temporarily lost to ancillary 

facilities. This represents about 6 percent of the cumulative 

total land area affected by direct lass of vegetation during 

____________________ --~--P-r:oJect __ cons_tr:u.ct.ton_and-oper-ation-(..53-,624-acr-es-,--2-l-,-701--ha-).--------- --

p~E-3-282, For the Susitna project, the cumulative area last in this way 

para. 3 will total about 38,454 acres (15,562 ha), _with 36,959 acres 

to (14,957 ha) covered by the impoundments. Actual acreages of 

p.E-3-282 vegetation types which will be removed were discussed previously 
.. - ----------- ---par-a.--4-------and--quant-if-ied--in--rab-les-E.-3.-83--and- E-.--J.-84-~ ------------------------------------

From the preceeding options aryalysis, it is evident that meas­

ures far minimization, rectification and reduction of vegetation 

loss will apply, at most, to about 30 percent (15,178 acres, 

6,139 ha) of the total area of vegetation which will be removed 

by the project. 
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C»ANGES IN THE TEXT AND TABLES OF THE WILDLIFE SECTION OF CHAPTER 3 RESULT­

I~G FROM. CORRECTIONS OF BOTANICAL TABLES (the following sentences replace 

'the corresponding sentences in the indicated paragraphs) e 

l 

p.E-3-461, Sentence 2. Should read: ••About 26,647 acres (10,784 ha) of 

para. 4 forest will be cl~ared.n 

p.E-3-463, Sentence 1. Should read: "An estimated 6175 acres (2499 ha) 

para. 4 will be cleared within the Devil Canyon impoundment area and an 

additional 519 acres of forest (210 ha) will be used for opera­

tional areas, campsites and borrow sites.•• 

p.E-3-476, Sentence 2. Should read: "The total area affected (8492 acres, 

para. 1 3437 ha) and the total percent of forested land affected (0.7 

percent) are much:small'er than in the Watana reservoir area ... 

p.E-3-498, Sentence 1. Should read: "Table E.3.166 indicates an order-of-

para. 4 magnitude estimate of 1,200 small to medium-sized breeding birds 

lost to the transmission line, less than 0.1 percent of the pop­

ulation within 16 km of the Susitna River between the Maclaren 

River and Gold Creek. 11 (This correction supercedes the Acres 

errata of 29 March 1983.) 

p.E-3-432, Sentence 1. Should read: "Based on the estimate of about one 

para. 4 wolverine per 40,320 acres (163 km2) derived in Section 

4.2.l(g}, the direct loss of over 40,846 acres (16,530 ha) caus­

ed by the Watana impoundment and faci 1 iti es would lower the 

carrying capacity by about two wo 1 veri nes. 11 

38-7-15 



ptE~3~441, 

p~ra. 2 

Table E.3.144 

~~~--~~~-- ~-~~- .--- ~---~ ~-~-----~~---~-

Sentence 2e Should read: "Using a figure of 11,798 ha of 

forest. habitat lost to the Watana impoundment area, borrow 

sites, constructi-on sites and camps, habitat' supporting 100 

marten (3.4 percent of the forested habitat in the Susitna 

·watershed upstream from Gold Creek) w_ou ld be lost." . 

. Under Permanent Habitat Loss, Watana alone: . the area 

affected by the access corridor should be changed from 192 

to 255 ha~ The area affected by the Access Corri dar from 

Denali Highway .. to Watana should be changed from 192 to 

255 ha. The area affected by the permanent village should 

be changed from 27 to 70 ha. The. area affected by the per­

manent airstrip should be changed from 47 to 17 ha. 

Under Permanent Habitat- Loss, Devi-l Canyon: the area 

affected by th~ access corridor should be changed from 218 

to 192 ha. The area affected by the access corridor from 

.Watana to Devil Canyon should be changed from 189 to 

163 ha. 
-~~~-~-----~--- ~----- ~-------~--~~ ~~----~~--~--~~~----~~~--

Under· Habitat Alteration and Temporary Habitat Loss, Watana 

alone: the ~rea affected by the transmission corridor from 

Watana to Oevi 1 Canyon should be changed from 379.8 to 

419 ha. The. area affected by the transmission corridor 

from. Devil Canyon to Gold Creek should be changed from 77.5 

Under Habitat Alteration and Temporary Habitat Loss, Devil 

Canyon: the area affected by the transmission corridor 

from Watana to Oevi 1 Canyon should be changed from 209 

additional to 0. The area affected by the transmission 

corri dar from Oevi 1 Canyon to Gold Creek should be changed 

from 0 to 84 additional ha. 
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Table E. 3.151 

Under {2) Habitat Alteration and Temporary Habitat Loss=~ 

transmission corridor. Sentence should read: 11 Nearly all 

152,000 ha of the corridor is likely to become winter habi­

tat of reasonable quality. to moose. No. existing winter 

habitat will be made unusable. Corridor will.be maintained 

in early succession throughout the life of the projecte 11 

N~xt sentence should read: 110rifting snow is unlikely to 

be a significant factor in the 300-foot corridor and wi 1t 

not reduce forage availability." 

Under {5) Increased Human Access-hunting and poaching. 

Sentence should read: 11 Much of the current harvest is ill­

egal ~nd the i 11ega 1 harvest wi 11 increase in the absence 

of better control. Current legal harve~t is unlimited (~o 

bag limit) and harvest is likely to increase. The current 

annual take is 40-45% of the population. 
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REFERENCE I.370.2 

.-

AlASKA EO~ER AUTHORITY BESEONS1 
TO AGENCY CO.MMEN'.rS ON LICENSE 
APPLICATION; REFERENCE TC 
COMMENT{S): I.370 

'' -----------~-------------- --· 

All figures of areas to be impacted or mitigated have been checked and re-

calculated, and some have been re-measured. Tables J!:.3.79, E.3.86 and 

E. 3.144 required corrections. These tables, as well as Tables. E.3.80, 

E.3.83, E.3.84, and E.3.85 (previously revised in Suppplemental Information 

Request Response 3-B-7) are attached, as are relevant portions of the text 

that subsequently required modification. Unvegetated areas were not 

included in the calculations for vegetation removals, but disturbed areas 

were inc 1 uded. Unvegetated rocky areas were not treated differently from 

river," lake, or ice areas. 
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r TABLE E.3.79: AREAS OF DIFFERENT VEGETATION TYPES TO BE CROSSED 

(REVISED) BY WILLOW-TO-HEALY TRANSMISSION CORRIDOR* 

Cover Type 

Moist tundra 

Wet tundra 

·Alpine tundra 

Bottomland spruce-

poplar forest 

Upland spruce-

hardwood forest 

Lowland spruce-

..... h.grdwoQ<;l fp_r_es.t ... 

Shrub lands 

Healy to** 

Gold Creek 
.. 

Acres (Ha) 

187(75) 

30 ( 12) 

10(4) 

473 (189) 

699 (280) 

Low brush, muskeg bog --

Total 1,399(560) 

Gold Creek*** 

fo Willow 

Acres (Ha) 

174(70) 

17(7). 

261(104) 

296(118) 

662 ( 265) 

209 (83) 

419(168) 

2,038(815) 

Healy to 

Willow 

Acres (Ha) 

174(70) 

187(75) 

47 ( 19) 

271 (108) 

769(307) 

662(265) 

~~·~ -- -·--- -·· 

908(363) 

419(168) 

3, 43 7 < 1 , 3 is ) 

Percent 

of Total 

5.0 

5.4 

1.4 

7.9 

22.4 

19.3 

26.4 

12.2 

100.0 

* Calculated from vegetation maps in Commonwealth Associates Environmental 

Assessment Report (EAR), March, 1982. 

** Healy to Gold Creek right-of-way width used was 130 feet (300 feet minus 

Inter tie F/1 of 170 feet). 

*** Willow to Gold Creek right-:of-way width used was 230 feet (400 feet minus 

Intertie R/{ of 170 feet). 
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TABLE Ee3.80: AREAS OF EACH VEGETATION TYPE TO BE CROSSED BY 
WATANA-TO-GOLO CREEK TRANSMISSION CORRIDORS AND 

(REVISED) PERCENT TOTAL* FOR WATANA AND GOLD CREEK WATERSHEDS 

Watana to Devil Canyon 
Oevi 1 Canyon** to Gold Creek***:. 

veeetation Tyee ha acres %* ha acres %* 

Forest 18.6 45.9 0.0 187.1 462.4 0.1 
Wood 1 and white spruce 8.7 21.5 0.0 24.6 60.8 0.0 
Woodland black spruce 1.2 2.9 0.0 
Open black spruce 3.9 9.7 0.0 
Open birch 3.0 7 .3:· 0.3 
Closed birch 4.9 12.2. 1.5 
Closed mixed 8.7 21.5 0.1 150.7 372.4 0.9 

Shrub land 291.4 720 .2. 0.0 
Open ta 11 41.7 103.1 0.1 
Closed Tall 65.5 161.8 0.1 
Birch 105.4 260.6 0.3 
Willow .13.3 32.9 0.1 
Low (mixed) 65.5 161.8 0.0 

Tundra 109.5 270.6 0.0 15.8 38.9 0.0 
Wet sedge-grass 15.8 38.9 0.3 
Sedge-grass (mesic) 2.9 7.2 0.0 
Sedge shrub 53.9 133.1 **** 
Mat and cushion 52.7 130.3 0.1 

Total 419.5 1036.7 0.0 202.9 501.3 0.0 

* Percent of total area of each vegetation type in entire Watana and Gold Creek 
watersheds, based an 1:250,000-scale mapping (McKendrick et al. 1982). 

** Based an corridor width of 300 ft. 
*** Based on corridor width of 510 ft. 
**** Data not available for entire Watana and Gold Creek watersheds. 
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TABLE £. 3.83: HECTARES OF DIFFERENT VEGE\TATION TYPES TO BE ll1PACTEO BY THE WATANA 
FACILITY COMPARED WITH fOTAl HECTARES OF THAT TYPE UPSTREAM OF 
GOUD CREEK IN TflE SUSITNA WATERSHED AND IN THE AREA WITHIN 16 km OF 
TilE sus IT NA RIvER* _(llo D! FIE o FROM MC KEN DR 1 c K ET AL_,_. __!..:1 9::..!8!.!;2.J_ _______________ -n:c __ ,.--..,...._..- --:;:--, 

\ I 
Percent of Percent of 

'/e~tation Type 

Forest 
Woodland black spruce 
Woodland white spruce 
Open black spruce 
Open white spruce 
Open birch 
Closed birch 
Closed balsam poplar 
Open mixed 
Closed mixed 

Tundra 
Wet sedge-grass 
Nat-and-cushion 

Shrub land 
Open tall shrub 
Closed tall shrub 
Birch shrub 
Willow shrub 
Mixed low shrub 

Herbaceous 
Unvegetated 

Rock 

Dam and I 
Spillwa~poundment Camp Village 

34**** JoJ841 
8 3~701 

1 
13 

5 
7 

46 
6 

17 
1 

22 

397 
2864 
~691 
~25 i 
4,6o 1 
' 3 I 

dJ7j 
7159 ! 
184 i 
1841 

16\74 I 
227 
287 
4~3 

6~~ i 
~5 

13 2104 1 

63 62 

34 35 

29 27 

B 
1 59' i 

Riv2r 12 2007 1 

irs trip 

'17 

113 

4 

_h_aJs..L___ __ J8 \ 8 --------·------,-;-----------1-
, 14691 I Tota 1 93 63 70 I 7 

-----'Borrow 
A 

181 
179 

2 

70 

70 
81 

I 
1 
4 

75 

333 

D 

53 
16 

5 

32 

B 
8 

224 

12 
88 

124 

2 
2 

E 

180 

71 

62 

47 

287 180 

!lreas 1 Watershed 'Hi--km* 
Tota 1 For Area For 

F H Total That Type · That Type 

81 4 51 34 11798 3.4 8.3 
224 4297 2.6 6.8 

69 537 2.6 4.0 
121 15 3000 3.2 10.6 

I I 844 3.2 8.1 
326 33.7 21.8 
478 148.0** 20.6 

3 *** 0.5 
106 1480 6.3 15.4 

19 . 833 5.2 6.3 
16'2 0. l 0. I** 

92 1.9 2.6 
70 0. l 0. 1** 

199 38 2404 0.4 1.4 
234 0.4 1.5 
317 0.4 2.0 

195 813 2.4 1.9 
4 17 87 0.9 1.0 

21 953 0.2 l.il 
45 *** 250.0** 

2128 0.9 7.9 
62 0. 1 0.4 

2019 13.8 4 7. 7 
47 0.2 0.8 

280 489 34 16537 1.0 3.6 I . 
---;rea given i•s above max_i_m_u_m-im_p_o~nd-~e;t-~_i_l_l_l_~-- +,----·------------------------·--------'-------- ·-·----

* An area 16 km (10 mil on either .id~ of the Susitna Rive~ from Gold Creek to the mouth of the Maclaren R:ver. 
** Hectares are apparently greater ~n the impact areas than ~or the entire basin, because the basin was mapped at a much s~aller 

scale, and many of the stands di n~t appear at that scal\e. 
*** Areas of this type were too small t~ be mapped at the scale at which the watershed was 
**** 1 hectare = 2.471 acres. f 

I 
\ 
! 
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ABLE £.3.84: HECTARES OF DIFFERENT VEGETATION TYPES TO ·BE AFFECTED BY TilE DEVIL 
CANYON FACILITY COMPARED WITH TOTAL HECTARES OF THAT TYPE IN THE 
WATANA AND GOLD CREEK WATERSHEDS AND IN THE AREA WITHIN 16 km OF 
THE SUSITNA RIVER* (MODIFIED FROM MCKENDRICK ET AL. 1982}. 

egetation Type 

orest 
Woodland black spruce 
Woodland white spruce 
Open black spruce 
Open white ~pruce 
Open birch 
Closed birch 
Open balsam poplar 
Closed balsam poplar 
Open mixed 
Closed mixed 

undra 
Wet sedge-grass 

)hrubland 
Open ta 11 shrub 
Closed tall shrub 
Birch shrub 
Willow shrub· 
Mixed low shrub 

Jn vegetated 
Rock 
River 
lake 

Total 

Dam and 
Spillway~ Impoundment 

16**** 

4 

3 

7 
2 

2 

1 
1 

18 

2289 
1 33 

20 
300 
329 

57 
430 

6 
8 

279 
727 

11 
11 
70 

2 
1 

49 
14 

4 
. 826 

15 
810 

1 

3196 

Borrow**** 
Camp Village Area K Total 

36 39 

36 39 

36 39 

119 

11 

108 

18 

18 

11 

11 

148 

2499 
1 33 
20 

315 
329 

57 
433 

6 
8 

286 
912 

11 
11 
88 

2 
1 

67 
14 

4 
839 

15 
811 

13 

3437 

Percent of 
Watershed 
Total For 
That Type 

0.7 
0. 1 
0. 1 
0.5 
0.5 
5.9 

134. 1 ** 
*** 
*** 
1.2 
5.7 
0.0 
0.2 
0.0 
0.0 
0.0 
0.2 
0. 1 
0.0 
0.3 
0.0 
5.5 
o. 1 

0.2 

Percent of 
16 l<m* 

Area For 
That Type 

LB 
0.2 
0.2 
1.1 
3. 1 
3.8 

18.6 
*** 
1.4 
3.0 
6.9 
0.0 
0.3 
0. 1 
0.0 
0.0 
0.2 
0.2 
0.0 
3. 1 
0 0 l 

19. 1 
0.2 

0.7 

An area 16 km (10 mi) on either side of the Susitna River from Gold Creek to the mouth of the 
Maclaren River. 

** 

*** 
**** 
***** 

Hectares of closed birch are apparently greater in the impact areas than for the entire basiiJL 
because the basin was mapped at a much sfulill~r scale, and many of the closed birch stands did not 
appear at that scale. 
Balsam poplar stands were too small to be mapped at t~e scale at which the watershed was mapped. 
1 hectare = 2.471 acres. 
Borrow area G (not included) will consist of approximately 22 ha with stands of woodland and 
open black spruce, closed mixed forest, and open tall shrub. ~ 
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i I TABLE E.• 3 . 85 : 
(~EVISED) 

AREAS OF E~CH VEGETATION TYPE TO BE CLEARED FOR ACCESS, 
AND· PERCENT TOTAL* FOR :WATANA AND GOLD CREEK WATERSHEDS 

I I 

I I 
I I 
I . 

I ! 
. I 

Vegetation Type I I 

Forest I I 
Woodland white spru

1

ce 
Open white spruce 
Wood 1 and b 1 ack spru1ce 
Open b 1 ack spruce I · 
Open birch 1 1 

Closed birch : ! 
Closed balsam poP,lar 
Open mi xed 1 1 

C lased mixed 
1 

, 

Shrub land I \ 
Ope·n ta 11 I I 
Closed tall I 
Biirch (low) 1 ' 

Willow (low) I 

Tun:~:ed (low) I • 
Wet sedge-grass i I 
Sedge-grass {mesibi 
Sedge-shrub I 1 

Mat and cushion 

Rock 

TOTAL 

Denali Highway 
to Watana 
(Road) ** 
'. 

ha 

11.21 

0.6 
1.8 

8.8 

acres % 

27.7 0.0 

1. 5 0.0 
4.4 0.0 

21.8 0.0 

181.31 448.0 0.0 
! 

78.9 194.9 0.2 
81.8 202.2 0.8 
20.6 \ 50.9 0.0 

61.7 I 152.6 0.0 
12. 3 . 30 . 5 0. 3 
17.6 43.6 0.0 

31.8 

0.6 1, 

78.5 0.1 

1.5 0.0 

254.8 I 629.8 o.o 
! 

Watana to 
Devil Canyon 

(Road) *** · 

ha 

37.5 
5.7 

15.9 

0.4 

0.9 

4.0 
10.6 

103.7 
7.9 

22.1 
44.6 
5.3 

23.8 

21.6 
4.4 

7.5 
9.7 

0.0 

acres %* 

92.8 0.0 
14.2 0.0 
39.3 0.0 

1.1 0.0 

2.2 0.3 

9.8 0.0 
26.2 0.1 

256.3 
19.6 
54.5 

110.2 
13.1 
58.9 

0.0 
0.0 
0.0 
0.1 
0.0 
0.0 

53.4 0.0 
10.9 0.1 

18.5 ***** 
24.0 0.0 

o.o 0.0 

. 162.8 402.5 0.0 

Devi 1 Canyon 
to Gold Creek· 
(Railroad)**** 

ha 

. 28.3 

1.5 
0.6. 

0.3 
5.7 

20.2 

0.0 

0.8 
0.8 

0.0 

29.1 

acres %* 

70.0 0.0 

3.7 0.0 
1.5 0.1 

0.7 ***** 
14.1 0.0 
50.0 0.1 

0.0 

2.0 0.0 
2.0 o.o 

o.o o.n· 
72.0 0.0 

I I 
P_ ercent of totallarea of each vege\tation type in entire Watana and Gold Cr~ek watersheds, based 
on 1:250,000-s~ale mapping (McKendrick et al. 1982). 

** Based on clearjng width of 120 ft'.j 
* 

*** Based on c learjng width of 90 ft. 1 

**** Based on clearing width of 50 ft. 1 

*****Data not avail~ble for entire Watana and Gold Creek watersheds. I . 
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TABLE E.3.86~ AREAS OF DIFFERENT VEGETATION TYPES TO BE 
BY TRANSMISSION CORRIDORS* 

Healy to 
·Fairbanks 

Willow to 
Cook Inlet 

.· 

Vegetation Type ha acres ha acres 

Forest 
Woodland spruce 
Open spruce 
Closed spruce 
Open deciduous 
Closed deciduous 
Closed birch 
Woodland conifer-deciduous 
Open conifer-deciduous 
Closed conifer-deciduous 
Open spruce/open deciduous*** 
Open spruce/wet sedge-grass/ 

open deciduous*** 
Open spruce/low shrub/wet 

sedge-greass/open dediduous*** 

Tundra 
Wet sedge-grass 
Sedge-grass (mesic) 
Sedge-shrub 

Shrub land 
Low mixed shrub 
Low shrub/wet sedge-grass*** 

Disturbed 

River 

1034.9 
47.5 

554.4-
16.2 
93.9 
37.7 

9.3 
159.3 

7.0 
5.2 

5.2 

99.1 

117.6 
103.1 

6.4 
8.1 

247.3 
214.9 
32.4 

7.0 

20.9 

2557.0 
117.4 

1370.1 
40.1 

231.9 
·93.1 

22.9 
393.7 

17.2 
12.9 

12.9 

244.8 

290.5 
254.8 

15.7 
20.0 

611.3 
531.1 

80.2 

17.2 

515.5 
76.3 
39.2 
75.5 

40.8 
224.2 

220.4 
220.4 

89.4 
89.4 

6.9 

1273.74 
188.5 
97.1 

186.6 

146.6 

544.5 
544.5 

220.9 
220.9 

17.2 

Total 1427.7 3527.5 832.9 2056.3 

* Calculated from Figures E.3.48-50 and E.3.51-52. Based on 
development of both Watana and Devil Canyon, a Right-of-Way 
width of 91 m (300 ft) was used for the Healy to Fairbanks 
corridor, and 121 m (400 ft) was used for the Willow to 
Cook Inlet corridor. 

** For the purpose of calculation of total acreages ~t was assumed that 
vegetation types along the unmapped portion of the route were 
representative of the vegetative portions of the mapped corridor. 

*** The Tanana Flats portion of the Transmission Corridor is an area of 
extremely complex mosaics of vegetation types. As a result, various 
complexes were recognized. 
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TAHLK E.3.144. 

1. PERMANENT! HABITAT LOSS 

Dam and Spillways 
I 

Impoundment 
Flooding 

- Spoil Sites 
- Erosion of Shore 

After Filling\ 
i 
i 

Access Corridor (Includes 
Borrow Sites for 1 Access) 

Denali Highway to,Watana 
- Watana to Devil C~nyon 
- Rail, DC to G~ld ~reek 

i 

i 
Permanent Villag~ 

\ 

Permanent Airstr~p 

2. HABITAT AL;TERATION & 

Impoundment Clearing 

- Temporary :Village: 

- Temporary Camp 

- Bofrow Areas (Abov~ 
Impoundment Level Y 

l,riHK SCHEDULE OF ANTICIPATED IMPACTS TO TERRESTRIAL 
VERTEBRATES REShLTING FROM SUSITNA. HYDRO PROJECT 

\ 

-1-
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TABLE E.3.144. TIHK SCHEDULE OF ANTICIPATED IMPACTS TO TERRESTRIAL 
VERTEBRATES RESULTING FROM SOSITNA HYDRO PROJECT 

2. HABITAT ALTERATION & TEMPORARY HABITAT LOSS 

- A 
- D 
- E 
- F 
- H 
- I 
- K 

- Contractor Work Areas 

Staging Areas 
- Mid Access Road 
- Cantwell 
- Gold Creek 

Accessory Roads 

Temporary Airstrip 
(Adjacent to Dam) 

Transmission Corridor 
- Watana to Devil Canyon 
- Devil Canyon to Gold Creek 

Watana (Alone) 
Time Period 

Area Affected Over Which Area 
(ha) Increases 

333 
287 
180 
280 
489 

34 

300 

Data Not Available 
61 

Data Not Available 

Data Not Available 

419 
119 

-2-

Dates Not 
Available 

1985-1995 

1985-2002 

1985- ? 

Dates Not 
Available 

Devil Canyon (Additional) 

Area 
(ha) 

148 

195 

61 

? 

Time Period 

Dates Not 
Available 

1994-2002 

1994-2002 

1994-2002 

84 Additional 

... 



CHANGES IN THE TEXT OF THE BOTANICAL SECTION OF CHAPTER 3 RESULTING FROM 

CORRECTIONS-OF BOTANICAL TABLES (the following sentences replace the corres­

ponding sentences in the indicated paragraphs). 

p.E-3-220, Spruce hardwood forests cover half (49.6 percent) of the total 

para. 1 area within the Willow-to-Healy transmission corridor. Upland 

spruce hardwood stands cover 769 acres (307 ha), lowland spruce 

hardwood stands cover 662 acres (265 ha), and bottom land spruce 

hardwood stands cover 271 acres ( 108 ha). Shrub lands are the 

next most predominant cover type (26.4 percent), occupying 908 

acres (363 ha). 

p.E-3-220, ~lmost 70 percent of the total area (1037 acres, 420 ha) within 

para·. 2 the Watana-to-Devil Canyon section of the transmission corridor 

is shrubland. Predominant ·vegetation types cro_ssed include open 

tall shrub land ( 103 acres, 42 ha), closed tall shrubland ( 162 

. ~cres, 66 ha), low birch shrubland (261 acres, 105 ha), low mix­

ed shrubland (162 acres, 66 ha), sedge-shrub ttindra (133 acres, 

54 ha), and mat and cushion tundra -(f30 ·acres, 53 ha). The 

Devil Canyon-to-Intertie (Gold Creekl. se!;.~:i,._o]l __ of_the_ transmis-""--
~--~ . . - --~-·~ - -·----·-·~~--·~-~·---. ·-· --·~ ~·-··--~~------~-.. -----

sion corridor covers a total of 501 acres (203 ba), 372 acres 

(151 ha) of which is closed mixed forese • Smaller areas of 

woodland white spruce (61 acres, 25 ha) and wet sedge-grass . 

tundra (39 acres, 16 ha) are also crossed • 

... I> .... !i=.::.l::.~~•-·---CQRs_t_r_u_ct i_on __ of..the .. Wa tana .. develo pmen t -wi-1-l-resu-lt--i:n the· direct-

-----;para-~-2 t'emova-1-of-vege·t-at:i:-on---wi-th·tn-a-n area of approximately 35,605 

acres ( 14,409 ha) covering a range of elevations from 1400 to 

2400 feet (430 to 730 m). In addition about 5,258 acres ( 2128 

ha) of unvegetated areas will be inundated or developed. Within 

the d.g,m, spillway, and impoundment areas about 36,531 acres 

(1~, 784 _ha)__ will be dis-turbed by construction and cl~_?ring 

operations. 
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p.E~3=240, Approximately 5700 acres (2305 ha) of forest and 170 acres 

(70 ha) of shrubland will be inundated or cleared for the dam, 

spillways, and impoundment area (Table E.3.84). 

p .E~J-243, Approximately 628 acres (254 ha) of primarily shrub and tundra 

para. 2 vegetation will be cleared along a 44 mile (71 km) corridor for 

the Denali Highway-to-Watana access route (Table E.3.85). 

p .E-3-243, 

para. 3 

p.E-3-244, 

para. 3 

Construction of this road will entail clearing an additional 402 

acres (163 ha) of roadway. A 12-mile (19 km) railroad extension 

between Devil Canyon and Gold Creek will be constructed on the 

south side of the Susitna River, removing an additional 72 acres 

(29 ha) of vegetation. 

Transmission corridors comprise a total of 10,559 acres 

(4258 ha) and will constitute another source of vegetation loss 

and/or disturbance (Tables E.3.79, E.3.80, and E.3.86). The 

transmission lines from Healy to Fairbanks cover a total of 3528 

acres (142.8 ha). Open spruce (1370 'acres, 554 ha) constitutes 

the main vegetation type in the right-of-way. The Willow-to-

Cook Inlet transmission corridor (total cover 2056 acres, 833 

·ha) will cross primarily closed conifer-deciduous forest (554 

acres, 224 ha) and sedge-grass tundra (545 acres, 220 ha). The 

Willow-to-Healy transmission corridor (3437 acres, 1375 ha) is 

composed primarily of upland spruce-hardwood forest (769 acres, 

307 ha) and shrub lands (908 acres, 363 ha). Shrub lands ( 720 

acres, 291 ha), forest (51! acres, 206 ha), and tundra (310 

acres, 125 ha) are included in the proposed right-of-way for the 

Watana-to-Gold Creek transmission corridor (total area 1538 

acres, 622 ha) • 
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p.E-3-24.5, Far more potential wetland areas are included within the. Watana 

para. 3 development (30,717 acres, 12,431 ha) than within the Devil 

Canyon project area (4,216 acres, 1,706 ha) (Table E~3.82). The 

proportion of the area occupied by .wetland . types also differs 

within the two areas. Although potential palustrine forested 

areas occupy the greatest areal extent of wetland types in the 

Watana facility (66 percent of. total potential wetland), this 

type occupies 48 percent of the potential wetlands to be affect= 

ed by the· Devil Canyon facility. 

p.E-3-246, Direct losses for the Watana project include 31,300 acres 

para. 5 (12,667 ha) of vegetation for the dam, impoundment and spillway 

(5,231 acres, 2,117 ha of unvegetated area will also be disturb­

ed). An additional 4,300 acres (1,742 ha).have been designated -for use as camp, village, airstrip,, and b_or.r.ow areas. These 

potential losses account for only 1 percent. of all vegetation in 

the Watana and Gold Creek basins, but 3.3 percent of the vegeta­

tion present in a 20 mile (32 km) wide area spanning the Susitna 

River from the mouth of the Maclaren River to Gold Creek. 

p.E-3-247, Direct losses of vegetation for the Devil Canyon dam, spillway 

and. impoundment areas will include 5,869 acres (2,386 ha) of 

forests, tundra, and shrubland. ~046 acres (828 ha) of unvege­

tated land will also be disturbed (Table E.3.84). 

----------------------------------~--P-·E~3~24L,. ..The .. Wa taria- --access~t'oad---wil-1-- res u-lt--in---a--·1-oss---of ap·proxtmat-ely· 

--------para.-3 6-zs-ac::·r-e-s-(·2-s-4-n.a) of mostly tundra and shrubland vegetation 

types. Additional losses of about 402 acres (163 ha) for access 

roads and 72 acres (29 ha) for rail will be required for access 

to the Devil Canyon facility. 
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p.E-3-247, Of .the total 10,559 acres (4,258 ha) of vegetation on right-of­

para. 4 way for transmission lines, only a small fraction will need be 

subject to initial clearing, since· there will· be no clearing of 

low shrub or tundra types. 

p.E-3-252, Without mitigation, construction of all project facilities would 

para. 5 remove vegetation from a total of about 53,736 acres (21,734 ha) 

to 

p.E-3-253, 

para. 2 

apportioned as follows: 

acres hectares 

Dams and spillways 237 96 

Impoundments 36,959 14,957 

Camps 245 99 

Villages 263 109 

Airstrip 42 17 

Damsite borrow areas 4,292 1,737 

Access borrow areas 35 14 

Access routes 1,104 447 

Transmission corridors* 10,559 4,258 

*Ground layer and soil will not be removed. 

In addition 7,333 acres (2,968 ha) of unvegetated area will be 

disturbed. About 95 percent of this area is river channel with­

in the impoundment areas. 

Of this cumulative impact, vegetation removal resulting from 

dams and spillways, impoundments, access routes, and the Watana 

operational village will be ,..permanent, accounting for about 70 
IS', !)-'35' 

percent (38,386 acres, 65 525--lita). The remaining 30 percent 

(15,350 acres, 6,199 ha) will allow application of the following 

range of mitigation options. 
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p .E-l-256, The Denali Highway-to-Watana ·route will r~move about 448 acres 

parao 4 (181 ha) of shrubland and about 153 acres ( 62 ha) of tundra 
'' 

types •, .. accounting for less than one percent of total shrub land 

or tundra· in the Watana and Gold Creek watersheds (Table 

E.3~85)~ Only 1.5 acres (0.6 ha) of open white spruce forest 

will be affected, and the number of individual trees actually 

cut in this low density vegetation type will be statistically 

insignificant on a local or .regional basis. 

p.E-3-257, About two-thirds (67 percent) of the route is shrubland (256 

para. 2 

p.E-3-257, 

para. 3 

acres, 104 ha), about 20 percent is forest (93 acres, 38 ha) and 

15 percent is tundra (53 acres, 22 ha) (Table E.3.85). 

The Devil Canyon-to-Gold Creek railroad route will traverse 

almost entirely closed mixed forest. (about 50 acres, 20 ha) and 

open-mixed forest (about 14 acres, 6 ha) (Table E.3.85). 

p .E-3-258, Low abundance vegetation types which will receive the greatest 

para. 3 cumulative impact from construction of the impoundments and 

to dams, access and transmission corridors; anct_alL anc_i.Llary ... 
~-~-~-·----- ~~---------~-- -- --·· -·------------ -·---~·-···--·-·-----·-------

p·~-E-3..:259~- facilities, will be open and closed birch forest, and wet 

para. 4 sedge-grass tundra (Tables E.3.80 and E.3.83-E.3.85). A cumula­

tive total of 3221 acres (1303 ha) of open and clos'ed birch for­

est could be affected by construction-related clearing between 

1985 and 2002. Based on the 1:63,360-scale mapping of the 20-

~H~--(~-~k...'II!.l.s.trip along. the. Susitna-River ·(·the map· showing tire· 

....... ---~-----·· . ---~--------vegeta-~ion-o·f-th-e-area-in--'-tl1e greatest ae taiTY_{.Table. E. 3 • .52),-··---· 

34 percent of the total 9,444 ~cres (3,822 h~) of this vegeta­

tion type could be removed by construction. About 3,143 acres 

(1,272 ha) or 33 percent of the total coverage will be entirely 

removed by clearing of the impoundments ··(Tables E.3 .83 and 

E. 3.84). The remaining 68. acres +.za-h<d· wH-t· be selectively 

cleared as discussed further below. 
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The other low-abundance vegetation type within the Watana and 

Gold Creek watersheds to be affected by construction, wet 

sedge-grass tundra, will be crossed by access and transmission 

corridors (82 acres, 33 ha) <rables E.3.80, E.3.85) and inundat­

ed by the impoundment areas (235 acres, 95 ha) (Tables E.3.83, 

E.3.84). Borrow Area D (Figure E.3.37) will potentially remove 

an additional 20 acres (8 ha) (Table E.3.83). The siting of all 

pads, buildings~· and other structural facilities has entirely 

avoided this vegetation type. Therefore, a total of 337 acres 

(136 ha) of wet sedge-grass tundra will be potentially affected 

by construction between 1985 and 2002. This cumulative impact 

represents about 4 percent of the total 8,691 acres (3,517 ha) 

present within the 20-mile (32 km) strip mapped at 1:63,360 

(Table E.3.52). Mitigative measures which will minimize drain­

age alterations in this wet vegetation type are discussed in 

Section 3.4.2{c). 

I~ summary, siting of pads, buildings, the Watana airstrip, and 

o~'qer ancillary facilities has minimized clearing requirements 

f~r low-abundance vegetation types. As fesidual impact, the 
' ' 

impoundments and access and transmission corridors will remove 

about 34 percent of the birch forest, and 4 percent of the wet 

sedge-grass tundra within the 20-mile (32 km) strip mapped at 

1:63,360. 

p.E-3-270, In fact, as stated in Sections 3.3.4(a) and 3.3.6(a)(iv), the 

para. 1 10,559 acres (4,258 ha) required for transmission corridor 

rights-of-way will be cleared only to a limited extent, as 

explained in the following discussion. 
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p.E-3-274, 

para. 4 

to 

p.E-3...:.275 

para. 1 

Of the approximately 53; 736 acres (21, 734 ha) potentially sub­

ject to vegetation removal on a cumulative basis, about 30 per­

cent, or 15,350 acres (6,199 ha), wi.ll allow application of 

mitigation measures discussed above •. Approximately 46 the per­

cent of the total area covered by transmission corridors 

(4,857 acres, 1959 has, of the total 10,559 acres, 4,258 ha) 

will be left uncleared or partly cleared. In addition, use of 

side-borrow and balanced ·cut-and-fill. techniques for construc­

tion of the access roads and railroad extension will protect up 

to 280 acres (112 ha) of vegetated area. 

Using the two examples cited above, ·measures to minimize vegeta­

. tion removal will conserve about 5,092 acres (2071 ha), or up to 

about 35 percent of the land area in question. 

p .E-3-280, In summary, rectification will restore vegetation to approxi­

para. 5 mately 3,209 acres (1,299 ha) temporarily lost to ancillary 

facili'ties. This represents about 6 percent of the cumulative 

total land area affected by direct loss of vegetation during 

---~~ ---- -. -------p-~ojee-t--sons-t-rcue-t-ion-and~operca-t-ien-(--5-3-,7-36-ac-res-,--l-1,--734--ha-)-,- -- -

p .E-3-282, For the Susitna project, the cumulative area lost in this way 

pata. 3 will total about 38,386 acres {15,535 ha), with 36,959 acres 

to (14, 957 ha) covered by the impoundments. Actual acreages of 

p.E-3-282 vegetation types which will be removed were discussed previously 

·----p-a-ra·;-4:------·ancr-·quant-ifiea·tn:·TabTI:fs·E-~·3~83-ana··E:-T:-84: -~--···--------···-··-· ··----·--

From the preceeding options analysis, it is evident that me as- r 

ures for minimization, rectification and reduction of vegetation 

loss will apply, at most, to about 30 percent ( 15,350 acres, 

6,199 ha) of the total area of vegetation which will be refuoved 

by the project. 
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CHANGES IN THE TEXT AND TABLES OF THE WILDLIFE SECTION OF CHAPTER 3 RESULT= 

ING FROM CORRECTIONS OF BOTANICAL TABLES (the following sentences replace 

the correspondin~ sentences in the indicated paragraphs). 

p.E-3-461, Sentence 2. Should read : "About 26,647 acres (10, 784 ha) o£ 

para. 4 forest will be cleared." 

p.E-3-463, Sentence 1. Should re.ad: "An estimated 6175 acres (2289 ha) 

para. 4 will be cleared within the Devil Canyon impoundment area and an 

additional 519 acres of forest (210 ha) will be used for opera­

tional areas, campsites and borrow sites." 

p.E-3-476, Sentence 2. Should read: "The total area affected (8492 acres, 

para. 1 3437 ha) and the total percent of forested land affected ( 0 .] 

percent) are much smaller than in the Watana reservoir area." 

p .E-3-498, Sentence 1. Should read: "Table. E.3 .166 indicates an order-of-

para. 4 magnitude estimate of 1,200 small to medium-sized breeding birds 

lost to the transmission line, less than 0.1 percent of the pop­

ulation within 16 km of the Susitna River between the Maclaren 

River and Gold Creek." (This correction supercedes the Acres 

errata of 29 March 1983.) 

p .E-3~432, Sentence 1. Should read: "Based on the estimate of about one 

para. 4 wolverine per 40,320 acres (163 km2) derived in Section 

4.2.1(g), the direct loss of over 40,846 acres (16,530 ha) caus­

ed by the Watana impoundment and facilities would lower the 

carrying capacity by about two wolverines." 
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p.E-3-441, 

para. 2 

Table E.J .144 

Sentence 2. Should read: "Using a figure of 11,798 ha of 

forest habitat lost to the Watana impoundment area, borrow 

sites, construction sites and camps, habitat supporting 100 

marten (3 .4 percent of the forested habitat in the Susitna 

.· watershed upstream from Gold Creek) would be lost." 

Under Permanent Habitat Loss, Watana alone: the area 

affected by the access corridor should be changed from 192 

to 255 ha. The area affected by the Access Corridor from 

Denali Highway to Watana should be changed from 19 2 to 

255 ha. The area affected by the permanent village should 

be changed from 27 to 35 ha. The area affected by the per­

manent airstrip should be changed from 47 to 17 ha. 

Under Permanent Habitat Loss, Devi:l Canyon: the area 

affected by the access corridor should be changed from 218 

to 192 ha. The area affected by the access corridor from 

Watana to Devil Canyon should be changed from 189 to 

163 ha. 

Under Habitat Alteration and Temporary Habitat Loss, Watana 

alone: the area affected by the transmission corridor from 

Watana to Devil Canyon should be changed from 379 .8 to 

419 ha. The area affected by the transmission corridor 

from Devil Canyon to Gold Creek should be changed from 77.5 

········~:a··ng-h-.a;:-

j 

. 1¥-l 
~-

Under Habitat Alteration and Temporary Habitat Loss, Devil .( 

Canyon: the area affected by the transmission corridor 

from Watana to Devil Canyon should be changed from 209 . J 

additional to 0. The area affected by the transmission 

corridor from Devil Canyon to Gold Creek should be changed 

from 0 to 84 additional ha. 
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Table.E.3.145 

Table E.3.151 

Under (2) Habitat Alteration and Temporary Habitat Loss~ 

transmission corridor. Sentence should read: . "Nearly all 

152,000 ha of the corridor is likely to become winter habi­

tat of reasonable quality to moose. No existi11;g winter 

habitat will be made unusable. Corridor will be maintained 

in early succe~sion throughout the life of the project." 

Next sentence should read: "Drifting snow is unlikely to 

be a significant factor in the 300-foot corridor ·and will 

not reduce forage availability." 

Under (5) Increased Human Access-hunting and poaching. 

Sentence should read: "Much of the current harves;t is ill­

egal and the illegal harvest will increase in th¢ absence 

of better control. Current legal harvest is unlimited (n9 

bag limit) and harvest is likely to increase. The current 

annual take is 40-45% of .the population. 
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