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Ihe objective " this s tudy task i s  t o  understand slough hy- 

drageoloyy ; lnde~ e x i s t i n g  , n a t u r a l  conditions and thus pro- 
v i d e  a ii~i?iCi~Lir~loyy t y  wbiich poi;te-prnject. cntptdi'Lions can be 

pred i ct td.  

-r s tudy  i s  coinprised o f  four stages 

- d a t a  collocljon 

-* di+i:a int.er[jr-etatjon 

- eloricping of e x i s t i n g  conditionr, to understand processes 
- predict;nn o f  post-project conditions. 



F i e l d  d a t a  C Q H  l ec t ion  has i n c l u d e d :  

( a )  walk-overs ai?d f l y  -c;rers of the  various sloughs between 

rdlkeelna and Uevi 1 Canyon t o  appreci a t ?  t h e i  r morphology 

[ b )  excavation o f  test  pits and installation of shallow wells 

i n  Slai,~gh.s RA and 9 (spring 1982) 

( $ 1  ~neast l i *ef i i rn~ clf  sioliyh pr~fjles, cross sections arid d i s w  

charges 

(d! deep d r i  l l  holes and 'insta1lat'ic:i OF water level and ...: 3% 

*I il irrnrsrcu.ature mear,i!ring d e v i ~ ~ ? ~  

( :  moni t a r i n g  o f  groundwa tei- levels, temperatures , r- i  ver  

stages and discharge. 

OnLlc jo ing  work isici i ide., completion o f  1-ecent deep d r i  l l i n g  i n  - 
s t ibumenta t ion  and c3n t i nu i : qg  incni tor i ng  of' observatioi-l we1 1s 
and iip~ii? l 1 i n g  ielnperahurcs. 

f:clnpic?tp rletill of' a l l  f i e l d  d a t a  are cont , inued -in the  Slough 

Hydro!ogy r e  i lieport (tt$k4 I ;  '1 t :  iO( j ?b j  . 



f i ~ i i  cijnd -i t i o n s ,  there i s  no d i r e c t  connect inn  hetween the 

!?(?ad end of' the s i ~ u g h  2nd the Susjtna m3i-p t r  s%~%t. 

"The groundwater prov ides two important functions w'i t h regard 

to  tkrr fisheries h a b i t a t ,  Firstly , d u r i n g  the spawning sea-  
son i t  prov ides f l ow w E t h i n  t he  s lough to al low the  salmon t o  

k# tdcact~ $ - -  spawnirrg areas i n  the upstream sec t i ons  o f  t l i e  s louylhs;  
p a -  .c.~ond Iy , the groundwater upwcl l i n g  provides a, near ly  c~on - 
stant temperature for incubatsion of the sa'lmon eggs and pre- 

vents r'r.ezeing di r r fng tke winter per iod.  

-$e so4 1 stratigraphy, determined by the  d r i  l l i n g  and test 
p i t  excavation, consists of' a t h i n  layer o f  t o p r o i  l overlying 

2 t o  6 ft o f  sandy s i  It, Below t h i s  i s  a lieterogenenus a l l u -  

v i i ~ m  comprising sand, s i l t ,  gravel, coi~bles and boulders. I t  

i s  pr~obab le  t h a t  t h i s  a l  l u v i i i m  has var iable  hydrkau i i c  conduc- 
tV iVi t , i2  
a :s bnt t l  vertical l y  and lateral 'ly , r e f l e c t i f i g  the moij.iny 

stream bad lacation d u r i n g  depositinn. 

Otiserijdti~ri we13 arid pierome"r.e Installation i nd ica te  a yen- 

era? grounclwater f l o w  i n  a dawnstrearii d i  rectiori and iucal  l y  

1aLeu.d i ly towdrd s loucjhs (liijuties l. arid 21, 

"rs~pcirature meiisurernents i n  the m a i n ~ t e m  stiow a $:oi lstant tem- 

p c ~ a t u r e  nF approximately O°C fo r  the per iod  of arid-October 

t o  rrlid-Apr.11. The temperature rises t o  i j  dt;ri!j, riraximum o f  

a p t ~ r u x  i inately 13°C i n  rniil.-Jii lji dnd i-i1c.n df:i:rea:;es t o  0°C by 

r4i-i !%*-Cic;toh~r. rhe -, lou f jh  l.eniperal:iir:ls show a c, i , i c i  la,-- p a t t e r n .  
m r ~  ;* t i ( ,  a sha  l l ow qrroi~ndwatev* ic:f~per*a t urei vdrby beiwc3en ncai- O°C ir: 



" I . ,  ~ r i ~ ~ :  r : j p ~ e i 1 i ~ ~ g ~  are d i s j b j e  as s m a l l  "jani j  ljoj1.;" a t  r d b f f  J tjffld 

d j  scrcte  locat i o n s ,  Hot~eyer, s i j f f ' j c j  er;t measureinen t s  have 
noi: y;zl. bee0 riiade to determine -if upw@l!lr:;; is ac'cc~a'lly clc- 

~ ~ ! r r i n f i  Y a t  3 recju~ed r a t e  i n  c$her aat2as where $/.%ere i s  wa 

evident silrface z;?xprnrsio~.  Localized upweil-isg i s  no t  tro- 

expected clue "; t t l x  ~ p a i i d i  \i;ii~iabi"!-ity o f  the aliuu-ium. 

Visible i i pwe l i i ng  p r o b i ~ b l y  nccui-s i r r  areas where tilere i s  

t h i n  cover 'to a 1;iyer or lens w i t h  particularly h i g h  hy- 

d r a u l i c  conduct is j i ty ,  

a" '" 

L ,  4 - D t t t i r n r i i n a t  of Material Properties 
. i - - ~ - r u . , a ~ ~ , ~ & ~ ~ ~ " ' . ~ ~ i ~ ~ w ~ * - ~ ~ ~  pram w - " - - v r w - 7 * m , l u P  

2,3.1 -. Hydraulic Conductivity 
-S.,w--a -%-.2.-w-v-."=4"*-- 

kjydraulic candigct i t i i ty  has been t-ctimsled by t h e  f n i  - 
lowing methods, 

f 3 )  Grairl S i z e  - Based on gra in  s i z e  a~a ' l y se s  from a 
-6" -*Aw- ---*-.w 

b u l k  s a m p : ~  take0 from ti2e riverbank i n  slough 9 

( F i g u r e  51, t h e  hydraul ic  c o n d i i ~ i : i ~ / i t $  i s  e s t i - I  

8lai;cd di: 170 Ft /d  from application o f  the Hazen 
" "'b P 6% \ formil ( l e r z d g h i  and Peck .~9.iai, 

( b )  -.------ Similar i j e ~ j o s i l s  ------ .- ivieasuremerlts of the hydraul ic  

c o t l d u c t i v i l y  o f  a l i i l v i a i  gravels i n  the city af 

F~irbanl!s g i v e  a i ia iue o f  1,000 f t / d  (Nelsorl 
$37[3) * 

R ~ s e d  ola t;D.rt+~c d a t a  a v a 1 e . i ~  o U O 0  F t / d  Imar, bel2~i irsed 

i n  ana' lysr ib.  



( a )  Flow Net  - From a f law net s k e t c h  ( i c i g u r e  6) and - -------- 
~~easureinen t of d i  s c h a r g d i n  t o  the upper reackies of 

s' ioiigil 9 o f  I c f : ; ,  the t r a n s c i i s s i v i t y  j; est imated 

a t  9,SOU f t l / d .  

( b )  ------- We'il Response - Fro61 t h e  response of  shallow we' i ls  
L , 
LIJ a changes i n  storage ir: the mainstem 

(Figure 11,  the method described by Pinder,  

B lbedehveFt and Cooper (1969) , reskr i ts  i n  es t imil,tes 

o f  .transmisslvity i n  t h e  range o f  2200 t o  306,000 
f t 2 / d .  I t  ak~pears t h a t  t h i s  method i s  4- 

su i t z b  76 for  the particu l a r  si t c  conditions. 

These results have Lherefsrc not  been used, 

2,3,3 - Thermal Properties 

-- a 
i rie "Lgerma 'I conduc.ti vei  tjl, s p e c i f i c  heat and l a t e n t  

heat o f  the soi 1s is i-cqui'rcd f o r  the thermal 3naly- 

s i s ,  No rrii:ia:tlr"i,imep?tS wwc made a'n the f i ~ l d  o r  l a b -  

o r a t o r y ,  li~pjever, pub lished d a t a  (Kers ter l  1042) sl lows 
the thermal conductivity and specific h e a t  to  be e s t i -  

rcateci w i t h  adcquzte dccuuar:y frolr~ blie rrai:llrLl l aro i s t u r e  

coritcn"isid d ry  density o f  t he  sr,i l l ~ e  value:;  rised 

i n  t i l e s e  analyses are silmlriarired bi:lcw. 



"#., s.?' 
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ihe ::tijccl-i~$e o f  the groundwater Tinw %odeling i s  tc, 

deter-iii; !re t& low pa t t2 rns  aroirnd ttje s laughs. 12~e- 

t ici :c3 f1es3 distribution: 2-p cc~mparod w i  tii ac1:ual 

kvater levels measured i n  wei1s. Values of the 
* m *  

ti ;:nr;rnjss2 \ i l t y  arc altered u n t i  1 a r-;~.onabie ..- a a agreenient 
i s  re2ched av~d the  rnodel i s  then considered t o  be tali - 
SrLlted. I t  should he noted h~ii!evcr that  a part iclrt  !ar 

!lead d i s t r i b u t i n r !  can be obha ined  by a variety of 
" " C 2  

k ~ i d 8 d 6 ~ ~  cons i 3. ! G U S  arid matei-i a l  proper t i e s  . That  i s ,  

a unique solution i s  n o t  a e c e s s a r i l y  a v a i l a b l e .  

The grqoiintiv;ater f l a w  aliatyses have been undertaken 
g a 2-ii p l a r ~  f i r l i t e  eiemerrt method w i t h  the f l o w  

integrated o+~e:- d e p t h ,  e eq~; ipotent  i a l s  ar t .  ver*ti - 
-iP c a l .  ihe transmissivity 3t any p o i n t  aepeilds on the  

de j i I i j  uT llre teiiibcjck ( d i  sufiierl in1!2rl:*ineab le 1 arid t i le 

yrourlcr4jater s u r f  ace ~ 1 e v a t . i  on .  Ana lyi;ec are therefore 
* requ i re  i t e r a t i o n s  to dc:fi;lc the s t eady  

s t a t e  graiirtdwater surface.  C o ~ s t a n t  pot2ntiaIs a r i d / ~ r  

d c i  i i ~c f i  I. l i i  xc:s i.dir i ~ c  dpp i od as baulrii ,:rcy cr-ic:t! i L / oris . 



Four boandary  condi t ions  are r e q u i r e d  

- vz ' ley wall 
- river boundgry 

-. bedrock el @$tat i on  

- strfams and siotrghs, 

+-. 

I his i s  asstlrned as an impermeable barrier w i t h  

zero fluxes. i n l ' t i  a1 analyses assumed the v a j  ley 
- 

s ide  to be i ~ e k 4 t i c a I e  t h i s  was subseqtre:ntly 

changed t o  f a i l o w  the approximate slope c-f the 
exposed val  ley wa3 1. 

( b  River Boundary 
- v - - * - w - - m  

klater el evatiions a h c r o s s  sec t i ons  !.RX-31 t h r o u g h  

I-RX-36 have been crjmputed u s i n g  H E G - 2  piogram f a r  

13,409~i ls (Rg4 "182d), Rivet- water efevations 
were takr.ii as t h ~  f i x e d  boundary potentials based 

on inl:er-polat ion hetwet2r1 the calcu i a t e d  values a t  
J.?., a,rsr-: CB"OS5 j t ~ t ' l ~  * 

B~l r i . ~ck  s,l .kvat i on  w;es assumed Lo be ZOO f t  b e ] ~ ~  

giver p i 1 3 1 ~ r  elq~~y4tir)ra dud @c;-in:;f;an-t i n  a d i r e c u i ~ n  

r j  j 7 t i r  1 As noteci a i ~ o i ~ ~ ,  
v -  i;lle v a i l p y  f Wac;  ii.:<:'ii\rfctj a!~ni; "Lfji. ' ~ O ~ J Q Y  ~ l ~ i * -  

gir l  of  the rn~jiicl. In addition, sc~iiicl arjalyscs irl-  

: , c hig!i i i i  iiir ati:cliii?l. i.0 

i " I '  i * C  

z-;Cit 1 r!V(.' i l j i ) C i d : "  i t,;s l I l 1 f 4 c i &  l i " l l t ,  



-T 1 i [I, y ee-noded -fi l m  elenjerits weye located along a l l  

st;-earns and s loughs t o  ~ ~ I o w  t h e  fluxes intcb or 
o u t  of these surFace waters t o  be computed, Mea- 

ss'red e l e v a t i o n s  ar' t h e  slougil surface water !#ere 
a p p l  iei! as bo i~ndary  condi t i o n r ,  

3.1.5 -. Maberial Properties 
~ ~ ~ d w l s t ~ l u r ~ . ~ .  

Based on the analyses described i n  Section 2.3, a value 
of 9,i)OO f t Z / d  was used For  t h e  transrnissivity, lisith 

a value 05 0.18 f a r  the storage coefficient. 

T i l ~  ag iayses  undertaken are djscrrssed below. 

- Rurl 1 a p p l i e d  un ly r i v e r  water level boundary cond'i - 
t ionr;  and an impernieable tdaliey wal l  w i t h  a f i x e d  

s a t g r a t e d  t h i c k n ~ s s .  Flow p a t h s  were a l l  i n  a down- 

stream d i r e c t i o n  ~i t h  a g r a d i e n t  a p p r o x i l ~ ~ a t i r i g  the 
r i v e r  gradient. 

- For Run ? t h e  elements below the $laughs were g i v e n  a 
trarrsir~issivi ty h igher  by a f a c t o r  O F  100. The o b j e c -  

t l v e  o f  this *?r, t o  simulate the !high r:onveyancc of 

the surface ~ ~ a t e r  * i r r  these areas .  

* -  Ki:n 3 useti l i j e  same ye >i!rt.try ii~ K U I ~  ? ~i t h I:[1(> incar-- 
por*ii:tion i ~ f  1 s iopc ,  i h i s  was ail 3t-- 

te;ii;~t to ! ~ i j t t t . r  nld:;h i:t.!c? elevations i n  thc area t ~ i *  

Y J ~  / g . - l l  9-15, 



as f i x e d  borirrdary cont i i  t i o n s  - t h r o u g h  3--notipd F i  lin 

e1emenL-s. The contours are shown in Figure  10 and 

aga in  indicate  r~latively poor agreement i n  the  area 
o f  piezometers 9-11. 

-. Ru.5 5 and 6 represent modjf icat ioric  to the bedrboek 

elevatisns i n  the v i c i n i t y  clf those piezometers, The 

bedrock high i n  this  area was hypothesized baseld nn 
t h e  shape of  t h o  visible galley wall  i n  this a,rea. 

However, neither o f  these runs were ab le  t o  exactly 
reproduce t h 2  a c t u a l  water. vcrcll elevatisns i r i  t h i s  

area (F igu res  11, 12). 

3,5.7 - Discuss ion  a n d  Conclusions 

i n  gencral , the grckindwater f l o w  pat tern  as deduced 

f rom the  model compares reasonably we1 1 w i t h  t h a t  
measured i n  the Fie ld .  I t  indicates t h a t  f low i s  p tAi -  

m a r i  l y  a long the valley w i t h  l oca l  lateral f l o w  toward 

t h e  sloughs. -rypical f l o w  pat11 lengths between entry  

arid e x i t  are o f  tkie order o f  2,000 t o  4,000 R. How- 

ever, the model was n o t  a b l e  t o  reproduce the g rnund-  

water cond i%ions  i n  the area o f  well 9-11. T h i s  may he 

due t o  a number s f  reasons, 

J d  A sui-face stream e x i s t s  i n  t h a t  area,  p r o b a b i g  d u e  t o  
runoff Froin the  u p l a n d  dreas. i l l i s  cou I d  l o c a l l y  re- 
charge the a l l u v i a l  a q ~ i i f e r .  

- i)c;rrd ing of su rb face  waicu-  bclr ind the rai  lway embank- 

mc:nh h a ?  a l s o  Lapen {sbsea-ved, and wor_?'ld k i g n c j  i ; ~  eleva- 

ted groi4riilwai:er levels. 

q . *  3 %,w I c,lratiijr.:,phy ad jace r l t  i.o the valley wall rimy i~r' 

ifiuch ilioi.*e v a r i  iib le than  i n  "Lhc center  of i:iic v a i  l e y .  



Seasoiial fluctuations i n  ai r temperature cause f luc ' tua-  

tiions i n  the s o i  l temperature. The d e p t h  and magnitude 
-p ~@e,e  L~ changes w i  1 l indicate the relative importance 

o f  air  temperature compared w i t h  seasonal chan<)es fn 

i-icer water "temperature on thi. upwel l i n g  groundwater 

s lough temperatures, 

Analyses were made o f  a one-dimensional ver t i ca l  i d e a l -  
ization o f  the  s o i l  s t r a t i g r a p h y  using a f i n i t e  element 

transient heat trarlsfur program which incorporates t h e  

l a t en t  heat  o f  freezing o f  t h e  s o i  1 ,  

Since the  f i n i t e  element code uses 2-0 elements,, the 
1-0 ge~! i le l r *y  was idealized a: a 3. f t  w i d e  by 30-*Ft 

clecp (1-111 by 9,l-riij t ler l ical  s t r i p .  Six7 -noded  t r i ang i l -  

'Iar isoparametric eiernentt. were used w i t h  material 

properties f a r  s i l t  tc  a depth o f  6,3 f t .  Below thfs  

properties for  sand arid gravel wtiro vscd ic the base nf 

1:he rmsdel , 

'> 4 - Boundary Condi 4: i o n s  and Loads 3 s  L o  . --" ----*-.- -*--a* --*-*--- **--*-- .--" ..%-".-"".**--"---"-.+ww 

rlie i luundd~y d t  30 f1 i:: ;;di;iisli:., i . c . ,  no heat  floe.::; 

ai:rns5 i t , 5 i rice the ijt:al:licr~nd 1 f low i s  cons i rlcreii n ~ g -  

iii j itji~: i ~ i i a t i v e  iL:i I ;  ij~^iVeri h p a t  

f 1 (JWS * lili: L e ! n ~ ~ : i y a t u v e  a p p l i e d  to grounti  ~ I ~ I ~ * ~ : ~ ~ ~ ~  

wi15 c!c:t*c?!~!flif!e~j f i * i l l l j  fb.!lt? fi!a!l!,!l iy ;Ivcr-a(]4? d i  r i"eiili-!t?~*.:i~:~Ff: 

- ;r * [ f  1,ijp " i : "  f ; i c ~ ~ , ~ ~ .  

rhp t ' f r 4 z t  : ; I  1 : ) ~  f r f : ~ /  i c ;  & f  i ri[:(! ( ~ 5  r h L :  r b c : t +  1 0  c j f  



c , u i * f ' i L ~  f r e e z i n i j  jade): t~ & j i n  freering incieu, and 
4 i i?ai i ing f. i s  def i i1~2d as a r a t i o  o f  surface "Laawing index 

to a i r  ahawing index. Based on iunar*d i i? i  (1981), '% 

Fv-eezing'Qwas taken a.5 0.29 representing a ~ n o w - ~ c o v e r e d  

surface and "n t h a w i n g "  was taker1 a:; 0.37 representing 

a surface covered by tr'ecs, brbusii, etc .  The monthly 

average sit r f a c e  tenlperature was thereefore determined by 

mtllt  i p l y i n g  the morathly average a i  r temperature by t h e  

appropriate "riD fac tor  d ~ p e n d i n g  on t h e  season. Th i s  

ensures reasonable surface freezsng and thawing irgdexes 

a 1  t h o u g h  i t  docs n o t  necessari l y  accurate'ly ref lec t  the 
v a r i a t j n r :  of' surface I-.emperarture versus t i m e  nor the 
v a r i a t i o n s  w h i c h  rnay occur d u e  t o  different d s p t h s  of' 

snow cover th rough  the winter or Prom year t o  year.  

2 , 2 . 5  - P r o p e r t i e s  
---.%- 

Tlierrnal conductivity and s p e c i f i c  heat were deter~ined 

from pub l i shed d a t a  f o r  sirrii t a r  ma te r i a l s ,  and are de- 

t a i  led i n  Section 2 , 3 , 3 ,  Reseatach has i n d i c a t e d  t h a t  

unfrozen rio-isture exists i n  so-Sk below 0°C arid thus 
a a I ; l t c?nP  heat  i s  f e 1 ~ a ~ b ~ d  ofler a rarige o f  ternpera- 

turcs as indicated i n  Tabfe I, 

*- lhc r ~ s u l " r  s f  the thermal ana lyses  are sho:jn i n  F i g -  

ur't.5 13 aird 14. The surface 'teiiiperatare Fa1 lows an 

a i i p rox ima te  s in i l so ida l  shape ri2f'lecI: i n q  tire seasonal 
" * t iiiilpcra ttarc uari  a t  ion:;. lhc :  m i ~ x  illrain t i r p  ti.1 OF Freez i r r n  

i s  appi-'ixl:inol:ir h TI; anci a t  a iiepi:l~ nF !!'I i t  the: 60- 

" r U " 1 '  1 e r r  r i g  i s  k : ~ ;  Lh l f td  L L e  



c'ieiner~i model i n y  in pred-i c t i n g  maximuni  freezing f jepth 

o f  a p p r o x i i ~ a t e l y  6 ft. 

-- -P" ,.cP 
) /,I 

Since the d e p t h  OF the groiindwater table i s  typically .?' J 

' F > Q 4 ' $  

, f 
/ ,  I .  I( ~ r e a t e r  ;Flag 6 ft t i l e  impact of seasonal  a i r  tempera- .,,., ' . ; 

, 

3,3 - Cuupl ed Thermii l and 
Graundklater F 1 sw 

-*---A"mm-*--m-7* 

Coupled thermal and groundwater f low has  been analyzed 

by considerifiy conditions along a f l o w  p a t h ,  is. 1-D 

solutions.  Two process-s are s i g n i f i c a n t  

- heat exchange: between the  flowing pore water and t h e  

s o i  4 mineral ske'leton 

%- i o n g i t i l d  i n a l  dispersion. 

( a )  Heat Exi;hans - 

absorption o f  hea t  by the n ~ i n e r d l  slceietorr 

f TI l l ie !.rater i i ;  analagous t o  tlic sorption pro- 
cess wilereby ctit.mica1 5pecicis i n  s u i i l t i o n  are 

sorbed ocito so i l p;:r*ii c les . Tllc.reforbc. t h e  bequa- 

- t i ~ : j d  for t he  former- can be n~od i f  -i cd to 
hijtjd i e  (.llei+itjd j C ~ ~ I I S  id@ralion'.;. Ti-~f .  i * f i , ; t i v c .  v o h - -  

: r i f>$ -  -i (9 ilpii i r q j x  ':i ties 0: E,i i t j  $0 i 1 ;;i,d pja l e t -  si-c 



C,, CS = v~lvmetric s p e c i f i c  heats  ~f water 
;rriri :;cdj i 1 rerpec"c ive 1~ 

n = porosity 

-2- n. ine r s t i o  heat capacities i s  therefore 

Tile simi larity between the r e t d ~ d a e i o n  fac tor  or 

contaminant and fo r  thema1 ti-ar-,spar-t i s  i l lus t r a -  

ted by tl:e f o l  lowing. 

For contaminant transport 

R d - 2 . - c y b  i(d (Freeze and Cherry 1979) 
w - ** 
r I 



For thennal transport 

A l so, ~ C J P .  b o t h  

-s v = average rsriear v e l o c i  ty o f  yt-oundwater 

L . ~  = average retarded velacity o f  the mean con- 
ceilti-at ion or' temperature.  

( b )  ionqitudinal --*- , - ~ w - - ~ ~ . . - - -  D i s p e r s i o n  , - ,-- ..-" -- * -- -.- 

T h e  concentration o f  a dissolved spec ies  i ranspaiq- 

ted by groundwater i s  described b y  the F o l i o w i n g  



hydrodynamic d ispers ia r i  can be eeglect;ed. 

Theref~rr-2 

For bleat transport, the temperahre i s  equivalent 

t o  concentration, and therefore the governiilg 

equat ion may be written 

where $ - temperature, 

For a s t ep  f u n c t i o n  i r rpu t  boundary condition, a t  
large x ar t ,  t h o  s o l u t i o n  i s  (Freeze ar;d Cherry 
1979) 



where v, = average retarded v e i o c i  ty .  

3.3.2 - Geometry ------ 

Analyses have eaployed 1-0 metilods, a *  r-onsiderawtion 

OF l o n g i t u d i n a l  d-ispcirsion a long  a flow l i n e ,  Typical 
g -  low !lath ienyths are i n  tile order o f  1,000 to 4,000 ft 

iri p l a n .  

The h ~ t l n d a r g i  c o n d i t i o n s  requiring definition are tern- 

pe ra t i l r e  and average groundwater ve! uc i  t y  . 

The r i ve r .  temperature i s  0°C betweel3 iniri-!)i:t:jkja%i. 

and  mici--P9pri 1, and rise.: t o  a d a i  l y  maxinii l irr of' ap- 

proxirnate'ly 13'C i n  ,]ir 14.. The mean anntiai temperi- 

nture is approxjmately 3°C. For t purpose of 

p r e l  iminsry sn'lys i s ,  t he  a n n u  a1 temperar,gre vzr3-i -- 
C J L  im !  ljci5 bi:k:!l ;lp/-!f cl:;jfflatt:4j i - l j  (I 5qij$!-P @$d%!k? ?${tjhk 

ti i*lit~~d,jti, .it, i.dL-Y: %rretB tj mort&l.a.:, a &  ~ J ' ' L ,  



$ : G3veragc groundwater  velocity 

% = ijydr;ui*i:; c o ~ d ~ c t j y i ! y  

i hydraulic grddicni: 
2 parcr~ 1 ty, 

The ranges of these parameters resr;It 5n a trest 

cstiinnte avei*age groundwater yelocity of 22.2 i Y t / d  

(#  = 200 F t f d ,  i = 2 x 10-3, 0 = 0.18). 

(c) Retarded Groundwater Velocity 
*..--v---v-* ".-v*.-v-*.'-- *--*-.- --%-- 

ilsivlg ttie r e l a t i o n s h i p s  i n  Section 3,3.P(c) and a 
i:';ras;ity of 18 percent, the retai-dal ion Fac to r  has 

beers calc9l~"Cd t c  be 3, The average retarded 

groundwater velocity i s  "Lherffore 0.74 f t / d  

(276 f t l y r ) ,  

( d )  Square biave t,o 19 I. iu i ;  - ----"*.-- *"~---'-*m - ..s*5," -- =-- 

- .  
the ai?r?iial va-iation i n  r iver  terriper2ture cari be 

coarse ly  2pproximated  by a square ~iave w i t h  50 

pel*ceti i: du ty  cyc Ie , reiipr3c; tltir L i r? g sv;:,-agc. stimmer 
2nd .linter t ~ r f i p e r a t ~ r e s  o f  6°C atid 0°C respec t i  ve-  

1 This r e s u l t s  i n  a fnean i inr i i~al  !-ivcr teinpera- 
. "' 

teai*[f :")f yy;a iiii: :si;luLi:,ii for- t i l e  p ropnqa t i on  of 
, c 

4 square W ~ A V E  a l o n g  a Tim; l i n e  car) bit developed 

liy s i i j~cr l i~s i t ic~i?  o f  a r,:li*i!.:- o f  i:r:ict:i o f  6°C f o  t- 

6 1 :  i sf" 5 ni;113t815. {.ac/3 e pii 1 sc 
C "  

, I  i : twi, i.ep i i l p!i i s  , 1 i l l  i i t ~ i ! i . ~ i '  15 a 



i!; 3,3 .X(c i  above, Arerage retarded v e i n c i t i e s  01' 270 

f t / l y r  1000 f t / y r  dad 2700 fd;/yr have beer2 used. The 
"z- r 4 i i s t  be+ vali;e ( 2 7 3  f t / y r )  i s  based on t i te hest estimate 

.K- r j i  p r o p e r t i e s :  the  other two valuzs nrr: il;cii;dc:ic: t~ 

exoinine iri.le s e n s i t i v i t y  of t h e  temperature r d n g e  ri!, the 

1-ctdr-ded ve i ~ c i  t y  . They repneesent. for exar!;;11~, ari 

increa;e if, Uhe hydra# lit c~nd i~ l c t i i i j t y  by fac tors ,  3.7 

arid 50, 

Figures 1.6, 1 7 ,  and 18 show the  groundwater ~ e i i i p e ~ q - ~  

*t:lr::s along the flow line for sunmer and winter. The 

a:mu 21 tempera"iure fluctuation a t  various i i s t a n c i . ! ~  *I.; 
-3- 3 smfmar ize i  i n  Tab le  2, l n i s  shows t h a t  t h e  S;emper.aLure 

Z CI  

1s 3 a + -. 1.5°C a t  distai:ces greater  than 400 feet  from 

the ~ i a i ~ i s f : ~ m ,  For average retarried velocities of 1000 

f t / y r  0:- ler:s. For a retarded velocity of 2700 l ' t /yr  

tiie ten~ptii-dture fluctuation i s  3 *. 4. 1.5"C for dis*;a:rce; 

qre.2ter t h a n  2400 f t .  Since  the f l o w  iiile f r o m  ma in -  

s tw~ t o  slough i s  generally greatz i .  t h d n  500 F e e h a d  

typically 1000 to l lOOl j  F t  dispersion a long  the f1oj.r 

l irli: tledl e ~ ~ h j ~ l i j e  beis L V J T ~ ' ~ ~  ^ -  * the ~d f,et- i i l i c l  56 i j pa$%- 

t i c- lna: jpi i~ai-s  t~ be3 a r ea s~ i?ab?e  mechani:;m tcl accorrnt 

f a r   ti!^ n ~ ; . r l y  co!~.;iiint slougi-1 i?!,wcli i n g  tcinpci-atires . 



,g j . .,, <I - a  gr.i!is.nii.rla t e r  tempa i -a t  ure cond i t ians , The c o u ; ~  led Lherma j 

anti gr-ocindwater fioia.: .:analyses skc~w -ti;at the tei: jperaturr?s i n  

t i l e  n~airislem S u s i t n a  can fie transferred i r ~ t o  the rjrcjurrdwater, 

!i~+dlrever, dispcrsioa and i r l tcrchangn 31' thermal energy betwe~n 
L * ~ n c  watei- ann s o i  'l skeltzton a long  the long  flop/ paats  daopens 

the seasoli~al f i u c t u a t i n n s .  As a resu l t ,  the e x i t  tempera- 

I..urc?s iii~as!nred i n  slough irpwel l i n g s  are close t o  the mean an- 
ilua'l average tellinperature of  the inainstem Susi  t n a ,  



Opwriiicn of the power plants  w i l l  result  i n  m ~ i i i f i c a t i o n  o f  
L ~ f : e  seasonal discharge pattern compared t o  the  ex1 s t i n g  

na",iriLl S'lo~l i-cgime. i n  particular, winti?r f lor is  w-i 11 be 

h i g h e r  (approx.imately 10,000 c f s  , compared w i t h  1,0100 - 
2,000 c f  s a t  present), and the s p r i n g  snowmeit f iood peiik 

:;il; be substantially reduced I n  order t o  store water irl the 
$ / ~ ~ ~ f i ~ ~ ~ ~ ~ ~ ~ ~ i  r ,  Su;mer and f a l l  va r ia t ions  i n  discharge 

dse t o  r a i ~ f a ' l ' l  events wil l  a l s o  be redkiced i n  magnitude d u e  
to the rout in9  o f  the Flow thrc,ugl!  t he  reservoir,  Becatise o f  

the large storage volume rrf t h e  M a b a n  r e s e r v o i r ,  outlet  

temperatures w i  1 l be cooler i n  the e a ~ l y  sunmer and warmer i n  

t h e  f a l l  and wifrter. However, the mean annual  river 

temperature post--project kr i  7 ;  be close t o  Lhc n a t u r a l  mean 
aclntjal r iver  teq-ierature (Acrtes 1483). 

S c o i j ~  and d c p o s i t i o r i  w- i  l l  take p lace  downstream frcrri the prbo- 

4 7 33 1 propertics of the a i l u v j u o ~  a re  riot a l l t i c i p a t e d  to be mod- 



As a result o f  the decreasebd suirmer flows d u r i n g  

f i '1 l i n g ,  wi,ter levels i n  the main stem o f  the 
river wi l l  be !-educed betlwrzen Watana and 

Talkeetna,  "8"his w i  % I  I n  t v n  caiase a rcedue%i~sr in 

ad jacertt groundwater levels. However, the tground - 
water level changes w i  i 1 be confined t o  t h t ?  river 
floodplain area. The grolir~dwater level v i  11 be 

reduced by about 2 to 4 f e e t  (0,6 t o  1.2 m) du r ing  

"che sumner near the streainbank wi " r ,  less cl.range 
occilrring w i t h  d i s t a n c e  away frcm t h e  r i v e r .  

T01e redi~ced mainstem 'Floatlds ar\d a s s ~ c i  a t e d  lower 

S u s i t c a  R i v e r  water levels b ~ I f i T  s i i g h t l ? ~  modify 

t h e  groiindwa+ker re!ationship between t h ~  rnainstem 

arid the  sloughs, The mairastcm water Iet~e'1s 

u~~streain  aild down.;I;rc?airi o f  a s lough control t h e  

cjroundwatcr g r a d i e n t  in t h e  s l o u g i ~  and  since boti.4 

levels change b y  dppraxiinate'ly t he  iaiile amount: f ~ r  

d i  F f ~ r c n %  f l c i w s  , the g r a d i e n t  w i  i 1 relnain t i l e  

s ai11e ?, 



f icr t3 to coilfirm the  areal ext~nlc o f  upwellin!] a t  

v a ~ i c t u s  f l a w s  are u n a v a i l a b l e  a t  t h i s  t i m e ,  Hs\v.- 

uver, i t  i s  believed t h a t  slough upwel l i i ?g  extlends 
2" rran 'rile slough mouths we11 rjpsti-earn t o  the 

sterper v-eaches o f  t h e  sloughs near  the upstream 

berms, 'Therefore, the areas that. w i  11 be 

dewatered w i  11 gener.al7y be the steep upsllrearr! 

ends o f  Lfre sloughs,  i f  both  mainstem stage and 

grcjundwater S~:vel change by approjcimale;ly 2 Feet 
(0.6 m), the p o t e n t i a l  loss i n  groundwatei- 

upwrrl l i n g  length w i  11 be the stage charrge (2 C~?et,  
o r  0.5 m) n i u 1 i p l i e d  by the  s i o u g l ~  gradiiznl:. 

Us ing the  f 8 , 6  f o o t  per mile (3.5 rn per k m )  

g r a d i e n t  measured i n  Slough 9 ,  tlw der;atc:red 

l e r ~ g t h  w ~ u l d  be apprnxin~ate ly  570 f e e t  ( ,r7i  m). 

T h i s  i s  10 percerlt of "cke slough l e n g t h  and, i f  a 
rrniiorm lipwe1 l i n g  ra te  i s  assumed over t he  ent i re  

leng th  o f  t i l e  s l o u g h ,  t he  decrease i n  slough 

discharge a t  the m o u t h  w i  1 1  a l s o  be 10 percent. 

Gronnilwater irn!~acts i>etweeii Deiv i 1 Canyor~ and 
7- 

I iog iliciii.ii;i dii i i I'I:] E 1 I $ 2  , i i  i " to  thosf! 

dcscr i bud l"n Sc.ia;t; i r r ~ s  4 2 ,  2 ;~iiiB w i I l tw c o n f  incd to 
f -  * 

L t l t :  t i p t4 t  d i  * ; i ~ ; c  ~ ~ o w ~ r l i o i l # ; i ~  f i ows wi 11 

cjeni3ra l iy i:i: i t i2aii I i i 1 irig flows durei r ig  

i r  i h  1 r ~ P V P  1 cli <!f!C!P * f l * ~ l t l i  na f ,u ra  1 
~ o r i t i i t i ~ n ~  w i l l  ht: sIi<j111iy 4 L t iui- ini l  

f j  1 1 i [I i ir  i r i q  ) i i i i i f . i :~ '  , c ice % t ( ~ ! j i r ~ i t  
* * v u  I / c~<:c~=~r* f!t~rif~cj f t -c : t?~t : - - t j i )  i ~ n d  hi:f~c;<! g r y ~ ~ ~ ~ r ~ c f ~ ~ i ~ ~ : ~ g  

[ l , i q j q p [  i f i ~ i  1 1  j i q j {  t S p t l r ; p ~ j  :i ] i j i j i j  i i-*::- r-i :v~;-oti  *;c:: i jacir. 

135 ! " h ( ~  gil~i i 1 1  1A; i i i  < 



D u r i n g  w i n t e v  i n  the Dev i  1 Canyon t a  vralkejetni: 

reach,  sosre o f  the l ; l o ~ l g J i ~  ( i ihost: iioarer 

Tal keetna) w i  l l  be ad jacen t  to  an ic6:--covered sec- 
t ion  o f  the Susitna River, I n  ice*-covered 

sect ions,  ",he Susitna River v j i  l l  have  stageti t o  
2 i r ~ r m  .3n i c e  cover a t  projec";peerttion Elowls o f  

abou t  10,C;OO c f  s .  The associated w a t e ~ .  level w i  l l 

be n Few f e e t  above ~nor~!s.~a% win te r  water levels and 

w i  l l cause an increase iri tile grouf2dwaterb 'i.a.ble, 

l h i  s w i  l Y  i n  % u r n  ca.usc au incr'ease i r r  groiindwiater 

flow i n  the sloughs adjat:.ent: t o  a n  i c e  covered 
reach o f  the  ~ i v e r ~  

Sloughs  trpstrem: o f  Gold Creek, i n  t he  v i c i n i t y  o f  

Psr"cgc;~ Creek, [nay be ad jacent  ta open water. sec- 
t i o n s  of the  Susi  trra River. Because f l o w s  w i  l l  ] 

average dpl iu.~xi i i~ai : :~Iy 10,000 cf 's  * in winter, t h e  

]eve 1s occt-;-ring urlder the t7dt~1-a 1 f reeze-up 
4 D procesr; . tience, ci-ie grountlwat erQ t ab  le w i  11 hi: 

lower. Sloughs i n  tliic, area riiay experience a 

clcr.rc.azc: i n  rjrnun~ln;ll:~?r f lnrv irr the arini:er. 

D u r i n g  the skime!-, the mai us tern--slough groundwater 

i1tL,prscl;it3n wi I I  Irf :  c , imiT~r t o  .tfjat. d" ic11~5ed  - 5 0  

Sect iori 4,2,%, w i  LLB! t he  e ~ l ~ e j ~ t i ~ ~ :  thi~t i ~ p ~ j ~ a t  iiii~il l 

f i ow: 1 he qrea t.er tk la :~  the dowristreaiir flows 

t i  f j 1 i ir19 , d i ~ f !  thus , ti i t :  ~ ~ * ~ u i i t i ~ d  ~ C I '  ta l~!e 
w j  I f i je I; fl~".;p,l'i" I,o tkac: naLura l eb;lv~t,ilgri tilard I;!LII* - 

i i i ~  i i I I in:] .  



fqi^el iiii-ji;ij.r.y i i i v e s t i q a t j i j n s  i n d i c a t e  t h a t  gr*ounflwa- 

ter  upvle.1 l i n g  tempr; i~atures i n  slouohs reeflect the 

long-term at1eb3age water temperature of' the S u s i t n a  

River which i s  apj~roximate iy  jo (37.4")  (Sectinn 
.J* 4 )  Iri 1-iii: D c v i  l Caaynn t o  Tai i teetna rcach, t he  

long terai arjerage temperature ;.~i l l  n u t  change s i g -  

n i f i c a n t l y  from pr-e-project conditions (Acres 

1583). Hence, grou~~dwater  rlpwel i i r ~ g  "ierr,peratures 
w i  11 a l s o  not change s i g n i f i c a n t l y ,  

Since the construction a t  Uevi  1 Canyon w i ' 1 - I  no t  

rfiodify the disr:har-ge, the groundwater  innpasts d i s -  

cussed under Wahana opera t ion  ( S e c t i o n  4.2.4) b i i l l  

re:!isin relevant  d u r i n g  t h i s  p e r j ~ C ,  

No major grouridw2tein impacts sre an t ' i c i va ted  d u r -  

irrg I f i  l i i n g  o f  the Devi 1 Canycrn reservoir. 
- 
i her(: may bc a s l i g h t  decrease in  t i l e  groundwater 
e c;lui;t.ii by t he  reduoeri f i l l i n g  flows. A 

dccrezsf i n  the y r u u n d v j a t e r  !t!vel in the sanle 

prt lpor t ion as the decrease i n  m~i r~s ten i  s tage wou i d  

be cxpecteo. 

4 2.6 -- T~rrii Ctjnyoii Operat i o n  - s  B 
-_-.w -"._U^"I_ . _ ^ - - ^ _ * - I - X " " ~ I _ X ~  Xlt ----I- 



culated t o  be approximately 4 O C  (Acres i 9 8 j ) .  
-"  his i s  an in!:rr?ase of about 1°C ~ b u v e  t h e  riiaturai: 

long-term averagp temp2rature. Illevefore , based 

on the grouridwater s t u d i e s  described i n  Sec t i on  
A, 3.3 and the  above preliminary analysis,  he slough 

iipwel l i n g  temperature *in the v i c *g t l i  t y  o f  Sherman 

may increase approximately Z?C. 
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