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I and 2 are caused bv the conltTUction of theae proj-

ecta and regulation of flova ta Roing to change both the hydraulic re~lae and

the the~l regf.e and thea. two thinRa Bre the dete~in.nt of what happens

with reapecr to the (o~tion of tee in the rivet. So ve have to under.t.n~

very clearly what theae changes are going to be before we can discUBS thea. of

lte~ I and 2 are c8rd8(1) and we are nov going to go on and

,

I

. AIV LUIA..A

UNIVERSI'!'V OF AL,'S":A
AAG11C ENVIRONMENTAL INFORMATION

ANi) DATA ~EjHER

7f)7 A SrtfET

MCXlIAGf. AI. mill

~r. or Ie•• , and the breAkup period Which occura very f.at in a ahort period

.ffect of the project and with any aror••• project ta the ,reat r.-reau1.tion

of t.M n.,., when t.he chnle io n.,., pntuo io tIM riv.r dOWftatreu. Thta of
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__________ I and 2 are caused bv the c:onltnu:tlon of these J1ro~-

ecta and regulation of flowa ta ~oln8 to change both the hydraulic r~glNe and

the [h.~l regt-e and thea. two things Ire the deter51nant of what happens

vtth respect to the fo~tlon of ice 1n the river. So ve ~ve to understand

very clearly what these chanl•• are gotng to be before we can discus. thele of

TteDs 1 and 2 are carda(1) and ve are now going to go on and
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~re or Ie•• , and the breakup period Which occ~ra very faat in e ahort period

_____ the -oat aign1.ficant

.frect of the project and vith amy .torSle project ia the areat t.-telUlat1~

of the fl_ wham the chamse 1n fl_ pattern 1n the dyer down.atre... This of
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ice cover It..lf, wid, Ny be of 1••• t .-aunt of intereat, but t.here ace

senecall, sa.. questions with respect to how thick the cover ta 80ing to be

.fter reJUl.tton~ and how it t. goioS to ceapond to flow variatione.

To do this 1 have prepared sa-- cartoonl to h~lp explain principles. To

expect In a cl.ec, the blue line indicat•• 18 the flow h,drocraph for the

pr••eat condition _ ean ••• to • y_r in a depth to a18ft&1 (1) variaUon

l~ nd then the .-prins ri.....da vtth period of particular tnter.st to ua

in thia diaolaaion beiaa th. winter period b.sinnin, about tbis ti...id-octob~r

and endin, ab~t th1a ti.. and fin1.h at breakup 1n .1d- to late-May. Tha.e

wintar period. can be aubdivided significantly in t.~ of fre.Eeup period in

the froot here which DOW t£ua plac. be~ aid-octob.r and .td-Dec.-bar•

..re or l •••• and the breakup JMl~iod _icb oceara ..ry faat 10 • ahort: period

frca aid- to lat_ApTil to aid-Kay. Wow. _ the ...t atpificant
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____________ land 2 are caused bv the cor.atn1ctlon of thes. proj-

ecta and reJUlctloa of fl~ t ...olng to chanle both the hydraulic reK~ and

with re.,.ct to the fo~tlon of tce In the river. So ve have to underatand

very clearly what thes. chans•• are goin8 to be before we can discus. the•• of

the ice regl... Itea& 1 and 2 ate carda{?) and v. are now going to go on and

discu•• that In ter.a of what the1. do to the ice front location, vhere the

ice occurs, Where the ice co•• r probably viII occur and won't ~cur. and to

tce r.cwer it..lf, which My "8 of le.at .-ounr of tnter••r. but there are

lenera11y sa.. questiona vith [.apact to how thick the cover t. Jolnl to be

.fter reRUl.tton~ and how it 1. 801ng to respond to flow variationl.

To do thil 1 ~ve prepared la-e ~artoonl to help explain prin~lplel. To

.i.e firlt bere 1 ~~ve a reprelentatton -ere or le.1 of I ..dian fiowl one ~In

upeet tft a river, the blue Utle indteatel 11 tbe flov h,.drolraph for the

pr••ent ~ondttton we can I•• to a ,.ear tn a depth to .tanal (1) ••rtatton

wh.re we he•• ~rti.. peak dtl~harlea pa..... of .cnthl da~llnlnJ to winter

lows ad thn tM ~rtnl rt.....in vith period of particular tnt4reat to UI

in tbil discuI.iOft betnl the winter pertod belinninl about thil tt.e aid-Dctober

Ind *Ddinl about this ti.. and finiah at bre.kup 1n .id- to late-May. The.e

vlnter perioda ~a~ be lubdtvtd.d 11snificaDtl,. in t.~ of fr.azeup period in

tbe: frOftt hen w1ck nov t.,te.. pl.a~1l b.r-en .id-Detob.r and .id-Decnber.

~~ or leI., Ind the breakup p.riod Whieh occurs ••ry f.lt in ••hort period

the -eat .t«nifieant

effect of the project aDd ~th aDJ .tor... project i. the Ireat ze-reaulation

of the flow ¥ben the chaaga in flow pattaru in the rlYer dOlnUltr.-. Thil of
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courae ia beneficial in teras of hydropover generation ao the area ~nder thia

hydroll:raph of courae repreaenta a ao we ~ee the red line

would be indicated .edian pattern of flaws throughout the year. We aee of

courae that thiB ia nore or leaa constant throughout the year aa e~pared to

thia very aharp peak and the volu.e of water indicated by the area be~~en

the,. two linell is quite Idaph transferred from the a~r aeaaon to the

vinter lIeason. The area here is equal to the are.4 in here, representing a

transfer if its release~ in winter

.coths. 'rca the point of view of ice cover the .cst significant aspect of

thie ia not the difference in discharge, increased winter discharse. The

reason beinll: the principal factor governing ice proceues in the river is

discharAe, the principal factor concern ins waul' levels, thickness of ice

cover, and rate of developwent. the other second effect conaequence

of the power resolaUon ia ita influene;e on tf!llllerature. We ahould diae;uas

these to sc.e extent. Rare again I have indicated with a blue line this tl.e

a ther-oRraph with the s... period of ~ths. The blue line indicates the

natural condition where we Bee a su..erti.e rise in te."arature to about 9·C

dee;lininll: to a vinter te-perature O· plus a fraction and so on year after

1ear. With the project in place we will Bee aa.l! cbanles in theae t.-perature

reli.ea and aa 1 have ir,dicated here a" the t.-perature fa ther.otlraphed for a

aection a very short dietance downstra.. of the project_ With rasolation we

see hither winterl't..e tewperatureB, riBlnl 1:0 • aa-rtilll! bere not a8 hilh as

the natural conditions in the _11 diffe-:ence thare and decl1nins tore alowly

in the fall as the influenci of tha ra.ar?oir retards the coolioS down of tba

river snd the thenu.l _p _ reachins uIti_tely 80M:

t.."arature which has been di.cuaaed and v~lld be Ie•• than 4· Ireater than

probably about 2-. I have a scane hare for illustrative purpo.e•••a.ethinl
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about ). dut1.nll: the winter aonths ________ sprinltt- to r18e. Tbis

lin. corresponds to the r.sulatad condition fOT...y, just a .hort distanca

t~rarur.s so there ts s~ diatanca downatre_ you would expect to aee

t.-peratute profiles as indicated for exa.ple by the broken line here where

the lI.-rtl.. te.panture. are a Uttle hiah.r because heat lain bet:-rtien

r ...rv01r and that particular point and ~ou would ••••c.e lall: or delay in the

ti.. 1n Which the t.-perature d~cayed to O· but it d~1I indeed let back to the

natural level snd would re..ln there durinl the winter at lIo.e point downlltr.a••

Thill ill rather lIiRRificant with respect to anav.ring your questions for Wher.

the ice front is lI:oinl to be located. I would like to ..ke a very i~rtant

po~nt here which is that in look1n. at therul effecta .. Te~lly should be

look1n. at total I!} .nerlJ content. The t.-perature i. nothin• .ere than a

..nif.atation of tbe •.aun~ of the~l ener~ that ia present. We see tn fAct

that what the reservoir does with tMrul enerl:", it 111 noraal1y .ained hi the

~rtt.e would be quit. ai~l. tranaferred to the vint.rti_ just a. it

tr«~sfera runoff voluae to the wintertt... So that if we look at incre.ental

h.at Iraph, if you like, this represent. tb. e.ount of heat that 1s tn the

_t.r at a gi.en ti_ of the year aver and above what vuuld be th.re 'ond.r

natural condition.. Vhl~h i. to say, that If you take that volu.. flow rate

differllflce aultipl1ed by the corruponding t~rature difference you can

con"ert that 1nto BTU's per hour or a. I ha"e u.ed here _sawalts. Which npn-

Mftta hut content. You can see that durinl the wieur -emths _ ha". an

~C••11 .-oant of h.at beinl ralea.ed frca the r •••rYQtr .nd tt 1. rath.r .ianifi-

th.~l baat. Beat corr••pondin. to that ••c••• wint.rtt.. heat in the .'-1'

_the _eft thoalh the diff.renc. ben. 1& 1'.1&[1.&1,. _11 tbe dt.charle ia
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froe the downetr... chaDDa} durin. the ~r .ontba or uDder natural =onditl~.

ar. unehansed and quite .1.-ply affected a tranafer of ther-lll enerlY 'rOIl

really t.IUng about the~l nergy ¥hen ",au taU about te.perature.

I have characterized h~TI • typical hydroelectric power 1"8[ailatlon and

tried to illuatrate • couple of pointe with Te.pee~ to the influence of this

pro~.ct on location of ica front. Wa know that the uppar part of the dtasr••

rapreaented the rivar flowing into a reaervoir. with. backwater unit .a.evhere

up here. The r••ervoir and dam with power house and .pillvay down.rr... of

that. point in che unch_Dsed MlrvT.l channel. Under natural conditione winter

flowa are very ...11 a. we saw for tbe 10 the winter and the vater

t.-perature t. quite cool, ~ct'lcaI11 viII fo~ an iee eoveT throushout the

¥hoI. r_eb dovn.t-r.... A river like the !la.itna River "Vhieh i~ a .teep riv.r

_k.a an iee eovar by the proeul!I of juxtaposition

wieb I vUl de.crib. tater em, whieh 1a to uy that it ha. to have aDouSh ie.

produe.d on the surfae. by h.at e~ehanse in the fo~ of frazil and tea pan8

.nd .lu.h, snowfall to were there 1a an adequate OIOUnt that the

rivar ia eovered froa bank to bank. but onee it'. b••n eovered and the blanket

of aluah that ta .avinS down i. thiek enouRh and develop. enough frietion with

the bank. it will arr.at a ennatrietion In the river ¥bieh i. e~ly refarred

too aa a lodptent point. Under natural condition. rith low ftCI'VS and a vary

htah rat. of iee produetion you ean expeet lods-eot F~inta at various plae••

alOO& the river. for .~~l. a. I tw.. indieat.d h.r. you aipt expaet on.

nth a eon.fipTat.101l lib thi•• or lib tbb. OT lib thb. Quita .1aIpl,. iea
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is Aeflerated on the surf.ce by cold _ather .nd. the .lu.h rolls down to •

poi~t 11ke this but e~nnot let pa.t it, h.nss up with bridles and it viII fo~

• float .t this loda-ent potnt. Pre. that point, .ny one of thea. point.

under natur.l conditiona, the tee coye~ can adYanee by juxtapoaition and the

rate of advance. then is a function of the cit_tic eondition, the rate (If

which ice ia beinl lenerat~d on the surface of tbe rtver. When we build •

hydroelectric project .nd reA!Jlate the flowII tn the _nne::- indicated here,

.11 the d.. cut. off the .upply of .ny ice that ts Ren.rated upstre.. to th.

lods-ent point down.tr.... tn the c••e of a power project tbe firat lod«-ent

point occurs under n.ture and ~ppcara, frc. our previoua obaerv.tion., to be

quit. rssul.r, occurs quite close to the loc.tion of the propoaed location of

the da.. Which ill to ..,. the con.truction of the d.. will not,

the diyeraion condition When there are yety little the~l effect. The con-

.truction of the d_ .Ul Dot affect the r.te of ice production in the dov.tr";:re_

raston b.eauae th.re h b,. nature. lods-nt which cut" off tbe supply of tce.

tbe V.t.na take. pl.c. without the benefit of tc. produced frc. upstrea.. The

replated flov tacr••••• the hydraulic fore•••nd hydrodynnic fore•• tbat

occur in thia riv.r so th.t tt becoat.a -ere difficult, firat of .11 the .t••e

ia htlh.r so that the width of th~ river .t the htlh.r diach.rle i. Are.t.r,

like the sp.n i. Ir••t.r .nd i. b.rder for the ice to bridge. C~only what

happen. vith the hilh updat.d vint:er flov .t the ti_ of freezeup h that

of the point of th.~l tnput froa the re.ervoir. Quit••i~ly becaua. the

hydraulic fore•• aa.lnat which the coyer .uat Jod.e are too biSh for it to

lod•• at that point. It will not be until t.hey are ac.e point vall downatreu

,
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where there is indeed a very severe restriction and veIl rhlOVed frOlll any

the~l effect that ve Ret a high ~ate of slush production before you viII

have a lod,.ent point. The significance of this is that under natural conditions

you can see that the lod~nt point occurs thare with the cover fairly early

in the year and the cover can just sdvance fra- that position up the river

whereas at the point I have to start an appreciable distance downstre.~.

You v111 not stle a cover there till auch later in the year for the a1.lqlle

reason that tae ice, that the river can only produce so much ice, and ___

at a certain rate and the cover has to progress all the vay from here and it

takes longer to fill _

it all has to beco.e a~ one continuoua procesl frOlll tne bottom end.

·the consequences of the~l effects is that, s. ve have seen. the outflow

te.peratures froa the project will lie sa.ewhere between a ..ximu~ of 4· and a

ainiau. of probably I.S· be~en experience in Williston (1), ~epending on the

conditions we talked about. We see an initial teapersture condition here, R

boundary condition, which has possible range lyinR soaevhere in here. As T

described in connecti~ with downstream t~er"tures as you aove downstream

tbe channel TOU have heat a.ch"n,a with the ataosphere through the open vater

surface and you see " loa" of the~l enerRY and you see a decline in te.pera-

ture in tbe dovostreaa direction. The decline probably approaches 0 depends

of course on the starting teaperature. As you can sze at soae point down.trea~

it viII resch 1/10 dagree C, in this case veIl downstreaa, tn this case .uch

clo.er to the project. Vroa that point the significance of the .I·C tbat we

have found froa observations on othar rivers, aost notably the Peace River,

that froa the bulk vatar te.perature. snd this ia the bulk vater te.perature,

tbat down to about ,I·C the teMPeratura gradienta vithin :hat bulk are such

that you can begin for.dng ice on the aurface of the river. You cannot possibly
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see any ice upstreaDl at tbia point, tbe point of where tbis telllJlerature is

about.l·C. At tbat point the surface teaperature ta low enough that you

begin to see tce for. on the river. Beyond tbAt f~int you will be dev~loplng

ice to botb tbe ice ed~e and tbe open vste~ surface conti~ue to

to the atDlOsphere and will cliDlb until you have enough ice that v~u have 1001

~overage. You can underatand that this position can IlIOVI' up and down the

river unde! very. very cold conditions snd can expect this transitton poir.t to

DIOVe up tbe river as the more effective to the higher rate of heat loss froDl

the surface. Under very II1Id conditions it vould DIOVe downstreaDl. There is

never in anyone season a particular point where this starts. It is moving on

s daily bssis depending on the current cli..te. The s..e thing applies to

__________ which you lIight as II function

of the curreat ~li..tic conditions. Along this reach is partly dependent on

the current ~li..tic conditions and .ls~ on tbe distante through the point

whe're the first lod&-nt can occur anc.: how f"r the cover has been able t.o

advance frODl the beginning, frODl the first Jod~~t

We have he're a syat.e. where vater containin~ the~l energy t.ransferr~d from

t.he sumBler nonths is released into th~ tail race. The t.her-al energy is t.rans-

fer~ed t.o t.he ae.osphere when the t.-perllt.ure drops to sbout half a degree of

bulk t.~erat.ure. a~ ~ich ti.e it. can start to generate ice. increa.ing ~ravt.h

rate, increasina t.he accu-uiation in downstre.. direct.ion ~s it. is feeding t.he

ice front which i& advancin~ by juxtaposition frODl this point

You can see what happens here ia the proces~ viII continue until the ice front

viII continue to DIOVe up in this direction till it reaches Q point where it.

can advance no further for the s1.-p1e reason that you cannot ~enerate ice

because the vater te-peraturaa are too bot. So you vould never after

________________ you voultt never expect to eee an ice cover
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upatre.. from that particular point, the 10catlon of which. re.f!~bf!r. Is depen-

dent on the current clt..tic year 80 it would be a different position df!pen~lnR

on hov severt! the winter i~.

Pte- the consequence of 80rt of P8ttf!~ you can expect to see under both

project conditions the variation tn ~ver.le winteT air temperature, if you

have ~ var. year the inltlal lodgment would take place a little lateT in the

year and you would have the ice front advancing and the reference pointers

ow._ ::::=

from the lod~nt point ____ with the pallS_He of ti_ and if you have

indeed a "ara year all through the winter then you would find that the ice

front would not 3dvance beyond aa.e po!nt here. No~11y what happens la, aa

the ice front approachea the open water reach the 'fate at which ire can be

supplied to the frunt is ~ecressing because that paT-tial ca\'ered reach which

ia Relleyating the reach fa becOiling s_tIer IIInd a..lller. You indeed see a

deceleration in the rate at which the front advances. The other thing ia that

thi. quite c~ly occura towards the ~nd of winter when you IIIre beginning to

see a winter va~ing trend. The other ext~e.e if you had II cold ~ear all the

..y tbrouBh you would see a s~at earlier 10d~Dt date. somewhat faater

rate of advance. and you vould finiah up with the cover sdvlllncing a further

di~tance upatre... In reality, this never happens because you never Bet, very

rarely get. a pure year ir' tenia of being .a~ or cold. You aOMttMa have a

..~ fall and then a very cold aid-v1nter in which cale you depart frOll the

.anl linea to ac.ewhere on the ' Typically, if you plot a _

ice front po8ition as a function of calendar date, you are _

for a given year you find tbat they vander allover the pllce but you atay

within a band vtdcb you can define in teno of a cold year and vaT1l ,_r

The .aat aignificant thing about thia is that _ are

lookinS at a procel. that is by nature very variable. Tou have thiw aort of
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variation even under natural eonditiona a. a eoneequence of variation in cltaatic

eonditions.

!low I'd lite to diaeuu tbe

That'. the end of ., dtaeusaion on the effeeta of the hydro projeet or. Where

the ice front 1s going to be locsted and Whieh reaches of the river would be

covered. We viII eave on nov to tbe iasue of ~hanlea in water l ..els. In

order to understand ac.e of the Bubsequent dialr... J thint it is belpful to

have a bit of the notion of the ec.ple~ of ju.tapoaition .nd the ae.ninl of

leading edge stability. As t described previously, nor.ally what happens i.

th.t open ~ster surfsee or heat exehanle developa frazil iee and slush iee in

the fora of flow down the river to sa.e point snd if tbere ia

enOUlh of theae th.,. will lodge at sc.e point downstre... And fro. that poiDt

the cover will advance by the procea. called juxtapoaition, upatre... It viII

r~aeh periodically a particular eroaa-aeetion which is .ere difficult fot the

cover to develop pasr than any other area and J have indicated this very clearly

by photography h.r.. What happen. is that the cover viII

advance quite happily by juxtapo.ition to a feature aueh as thia and then it

cannot 10 any further for the ai.,le reaaon there ia a pi.ce of pan or cate of

ice in here buttw up alalnat tb15 end on the vater surface. It cannot stay

there becaua. th6 velocities are too high. Bydrodvnall1c forcaa eliaae it to

sub..rge and be carried downatr.... It viII be carried downatre.. to the

firat poaition where the velocity ln the atrea. ia lev eDoolh th.t it c.n atay

there .nd it vill depo.it in juat exactly tbe a__nn.r a. the a.dt.ent

proe.s. in the .lluvial faD of a river if the whole tbinl Ie upaide dowa. It

la an iavert.d .lluvial fan ..de up of ice. And it will te.p depoaiting at

that point until the velocity iner..... to 11 critical value and

Under fre.zeup eondition. thia haa
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been obserYed to be in tbe neilhborhood of about tbree feet per aecond. Quite

typically you have a depo~it bere until tbe velocity i. incre.sed e fev feet

per .econd at whicb t1_ the incoain! ice at tbill leadina edle cannot atay

tbere and whole process .eves down~tre.. aradually fillinl in the downstrea.

channel. It continu~s to do that until such tt.e that the additional hydraulic

10as~, because of the bigher velocitiea on it, are such that you «et a backwater

effect ~~.~~ i~ eaaenee avinas the ice cover up and drown. this conatriction.

Stre.. raisea(?l it un. ~l the vater le\'el reacb~s a cricical level whtch can

be defined in te~a of ~~~ ia referred to aa leading edge Proude atability

nu.ber. Froude n~ber is uefined In theae te~ aa velocity divided by the

aquare root of db. vbere h ia the depth at that part!cular point. It can be

______ diecharae quite a~l, in thie _, and if

ve rearraoae thia thing and aolve for the critical depth we f.nd that we can

erpreee it in teraa of conetante, which includes ac.e critical value in Proude

numbers and tbe specific discharge or dtachara~ per unit vith the channel~ to

2/3 power. Thie ia an extre.ely ueeful e~pre••ion. "hen enough staglnl has

taken place here, vhen tbe backwater effect with tbese depoaitiona ia aufficient

that TOU exceed the critical level; I have indicated the critical H .nd depth

of depth by the red line throulh here. I bave indicated here a .ituation

where it ia atage quite enough to aet out to the ..ximua level. The

depoaition will continue in thia caae until the water 16~~1 ia just at that

point, then the incoaing pteces of t~~ would atay ~t the leading edge and the

proeeaa of juxtapoaition would cuntinue ther~by tncreaaing ice co-ea up and

butta againat the diatal cover aD~ ataya In place and it aradually prORreaaea

in tbe upatr... direction. The key thtnl here ia thia critical value a. Indi-

cated by the red line here. Tou can calculate thb for any aectlon if you

know the croaa-aection data. Converaely. if you have an a-ou~t of field
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Ob.ervacioaa YOG caD define this relationship e.ptrleally aDd you'll find th.t

thi.•••1ae a critical ••lue of R •• erpr••.-d to t.~ of Proud. au.ber. aT

critical PTOU.de ft__.r. w111 be .ueh tMt the PTOU.H au.ber ill al_,.. between

the ••lue of .1~~ and .08.

discherae factoT which 1. quite .i~ly the dlacbarle divided by the channel

width to the 2/3 power which conveniently 11n••rlles the equation that vee in

• previous viewgnph. r have indicated here an upper It-it with. Froud.

nuwber of .08 and a lover ltalt of .154. This nu.har ha. been eatabltshed on

• theoretieal b•• ia. This nu.ber ha. been b••n elr.bIt.hed on an e.plrlcal

buta. both in labontory reBts and in fi.ld obaerntlolla alld 18 ntfetW!ly

well d~ted. As aho indicated on here, the open vater rating curve whicb

b to .., tbe reationah:lp betwe~ d18eharle and ",ater lJU.rface le.al. W. have

a particular diacharse that ia deacribed by this factor. You would e~ct t(

... a particular atale correspondin~ to that. Thia repr.aents the .,.ter l.vel

that would prevan for a liven d18charle liv~ that there 18 no ice pre.ent in

the ri".r. These NO red Hne. represent tbe rani. in pouibiUtiea that

would direct the .atar level tha ranle 1ft ",at.r leval will be reqUired in

order for the cover to be able to ad"ance by juxtapo.ition. It viII not ad.ance

for a Riven discb.rle until the .ater leval, in a ca.e like thia you hava at

the ti.. of fr..zl:Uo a diacharle in this ranae before the ice front leta to

your aaction of intereat you "'ill ••e it oval' both the ",atar lev.l lite thi••

Aa the ica cover approaehall th.re rill b. a backwaur affect fra. it, .ater

1...1 .UI iDer..... The ipcre... "n1 eontinue until you would be on thia

Un., but not hilh.r than that liD.. So ...-Mer freazeup condition., depaDdiac

IItlUraly on the nature of the inflovinl ice, en lenerally be d••crib.d in
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te~ of velocity and depends on the shape, sixe, density, strensth of the

piecea that are cOllinllJ :In. You viII alvays kave on the I::uaitna type of Tiver

an increase in stase where the open vater condition to a .ini.u. value indicated

by thia and ~ ..~t.ua value indicated by this uppeT line before rhe ice cover

can advance. You can aee tkat under natural conditions when vinter diachargea

are down in th'- range of 1,000, say _ybe 900 to 1600 or 1700 crs, on the

Susitna River when freexeup uccurs you vould be laid back in this region here.

Under that flow condition you would e~pect the vater level in the ..inate.,

correaponding to the blue ltne, advance increase to acae poai-

tion here. So if the regulated flow, ~he increase in discharge, ts sa.ething

in the rsnllJe 8.000 to 12,000 CFS you would of courae be causing freexeup to

occur at 8011e position oveT here. Your opel: wateT atallle at the ti_ of freellieup

would be higher and the s-.aunt of additional auging is not aa faT sa thll

ledin. edge sUbllitv _ there, and will increase to so.ething between

here and here. To illustTate thia I have an oveTlay here assu.inllJ th.~ tn

this particular year the freezeup ill a condition of the ice, so feedit,s the

fTont requires that they be ~ the upper It.it. We see for a naturnl fTe~zeup

discharge they start at a level like thts and you vould end up vith • level

like thta. The reaulated discharge would start at a level like this, appreciably

above that level. You would advance to a level up here. When there is a

chanse in vater lIurface lev"!l in the prasence of an ice cover it vould be

sa.ethinl like this. Nov in the case of the Susitna River, thia difference at

Talkeetna 18 loinl to be about 4 feet and oue in the She~n area ia goinR to

be aboutc?_~et. If however you have ~ condition that you ere upatrea. of the

point o~C vater, 1.e •• In a reach where an ice cover can never fOTE becauae

of the th.~l effects, then you vould in fact ant1cipate an open vater cond1tlo~

thTOUlhout the entiTe vinter. Whereas under the natural Tegulated flow you

..
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would heve seen a atalle frOlI thill level to that level. under the resulated

flow where the iee cover cannut occur because of the the~l effect~ you would

see quite simply an open water a~ale and there would in fact be a alight deereaae

in water level in that particular reach of the ice-free reach. On the suaitna

River it appears that this is 'Oinl to be about a foot. or less than a foot.

And of courlle there is a ranlle of possibilities; I have one over there to

indicate that. If in fact in a particular year the ice conditions vere such

that we didn't have t~ stay to the upper line in order to get an ice cover to

advance you would see that there ia a little difference in here. In thill case

undet the naturAl flow you would see a very ...11 atage increAse

Under the regulated flow an ice cover at thia

aection you would have an increase here a-aller than the previous one indicated

and if you in fact were in the open water reach you would aee hilher open

water levels than would have occurred under the natural discharlle with ataging

Where there is a wide range of possibilities depenJing on the

particular ice condition st the ti.e of fo~tion in a particular year where

there would be an ice caver you can e.pect increasea in atase, when there will

not be an ice covet there ..y be a ...11 decrease in _

atage.

50 that defines the water levels that you can expect at the freezeup

condition. Mow this condition applies only te.porari1,. It viII only maybe

aatisfied ~t the period of ti.. that the ice front i. advancing through that

particular reach. Once the ice front haa advanced through. different thiRRS

can happen. You referred to a unifo~ flow situation and to what t~e level

control goea back to the queation of channel lee-l!try and channel friction.

Thill condition no lonler app1iell. fl'owever. this condition after freezeop

dete~ines what your prevailing winter water levela are going to be for a
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liven diacharae durinl tha relit of the vint.r. To .how thi. I have pr~red

to .how you that t .. takinl off thill parUcubr lin. _

For the ~t y'. isnortna thi.lI poll.ibllity Which r...in.

un.ol.ed. Tou can .ee a. 1 hue incUcat'ed; let' • .uppo•• that a tultur.l fr"l:eup

diacharae ia 2
1

in ¥hich ca.. you would b••t thia point on the lIcal. of 10

.nd the fr.el:etlp lavel requir.d. Biven in thill ic. condition at the ti.. of

freezeup. would require a st~~e of thAt ..aunt. Once the cover i. ~~t.bll.h.d

it b... eert.in tbieknus 'Which ia c!.f,tentined by tha hydr.ulic fOTcell prevallinR

.t that disch.rle. And that thickness prevail. for the re.t of the vinter.

Bow it can in fact chanle. tf it happens to b. vary thin relative to the

thickne•• required for tha~l equilibria. rhrouah tha ice cover. that i ••

aquilibriua in tha h_t axehansad frc. the river to tha ice cover Qnd tha tee

cover to the .t~aphara. then it vill Irov thet,.]l,. yf 1t ill thicker than

ia required in teras of aqu.t1ibriua then it ean now baea.a thinner. Rlp;ht

.fter fo~tiOQ. a••entially you "-vI: • fixad ice eo.ar and you "-ve it f!zad

em a point em a rat in,; CUTVa. where you revert to the uuitor. flow and you in

f.et then. the di.cbarsa varies around tb.t. you would fo]l~ • r.tinl curve

which 1s ~r. or Ie•• par.llal to tha open vater rat ina curve that hal baen

fixad for the vintar or .t la••t for the next short period of ti.. by tbi.

fraal:aup conditi~. Then your rlltinl eUTVa ea-a. throulh .lona the line 11k.

thill. So if you had an inera••e to 4 s.y. or to 5. bavinl elolled in at thi.

di.char«a the ...iwua 1av.1 you would lIee would be indicated by a point up

hara.

- Biatna batwwan tapa, -
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... _ TeveTt to unifo~ flow contTol the Tating CUTVe we

are following vill begin .cre 01' lesa parallel to the open water curve and ia

at .uch hi~her level. Then we would expertence a value of up to (?) 5 ve can

aee a vater level appreciably higher than t~oae that had been at lover diSCharge.

For the vinter vater level regi.. ia f~ed by the diachar8e that occurs at the

ti.. of the ice front advance through a particulsr region. Nov this is all

very idealistic principally for th.. reason thllt 1 have ind~(cated becauae quite

often the ad~uat..nt in the ice cvver, that 7':'u would

have quite unifo~ grow~h in the thickness of the cover vith the paaaage of

vinter , then you vould gradually ~e fro. tne rating

curve upwards. If on the otheT hand you have thi~ning. or fOT example in this

present year when you get conaiderable thinning. you're used to the vater

underneath vanaing up, then the rating curve vould be uovin8 down on this

acale. Generally apeaking. the adjust"nt that take. place on an ice cover on

th~ Suaitna Rive" vould be auch that you'll alvay. be lIOVing down on thia

acale. The actual curve that you're on any ti.. subaequent to fr~ezeup depends

on vhat readjuat_nts vould COIle

'fOuld be -oving dovn.

_______ cover and in .eneral

Under the breakup condition, When the covel' has fraa-ented an advance is

transponed downatreaa by the flow of the increadng diachllrRe. I"he whole

process of staging to aatt.f,. Froude criteriA is again applicable.

Under natural conditions thia occur. uaually at a .Ich

higher di.charge. So if you like. spring breakup follows sustained lava of

..chanica to sati.fy equllibriua of force. of equilibriua at the le.ding edge

in the .... diagraa applied. But, generally .peaking. I did not show thi.s

.ubject undar naturel condilione that occur. at a higher discharae and you're

operating at aa-e condition up here. The .... procell governa Bpring breakup
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vater l."e1a. There i., however. in the aprinl a l~it to the worat thinl

that could put you out ~.n a dDlUin hen; _

Rive you very. very bilh discharllea. In fact this doesn't occur because you

have a It.itin, factor, the~e appsars to be a !t-itinl factor. and that i. the

"ol~ of ice that ia available to fo~ j.... Under the freezeup condition

you have. for all practical purpose., an infinite supply of ice available to

you aa lonl a. ,he winter la.u lonl enoulh. It ju.t keep. churninl avay

lenerating ice and fesding the front so that it has enoulh volu.. to be sble

to rai.e the .ater level for it to advance. Under the spring condition there

is in fact a li.it to the voluee of ice available to you and that i. l~ited

to extr..e phyaical li.ita than would have by the.e water surface area upstreaM

of the point and in fact is lanerally l~ited by a coabination of

and the ~nt ..lting that haa taken place aubaequently in the belinning Jf

.'Irins breakup. So you can, in fact, aa a function of aprinl breakup ice

vol~, you find an upper It-it on what can happen to you that's a. sood aa

your faany of curvea (1) for an increase in vol~. What happens is that

even if you get this diseharse there i. Dot enoush ice available to effectively

Ket the cover thick enoush throulh hydraulic lo••s. large enough to increa.e

the stale to .ati.fy the leadinl ed.e Froude criteria; we ju.t cannot let to

thia lins or not even to this line. You can in fact define a It.it hare and

it in fact defines the point of intsr.ection physical

upper l~ts are biahly i~robable at the 1:100 year volu.. because we find a

critical discharle which is ths vorst thins that could happen to you, the

vout level you would ever aee would be sa.sthinl defined by this point of

interssction. That deala vttb vater levels at f.eezeup .id-vintsr and durins

breakup.
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We viII ~e on nov to telk .bout ic. thickn.... We ..ntioned the ice

cover thickness ia .1.0 deterained in 1.r~e .....ur. by the disch.r~e .t freeze-

up. t don't have c.lcul.tiona for the Susitn. Rtver. I brought aa-e for s~

that I have don. on • reach of the Pe.ce River to quite ai~ly illust~.te the

influance the diach.rge has on the ice cover profile that c.n form. We c.n

aee in the upper di.gr•• the ice cov.r thickne•• ha. be~ c.lcul.ted uaing an
(1,.,,,~11 rh)

ice progr.. for disch.rge of 500 cubic _tel's per second. The cover h.s flll7..d

here by the process that ve deacribed .eetinR a stability requir~ent and it

haa required a certain thickneaa to Ret aufficient hydraulic .ean depth at 3

critical point right h.re. This happena to be the controlling aection. Once

we h.ve reached that the cover can advance very eaay through here until your,,,
velocity seU j:tf high .g.in and then go through the whole proce... It 111

aignificant then aa you can aee for this 500 cubic _tera per s.cond that

requires a cert.in thickne•• of ice. Under 1000 cubic .etere per aecond you

can aee th.,. the ice cover required to achieve th.t .aae thing ia so.evhat

thicker .nd it h.a. becauae of the nonuniformity of ch.nnel gea.etry. you have

conatderable vadation iu shape of tll"!.a _ ADd .t the higher diach.rge

you c.n aee that it has one hell of a ti.. setting through thia section. It

required an .ppreci.ble thickn.ss here to keep the w.ter level up. Plua it

doea bec.use of the velocity in thie pond {?} creat.d by the reduction in

cOlTYeyance of _________ ..as of ice. the velocities .re so low that

the ic. cover c.n .dvance quite a di3t.nce upstre.., quite slowly. The point

is that the thicknesa of the ice cover that ia loin8 to prevail for the winter

ia det.rmined in lars....aure alao by the diacharge that occurs at the ti..

of freezeup.

~. l.st it.. then vaa with r.apect to what h.ppens to .n ice coveT once

ita .atablished; if you chanRe the diach.rge. If you fr••ze in .t • v.ry low
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level and very small dis~harle you can aee you have a ve~ thin cover. If you

increa.e the discharge very markedly right after thar is fo~d and very veak,

you can ______________________ on the Peace River that

cover is UnAble to vithstand the bi~h to dry forces at a higb discharge. It

collapaea and you have in effect apring breakup in the freeteup ~riod. The

CI:rYer will reforn at the hilher level in accord3lnce with the dia~ra., the

le~dfng edge atability require.ent aa I've iodicated. However, it need not be

that you precipitate a breakup of a ~over like tbat every ttme you change the

diacbarge be~auae the ice cover generally vhen given a chance viII develop an

ability to tolerate rather larle level changes as a consequence of variationa

in flow. There are tva types of things that happen. The second one 1 viII be

discusaing ia a~tuslly a li.tted case for this. In the case where you fo~ a

very stron~, thin cover, gives it a ~hance to develop considerable strength.

If you .xercise the cover it will form an articulated hin,e along tbe ahoreline.

It requirea a .ini~. ~f 3 fractures which would parallel the shoreline, and

here vhere you have contact vith the bank vith ita firat piece, one a little

offshore and one further offshore. 1Ia the discharge increaaea, the water

level riaea, the central part of the cover just quite 8i~ly followa the vat~r

level, and as long as you ..~ntain ~ontact at ~heae hinRe pointa th~,cover
,

¥ill follow quite happily vithout breaking up. You get the hydrostatic level

over here and over floodinl, and in fact you let both __

channel. The.e can tolerate quite appreciabl~ increasea and one exa~le in

the Catineau River, vhich ia between tva paver plants that are operated by

Hydro Quebec. and that little Rucker can ~olerate 2~ feet of change and never

loae that contact. The other type of laited caae ia contact between _

ia quite typified by rivera in western Canada aod Alberta and the Rocky Mountaina.

Their clasa of river ia very c~arable in .o.e reapecta to certain regiona in
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tha Suaitna River. The proceas of fo~tion is as r described by juxtaposition

you fOnl the __________ betvel!n covera. That thia ia a vide channel

in terae of the abilit! of the iCI! to expaod the river reach. Sub.equent to

the fo~tion of the advancins cover upstrea. vould be a collapae and teleacopins

of the aeparate part of the cover and it viII develop a ahear line eatabliehins

srounded resione on the banta which would beca.e the nev riTer banks. Subae-

quent to tele.copin, and a certain ..aunt of aqueezins, the disparity would

novb. The cover viII eettle down in between theae .rounded

ice banks and in effect the channel ia nov defined by theae. Tou don't a~e

th1a happeninl on, 1 have not aeen thia anywhere 00 the Su_itoa River. There

ia so-e telescopins in certain reaches both particularly in the r.ach 5 or 6

.ilea down.tre.. fra. the canyon. l~e~e t. not a ~re.endoua .-ount of thie

type of procea_ taking place in the Su.itna River for anT lenlth. Subaequently,

tf you decreaae the flova to very low valuea the central part of the cover

viII quite aiwply float down. As it floate down it viII develop fracture. in

the as.e ..nner e. ve have erticulated. Then the pieces viII quite st.ply lie

in the river be~. When the vster level ca.ea back up if it haan't been down

too loog. snd sa.eti_s if it hasn't refractured, the pieces rill aU flost

back up into place quite happily to retain the bank contact between the ~entral

piece. of ice and the shoreline and viII all then atAy in place very happily,

and it will atay theTe ..-ad follow the wueT level. In apringtillle

___________________ flov, dischar.e 18 hilher than the freeZl!up

diachaTla and it viII in fact float the ice cover up to the bank without flooding

of the oveTbenk area. aa long aa that coveT retain. contact vith the grounded

ice on the dde h.na w111 atay in place and not fracture. Aa lloon .. the

diachar,e ia auch that ata.e c_a up and ruptu'rae _

the whole cover viII collapse .rilich tit tho, breakup. I don't have
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slide. of these proceases. I do ha~e four photolrapha vhich T'll paaa ~r~Jnd

iadicaeins chis sore of thing. The top one ls RollinS8Woreh Reservoir which

belonga to Great l~kes Power in norehern Ontario. It is a lieele reservoir

but in ehia instance ve've drawn down 30 feet tn order co effece repairs in

ehe inUke structure. It vaa aubsequently brousht back up 20 feet and you

vll1 see When you get a close look at it the pattern of fractures that occur

along the ice cover aa the vater level ia hrought down. You viII see an area

that ha. been flooded. corresponding to an articulated-type hinge, quite typica:.

of thi. sort of thing which you can expect a aajor drawdown on an ice cover ln

place. The aeco"d photograph 18 froa Jakineau (1) River which I _ntioned

which la a very fine exaaple of the articulate6 hinge. Thi. ls the one that

Quebec Hydro haa exercised in expert-ent. to the extent of 2; aeter. of vertic•.1

variation. The t~lrd photoBraph illustrates the type of hlngins that takes

place on the Peace River. and here's a section of the Peace R!vtrr near

And )'Vl can Bee alol:g the ahoreline tbe overcrowding has

taken place as the coy,,:, haa be~~n exercised all operationa near _

upstrea.. The cover stays quite ha~~ily in place following the vater levela.

The l~~~ dialr.. ia a1ao a Pea~e River further downatre•• and it ahovo the

laat condition I had on the slide here of overf100~ing of the bank has occurred

in this condition here. Overflo~inl of tbe banka haa occurred but there is

still bank contact and the cover atill staya quite happily in place.

Fire av~y. gentl.-en.

Q: Tea, would you elaborate , little on the breakup process downatre.. of

Talkeetna if we have during the vlntertiae twice the flow tbat we presently

bave, let's say at Susitna Station. therefore there Is going to be a Rubatantial
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what could po..ibly ba~peD rith ice j.-ina chario, tbe ~rinIU_.

A: ~re are two thia,1 that happen here. Pirlt or all. ita iwportant to

note ~ith relpect to the chanle in flow that under the breakup conditiona the

rasulated flow i. appraciably Ie•• than particularly .t t~ later belianinl of

the breakup period. Tha rasulated flow is appreciably Ie.. thsn the Gatural

f.low. Thil ia litniricant in te~ of the Ita,in, requirad to 8atilfy the

frouda leading edlel stability criteria. Tn teral of thil dialraa, under the

natural conditions you can expect breakup for thlt raach to occur aa.evhere in

here vhich _ans that you liould expect to aee a hiltl dischaq~e .s high breakup

levell. Under the rasulated condition you viII unlikely ever see dilcharRe.

that bilh ...in and will in fact be very close to the reBulated flow whlch

rill brin,. you back dmm here s~ere. Nov thue 111 • very clear benefit to

flood control in the lover reache. as e consequence of production of .pring

nova at th.~ tt.e of braakup. The other factor is a question _

Ve rill Weed be .ere ice in the river al a cooaaquance of the devel0'PMDt of

cover at hiaher level.. Nov that becc.el relatively ainor slznificance for

the 3t.ple reasoo that it only tate. a certain vol~ of ice at the dilcharle

to eltablish the critical Proude level. It takel s certain voluee of ice in

this area to produ~e the hydraulic constriction to stage to the critical froude

ltrv!!l at this poiltt. So the question 'Is not necess.rily ••• ; the fact that

you have .ere ice i. not necel.arily of significance becaule if undar natural

conditions you have enOUlh ice to stage to that level under the reduced sprinK

dilcharle due to relUlatian, if natural condltioo. would provide that volu..

of ice it i. irrelevant that you h..e .ere becau.e all it _ana i. that the

,na.e will 10 to that .... Iud here and you rill have a longer eztenslon of
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the ice cover upltre.. becau.. there ia .are ice under that condition. The

leeeral conlL~uence il that the b4aefit of reduced dilchargel far uutweilha

the difference ln voluae of lce,

Q: Okay, you're 1°101 real fast here. I'. 101nl to have to slow you down

b~caule I'E a llttle Ilow. I want to Ilk leverat queltionl. Firlt of all,

let'l take at Su Station, way down river. Durinl winter flovl of relUlated

flov, if .,. .ewory lerves _, we're loing to have approxi_tely double the

no~l 1ilcharle on a noraal year al we do with no hydro d.. and no regulated

flow. True or falle1

A: True.

Q: Ouy, 10 we have ~ce as aruch water during a reRulated time and thil

exerciae you juat p~t UI through, which 1 found very info~tive, val that

that telll _ that we wi11 probably have a lot .ore ice foraatlon ln that

lover part of the river. ~1~ht1 Becaule of the phylicl it takel to do that.

We're cert~inly goinR to be below natural t-.peratura, you know, I type of

theraal effect fra. the hydroplant down that far, buc ve're 101nl to tvice al

.uch water 10 the aylt.. ao lt see.1 to me that ve're golnl to have a lot acre

lce down thera than ve ooraally would.

A: Becauae of the thlcker cover you viII you have more lce.

Q: Rilh\', okay. Now, durinl breakup, you're aaylol the relulated fl~ il

101nl to h. very l~ortant but lf you go back to the lnltiaL atuff we're looking

at durins thOle montha when you stlrt to let your breakup the effect of the
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diacharB. fro. tbe Suaitaa pottion that 18 co.ina fR* the re..rvoir 18 a

loin« to ha~e ritb an that no~lly very biab dbcbarl. on a lot -.or. ic•

.. t r • loina to haT. down in that .,stea. t·. r.all,. conc.rn.d about that.

A: One of the cOhsequenc.a tbroullh the cOIIp.naaUnl .ff.ct for the Ir.at.r

thicknua and the lreaur VOIUM of ic. und.r t.h. reBUut.d condition. and

that i. the heat content of the re.ervoir. The water t.-peraturea in the

Sualtna will riae bacaule they bave never lone down to O. th.,. viII be .a~r

earlier in the ae.aon. The conaequence of thia ia that, rith the reBUlated

flows. you tend to let a very rapid rate of ..ltlnll eroslon of the ic. cover.

So it disappears v.ry quickly.

Q: So you're ..,.ing that ...n dovn below the confluence of the Talke.tena and

the Tenecna and thea. ar..a ve're aoi~~ to have, rith a regulated flou In the

rintertl8e or in the fall and atarti~1 In the vinter. a lot .are vater than

no~l. that when the aource breakup i~ the aprinl that tbere'a loinl to be

anOUlh teaperature naturally that ita not g~ing to ..ke any difference!

A: I'. not aaying that its not 101ng to ..ke any difhrence. I'. aaylnl

there la a ca-pllc3tlnl effect.

Q: Well, would ,.OU expact that for dovnatre... Te.. that there would be any
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bare. I'. ,olnl back to fran.up conditions to live you ~o.e feel for the

axtant of this opea ••tar bit. I don't have any caleulationa to ba able to

vith Watana only. operettal and the outflow teMparature here 1••·C. then thte

loeation b .b~t SharMn. Tf thb t. Vatana and the outflow t ....r.ture here

1. 2- then thte 1. about down.tr... of De9il Canyon. Quartz Cr••k. If this 1.

Devils Canyon and the outflow t-.perature 1••-, this 1. downstre.. of Talk••tna.

1f tbb ia nevUs Canyon aDd tbb 1. 2-. then this b about SharMn. Jlov thb

1. uDds:- the freeze\Jp condition ¥bere you hava net heat 10•• throulh th1.

th1. l'anse and will be addlnl heet here atartina fro. b... level not at 0 but

fro- a baee level significantly above. This open vater reach, the te.perature

defined here, and ta quite .ea.itlv~ to freezing t.-perature., and both partlcu-

larly vb~re you ~ve a net heat g.ln i~atead of a net heat 10... You ¥culd

aee t-.peraturea rlaing around this poiat. Oader breakup condition the te.pera-

thb vay. . " in UAht of the tre-ndou• .-ount of heat.. evell though it b

l

lev grade heat. a tre-ndou• .-aunt of heat i. avaUable _ theae coven.

Specifically, on the Peace River downstrea. of Willi.ton Lake, vhereas under

natural conditions they used to have sprins breakup ice jaa probl..a in the

town of Peace River. As a conaequen;e of i~e breakup on the ..In.t.. of the

Peace River and a ..jor tributary just upatree- of the town of S.cky River.

¥hat happena nov typically ia that the ..inst.. river ice ia long lone because

of this apring the~l effect before the s-oky breaks and you nov have a ~ch
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..-llcr total .01... of ice ..ailable to eau.. flood.inl 1ft the towa of Peace

aher under the replated cOftdttioa,

vater and ice cov.rale. That .~.n't e~actl~ ., point but that'a okay, I vant

to aat you a coupla o:her thinsa. And that ia. vh"en you vere diacu••iDJ what

it toot for the ice buildup by the j~tapo.ition and you do Deed ba.teally. it

Woody va. vorkinl on in that are. vhere 12.000 .ilht potentially b. that point

vhare the up.tre_ benl vould keep vater frc. 10iDI throulh. or 11,000 or

ture, and a. the ice .ove. forward you need the increa.ed vater level, it

floods over into these slOUlh area. you wouldn't no~lly flood durinl that

ti_ of year.

I.: T don't tDOW. nta.t depend. on the elevation of the ben. end of the atoulh.

Q: t'. juat tryinl to say. just theoretic~ll,. 1'. tryinl to be aa theoretical

here aa you are.

A: That'. riAht. That'. fine. too'raiae that poaaibility. That ha. to be

deteTa1n~d on a aloulh by .IOUlh baaia. Th. De.t atep beyond this i. to run a

backw,ter calculation with the ice cover in the position ¥here you are not

lob:S to so ud at the r_hicltD.aa that you're loinl to fon. at. The calculation.

require atartinA frc. this point to exactly the .... type. ve're .ayina that.
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_______ on Sueitna I uaed the Pcace liver exaaple. So. if you know what

you're free~eup flow is you can calculate. as we've d~e here in an ice prefile

that you would eJtPect the cDnaequence of that flow. Than. havins that esubHshed

you ~an do full ~lculationa with R!C 2 in order to set W8ter aurfaca profiles

which gives you the water levela for each specific point. Now, in this particular

case we were doinS this because there is a flood ins probl_ in west Peace

River and we have flood dikes in pla~e the elev.tion of the creat which is

lndtcated here. I'. quite COflcerned about whether winter levels under power

regulation will exceed the.e level. or not. lxactly the .... problem in hydrMu]ic

te~8 a8 the slou~h proble-. You would have to do this aort of an. lysis on

the Susitna River and then find a particular berm location for a particul.r

slough you have to know what that elevstion is snd relate it to the berm eleva-

tion. If its higher than flood, or lower than flood.

Q: Just one more point. Froa what t'. sathering then and what you tried to

relate to .e here a couple of .tnutea sgo. am I to ass~ that the increase

regulated flow downlltrea_. even frc. Talkeetna, even down into say to the

Yentna. will not hsve any appreciable effect on the ice cover or the conaequences

of breakup due to regulated flow, juat by the baaic physics thst Its going to

take to change ice cover and the flow its going to take to discharge it. Ia

that true or not?

A: I carefully avoided 88yiq e'l:actly what those changt~8 are. What I've

tried to do hare 1a to give y~l some understanding ••••••

Q: Okay I know, but I'. a8kin~ a pertinent question. Csn you give .. an
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A: There will be chan~ea of the type l'.e indicated. The "anitude t dOll't

know. It viII be 1••• bec.au.. the Iradien~ of the riv~r viII be the d.ter-i~nt

of all theae thinla; the alope of the river. As the alope ia de~rea.inl in

the dClWftatr... dir.ctiOll, i •••• the flatter the river alope leaa uvere in

tbia effer.t.

Q: Okay, that'a fine. ~hat'a load.

Q: You don't know .t thia point even if ice ia loial to fo~ downatrea. of

Devila Canyon all the vay to Talkeetna. anyvbere vithin that entire reach, or

it _y not?

A: It'a loinl to depend on tbe type of clt..tic condition. of • ~iven year a.

they influence the re.ervoir te.perature and e'l they influence the heat .ll:change

in the ri.er, down.trea. fra. the reservoir.

Q: What about, can Yl~ put a~ nu.bera on theae elevationa, on the .tale

elevation.?

A: Y••h. in the Talkeetna area you can e~ect a atage increaae of about 4

feet and at the She~n area an increa.e of about 3 feet.

Q: That tran.late., the equivalent op2ft vater flow v~uld be aub.tanti.l under

thoa. incr••••d ata.ea. You can ~uat look at a~y of the croaa sectiona that I

aha.ed for ell:..,la th1• .aminl and look ar what 3 feet viiI do and aa.e prel1ai-

nary, we haven't run th. R!C backwater pr~gr.. vith ice cover for tha conditione

what ve'v. ju=t been diacus.ing, but ve looked at it by inapection .nd if the
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A: It can do. UadlT the tee covel' condition. I'. oot aUTa What thia TtveT

b, and T'. oot f..Uial' with the ~rphololJ of tha _

to take velocitiea of thia aort of calculation deaerlblnl thia. One of the

thlola you let out of thia flort of calculation ia the velocitie. In tha area

vMO you _ke an a.....-at then What 18 loinl to happen to the bed of the

river. TheTe are ~ It.1tiol velocitie., two It.itinl conditiona under ice

coval' ¥hieh deur-.lna whether you ~et bed .cour or not. 1 _ntioned the lt.itinl

vel~ity under the equilibrlu. deposition velocity or eroaion velocity here of

about 3 feet per .econd. Under fo~tion condItioo ve have never .een velocities

in e.ce•• of 3 feet per lecoDd. So UDder this fo~tion condition if the bed

of the river 1. ~.ved with cobbles tbat viII resist that sort of velocity then

the bed viII aot be dlaturbed by tb. fact that you bave Iraded ice thickne••

at a hilhar fraaEeup discharle condition. If the bed _terial 1. such that it

viII be eToded by the velocities it .aDS tbat that 1. occurrinl rilht now in

tha river as a no~l annual consequence and is 101nl to c~tinue in the future.

'For e.-.pla, in _ channel in the downriver in Toronto, Ontario thll!

becauae the bed of tbe channel i. where -o.t of the ice

j .. tata. place ie verr fine _terial. The ice j ... ice raapond. to fiowl

undar it and the ice juat teep. follovina _ acoul' holea. The aa.

thinl applie. downetre.. of MU.krat Falla In the ChuTcbill River io Labrador,

a lS0-foot-deep acour bole dawaatre.. of Muakrat Falla becau.e tha bed reeistaDce
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f.ll. downatr... in thia ..nn.r .nd it juat te~., the velocity incr..... the

_____ load, .c)r. ic. depo.lt. than th111 _

The critical que.tion here ia. under fo~tion condition., what 1a the preaent

.tate of tbe bed. Will it reai.t ..-eloc1ti.a or not. It it

rill. it ahouldn't chanle then you can H ••roaion but you

.hould be aeein« .ro.ion aoyway und.r natural condition.. Onder breakup where

,OU cao .et. the proce•• rith reapect to thi. ia the .... aa tha proc••• wher.by

you Aet the ata.in., ita quite clear in the ~r thea. ar. quite diff.rent,

lou rill let .n abrupt breakup of an ice cover vith a .... of ic• .ovinl down

the riv.r to a p:)tnt where it cc.e. a.aio.t a aolid pi.c. of ic. at reat.

They rill all j .. in and. in.tead of havinl thia Iradual d.po.ition proceaa

takinl place all the va, down the river. you Juat quite .~ly fo~ a hao.lna

4aa .nd .et tre-endoua re.i6tance. There have n.ver b.en dir.ct ...lIur...nt.

of those ".docittea for the al.-pl. rea.on that 1 havf:ft't b.....ble to find.

sucker to 10 out on .n ice j .. that I'. faadliar vith. (Iaulh track) We have

inferr.d ".lociti.a frna calibration of our ice ..ch.nic• .ud.l which au~~eat.

that under that condition ve ..y have .hort te~ velocitiea und.r .n ice ja.

in the .re. of 9 or 10 feet per aecond, ~r aboat 3 ..ter. p.r ~econd, .0 tho.e

.re not direct ....ur...nt •• they are inferred an~ we don't know how good the,

.re. But .A.in, if you are getting that .ort of: ja..ing condition vhich you

will on the Su.itna in two or three pl.c.a under .prtng breakup diachargea you

c.n expect to aee thoae sort of velocitiea under natural conditione. T under-

a:and fraa the convaraatione with the people here that there h.ve been quite a

ra.dju.t.ent to .cae of the river crosa-aectiona .ince the leet survey aa a

consequ.nce of tha r.ther larae .pring breakup di.charge thia ye.r. And that

b probably area you let tho.. hi8h veloc:.itiea aod
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it takea quita an apprec~ble cobble or boulder to r.aiat 10 feet per aecond,

.0 even uDder tb. natural proc~aa you are lattin& that aort of breakup ••locicy

fcc. that aort of r.adju.r.ent of the bed. Ve would not expect the net velocities

to chaftlll by the fact that yott a"re re~att.ua the flow. In the Su.itna !.iver

it..lf, you would be Ie•• likely to fo~ tbat aort of j .. beeauae of the heat

coatmlt and Ireatllr inforutioa the cover io place becauae you

are lta1tiol the ~:t- diacharle under norul power flowa _

the .orr of nllnt tbat occura by nature _ Tou would expect to

aee thoae 10 foot per .ecood velocities uDder ice j ... leaa frequently after

the project.

Q: Can we talk about fiah for awhile, It. getting a headachel (laulh track)

------------~


