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INTRODUCTION 

Humpback Creek,  a  s m a l l  s t r e a m  f i v e  m i l e s  n o r t h e a s t  o f  Cordova,  A l a s k a ,  

i s  b e i n g  c o n s i d e r e d  f o r  a  r u n - o f - r i v e r  h y d r o e l e c t r i c  p r o j e c t  b y  t h e  Cordova 

E l e c t r i c  C o o p e r a t i v e ,  I n c .  and t h e  A l a s k a  Power A u t h o r i t y  (APA).  The Water 

Resources S e c t i o n  o f  DGGS was c o n t r a c t e d  b y  APA t o  a n a l y z e  and  e s t i m a t e  

s t r e a m f l o w  c o n d i t i o n s  f o r  Humpback Creek;  t h i s  i n f o r m a t i o n  w i l l  be  u s e d  t o  

e v a l u a t e  t h e  h y d r o l o g i c  f e a s i b i l i t y  o f  t h e  p r o j e c t  and t o  a i d  i n  f u t u r e  sys tem 

p l a n n i n g  and  d e s i g n .  

BACKGROUND 

Humpback Creek f l o w s  f o u r  m i l e s  o n  a  g e n e r a l l y  wes tward  c o u r s e  t o  Orca 

I n l e t  n o r t h e a s t  o f  Cordova. The d r a i n a g e  b a s i n  encompasses a p p r o x i m a t e l y  4.4 

sq  m i ,  w i t h  a  b a s i n  h i g h  e l e v a t i o n  o f  n e a r l y  3500 f t  and a  l o w  e l e v a t i o n  a t  

sea l e v e l .  Two s m a l l  s n o w f i e l d s  a r e  l o c a t e d  i n  t h e  b a s i n  a l o n g  w i t h  t w o  s m a l l  

l a k e s .  

The U.S. G e o l o g i c a l  Survey gaged t h e  c r e e k  800 f t  u p s t r e a m  o f  t h e  mouth  

f rom O c t o b e r  1973 t o  September 1975 ( U .  S. G.S. , 1974-75) .  These two  y e a r s  o f  

r e c o r d  a r e  t h e  o n l y  p u b l i s h e d  d i s c h a r g e  d a t a  a v a i l a b l e ,  and  a r e  n o t  

n e c e s s a r i l y  i n d i c a t i v e  o f  l o n g - t e r m  f l o w  c o n d i t i o n s .  



Weather records f o r  the Cordova area  ( A E I D C ,  1985) are a v a i l a b l e  f o r  two 

s t a t i o n s ,  t he  Cordova a i r p o r t ,  10 mi southeas t  of town, a n d  radio  s t a t i o n  

KLAM,  downtown. The a i r p o r t  averages 90 in .  of p r e c i p i t a t i o n  a y e a r ,  with 

September being the  we t t e s t  month and January and June the d r i e s t  months. I n  

Cordova, y e a r l y  preci  pi t a t i  on i  s  almost double and averages 170 in .  , with 

October being the  w e t t e s t  month and June the  d r i e s t  month. 

The Humpback Creek watershed should rece ive  as  much or  more p r e c i p i t a t i o n  

as downtown Cordova because of orographic e f f e c t s ,  b u t  no s i t e  s p e c i f i c  da ta  

a r e  a v a i l a b l e  f o r  t h e  creek.  However, runoff f o r  Humpback Creek during the  

water yea r  1975 was 152 in .  (USGS, 1975) ,  and t h i s  f igu re  can be used t o  

back-ca lcula te  basin p rec ip i t a t ion .  P r e c i p i t a t i o n  and streamflow were about 

10 percent  above normal f o r  the  1975 water year ;  t he re fo re ,  "normal" runoff  

might equal 137 i n .  a  year .  Add t o  runoff 20 in .  of year ly  evapo t ransp i ra t ion  

f o r  Cordova ( P a t r i c  and Black, 1968) and another  20 in.  of est imated ground 

water ,  l a k e ,  and s o i l  moisture l o s s e s ,  and t h a t  r e s u l t s  in  177 i n .  of annual 

p r e c i p i t a t i o n  f o r  t h e  Humpback Creek watershed. This l a t e r  p r e c i p i t a t i o n  

e s t ima te  tends t o  confirm annual r a i n  and snowfall amounts comparable with 

downtown Cordova, not  the  a i r p o r t .  

RESULTS 

DGGS performed four  tasks f o r  t h i s  study a f t e r  d iscuss ions  with A P A  and 

Cordova E l e c t r i c  Cooperative s t a f f .  In a d d i t i o n ,  hydrologists  Carr ick and 

Long v i s i t e d  Humpback Creek on August 19, 1985, inspected the  f a c i l i t i e s  

s i t e s ,  and took streamflow discharge measurements a t  three  loca t ions .  The 

four t a s k s  and f ind ings  follow. 
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Task 1: How r e p r e s e n t a t i v e  i s  t h e  d i s c o n t i n u e d  USGS gag ing  s t a t i o n  t o  

t h e  p roposed  i n t a k e  w e i r  s i t e ?  

The o l d  USGS gage s t a t i o n  i s  l o c a t e d  0 .5  mi downstream o f  t h e  i n t a k e  

s i t e ,  w i t h  a  d r a i n a g e  b a s i n  a rea  o f  4 . 3 7  sq m i  compared t o  4 .25  sq m i  f o r  t h e  

i n t a k e  s i t e .  A b e d r o c k  gorge c o n s i s t i n g  o f  me tased imen ta ry  and metamorph ic  

r o c k s  s e p a r a t e s  t h e  USGS s t a t i o n  f rom t h e  i n t a k e  s i t e .  The bedrock ,  t hough  

e x h i b i t i n g  t i g h t  c r e n u l a t i o n s  and c leavage ,  does n o t  appear  h i g h l y  f r a c t u r e d  

o r  permeabl e. 

The s t reambed a t  t h e  i n t a k e  s i t e  i s  made up o f  g r a v e l  and cobb les  o f  

undetermined t h i c k n e s s  d e p o s i t e d  b e h i n d  an o l d  l o g  c r i b  dam. T h i s  bed 

m a t e r i a l  i s  somewhat t h i c k e r  t h a n  what n o r m a l l y  m i g h t  b e  t h e  case because o f  

sediment t r a p p i n g  b y  t h e  dam. Downstream a t  t h e  USGS s t a t i o n ,  t h e  bed i s  

composed o f  g r a v e l ,  c o b b l e s ,  some b o u l d e r s ,  and bedrock .  

Weather p a t t e r n s  a t  t h e  two l o c a t i o n s  s h o u l d  be s i m i l a r ,  i f  n o t  t h e  same, 

and no s i g n i f i c a n t  t r i b u t a r i e s  e x i s t  between t h e  i n t a k e  and USGS s i t e s .  

The above e v i d e n c e  suggests  t h a t  s t r e a m f l o w  a t  t h e  proposed i n t a k e  s i t e  

and t h e  USGS g a g i n g  s t a t i o n  w i l l  be n e a r l y  t h e  same. Some s t r e a m f l o w  p r o b a b l y  

moves t h r o u g h  t h e  g r a v e l s  b e h i n d  t h e  l o g  c r i b  dam, b u t  reappears  as s u r f a c e  

f l ow  i m m e d i a t e l y  downstream o f  t h e  s t r u c t u r e .  D i s c h a r g e  measurements t a k e n  on  

two d i f f e r e n t  o c c a s i o n s  t h i s  summer showed f l o w s  a t  b o t h  s i t e s  w i t h i n  1-5 c f s  

o f  each o t h e r ,  i . e .  d i s c h a r g e s  a p p r o x i m a t e l y  e q u a l  c o n s i d e r i n g  a l l o w a b l e  

measurement l i m i t s  o f  e r r o r .  I t i s  o u r  o p i n i o n  t h a t  s t r e a m f l o w  d a t a  from t h e  

Humpback Creek R e p o r t  - 3 



d i s c o n t i n u e d  USGS gage s t a t i o n  a r e  r e p r e s e n t a t i v e  o f  f l o w  c o n d i t i o n s  a t  t h e  

ups t ream i n t a k e  w e i r  s i t e .  

Task 2:  How i n d i c a t i v e  o f  Humpback Creek l o n g  t e r m  s t r e a m f l o w  

c o n d i t i o n s  a r e  t h e  two y e a r s  o f  USGS g a g i n g  r e c o r d s ?  

The USGS (1985)  has g a g i n g  d a t a  f o r  t h r e e  o t h e r  s m a l l  b a s i n s  i n  t h e  

Cordova a rea :  Power, D i c k ,  and West Fo rk  Olsen Bay Creeks. S t reamf low  i n  a l l  

t h r e e  c reeks  was a t  r e c o r d  l o w  l e v e l s ,  a v e r a g i n g  35 p e r c e n t  be low normal ,  

d u r i n g  w a t e r  y e a r  1974 ( O c t .  73 - Sept. 74) .  The f o l l o w i n g  w a t e r  y e a r  1975 

( O c t .  7 4  - Sept. 7 5 ) ,  s t r e a m f l o w  was abou t  t y p i c a l ,  a v e r a g i n g  8 p e r c e n t  above 

normal .  Cordova p r e c i p i t a t i o n  d u r i n g  t h e  same p e r i o d s  was 35 p e r c e n t  be low 

and 9  p e r c e n t  above normal ,  r e s p e c t i v e l y .  Based on t h e  above i n f o r m a t i o n ,  we 

can say t h a t  USGS g a g i n g  r e c o r d s  f o r  w a t e r  y e a r  1974 w o u l d  n o t  be i n d i c a t i v e  

o f  l o n g  t e r m  s t r e a m f l o w  f o r  Humpback Creek. But ,  a r e a  s t r e a m f l o w  and 

p r e c i p i t a t i o n  d u r i n g  w a t e r  y e a r  1975 a r e  so c l o s e  t o  normal  t h a t  i t  wou ld  be 

s a f e  t o  conc lude  t h a t  USGS g a g i n g  d a t a  on Humpback Creek f o r  t h e  same y e a r  

c o u l d  be i n d i c a t i v e  o f  l o n g  t e r m  c o n d i t i o n s .  

P e r t i n e n t  s t r e a m f l o w  d a t a  f o r  Humpback Creek p u b l i s h e d  b y  USGS (1975)  f o r  

w a t e r  y e a r  1975 i s  a s  f o l l o w s :  

Mean Annual F low - 48.9 c f s  

Maximum D a i l y  F low - 416 c f s  

Peak Flow - 638 c f s  

W i n t e r  Minimum D a i l y  Flow - 2 c f s  

Summer Minimum D a i l y  Flow - 17 c f s  

Mean Annual R u n o f f  - 152 i n .  
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I f  i t  i s  assumed t h a t  s t reamf low i n  Humpback Creek was, l i k e  t h e  o t h e r  

c reeks ,  about  8 percen t  above normal f o r  1975, then an a d j u s t e d  mean annual  

f l o w  would be 45 c f s .  Breakup on t h e  c reek  occurs  i n  A p r i l ,  w h i l e  f reezeup  

p robab l y  takes  p l ace  i n  November o r  December. Power g e n e r a t i o n  wou ld  

t h e r e f o r e  be done f rom May t o  November when mean month ly  f l o w  wou ld  be 

app rox ima te l y  58 t o  68 c f s  based on t h e  USGS r eco rds .  

To complement and c o n f i r m  t h e  two yea rs  o f  pub l i shed  f l o w  r e c o r d s ,  t h e  

USDA F o r e s t  Se rv i ce  Water Resources A t l a s  (1979) was used t o  e s t i m a t e  

a d d i t i o n a l  streamflow data.  The A t l a s  p rov i des  numerous r e g r e s s i o n  equa t i ons  

f o r  use i n  e s t i m a t i n g  s t reamf low c h a r a c t e r i s t i c s  f o r  ungaged watersheds i n  t h e  

Tongass and Chugach Na t i ona l  Fo res t s .  Each equa t i on  c o n t a i n s  e a s i l y  o b t a i n e d  

p r e c i p i t a t i o n  and phys iograph ic  v a r i a b l e s  t h a t  a re  s i g n i f i c a n t  f o r  t h e  

p a r t i c u l a r  s t reamf low c h a r a c t e r i s t i c .  Each equa t i on  does have a  c e r t a i n  amount 

o f  e r r o r  un ique  t o  t h e  c a l c u l a t i o n .  For  i ns tance ,  average annual  and some 

mean month ly  f l ows  have t h e  l owes t  e r r o r ,  w h i l e  low f l o w  equa t i ons ,  e s p e c i a l l y  

w i n t e r  1 ow f l o w ,  have cons ide rab l y  g r e a t e r  e r r o r .  

Tab le  1 l i s t s  v a r i o u s  c a l c u l a t e d  f l o w  c h a r a c t e r i s t i c s  f o r  Humpback Creek. 

Because p r e c i p i t a t i o n  i s  one o f  t h e  most  s i g n i f i c a n t  v a r i a b l e s  used i n  t h e  

equa t ions ,  two d i f f e r e n t  mean annual  p r e c i p i t a t i o n  amounts were u t i l i z e d  t o  

account  f o r  any u n c e r t a i n t i e s  i n  r a i n  and snow fa l l  e s t i m a t i o n s .  The 140 i n .  

f i g u r e  i s  d e r i v e d  f rom p r e c i p i t a t i o n  maps i n  t h e  A t l a s ,  and t h e  170 i n .  f i g u r e  

i s  taken  f rom p r e v i o u s l y  desc r i bed  sources i n  t h e  background s e c t i o n  o f  t h i s  

r e p o r t .  Other  v a r i a b l e s  used t o  make t h e  f l o w  c a l c u l a t i o n s  a r e  as f o l l o w s :  

Bas in  area - 4.25 sq mi ( f r o m  t h e  i n t a k e  s i t e  upstream) 

P r o p o r t i o n  o f  b a s i n  above t r e e l i n e  - 60 pe rcen t  
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P r o p o r t i o n  o f  b a s i n  i n  main channe l  l a k e s  - 1 p e r c e n t  

S lope  o f  ma in  channel  - 146.8 f t / 1 0 0 0  f t 

Mean e l e v a t i o n  o f  b a s i n  - 1237 f t  

M i l e s  s o u t h  t o  G u l f  o f  A laska - 12 m i  

Task 3: C o n s t r u c t  a mon th l y  s t r e a m f l o w  hyd rog raph  and f l o w  d u r a t i o n  

c u r v e  t o  i l l u s t r a t e  t i m i n g  and magn i tude  o f  f l o w s .  

The U.S. F o r e s t  S e r v i c e  Water Resources A t l a s  and USGS g a g i n g  r e c o r d s  

were used t o  d e r i v e  t h e  graphs.  See f i g u r e  1 and 2. The t o t a l  f l o w  

r e p r e s e n t e d  b y  t h e  hydrograph agrees w i t h  p u b l i s h e d  r e c o r d s ,  t hough  t h e  t i m i n g  

o f  t h e  f l o w s  may n o t .  I n  p a r t i c u l a r ,  June wou ld  t y p i c a l l y  have a  h i g h e r  f l o w  

t h a n  J u l y ,  and t h e  f l o w s  i n  September and Oc tober  wou ld  g e n e r a l l y  be  h i g h e r  

t h a n  d e p i c t e d .  

Task 4: C a l c u l a t e  mon th l y  and annua l  ene rgy  p r o j e c t i o n s  u s i n g  measured 

and e s t i m a t e d  f l o w  f i g u r e s .  

The e n e r g y  o r  power a v a i l a b l e  i s  t a k e n  f r o m  t h e  f o r m u l a :  Energy 

( K i l o w a t t  h o u r s  o r  KWH) = D ischarge  ( c f s )  X Head ( f t )  X G e n e r a t i o n  System 

E f f i c i e n c y  X .0847 (Convers ion F a c t o r )  X 24 hours .  Tab le  2 g i v e s  t h e  r e s u l t s  

o f  t h e  c a l c u l a t i o n s  u s i n g  t h e  f o l l o w i n g  v a r i a b l e s  t a k e n  f r o m  L o e f f l e r  and 

D e n i g - C h a k r o f f  (1985): Head = 175 ft, E f f i c i e n c y  = 8 0  %. 

CONCLUSION 

I n s p e c t i o n  o f  USGS gag ing  r e c o r d s  f o r  Humpback Creek and o t h e r  Cordova 

a r e a  s t reams i n d i c a t e s  t h a t  d a t a  f rom w a t e r  y e a r  1975 r e p r e s e n t s  n e a r  no rma l  
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streamflow condit ions.  We believe t h a t  mean annual flow for  the creek f a l l s  

somewhere between 40 and 50 c f s ,  w i t h  discharge during the ice f ree  generating 

months of May - November averaging 58 - 68 c f s .  The energy projections given 

in Table 2 a r e  est imates t ha t  d o n ' t  take i n to  account the design l imi ta t ions  

of the turbine/penstock system. However, i f  we use a seven month average flow 

of 58 c f s  ( a  lower r a t e  than the Water Resources Atlas estimates b u t  

equivalent t o  the lowest USGS f igures )  then the t o t a l  annual energy ava i lab le  

would be 3.53 mil l ion KWH, a conservative amount t h a t ,  nonetheless, should not 

render the project  hydrologically unfeasible a t  t h i s  time. 
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T a b l e  1. Humpback Creek Flow E s t i m a t e s .  Based on U.S. F o r e s t  S e r v i c e  Water 
Resources A t l a s  R e g r e s s i o n  E q u a t i o n s .  

Mean Annual F low 

Mean JAN Flow 

Mean FEB Flow 

Mean MAR Flow 

Mean APR Flow 

Mean MAY Flow 

Mean JUN Flow 

Mean JUL Flow 

Mean AUG Flow 

Mean SEP Flow 

Mean O C T  Flow 

Mean NOV Flow 

Mean DEC Flow 

MAY - NOV Mean 

7 Day 10 Year W i n t e r  
Low F l  ow 

7 Day 10 Year Summer 
Low Flow 

30 Day 10 Year W i n t e r  
Low Flow 

30 Day 10 Year Summer 
Low Flow 

5 Year Peak F low 

10 Year Peak Flow 

100 Year Peak Flow 

U s i n g  140 i n .  
mean annua l  PPT 

( c f s )  

38.2 

U s i n g  170 i n .  
mean annua l  PPT 

( c f s )  -- 
47.9 
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Tab le  2. Humpback Creek Energy P r o j e c t i o n s .  

Us ing  e s t i m a t e d  d ischarges  f r o m  Tab le  1. 
140 i n .  Mean Annual PPT 170 i n .  Mean Annual PPT 

( K W H )  ( KWH ) 

Mean Annual P r o d u c t i o n  

(based on mean annual f l o w )  3,968,066 4,975,664 

JAN P r o d u c t i  on 

FEB P r o d u c t i  on 

MAR P r o d u c t i o n  

APR P r o d u c t i o n  

MAY P r o d u c t i o n  

JUN P r o d u c t i o n  

JUL P r o d u c t i o n  

AUG P r o d u c t i o n  

SEP P r o d u c t i o n  

OCT P r o d u c t i o n  

NOV P r o d u c t i o n  

DEC P r o d u c t i o n  

MAY -NOV P r o d u c t i o n  
(based on month ly  f i g u r e s )  3,769,876 

U s i n g  USGS Gaging Records: 

Mean Annual P r o d u c t i o n  (based on 45 c f s  mean 
annual  f l o w )  

MAY-NOV P r o d u c t i o n  (based on 63 c f s  average)  

4,674,424 KWH 

3,836,869 KWH 
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