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A B S T R A C T  

The Washington State portion of the Colwnbia Plateau i s  divided 

into s i x  hydro2og.i~ sub-basim on the basis of the pPincipaZ surface 

dminage systems present, structural and topographic relationships, 

and poZiticaZ and other cmsidemt-iom. Baseline descriptions of the 

surfaee water s9stems and resources b e  presented for the CoZwnbia 

PZateau with emphasis on the Pasco Sub-basin. A preZiminaq evaZuu- 

tim of the hydrologic budget for each sub-basin i s  derived. For 

each sub-basin, recbge/discharge retatirmships & s i w  from 

precipitation/evapot~pimtim/mcno f f ,  stream losses and gains, 

and a r t i f i d a t  mechadsms are determined on the basis of avaiZabZe 

data. The net exchmage between surface and ground-water system i s  
evaluated and reZative estimates of the net growzd-water flow into' 

or out of the sub-basin are obtained. 

An evaluatim i s  made of hydroZogic risk factors arising from: 
( I )  tributary flooding i n  eastern Washington; cwtd, (2) major fZooding 

of the Columbia River within the Pasco Sub-basin. Scenarios are 

presented for credible na-Z rmd man-generated catastrophic events. 
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SURFACE HYDROLOGIC INVESTIGATIONS 
OF THE COLUMBIA PLATEAU REGION,' 

WASH I NGTON 

INTRODUCTION 

PURPOSE and SCOPE 

Th i s  r e p o r t  p resen ts  a  conceptua l  d e s c r i p t i o n  o f  t h e  r e g i o n a l  su r face  

h y d r o l o g i c  system o f  th.e Columbia P la teau  w i t h i n  Washington S ta te .  1.t i s  

prepared w i t h i n  t h e  con tex t  o f  p r e l i m i n a r y  s i t e  c h a r a c t e r i z a t i o n  f o r  t h e  

- U. S. Department o f  Energy 's  B a s a l t  Waste I s o l a t i o n  Program (opera ted  b y  

Rockwel l  Hanford Opera t ions ) .  The s tudy  rep resen t s  a  c o n t r i b u t i o n  t o  t h e  

o v e r a l l  r e g i o n a l  h .ydro log ic  s t u d i e s  which a l s o  encompass ground-water 

system reconnaissance and m o d e l ~ n g .  

The area r e f e r r e d  t o  as t he  Columbia P la teau  corresponds i n  a  genera l  

sense w i t h  t h e  ou t c rop  o f  t h e  Columbia R i v e r  B a s a l t  Group and occupies 

approx imate ly  50,000 square m i l e s  i n c l u d i n g  p a r t s  o f  Washington, Oregon, 

and Idaho ! P l a t e  1). I n  t h i s  s tudy,  s p e c i a l  emphasis has been p l aced  on 

t h e  Washington S ta te  p o r t i o n  o f  t h e  p l a t e a u  and, s p e c i f i c a l l y ,  t h e  Pasco 

Basin.  

The u n d e r l y i n g  o b j e c t i v e s  o f  t h i s  s tudy  i nc l ude :  

1. Development o f  a  b a s e l i n e  d e s c r i p t i o n  oT t h e  su r f ace  wa te r  systems 
and resources w i t h i n  t h e  Columbia P la teau ;  

2 .  I d e n t i f i c a t i o n  o f  i n t e r a c t i v e  rnechani sms between t h e  s u r f a c e  and 
ground-water systeins ; and 

3. Eva1 u a t i o n  o f  co r respond ing  h y d r o l o g i c  r i s k  phenomena. 

Th i s  r e p o r t  w i l l  demonstrate t h e  r e l evance  o f  i n d i v i d u a l  s t u d i e s  t o  

t h e  B a s a l t  Waste I s o l a t i o n  Program's purpose o f  i n v e s t i g a t i n g  t f i e  

f e a s i b i  1  i t,y o f  deep geo log i c  s t o rage  0 . f '  r a d i o a c t i v e  wastes w i t h i n '  t h e  

Columbia R i v e r  b a s a l t s .  I t sh,ould be no ted  t h a t  t h i s  stud,y i s  in tended  

t o  complement concu r ren t  and p a r a l l e l  i n v e s t i g a t i o n s  o f  t h e  Columbia 

P la teau  r e g i o n a l  ground-water  system!^). C a r e f u l  i n t e g r a t i o n  o f  these 

e f f o r t s  w i  11 be r e q u i r e d  b e f o r e  a  t ru1.y comprehensive d e s c r i p t i o n  of t h e  

Columbia P la teau  r e g i o n a l  hyd ro l ngy  can be advanc~d .  



APPROACH 

I n  r e c o g n i t i o n  o f  t h e  concu r ren t  and p a r a l l e l  i n v e s t i g a t i o n s  o f  t h e  

Col  umbia P la teau  r e g i o n a l  ground-water system, t h i s  s tudy  focuses 

p r i m a r i l y  on hydrometeoro logy and s u r f a c e  water  budgets and regards  

ground-water  recharge  and d ischarge  as ou tpu t s  and i npu t s ,  r e s p e c t i v e l y ,  

t o  . the sur face wate r  system. Thus, a  g r e a t  deal  o f  da ta  r e l a t i n g  t c  

p r e c i p i t a t i o n ,  e v a p o t r a n s p i r a t i o n ,  s torage,  s t reamf low,  consumptive use, 

and i n t e r - b a s i n  t r a n s f e r  have been assembled and analyzed. A l l  da ta  were 

o b t a i n e d  f r om e x i s t i n g  r e p o r t s  and t h e  analyses a re  based e n t i r e l y  on 

e x l s t l n g  data. 

The Columbia P l a t e a u  s t u d y  area was d i v i d e d  i n t o  s i x  s u r f a c e  

hydrologic sub-basi ns based on t h e  pri n c l p a l  f 1  ow s y s t e ~ r ~ s  observed dn'd on 

o t h e r  cons ide ra t i ons .  They a re  as f o l l o w s :  

1. Horse Heaven P la teau  Sub-basin; 

2. Yakima R i v e r  Sub-basin; 

3. Pasco Sub-basin; 

4. Wa l la  Wal la  R i v e r  Sub-basin; 

5 .  Palouse/Snake Sub-basin; 

6. B i g  Bend Sub-basin. 

F u r t h e r  d e s c r i p t i o n s  o f  these areas a re  p r o v i d e d  below i n  sec t i ons  

e n t i t l e d  "Sur face  Water Hydro logy"  and "Sub-basin D e s c r i p t i o n s . "  I n  a  

s t r i c t  h y d r o l o g i c  sense, t hese  des igna t i ons  do n o t  c o n s t i t u t e  " t r u e "  . 

h y d r o l o g i c  sub-basins, b u t  are,  r a t h e r ,  p o r t i o n s  o f  o t h e r  bas ins  o r  groups 

o f  severa l  sma l le r  bas ins .  The n e c e s s i t y  f o r  such a  h y d r o l o g i c a l l y  

n o n - t r a d i t i o n a l  arrangement stems f r om t h e  need t o  account f o r  o t h e r  

c r i t e r i a  such as geol  ogy and p o l  i t i c a l  boundaries.  A d d i t i o n a l  ly ,  t o r  

c e r t a i n  parameters such as water  use, i t  was necessary t o  r e l y  on s ta te ,  

county ,  o r  o t h e r  boundar ies because o f  t h e  o r g a n i z a t i o n  o f  t h e  d a t a  

record .  Thus, f o r  t h e  Washington S t a t e  p o r t i o n  o f  t h e  C u l u r ~ ~ b i a  Plateau,  

t h e  f o l l o w i n g  c o u n t i e s  n e a r l y  encompass t h e  s tudy  area boundaries;  Adams, 

Aso t i n ,  Benton, Columbia, Douglas, F r a n k l i n ,  G a r f i e l d ,  Grant, K i  t t i tas ,  

K l  i c k i t a t ,  L i nco ln ,  Spokane, Wal la  Wal la,  Whitman, and Yakima. 



A consequence o f  t h i s  d i sc r ' e t e  arrangement o f  da ta  i s  t h e  i n c l u s i o n  o f  

da ta  ext raneous t o  t h e  s tud~y  area. Th i s  i s  p a r t i c u l a r l y  t r u e  of da ta  f o r  

K i t t i t a s ,  K l i c k i t a t ,  Spokane, Whitman, and Yakima Count ies.  A d d i t i o n a l l y ,  

sma l l  p o r t i o n s  o f .  t h e  s tudy  area a re  s i t u a t e d  i n  Chelan, Fer ry ,  Okanogan, 

Skamani a,. and Stevens Count ies .  The same s i t u a t i o n  was encountered i n  

work ing  w i t h  s tandard  Water Resource I n v e n t o r y  Areas (wRIA) of Washington 

'and  w i t h  e s t a b l i s h e d  i r r i g a t i o n  d i s t r i c t s .  Never the less ,  these 

d i sc repanc ies  a re  o f  compa ra t i ve l y  m inor  s i g n i f i c a n c e  i n  p r o v i d i n g  a  

r e g i o n a l  v iew o f  t h e  h y d r o l o g i c  system. Loca t i ons  of Washington S t a t e  

c o u n t i e s  and WRIAs, as w e l l  as d e s c r i p t i o n s  o f  t h e i r  water  resources,  a r e  

p r o v i d e d  i n  t h e  'sub-sect ion e n t i t l e d  "Water Use." T h e i r  r e l a t i o n s h i p s  t o  

t h e  h y d r o l o g i c  sub-basins a re  e s t a b l i s h e d  i n  t h e  sub-sec t ion  e n t i t l e d  

"Sub-basin Desc r i p t i ons . "  

Mapped da ta  f o r  t h e  S t a t e  o f  Washington, such as p r e c i p i t a t i o n ,  

evapora t ion ,  and r u n o f f ,  were capable  o f  be i ng  d i g i t i z e d  and, t he re fo re ,  

more p r e c i s e  s t a t i s t i c s  f o r  those parameters c o u l d  be generated f o r  each 

sub-basin.  Man ipu la t i on  i n  t h i s  fash ion  a l s o  p e r m i t t e d  d i f f e r e n c i n g  o f  t h e  

con toured  sur faces  f o r  v a r i o u s  purposes such as d e l i n e a t i n g  areas of 

p o t e n t i a l  recharge. Hyd ro l og i c  budget e v a l u a t i o n s  b y  sub-basin were 

prepared on t h e  b a s i s  o f  such data.  

Ex tens i ve  e v a l u a t i o n  o f  f l o o d  r i s k  has been per formed f o r  t h e  Columbia 

R i v e r  system by  va r i ous  wate r  management agencies. Hence, f u r t h e r  a n a l y s i s  

of f l o o d  p r o b a b i l i t y  i s  n o t  necessary. 

I n f o r m a t i o n  p resen ted .on  f l o o d  hazards i n  t h i s  s t udy  i s ,  t h e r e f o r e ,  

l i m i t e d  t o  e x i s t i n g  r e p o r t s .  Emphasis i s  p l aced  on f l o o d  r i s k  e v a l u a t i o n s  

f o r  t h e  Pasco Basin.  

REGIONAL SETTING 

S u p e r l a t i v e  and c o n t r a s t i n g  n a t u r a l  phenomena have c h a r a c t e r i z e d  t h e  

Columbia P la teau  th roughou t  i t s  g e o l o g i c  h i  s t o r y .  McKee (19721, f o r  

example, desc r ibed '  t h e  r e g i o n ' s  g e o l o g i c  h i s t o r y  as b e i n g  marked by some of 

t h e  l a r g e s t  f l o o d s  o f  a l l  t imes ,  r e f e r r i n g  f i r s t  t o  r e g i o n a l  f l o o d i n g  b y  

b a s a l t i c  l avas  which inundated t h e  p l a t e a u  w i th ,  i n  p laces,  a  t h i c k n e s s  i n  

excess o f  5,000 f e e t ,  and then  McKee rev iews  t h e  c a t a s t r o p h i c  



floods of meltwater from glacial Lake Missoula which resulted in one of 

the world's most intricately channeled landscapes. 

Since.the close of the last ice age, the magnitude of the natural 

phenomena has diminished;.however, extreme contrasts remain. For 
example, the arid, central portion of the Columbia Plateau (in. the 

vicinity of the Pasco Basin) is criss-crossed by one of the largest river 

systems in North America, the ColumbSa, and its tributaries,'the Snake 

and.Yakima Rivers. A cultural contrast can also be drawn between the 
. traditional agrarian societies and the technologically complex nuclear 

industries which the-region supports. In a sense, the contrasting 
natural environment has been responsible for interfacing these two 

societies--the region supports agriculture because of the rich, glacial 
and volcanic soils, warm and sunny climate, and available irrigatiqn 

waters. The area was initially selected as a site for atomic energy 

development, at least partly, because of its abundant surface water 

supply, low population, and relative isolation. 

Physiography 

The Columbia Plateau region, for the purposes of t h e  regional 

hydrology studies, can be described as.  the intermontane region 'which 

essentially coincides with the outcrop area of the Columbia River Basalt 

Croup (Plate 1). Most o f  tho r e g i o n  i s  lnca te r i  in Washington, but larqe 

areas also l i e  i n  w~st.~rn Tdahn and northeastern Oreqon. It -is bounded 

by the Cascade Range on the west, the Okanogan Highlands to the north, 

the R O C ~ Y  Mou,ntains to the east, and the Blue Mountains to the south and 

southeast. 

Freeman, Forrester, and Lupher (1945) subdiv.i ded the Washington State 

portion of the Columbia Plateau (~olurnbia Basin sub-province) into six 

distinct.geomorphic sections as follows: 

1. Central Plains section; 

2. Yakima Folds section; 

3. Watervi 1 le Plateau section; 

4. Channeled Scablands section; 

5. Palouse Hills section; and, 

6. North-Central Oregon Plateau section. 
1 2  



The l o c a t i o n s  of these sec t i ons ,  as w e l l  as o t h e r  u n i t s  w i t h i n  t h e  

rema in ing  p o r t i o n  o f  t h e  Columbia P la teau,  a r e  g i v e n  i n  F i g u r e  1. 
To descr i 'be these sub-prov inces i n  b r i e f ,  t h e  Waterv i  1  l e  P la teau  has 

a metamorphic and p l u t o n i c  bedrock complex and i t s  o v e r l y i n g  b a s a l t i c  

format ions.  a re  r e l a t i v e l y  und i s t u rbed  t e c t o n i c a l l y .  The r e g i o n  a l s o  

bears  many geomorphic f e a t u r e s  which a re  c h a r a c t e r i s t i c  o f  t h e  channe led  

Scablands, such as ex tens i ve  exposure o f  ba re  Columbia R i v e r  Basa l t ,  deep 

coulees, and paleochannels.  I n  c o n t r a s t ,  Palouse H i l l s  topography i s  

c h a r a c t e r i z e d  h,y a  r o l l i n g  and w e l l - d i s s e c t e d  t h i c k  veneer o f  s i l t  

(Palouse S o i l )  o f  e o l i a n  o r i g i n  which o v e r l i e s  t h e  Columbia R i v e r  

Basa l t .  The Nor th -Cent ra l  Oregon P la teau  s e c t i o n  i s  a  modera te ly  

d i s s e c t e d  b a s a l t  p l a t e a u  which r i s e s  s t e e p l y  f r om  n o r t h  t o  sou th  and 

ahut.s aga ins t  t h e  B lue  Mountains. 

Of p r i m a r y  i n t e r e s t  . t o  t h e  B a s a l t  Waste I s o l a t i o n  Program ?.re t h e  

Cen t ra l  P l a i n s ' a n d  Yakima Fo lds  geomorphic u n i t s  which a re  t h e  sec t ions .  

of t h e  Columbia P la teau  w i t h i n  which t h e  Hanford S i t e  i s  s i tuated. .  The 

Cen t ra l  P l a i n s ,  as desc r i bed  by Thornbury (1.9651, r e p r e s e n t  a  ma jo r  

downwarping w i t h i n  t h e  Columbia P la teau.  Two ma jo r  s t r u c t u r a l  bas ins,  

t h e  Quinc.y Bas in  and Pasco Basin,  l i e  w i t h i n  t h e  s e c t i o n  and a r e  

separated b y  two eas t -wes t - t r end ing  a n t i c l i n a l  r i d g e s  ( t h e  Frenchman 

H i l l s  and t h e  Saddle Mountains as shown i n  F i g u r e  2 )  which a re  p a r t  of 

t h e  Yakima Folds.  I n  P le i s t ocene  t imes, these  bas ins  f u n c t i o n e d  as s i n k s  

f o r  g l a c i a l  outwash which was f l ushed  th rough  t h e  Channeled Scablands 

s e c t i o n  f rom t h e  no r t heas t .  As a  r e s u l t ,  a  veneer o f  g l a c i o f l u v i a l  and 

l a c u s t r i n e  s i l t s  and g r a v e l s  has a'ccumulated. 

The Yakima Fo lds  s e c t i o n  l . i e s  t o  the west o f  t h e  C e n t r a l  P l a i n s  and 

i s  c h a r a c t e r i z e d  b y  a  s e r i e s  o f  eas t -wes t - t r end ing  a n t i c l i n a l  r i d g e s  and 

i n t e r v e n i n g  sync1 i n a l  v a l  l e y s  ( F i g u r e  2 ) .  O f  p r i m a r y  i n t e r e s t  a re  t h e  

Saddle Mountains which p r o v i d e  t h e  n o r t h e r n  b0undar.y o f  t h e  Pasco Basin,  

t h e  Umtanum, Yakima, and ~ a t t l e s n a k e  Ridges which " f i n g e r "  i n t o  t h e  Pasco 

Bas in  from t h e  west, and t h e  Horse Heaven H i l l s  f o rm ing  t h e  sou thern  

boundary o f  t he  Pasco Basin.  

The f o l d s  and c e r t a i n  o t h e r  s t r u c t u r e s  a re  impo r tan t  t o  t h e  sur face 

water  and sha l l ow  ground-water systems i n  t h a t  t h e y  determine t h e  Flow 

p a t t e r n s  and form boundar ies.  The Yakima R i ve r ,  f o r  example, c u t s  across 

severa l  an.t i c l  i n a l  r i d g e s  above t h e  town of Yaki~na, Wash.ir'~gl;on, and IS, 



' EXPLANATION 

1 Central Pla~ns 

2 Yak~rna Folds 

3 Watewllle Plateau 

4 Channeled Scablands I 

5 Palouse H~ l ls  

6 NortbCentral Oregon Plateau 

7 Blue Mounta~ns 

8 Wallowa-Seven Dev~ls Sect~on 

Q Tr~state Uplands 

10 Snake R~ver P la~n  

11 Malhettr-Bo~se Bas~n 

12 Harney-H~gh Desert 

100 MILES - 

------ 
N E V A D A  

. 
V7905-11.3 

FIGURE I.  Geor~iorphic Units within the Columbia Plateau 
( a f t e r  Free l l ld11 ,  Fol-1-ester, and Lupher, 1945) ? 
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t h e r e f o r e ,  cons idered  t o  be antecedent a long t h a t  s t r e t c h .  Along most o f  

i t s  lower  s t re tch ' ,  however, t h e  stream f l o w s  p r i m a r i  l y  a long  sync1 i n a l  

v a l l e y s .  The Columbia R i v e r  i s  a l s o  an antecedent stream and, 

apparen t l y ,  t h e  o n l y  s t ream s u f f i c i e n t l y  e n e r g e t i c  t o  have ma in ta ined  i t s  

westward course th roughout  t h e  u p l i f t  o f  t h e  Cascade Range. 

Other Columbia P la teau .  s t r u c t u r e s  o f  importance t o  t h e  h y d r o l o g i c  

system are t h e  e r o s i o n a l  and d e p o s i t i o n a l  f e a t u r e s  o f  t h e  Channeled 

Scab1 ands, such as coulees, pendant bars, grooves, po tho les ,  r ock  basins,  

i n n e r  channels, c a t a r a c t s ,  and o t h e r  bedrock macro- and meso-forms. Such 

s t r u c t u r e s  can i n f l u e n c e  stream course, v e l o c i t y ,  r n i  s f  i tt i  ng, e t c .  For  

example, Baker (1978) S i t e s  a p o r t l o n  o f  Crab Creek as drt exatnple o f  an 

o v e r f i t  stream ( i .e . ,  t h e  f l o w  i s  t o o  g r e a t  f o r  t h e  v a l l e y  i n  which i t  

f l o w s ) .  

S t r a t i g r a p h y  

Because o f  t h e  g r e a t  t h i ckness  of t h e  b a s a l t s  and assoc ia ted  rocks  

w i t h i n  t h e  Columbia Plateau,  knowledge o f  t h e  p r e - b a s a l t  s t r a t i g r a p h y  i s  

l i m i t e d  t o  i n f e r r e d  ev idence f rom t h e  s tudy  o f  outcrops,  deep geophys ica l  

surveys, and a few d r i l l  ho les  near t h e  p l a t e a u  margins.  On t h e  b a s i s  o f  

such s tud ies ,  g e o l o g i s t s  have i d e n t i f i e d  c l  a s t i c  sediments (app rox ima te l y  

200 f e e t  t h i c k )  u n d e r l a i n  by  l a t i t e  a t  a  l o c a t i o n  approx imate ly  115 m i l e s  

n o r t h e a s t  o f  t h e  Pasco Basin; Precambrian Kelt q p r i ~ z  r n ~ t a ~ ~ d l r n ~ n t . ~  i n  

the  v i c i n i t y  of Spnkan~;  Permian and T r i a s s i c  greenstones i n  t h e  m idd le  

Snake R i v e r  Canyon; and Mesozoic p l u t o n i c ,  metasedimentary, and 

metavo lcan ic  r ocks  as w e l l  as e a r l y  Cenozoic c o n t i n e n t a l  sediments and 

l avas  a long t h e  Cascades u n d e r l y i n g  t h e  b a s a l t  rock  (WPPSS, 1974). 

As i n d i c a t e d  e a r l i e r ,  t h e  Columbia R i v e r  B a s a l t  Group comprises t h e  

dominant s t r a t i g r a p h i c  f e a t u r e  w i t b i n  t h e  Columbia Plateau.  The group 

c o n s i s t s  of t h o l e i i t i c  f l o o d  b a s a l t s  in te rbedded w i t h  sedimentary  s t r a t a  

of t h e  E l lensburg Format ion and extends a r e a l  l y  over  approx imate ly  100,003 

square m i l es .  The es t ima ted  volume o f  t h e  b a s a l t  i s  about 50,000 c u b i c  

rrr i les (Waters, 1962).  S t r a t i g r a p h i c  u n i t s  as observed w i t h i n  t h e  

Columbia R i v e r  B a s a l t  Group w i  t h i n  the  Pasco Basin a re  presented i n  

F i g u r e  3. 
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Flows within the Columbia River Basalt range from a few feet to more 
than 300 feet thick, but most are between 35 and 100 feet thick. The 
areal extents of individual flows exhibit similar variability. Thicker 

flows have been interpreted to represent ponding within pre-basalt 

valleys along the plateau. margins, structurally controlled basins that 

developed during the volcanism, or in narrow canyons eroded into older 

flows. The formation of columns is characteristic of static cooling that 

occurred within ponded lava (Swanson and Wright, 1978). Vesicular or 

brecciated zones are characteristic of flow tops. , 

Deformation during the later stages of Columbia River Basalt 
volcanism resulted in the emergence of the Yakima Folds system along the 

western plateau margins and fingering into the plateau interior. Growth 

of these folds created a system of structural ridges and basins, which 
include areas in the vicinity of Ellensburg, Ephrata, Yakima, and Pasco, 

Washington and Umatilla, Oregon. Thick sequences of sediments consisting 

of glacial outwash, lacustrine sediments, a1 luvial. gravels, col luvial 

materials, and ash and eolian deposits transported from the surrounding 

highlands accumulated in these basins forming a post-basalt overburden. 

Clastic sediments of the Pliocene Ringold Formation accumulated in 

the Quincy, Pasco, and Walla Walla Basins in the central portion of the 

plateau (Merriam and Buwalda, 1916; Newcomb, 1958; and Gustafson, 1978). 

Catastrophic floods at the close of the Pleistocene Epoch resulted in the 

deposit ibn of thick sequences of glaciof luvi al sediments of the Hanford 
formation (informal name) in these central plateau basins (Bretz, 1953). 

The Hanford formation overl ies the Ringold Formation and the Columbia 

River Basal t Group. 

On the western margin of the plateau in the Yakima and Ellensburg 

Basins, Ellensburg sediments continued to aggrade after cessation of the 

Columbia River Basalt volcanism. The Pliocene Thorp gravels (Porter, 

1976; Taber and Others, 1977) overl ie the El lensburg Formation in the 

Ellensburg Basin. The Ringold Formation and glaciofluvial sediments are 

present in the lower Yakima Basin. In the Umatilla Basin, The Dalles 

Formation (Condon, 1902) was deposited on the Columbia River Basalt. 

Impoundment of flood waters in Glacial Lake Lewis during the late 

Pleistocene resulted in the deposition of glaciofluvial sediments of the 

Hanford formation in the Umatilla Basin. 



These overburden f o rma t i ons  a re  impor tan t  t o  t h e  l o c a l ,  sha l l ow  

ground-water systems and a lso,  i n  some areas, can c o n t r o l  t h e  amount of 

f l u i d  exchange between such sha l low ground-water systems and t h e  b a s a l t  

aqu i f e r s .  The storage, r a t e ,  and d i r e c t i o n  o f  ground-water movement 

th rough  these sediments a re  p r i m a r i l y  c o n t r o l l e d  through l i t h o f a c i e s .  

C l  imatography 

C l imate  w i t h i n  t h e  Columbia P la teau  r e g i o n  i s  in f luenced  by  severa l  

f a c t o r s  i n c l u d i n g  topography, d i s t ance  and d i r e c t i o n  f rom t h e  ocean, t h e  

p r e v a i l i n g  w e s t e r l y  winds, and t h e  p o s i t i o n  and i n t e n s i t y  o f  t h e  h igh-  

and low-pressure cen te rs  over  t h e  P a c i f i c  (Ph i  1  1  i ps ,  1965, 1970; 

Donaldson and Ruscha, 1975). 

E l e v a t i o n  i s  h i g h l y  v a r i a b l e  over  t h e  Columbia P la teau  r e g i o n  rang ing  

Tr-ulll sea l e v e l  aT: The mouth o t  t h e  Columbia R i v e r  t o  w e l l  over  6,000 f e e t  

above mean sea l e v e l  (MSL) i n  the '  mountainous areas r imming t he  p la teau .  

The .h ighes t  e l e v a t i o n s  a t  which Columbia R i v e r  B a s a l t  i s  found p robab ly  

occur  i n  t h e  Wal lowa I..lountains i n  Oregon. W i t h i n  t h e  'dashington S t a t e  

p o r t i o n  o f  t h e  p la teau,  t h e  Columbia R i v e r  Basa l t  i s  found up t o  a  maximum 

of about 4,000 f e e t  i n  p a r t s  o f  Yakima County. The lowes t  e l e v a t i o n s  

w i t h i n  t h e  Pasco Basin,  near  t h e  c e n t r a l  p o r t i o n  o f  t h e  p la teau ,  a r e  j u s t  

under 400 f e e t .  

The Rocky Mountains i n  western Canada s h i e l d  t h e  c e n t r a l  p l a t e a u  from 

c o l d  a r c t i c  a i r  masses moving southward. The Cascade Range forms a  

b a r r i e r  t o  t he  e a s t e r l y  movement o f  m o i s t  and compara t i ve l y  m i l d  a i r  i n  

w i n t e r  and coo l  a i r  i n  summer. Most weather systems c r o s s i n g  t h e  p l a teau  

t r a v e l  w i t h  t h e  p r e v a i l i n g  w e s t e r l y  winds. I n  summer, a i r  from t h e  

c o n t i n e n t  r e s u l t s  i n  low r e l a t i v e  h u m i d i t y  and h i g h  temperature;  w h i l e  

i n  w in te r ,  i t  produces c l e a r ,  co ld ,  dr,y weather. Extremes i n  b o t h  w i n t e r  

and summer g e n e r a l l y  occur when t h e  p l a teau  i s  under t h e  i n f l uence  o f  a i r  

f rom over  t h e  con t i nen t . .  Ma r i t ime  a i r  moving i n  f rom t h e  P a c i f i c  Ocean 

has a  moderat ing i n f l u e n c e  th roughout  t h e  yea r  (Ph i  11 i ps ,  1970). 
. . 

A i r  masses w i t h  o r i g i n s  over  t h e  c o n t i n e n t  and o t h e r s  f rom over  t he  

ocean reach t h e  Columbia P la teau  and e x e r t -  t h e i r  i n f l u e n c e  on t h e  

c l ima te .  Summers a re  g e n e r a l l y  sunny, warm, and d r y  w i t h  a  few v e r y  h o t  

days when temperatures exceed 100 degrees Fahrenhe i t  (OF). I n  t h e  

w in te r ,  f r equen t  changes i n  t h e  weather a re  caused b y  P a c i f i c  Ocean s torm 
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systems c a r r i e d  eastward b y  p r e v a i l i n g  winds and c o l d  a r c t i c  a i r  masses 

moving southward across Canada. D a i l y  temperature range i s  about 10 t o  

15°F i n  t h e  w i n t e r  and 30 t o  35OF i n  t h e  summer ( ~ h i l l i ~ s ,  1965, 1970; 

Dona1 dson and Ruscha, 1975).  

Annual average p r e c i p i t a t i o n  ranges from l e s s  than 10 inches  i n  t h e  

c e n t r a l ,  l o w - l y i n g  dese r t  areas t o  over  25 inches on t h e  h i ghe r  mounta in  

s lopes.  About t w o - t h i r d s  o f  t he  annual p r e c i p i t a t i o n  f a l l s  f r om October 

t h rough  March. Most p r e c i p i t a t i o n  f a l l i n g  between mid-December and 

mi d-February i s  i n  t h e  f o r m  o f  snow. Snowfa l l  accumul a t i o n  genera l  l y  

i nc reases  w i t h  e l e v a t i o n ,  b u t  g e n e r a l l y  does n o t  exceed 15 t o  20 inches 

o r  remain on t h e  ground l o n g e r  than  6 weeks i n  t h e  lower  e l eva t i ons .  

Annual' 1  oss o f  water  by  -evapora t ion  f rom lakes  and r e s e r v o i r s  i s  
3 

es t ima ted  t o  range between 32 and 42+ inches. 

. . 
S u r f  ace Water Hydro1 ogy 

The Columbia R i v e r ,  a l ong  i t s  1,214-mile course, d r a i n s  p o r t i o n s  o f  7  

s t a t e s  an.d Canada ( F i g u r e  4 ) ,  an area o f  approx imate ly  259,090 square 

mi 1  es. 

From i t s  o r i g i n  i n  t h e  Rocky Mountain Trench southwest o f  Calgary,  

A l b e r t a ,  t h e  Columbia f l o w s  nor thwest  f o r  150 m i l e s  b e f o r e  t u r n i n g  sou th  

on i t s  course i n t o  t h e  U n i t e d  S ta tes .  The r i v e r  e n t e r s  t h e  Columbia 

P la teau  f rom t h e  Okanogan Highlands, where i t  j o i n s  w i t h  t h e  Spokane 

R i ve r ,  and immed ia te ly  begins a w e s t e r l y  course a'long t h e  Okanogan 

High lands/Columbia P la teau  margin.  I t  t u r n s  south again a t  t h e  f o o t  of 

t h e  n o r t h  Cascades near Pateros, Washington, and ma in ta i ns  a s o u t h e r l y  

course f o r  approx imate ly  150 m i l e s .  l'he area enc losed t o  t h e  south and 

eas t  of the  r i v e r  i s  r e f e r r e d  t o  as t h e  B i g  Bend Sub-hasin o f  t h e  

Columbla ?gateau. A lung the suu ther - l y  cuur-se, ,tl.ie r i v e r  c u t s  thrnough 

severa l  a n t i c l i n a l  r i d g e  s t r u c t u r e s  i n c l u d i n g  t h e  Saddle Mountains ( a t  

S e n t i n e l  Gap) b e f o r e  b e i n g  d i v e r t e d  f r om i t s  course a t  Umtanum Ridge 

c l o s e  t o  the  approximate l o c a t i o n  where i t  e n t e r s  t h e  Hanford S i t e .  Upon 

c l e a r i n g  t h e  easternmost express ion  o f  t h i s  s t r u c t u r e  (Gable Mountain),  

t h e  Columbia resumes i t s  s o u t h e r l y  course j o i n i n g  w i t h  t h e  Yakima R i v e r  

f r om t h e  west and i t s  p r i n c i p a l  t r i b u t a r y ,  t h e  Snake R i ve r ,  f rom the  eas t  

below t h e  Hanford S i t e  i n  t h e  v i c i n i t y  o f  t h e  T r i - C i t i e s  (Rich land,  

Kennewick, Pasco, Washington). Beyond t h i s  p o i n t ,  t h e  Columbia j o i n s  



COLUMBIA RIVER 
DRAINAGE BASIN 

BOUNDARY 

CANADA 

--- 
UNITED STATES 

- - - - - - - -  
CALIFORNIA 

0 50 100 

FIGURE 4. Regiona l  Map o f  t h e  Columbia R i v e r  Dra inage System. 



w i t h  t h e  Wal l a  Wa l l a  R i v e r  b e f o r e  gapping t h e  Horse Heaven H i l l s  

a n t i c l i n e  a t  W a l l u l a  Gap. The Columbia then beg ins  a  300-mi le w e s t e r l y  

course  t o  i t s  mouth a t  t h e  P a c i f i c  Ocean. 

Hydro10,gical ly, t h e  Columbi a  P la teau  can be segregated i n t o  

sub-basins accord ing  t o  t h e  ma jo r  su r f ace  dra inage systems presen t .  

~ i g u r e  5  shows such a  segrega t ion  w i t h  r e s o e c t  t o  t h e  Washington S t a t e  

p o r t i o n  o f  t h e  p l a teau .  The Pasco Sub-basin, a l though shown among t h e  

o t h e r  sub-basi ns, i s  n o t  h y d r o l o g i c a l l y  d i s c r e t e  f r om t h e  ad jacen t  

sub-bas ins o f  t h e  Columbia Plateau.  It i s  t r e a t e d  separa te ly ,  however, 

because i t  i n c o r p o r a t e s  t h e  Hanford S i t e  and because o f  i t s  r e l a t i v e  

s i g n i f i c a n c e  t o  t h e  B a s a l t  Waste I s o l a t i o n  Program. A l l  o f  t h e  o t h e r  

sub-hasins i n t e r f a c e  i n  some f a s h i o n  w i t h  t h e  Pasco Sub-basin. I t  should 

a l s o  be no ted  t h a t  t h e  v a l i d i t y  o f  making such h y d r o l o g i c  segrega t ions  

f o r  t h e  Columbia P la teau  i s  l i m i t e d  t o  sha l low ground-water and su r f ace -  

wate r  systems. The geometr ies and a rea l  e x t e n t s  o f  t h e  deep, r e g i o n a l  

ground-water systems a re  c u r r e n t l y  be ing  i d e n t i f i e d  i n  o t h e r ' B a s a l t  Waste 

I s o l a t i o n  Program hyd ro logy  a c t i v i t i e s .  

Of f u r t h e r  h y d r o l o g i c  s i g n ' i f  i cance  i s  t he  ex tens i ve  network o f  mu1 ti- 

purpose water  resources  p r o j e c t s  whi'ch have been developed i n  t h e  

reg ion .  Most no tab ly ,  t h e  Grand Coulee Dam forms t h e  80.,000-acre 

Frank1 i n  D. Roosevel t Lake which .has a  9.4 n i i  11 i o n  a c r e - f e e t  capac i t y .  

Combined w i t h  t h e  1.5.5 mi 11 i o n  acre- feet .  o f  s t o rage  upstream i n  Canadian 

r e s e r v o i r s ,  a  t o t a l  o f  30 m i l l i o n  a c r e - f e e t  o f  usab le  s to rage  i s  

a v a i l a b l e  i n  t h e  b a s i n  above Grand Coulee.Dam t o  r e g u l a t e  t h e  f l o w  o f  t h e  

Columbia R i v e r  f o r  power and f l o o d  c o n t r o l .  A d d i t i o n a l l y ,  t h e  system has 

been designed t o  d e l i v e r  a  f u l l  supp ly  o f  water t o  1,095,000 acres o f  

i r r i g a b l e  loand w i t h i n  t h e  Columhi a  Bas in  I r r i g a t i o n  P r o j e c t  ( F i g u r e  4 ) .  

She Yakima I r r i g a t i o n  P r o j e c t  ( F i g u r e  4 )  ma in ta i ns  a  s to rage  c a p a c i t y  

o f  abou t  1  m i l  l i o n  ac re - f ee t  and i s  designed t o  d e l i v e r  i r r i g a t i o n  t o  

461,500 acres. A l though no comparably s i g n i f i c a n t  i r r i g a t i o n  development 

has occu r red  a long t h e  Snake R iver ,  seve ra l  dams and r e s e r v o i r  p r o j e c t s  

have been cons t ruc ted  f o r  o the r  mu l t i pu rpose  uses. I n  c e r t a i n  areas 

exc luded f rom t h e  d e l i v e r y  o f  impor ted  i r r i g a t i o n  waters,  cons ide rab le  

ground-water resource  development i s  suppo r t i ng  l o c a l  a g r i c u l t u r e .  



FIGURE 5. Designated Hyd ro l og i c  Sub-basins w i t h i n  t h e  Washington S t a t e  P o r t i o n  o f  t h e  Columbia P1,ateau. 
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Ground-Water Hydro1 ogy 

~l though much devel  opm&t o f  ground-water  resources w i t h i n  t h e  

Columbia P1,ateau has taken  p l a c e  w i t h i n  r e c e n t  j e a r s ,  no e f f o r t  has been 

made to ,  devel  op a  conceptual  model .of . t h e  r e g i  onal  ground-water f 1  ow 
. . .. , . 

System i n  a  comprehensive fash ion .  Th is '  i s  one o f  t h e  c u r r e n t  goa ls  of 

t h e  B a s a l t  Waste I s o l a t i o n  Program, and ongoing e f f o r t s  a re  work ing 

" toward t h e  o b j e c t i v e  o f  p r e p a r i n g  such a' model. 
' , . ' I  

I n  genera l  terms, i n  t h e  context -  - .  o f  t h i s  r e p o r t ,  i t  i s  convenient  t o  

r e f e r  . t o  sha l l ow  ground-water'. .systems which a re  g e n e r a l l y  unconf ined o r  

, semi-conf i ned, s i t u a t e d  w i  t h i  t he  b a s a l t  overburden m a t e r i a l s  o r  

uppermost b a s a l t  kor- i rons, and genera l  l y  1  i1i1-i t e d  i i l  a rea l  e x t e n t  a 

s i n g l e  sub-basin o r  a  p a r t  o f  a  sub-hasin; ~ h e ' d i s t a n c e  o f  t r a v e l  from 

t h e i r  area o f  recharge  t o  t h e  - l o c a t i o n  of .  d i  sdh i rge  i s  compara t i ve l y  

smal l  . Deep ground-water systems gene , ra l l f occ~ .~ r  w i  t .hi n  t h e  basal  t 
' f o rma t i ons  and a re  o f  comparat i " e l y  g r e a t e r  a rea l  ex ten t ,  have longer  

. . 
. . f l o w  paths,  and may r e s u l t  i n  i n t e r - b a s i n  f low.  . An . ,  a r b i t r a r y  c u t o f f  of 

,200 f e e t  below l and  su r f ace  has been des ignated b y  t h e  S t a t e  o f  

Washington f o r  t h e  purpose o f  r e g u l a t i o n  and management o f  ground water 

' r esou rce  development. 
. . 

. . Demography, Industr .y,  and A g r i c u l t u r e  
Tn 147R, pnp l r l a t j qn  s t a t i s t . i c s  (Washington : s t a t e  O f f i c e  o f  F i n a n c i a l  

Management, 1$78) f o r  t h e  15 Washington S t a t e  coun t i es  o f  t h e  Columbia 

P la teau  show t h a t  t h e  t o t a l  p n p ~ r l a t i o n  f o r  . the  r e g i o n  i s  827,500. Tab le  

1 p rov ides  p o p u l a t i o n  s t a t i s t i c s  f o r  each coun ty  and Tab le  2  l i s t s  t h e  

popul  at ' ions f o r  t h e  ma jo r  p o p u l a t i o n  cen te rs  w i  t h i n  t h e  r e g i  on. 

1 n d u s & i a l  a c t i v i t y  w i t h i n  t h e  r e g i o n  has been spur red  by  t h e  

c o n s t r u c t i o n  of dams on t h e  p r i n c i p a l  str.eams.and t h e  gene ra t i on  o f  
. hydroe1 ,ec t r i c  power. The energy has been used r e y . i o n a l l y  t o  fo .s ter  

' ' . ~ r v e l o p ~ r e r ~ l  uf s~ajo; prlrnary rnet,als i n s t a l i a t i o n s  and o t h e r  sma.11 

manu fac tu r i ng  'operat ions.  : Other  a c t i v i t i e s  c a r r i e d  o u t  th roughout  t h e  

r e g i o n  i n c l u d e  t h e  nuc lea r  i n d u s t r y  i n  t h e  T r i - C i t i e s ,  d i s t r i b u t i o n  

a c t i v i t i e s  cen te red  i n  Spokane (wh,ich has Ilkcome a  ~ i i a j o r  r-ai  1  head f o r  

i n t e r s t a t e  commerce), and f.oodlprocessing. and -s,torage f a c i  1  i t i e s  

. assoc ia ted  w i t h  t h e  a g r i c u l t u r a l  areas; 
. . , - .-. . ..,. , .. , 



TABLE 1. 1978 Popu la t ions  o f  t h e  15 Washington 
S ta te  Count ies Encompassing t h e  

Columbia P la teau  Region. 

( A f t e r  Washington S ta te  O f f  i c e  o f  F i n a n c i a l  
Manageme.nt, 1978. ) 

County 

Adams 

A s o t i  n 

Benton 

Columbia 

Doug1 as 

Frank1 i n  

G a r f i e l d  

Grant 

K i t t i t a s  

K l  i c k i t a t  

Spokane 

Wal la  Wal la  

Whi tman 

Yakima 

. Popu la t i on  

T o t a l  



TABLE 2. 1978 Populations of Metropolitan Areas 
with,in the Washington State Portion 

of the Columbia.Plateau having 
Populations in Excess of 10,000. 

(After Washington State Office of 
Financial Management, 1978.) 

County City Population 

Benton 

Benton 

Frank 1 i n 

Grant 
Kittitas 

Spokane 
Walla Walla 

Whi tman 

Yakima 

Kennewi ck 

Richland 

Pasco 

Moses Lake, 

Ellensburg 

Spokane 

Walla Walla 

Pul lman 

Yakima 



A g r i c u l t u r e  i s  widespread p a r t i c u l a r l y  i n  t h e  Yakima Va l l ey ,  Columbia 

Sasin, and Palouse H i l l s  areas. Development o f  t h e  Yakima and Columbia 

Bas in  I r r i g a t i o n  P r o j e c t s  i s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  r e c e n t  and 

c o n t i n u i n g  a g r i c u l t u r a l  growth. P r i n c i p a l  a ' g r i c u l t u r a l  p roauc t s  i n  t h e  

Yakima V a l l e y  have been apples and s o f t  f r u i t s ,  hops, m i n t ,  grapes, and 

vegetables;  I n  t h e  Columbia Bas in  and Palouse H i l l s  areas, wheat, 

po ta toes ,  .sugar beets ,  hay, and peas have dominated a g r i c u l t u r a l  

p roduc t i on .  ~i vestock p roduc t i on ,  i n c l u d i n g  c a t t l e  and hogs, i s  
. e 

a l s o  common. 



WATER RESOURCES 

The f o l l o w i n g  sec t i ons  descr ibe water resources data u t i l i z e d  w i t h i n  

t h i s  r e p o r t  f o r  t h e  p repa ra t i on  o f  sur face water budgets f o r  t he  s i x  

Columbia Plateau sub-basi ns. 

PRECIPITATION 

P r e c i p i t a t i o n  processes opera t ing  w i t h i n  t h e  Columbia PI ateau reg ion  

are o f  t h ree  p r i nc ip 'a l  types: 

1.  f l r n g r a p h i c - - p r e c i p i t a t i o n  r e s u l t i n g  from the  asccnt o f  moist' a i r  
masses over  a  topographic b a r r i e r ;  

2. Convect ive--prec i  p i  t a t i o n  resu l  t i n g  from the  buoyancy o f  a i r  due t g  
d i f f e r e n - t i  a1 he,ating o f  under1 y i n g  1  and masses; and, 

3. F r o n t a l  - -p rec i  p i  t a t i  on resu l  t i n q  from the  movement and i n t e r f a c i n g  
o f  l a r g e  a i r  masses having s i g n i f i c a n t l y  d i f f e r e n t  phys i ca l  
p rope r t i es .  

Because each of these processes d i s p l a y  g ross l y  d i f f e r e n t  p r e c i p i t a t i o n  

c h a r a c t e r i s t i c s ,  t hey  a l s o  r e s u l t  i n  d i f f e r e n t  c h a r a c t e r i s t i c s  w i t h  

rega rd  t o  p o t e n t i a l  ground water recharge as fo l l ows .  

Orographic p r e c i p i t a t i o n  i s  r e l a t e d  t o  e leva t ion ,  s lope 
c h a r a c t e r i s t i c s ,  s lope dspecl, a r~d  the d is tance f rom t h e  mols ture  
source. The r e l a t i v e ,  s p a t i a l  d i s t r i b u t i o n  tends t o  be s i m i l a r  from 
storm t o  storm, and, where 'o rograph ic  e f f e c t s  a re  dominant, i n d i v i d u a l  
storm p a t t e r n s  are  s i m i l a r  t o  t h e  annual p r e c i p i t a t i o n  pa t te rn .  
A1 though t h e  amount o f  a v a i l a b l e  mois tu re  decreases w i t h  e l e v a t i o n  
du r ing  a  storm event, f o r  long p e r i o d s ' o f  record, p r e c i p i t a t i o n  can 
genera l l y  be shown t o  be i n  d i r e c t  c o r r e l a t i o n  w i t h  e leva t ion .  
P r e c i p i t a t i o n  i s  -a lso  greater  on t h e  windward s ide  o f  t h e  topographic 
fea ture  t o  a  s i g n i f i c a n t  degree. Another cons ide ra t i on  i s  t h a t  f o r  
h igh  mountain ranges, w h i l e  r a i n  i s  f a l l i n g  a t  t h e  lower e leva t ions ,  
snow may be f a l l i n g  a t  h igher  e leva t i ons  and, thus, may no t  
immediately c o n t r i b u t e  t o  r u n o f f .  Because o f  t he  r e l a t i v e  
consis tency o f  orographic p r e c i p i t a t i o n  over t he  l ong  term, 
,orographic p r e c i p i t a t i o n  mechanisms are extremely important  i n  t h e  
eva lua t i on  o f  reg iona l  recharge. 

2. Convect ive p r e c i p i t a t i o n  u s u a l l y  r e s u l t s  f rom storms o f  comparat ive ly  
smal l  dimensions, -and i s  composed o f  a  s e r i e s  o f  coalesc ing and 
moving storm c e l l  s. P r e c i p i t a t i o n  cons i s t s  o f  l a r g e  ra indrops  
f a l l i n g  t o  t h e  e a r t h  w i t h  h igh  energy and i n t e n s i t y .  Time du ra t i on  
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i s  g e n e r a l l y ' s h o r t  and, thereby,  convec t i ve  p r e c i p i t a t i o n  mechanisms 
' f o r  t h e  most p a r t  f a v o r  r u n o f f  as opposed t o  i n f i l t r a t i o n  
generat ion.  A d d i t i o n a l l y ,  convec t i ve  p r e c i p i t a t i o n  processes a re  
more common i n  t h e  warm seasons t han  i n  t h e  w i n t e r .  

3. F r o n t a l  p r e c i p i t a t i o n  events  by  comparison w i t h  convec t i ve  
p r e c i p i t a t i o n  a re  g e n e r a l l y  more a r e a l l y  ex tens i ve  and o f  l onge r  
d u r a t i o n  and l e s s e r  i n t e n s i t y .  F r o n t a l  systems may r e s u l t  i n  
moderate- t o  l ong -du ra t i on  storms depending upon t h e i r  r a t e  of 
movement. I n  some instances,  t h e  system may s tagna te  over  an a rea  
r e s u l t i n g  i n  sustained, heavy r a i n s .  F r o n t a l  systems may be 
impor tan t  bo th  i n  terms o f  recharge and r u n o f f  depending on severa l  
f a c t o r s .  V i r t u a l  1.y a1 1  p r e c i p i t a t i o n  t h a t  occurs d u r i n g  t h e  w i n t e r  
season i n  t h e  i n t e r i o r  p l a t e a u  i s  t h e  r e s u l t  o f  f r o n t a l  mechanisms. 

P r e c i p i t a t i o n  i n  t h e  fo rm o f  snow fa l l  can be ex t reme ly  impo r tan t  t o  

t h e  su r f ace  hydro logy,  p a r t i c u l a r l y  o f  up land  areas. I t  has a l r eady  been 

no ted  t h a t  t h e  amount and d i s t r i b u t i o n  o f  snowpack and t h e  r a t e  o f  

me1 t i n g  can be p r i m a r y  f a c t o r s  i n  de te rm in ing  r e g i o n a l  r u n o f f  and 

recharge. A l though t h e  depth o f  snow fa l l  over  an area tends t o  be more 

un i form than  r a i n f a l l ,  i t  may undergo cons ide rab le  r e d i s t r i b u t i o n  and 

d i f f e r e n t i a l  me1 t i n g  b e f o r e  appear ing as recharge o r  r u n o f f .  Perhaps t h e  

p r i m a r y  f a c t o r  p reven t i ng  p roper  i n t e g r a t ' i o n  o f  snowpack c o n t r i b u t i o n s  

w i t h i n  t h e  h y d r o l o g i c  budget i s  a  genera l  l ack  o f  s p a t i a l  data.  The r a t e  

o f  m e l t i n g  i s  a l s o  impo r tan t  w i t h  r e g a r d  t o  f l o o d i n g ,  p a r t i c u l a r l y  i n  t h e  

spr ing t ime.  

The d i s t r i b u t i o n  o f  mean annual p r e c i p i t a t i o n  f o r  t h e  Washington 

S t a t e  p o r t i o n  o f  t h e  Columbia P la teau  i s  shown on P l a t e  2. The p l a t e  

r e v e a l s  t h a t  t h e  lowes t  q u a n t i t i e s  o f  p r e c i p i t a t i o n  occur  a t  t h e  l owe r  

e l e v a t i o n s  w i t h i n  t h e  wes t -cen t ra l  p a r t  o f  t h e  r e g i o n  ( s p e c i f i c a l l y ,  

w i t h i n  t h e  Pasco Sub-basin). Annual p r e c i p i t a t i o n  i n  t h i s  area i s  

g e n e r a l l y  l e s s  than  10 inches, w i t h  excep t ions  no ted  a t  h i ghe r  e l e v a t i o n s  

(above about 2,000 f e e t )  where mean annual p r e c i p i t a t i o n  can exceed 15 

inches. There a re  2 : p r i n c i p a l  reasons f o r  t h e  a r i d i t y  o f  t h i s  reg ion :  

f i r s t ,  e l e v a t i o n ;  and second, r a i n  shadow e f f e c t s  o f  t h e  Cascade Range. 

The g r e a t e s t  amount o f  p r e c i p i t a t i o n  occurs i n  t h e  western p a r t  of t h e  

r e g i o n  a1 ong ' t h e ~ a s c a d e s ,  which r e c e i v e  ex t reme ly  h i g h  q u a n t i t i e s  o f  

p r e c i p i t a t i o n  v i a  o rograph ic  e f f e c t s  a c t i n g  upon m o i s t  a i r  masses moving 

<. from t h e  P a c i f i c .  Other r eg ions  o f  h i g h  p r e c i p i t a t i o n  occur  w i t h i n  t h e  

nor thern ,  eastern', and southeastern h i gh1  and areas. I n  a  genera l  way, 



t h e  i s o h y e t s  conform t o  t opog rah i c  con tours . '  The maximum p r e c i p i t a t i o n  

f o r  t h e  Columbia P l a t e a u  i s  p robab l y  i n  excess o f  50 inches annua l l y  i n  

p a r t s  o f  t h e  upper ~ a k i m a  R i v e r  Sub-basin and p o s s i b l y  t h e  B l u e  Mountains 

i n  t h e  Palouse/Snake Sub-basin. A summary o f  mean annual p r e c i p i t a t i o n  

s t a t i s t i c s  f o r  v a r i o u s  s t a t i o n s  w i t h i n  and ad jacen t  t o  t h e  Columbia 

P l a t e a u  i s  p resen ted  i n  Appendix A. 

Evapo ra t i on  i s  d e f i n e d  as t h e  process by  which water  changes f rom a  

l i q u i d  s t a t e  t o  a gaseous s t a t e .  T r a n s p i r a t i o n  accomplishes t h e  same 

t r ans fo rma t i on ,  b u t  i s  per formed by p l a n t s .  The combined l o s s  o f  water  

t o  t h e  atmosphere b y  e v a p o r a t i v e  and t r a n s p i r a t i v e  processes i s  r e f e r r e d  

to ,  i n  t h e  c o n t e x t  o f  a  h y d r o l o g i c  budget, as evapo t ransp i ra t i on .  A  

d i s t i n c t i o n  i s  a1 so drawn between a c t u a l  and p o t e n t i  a1 evapotrans- 

p i r a t i o n .  Ac tua l  e v a p o t r a n s p i r a t i o n  (AET) i s  t h e  observed losses  t o  t h e  

atmosphere and p o t e n t i a l  e v a p o t r a n s p i r a t i o n  (PET) i s  t h e  losses  t h a t  

would be observed if t h e  q u a n t i t y  o f  m o i s t u r e  were n o t  l i m i t i n g .  

Evapo ra t i on  measurements a re  ob ta i ned  a t  va r i ous  s t a t i o n s  across t h e  

Columbia P la teau  u s i n g  C lass  A-type evapora t ion  pans. The s t a t i o n s  a re  

g e n e r a l l y  assoc ia ted  w i t h  a g r i c u l t u r a l  research  s t a t i o n s  and a r e  s i t u a t e d  

i n  l o w - l y i n g  a g r i c u l t u r a l  areas. F i g u r e  6 shows a  gene ra l i zed  

d i s t r i b u t i o n  f o r  C lass  A  pan evapo ra t i on  across t h e  Columbia P la teau  

reg ion .  Several  f a c t s  shou ld  be no ted  i n  i n t e r p r e t a t i o n  and use o f  such 

data.  I n  p a r t i c u l a r ,  t h e  da ta  a r e  h i g h l y  genera l i zed .  The map was 

p repared  on t h e  b a s i s  o f  s p a r s e l y  d i s t r i b u t e d  s t a t i o n s  and does n o t  

a t t emp t  t o  d e t a i l  d i f f e r e n c e s  due t o  e l e v a t i o n  and rn i c roc l i r na to l og i ca l  

e f f ec t s .  Secondly, pan evapo ra t i on  measurements a re  c h a r a c t e r i z e d  by 

i n h e r e n t  e r r o r s  which t e n d  t o  p r o v i d e  read ings  h i ghe r  than  those  observed 

i n  cor respond ing  n a t u r a l  c o n d i t i o n s .  I n  most a p p l i c a t i o n s ,  an e m p i r i c a l  

pan c o e f f i c i e n t  i s  a p p l i e d  as a  means o f  more c l o s e l y  approx imat ing t h e  

n a t u r a l  evapora t ion .  F i g u r e  7 i s ,  t h e r e f o r e ,  a  cor respond ing  map of 

pan c o e f f i c i e n t s  t o  be a p p l i e d  t o  F i g u r e  6 i n  e s t i m a t i n g  a c t u a l  

evapora t ion .  

F i g u r e  6 r e v e a l s  a  r o u g h l y  e l  1  i p t i c a l  p a t t e r n  w i t h  t h e  h i g h e s t  

evapo ra t i on  va lues  o c c u r r i n g  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  Columbia 



FIGU.RE 6 .  Average Annual C lass A Pan Evapora t ion  i n  Inches f o r  t h e  P e r i o d  1946-1955 
( a f t e r  P a c i f i c  ?4orthwest R i  v e r  Bas ins  Commission, 1969).  
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FIGURE 7. Average Annual Class A Pan Coefficient in P e r c m t  
(rfter P3ci fic Northwest Wi ver Basins Commission, 1969). 



Pla teau  cen te red  approx imate ly  over  Moses Lake, Washington and decreas ing 

almost c o n c e n t r i c a l l y  outward. The p a t t e r n  i s  no doubt due t o  t h e  h i ghe r  

temperatures and i n s o l a t i o n  and f l a t t e r  topography o f  t h e  c e n t r a l  b a s i n  

area. 

F i g u r e  8, which shows t h e  d i s t r i b u t i o n  o f  mean annual l a k e  

evaporat ion,  r e v e a l s  a  s im i  lhar,  a1 though p r o p o r t i o n a t e l y  lower,  p a t t e r n  

and i s ,  t he re fo re ,  presented w i t h  t he  same n o t a t i o n s  and exp lana t i ons  as 

t h e  pan evapora t ion  d i s t r i b u t i o n  map. T h i s  f i g u r e  may a l s o  be cons t rued  

as an approx imat ion o f  t h e r e g i o n a l  d i s t r i b u t i o n  o f  PET. 

The AET 'and PET es t imates  have been computed us ing  the' 

Thornthwai te-Mather technique (1957) f o r  s o i  1  s  hav ing  an assumed s i x - i n c h  

:, wa te r -ho ld ing  c a p a c i t y  i n  t h e  r o o t  zone f o r  var. ious s t a t i o n s  w i t h i n  and 

ad jacent  t o t h e  Columbia Plateau. The r e s u l t s  are t abu la ted  w i t h i n  

Appendix A ,  A sampl ing of these  da ta  f o r  severa l '  s t a t i o n s  d i s t r i b u t e d  

across t he  Columbia P la teau  has been p l o t t e d  g r a p h i c a l l y  i n  an e f f o r t  t o  

a s c e r t a i n  t h e  amount o f  excess s o i l  m o i s t u r e  a v a i l a b l e  f o r  deep 

p e r c o l a t i o n  on an annual bas i s .  The p l o t s  are shown i n  Appendix B. 

Accord ing t o  t,he t h e o r y  o f  t h e  Thornthwaite-Mather technique,  i t  i s  

.necessary t o  exceed t h e  f i e l d  c a p a c i t y  o f  t he  s o i l  before recharge t o  t he  

ground-water t a b l e  ( i  .e., deep p e r c o l a t i o n )  can occur.  For  t h e  above 

p l o t s ,  i t  was assumed t h a t  a  s i x - i n c h  wate r -ho ld ing  c a p a c i t y  ex i s ted .  

Thusly,  none .o f  t h e  p l o t s  showed ground-water recharge p o t e n t  i a1 d u r i n g  

an.v month. lJnder ac tua l  c0ndi . t  ions, however, t h e  s p a t i a l  v a r i  ab i  1  i ty  of 
recharge i s  impor tan t  because: 

1, S p a t i a l  v a r i a b i l i t y  o f  p r e c i p i t a t i o n  e x i s t s ;  and, 

2. F i e l d  c a p a c i t y  o f  s o i l s  can be h i g h l y  v a r i a b l e .  

For  many, areas w i t h i n  t h e  p la teau,  m i c r o c l  i m a t o l o g i c a l  and s o i  1  

condi t i  ons. p robab ly  favor  a  c e r t a i n  amount o f  ground-water recharge i n  

. s p i t e  o f  these balances. 

P l a t e  3 i l l u s t r a t e s  t h e  gene ra l i zed  d i s t r i b u t i o n  o f  mean annual AET 

f o r  t h e  ~ o l u m b i a  p l a t e a u  p l o t t e d  on t h e  h a s i i  o f  t h e  da ta  i n  Appendix A. 

The p a t t e r n  ob ta ined  i 's  g r o s s l y  s i m i l a r  t o  t h a t  shown f o r  mean annual pan 

and l ake  evaporat ion,  b u t  w i t h  t h e  lower  va lues appear ing i n  t h e  cen te r  

and i n c r e a s i n g  outward. It i s  a l s o  noted t h a t  t h e  p a t t e r n  i s  cen te red  



FIGURE 8. Average Annual Lake Evaporat ion i n  Inches f o r  t he  p e r i o d  1946-1955 
( a f t e r  P a c i f i c  Northwest R i v e r  Basins Commission, 1969). 



over  t h e  Pasco Bas in  i n  c o n t r a s t  t o  t h e  a forement ioned f i g u r e s  which have 

t h e i r  cen te r s  approx imate ly  over  Moses Lake. The e x p l a n a t i o n  i s  s t r o n g l y  

dependent upon t h e  tempora l  and s p a t i a l  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n .  

As has a l r eady  been noted, t h e r e  i s  a  depress ion  i n  t h e  i s o h y e t a l  map 

which i s  cen te red  a t  about t h e  same l o c a t i o n  as t h a t  f o r  t h e  AET map. 

Thus, as p r e c i p i t a t i o n  inc reases  outward f r o m  t h i s  cen te r ,  t h e  va l ue  of 

t h e  AET approaches t h a t  f o r  PET. 

Us ing  a v a i l a b l e  da ta  f r om  t h e  Hanfo rd  M e t e o r o l o g i c a l  S t a t i o n  ( w i t h i n  

t h e  Pasco Sub-basi n) , Wal l  ace (1977) compared methods f o r  computa t i  on of 

PET. H i s  r e s u l t s  a re  compared i n  Tab le  3, and show t h a t  a l l  methods 

y i e l d  an annual va lue  o f  5 t o  9  t imes  t h e  mean annual p r e c i p i t a t i o n .  

Wal lace notes t h a t  t he  va lues ob ta i ned  f r o m  t h e  Thornthwai te-Mather  and 

Penman methods a re  s i m i l a r ,  b u t  t h a t  t h e  Mor ton method y i e l d s  a  

s i g n i f i c a n t 1  y h i g h e r  va lue.  Oecause t h e  Mor*tur~ III~~;IIUCI wds c d l  lbrated 

u s i n g  da ta  f rom a r i d  s t a t i o n s ,  t h e  va lue  ob ta i ned  may be more t r u l y  

r e p r e s e n t a t i v e  o f  t h e  amount o f  e v a p o t r a n s p i r a t i o n  a t  Hanford.  



TABLE 3. Comparison of Methods for Computing 
Potential Evapotranspiration Using Hanford 

Meteorological Station Data. 

(After Wall ace, 1977.) 

Thornthwaite-Mather 

Penman 

Morton 

Annual 
Evapotranspiration 

(inches) 



STR EAMS 

I n  genera l ,  streamflow i s  supported by  two mechanisms: 

1. Di r e c t  s u r f  ace - r , uno f f  (DSRO) ; and, 

3.  Basef low f rom d i scha rg ing  ground waters and i n t e r f l o w .  

The DSRO i n c l u d e s  channel ized and ove r l and  f l o w  which a r r i v e s  a t  t h e  

p r i n c i p a l  stream s o l e l y  by su r f ace  courses. Unless t h e  stream i s  gauged, 

DSRO must be eva lua ted  e m p i r i c a l l y  on t h e  b a s i s  o f  p r e c i p i t a t i o n - e v e n t  

parameters. Basef low c h a r a c t e r i s t i c s  f o r  a  g i ven  stream are g e n e r a l l y  

eva lua ted  on t h e  b a s i s  o f  hydrograph separa t ion ,  t h e  c o n t r i b u t i o n  of t h e  

basef low be ing  t he  rema in ing  p o r t i o n  o f  t h e  hydroqraph i n  t h e  absence o f  

c n n t . r i h ~ r t i n n  frnrn a <t.nrrn event.. 

I n  t h e  Columbia P la teau  reg ion ,  most pe renn ia l  streams have t h e i r  

headwaters i n  h igh lands  o u t s i d e  o f  t h e  r e g i o n  and a re  ma in ta i ned  b y  

snowmel t r uno f f  and p r e c i p i t a t i o n  which occur  a t  these h ighe r  

e l eva t i ons .  The streams are, t h e r e f o r e ,  " e x o t i c "  t o  t h e  a r i d  i n t e r i o r  of 

t h e  p la teau.  Wi th  rega rd  t o  t h e  degree of r u n o f f  c o n t r i b u t i o n  t o  su r f ace  

water  courses f rom w i t h i n  t h e  p la teau ,  F i q u r e  9 i s  a  map of t h e  

d i s t r i b u t i o n  o f  mean annual r u n o f f  i n  Washington S ta te .  V a r i a b i l i t y  i s  

p r i m a r i l y  due t o  s p a t i a l  v a r i a b i l  i ty  o f  p r e c i p i t a t i o n ;  however, bas in  

c h a r a c t e r i s t i c s  such as i n f i l t r a t i o n  capac i t y ,  slope, and v e g e t a t i o n  aqd 

event  c h a r a c t e r i s t i c s  such as i n t e n s i t y ,  du ra t i on ,  antecedent mo is tu re ,  

and form o f  p r e c i p i t a t i o n  can be impo r tan t  secondary f a c t o r s .  On t h e  

b a s i s  o f  t h e  percentage of r u n o f f  r e s u l t i n g  f r om a  g i ven  volume o t  

p r e c i p i t a t i o n ,  a  basin-wide r u n o f f  c o e f f i c i e n t  can be de r i ved  f o r  use i n  

s i m u l a t i n g  r a i n f a l l / r u n o f f  events.  Whi le  F i g u r e  9 r e f l e c t s  cons ide rab le  

smoothing and g e n e r a l i z a t i o n  o f  t h e  r u n o f f  contours ,  i t  can be seen t h a t  

r u n o f f  c o n t r i b u t i o n s  t o  sur face  f l o w  are ex t reme ly  low th roughout  most o i  

t h e  p la teau .  The lowes t  va lues occur  i n  t h e  cen te r  o f  t h e  area and a re  

p r a c t i c a l l y  n e g l i g i b l e .  Kunof f  i nc reases  g r e a t l y  as t h e  t e r r a i n  becomes 

s teeper  t o  t h e  west, nor th ,  east ,  and southeast  a long  t h e  mounta in  ranges. 

Basef low i s  an ext remely  d i f f i c u l t  parameter t o  assess due t o  t h e  

e x o t i c  cha rac te r  o f  t h e  streams p resen t  as e a r l i e r  discussed. I t  i s ,  

however, p o s s i b l e  t o  draw i n fe rences  w i t h  r ega rd  t o  whether streams are  
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g a i n i n g  o r  l os i ' ng  over  a  g iven  reach, b u t  g e n e r a l l y  such q u a n t i t i e s  a re  

severa l  o rders  o f  magnitude l e s s  than t h e  t o t a l  f low. 

LAKES 

As a  p a r t  o f  i t s  mandate t o  i n v e n t o r y  water  resources  w i t h i n  t h e  

S t a t e  o f  Washington, t h e  Washington S t a t e  Department o f  Ecology (wsDOE) 

ma in ta i ns  a  t a b u l a t i o n  and e v a l u a t i o n  (Wolco t t ,  1973) .o f  a1 1  l akes  w i t h i n  

t h e  s t a t e .  For  t h e  purpose o f  t h e  i nven to ry ,  WSDOE a p p l i e s  t h e  f o l l o w i n g  

c r i t e r i a .  

I .  The body o f  water must f i t  Webster 's  d e f i n i t i o n  o f  a  l a k e  as f o l l ows :  

" A  cons ide rab le  i n l a n d  body o f  s t and ing  water;  a l s o  an expanded p a r t  
of a  r i v e r .  When a  body o f  water i s  so sha l low t h a t  aqua t i c  . p l an t s  
grow i n  most o f  i t ,  i t  i s  u s u a l l y  c a l  l e d  a  pond; when t h e  pond i s  
m o s t l y  f i l l e d  w i t h  vege ta t ion ,  i t  becomes a  marsh." 

2. The body of water  must have a , s u r f a c e  area o f  a t  l e a s t  one acre. 

3. I f  t h e  body of water i s  a  named lake ,  i t  was so c l a s s i f i e d  rega rd less  
o f  su r f ace  area. 

4. If t h e  bod,y o f  water i s  a  marsh, b u t  con ta ins  some open water  t h e  
yea r  around, i t  was c l a s s i f i e d  as a  lake.  

5 .  If a number o f  lakes  e x i s t  w i t h i n  a  l i m i t e d  area, a l l  o r  most of 
which a re  under one acre i n  s ize ,  t h e y  were c l a s s i f i e d  as a  s i n g l e  
u n i t .  , . 

Tab le  4 l i s t s  t he  numbers and acreages o f  l akes  w i t h i n  t h e  15  Washington 

S t a t e  coun t i es  w i t h i n  t h e  Columbi J Plateau.  The p r i n c i p a l  1  alces .and 

r e s e r v o i r s  w i t h i n  t h e C o l u m b i a  P la teau  a re  those  assoc ia ted  w i t h  t h e  

var ious  mu l t i pu rpose  water  resource  p r o j e c t s .  A  l i s t i n g  o f  these i s  

p rov ided  i n  Table 5. 

WATER USE 

Water use i n  t h e  S t a t e  o f  Washington c o r r e l a t e s  w i t h  t h e  i nc rease  i n  

mun i c i pa l ,  i n d u s t r i a l ,  and a g r i c u l t u r a l  development. P e r i o d i c  summaries 

of these  water-use ca tego r i es  are prepared by t h e  U.S. Geo log ica l  Survey 

(USGS) (D ion  and Lum, 1977) and 1  i s t e d  by coun t i es  and b,y WRlAs as 
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TABLE 4. Na tu ra l  and A r t i f i c i a l  Lake Acreages 
i n  t h e  15 Washington S ta te  Count ies 

o f  t h e  Columbia Plateau.  

( A f t e r  ~ o l c o t t ,  1973. ) 

Number o f  Sur face Area 
County Lakes (ac res )  

Adams 

Aso t in .  . 

R~nt.nn 

Columbia 

Doug1 as 

Frank1 i n  

G a r f i e l d  

Grant  

K i  t t i t a s  221 14,301.0 

K l i c k i t a t  48 31,948.1 

L i n c o l n  . 248 4,599.3 

Spokane 496 16,015.7 
Wal la  Wal la  19 962.4 

Wh i tman 142 20,490.2* 

Yakima 320 - 6.578.2 

T o t a l  2,209 348,714.6 

*Washington S t a t e  p o r t i n n . o f  wa te rs  l y i n g  on s t a t e  l i n e .  



TABLE 5 .  , P r i n c i p a l  Lakes and Reservo i rs  w i t h i n  and 
ad jacen t  t o  t h e  Columbia Plateau, Wc.shington. 

( A f t e r  W o l c o ~ t ,  1973. ) 

Mean 
E l e v a t i o n  

Stream ( f e e t  MSL) 

Sur face 
Area 

(ac res )  

Stor  3ge 
Capazi t y  

j a c r e - f e e t )  
Year o f  I n i t i a l  

Uses Operat ion . - , 
Lake o r  

Reservo i r  Washington County 

Banks Lake Grant, Douglas 

Bumping Lake Yakina 

1951 Recreat ion,  i r r i g a t i o n  
s to rage  

Canal f e d  1,560 

Bumping k i v e r  ' 3,426 .; 1910 Recreat ion,  i r r i g a t i o n  
s to rage  . 

1932 Recreat ion,  i r r i g a t i o n  
s to rage  

Cle Elum R ive r  2,223 CDe Elum Lake K i t t i t a s  

1939 Recreat ion,  i r r i g a t i o n ,  
power, f l o o d  c o n t r o l ,  
f i s h e r y ,  n a v i g a t i o n  

F r a n k l i n  0. Grant, Stevens, Ferry ,  
Roosevel t  Lake L incc ln ,  ' Okanogan 

Columbia R ive r  1,288 

Kachess R ive r  2,254 . 

Yakima R i v e r  2,517 

Snake R i v e r  540 

1905 Recreat ion,  power, i r r i g a t i o n  Kachess Lake K i t t i t a s  
P 
+ Keechelus L a k e .  K i  t t i t a s  1914. Recreat ion,  power, i r r i g a t i o n  

1967 . Power, n a v i g a t i o n ,  r e c r e a t i o n  Lower Monumental F r a n k l i n ,  Wal la  Walla, 
Dam Reservo i r  Whitaan, Columbia 

Moses Lake Grant * '  * ' 

Crab Creek V a l l e y  1,046 

Columbia R i v e r  488 

1949 Recreat ion,  i r r i g a t i o n  

1960 Power, r e c r e a t i o n  

Potholes Reservo i r  Grant 

P ~ i e s t  Rapids Dam Grant, Yakima, K i t t i t a s  
Reservo i r  

1925 Recreat ion,  i r r i g a t i o n  Rimrock Lake ' Yak i ra  

Lake Sacajawe?. F r a n k l i n ,  Wal la  Wal la  

Lake W a l l u l a  Bentcn, F r a n k l i n  

T i e t o n  R i v e r  2,918 

Snake R i v e r  440 

Columbia R i v e r  - 340 

1961 Navigat ion,  power, r e c r e a t i o n  

1953 Navigat ion,  power, r e c r e a t i o n  

Wsnapum Dam K i t t i t a s ,  Douglas, Chelan, Columbia R ive r  571 . 14,6EO 16.3,OOO 1963 Power 
Reservo i r  Grant, Yakima 

*;Not repor ted.  



designated by the s t a t e .  Figures 10 and 11, respectively, depict the 

1 ocations of the Washington State  counties and eastern washington WRIAs. 

Table 6 l i s t s  the names of the WRIAs appearing on Figure 11. As 
discussed ea r l i e r ,  there is  not a precise coincidence of county and WRIA 

boundaries with those of the  Columbia Plateau hydrologic sub-basins 
designated for  the purpose of th i s  report (Figure 5 ) ;  however, careful 

select ion of areas has allowed a suf f ic ien t ly  reasonable approximation of 
water-use s t a t i s t i c s  fo r  the purpose of preparing water budgets. 

Municipal water use as inventoried by USGS includes the sum of a l l  
water delivered by water-supp1.y systems serving more than 100 people in 

each county or WRIA, The category includes water supplied by municipal 
systems for  domestic, commerci a1 , industri a1 , f i r e  protection, s t r e e t  
washing, system flushing, and variable, amounts of minor uses for  
i r r iga t ion ,  stock watering, and leakage. Self-supplied industrial  water 
and a l l  individual rural  water uses are excluded. The inventory reveals 
tha t ,  on a regional basis,  surface water was the source of 91 percent of 

the to ta l  municipal supply' in western Washington, b u t  only 9 percent of 

the to ta l  municipal supply in eastern Washington (Dion and L u m ,  1977). 
The USGS subdivides the industrial  water-use category into 

municipally and self-supplied classes.  Another l i s t i n g  provides 

water-use s t a t i s t i c s  f o r  19 Standard Industri a1 Classes (SIC) ; however, 

the categories apply . . primarily t o  manufactured products and do not 
account for  water use f o r  energy generation. Further, no separation i s  
made between consumptive an'd non-consumptive uses. The county using the 

most water fo r  industrial  purposes i s ,  by f a r ,  Renton County. 
I r r igat ion use includes water diverted from streams, imported by 

canals and/or withdrawn from lakes and reservoirs,  or pumped from the 
ground for  application upon 'lands fo r  t he  purpose of p l a n t  wa te r lng .  

Small quant i t ies  of stock water uses, rural  domestic uses, and 
evaporation and conveyance 1 osses are a1 so incl u r k r i ,  Among the 

Washington counties, Franklin, Grant, and Yakima Counties are the largest 
users of i r r igat ion water. I r r igat ion const i tutes  the largest  of the 
three water-use categories discussed. 

S t a t i s t i c s  for  the 15-county area comprising the Columbia Plateau fo r  
each water-use category are presented in Tables 7, 8,  and 9. 
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FIGURE 10.' C o u n t i e s  o f  ~ a s t e r n  washington.  



FIGURE 11. Washington S t a t e  Water Resource I n v e n t o r y  Areas 05 Eastern 
Washington. (Note:  Namcs f o r  numbered WRIAs appear on Tab le  6 . )  



TABLE 6. Water Resource .inventory   re as o f    astern Washington. 
. . 

Number Name 

Wal l  a Wal l a  

Lower Snake 

Palouse 

M idd le  Snake 

Esquatze l  Coulee 

Lower Yakima 

Naches 

Upper' Yakima 

A l k a l  i -Squ i  lchuck 

Lower Crab 

Grand Coulee 

upper Crab-W i 1 son 

Moses Coulee 

Wenatchee 

Ent i a t  

Che 1 an 

Number Name 

Methow 

Okanogan 

Fos te r  

Nespelem 

Sanpoi 1 

Lower Lake Rooseve l t  

Lower Spokane 

L i t t l e  Spokane 

Hangman 

M idd le  Spokane 

M idd le  Lake Rooseve l t  

C o l v i  1 l e  

K e t t l e  

Upper Lake Roosevel t 

Pend O r e i l l e  



TABLE 7. 1975 Annual Mun ic ipa l  Ground and Surface Water-Use 
S t a t i s t i c s  by  County W i t h i n  t h e  

Washington Sta te  P o r t i o n  o f  
t h e  Columbia Plateau. 

( A f t e r  Dion and ,Lum, 1977. ) 

County 

Adams 

Asot i n 

Benton 

Columbia 

Doug1 as 

Frank1 i n  

G a r f i e l d  

Grant 

K i t t i t a s  

K l i c k i t a t  - 
L i n c o l n  

Spokane 

Wal la  Walla 

Whi tman 

Yakima 

Annual Mun ic ipa l  
Water Use 

(,acre-feet pe r  .year) 

GW - SW - 
Popu 1 a t  i on' 

Served 

T o t a l  155,231 40,375 630,400 

T o t a l  (a1 1 sources) 195,609 

. . - . . .. . 

SW = .sur face  water. 
GW = ground water. 



' TABLE 8. 1975 Annual I n d u s t r i a l  Ground and su r f ace  Water-Use 
S t a t i s t i c s  f o r  M u n i c i p a l l y  and Sel f -Sup,p l ied Sources 

by County i n  t h e  Washington S ta te  P o r t i o n  
o f  t h e  Columbia Plateau.  

( A f t e r  Dion and Lum, 1977.) . . 

. . 

County 

Adams 

Asot i n 

Benton 

Columbia 

Douglas , 

Frank! i n 

G a r f i e l d  

Grant  

K i t t i t a s  

K l i c k i t a t  

L.i nco ln  

Spokane 

Wal la  Wal la  

Whi tman 

YaI(ima 

Annual I n d u s t r i a l  Water Use 
( a c r e - f e e t  p e r  yea rJ  

M u n i c i p a l l y  
S e l f - s u p p l i e d  Supp l ied  

G W - SW - .GW - .  SW - 

Tot  a1 46,641 454,021 , -- 

T o t a l  ( a l l  sourees) 514,478 -- 



TABLE 9. 1975 Annual I r r i g a t i o n  Ground and Sur face Water-Use 
S t a t i . s t i c s  b y  County Served i n  t h e  Washington S ta te  

P o r t i o n  o f  t h e  Columbia Plateau. 

( A f t e r  D ion  and Lum, 1977.) 

Annual I r r i g a t i o n  
Water Use 

( a c r e - f e e t  p e r  y e a r )  
. Acres - County GW - SW - I r r i g a t e d  

Adams 31,500 

Asot  i n 2,070 

Bentori 0 

Columbia 0 

Doug1 as 0 

Frank1 i n  26,460 

G a r f i e l d  340 

Grant  20,800 

K i t t i t a s  0 

K l i c k i t a t  32,555 

L i n c o l n  ' 2,625 

Spokane .45,807 

Wal la  Wal la  7,881 

Whi tman 2,515 

Yak irna 5,250 

T o t a l  

T o t a l  (a1 1 sources)  5,256,830 

Average 
A p p l i c a t i o n  Rate 
( f e e t  p e r  y e a r )  

3.6 
(average*) 

*Found by d i v i d i n g  t h e  t o t a l  a c t u a l  i r r i g a t i o n  water use ( a l l  sources) b y  t h e  
t o t a l  acres i r r i g a t e d .  
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S p e c i f i c  water-use a c t i v i t i e s  w i t h i n  t h e  Columbia P la teau  r e g i o n  

which occupy s i g n i f i c a n t  percentages of t h e  t o t a l  r e g i o n a l  water  use 

i n c l u d e  t h e  Columbia and Yakima I r r i g a t i o n  P r o j e c t s  and t h e  U.S. 

Department of Energy ope ra t i ons  a t  t h e  Hanford S i t e .  The f o l l o w i n g  

s e c t i o n s  d iscuss  d e t a i l s  r e l a t i n g  t o  each o f  these  a c t i v i t i e s .  

COLUMBIA BASIN PROJECT 

The Columbia Bas in  P r o j e c t  i s  a  mu l t i pu rpose  water  r esou rce  p r o j e c t  

begun i n  1939 w i t h  t h e  c o n s t r u c t i o n  o f  t h e  Grand Coulee Dam on t h e  

Columbia R i v e r  and t h e  c r e a t i o n  o f  t h e  9 . 6 - m i l l i o n - a c r e - f o o t  c a p a c i t y  

F r a n k l i n  D. Roosevel t  Lake. The p r o j e c t  p rov ides  i r r i g a t i o n  water,  

h y d r o e l e c t r i c  power genera t ion ,  f l o o d  c o n t r o l ,  r e c r e a t i o n ,  and f i s h  and 

w i  1  d l  i f c  cnh~nccmcnt  t o  s c v c r a l  coun t i es  i n  c a s t c r n  Washington. I n  

a d d i t i o n . t o  the-  Grand Coulee Dam, t h e r e  a re  4  o t h e r  s to rage  dams on t h e  

p r o j e c t ,  as w e l l  as 3  power p l a n t s ,  5  subs ta t ions ,  17 m i l e s  of 
a t r ansm iss ion  l i n e s ,  19 ma jo r  pumping p l a n t s ,  333 m i l e s  o f  canals ,  

p i p e l i n e s ,  and tunne ls ,  1,933 m i l e s  o f  d i s t r i b u t i o n  l a t e r a l s ,  and 3,163 

m i l e s  of d ra i ns .  I r r i g a t i o n  s e r v i c e  i s  c u r r e n t l y  a v a i l a b l e  t o  over  

543,000 acres o f  p r o j e c t  l a n d  and, u l t i m a t e l y ,  i s  expected t o  be - 

a v a i l a b l e  t o  n e a r l y  1.1 m i l l i o n  acres. I n  1977, a  f u l l  supp ly  o f  

i r r i g a t i o n  water  was de l  i v e r e d .  t o  .511,000. acres re.su1 t i n g  i n  a  gross 

c rop  va lue  o f  over $200 mi 11 ion .  H y d r o e l e c t r i c  power generated a t  

Grand Coulee Dam i n  1976 was about 22.8 b i l l i o n  k i l o w a t t  hours, 

p roduc ing  a  revenue of n e a r l y  S 7 . 8 . m i l l i o n  ( s t a t i s t i c s  a f t e r  U.S.  . ,  

Department o f  t h e  I n t e r i o r ,  1978b). 

The i r r i g a t i o n  system o r i g i n a t e s  a t  t h e  Grand Coulee Dam, where 

w i thdrawa ls  a re  taken  . f rom Frank1 i n  D. Roosevel t Lake a t ,  about t h e  

1,208-foot l e v e l  (MSL). D i ve rs i ons  g e n e r a l l y  average i n  excess o f  2  

m i l l i o n , a c r e - f e e t  pe r  year .  H y d r o e l e c t r i c  power i s  used t o  l i f t  t h e  

water  on to  t h e  ad jacen t  p l a t e a u  where i t  i s  s t o r e d  i n  Banks.Lake ( F i g u r e  

12) ,  which has a  maximum su r face  e l e v a t i o n  o f  about 1,570 f e e t  (MSL). 

Storage c a p a c i t y  i n  Banks Lake i s  approx imate ly  150,000 ac re - f ee t .  Water 

e n t e r s  t h e  d i s t r i b u t i o n  system v i a  t h e  Bacon Siphon and Tunnel and f lows 

i n t o  B i l l y  Clapp Lake. Upon l e a v i n g  B i l l y  Clapp Lake, t h e  Main Canal 

system i s  b i f u r c a t e d  i n t o  t h e  West Canal s e r v i n g  t h e  Qu incy  I r r i g a t i o n  

D i s t r i c t  and t h e  East Low Canal s e r v i n g  t h e  East I r r i g a t i o n  D i s t r i c t .  



FIGURE 12. Genera l i zed  Schematic o f  t h e  Columbia Bas in  I r r i g a t i o n  P r o j e c t  
D i s t r i b u t i o n  System ( a f t e r  U.S. Department o f  t h e  I n t e r i o r ,  1977). 



A second Bacon Siphon and Tunnel has r e c e n t l y  been completed which w i l l  

p r o v i d e  i r r i g a t i o n  water f o r  a  proposed East  H igh  Canal. 

Waste water,  r u n o f f ,  and i n t e r f l o w  a re  c o l l e c t e d  i n  t h e  c e n t r a l  

Potho les area, t h e  source area f o r  t h e  Po tho les  Canal which serves t h e  

southern p o r t i o n  o f  t h e  eas te rn  and southern p o r t i o n s  o f  t h e  p r o j e c t .  

Just  above Scooteney Reservo i r ,  t h e  Wahluke Siphon withdraws water f o r  

t h e  Wahluke Branch Canal, which p rov ides  water t o  t h e  area south of t h e  

sadd le  Mountains and n o r t h  o f  t he  Columbia R i v e r  on t h e  ~ a h l u k e  Slope. 

The remainder o f  t h e  water  i n  t h e  Po tho les  Canal f l o w s  i n t o  Scooteney 

Rese rvo i r  and onward i n t o  F r a n k l i n  County. .Blocks 2 and 3, which l i e  

south o f  t h e  Snake R i ve r ,  are supp l i ed  by separate w i thdrawa ls  near t h e  

mouth o f  t h e  Snake R i ve r .  Appendix C p resen ts  r e c e n t  da ta  r e l a t e d  t o  

water  d i s t r i b u t i o n  w i t h i n  t h e  * p r o j e c t .  

A  c e r t a i n  amount o f  p r i v a t e  i r r i g a t i o n  by w e l l s  i s  a l s o  deve lop ing  i n  

ad jacent  areas n o t  served by p r o j e c t  water.  I n  p a r t i c u l a r ,  t h e  area eas t  

of t h e  Po tho les  Reservo i r ,  known as t h e  "Black sands Area," has rece i ved  

a u t h o r i z a t i o n  f rom t h e  S ta te  o f  Washington f o r  w i thdrawa ls  o f  up t o  

1!7,000 ac re - f ee t  pe r  year.  For  t h e  Qu incy  Bas in  as a whole, t h e  s t a t e  

has au tho r i zed  w i thdrawa ls  o f  54,560 a c r e - f e e t  p e r  yea r  f rom the sha l l ow  

( l e s s  than 200 f e e t  below l and  sur face)  aqu i f e r s ,  bu t ,  account ing  f o r  

a r t i f i c i a l  recharge, a  t o t a l  o f  177,000 ac re - f ee t  pe r  year  w i l l  he 

al lowed. To a  l a r g e  ex ten t ,  development o f  i r r i g a t i o n  by ground water  

has been encouraged t o  r e l i e v e  t h e  s i t u a t i o n  o f  r i s i n g  ground-water 

l e v e l s  i n  ' t he  area. A l l o c a t i o n  f o r  t h e  deep zone i s  l i m i t e d  t o  97,901 

ac re - f ee t  p e r  year .  Development o f  ground-water i r r i g a t i o n  qvstems i s  

a1 so prboceed i ny i n  F r a r ~ k l  i n  Cour~t.y t o  t h e  n o r t h  and west o f  Pasco. 

YAKIMA PROJECT 

The Yakima P r o j e c t  c o n s i s t s  o f  6  s to rage  dams and r e s e r v o i r s ,  5 

d i v e r s i o n  dams, 436 m i l e s  o f  canals,  1,510 m i l e s  o f  l a t e r a l s ,  30 pumping 

p l a n t s ,  70 m i l e s  o f  d ra ins ,  2 power p l a n t s ,  and 74 m i l e s  o f  t r ansm iss ion  

l i n e s  s e r v i n g  K i t t i t a s ,  Yakima, and ~ e n t n n  Count ies i n  sou th -cen t ra l  

washi ngton. A t  present ,  t h e  p r o j e c t  p rov ides '  f u l l  o r  supplemental 

i r r i g a t i o n  f o r  about 462,000 acres i n  a d d i t i o n  t o  about 45,000 acres'  

i r r i g a t e d  bv p r i v a t e  i n t e r e s t s .  I n  1375, t h e  gross c rop  va luc  f o r  t h c  
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pro jec t  was over $233 mil 1 ion on 398,165 i r r i ga t ed  acres. Five 

i r r i g a t i o n  d i s t r i c t s  share reimbursement f o r  i r r i ga t i on  and, as of 1976, 

had repaid about 46 percent of the  t o t a l .  The 2 hydroelectric power . 

plan ts  produced nearly 160 mill ion kilowatt  hours and marketed power t o  

t h e  Bonneville Power Administration f o r  $500,000. Revenues from power 

have repaid an addit ional  $15.1 mill ion toward the  $51.7 mi.1lion t o t a l  

co s t  (U.S. Department of t h e  In t e r i o r ,  1978b). Table 10 provides a 

general description of the  Yakima I r r i ga t i on  Project  and i t s  
i r r i g a t i o n  areas and Figure 13 depic ts  t he  system schematically. 

HANFORD OPERATIONS 

Water use associated with the  'u.s. Department of Energy a t  the  

Hanford S i t e  stems pr imari ly  from two a c t i v i t i e s :  

1. Nuclear fuel  and waste processing operations a t  the  300 Areas; and, 

2.- Operation of N-Reactor (cur ren t ly  t he ,on ly  reactor  in operation, 
although two addit ional  reactors  are  under const ruct ion) ;  

The combination of these  two a c t i v i t i e s  occupies a major percentage of 

t h e  indus t r i a l  water use i n  Benton County and the  S t a t e  of Washington. 
Water from the  Columbia River i s  transported t o  t he  fuel  and waste 

processing (200) areas via  a p ipel ine  network known as the  "export water 
system." Within each area,  there  i s  a "d i s t r i bu t i on  system" tha t  

de l ivers  bo th . san i ta ry  water and raw water. Discharge of these waters 
may occur in several ways, including: 

1. Evaporation from rese rvo i r s  and s e t t l i n g  tanks; 

2. Steam released during blowdown of the  bo i le r s  and as  steam 
condensates t o  French drains along steam 1 ines;  

3 .  Sept ic  tank discharge t o  sanitar ,y t i l e  f i e l d s ;  

4. Discharge t o  c r i b s  and special-purpose t i l e  f i e l d s ;  

5. Discharge t o  open trenches,  p i t s ,  or marshes; 

6. Discharge of waste waters t o  perennial ponds via unlined conveyance 
di tches;  and, 

7. Unpl anned 1 eakage from pipe1 i nes (Summers, 1975). 



TABLE 10. Ye.kima I r r i g a t i o n  P r o j e c t  D i s t r i c t s  and A s s o c i a t e d  Areas.  

( A f t e r  U.S. Department o f  t h e  I n t e r i o r ,  1976.) 

Irriaahle 
Division 
Dr Area 

. ~ r e a  
General Location (acvres) - Major Irrigation Facilities Scurce of  ate? Operating Organization 

Kittitas Kittitas Valley 57,000 
near Ellensburg 

Easton Diversion Dam, Main 
Canal, North and South . 
Branch Canals 

Keechelus and 
Kxhess 
Reservoirs 

Kittitas Reclamation 
Iistrict 

Tieton Upper Yakima ' 27,000 
Val ley 

Tieton Reservoir Yakima-Tieton Irrigation 
District 

Tieton Diversion Dam 
Tieton Canal 

sunflyside Diversion Dam, 
Sunn.yside Canal, pumping 
plants 

Sunnysi de Lower Yakima 104,000 
ba1le.y 

All project 
rservoirs 

Kkchelus, Cle 
.E]J~, Kachess 
Re;ervoi rs 

Sunnyside Valley Irrigation 
District and others 

Lower valley 72,530 
fiorth of Sunnyside 
Civision 

Roza Diversion Dam, Ridge' 
Canal, and pumping plants 

Roza Irrigation . .  
District 

Kennewi ck Extreme Lower 19,230 
Yakima Valley, 
Benton County 

Prosser Diversion Dan, 
Chandler Canal, pumping 
plants, Kennewick Mzin, Canal 

( S m e  storage, 
but largely 
return flow) 

.Kennewick Irrigation ' , . 
District 

Bureau of Reclamation Regulates storage 
anj distributes 
nakural flow 

Reservoirs: Keechelus; 
Kachess; Cle Elum; Tieton; 
Bumping; Clear Creek 

Napato Lower Yakima 136,OlOC 
~rojectb Valley south of 
. Indian) river 

Main and pump canals, and 
drainage works 

Al'il Yakima 
Pr~ject 
re;ervoirs 

Bureau of Indian 
Affairs 

Nazural flow 
anj storage water 
f r ~ m  reservoirs 

\farious irrigation 
districts, companies, 
and individuals 

45,8110 Miscellareouj Scattered 
Areast 

Numerous diversions, canals 

aWater supp1:y for all areas comes from natu-a1 flow, storage, and return flow. 
b~pecial and Warren Act contractors. 
CAcreage in the Ahtanum and Toppenish-5imcoe units of the Wapato Project not 
dependent upon Yakima Irrigation Project for water. 
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FIGURE 13. Genera l i zed  Schematic ' o f  t h e  Yakima P r o j e c t .  
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I n  summary, wi thdrawn su r face  waters  a re  n o t  r e t u r n e d  d i r e c t l y  t o  t h e  

system, b u t  r a t h e r  a re  d ischarged t o  t h e  atmosphere o r  ground water  

system. Accord' ing t o  Summers (1975),  t h e  q u a n t i t y  wi thdrawn from t ! le  

Columbia Rive? i s  on t h e  o rder  o f  15,000 a c r e - f e e t  per  year ,  of which 

26-36 percen t  remains unaccounted ' fo r .  F i g u r e  14 shows t h e  l o c a t i o n  of 

va r i ous  surface water bodies w i t h i n  t h e  Hanford S i t e .  

. Water use i n  nuc lea r  power genera t ion .  can be v a r i a b l e  depending lrpon 

t h e  power ou tpu t  des ign of t h e  r e a c t o r ,  t y p e  o f  c o o l i n g  system u t i l i z e d ,  

p l a n t  e f f i c i e n c y ,  and 'other f a c t o r s  r e l a t e d  t o  t h e  p l a n t  design. Because 

N-Reactor i s  a  "dual  - iu rpose  reac to r , "  i t s  water, requi rements may be 

s l i g h t l y  g r e a t e r  than  those  o f  a  t y p i c a l  commercial r e a c t o r .  For  t y p i c a l  

s.ystems, i t  has been es t imated  ( G i u s t i  and Meyer, 1977) t h a t  63 pe rcen t  

o f  t h e  thermal  energy generated by  a  r e a c t o r  i s  t r a n s f e r r e d  t o  t h e  wate r -  

coo l  i ng system, . , . , 

T y p i c a l  water consumption requ'i  rements f o r '  once-through coo l  i ng 

systems are es t ima ted  a t  18 cub i c  f e e t  p e r  second (about  13,000 acre - fee t  

annua l l y )  . €st imated water consumption by  the. proposed Wa'shington Pub1 i c  

Power Supply System, I nc .  (WPPSS) U n i t s  1 and 4 ( c u r r e n t l y  under 

c o n s t r u c t i o n  on t he  Hanford S i t e )  i s  101 c u b i c  f e e t  pe r  second (abou t  

73,000 . ac re - f ee t  annua l l y )  ( G i u s t i '  and Meyer, 1977). I t  should' be noted, 

however, t h a t  t h e  p r o j e c t i o n  o f  water-use r a t e s  t o  annual volumes assumes 

cont inuous ope ra t i on  and thereby  an upper l i m i t .  f o r  consumption. 



FIGURE 14. Sur face  Water Areas on t h e  Hanford S i t e .  



WATER BUDGET STUD1 ES 

I n  an e f f o r t  t o  a s c e r t a i n  t h e  p robab le  mechanisms f o r  r echa rg ing  and 

d i scha rg ing  t h e  ground-water system(s) w i t h i n  t h e  Columbia Plateau,  
p r e l i m i n a r y  q u a n t i t a t i v e  eva lua t i ons  o f  t h e  va r i ous  components of t h e  

h y d r o l o g i c  c y c l e  have been performed. The numbers generated as a r e s u l t  

of t h i s  exe rc i se  can be combined i n t o  a h y d r o l o g i c  budget f o r  t h e  system, 

however, i t  i s  emphasized t h a t  such budgets are o n l y  p r e l i m i n a r y .  Many 

of t he  budget components were approximated on t h e  b a s i s  o f  assumptions 

which ma.y .or may n o t  be supported i n  1 i g h t  o f  more d e t a i l e d  examinat ion. 

I n  any case, t h e  e f f o r t  a s s i s t s  i n  conceptual  i z i n g  t h e '  o v e r a l l  h y d r o l o g i c  

system ope ra t i ng  w i t h i n  t h e  Columbi a P la teau  reg ion .  

For  t h e  purpose o f  t h i s  analysis, ,  t h e  s i x  sub-basins w i t h i n  t h e  

Washington S t a t e  p o r t i o n  o f  t h e  Columbia P la teau  as shown i n  F i g u r e  5 were 

used. I t  i s  impor tan t  t o  r e i t e r a t e  t h a t  these sub-basir is (and t h e  

Columhi a P la teau  i t s e l f )  are n o t  n e c e s s a r i l y  d i s c r e t e  h y d r o l o g i c a l l y .  

The des igna t ions  r e f l e c t  va r i ous  geo log i c  and p o l  i t i c a l  c o n s i d e r a t i o n s  as 

we1 1. 

The general  hydro1og.y o f  each o f  t h e  s i x  sub-basins i s  d iscussed i n  

t h e  s e c t i o n  e n t i t l e d  "Sub-basin D e s c r i p t i o n s "  and a p r e l i m i n a r y  syn thes is  

of t h e i r  h y d r o l o g i c  budgets i s  con ta ined  i n  t h e  s e c t i o n  e n t i t l e d  "Budget 

Eva1 u a t i  on." 

SUB-BASIN DESCRIPTIONS 

For  each of t h e  s i x  h y d r o l o g i c  sub-basins w i t h i n  t h e  Washington S t a t e  

p o r t i o n  o f  t h e  Columbia Plateau,  a d e s c r i p t i o n  o f  t h e  hydrometeoro log ic  

system and surface water budget i s  prov ided.  Maps showing t h e  d ra inage  

network and schematics o f  t h e  p r i n c i p a l  streams and USGS gauging system 

a rc  a1s.o presented by sub-basin. 

Horse Heaven P la teau  Sub-basin 

The Horse Heaven P la teau  Sub-basin i s  t h e  southwesternmost area of 

t h e  Washington S t a t e  p o r t i o n  o f  t h e  Columbia P la teau  ( F i g u r e  15) .  I t  

occupies approx imate ly  1.6 mi 11 i o n  acres i n c l u d i n g  most o f  K l  i c k i  t a t ,  

about t h e  southern t h i r d  o f  Benton, and a v e r y  smal l  p o r t i o n  of Yaklma 
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Count ies.  The Columbia R i v e r  forms t h e  southern boundary of t h e  

'C 
sub-basin, t h e  western boundary r o u g h l y  co inc ides  w i t h  t h e  Whi te  Salmon 

R i ve r ,  and t h e  n o r t h e r n  boundary i s  t h e  approximate c r e s t  of t h e  Horse 

Heaven a n t i c l i n e  which extends across t h e  Columbia R i v e r  a t  W a l l u l a  Gap. .' 
The sub-basin.  i s  no t  d i s c r e t e  h y d r o l o g i c a l l y ,  i n  t h e  sense t h a t  t h e  main 

stream, t h e  Coli imbia R i ve r ,  r e c e i v e s  r u n o f f  f r om areas o u t s i d e  t h e  

sub-basin t o  t h e  south ( i n  .Oregon). I n  f ac t ,  t h e  p r i n c i p a l  t r i b u t a r i e s  

a long  t he  reach between McNary Dam and The D a l l e s  Dam a l l  en te r  f r om t h e  

Oregon s ide.  

Mean annual p r e c i p i t a t i o n  w i t h i n  t h e  Horse Heaven P la teau  Sub-basin 

ranges f rom l e s s  than  8 inches i n  t h e  eas te rn  po r t . i ons  t o  g r e a t e r  than  50 

inches i n  t h e  extreme west. T o t a l  p r e c i p i t a t i o n  over  t.he e n t i r e  b a s i n  i s  

es t ima ted  a t  2.4 m i l l i o n  ac re - fee t ;  annua l l y  averaging about 18 inches. 

The a rea l  d i s t r i b u t i o n  o f  mean annual r u n o f f  i s  a l s o  wide, r a n g i n g  

f rom l e s s  than  0.5 i n c h  i n  t h e  eas t  t o  more t han  30 inches i n  t h e  west; 

averaging over 5 inches and t o t a l  i ng about 0.7' tni 11 i o n  acre- feet .  The 

bas in-wide r u n o f f  c o e f f i c i e n t  i s ,  t h e r e f o r e ,  about 29 percen t .  

Evapora t ion  da ta  a re  scant,  bu t ,  i n  genera l  terms, average annual pan 

evapo ra t i on  ranges f r om about 40 t o  60 inches, average a n ~ u a l  l a k e  

evapora t ion  ranges from about 26 t o  40 inches, and AET f o r  a  6 - i n c h  

wate r -ho ld ing  c a p a c i t y  s o i l  ranges f rom l e s s  than  8 inche.s i n  t h e  eas te rn  

area t o  p robab l y  more than  15  inches  i n  t h e  westernmost p o r t i o n .  T o t a l  

AET f o r  t h e  sub-basin i s  es t ima ted  a t  1.5 m i l l i o n  ac re - f ee t ,  averaging . 

11.5 inches. The corresponding es t imates  f o r  l a k e  evapo ra t i on  a re  4.6 

m i l l i o n  ac re - f ee t  pe r  year and 35 inches p e r  year .  

Water use i n  K l i c k i t a t  county  i s  summarized i n  Tab le  11. I t  i s  

assumed t h a t  water  use i n  t h e  p o r t i o n  of Benton County l y i n g  w ' t h i n  and 

i n  t he  p o r t i o n  o f  K l i c k i t a t  County l y i n g  o u t s i d e  t h e  Horse Heaven P la teau  

Sub-basin i s  n e g l i g i b l e  based on t h e  d i s t r i b u t i o n  o f  popu la t i on ,  
: i n d u s t r i a l ,  and a g r i c u l t u r a l  cen te rs .  Thus, water  use i n  t h e  sub-basin 

i s  e s s e n t i  a1 l y  e q ~ ~ i v n l e n t .  t o  t h a t  f o r  K l  i c k i  t a t  County. 

b Streamflow w i t h i n  t h e  sub-basin i s  recorded  as i n f l o w  a t  t h e  McNary 

Dam s i t e  and o u t f l o w  below The D a l l e s  Dam. Average annual f l o w  a t  these  

s t a t i o n s  i s  134,200,000 and 140,600,000 acre - fee t ,  r e s p e c t i v e l y .  A t o t a l  

gauged f l o w  o f  2,788,000 ac re - f ee t  en te r s  t h e  Columbia R i v e r   long t h i s  



TABLE 11. Annual Ground and Surface Water Use i n  Munic ipa l ,  
I n d u s t r i a l ,  and I r r i g a t i o n  Categor ies i n  

K l . i c k i t a t  County, Washington Based on 
1975 S t a t i s t i c s .  

( A f t e r  Dion and Lum, 1977; a l l  values a re  
l i s t e d  i n  acre- fee t  per  year.)  

Annual Annual I n d u s t r i a l  Water Use Annual 
Mun ic ipa l  ~ e i  f- Mun ic ipa l  l y  I r r i g a t i o n  
Water Use Supp 1 i ed Suppl ied Water Use 



reach f rom t h e  t r i b u t a r i e s  on t h e  Oregon s ide .  The i n t e r m i t t e n t  and 

ephemeral streams e n t e r i n g  from t h e  Horse Heaven P la teau  a re  n o t  gauged. 

The K l i c k i t a t  and White Salmon R i ve rs  j o i n  t h e  Columbia R i v e r  from t h e  

n o r t h  s i d e  below The D a l l e s  Dam. F i g u r e  16 p r o v i d e s  a schematic of t h e  

USGS gauging network w i t h i n  t h e  sub-basin.  

Yakima .R ive r  sub-bas in  

The Yakima R i v e r  Sub-basin i s  s i t u a t e d  i n  t h e  western p o r t i o n  of t h e  

Columbia P la teau  t o  t h e  n o r t h  o f  t h e  Horse Heaven P la teau  Sub-basin 

( F i g u r e  17) .  Headwaters of t h e  Yakima R i v e r  l i e  o u t s i d e  t h e  Columbia 

P la teau  marg ins a long t h e  east -west  d ra inage  d i v i d e  formed h y  t h e  Cascade 

Range. The sub -bas in ,d ra i ns  i n t o  t h e  Pasco Sub-basin v i a  t h e  Yakima 

R i ve r .  A rea l  ly,  t h e  Yakima R i v e r  Sub-basin occupies approx imate ly  2.6 

m i l l i o n  a c r e s . i n c l u d i n g  about t h e  eas te rn  t w o - t h i r d s  o f  Yakima, a p o r t i o n  

o f  western Benton, about h a l f  of K i t t i t a s ,  and a sma l l  p a r t  o f  K l i c k i t a t  

and Chel an Count ies .  Topographic and s t r u c t u r a l  d i v i d e s  form. t h e  eas te rn  

and southern boundar ies o f  t h e  sub-basin,  whereas t h e  Columbia P la teau  

marg i  n has been des igna ted  as t h e  western edge. P r i n c i p a l  t r i b u t a r i e s  

j o i n i n g  t h e  Yakima R i v e r  w i t h i n  t h e  sub-basin i n c l u d e  t h e  Kachess R iver ,  

C le  Elum R i ve r ,  Teanawa,~ R i ve r ,  Naneum Creek, Naches R i ve r ,  Ahtanum 

Creek, Toppenish Creek, and Satus Creek. Ex tens ive  mu l t i pu rpose  water  

resource  deve1opmen.t occurs  w i t h i n  t h e  sub-bas in  r e l a t e d  p r i n c i p a l  1.y t o  

t h e  Yakima P r o j e c t  which i s  opera ted  b y  t h e  U.S. Department o f  t h e  

I n t e r i o r ,  Bureau o f  Reclamat ion. 

Mean annual p r e c i p i t a t i o n  w i t h i n  t h e  Yakima R i v e r  Sub-basin ranges 

f rom l e s s  than  8 inches i n  p o r t i o n s  o f  Benton Count,y t o  more t han  50 

inches on t h e  h i ghe r  s lopes. T o t a l  p r e c i p i t a t i o n  over  t h e  e n t i r e  b a s i n  

i s  es t ima ted  a t  3.3 m i l l i o n  ac re - fee t  annua l l y ,  averag ing  more t h a n  15 

inches. 

The a r e a l  d i s t r i b u t i o n  o f  mean annual r u n o f f  ranges f rom l e s s  than 
1 0.5 i n c h  i n  Denton County t o  more t han  40 inches a long  t h e  western 

margin, averag ing  over  4 inches, and t o t a l i n g  about 1 m i l l i o n  acre- feet .  

The bas in -w ide  r u n o f f  c o e f f i c i e n t  i s ,  t h e r e f o r e ,  about 28 percen t .  

Evapora t ion  da ta  have been recorded  p r i m a r i l y  i n  t h e  l o w - l y i n g ,  

a g r i c u l t u r a l  areas and a re  o n l y  es t ima ted  f o r  t h e  h i g h e r  e l e v a t i o n s .  

Average annual pan evapo ra t i on  ranges f rom about 45 t o  60 inches,  average 
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annual l a k e  evapo ra t i on  ranges f rom about 32 t o  41 inches, and AET 'for a  

6 - i nch  water -ho ld ing  c a p a c i t y  s o i l  ranges f rom about 7.5 inches i n  Benton 

County t o  more than 12 inches a t  t h e  h igher  e leva t i ons .  T o t a l  AET f o r  

t h e  sub-basin i s  es t imated  a t  2.3 m i  11 i o n  acre- feet  annual ly,  averaging 

about 10.6 inches. The corresponding est imates f o r  p o t e n t i a l  l a k e  

evapo ra t i on  are 7.4 m i l l i o n  acre- feet  per  year and 34 inches per  year. 

Water-use s t a t i s t i c s  f o r  Yakima a n d . K i t t i t a s  Counties are e s s e n t i a l l y  

t h e  same as those f o r  t h e  Yakima R i v e r  Sub-basin. Noteworthy except ions 

o f  undetermined s i g n i f i c a n c e  are t h e  Prosser area i n  Benton County and 

t h e  Wenatchee area i n  southeast  Chelan County. The western p o r t i o n s  of 

Yakima a n d . K i t t i t a s  Count ies l i e  ou ts ide  t h e  area o f  cons idera t ion ,  b u t  
v e r y  few developments occur  i n  these areas. Table 12, there fo re ,  

summarizes water  use i n  Yakima and K i t t i t a s  Counties. Average annual 

d i v e r s i o n s  w i t h i n  t h e  e n t i r e  Yakima R i v e r  Basin are est imated a t  2.4 

m i  1 l i o n  ac re - fee t  f o r  i r r i g a t i o n  o f  approx imate ly  500,000 acres (U.S. 

Army Corps o f  Engineers, 1978). D i ve rs ions  f o r  mun ic ipa l  and i n d u s t r i a l  

uses are  compara t ive ly  smal l .  Power d i ve rs ions  are non-consumptive. 

R e l a t i v e l y  smal l  q u a n t i t i e s  o f  ground water are be ing  withdrawn f o r  

i r r i g a t i o n  purposes w i t h i n  t h e  sub-basin.. General ly,  such development 

occurs a t  c e r t a i n  l o c a t i o n s  no t  served by t h e  i r r i g a t i o n  p r o j e c t  such as 

t h e  .Moxee Val l ey .  S t a t i s t i c s  r e l a t e d  t o  t h i s  parameter are g e n e r a l l y  no t  
we1 1  documented. 

Strcamflow w i t h i n  t h c  Ysltims R i v c r  Sub bas in  i s  rccordcd  as i n f l o w  a t  

t h e  USGS gauge near C l e  Elum, Washington and o u t f l o w  below Kiona, 

washington ( F i g u r e  18) .  Average annual f l o w  a t  these s t a t i o n s  i s  

es t imated  a t  1,478,000 ac re - fee t  and 2,636,000 acre- fee t ,  r e s p e c t i v e l y .  

For  t h e  purpose o f  water balance computation, t h e  U.S. Bureau o f  

Reclamat ion has,used annual f low est imates o f  1,280,000 and 2,785,000 

acre- feet ,  r e s p e c t i v e l y ,  f o r  t h e  C le  Elum and K iona s t a t i o n s  based on 

average f l o w  d u r i n g  recen t  years. Because o f  t h e  degree o f  f l o w  

r e g u l a t i o n  and hydrographic  m o d i f i c a t i o n  by t h e  U.S. Bureau o f  

Reclamation and o t h e r  agencies, t h e  USGS has no t  presented s t a t i s t i c a l  

analyses f o r  many of t h e  gauging s t a t i o n s  i n  t h e  f l o w  records.  A t o t a l  

gauged f l o w  o f  1,305,000 ac re - fee t  en te rs  t h e  Yakima R ive r  f rom 

t r i b u t a r i e s  a1 ong t h i s  reach. D i ve rs ions  a long t h e  reach (exc lus i ve  of 

power d i ve rs ions  which do no t  p rov ide  a  ne t  change i n  f l o w  volume along 
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t h e  reach)  t o t a l  1,519,000 ac re - f ee t  annua l l y  and r e t u r n  f l o w s  a re  

es t imated  a t  135,000 ac re - f ee t  annua l l y .  Thus, t h e r e  i s  an apparent 

consumpti on o f  1,170,000 ac re - f ee t  pe r  year ,  which p robab l y  i n c l u d e s  

r e t u r n  f low t o  t h e  Yakima R i v e r  v i a  t he  ground-water s.ystem. F i g u r e  18 

p rov ides  a schematic o f  t h e  USGS gauging network w i t h i n  t h e  sub-basin. 

Pasco Sub-basi n 

The Pasco Sub-basin i s  t h e  cen t ra lmos t  sub-basin w i t h i n  t h e  Columbia 

P la teau  ( F i g u r e  19) .  I n  a genera l  sense, i t  i s  t o p o g r a p h i c a l l y  t h e  

lowes t  among the  Columbia P la teau  sub-basins w i t h  t h e  p o s s i b l e  excep t ion  

o f  t h e  southern p o r t i o n  o f  t h e  Horse Heaven P la teau  Sub-basin. A S  a 

r e s u l t ,  sur face dra inage f rom a l l  t h e  o the r  sub-basins en te r s  t h e  Pasco 

Suh-basin (aga in  w i t h  t h e  excep t ion  o f  t h e  Horse Heaven P la teau  Sub-basin 

which rece i ves  the  ou t f low o f  the  Pasco Sub-basin v i a  t he  Columbia R i v e r  

th rough  W a l l u l a  Gap). The Pasco Sub-basin i s  a l s o  t h e  o n l y  sub-basin 

t h a t  i s  cont iguous w i t h  a l l  o f  t h e  o the r  sub-basins.  I n  area, t h e  Pasco 

Sub-basin occupies approxirnate'ly 1.2 rni 11 i o n  acres i n c l u d i n g  about t h e  

no r theas t  t h i r d  of Benton, t h e  western t h i r d  of F r a n k l i n ,  a smal l  p o r t i o n  

o f  southernmost Grant, and smal l  co rne rs  o f  Yakima, K i  t t i t a s ,  and Wal l a  

Wal la  Counties. Topographic and s t r u c t u r a l  d i v i d e s  f o rm  t h e  western and 

no r the rn  boundaries;  whereas t h e  eas te rn  boundary was somewhat 

a r b t t r a r i l . ~  chosen on t h e  b a s i s  o f  combined s t r u c t u r a l ,  topographic ,  

hyd ro log i c ,  demographic, and o t h e r  cons ide ra t i ons .  The main stream, t h e  

Columbia R i ve r ,  i s  j o i n e d  w i t h i n  t h e  sub-basin by ma jo r  t r i b u t a r i e s  

i n c l u d i n g  t h e  Yakima, Snake, and Wal la  Wal l a  Rivers .  V i r t u a l l y  no 

streams are supported Gy t~ydr .u lug ic  systems o p e r a t i n g  s o l e l y  w i t h i n  t h e  

Pasco Sub-basi n. 

Mean annual p r e c i p i t a t i o n  w i t h i n  t h e  Pasco Sub-basin ranges from l e s s  

than  7 inches w i t h i n  t h e  Hanford S i t e  t o  j u s t  ,over 15 inches a top  

Ra t t l esnake  ~ o u n t a i n .  T o t a l  p r e c i p i t a t i o n  over  t h e  e n t i r e  b a s i n  i s  

es t ima ted  a t  0.8 m i l l i o n  ac re - f ee t  annua l l y ,  averaging l e s s  t h i n  8 inches. 

Mean annual r u n o f f  i s  ver-y low, g e n e r a l l y  l e s s  than  0.5 i n c h  f o r  most 

o f  t h e  sub-basin. T o t a l  annual r u n o f f  i s  l e s s  than  .025 m i l l i o n  a c r e - f e e t  

pe r  year ,  and t h e  bas in-wide r u n o f f  c o e f f i c i e n t  f o r  a l l  p r a c t i c a l  purposes 

i s  zero.  

Average ann1.1al pan evapora t ion  i s  between 55 and 60+ inches,  averaye 

annual l a k e  evapo ra t i on  ranges f rom about 39 t o  42+ inches, and a c t u a l  
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AET f o r  a  6 - i nch  wate r -ho ld ing  c a p a c i t y  s o i l  i s  about 7.5 t o  8.5 inches. 

T o t a l  AET f o r  t h e  sub-basin i s  es t ima tkd  a t  0.8 mi 11 i o n  a c r e - f e e t  

annual ly ,  averaging 7.5 inches. The corresponding es t imates  f o r  

p o t e n t i a l  l a k e  e v a p o t r a n s p i r a t i o n  a re  4.2 mi 11 i o n  ac re - f ee t  p e r  year  and 

42 inches p e r  year .  

Mun i c i pa l  and i n d u s t r i a l  water-use s t a t i s t i c s  f o r  Benton and F r a n k l i n  

Count ies appear t o  p r o v i d e  reasonable es t imates  o f  water  use i n  the.Pasco 

Sub-basi n  f o r  these  ca tegor ies .   he d i s t r i b u t i o n  o f  a g r i c u l t u r a l  water  

use, however, does n o t  c o i n c i d e  as we1 1  w i t h  t h e  sub-basin' des igna t i on .  

The major  percentage o f  l and  i r r i g a t e d  by  su r f ace  water  sources r e c e i v e s  

water  impor ted  f rom t h e  B i g  Bend Sub-basin v i a  t h e  Columbia Bas in  

I r r i g a t i o n  P r o j e c t .  The smal l  volume o f  t h i s  impor ted water t h a t  i s  

r e t u r n e d  t o  t h e  Columbia R i v e r  i s  accounted f o r  w i t h i n  t h e  p r e l i m i n a r y  

budget f o r  t he  Pasco Sub-basin. Other  areas r e c e i v e  water d i v e r t e d  f r om 

t h e  Yakima R i v e r  Sub-basin v i a  t h e  Kennewick Canal ( F i g u r e  13) .  

Est imates of d i r e c t  i r r i g a t i o n  use w i t h i n  t h e  Pasco sub-hasin were made 

on t h e  b a s i s  o f  a p p l y i n g  es t imated  a p p l i c a t i o n  r a t e s  f o r  each coun ty  t o  

the.known area o f  l and  under i r r i g a t i o n .  To some ex ten t ,  i t  was p o s s i b l e  

t o  segregate between i r r i g a t i o n  from ground- and sur face-wate r  sources. 

Table 13 summarizes s t a t i s t i c s  f o r  mun i c i pa l  and i n d u s t r i a l  water  use i n  

Benton and F r a n k l i n  Count ies;  whereas Tab le  14 summarizes i r r i g a t i o n  

water use w i t h i n  t h e  Pasco Sub-basin by t h e  p o r t i o n  o f  ' the  county  

represented.  As e a r l i e r  noted, Benton County i s , ' b y  f a r ,  t h e  l a r g e s t  

i n d u s t r i a l  user  o f  water among Washington's 39 coun t ies .  To a  l a r g e  

ex ten t ,  t h i s  water  use r e s u l t s  f r om t h e  nuc lea r  i n d u s t r y  a c t i v i t i e s  

concen t ra ted  wiLh.in t h e  Hanford S i t e  a long  t h e  Columbia R i ve r .  A  l a r g e  

p o r t i o n  o f  t h i s  volume i s  u t i l i z e d  f o r  r e a c t o r  c o o l i n g  purposes and i s  

non-consumptive. Another l a r g e  p o r t i o n  i s  u t i l i z e d  i n  Hanfo rd  nuc lea r  

f u e l  and waste p rocess ing  a c t i v i t i e s ,  most o f  which (es t ima ted  a t  15,000 

acre- feet  pe r  year )  i s  d ischarged t o  t h e  ground and which e n t e r s  t'he 

ground-water system o r  i s  evaporated. The p r i n c i p a l ,  mun i c i pa l  

wi thdrawal  s  occur i n  t h e  T r i - C i t i e s  area, and t h e  p r i n c i p a l  areas 

i r r i g a t e d  f r om ground-water sources, a re  i n  t h e  areas j u s t  t o  t h e  n o r t h  

and west of Pasco i n  F r a n k l i n  County and i n  t h e  Horse Heaven , H i l l s  i n  

Benton County. 



TABLE 13. Annual Ground and Surface Water Use i n  Mun ic ipa l  
and I n d u s t r i a l  Categories i n  Benton and F r a n k l i n  

Counties, Washington Based on 1975 S t a t i s t i c s .  

( A f t e r  Dion.  and Lum, 1977; a l l  values 
a re  l i s t e d  i n  acre- fee t  per  year. ) 

Annual I n d u s t r i a l  Water Use 
Annual Mun ic ipa l  M u n i c i p a l l y  

Water Use Se l f  -Suppl ied Suppl i ed 

County GW - SW - GW - SW - GW - SW - 

Bcnton 9,495 16,478 11,196 401,619 1,467 2,007 

Tot  a 1 11,929 ,22,4,28 12,393 401,619 - 2,968 L 2 056 - - 



. . TABLE 14. Est imates o f  Annual I r r i g a t i o n  Water Use 
. . i n  t h e  Pasco Sub-basin by  County. 

Annual I r r i ga t i on  Water Use 
f ac re - f ee t  pe r  y e a r )  

County 

Benton 

F r a n k l i n  

Grant N.A. 
p- 

143,600e 

T o t a l  '47,760 907,600 

. .  aBased on County Extens ion Agent ' s  r e p o r t  ( G e r l i t z ,  
1978). A t o t a l  of 4,735 acres of l and  i r r i g a t e d  b y  w e l l s  i n  
t h e  Horse Heaven H i l l s  o f  Benton County was m u l t i p l i e d  by a 

, f a c t o r  of 4.5 acre- feet  a p p l i c a t i o n  pe r  ac re  pe r  year .  

b ~ s t i m a t e  ba ied  oh t h e  U.S. Department o f  t h e  interior 
water bal'ance f o r  t h e  Yakima I r r , i g a t i o n  P r o j e c t .  A t o t a l  o f  
115,000 ac re - f ee t  per  year  below. K iona p l u s  about 90,000 
ac re - f ee t  p e r  year  impor ted v i a  t h e  Kennewick Canal. 

CBased on 1975 f i g u r e s  by  Dion and Lum (1977) f o r  
e n t i r e  F r a n k l i n  County. 

. . 

. . d ~ a s e d  on i r r i g a t e d  acreages w i t h i n  t h e  F r a n k l i n  County 
p o r t i o n  o f  t h e  Pasco 'Sub-basin as asce r ta i ned  f r om t h e  January 
1978 Columbia Bas-in I r r i g a t i o n  Project..map' (U. S. Department- o f  
t h e  I n t e r i , o r ,  1978a). Acreages were m u l t i p l i e d  b y  a f a c t o r  of 
4.2 a c r e - f e e t  ' a p p l i c a t i o n  pe r  acre p e r  year .  A1 1 waters  a re  
impor ted f rom t h e  B i g  Bend Sub-basin, w i t h  t h e  excep t i on  o f  
about 19,400 a c r e - f e e t  per  year  which are d i v e r t e d  f o r  
i r r i g a t i o n  ' o f  t h e  4,622 acres w i t h i n  'Blocks 2 and 3. 

eBased on i r r i g a t e d  acreages w i t h  t h e  Grant  County 
p o r t i o n  o f  t h e  Pasco Sub-basin as asce r ta i ned  f rom t h e  January 
1978 Columbia Basin I r r i g a t i o n  P r o j e c t  map (U.S. Department of 
t h e  I n t e r i o r ,  1978a). Acreages were m u l t i p l i e d  b y  a f a c t o r  o f  
4 .1  ac re - fee t  a p p l i c a t i o n  pe r  acre pe r  year .  A l l  waters  a re  
assumed t o  be impor ted f rom t h e  B i g  Bend Sub-basin. 



Streamflow w i t h i n  t h e  Pasco Sub-basin i s  recorded as i n f l o w  a t  t h e  

USGS gauge below P r i e s t  Rapids Dam and o u t f l o w  below McNary Dam. Average 

annual f l o w  a t  these s t a t i o n s  i s  87,230,000 acre- fee t  and 134,200,000 

acre- fee t ,  r e s p e c t i v e l y .  A t o t a l  gauged f low of about 44,830,000 

ac re - fee t  per  yea r  en ters  as t r i b u t a r i e s ,  p l u s  an a d d i t i o n a l  225,000 . 

acre- feet  as i r r i g a t i o n  r e t u r n s  en te r  t he  Columbia R ive r  main stem along 

t h e  reach. F i g u r e  20 prov ides  a schematic o f  t h e  USGS gauging network 

w i t h i n  t h e  sub-basin. 

Wal la  Wal la  R i v e r  Sub-,basin 

The Walla Wal la R i v e r  sub-basin i s  s i t u a t e d  i n  t he  south-centra l  

p o r t i o n  o f  t h e  Columbia Plateau adjacent t o  t h e  Pasco and Palouse/Snake 

Sub-basins (F igu re  21). I t  i s  t h e  smal les t  o f  t he  sub-basins w i t h i n  t h e  

Columbia Plateau, occupying about 900,000 acres. I t s  nor thern  and 

eas tern  boundaries are formed by t h e  drainage d i v i d e  w i t h  t h e  

Palouse/Snake Sub-basin, t h e  western boundary i s  drawn along t h e  eas tern  
I 

bank of t he  Columbia R iver ,  and t h e  southern boundary i s  t h e  p o l i t i c a l  

border  between Washington and Oregon. The sub-basin occupies over h a l f  

of Wall a Wal la County and t h e  southwestern p o r t i o n  o f  Columbia County. 

P r i n c i p a l  t r i b u t a r i e s  o f  t h e  Walla Walla R ive r  i nc lude  i t s  n o r t h  and 

south f o r k s ,  M i l l  Creek, and the  Touchet R iver .  ~ h e ' c o n f l u e n c e  o f  t h e  

n o r t h  and south f o r k s  o f  t h e  Walla Walla R ive r  i s  s i t u a t e d  t o  t h e  south 

i n  Oregon. 

Mean annual p r e c i p i t a t i o n  w i t h i n  the  Walla Walla R ive r  Sub-basin 

ranges f rom l e s s  than 8 inches i n  t h e  western p a r t  o f  t h e  sub-basin t o  

over 40 inches i n  t h e  southeast a long the  Blue Mountains. T o t a l  

p r e c i p i t a t i o n  over t h e  e n t i r e  bas in  i s  more than 1.6 m i l l i o n  acre- feet  

annual ly ,  averaging n e a r l y  22 inches. 

The areal  d i s t r i b u t i o n  o f  r u n o f f  ranges f rom less  than 0.5 i n c h  i n  

the western p o r t i o n  t o  over 3U inches i n  t h e  southeast, averaging about 3 

inches, and t o t a l  1 i n g  about 0.2 m i  11 i o n  acre- feet .  The basin-wide runoff  

c o e f f i c i e n t  i s ,  there fore ,  about 15 percent .  

Evaporat ion data have been recorded a t  two s t a t i o n s  s i t u a t e d  i n  t h e  

l ow- l y ing ,  a g r i c u l t u r a l  areas. . Average annual pan evaporat ion ranges 

f rom about 50 t o  57 inches, average annual lake  evaporat ion ranges f rom 

about 36 t o  40 inches, and actual  AET f o r  a 6- inch water-hold ing 
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capac ' i ty  s o i l  ranges f r om l e s s  t h a n  10 inches i n  t h e  westernmost area t o  

about 19.5 inches near  Dayton. T o t a l  AET f o r  t h e  sub-bas in  i s  es t ima ted  

a t  about 1..0 m i l l i o n  a c r e - f e e t  annual ly, averag ing  about 13 inches. The 

cor respond ing  es t imates  f o r  p o t e n t i a l  l a k e  evapo ra t i on  a re  2.8 m i l l i o n  

a c r e - f e e t  pe r  year  and 37 inches pe r  year .  

Water-use s t a t i s t i c s  f o r  Wal la  Wal la  County a re  e s s e n t i a l l y  t h e  same 

as f o r  t h e  Wal la  Wa l la  R i v e r  Sub-basin, c o n s i d e r i n g  t h e  d i s t r i b u t i o n  of 

pop'ul a t i on ,  i n d u s t r y ,  and a g r i c u l t u r e  w i t h i n  t h e  sub-basin. Tab le  15, 

t h e r e f o r e ,  summarizes water  use i n  Wal la  Wa l la  County.. 

Streamflow w i t h i n  t h e  Wal la  Wa l la  R i v e r  Sub-basin i s  d i f f i c u l t  t o  

eva lua te  because t h e  o n l y  gauge downstream f r om t h e  con f luence  of i t s  

n o r t h  and sou th  f o r k s  i s  a t  Touchet , 'wh ich i s  o n l y  18.2 m i l e s  f r om  i t s  

p o i n t  o f  d i scharge  t o  t h e  Columbia River. '  Fo r  t h e  purpose o f  pe r fo rming  

a  reach  i nven to r y ,  i t  was, hdwever, assumed t h a t  Lt~e i r ~ r l u w  wdb 

approx imate ly  e q u i v a l e n t  t o  t h e  sum o f  t h e  f l o w s  o f  t h e  n o r t h  and sou th  

f o r k s  and t h e  f l o w  a t  t h e  USGS gauge near Touchet was e q u i v a l e n t  t o  t h e  

ou t f l ow .  I n  t h i s  case, average i n f l o w  i s  approx imate ly  169,000 ac re - fee t  

Per year  and o u t f l o w  averages 431,800 a c r e - f e e t  per  year.  An approximate 

t o t a l  gauged f l o w  o f  245,000 a c r e - f e e t  pe r  yea r  e n t e r s  t h e  Wal l a  Wal l a  

R i v e r  from t h e  Touchet R i v e r  and M i l l  Creek a long  t h i s  reach. A  s l i g h t  

amount o f  ground-water recharge f r om t h e  s t ream p robab l y  occurs  a long t h e  

reach; however, t h e  d i s t a n c e  between gauges and o t h e r  f a c t o r s  p reven t  

p r e c i s e  e s t i m a t i o n . '  A  p a r t i a l  schematic o f  t h e  USGS gauging network f o r  

t h e  sub-basin i s  i nc l uded  w i t h i n  F i g u r e  20. 

Pa l  ouse/Snake Sub-.basi n  

The Palouse/Snake Sub-basin i s  s i t u a t e d  i n  t h e  eas te rn  p o r t i o n  of t h e  

Columbia P la teau  t o . t h e  n o r t h  o f  t h e  Wa l la  Wa l la  R i v e r  Sub-basin and 

sou tn  o f  t h e  B i g  Bend Sub-basin ( ~ i ~ u r e  2 2 ) .  I t  i n c l u d e s  a l l  o f  A s o t i n  

and G a r f i e l d ,  ma jo r  p o r t i o n s  o f  Whitman and Columbia, about  h a l f  o f  

F r a n k l i n ,  and p o r t i o n s  o f  Adams, L i n c o l n ,  and Spokane Count ies  and 

occupies app rox ima te l y  4.4 m i  11 i o n  acres. .  The western boundary of t h e  

Palouse/Snake Sub-basin abuts  aga ins t  t h e  Pasco Sub-basin and i s  

a r b i t r a r i l y  drawn across t h e  approximate l o c a t i o n  o f  I c e  Harbor Dam on 

t h e  Snake R i ve r .  I t s  nor thwes te rn  boundary i s  t h e  d i v i d e  between t h e  

Palouse/Snake d ra inage  and t h e  B i g  Bend dra inage,  t h e  n o r t h e a s t e r n  



TABLE 15. Annual Ground and Surface Water Use in Municipal, 
Industrial, and Irrigation Categories in Walla Walla 

County, Washington Based on 1975 Statistics. 

('After Dion and Lum, 1977; all va1u.e~ 
are listed in acre-feet per year. ) 

Annual Annual Industrial water Use Annual 
Municipal Self- Municipally Irrigation 
Water Use Suppl i ed Supp 1 i ed Water Use 
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FIGURE 22. Sur face Drainage w i t h i n  t h e  Palouse/Snake Sub-basin. 



boundary i s the '  approximate separa t ion  between t h e  Spokane R i v e r  and 

Palouse R ive r  drainages, and the  southwestern boundary i s  t h e  d i v i d e  ' 

between t h e  Snake and Wal l a  Walla Rivers.  The o the r  boundaries a re  

e s s e n t i a l l y  t h e  p o l i t i c a l  boundaries between Washington and Idaho and 

Washington and Oregon. . 
Mean annual p r e c i p i t a t i o n  w i t h i n  t h e  Pal ouselsnake Sub-basi n  ranges 

f rom l e s s  than 10 inches a t  nearby I c e  Harbor Dam t o  more than 45 inches 

i n  p a r t s  o f  Columbia County. To ta l  p r e c i p i t a t i o n  over t h e  e n t i r e  

sub-basin i s  es t imated  a t  6.5 m i l l i o n  acre- feet ,  annua l l y  averaging about 

18 inches. - The area l  d i s t r i b u t i o n  o f  mean annua1,runof f  ranges f rom l e s s  than 

0.5 i n c h  t o  more than 30 inches a t  l o c a t i o n s  corresponding approx imate ly  

w i t h  t h e  p r e c i p i  t a t 1  on exevemes noted above, avet-ay 1 r ~ y  dbuul 3 i i i c l ~ e s  and 

t o t a l i n g  about 1.1 m i l l i o n  acre- fee t .  The basin-wide r u n o f f  c o e f f i c i e n t  

i s ,  there fo re ,  about 10 percent .  

Average annual pan evapora t ion  ranges f rom about 45 t o  57 inches, 

average annual l a k e  evapora t ion  ranges f rom about 30 t o  41 inches, and 

AET f o r  a 6 - inch  water -ho ld ing  capac i t y  s o i l  ranges f rom l e s s  than 8 

inches near t h e  Pasco Sub-basin to 'more  than 15 inches i n  t h e  eas tern  

areas. To ta l  AET f o r  t h e  sub-basin i s  es t imated  a t  5.U m i l l i o n  ac re - fee t  

p e r  year,  averaging about 13.8 inches. The corresponding est imates for.  

p o t e n t i a l  annual l a k e  evapora t ion  are 13.8 m i l l i o n  ac re - fee t  per  year  n r ~ d  

38 inches per  year.  

Water-use s t a t i s t i c s  f o r  Asot in,  Columbia, G a r f i e l d ,  and Whitman 

Count ies p l u s  t h e  Lower Snake WRIA e s s e n t i a l l y  approximate water use f o r  

t h e  Palouselsnake Sub-basin. S t a t i s t i c s  f o r  these areas are presented i n  

Tab le  16. 

Strearnf low w i t h i n  t h e  Pal ouse/Snake Sub-basln, I s  recorded as i r ~ f  low 

below t h e  H e l l s  Canyon Dam s i t e  along t h e  Idaho-Oregon border  and ou t f low 

below I c e  Harbor Dam. Average annual f l o w  a t  these s t a t i o n s  i s  

15,870,000 and 40,900,000 acre- feet  per  year,  r espec t i ve l y .  A t o t a l  

gauged f low of  about 22,680,000 acre- feet  pe r  year  en ters  as t r i b u t a r i e s  

a long t h i s  reach v i a  t h e  Salmon, Grande Ronde, Imnaha, Clearwater,  

Tucannon, and Palouse R ivers  and Aso t i n  Creek. F igure  23 prov ides  a 

schematic o f  t h e  USGS gauging network f o r  t he  sub-basin. 
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TABLE 16. Annual Ground and Sur face Water Use i n  Mun ic ipa l ,  
I n d u s t r i a l ,  and I r r i g a t i o n  Categor ies  i n  Var ious 

Areas o f  t h e  Palouse/Snake Sub-basin 
Based on 1975 S t a t i s t i c s .  

( A f t e r  Dion and Lum, 1977; a l l  va lues  
a re  1 i s t e d  i n  ac re - f ee t  p e r  year .  ) 

Area 

Asot i n 
County' 

Columbia 
County ' 

G a r f i e l d  
County 

Wh i tman 
County 

Lower 
Snake 
WRIA 

T o t a l  

Annual Annual I n d u s t r i a l .  Water Use 
Mun i c i pa l  S e l f -  M u n i c i p a l l y  Annual I r r i g a t i o n  
Water Use Suppl i ed Supp l ied  Water Use 

GW - SW - GW SW - - GW - SW - GW - SW - 
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B i g    end Sub-basin 

The B i g  Bend Sub-basin i s  t h e  l a r g e s t  of t h e  Columbia P la teau  I 

h yd ro log i c  sub-basins and i s  s i t u a t e d  i n  the. n o r t h - c e n t r a l  p a r t  o f  t.he 

r e g i o n  ( F i g u r e  241. I t  inc l udes  most of Adams, Douglas, Grant, and 

L i n c o l n  Count ies and p a r t s  o f  Chelan, Fer ry ,  Frank1 i n ,  . K i  t t i  tas ,  

Okanogan, Spokane, and Stevens Count ies,  and occupies about 6.8 m i l  1 i o n  

acres. I t s  no r t he rn  border  i s  t h e  approximate boundary between th,e 

Columbia P la teau  and t he  Okanogan High lands .and rdugh i y  para1 l e l s  t h e  

Columbia R i ve r .  On t h e  southeast,  i t  i s  bounded b y  i t s  dra inage 'd iv ide  

w i t h  t h e  Palouse/Snake Sub-basin. I t s  boundary w i t h  t h e  upper Yakima 

R i v e r  Sub-basin and t h e  n o r t h e r n  Pasco,Sub-basin i s  bo th  topograph ic  and 

s t r u c t u r a l .  The p r i n c i p a l  dra inage w i t h i n  t h e  B i g  Bend Sub-basin i s  t he  

Columbia River ;  however, t h e  p r i n c i p a l  t r i b u t a r i e s  t o  the' Columbia R i v e r  

e n t e r  from ou t s i de  t h e  s ~ ~ h - h a z i n  f rom t h e  n o r t h  and northwest.  \jeity 

. l i t t l e  c o n t r i b u t i o n  t o  t h e  f l o w  o f  t h e  Columbia i s  r ece i ved  f rom w i t h i n  ,' 

t h e  B i g  Bend Sub-basin. The Columbia R i ve r ,  however, c o n t r i b u t e s  

cons iderab le  q u a n t i t i e s  o f  water v'ia d i v e r s i o n s  t o  t h e  c e n t r a l  p a r t ' o f  
t h e  sub-basin. % .  

Mean annual p r e c i p i t a t i o n  w i t h i n  t h e  B i g  Bend Sub-basin ranges f rom - . 
l e s s  t han  ~9 inches t o  s l i g h t l y  more t han  15 inches.  T.otal ~ r e c i p i  t a t i o n  

over t h e  e n t i r e  sub-basin i s  es t imated  a t  5.7 m i l l i o n  acre f ee t ,  annua l l y  

averaging about 10 inches. 

The d i s t r i b u t i o n  o f  mean annual r u n o f f  ranges f rom l e s s  than 0.5 i n c h  

t o  n e a r l y  5 inches, b u t  i s  g e n e r a l l y  low throughout  most of t h e  

sub-basin. Average r u n o f f  f o r  t h e  sub-basin i s  about 0.8 i n c h  and t o t a l  

anwual raur luf f  I s  about .47 m i l l  i o n  a c r e - f e e t  p e r  year .  The bas in - 'w ide  

runof f  c o e f f i c i e n t ,  i s ,  t h e r e f o r e ,  about  8 percen t .  ' .  

Average annual pan evapora t ion  ranges f r om about 50 t o  more t h a n  60 
I 

inches. Average annual l ake  evapora.t ion ranges f rom about 36 t o  more 

than  42 inches and i s  p robab ly  g c e a t e r ' t h a n  42 inches over a l a r g e , p a r t  

of t he  sub-basin. The AET ' f o r  t h e  sub-basin i s  esti 'mated a t  5.8 m i l l i o n  

acr-e- feet  per  year ,  averaging 10 inches. The corresponding es t imates  f o r  

p o t e n t i a l  l a k e  evapora t ion  a re  23.5 m i l l i o n  ac re - f ee t  per  year  and 4 1  
. . 

inches pe r  year.  
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118" . SCALE OF MILES . . 

FIGURE 24. S u r f a c e  Dra inage  w i t h i n  t h e  B i g  Bend Sub-basin.  



Water-use s t a t i s t i c s  f o r  t h e  B i g  Bend Sub-basin can be b e s t  

approximated by us ing  WRIAs as des ignated by t h e  S t a t e  o f  Washington. 

Thusly,  a  c l ose  es t imate  can be ob ta ined  w i t h  s t a t i s t i c s  f o r  t h e  

A l k a l  i -Squ i  lchuck, Lower Crab, Grand Coulee, Upper Crab-Wi 1  son, Moses 

Coulee, Fos te r ,  Lower Lake Roosevel t, and Lower Spokane WRIAs. One 

no tab le  excep t ion  i s  t h e  Esquatzel  Coulee WRIA, t h e  upper h a l f  of which 

i s  s i t u a t e d  w i t h i n  t h e  B i g  Bend Sub-basin and t h e  lower h a l f  o f  which i s  

w i t h i n  t he  Pasco Sub-basin. Because no known major  mun ic ipa l  o r  .. 

i n d u s t r i a l  areas are s i t u a t e d  w i t h i n  t h i s  WRIA, i t  has been assumed t h a t  

s t a t i s t i c s  f o r  t h e  above-named WRIAs p r o v i d e  a  reasonable approx imat ion 

f o r  t h e  sub-basin. For  i r r i g a t i o n  use, however, i t  becomes necessary t o  

r ev i ew  the  d i s t r i b u t i o n  more c l o s e l y .  Thus, s t a t i s t i c s  f o r  i r r i g a t i o n  i n  

t h e  upper Esquatzel  Coulee area have been prepared on t h e  b a s i s  of 

es t imates  f o r  water d e l  i v e r y  w i t h i n  t h e  Columbia Bas in  I r r i g a t i o n  P r o j e c t  

b locks.  S t a t i s t i c s  f o r  ground-water w i thdrawa ls  f o r  i r r i g a t i o n  i n  t h i s  

area are even more obscure, b u t  volumes a re  assumed t o  be smal l .  The 

p r i n c i p a l  ground-water w i thdrawa ls  f o r  i r r i g a t i o n  occur w i t h i n  t h e  Qu incy  

Bas in  n o r t h  o f  t h e  Po tho les  Rese rvo i r  and west o f  Moses Lake, where t h e  

s t a t e  has announced t h a t  i t ' w o u l d  g r a n t  ground-water pe rm i t s  f o r  

wi thdrawal  of about 177,000 a c r e - f e e t  o f  water annual ly .  Tab le  17 l i s t s  

water-use s t a t i s t i c s  f o r  mun ic ipa l  and i n d u s t r i a l  ca tego r i es  and Tab le  18 

p rov ides  corresponding s t a t i s t i c s  f o r  a g r i c u l t u r a l  uses. 

Streamflow w i t h i n  t h e  B i g  Bend Sub-basin i s  recorded as. i n f l o w  a t  

Grand Coulee Dam and as o u t f l o w  below P r i e s t  Rapids s am. Average annual 

f l o w  a t  these s t a t i o n s  i s  80,060,000 and 87,230,000 ac re - f ee t  pe r  year,  

r e s p e c t i v e l y .  A  t o t a l  gauged f l o w  o f  about 8  m i l l i o n  ac re - f ee t  en te r s  

t h e  Colurltbia R i v e r  a long t h i s  reach c h i e f l y  f rom t r i b u t a r i e s  ous ide t h e  

Columbia P la teau  marg in  on t h e  n o r t h  and nor thwest  s i des  o f  t h e  Columbia 

R iver .  The p r i n c i p a l  t r i b u t a r i e s  i n c l u d e  t h e  Okanogan, Methow, Chelan, 

En t  i at,  and Wenatchee R i  vers .  Approx imate ly  2.1 mi 11 i o n  ac re - f ee t  pe r  

year  a re  withdrawn above t he  gauge f o r  maintenance o f  t h e  Columbia Bas in  

I r r i g a t i o n  P r o j e c t .  ' F i g u r e  25 p rov ides  a  schematic o f  t h e  USGS gauging 

network f o r  t h e  sub-basin. 



TABLE 17. Annual Ground and Sur'ace Water Use i n  Munic ipal  and I n d u s t r i a l  Categories 
i n  Various Water Resource Inventory  Areas w i t h i n  t h e  Approximate 

B ig  Bend Sub-basin Area Based on 1975 S t a t i s t i c s .  

( A f t e r  Dion and Lum, 1977; a l l  values are  l i s t e d  i n  acre- f?e t  per  year.) 

Annual I n d u s t r i a l  Water Use 

WRIA Name (Number) 

A1 k a l  i - 
Squi lchuck (40)  

~ o w e r  Crab (41)  

Grand Coulee (42) 
03 
P - Upper Crab- 

Wilson (43) 

Ann.ua1 Munic'pal Munic ipal  l y  
Water Use Self-Supp l i e d  Supp 1 i ed 

GW - SW - GW ' - SW - GW . - SW - 

Moses Coulee (44) 1,749 0 3,416 0 0 0 

Fos ter  (50) 582 0 0 0 0 0 

Lower Lake 
Roosevel t (53)  

Lower Spokane (54) 91,886 0 448 0 568 0 - - 

Tota l  31,528 10,548 12,145 346,895 - 2,624 - 1 679 - - 



TABLE 18. Annual Ground and Sur face Water Use f o r  I r r i g a t i o n  
i n  Var ious Water Resource I n v e n t o r y  Areas w i t h i n  t h e  ,' 

Approximate B i g  Bend Sub-basin Area 
Based on 1975 S t a t i s t i c s .  

. ( A f t e r  by Dion and Lum, 1977; a1 1 va l  u2s 
a re  1 i s t e d  i n  ac re - f ee t  pe r  year .  ) 

Annual I r r i g a t i o n  Water Use 
WRIA Name (Number) - GW - SW 

A l k a l  i -Squ i  lchuck (40)  0 15,079 

Lower Crab (41)  26,500 1,159,448 

Grand Coulee (42)  

Upper Crab-W i 1 son (43)  

Moses Coulee (44)  

Fos te r .  (50)  

Lower Lake Roosevel t  (53)  ~ 919 6,840 

Lower Spokane (54)  : : 2,578 1,562 
' , 

Uppe$r Esquatzel  Couleea N.A. 202,800 

T o t a l  

aBased on i r r i g a t e d  acreages w i t h i n  t h e  Esquatze l  Coulee W R I A  
p o r t i o n  o f  t h e  B i g  Bend Sub-basin as asce r ta i ned  f rom t h e  January 
1978 Columbia.Basin I r r i g a t i o n  P r o j e c t  map (U.S. Department o f  t h e  
I n t e r i o r , .  1978a). Acreages were mu.l.t ip1 i e d  b y  a f a c t o r ,  of 3.9 
a c e - f  e e t  appl  i c a t  i on per  2ac.r-e per.  y e a r .  
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BUDGET EVALUATION . . 

I n  p repa r i ng  hyd ro log i c  budgets, t h e  f o l l o w i n g  balance i s  genera1,ly 

appl  i ed: . . 

- Q  . = A S  
Q i n  o u t  

where 

Qin = t h e  annual volume o f  water e n t e r i n g  t he  system o r  bas in ;  ., 

Qout = t h e  annual volume o f  water l e a v i n g  t h e  system o r  basin;  and, 

AS = t h e  n e t  change i n  s to rage  w i t h i n .  t h e  system o r  bas in  each 
year  ., 

I t  i s  a l so  , g e n e r a l l y  assumed t h a t  t h e r e  i s  no n e t  change i n  annual 

storage, o r ,  i n  o t h e r  words, t h e  system i s  i n  s teady -s ta te  e q u i l i b r i u m .  
. .  . 

l 'husly, 
- 

The ex i s tence  o f  s teady-s ta te  c o n d i t i o n s  w i t h i n  t h e  Columbia Plat ,eauls  

h y d r o l o g i c  system has n o t  been determined. Under n a t u r a l '  cond i t i ons ,  

s teady-s ta te  i s  o f ten  observed, o r  t h e  r a t e  o f  change i s  b a r e l y  

observable.  However, when a  system i s  pe r t u rbed  by  human a c t i v i t i e s ,  i t  

may t ake  severa l  years  t o  achieve e q u i l i b r i u m  a t  a  new l e v e l .  w i t h i n  t h e  

~ o i u m b i a  Plateau,  severa l  ' human a c t i v i t i e s  have had t h e  p o t e n t i a l  f o r  

imposing such s t resses  on t h e  h y d r o l o g i c  system. The most n o t a b l e  

i n c l u d e  t he  severa l  hydrographic  m o d i f i c a t i o n s  which have been made upon 

t h e  major  streams, t h e  i n t e r - b a s i n  t r a n s f e r  o f  l a r g e  q u a n t i t i e s  o f  water  

f o r  i r r i g a t i o n  purposes, and t he  w i thdrawa l  o f  ground waters f o r  va r ious  

mun ic ipa l ,  i n d u s t r i a l ,  and a g r i c u l t u r a l  purposes. 

I n  o rder  t o  assess p r o p e r l y  t h e  impacts o f  these a c t i v i t i e s ,  i . t  i s  

necessary t o  eva lua te  bo th  sur face-wate r  and ground-water parameters.  

However, because t h i s  s tudy dea ls  p r i m a r i l y  w i t h  su r f ace  water ,  a ' d ' epa r tu re  

from t r a d i t i o n a l  budget ing  s t u d i e s  has been made i n  an e f f o r t  t o  assess, 

t o  t h e  e x t e n t  pos,sible, t h e  i n t e r a c t i o n  between the  sur face-wate r  and ground- 

water- sys,tems. 



Input Parameters (Qin) 
In terms of surface water systems, the following equation summarizes 

the principal inputs to the system: 

Qin = P + S + D + W  

where 

P = precipitation; 

S = streamflow inputs; 

D = water imported from other basins; and, 

W = ground-water withdrawals or discharge to the surface water system. 

Data for mean annual precipitation ( P )  over the 1930-1957 period has 
been mapped by the U.S. Weather Bureau and is shown.on Plate 2. 
Additionally, records for about 80 meteorological stations across and 
adjacent to the Columbia Plateau have been summari'zed in various reports . 
by the Washington .State University Cooperative Extension Service 
(Phillips, 1965, 1970; Uonaldson and Ruscha, 1975). These data are 
'listed in Appendix A. 

. Long-term records and statistics for streamflow inputs (S) are 
maintained by the .USGS. Approximately 100 gauging stations have at 
least parti a1 records in eastern Washington. Corresponding statistics 
are available for stations in the adjacent areas of Oregon and Idaho. 
The record is supplemented by data from other water resource agencies 

such as t h e  U.S. Army Corps of Engineers, U.S. Bureau o f  Reclar11at.ior1; 
and Bonnevi 1 1  e Power Administration. 

Statistics and records of surface water diversions (D) are. generally 
maintained by the U.S. Bureau of Reclamation. Supplementary data in 
certain locations are available through agricultural agencies at various 
levels of government and irrigation districts. The two most significant 
projects which involve such inter-b.asin transfer of surf ace water are the 
Yakima and Columbia Basin Irrigation Projects described earlier. Waters 
applied for irrigation are mostly consumed by the evapotranspiration 

process. A smaller portion of these waters is returned to the surface- 
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water  system v i a  wasteways and i n t e r f l o w .  The q u a n t i t i e s  i n v o l v e d  i n  

i n t e r f  1  ow d ischarge  a re  p a r t i c u l a r l y  d i f f i c u l t  t o  assess and genera l  l y  

a re  i m p l i c i t  w i t h i n  s t reamf low records.  

Ground-water w i thdrawa ls  (W) a re  made f o r  va r ious  mun ic ipa l ,  

i n d u s t r i a l ,  a g r i c u l t u r a l ,  and ground-water management purposes. O f  

p a r t i c u l a r  i n t e r e s t  t o  su r f ace  water budget ing are non-consumptive uses 

o f  ground water ,  where in  t he  waters  a r e  d ischarged t o  t h e  sur face-water  

sys tem- fo l l ow ing  t h e i r  use. For  example, mun i c i pa l  supp l i es  which a re  

d ischarged as t r e a t e d  e f f l u e n t s  t o  a 's t ream .would be c l  a s s i f  i ed -as  . ' 

non-consumptive. ~ t a t i  s t i c s  on t h e  use o f  ground water  f o r  mun ic ipa l ,  

i n d u s t r i  a1 , and i r r i g a t i o n  purposes i n  Washington S t a t e  a r e  summarized 

p e r i o d i c a l l y  by t h e  4SGS (Dion and Lum, 1977). u n f o r t u n a t e l y ,  t h e  

summaries do n o t  d i s t i n g u i s h  between'consumptive and non-consumptive 

uses. A  f u r t h e r  problem, as p r e v i o u s l y  noted, a r i s e s  , f r om t h e  

s e g r e g a t i h  o f  da ta  by coun t i es  and by  WRlAs which do n o t  co i r i c jde  well 

w i t h  sub-basin des igna t ions  w i t h i n  t h e  Columbia Plateau.  

o u t p u t  Parameters (Qout) . ,  

I n  terms o f  s u r f  ace-water systems, t h e  f o l l  owing equat ion  summarizes 

t h e  p r i n c i p a l  i n p u t s  t o  t h e  system: 

= E T + C U + R + O  . . 

Qou t 

where . . 

ET = losses  due t o  evapora t ion  and t r a n s p i r a t i o n . f a c t o r s ;  

CU = consumptive use losses.  o f  su r f ace  water; 

R = a r t i f i c i a l  recharge t o  t he  ground-water system; an.d, 

0  = i s  s t ream ou t f l ow .  . . . . .  

Ac tua l  losses  due t o  e v a p o t r a n s p i r a t i o n  ( E T )  have been es t imated  

e m p l r l c a l l y  on the b a s i s  of me teo ro log i ca l  da ta  a t  about 35 s t a t i o n s  

w i t h i n  and ad jacent  t o  t h e  Columbia Plateau.  A  p r e l i m i n a r y  map o f  t he  

d i s t r i b u t i o n  of t h e  ac tua l  AET parameter across t h e  Columbia P la teau  has 

been generated f rom these da ta  and i s  shown i n  P l a t e  3. An average va lue  



, fo r  actual evapotranspiration was obtained by means of planimetering and 
weighting techniques. 

Consumptive use (CU) as applied in t h i s  context re fers  to  surface 
water withdrawals f o r  municipal, industr ia l ,  agr icul tural ,  and other 
purposes and which are evaporated or otherwise removed from the system 
upon t h e i r  use. As was the case for  ground-water withdrawals ( W ) ,  data 

re la t ing  t o  consumptive use are not well documented. 
Stream ou t f .10~  (0 )  ' includes water exiting the sub-basin via #discrete  

water courses including streams and canals. Records and s t a t i s t i c s  are 

generally found in the same sources as the stream inflow (S) parameter. 
Ar t i f ic ia l  rech,arge to  the ground-water system ( R )  r e su l t s  from 

several sources including excessive appl ication of i r r igat ion waters, 
ground-water management practices, and waste-disposal practices. With 

regard to  recharge from i r r iga t ion ,  the volume involved i s  dependent upon 
the ~ h . ~ s i c a l  characteristics o f  the soi l  and irrigatinn-management 
pract ices .  I t  i s  estimated tha t ,  for  agricultural  lands within the 
Columbia Plateau, 20 t o  40 percent of the water applied "deep percolates" 

, into the ground-water table. '  

Evaluation of Recharge and Discharge 
Ground-water recharge within - particular sub-basin general ly occurs 

by one of four mechanisms: 

1. Direct precipitation/infiltration/deep percolation systems; 

2. Ground-water inflow from other sub-basins; 

3 .  In f l l t r a t ion  from losing ( inf luent)  streams; and, 

4. Ar t i f i c i a l  mechanisms such as i r r igat ion or waste disposal. 

Ground-water discharge within a par t icular  sub-basin also can he 

accomplished via four mechanisms: 

1. Natural springs and seeps; 

2. Ground-water outflow to other sub-basins; 

3.' Ground-water outflow to  gaining (eff luent)  streams; and, 

4. Ground-water withdrawals by wells. 



Because t h e  scope o f  t h i s  s tudy was l i m i t e d  t o  su r f ace  water, i-10 

e f f o r t  was made d i r e c t l y  t o  eva lua te  ground-water under f low between 

sub-basins. Fu r the r ,  data on  ' t he  d ischarge c h a r a c t e r i s t i c s  of sp r i ngs  

and seeps were no t  ava i l ab le ,  so ana l ys i s  o f  such parameters was a l s o  
omi t ted .  

Us ing t h e  a v a i l a b l e  p r e c i p i t a t i o n ,  evapo t ransp i ra t i on ,  and r u n o f f  

r e c o r d i  dnd mips, ' i t was p ~ ~ s ; i b i e '  t o  es t imate  t h e  amountand a r e a l  

d i s t r i b i t ' i o n  b f  p o t e n t i a l  recharge across t h e  Columbia P la teau  and a long 
.. . 

i t s  m a r g i n s  r e s u l t i n g  frowi d i r e c t  p r & c i ' p i t a t i o n / i n f  i 1  t r a t i on /deep  

p e r c o l a t i o r i  mechanisms. These ' r e l a t i o n s h i p s  'are presented i n  P l a t e  4. 

E r r o r s  assoc ia ted  w i t h  t h e  methodology i n c l u d e  those r e l a t e d  t o :  

1. The s p a t i a l  d i s t r i b u t i o n  o f  da ta  po in ts ;  

2. The temporal  va r i ance ,  o f  hydrometeoro log ica l .  parameters; 

3. Computer d i f f e r e n c i n g  rou t i nes ;  

4. The accuracy o f  evapo t ransp i ra t ion  est imates;  and, . .  

5. F a i l u r e  t o  account f o r  e l e v a t i o n  e f f e c t s  on t h e  e v a p o t r a n s p i r a t i o n  
map. 

. . 
Other sources o f  e r r o r  may be m i t i g a t e d  i n t e r n a l l y .  For  example, 

. . 
i n f i l t r a t i o n  v a r i a b l i l i  t y  i s  impl  i c . i t  w i t h i n  t h e  r u n o f f  parameter. Fo r  

a n a l y s i s  w i t h i n  a  s i n g l e  sub-basin, t h e  f o l l o w i n g  r e l a t i o n s h i p  was 

appl  ied:  

. - 

where 

PR = annu i l  recharge p o t e n t i a l  f rom p r e c i b i  t a t i o n ;  

P = mean' annual p rec i , p i  t a t i o n  volume f o r  t h e  sub-basin;' 

ET = mean annual AET losses  f rom t h e  sub-basin; and, 

RO = mean annual r u n o f f  f rom t h e  sub-basin. 



Perhaps t h e  biggest e r ro r  associated with t h i s  methodology stems from the  
f a i l u r e  t o  account f o r  temporal and spa t ia l  variance of the  
evapotranspirat ion ( E T )  parameter. In any case, the  data generated 
~ r o v i d e  a t  l e a s t  a qual i ta t i -ve  indication of t h i s  par t  of the hydrologic 

balance within t h e  sub-basin. 
The exchange between stream and ground-water systems was evaluated by 

means of stream reach inventories between successive gauges. The 

inventor ies  fo r  the  pr incipal  stream wi th in- the  Columbia Plateau are 
contained in Appendix D. The principal  problems associated with t h i s  
method01 ogy are: 

1. Due t o  the number and spacing of gauging s ta t ions ,  length and 
completeness of records,  e t c . ,  i t  was not possible t o  provide 
meaningful analysis  of recharge/discharge re la t ionships  on the  small 
streams within the sub-basin, thereby providing only a pa r t i a l  
evaluation within the  sub-basin; and, 

2. On t h e  principal  streams, the  losses and gains noted were usually 
within the  e r ror  margin of t he  gauging instruments; Figure 26 
demonstrates graphical ly  the magnitude of e r ro rs  fo r  various ' f . 1 0 ~  . 
volumes and degrees of precision. 

Other e r ro r s  stem from incomplete data on surface water withdrawals and 
re tu rn  flows and f a i l u r e  t o  account f o r  variances due t o  averages based 

on varying periods of record. The balance applied in the  analysis  was as  
r ~ i  i OWS: 

where 

PSL = potent ia l  annual loss  from the  stream t o  the  ground-water system; 

IF = annual inflow t o  the  sub-basin from the  principal  ~ t r e a m ; ~  

TR = annual t r i bu t a ry  inflow t o  the principal stream; 

RF = average annual volume of i r r i ga t i on  return flow t o  the  principal  
stream; 

DW = average annual volume of water diverted in to  the  sub-basin via 
canals,  e tc . ;  and, 

OF =. annual outflow from the  sub-basin via the principal  stream: 





If the.computed value of PSL is positive, indicating ground-water 

recharge, the stream may be classified as a losing (influent) stream . 
along a particular reach. Conversely, if the value of PSL is negative, 
indicating ground-water discharge, the stream may be classified as a 
gaining (eff 1 uent) stream along a particular reach. The fol 1 owing budget -. 
analyses, however, present the gross characteristics of the principal 
stream averaged over the entire sub-basin. Appendix D provides a finer 
resolution of this parameter within individual sub-basins. As was the 
case for recharge from precipitation, the basin-wide recharge and 
discharge values generated as a result of the stream reach inventory 
should be regarded as qualitative due to the possible sources of error 

described above. 
Finally, with regard to human manipulation of the ground-water and 

surface-water systems, recharge and discharge relationships are highly 
variable depending upon such factors 'as the type of water withdrawal 
(i .e., ground or surface), the type of use (consumptive versus 
non-consumptive), management practices, etc. Thus, in order to provide 
estimates of the quantities of recharge and discharge, it was necessary 
to make assumptions regardi-ng the percentage of exchange versus the 

volume used. 
The relationship applied for determining recharge from artificial 

mechanisms was: 

where 

AR = an estimate of potential recharge due to artificial mechanisms; 

INsw = the volume of surface water used annually for industrial 
purposes (suppl i ed both independent 1 y and from municipal sources) ; 
and, 

IRsw = the volume of surface water used annually for irrigation 
purposes. 

The coefficients are only preliminary and are. not based on any 
rigorous empirical analysis. The coefficient. for industri a1 use is a 

pure estimate based on the fact that a large portion of industrial water 



use i s t w i t h i n  t h e  power i n d u s t r y  and i s  non;consumptive. The c o e f f i c i e n t  

f o r  i r r i g a t i o n  water use i s  based on t h e  observed range i n  t h e  percentage 

. o f  app l i ed  i r r i g a t i o n  water t h a t  deep p e r c o l a t e s  (20 t o  40 p e r c e n t ) .  

For p o t e n t i a l  d ischarge  w i t h i n  a  g i ven  subLbasin due t o  a r t i f i c i a l  

mechanisms i t  was assumed t h a t :  

where 
. . 

WG = an es t imate  of p robab le  d ischarge  due t o  ground-water wi thdrawals ;  

Mgw = t h e  volume of ground water used annua l l y  f o r  mun i c i pa l  purposes 
(exc lud ing  m u n i c i p a l l y  supp l i ed  i n d u s t r i a l  waters) ;  

. . 

I N g w  = t he  v'olume. of ground water used annua l l y  f o r  i n d u s t r i a l  purposes 
(supp l  i ed bo th  independent ly  and from mun ic ipa l  sources) ; and, 

I R g w  = t he  volume of .ground water used annua l l y  f o r  i r r i g a t i o n .  purposes. 
. . 

  he c o e f f i c i e n t ' s  i n  Equat ion 8 should a l s o  be regarded as 

p r e l i m i n a r y .  The c o e f f i c i e n t  f o r  mun ic ipa l  water use i s  bdsed on 

consumptive-use s t a t i s t i c s  f o r  t h e  City of Rich land,  Washington. The 

c o e f f i c i e n t  f o r  i n d u s t r i a l  water. use i s  based on t h e  assumption t h a t  most 

uses are 1  a r g e l y  non-consumptive, b.@a p o r t i o n ,  o f  t h e  wate r  wi thdrawn 
A ,: 9-. : -: 

may2undergo subsurface d isposa l  ' a s w a s t e  water by i n j e c t i o n  o r  

i n f i l t r a t i o n .  Ground-water w i thdrawa ls  f o r  i r r i g a t i o n  purposes a re  

assumed t o  be e n t i r e l y  consumptive. 

I n  combining t he  above recharge and d ischarge  equat ions (Equat ions 7 

and 8 ) ,  we can express t h e  ne t  recharge from a r t i f i c i a l  mechanisms (RAM) 

as: 

RAM = AR - WG . . (9 

A  p o s i t i v e  va lue  f o r  RAM would, ther-.efor.e, i n d i c a t e  a r t i f i c i a l  recharge 

p o t e n t i a l ,  and a  nega t i ve  va lue  would i n d i c a t e  n e t  ground-water d ischarge  

due t o  a r t i f i c i a l  mechanisms. 



To determine t he  overal l  balance between recharge and discharge fo r  a 
sub-basin, the  following re la t ionsh ip  was applied: 

NR = PR + PSL + RAM 

where 

NR = net annual recharge from a l l  sources within the  sub-basin. 

I f  a pos i t ive  value of NR was obtained, i t  was taken as an indication 

t h a t  t he  sub-basin as a whole was an area of potential  ground-water 
recharge within t he  region; i f  a negative value was obtained, the  

sub-basin was suspected t o  be an area of potential  ground-water 
discharge. Further,  sub-basins which, thusly ,  can be c l a s s i f i ed  as 
ground-water recharge areas suggest t r ans f e r  of water out of the  
sub-basin via ground-water paths; sub-basins, thusly ,  suggesting a 
potent ia l  fo r  discharge ind ica te  the  probable movement of ground water 
i n t o  t h e  sub-basin from adjacent areas. 



sub'-basi n  Budgets 

The f o l l o w i n g  pages r e p r e s e n t  t h e  a p p l i c a t i o n  o f  t h e  p r e c e d i n g  

e q u a t i o n s  f o r  b a l a n c i n g  s u r f a c e  h y d r o l o g i c  systems f o r  t h e  Columbia 

P l a t e a u  sub-bas ins .  

1. Horse Heaven P l a t e a u  Sub-basin 

A. Precipitation/Infiltration/Deep Perco la t ion  

Parameter AF/yr 

P r e c i p i t a t i o n  (P) 2,406,000 

Evapotranspi rat ion (ET) 1,550,000 

Runoff (RO) 730,000 

(probable ground-water 
recharge from p r e c i p i t a t i o n )  

0. 311 ealll Read1 IIIV~II t61'j' 

. Parameter AFlyr 

I n f l o w  ( IF ) ,  McNa1.y Dan1 134,200,000 

T r i b u t a r i e s  (TR) 1,788,000 

Out f .10~  (OF), The Dal'les Dam 140,600,000 

PSL = I F  + TR + RF - DW - OF 

= -4,612,000 AFlyr (probable ground-water discharge 
t o  t h e  Columbia R ive r )  

C. Water Use Inven to ry  

Parameter 

Munic ipa l  (M) 230 2,207 

I n d u s t r i a l  ( I N )  0 5,978 

I r r i g a t i o n  ( I R )  32,555 30,636 

AR = 0.1 IN,, + 0.3 IRsw = 10,000 AF/yr 

WG = 0.35 Mgw + 0.8 INgw + IRgw = 33,000 AF/yr 

RAM = AR - WG 

(probable ground-water discharge 
from a r t i f i c i a l  mechanisms) 

D. Net Exchange 

Recharge Parameter !WY! 

P r e c i p i t a t i o n  (PR) 153,000 

Stream loss (PSL) -4,b12,UOU 

A r t i f i c i a l  mechanisms (RAM) -23,000 

NR = PR + PSL + RAM 

= '-4,482,000 AF/yr (probable ground-water discharge 
from sub-basin) 

~ h e ' b a l  ance shows a net discharge frnm t,he zuh-harin n f  a h n ~ l t  4,482,000 
acre- feet  . per year; Th is  suggests probable ground-water i n f l o w  from adjacent 
sub-basi ns. 



2. Yakima River  Sub-basin 

A. P r e c i p i  t a t i o n / I n f  i 1 trat ion/Deep Perco la t i on  

Parameter AFlyr 

P r e c i p i t a t i o n  (P) 3,328,000 

Evapot ransp i ra t ion (ET) 2,280,000 

Runoff (RO) 950,000 

= 98,000 AF/yr (probabie ground-water 
recharge from p r e c i p i t a t i o n )  

B. Stream Reach Inventory  

Parameter . AFlyr 

I n f l o w  ( IF ) ,  C le  Elum 1,280,000 

T r i b u t a r i e s  (TR) 2,980,000 

Return Flows (RF) 2,915,000 

Oivers ions (UW). 4,238,000 

Out f low (OF), Kiona 2,636,000 

PSL = I F  + TR + RF - OW - OF 

= 301,000 AF/yr (probable ground-water discharge t o  
t h e  Yakima R ive r )  

C .  Water Use Inven to ry  

Pdr,d~~~eLer 

Munic ipa l  (M) 

I n d u ~ t r i q l  ( IN )  15,239 249 

I r r ~ i g a t i t r r ~  (In) 5,250 l,Y.?7,135 

RAM = AR - WG 

= 556,000 AF/yr (probable ground-water discharge'  
from a v t i  f i c i s l  m e ~ l ~ a ~ i  i SII I~) 

D. Net Exchange 

Recharge Parameter -- w 
Prec i .p i ta t i on  (PR) 98,000 

Stream loss (PSL) 301,000 

A r t i f i c i a l  mechanisms (RAM) 556,000 

NR = PR + PSL + RAM 

(probable ground-water recharge 
w i t h i n  sub-basin) 

The balance shows a ne t  recharge w i t h i n  t h e  sub-basin o f  about 955,000 
acre- feet  per year. Th is  suggests probable ground-water ou t f l ow  t o  adjacent 
sub-basi ns. 



3. Pasco Sub-basin 

A. p r e c i p i  t a t i o n ) l n f i l t r a t i o n / D e e p  Pe rco la t i on  

Parameter AFlyr 

P r e c i p i t a t i o n  (P) 756,000 

Evapo t ransp i ra t i on  (ET) 750,000 

Runoff  (RO) 0 

PR = P - ET - RO 

(probab le  ground-water recharge 
from p r e c i p i t a t i n n )  

8. Stream Reach Inven to ry  

Parameter AFlyr 

I n f l o w  ( I F ) ,  P r i e s t  Rapids Dam 87,230,000 

T r i b u t a r i e s  (TR) 43,832,000 

Return  Flows (RF) 225,000 

Out f low (OF), McNary Dam 134,200,000 

PSL = I F  + TR + RF - DW - OF 

= -2,913,000 AF/yr (probab le  ground-water d ischarge t o  
t h e  Columbia R i v e r )  

C. Water Use Inven to ry  

Parameter '  

Munic ipa l  ( M )  

I n d u s t r i a l  ( I N )  15,361 403,675 

I r r i g a t i o n  ( IR )  47,760 907,600 

RAM = AR - WG 

. = 250,000 AFlyr  (p robab le  ground-water recharge 
from a r t i f i c i a l  mechanisms) 

D. . Net Exchange 

Recharge Parameter -- . -  AFlyr 

P r e c i p i t a t i o n  (PR) 6,000 

Stream loss  (PSL) -2,913,000 

A r t i f i c i a l  mechanisms (RAM) 250,000 

NR = PR + PSL + RAM 

= -2,657,000 AF/yr (probab le  ground-water d ischarge 
from sub-basins) 

The balance shows a n e t  d ischarge from t h e  sub-basin of  about 
2,657,000 ac re - fee t  pe r  year.  Th i s  suggests probab le  ground-water 
i n f l ow  f rom ad jacent  sub-basins. 



4. Walla Walla Sub-basin 

A. Precipitation/Infiltration/Deep Perco la t i on  

Parameter AF/yr 

P r e c i p i t a t i o n  (P) 1,624,000 

Evapot ransp i ra t ion (ET) 981,000 

'Runoff  (RO) 236,000 

PR = P - ET - RO 

= 407,000 AFlyr (probable ground-water recharge 
f rom p r e c i p i t a t i o n )  

B. Stream Reach Inven to ry  

Parameter AF/yr 

I n f l o w  ( I F )  est imated 169,000 

T r i b u t a r i e s  (TR) - 244,500 

Out f low tOF), Touchet . 431,000 

PSL = I F  + TR + RF - DW - OF 

= -18,000 AFlyr (probable ground-water discharge 
t o  the  Walla Walla R ive r )  

C. Water Use Inven to ry  

Parameter 

Munic ipa l  (M) 

I n d u s t r i a l  ( IN )  2,259 16,351 

I r r i g a t i o n  ( I R )  7,881 18,840 

RAM = AR.- WG 

= -5,000 AF/yr . ( p o t e n t i a l  ground-water discharge 
from a r t i f i c i a l  mechanisms) 

P, Net Exchange 

Recharge Parameter AF/yr 

P r e c i p i t a t i o n  (PR) 407,000 

Stream loss (PSL) -18,000 

A r t i f i c i a l  mechanisms (RAM) -5,000 

NR = PR + PSL + RAM 

= 384,000 AF/yr (probable ground-water recharge 
w i t h i n  sub-basi n) 

The balance shows a net  recharge w i t h i n  the sub-basin o f  about 
384,000 ac re - fee t  pe r  year .  Th is  suggests probable ground-water ou t f l ow  
t o  ad jacent  sub-basins. 



RHO-BW I-ST-6 

5. Palouse/Snake Sub-basin 

A. ~ r e c i ~ i t a t i o n / ~ n f i l , t r a t i o n / ~ e e ~  Perco la t i on  

Parameter AF/yr 

P r e c i p i t a t i o n  (P) 6,522,000 

Evapot ransp i ra t ion (ET) 5,060,000 

Runoff (RO) 1,143,000 

PR = P - ET - RO 

= 319,000 AF/yr ' (probable ground-water recharge 
from p r e c i p i t a t i o n )  

B. Stream Reach Inventory  

Parameter AF/yr 

I n f l o w  ( IF ) ,  Anatone. 26,300,060 

T r ih~ i t . a r  i p s  (TR) 11 ,R43,43n 

Out f low (OF), I c e  Harbor Dam 40,900,000 

PSL = IF  + TR + RF - DW - OF 

= 2,707,000 AF/yr (probable ground-water discharge t o  
the Snake R ive r )  

C. Water Use Inventory  

Parameter 

Municipal  (M) 14,442 0 

I n d u s t r i a l  . ( IN )  320 0 

I r r i g a t i o n  ( IR )  7,565 197,163 

AR = 0.1 INSw + 0.3 IRSw = 59,000 AF/yr 

WG = 0.35 Mgw + 0.8 INgw + IRgw = 13,000 AFlyr 

RAM = AR - WG 

= 46,000 AFlyr  (probable ground-water recharge 
f r o m ' a r t i f i c i a l  mechanisms) 

D. Net Exchange 

~ e c h a r q e  Parameter AFlyr 

P r e c i p i t a t i o n  (PR) 319,000 . .  

Stream loss (PSL) 2,707,000 

A r t i f i c i a l  mechanisms (RAM) ' 46,000 

NR = PR + PSL + RAM 

= -2,342,000 AF/yr (probable ground-water discharge 
from sub-basin) 

T l ~ e  b a l a i ~ c r  shows a ne t  Jiseharge from the sub bas in  o f  about 
2,342,000 ac re - fee t  pe r  year.  Thts suggests probable yrour~d-water 
i n f l o w  from adjacent sub-basins. 



6. B i g  Bend Sub-basin 

A. Precipitation/Infjltration/Deep Perco la t i on  

. - Parameter AF/yr 

P r e c i p i t a t i o n  (P) 5,668,000 

Evapot ransp i ra t ion  (ET) 5,203,000 

Runoff (RO) 465,000 

(ground-water recharge from 
p r e c i p i t a t i o n  n e g l i g i b l e )  

B. Stream Reach Inven to ry  

R a r m e i e r  

I n f l o w  ( I F ) ,  Grand Coulee Dam 80,060,000 

T r i b u t a r i e s  (TR) 7.,518,000 

Return f l ows  (RF) 56,000 es t .  

D i ve rs ion  (DW), a l l  above N.A. 
Grand Coulee Dam 

Ou t f  1 ow (OF), 87,230,000 

PSL = I F  + TR + RF - DW - OF 

= 404,000 AFlyr  (probable ground-water recharge 
from Columbia R i ve r )  

C. Water Use Inven to ry  

Parameter 

Munic ipa l  (M) 18,204 8,869 

I n d u s t r l a l  ( IN )  14,769 348',544 

I r r i g a t i o n  ( IR )  39,319 1,520.384 

RAM = AR - WG 

= 433,000 AF/yr (probable ground-water recharge 
from a r t i f i c i a l  mechanisms) 

D. Net Exchange 

Recharqe Parameter --.--...... AF/yr 

P r e c i p i t a t i o n  (PR) 0 

Stream loss  (PSL) 404,000 

A r t i f i c i a l  mechanisms (RAM) 433,000 

NR = PR + PSL + RAM 

(probable ground-water recharge 
w i t h i n  sub-basin) 

The balance shdws a ne t  discharge from the sub-basin o f  about 
837,000 ac re - fee t  per  year .  This suggests probable ground-water 
out f low t o  ad jacent  sub-basins. 



Exp lana t i on  o f  R e s u l t s  . . 

. Tab le  1.9 p resen ts  a  summar,y o f  t h e  sub-basin ba lances d e r i v e d  i n  t h e  

p rev i ous  s e c t i o n .  and f u r t h e r  p rov i des  t o t a l  and n e t  f i g u r e s  f o r  t h e  

.Columhi a  P la teau  area as a  whole. 

I n  a  comparat ive sense, i t  appears t h a t  f o r  most sub-basins, and t h e  

Columbia P la teau  area as a  whole, recharge  b y  stream l o s s  mechanisms 

(PSL) i s  a t  l e a s t  an o rde r  o f  magnitude g r e a t e r  than  recharge  b y  

p r e c i p i t a t i o n  (PR). I n  p a r t ,  t h i s  f a c t  ma.y be t h e  r e s u l t  of f a i l u r e  t o  

account f o r  l o c a l  systems t h a t  may be o p e r a t i n g  w i t h i n  t h e  sub-basins, 

and a l s o  t h e  s e l e c t i o n  o f  sub-basin boundar ies may have, f o r  some 

sub-basi ns such as t h e  Palouse/Snake., exc.1 uded 1  i k e l y  recharge  areas from 

t h e  a n a l y s i s .  , 

The one excep t i on  t o  t h i s  r e l a t i o n s h i p  i s  t h e  Wa l la  Wa l la  R i v e r  

Sub-ba$jn which r e c e i v e s  a  p r o p o r t i o n a t e l y  h i g h  amount o t  p r e c i p i t a t i ~ r l  

r e l a t i v e  t o  e v a p o t r a n s p i r a t i o n  and r u n o f f  l osses .  T h i s  e f f e c t  may be 

a t t r i b u t a b l e  t o  h i ghe r  i n f i l t r a t i o n  c a p a c i t i e s  and/or v e r t i c a l  

p e r m e a b i l i t i e s  of t h e  s o i l s  and s t r a t a  o r  t o  severa l  o t h e r  f a c t o r s .  The 

lowes t  va lues o f  recharge f r om p r e c i p i t a t i o n  were observed w i t h i n  t h e  

Pasco and B i g   end sub-basins owing t o  ex t reme ly  h i g h  e v d p o t r a n s p i r a t i o n  

losses.  A c t u a l . e v a p o r a t i o n  and t r a n s p i r a t i o n  losses  w i t h i n  t h e  B i g  Bend 

Sub-basin, i n  f a c t ,  may w e l l  exceed t h e  e v a p o t r a n s p i r a t i o n  l osses  

computed due t o  t h e  cumu la t i ve  losses  f r om t h e  numerous smal l  l a kes  and ' . 

o t h e r  su r f ace  water  bod ies  p resen t  (wh ich  a re  n o t  accounted f o r  w i t h i n  
Equa t ion  5 ) .  

The stream reach  i n v e n t o r i e s  per formed suggest t h a t  ground-water '  

d i scharge  i s  e n t e r i n g  t h e  Columbia R i v e r  a long  t h e  Horse Heaven P la teau  

Sub-basin and w i t h i n  t h e  Pasco sub-bas in  and t h e  Snake,River  w i t h i n  t h e  

Palouse/Snake Sub-basin. A sma l l e r  amount o f  discha'rge occurs  w i t h i n  t h e  

Wa l la  Wal la  R i v e r  Sub-basin. I n  t h e  Yakima R i v e r  and B i g  Bend Sub- 

bas ins ,  t h e  t r e n d  suggests recharge  o f  t h e  ground water  by  t h e  Yakima and 

Columbia Rivers ,  r e s p e c t i v e l y .  One p o t e n t i a l  prob lem w i t h  t h e  stream 

reach  analyses i s  t h a t  r e c e n t  development ( i n '  t h e  p a s t  30 y e a r s )  of t h e  

Columbia Bas in  and Yakima I r r i g a t i o n  P r o j e c t s  has p robab l y  r e s u l t e d  i n  

cons ide rab le  n o n - e q u i l i b r i u m l i n  t h e  r e s p e c t i v e  sub-basins: However, t h e  

r e c o r d  on which t h e  annual averages f o r  s ' t reamflow i s  based i s  o f t e n  



TABLE 19. Summary o f  Recha-ge/Discharge Re la t i onsh ips  w i t h i n  t h e  
Washingtor S t z t e  P c r t i o n  o f  t h e  Columbia P la teau  

and i t s  Sub-basins. 

( A l l  va lues a re  g i . ~ e n  i n  x r e - f e e t  p e r  year;  p o s i t i v e  numbers 
i ' nd i ca te  p r o b a ~ l e  groun j -water  recharge; nega t i ve  numbers 

i n d i c a t e  p robab le  ground-water discharge.)  

Rechwge Mechanisms 

P r e c i p i t a t i o n / I n f  i lih-3.- 
t i  on/Geep P e r c o l a t i o n  Stream Loss A r t i f i c i a l  Mechanisms 

Sub-basin (PR) ' (PSL) ( F.AM) 

Horse Heaven P la teau  

Yakima R l v e r  
I-' 
0 
P P ~ S C O  

Wal l a  Wal l a  R i ve r  

B i g  Bend 

T o t a l  

Net Recharge 
( NR) 
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cons ide rab l y  longer ,  thereby  p o s s i b l y  i n c o r p o r a t i n g  a  p e r i o d  of near-  

e q u i l i b r i u m .  For  t h e  Snake R i ve r ,  s e p a ~ a t i o n  between stream gauges i s  

unusua l l y  l o n g  and t h e  stream reach  i n v e n t o r y  i s ,  the re fo re ,  h i g h l y  

general  ized.  Some o f  t h e  more l o c a l  ga ins  and losses  p robab l y  do n o t  

appear. 

For  a r t i f i c i a l  mechanisms (RAM), a1 1  sub-basins showed a  n e t  recharge 

e f f e c t  w i t h  t h e  excep t i on  o f  t h e  Horse Heaven P la teau  and t h e  Wa l l a  Wal la  

R i v e r  Sub-basins which suqqested s l i g h t  q u a n t i t i e s  o f  d ischarge.  

A l though t h e  numbers a re  somewhat t e n t a t i v e ,  i t  i s  reasonable t o  

expect  a  cons ide rab le  amount o f  recharge due t o  a g r i c u l t u r a l  p r a c t i c e  i n  

t h e  reg ion .  The d ischarge  va lues computed f o r  t h e  Horse Heaven P la teau  

and Wal la  Wal la  R i v e r  Sub-basins a re  appa ren t l y  due p r i m a r i l y  t o  t h e  

h i ghe r  percentage o f  ground-water w i thdrawa ls  f o r  i r r i g a t i o n  r e l a t i v e  t o  

ln lpor ta t lons  and/or' su r face-wate r  w i thdrawa ls .  Ihe  h i g h e s t  recharge  

va lues occur red  w i t h i n  t h e  Yakima R i ve r ,  B i g  Bend, and Pasco Sub-basins, 

i n  decreas ing order .  These areas correspond t o  t h e  areas served b y  U.S. 
+ 

Department o f  t h e  I n t e r i o r  i r r i g a t i o n  p r o j e c t s .  

The n e t  budgets (NR) show t h a t  t h e  Horse Heaven Plateau, Pasco, and 

Palouse/Snake Sub-basins a re  p robab l y  r e c e i v i n g  ground-water i n f l o w  from 

ad jacen t  sub-basins; whereas budgets f o r  t h e  Yakima R i ve r ,  Wal l a  Wal l  a  

R i ve r ,  and B i g  Bend Sub-basins suggest i n t e r - b a s i n  t r a n s f e r  o f  ground 

waters  recharged w i t h i n  t h e  sub-basin, assuming t h a t  s t eady -s ta te  o r  near 

s teady -s ta te  c o n d i t i o n s  e x i s t  f o r  t h e  h y d r o l o g i c  system. O v e r a l l ,  t h e  

Washington S t a t e  p o r t i o n  o f  t h e  Columbia P la teau  appears t o  have a  n e t  

i n f l u x  o f  ground water f rom ad jacen t  areas, which i s  seemingly  c o n s i s t e n t  

w i t h  t h e  topography and geology. However, u n c e r t a i n t i e s  i n  t h e  

a n a l y t i c a l  methodology, as no ted  above, remain. Moreover, t h e  s e l e c t i o n  

of sub-basin boundar ies may have a  s i g n i f i c a n t  e f f e c t  upon t h e  n e t  

recharge value. T h i s  i s  p robab l y  t h e  case f o r  t h e  Palouse/Snake Sub- 

b a s i n  which i s  appa ren t l y  t r u n c a t e d  hyd ro l  o g i c a l l  y f r om 1  i k e l y  recharge  

areas t o  t h e  eas t  and south b.y t h e  s t a t e  boundaries.  S i m i l a r  c o n d i t i o n s  

a re  p robab le  f o r  t h e  Horse Heaven P la teau  and Wal la  Wal la  Sub-basins. I n  

t h e  Yakima R i v e r  and B i g  Bend Sub-basins, t h e  ground-water i n f l o w  from 

ad jacen t  mountainous areas may be a  component o f  t h e  hyd ro l  o g i c  ba lance  

t h a t  remains u n q u a n t i f i e d  i n  t h i s  method o f  ana l ys i s .  Thus, t h e  v a l i d i t y  
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of the values obtained and conclusions drawn with regard t o  re la t ive  
movement of ground water are probably limited to  the shallowest ground- 

water systems. Regional underflow from other sub-basins between deep 
regi onal ground-water systems and shall ow ground-water systems remain 

unquantifiable variables within t h i s  context. 
Table 19 pr0vide.s a summary of the resu l t s  discussed above. In 

general, the  analytical resu l t s  are consistent with previous 
interpretat ions w h i c h  were performed on the basis of regional ground- 

water flow (such as LaSala, Doty, and Pearson, 1973;' Tanaka, Hansen, and 
Skrivan, 1974; Summers, Weber, and Schwab, 1978, and the U.S. Army Corps 
of Engi neers, 1978). 



HYDROLOGIC RISK EVALUATION 

Of a l l  n a t u r a l  c a t a s t r o p h i c  events  t h a t  cou ld  adve rse l y  a f f e c t  a  

r a d i o a c t i v e  waste f a c i 1 i t y . c o n s t r u c t e d  w i t h i n  . t h e  Pasco Bas in ,  f l o o d i n g  

i s  t h e  most probable ,  a1 though n o t  n e c e s s a r i l y  t h e  most damaging. 

 lobd din^ p resen t s  t h e  g r e a t e s t  r i s k  t o  a  subsur face r e p o s i t o r y  d u r i n g  t h e  

s o - c a l l e d  o p e r a t i n g  phase, which i s  t h e  p e r i o d  f o l l o w i n g  c o n s t r u c t i o n  and 

p r i o r  t o  permanent c l o s u r e  and sea l i ng .  

Eva lua t i on  of f l o o d  r i s k  i n v o l v e s  q u a n t i f i c a t i o n  o f  two e v e n t - r e l a t e d  
' 

. parameters  ( f requency  and magnitude).  Frequency can be eva,luatec! i n  

terms. o f  " r e t u r n  p e r i o d "  o r  " recur rence  i n t e r v a l i '  which r ep resen t s  t h e  

a.verage p e r i o d  ( g e n e r a l l y  g i ven  i n  yea rs )  between t h e  occurrence of a  

f l o o d  o f  a  g i v e n  magnitude and an equal  o r  l a r g e r  f l o o d .  ' The term i s  

rat!ldlt!d' LU pr'Ubd611 1 Ly d S  f a 1  laws: 

where 

t, = r e t u r n  per iod ;  and, 

p  = ' p r o b a b i l i t y  o f  occurrence. . . 

Thus, t h e  concep,t o f  a, 100-year f l o o d  event  means t h a t ,  over  a  l o n g  

p e r i o d  o f  r e c o r d  (e.g., 1,000 yea rs ) ,  t h e r e  w i l l  be 1,000/100, o r  10  

f lnnrl5 r?r l~lal  t.rY o r  g r e a t e r  than t h e  100'-year f l o o d .  T h e o r e t i c a l  ly,  

a l though  n o t  l i k e l y ,  a l l  such e v e n t s . c o u l d  occur w i t h i n  t h e  t i m e  p e r i o d  

of a  few years ,  o r  converse ly ,  t h e y  c o u l d  occur  100 yea rs  apa r t .  
. . 

Obv ious ly ,  . the : length o f  t h e  per. iod o f  r e c o r d . a v a i l a b l e  i s  impo r tan t  t o  

t h e  p r e d i c t i o n ,  and t h e r e  i s  a  l e v e l  o f  con f idence  assoc ia ted  w i t h  t h e  

p r o b a b i l i t y a s s i ~ n e d  t o  a  g i v e n e v e n t .  

F lood  magnitudes can be ass igned p r o b a b i l i t i e s  as d iscussed above, 
' 

b u t  t h e  p r i m a r y  c o n s i d e r a t i o n  w i t h  r e g a r d  t o  s i t i n g  r i s k  i s  t h e  

d e f i n i t i o n  o f  t h e  f l o o d  p l a i n  f o r  a  g i ven  magnitude. The e x t e n t  of t h e  

f l o o d  p l a i n  can be mapped g e o l o g i c a l l y ,  o r ,  f o r  s i n g l e  events  o f  a  g i ven  

magnitude, topography can serve as t h e  b a s i s  f o r  d e l i n e a t i o n .  



Generally, two scenarios are relevent in terms of flooding within 
eastern Washington: 

(1) Canyon flooding on smaller, unregulated, intermittent, and ephemeral 
streams adjacent to the higher land areas; and, 

(2) Basin flooding along the major streams, particularly the Columbia 
River.. 

Definition of flood hazards on the smaller streams has been provided 
for various purposes including zoning, flood insurance, and highway and 
other engineering designs. The USGS (Cummans, Col 1 ings, and Nassar, 

, 1975) has prepared a pub1 icat ion which describes computat ion of flood 
magni tude and frequency accordin'g to the log-Pearson Type I I I method, 
which is purportedly valid for unregulated streams having a minimum of 10 

years of record. Regression equations of the form: 

are used, where 

UT = the flood magnitude for recurrence interval T in cubic feet 
per second; 

A = the drainage area in square miles; 

P = the mean annual precipitation in inches; 

F = the forest cover in percent of the total basin area; 

a - = a dimensionless regression constant for the specific region 
and recurrence interval being considered; and, 

bl, b2, b3 = d~mensioriless regression constants for the  correspundiny 
parameter and the specific recurrence interval being 
considered. 



P l a t e  5  shows t h e  segrega t ion  o f  t h e  S ta te  o f  Washington i n t o  va r i ous  

zones hav ing  s im i  l a r  f l o o d  c h a r a c t e r i s t i c s  as determined b y  

Cummans, C o l l i n g s ,  and Nassar (1975);  Zones V, V I ,  X, X I ,  and X I1  a r e  

w i t h i n  t h e  Co1umbi.a P la teau  area, w i t h  t h e  Pasco Bas in  s i t u a t e d  almost 

e n t i r e l y  w i t h i n  Zone X I I .  Tables 20 and 21  p r o v i d e  ranges o f  

c o e f f i c i e n t s  and parameter va lues  c h a r a c t e r i s t i c  w i t h i n  these  zones. 

Table 22 p rov ides  a  means. o f  e s t i m a t i n g  t h e  s t a t i s t i c a l  v a l i d i t y  of t he  

methodology accord ing  t o  t h e  number o f  years  o f  r e c o r d  a v a i l a b l e .  

Eva lua t ions  f o r  t he  va r i ous  f l o o d  events would n o t  be s t a t i s t i c a l l y  v a l i d  

un less,  a t  l e a s t ,  t h e  corresponding number o f  years  o f  r e c o r d  were 

ava i l ab le ,  as a  minimum. 

BASIN FLOODING 

F lood ing  on t h e  lower Columbia ' ~ i v e r  has been e x t e n s i v e l y  eva lua ted  

by  t h e  U.S. Army Corps o f  Engineers i n  c o n j u n c t i o n  w i t h  i t s  water  

resources eng inee r i ng  a c t i v i t i e s .  Assoc ia ted w i t h  these a c t i v i t i e s  a re  

c e r t a i n  p r o b a b i l i t y  concepts r e l a t e d  t o  des ign  and management. The more 

commonly a p p l i e d  concepts are those  o f  p robab le  maximum f l o o d s  (PMF), 

s tandard p r o j e c t  f l o o d s  (SPF) , and des ign f l o o d s .  The f o l l o w i n g  

paragraphs p r o v i d e  a  c u r s o r y  d i scuss ion  o f  these concepts f o r  t h e  purpose 

o f  p r o v i d i n g  t h e  reader  w i t h  a  b a s i s  f o r  comparing t h e  s i g n i f i c a n c e  of 

va r i ous  f l o w  magnitudes. 

The PMF i s  determined on t he  b a s i s  o f  t h e  r a t i o n a l e  t h a t  an upper 

l i m i t  o f  p r e c i p i t a t i o n  ( i  .e., p robab le  maximum p r e c i p i t a t i o n )  i s  capable 

o f  f a l l i n g  upon a  g i ven  dra inage area. The a n a l y s i s  a l s o  accounts f o r  

t h e  combinat ion o f  o t h e r  h y d r o l o g i c  f a c t o r s  (such as antecedent m o i s t u r e  

cond i t i ons ,  snowmelt, t r i b u t a r y  c o n t r i b u t i o n s ,  e t c . )  which w i l l  r e s u l t  i n  

t h e  maximum r u n o f f  event  p h y s i c a l l y  poss ib l e .  The magnitude o f  t h e  PMF 

i s  q u i t e  l a r g e  when compared w i t h  even t h e  SPF; however, f l o w s  i n  excess 

o f  80 pe rcen t  o f  t h e  PMF have been no ted  i n  some p a r t s  o f  t h e  w o r l d  

( L i n s l e y  and F r a n z i n i ,  1972). Gene ra l l y  p r o j e c t s  are n o t  designed t o  

account f o r  t h e  PMF un less  p r o j e c t  f a i l u r e  would r e s u l t  i n  s u b s t a n t i a l  

l o s s  o f  l i f e .  



TABLE 20. Summary o f  Regression C o e f f i c i e n t s  f o r  
Es t ima t i ng  Magnitudes and Frequenc ies 'o f  Floods 

i n  Eastern Washington by  "Flood Zones." 

( A f t e r  Cumrnans, Col l i n g s ,  and Nassar, 1975.) 

Regression C o e f f i c i e n t  Standard 
Recurrence Regression Drainage Annual Fores t  E r r o r  of 

I n t e r v a l  Constant Are a P r e c i p i t a t i o n  Cover Est imate 
T a A P F (percent )  

Region V 

Region V I  

Region X I  

Region X I 1  
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TABLE 21. Parameter Ranges f o r  E s t i m a t i n g  Magnitudes 
. and Frequencies o f .  F loods i n  Eastern 

Washington by ' 'F lood Zones. " 

( ~ f t e r .  Cummans, C o l l  ings,  and Nassar, 1975. ) 

Annual 
Drainage P r e c i p i t a t i o n  F o r e s t  Cover 

Area P F 

Region V 

Maximum 
M i  nimum. 

Region' V I  

Max imum 
Minimum 

Region X 

Max imum 
Minimum 

Region X I  

Maximum 
Minimum 

Reaion X I 1  

Maximum 
Minimum 



TABLE 22. Minimum Periods of Record Required 
to Achieve Statistical Validity for Various 

Flooding Events. 

(After Cummans, Coll ings, and Nassar, 1975.) 

Recurrence Interval (years) 10 25 50 100 

Years of Record 10 15 20 25 



The SPF, on t h e  o t h e r  hand, g e n e r p l l y  exc ludes s y n e r g i s t i c  o r  

compounding hyd ro log i c  phenomena and i s  based s o l e l y  on t h e  

r a i n f a l l / r u n o f f  r e l a t i o n s h i p  f o r  . the  l a r g e s t  p r e c i p i t a t i o n  event  observed 

f . o r  t he  bas in  i n  quest ion.  A l though t h e  p r o b a b i l i t y  o f  t h e  r e s u l t i n g  

t h e o r e t i c a l  f l o w  i s  unknown and, there fo re ,  t h e  SPF f o r  p r o j e c t s  i n  
' d i f f e r e n t  r eg ions  cannot be compared d i r e c t l y ,  i t  i s  u s u a l l y  about 50 

pe rcen t  o f  t h e  PMF computed f o r  t h e  area. Al though t h e  SPF has a  h i ghe r  

p r o b a b i l i t y  o f  occurrence than  t h e  PMF, t h e  SPF i s  never exceeded by  more 

than  a  few percen t  o f  th.e f l o o d s  w i t h i n  t h e  genera l  r e g i o n  ( L i n s l e y  and 

F r a n z i n i ,  1972). 

The des ign f lo'od f o r  a  g i ven  p r o j e c t  may be e i t h e r  g r e a t e r  o r  l e s s  

than  t h e  SPF. This  parameter genera l  l y  r ep resen ts  a  management d e c i s i o n  

on t he  bas i s  o f  t a n g i b l e  and i n t a n g i b l e ' b e n e f i t s  r e s u l t i n g  from 

a l t e r n a t i v e  p r o j e c t  designs and a  corresponding i m p l i c i t  d e c i s i o n  w i t h  

r ega rd  t o  "acceptable r i s k . "  

Magnitudes ,of SPFs and PMFs have been es t imated  f o r  t h e  Columbia 

R i v e r  a t  McNary Dam as .shown i n  Table 23. Table 24 compares t h e  

d ischarge  r a t e  o f  t h e  dam-regulated PMF and o t h e r  f l o o d s  w i t h  t h e  

c a l c u l a t e d ,  n a t u r a l  PMF d ischarge  of t h e  Columbia R i v e r  a t  The Da l les ,  

Oregon. The comparison i s  made w i t h  The D a l l e s  s t a t i o n  because o f  t h e  

r e l a t i v e  l e n g t h  o f  t h e  gauging r e c o r d  a v a i l a b l e  f o r  t h a t  s t a t i o n .  For 

t h e  dam-regulated PMF, t h e  d ischarge  r a t e  remains g r e a t e r  than 80 pe rcen t  

o f  t h e  peak r a t e  f o r  n e a r l y  a  month. Consequently, inundated r e g i o n s  

would be sub jec ted  t o  e ros ion  f o r  an extended per iod .  Flow r a t e s  a long 

t h e  Hanford S i t e  a re  cons ide rab l y  l e s s  than  those i n d i c a t e d  i n  Table 24 

because t he  Snake, Yakima, and o t h e r  s m a l l ~ r  r i v e r s  empty i n t o  Lake 

W a l l u l a  downstream f rom Hanford. For comparison, some r e l a t e d  s t a t i s t i c s  

f o r  t he  Columbia R i v e r  below P r i e s t  Rapids Dam a r e  p rov ided  i n  Table 25. 

Ano'ther c o n s i d e r a t i o n  w i t h  r ega rd  t o  b a s i n  f l o o d i n g  i s  t h a t  o f  

c a t a s t r o p h i c  events  which r e s u l t  i n  t h e  f a i l u r e  due t o  b reach ing  of t h e  

p r i n c i p a l  dams upstream f rom t h e  Hanford S i t e  on t h e  Columbia R i ve r .  

Such scenar ios were eva lua ted  by t h e  U.S.,Energy Research and 

Development Admini s t r a t i o n  (1976). The scenar ios  presented p o s t u l a t e d  

t h a t  Grand Coulee,Dam was breached due t o  de tona t i on  o f  a  nuc lea r  

dev ice.  The r e s u l t a n t  f l o o d i n g  d ischarges due t o  25 and 50 pe rcen t  



TABLE 23. "Standard P r o j e c t  Flood" and "Probable 

Maximum Flood" Magnitudes f o r  t he  

Columbia R ive r  a t  McNary Dam. 

( A f t e r  U.S. Army Corps o f  Engineers, 1969.) 

Standard P r o j e c t  F lood Probable Maximum Flood 

Discharge U n i t s  Natura l  Regulated Natura l  Regulated 

(Cubic f e e t  e r  5 1,490 810 2,610 2,100 
' second) x 10 

Cubic f e e t  p e r  second 6.94 3.79 12.20 9.80 
p e r  square mi  l e  



TABLE 24. P r e d i c t e d  and Measured Peak Discharges 
o f  t h e  Columbia R i v e r  a t  The Da l l es ,  Oregon. 

( A f t e r  U. S. Army. Corps o f  .Engineers, 1969.) 

Peak Discharge R a t i o  o f  
( x  103 c u b i c  f e e t  Each Peak 

Event p e r  second) t o  N a t u r a l  PMF 

Na tu ra l  Probable  Maximum F lood  (PMF) : 2,660 1.0 

Regulated PMF 2,060 . ' 0 . 7L  

N a t u r a l  Standard P r o j e c t  F lood  (SPF) 1,550 0.58 

Regulated SPF 

Grea tes t  Peak o f  Record (1894) 1,240 0.47 

2nd Grea tes t  Peak o f  Record (1948) 1,010 0.38 

' 3 r d  Grea tes t  Peak o f  Record (1876) 958 0.36 

. 100-Year Frequency Na tu ra l  Peak 1,200 0.45 

100-Year Frequency Regulated Peak as 
o f  1975 

Mean o f  Observed Annual Peaks 

Grea tes t  Median ,Dai l y  Discharge 
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TABLE 25. Selected F lood  s t a t i s t i c s '  f o r  t h e  
Columbia R i v e r  below P r i e s t  Rapids Dam. 

Peak Discharge 
( x  103 c u b i c  f e e t  

Event p e r  second 

Regulated PMF 

Grea tes t  Peak (1894) 

1,440 

740 (es t . )  

2nd Grea tes t  Peak (1948) 693 



breaches of the dam were estimated'to be 5,280,000 and 8,000,000 cubic 

feet per second, respectively. Figures 27 through 30 show the Hanford areas 

which would be inundated under various scenarios. No scenarios have yet 

assessed the effects of resonant failures .starting with dams upstream from 

Grand coulee in Canada. 

The National Academy of Science (1978) has a1 so reviewed scenarios 

involving climatic changed to conditions equivalent to those of the 

late-Pleistocene Epoch of geologic time, wherein the Pasco Basin endured 

episodes of severe flooding, scouring, and backfilling. As a result, the 

ancestral Columbia River at Hanford cut down to and scoured the Ringold 

Formation and the basaltic bedrock near Gable Butte and Gable Mountain. 

Erosion also occurred on the flanks of the Rattlesnake Hills. The study 

concluded, however, that such erosive action from such flooding events would 

no t  a f f e c t  a p o t e n t i a l  geologic rep~sitorv within the Pasco Basin, unless 

perhaps through moderate alteration of the ground-water regime resulting in 

increased rate of leaching of contaminants from the repository. 

For a deep geologic repository, flooding probably poses the greatest 

risk during the "operating phase," which is about a 50-year period following 

construction and prior to permanent sealing or closure. Thus, the question of 

the probability of a given event occurring during the operating phase becomes 

relevant. The probability distribution function applied to this situation is 

the bin'omial distribution: 

where 

. . 

Py(y) = the probability of the event (Y) being considered; 

n. = the number of discrete trials (years);' 

Y . ~  . = the number of occurrences; and, 

P = .the probabi 1 i ty of the event. 

It can be seen that the probability of a given event occurring within 

a specified number of trials (years) would be the complement of the 

probability of the event not occurring within the same period. In other 
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318-11 BURIAL GROUND/ 

FIGURE 27. H ighes t  F lood on Record (800,000 cub ic  f e e t  per  second) 
( a f t e r  U.S. Energy Research and Development Admin i s t ra t i on ,  1976; 
inundated areas shown i n  do ts ) .  . 
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318-11 BURIAL GROUND/ 

316-4 CRIBS. 

SCALE IN'MILES 
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FIGURE 28. 'P robab le  Maximum t- lood (1,440,000 c u b i c  f e e t  p e r  second) 
( a f t e r  U.S. Energy Research and Development Admin is t ra ' t i on ,  1976; 
inundated areas shown i n  d o t s ) .  

119 



318-11 BURIAL GROUND 

FIGURE 29. F lood Resu l t i ng  from a 25 Percent Brea.ch o f  Grand Coulee 
Dam (5,280,000 cub i c  f e e t  per  second) ( a f t e r  U.S. Energy Research and 

' 

Development Admin i s t ra t i on ,  1976; inundated areas shown i n  d o t s ) .  
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318111 BURIAL G R O U N D  

318-10 BURIAL G R O U N D  

SCALE IN'MILES 
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FIGURE 30. F lood  R e s u l t i n g  f rom a 50 Percent  Breach o f  Grand Coulee 
Dam (8,000,000 cub i c  f e e t  pe r  second) ( a f t e r  U.S. Energy Research and 
Developmer~t A d m i n i s t r a t i o n ,  1976; inunda ted  area shown i n  d o t s ) .  



words, i t  would n o t  be r e a l i s t i c  t o  eva lua te  t h e  r i s k  o f  t h e  event  

o c c u r r i n g  e x a c t l y  once w i t h i n  t h e  t ime  p e r i o d  because t he  p r o b a b i l i t y  o f  

t h e  even t  o c c u r r i n g  more than once i s  a l s o  a  concern. For example, t h e  

p r o b a b i l i t y  o f  a  100-year f l o o d  even t  o c c u r r i n g  a t  l e a s t  once w i t h i n  a  

25-year p e r i o d  i s  computed as f o l l o w s :  

I' 
which i s  t h e  p r o b a b i l i t y  o f  non-occurrence. The occurrence p r o b a b i l i t y  

would, t h e r e f  ore,  be: 

1 -. P ( y )  = 0.22. 
Y  

S i m i l a r l y ,  t h e  p r o b a b i l i t y  f o r  a  100-year f l o o d  event  o c c u r r i n g  w i t h i n  a  

50-year p e r i o d  i s  39 percent .  Such s tud ies ,  i f  p r o p e r l y  designed, m igh t  

be used t o  c o r r o b o r a t e  o r  t o  r e f u t e  t h e  above. f i n d i n g s .  

F i n a l l y ,  seve ra l  f l o o d i n g  scenar ios  have been presented. . It i s  

apparent  on t h e  b a s i s  o f  these t h a t  a  s i n g l e  f l o o d i n g  event need n o t  pose 

a  t h r e a t  t o  a  permanent, p r o p e r l y  s i t e d  r e p o s i t o r y .  

I n  summary, w i t h  r eqa rd  t o  t h e  e v a l u a t i o n  o f  f l o o d  r i s k  t o  a  deep 

g e o l o g i c  reposi ' tor .y,  i t  can be concluded t h a t :  

1. The h i g h e s t  r i s k  occurs d u r i n g  t h e  25- t o  50-year o p e r a t i n g  phase-o f  
t h e  r e p o s i t o r y ;  

2. The hazardous areas w i t h  r e s p e c t  t o  bo th  b a s i n  f l o o d i n g  and canyon 
f l o o d i n g  occupy an ex t reme ly  sma l l  percentage o f  t h e  ava ' i l ab le  l and  
area, and, t h e r e f o r e ,  t h e  p o s s i b i l i t y  o f  e l i m i n a t i n g  f l o o d  r i s k  
f a c t o r s  i s  good; and 

3. The impact  o f  f l o o d i n g  upon a  p o t e n t i a l  r e p o s i t o r y  i s  ex t reme ly  low 
f o l l o w i n g  permanent c losure .  



CONCLUSIONS 

O v e r a l l ,  t h i s  s tudy  leads  t o  t h e  conc lus ion  t h a t  ve ry  l i t t l e  recharge 

t o  t h e  r e g i o n a l  ground-water system occurs w i t h i n  t h e  p l a t e a u  i t s e l f  . 
Recharge r e s u l t i n g  from stream losses  p robab l y  represen ts  a  more 

s i g n i f i c a n t  c o n t r i b u t i o n  t o  bas in-wide recharge than  t h e  o t h e r  

mechanisms, b u t  o v e r a l l ,  t h e  r e g i o n a l  . hyd ro log i c  system appa ren t l y  r e 1  i e s  

on t h e  su rp lus  f rom bas ins  ad jacen t  t o  t h e  Columbia P la teau  which a r r i v e s  

v i  a  su r f ace  runo f f ,  margi  na l  recharge, and under f  1  ow. Whi l e  t h e  sub- 

b a s i n  des igna t ions  f o r  t h e  s tudy  o f  t h e  sur face-wate r  systems would seem 

t o  be va l  i d  from s h a l l  ow ground-water and s u r f  ace-water systems, t h e y  

p robab l y  do n o t  adequate ly  r e f l e c t  h y d r o l o g i c  segrega t ion  w i t h  r ega rd  t o  

t h e  deep, r e g i o n a l  ground-water f l o w  system(s) .  Never the less,  they  have 

been shown t o  be somewhat u s e f u l  i n  e v a l u a t i n g  p robab le  i n t e r - b a s i n  e f fec ts .  

I n  a d d i t i o n  t o  p r o v i d i n g  an overv iew o f  the sur face-wate r  resources  

p resen t  and r e l a t e d  t o p i c s  f o r  t h e  Columbia Plateau,  an e f f o r t  has been 

made t o  u t i l i z e ,  t o  t he  ex ten t  poss ib l e ,  su r face-wate r  i n f o r m a t i o n  f o r  

t h e  i n t e r p r e t a t i o n  of r e g i o n a l  ground-water f low. I n  genera l ,  t h i s  

e f f o r t  has achieved success toward t h a t  goal ,  i n  t h e  sense t h a t  a  

p r e l i m i n a r y ,  qua1 i t a t i v e  ( i f  n o t  a  semi-quant i  t a t i v e ' )  e v a l u a t i o n  of 

ground-water recharge and d ischarge  w i t h i n  t h e  Columbia P la teau  sub- 

bas ins  and o f  i n t e r - b a s i n  ground-water t r a n s f e r  was obta ined.  A t  t h e  

same t ime, t h e  l i m i t a t i o n s  o f  su r face-wate r  anal.yses have been r e a l  i zed .  

I t  would n o t  be p r o d u c t i v e  t o  a t tempt  f u r t h e r  r e f i nemen t  o f  t h i s  a n a l y s i s  

w i t h o u t  t he  b e n e f i t  o f  ground-water head r e 1  a t  i onsh ips  and r e 1  a ted  

i n fo rma t i on ,  assuming t h a t  the- d e f i n i t i o n  o f  ground-waterlsurface-water 
i n t e r a c t i o n s  i s  t h e  p r ima ry  o b j e c t i v e .  

More s p e c i f  i c a l  l,y, t h e  assessment o f  r e c h a r g e l d i  scharge r e 1  a t i o n s h i p s  

has been based on examinat ions o f  t h r e e  p r ima ry  mechanisms: 

1. P r e c i p i  t a t i o n l i n f i l  t r a t i o n l d e e p  p e r c o l a t i o n ;  

2. Stream losses  and gains;  and, 

3. A r t i f i c i a l  mechanisms. 

4 The a c q u i s i t i o n  o f  more d e t a i l e d  and/or c o r r o b o r a t i v e  da ta  on t h e  above 

mechanisms would p rov ide  a  more meaningful  and more q u a n t i t a t i v e  a n a l y s i s .  
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For  recharge f rom d i r e c t  p r e c i p i t a t i o n ,  t h e  pr imary  u n c e r t a i n t i e s  are 

assoc ia ted  w i t h  t h e  water 1  oss components o f  t h e  balance, 

evapo t ransp i ra t i on ,  and runof f ,  r e s p e c t i v e l y  i n  o rder  o f  unce r ta in t y .  I n  

recharge areas, AET i s  s a i d  t o  be cons ide rab l y  l ess  than p o t e n t i a l  

(Freeze and Cherry, 1979). Thus, i t  would seem t h a t  t he re  may be a  

c o r r e l a t i o n  between t h e  d i f f e r e n c e  between AET and PET and t h e  q u a n t i t y  

of recharge. Examinat ion o f  t he  hydrometeoro logica l  da ta  i n  Appendix A, 

however, does n o t  suppor t  such a  r e l a t i o n s h i p .  Th i s  f a c t  may very  w e l l  

i n d i c a t e  systemat ic  e r r o r s  i n  es t ima t i ng  evapo t ransp i ra t i on  parameters 

and water  balance assumptions. For example, t h e  Thornthwaite-Mather 

technique i s  p red i ca ted  on c e r t a i n  assumpt i ons such as t h e  water-hol d i  ng 

capac i t y  o f  t h e  s o i l s  present .  Genera l i za t i on  o f  a  6 - inch  water -ho ld ing  

c a p a c i t y  across t h e  Columbia P la teau may no t  be v a l i d .  For  t h i s  reason, 

s p a t i a l  gene ra l i za t i ons ,  such as those conta ined i n  P l a t e s  3 and 4, based 

on these data should be regarded as p r e l  iminary.  Another problem w i t h  

t h e  use o f  these da ta  stems from t h e  f a i l u r e  t o  account p r o p e r l y  f o r  

s p a t i a l  var iances such as those associated w i t h  e leva t ion .  

The stream reach i n v e n t o r i e s  are be l i eved  t o  p rov ide  a  reasonable 

i n d i c a t i o n  o f  recharge and discharge boundaries f o r  t h e  purpose of 

r e g i o n a l  numerical  modeling, depending upon t h e  r e s o l u t i o n  requ i red .  

P l a t e  6  p resents  a  mapping o f  t h e  recharge and d ischarge reaches a long 

t h e  p r i n c i p a l  streams w i t h i n  t h e  Columbia P la teau as  l d e n l i f i e d  t l i rough 

t h e  stream reach i nven to r i es .  I n t e r p r e t a t i o n s  prov ided w i t h i n  t h e  U.S. 

Army Corps o f  Engineers '  Yakima Val l e y  s tudy  (1978) a re  a l so  i nc luded  

where losses and gains were no t  determinable by  reach i n v e n t o r y  methods. 

It should be recognized, however, t h a t  t h e  f i g u r e  c o n s t i t u t e s  a  

g e n e r a l i z a t i o n  owing t o  t h e  f a c t  t h a t ,  a lony  some reaches, t he  d i s tance  

between gauges was a  hundred s t r e m  m i l e s  o r  more. Fur ther ,  where 

hydrographic  mod i f i ca t i ons  were extreme, assumptions regard ing  f l o w  were 

requ i red .  Recharge/discharge r e l a t l o n s h  ips, as we1 1 as t h e i r  may11 i tudes, 

a re  no doubt more i n t r i c a t e  than t h e  r e s u l t s  presented. Another problem 

may a r i s e  f rom var iances i nhe ren t  i n  t h e  use o f  long-term averages. 
Because these averages represent  per iods  p r i o r  t o  t he  i n s t a l l a t i o n  o f  

severa l  major hydrographic  m o d i f i c a t i o n s  as we1 1  as per iods  hence, t h e  

use of long-term averages may be somewhat erroneous. I f  f u r t h e r  



analyses o f  t h i s  t ype  a re  requ i red ,  i t  may be p r e f e r a b l e  t o  r e l y  on f l o w  

averages f o r  more r e c e n t  per iods.  A l t e r n a t i v e l y ,  i t  may be p r o f i t a b l e  t o  

employ hydrograph sepa ra t i on  o r  t o  a t tempt  balances f o r  low-f low 

c o n d i t i o n s  as means o f  q u a n t i f y i n g  basef  low. F i n a l l y ,  t h e  1  i m i t a t i o n s  of 

t h e  gauging ins t ruments  r e l a t i v e  t o  t h e  magnitude o f  t h e  recharge and 

d ischarge  parameters have a l r eady  been d iscussed and may a l s o  be 

mi t i g a t e d  by  means o f  t h e  above techniques. 

I n  assessing recharge and d ischarge  r e l a t i o n s h i p s  due t o  a r t i f i c i a l  

mechanisms, i t  may be necessary t o  g a i n  a  more comprehensive 

understanding o f  consumptive versus non-consumptive uses. I n  do ing  so, a  

b e t t e r  s p a t i a l  r e s o l u t i o n  o f  water-use i n t e n s i t y  would a l s o  be usefu l .  

The p r ima ry  impact upon t h e  h y d r o l o g i c  c y c l e  f r om water  use appears t o  be 

due t o  i r r i g a t i o n .  E f f o r t s  are c u r r e n t l y  under way t o  p r o v i d e  a  

s u f f i c i e n t l y  d e t a i l e d  r e s o l u t i o n  o f  t h e  e f f e c t s  of t h i s  use upnn t h e  

r e g i o n a l  ground-water system. However, even when these s tud ies  a re  

complete, cons ide rab le  u n c e r t a i n t y  w i l l  remain w i t h  r espec t  t o  t h e  

u l t i m a t e .  f a t e  o f  r echa rg ing  i r r i g a t i o n  waters.  It i s  recogn ized  t h a t  

apprec iab le  q u a n t i t i e s  o f  excess i ve l y  a p p l i e d  i r r i g a t i o n  waters may 

become t i e d  up i n  i n t e r f l o w  and e v e n t u a l l y  d ischarged t o  sur face 

streams. The s i z e  o f ,  t h i s  c o n t r i b u t i o n  t o  base f low remains u n q u a n t i f i e d  

or ,  a t  bes t ,  o n l y  p a r t i a l l y  q u a n t i f i e d . .  Another r e l e v a n t  c o n s i d e r a t i o n  

i s  t h e  dynamics o f  water use. I t  i s  ev iden t  t h a t  cons iderab le  adjustment 

o f  t h e  r e g i o n a l  h y d r o l o g i c  system i s  o c c u r r i n g  as a  r e s u l t  o f  i r r i g a t i o n  

development and o the r  major  water resource  developments (Wal t e r s  and 

G r o l i e r  1960; G a r r e t t ,  19'68; Tanaka, Hansen, and Skr ivan,  1974; L u z i e r  

and ~ k r i v a n ,  1975; U.S. Army Corps o f  EngSrieer.~, 1979) as evidenced by 

r i s i n g  ground-water l e v e l  s  i n  areas o f  water  i m p o r t a t i o n  and dec l  i n i  ng 
l e v e l s  i n  areas o f  i n t e n s e  pumpage. 

Two f u r t h e r  areas o f  i n v e s t i g a t i o n  which may be o f  p o t e n t i a l  u t i l i t y  

i n  p o s s i b l e  f u t u r e  eva lua t i ons  o f  t h e  h y d r o l o g i c  budgets f o r  c e r t a i n  

areas w i t h i n  t h e  Columbia P la teau  are: 

1. Eva lua t i on  o f  h y d r o l o g i c  budgets f o r  lakes  (such as Lake Wal l u l a ) ;  
and, 

2. Water qua1 i t y  analyses. 



Such s tud ies ,  i f  properly designed, might be used t o  corroborate or t o  
r e f u t e  the  above findings,. 

F ina l ly ,  several  f looding scenarios have been presented. I t  i s  

apparent on' the  .basis  of these  t h a t  a s ingle  flooding event need not pose 
a t h r e a t  t o  a permanent, properly s i t ed  repository.  ,Flooding poses the  
g r ea t e s t  r i s k  po ten t ia l  during t h e  "operating phase" of the  repository.  
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Ad ams 
Adams 
Adams 
Adams - 
A s o t i n  
A s o t i n  
Asot i n 
Benton 
Benton 
Benton 
Benton 
Benton 
Bent on 
Benton 
Benton 

a Chelan 
Che 1 an 
Che 1 an 
Chel an 
Columbia 
Columbia 
Columbia 
Columbia 
Columbia 
Dougl as 
Dougl as 
Doug 1 as 
Frank 1 i n  

' F r a n k l i n  
F r a n k l  i n  
F r a n k l  i.n 
Frank 1 i n 
G a r f i e l d  
G a r f i e l d  
G a r f i e l d  

Hydrometerologi 'cal  da ta  summary f o r  s t a t i o n s  w i t h i n  anlj ad jacen t  t o  t h e  Columbia P la teau  

L a t i t u d e  Longi tude 
S t a t i o n  (degrees 1 (degrees)  

Ha t ton  8E 
L i n d  Exp. Stn. 
O the l  l o  
R i t z v i  1 l e  
Alpowa Ranch, 
Anatone 
C la r ks ton  Hts. , 

Hanford 
Kennewi ck 
Kennewick l O S W  
McNary Dam 
Mot t i nger 
Prosser  
Prosser  4NE 
R i ch land  25NNW 
Chel an Lakes i  de 
Leavenworth 3s 
S tehek in  3NW 
Wenatchee 
Dayton 
Dayton 5 W  
Dayton 9SE 
H u n t s v i l l e  
Touchet Ridge 
Ch ie f  Jos'. Dm 
Mansf i e l d  
W a t e r v i l l e  
Connel l  12SE 
E l  t o p i a  
Kah lo tus  4SW 
Mesa 4W 
Pas co 
Peola  
Pomeroy 
Wawawai 

E l e v a t i o n  
( f e e t  MSL) 

1428. 
1625. 
1110. 
1825. 

730. 
3590. 
1185. 

38 5 
392 

1500 
348 
30 7 
675 
840 
733 

1120 
11 28 
11'50 
1229 
1620 
1710 
2335 
1400 
3600 

810 
2265 
2620 
1078 

895 
1340 
875 
360 

4000 
1810 

695 

Average Annual 
P r e c i p i t a t i o n  

( i nches )  

9.94 
10.11 

8.16 
11.67 
10.82 
22.10 
13.15 

6.39 
7.49 
9.93 

, 7.64 
8.34 
8.53 
7.77 
6.73 

11.2 
23.2 
33.8 

8.8 
19.53 
17.32 
26.82 
17.57 
36.63 

9.72 
11.26 
11.57 

9.44 
8.47 

Average Annual 
Ac tua l  Evap. 
6 - i nch  - s o i  1 

Average Annual 
Po ten t  i a1 Evapo- 
t r a n s p i r a t i o n  

Years 
0 f 

Record 

30 
3 0 
19 
3 0 
1 0  

. 30 
2 2 
12 
30 
11 
13 
26 
30 g 
30 y 
30 ' 2 
30 .;. 
30 
30 b 
3 0 
3 0 
10  
10  
13 
13 
12 



Hydrometero log ica l  da ta  summary f o r  s t a t i o n s  w i t h i n  and ad jacen t  t o  t h e  Columbia P la teau  

. . Average Annual Average Annual Average Annual Years 

L a t i t u d e  Longi tude E l w a t i o n  P r e c i p i t a t i o n  Ac tua l  Evap. P o t e n t i a l  Evapo- o f  
County S t a t i o n  (degrees) (degrees) ( f e e t  MSL) ( inches)  6 - i nch  s o i  1 t r a n s p i r a t i o n  Record 

Grant  
Grant 
Grant  
Grant  
Grant 
Grant  
K l i c k i t a t  
Kootenai  
Latah 
Latah 
Lewis 
L i n c o l n  
L i n c o l n  
L i n c o l n  
; L i n c o l n  

L i n c o l n  
NezPerce 
NezPerce 
Okanogan 
Okanogan 
Ok anog an 
Okanogan 
Okanogan 
Pend O r .  
Spokane 
Spokane 
Spokane 
Stevens 

. U m a t i l l a  
Umat i 1 1 a 
Wal la Wa 
Wal l  a Wa 
Wal la Wa 
Wal l  a Wa 
Wal l a  Wa 
Wal l  a Wa 

Coulee Dm 1Sk 
H a r t l i n e  
Moses Lake 3E 
R u f f  3SW 
Wah luke 
W i  1 son C r  
B i c k l e t o n  
Coeur d 'A lene 
Moscow 
Po t l ach  
Winchester - 
Davenport 
H a r r i n g t o n  5S 
Odessa 
Sprague 
W i  1 bu r  
Lewi s ton  
Lewi s ton  WBAS 
Conconul ly 
Nespelem 2s  
Omak 2NW 
Stockd i  1 1 Ranch 
Winthrop IWSW 
Newport 
Cheney 
Deer Park 2E 
M t .  Spokane 
We1 l p i n i t  
M i l  F reewt r  4NW 
Wal l a  Wa 13ESE 
A t t a l i a  
D i x i e  4SE 
Mi71 C r .  
M i l l  C r .  Dam 
P leasan t  View 
T o ~ c h e t  



County 

Wal l a  Wa 
Wal l  a  Wa 
Wal l a  Wa 
Whi tman 
Wh i tman 
Whi tman 
Whi tman 
Whi tman 
Whi tman 
Yakima 

Hydrometero log ica l  da ta  summary f o r  s t a t i o n s  w i t h i n  and ad jacen t  t o  t h e  ~ o l u m b i a  P la teau  

L a t i t u d e  
S t a t i o n  (degrees) 

Wal la Wal la  FAA 46.10 
W a l l a W a l l a 3 W  46.05 
Wal la Wal la WBO 46.03 
Co l f ax  1NW 46.88 
Ewan 47:12 
Lacrosse 3ESE 46.80 
Pullman 2NW 46.77 
Ros a1 i a 46.23 
Tekoa 47.22 
Rat t lesnake  M t .  46.38 

Longi tude 
( d'egrees) 

E l e v a t i o n  
( f e e t  MSL) 

1185 
800 
949 

1955 
1720 
1546 
2545 
2400 
26 10 
2800 

Average Annual 
P r e c i p i t a t i o n  

f i nches )  - 

Average Annual 
Ac tua l  Evap. 
6 - inch  s o i l  

Average Annual 
Potent  i a1 Evapo- 
t r a n s p i r a t i o n  

Years 
o f  

Record 





EXPLANATIONS 

.* 

PPT = P r e c i p i t a t i o n  

AET = Actual evapot ranspi ra t ion  

PET = Poten t i a l  Evapotranspirat ion 
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UNITED STATES 
DEPARTMENT OF THE INTlERlOR 

BUREAU OF RECLAMATION 

MONTHLY WATER DlSTRlBUTlON 
Columbia Basin A=a Emgated 529,858 Acres (d) Year 1977 Project 

(Excluding Blocks 2 6 3) 

QUANTITIES IN ACRE-FEET 

1 Diversion amount from Banks Lake and Po tho les  Res2rwi.r .  . . 
2 Reservo i r s  connected w i c h  d b l s t r f ~ u t i n g  system o n l ~ .  
3 Divers ions  p l u s  in f low from r e s e y o i r s  and o t h e r  aourzes  

l e s s  del ive-ry t o  rese rvodrs .  
4 Inc ludes  f i l l i n g  c a n a l  sys-m. 
5 Inc ludes  d e v a t e r i n g  c a n a l  system. 
6 Inc ludes  267,050 A.F. fezd to Porho les  Reservoir  c r  

Po tho les  Canal system. 

a Measured a t  Head af L a t e r a l  
b P.T. Farn Uni t s  - 1710 A.F. ,  M & I - 260 A.F. , 

c Measured a t  Farm Turnorst: 
cl Inc ludes  23,134 a c r e s  i n  water  s e r v i c e  c o n t r a c t s  
* Los t  t o  P r o j e c t  
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N ~ * ~ " f g * l o p  
Dellvetlem 

b 

0 

0 

3 0 

210 

290 

3L0 

4 00 

390 

220 

. 90 

0 

0 

1,570 

DELIVERED 

l o t p l  

0 

60 

38,170 

298,420 

298,190 

386,750 

488,910 

440,270 

157,070 

55,540 

0 

0 

2 ,163 ,380  

Lateral 
Losmem 

0 

-60 

16,740 

53,690 

63,840 

83,570 

57,460 

56,310 

47,020 

21,960 

0 

0 

400,530 

T 0 FARMS 

Per Acre 

0 

0 

0.07 

0.56 

0.56 
A 

3 . 7 3  I 
0 
I 

3.92 m 

3 .83  
5 
I 
V) 

3.30 I 
-+ 
m 

3.11 

0 

0 

4.08 

~ a t e r a l  
Paate 

0 

0 

11,450 

29,410 

34,490 

27,610 

28,680 

32,670 

34,490 

21,180 

0 

0 

219,980 

DeUvered t o  
Loterala 

a 

0 

0 '  

66,340 

381,730 

396,810 

L98,270 

575,450 

529,640 

238,800 

98,770 

0 

0 

2,785,560 

0.00 

0 .1  

5.26 

94.7 

0.42 

6.7 

4.05 

65.8 

0.80 

12 .9  

~ . h  C-1 
~ s m t r  * 

0 

0 

8,540 

9,950 

11,380 

8,7LO 

9,080 

11,530 

9,600 

7 , 6 i 0  

450 

0 

76,8;0 

Mom 

J-uar~, 

February, 

Maxh, 

April, 

May, 

June, 

July, 
N 

0.76 

12.2 

M d n  Cpnnl 
~ o . a e m  

690 

6,  0004 

4 
54,210 

74,370 

54,490 

60,070 

67,820 

62,600 

23,150 

1 3 , 8 8 0 ~  

5,740 
5 

2,340 

425,360 

Dellrered to 
~ e m ~ m o ~ z  

1,590 

1,990 

92,710 

133,390 

31,460 

12,470 

5,830 

32,700 

28,320 

11 ,'630 

2,610 

173 

3 5 4 , 8 7 0 ~  

',, 
690 

6,000 

129..150 

466,460 

46.2~580 

567,350 

652,360 

603,770 

271,550 

.120,760 

6,190 

2,340 

3,288,lQC. 

0.39 

6.2 

D i r e r i d  h m  
s t ~ e ~ m  

0 

4,480 
I 

215,290' 

581,500 

471,920 

551,020 

629,150 

0.67 

10.8 

A n t  R per ace, 

Pe cent Net Srrppll, 

Lnflor born 
R e . s n o h  
d d m  

W M ~ C ~ =  

2,280 

3: 510 

6.570 

17: 950 

22: 220 

28: 500 

29,040 

h ~ d ,  j 606,190 - 
September. 1 273.150 

~ c k b e r ,  ! 105,860 

~overnber, ! 0 

4 December, !r . 0 

I 
1 3.L38.550 

.6.49 

104.6 

30,280 

26,720 

26,030 

8,800 

2,510 

:04,410 ' 

6.21 

100. Cq 

0.1L 

2.3 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

MONTHLY WATER DISTRIBLITION 

1 Diversion amount from ~ a n k s  Lake. 
2 Reservoirs  connected wi th  d i s t r i b u t i n g  system. only ( B i l l y  

Clapp Lake p l u s  d i v e r s i o n s  t o  East  Low and West Canals . )  
3 Diversions p l u s  inf low from r e s e r v o i r s  and o t h e r  sources  

l e s s  d e l i v e r y  m r e s e r v o i r s .  
4 Includes f i l l i n g  c a n a l  system. 
5 Inc ludes  3,650 A . F .  f o r  d i v e r s i o n  t o  Brook Lake f o r  drought  r e l i e f  

Plain Canal Area Irrigated 924 Acres Year 1977 . 
Project 

(Banks Lake t o  B i f u r c a t i o n )  

QUANTITIES IN ACRE-FEET 

a Seasured a t  Head 0 5  L a t e r a l  
b -0 
c measured a t  Farm  urno out 

412, 5-19-78 
Page. 2 of 6 

N0"MuHlon 
Del lva lem 

. 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

90 

0 
4 

10,750 

2G.850 

13,790 

17.850 

19,360 

10.750 

-7,970 

-6,340 

470 

0 

85,600 

92.64 

100.0 

Lateral 
Losmem 

0 

0 

40 

100 

60 

90 

100 

100 

40 

0 

0 

0 

530 

0.57 

0.6 

C-1 
U'amte 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 .  

0 

0 

momn 

J m u a r ~  , 
February, 

March, w 
W 
o. April, 

M ~ Y ,  

June, 

Julyl 
---- 

August* 

Septenber, 

October, 

November, 

k m b e r ,  

Toas -- - 
Acre R p e ~  acre, - 
Per cent Net Supply, 

DELIVER@ . 
. 'rota1 

0 

0 

8 0 

680 

820 

7 50 

800 

7 10 

290 

50 

0 

0 

4,180 

4.52 

4 . 9  

M o w  born 
R e ~ ~ o ~  
d 0th- 

.ornee* 

9 0 

0 

0 

0 

o 

2.210 

320 

2.460 

2,890 

11,330 

2,180 

0 

21,480 

Diverted 
Stb'em .I 

0 

0 

16E, 750 

4!1E .130 

356,371) 

39C1.850 

455,670 

4&U*100 

20:, 650 

65,100 

0 

0 

2,531,620 

TO FARMSC 

Per Acre 

0 

0 ?O 
I 

0.09 
0 
I 
m 

0.74 5 
0.89 V) 

0 . 8 1  
T' 
cn 

0.86 

0.77 

0.31 

0.05 

0 

0 

6.52 

- 

npla canal 
L ~ ~ ~ ~ .  

9 0 

0 

10,630 

24,070 

14,910 

17,010 

18,460 

9,940 

-8,300 

-6,390 

470 

0 

80,890 

87.54 

94.5 

DeUremd to  
R e m e l r o h  2 

0 

0 

156,000 

421.280 

3 3 4 , 5 8 0 ~  

3 7 5 . 2 1 0 ~  

436,630 

440.810 

218.510 

82.770 

1 .710  

0 

2 ,467 ,50d  

DeIlveral to  
Latemt~n 

a 

0 

0 

120 

780 

880 

840 

900 

810 

330 

50 

0 

0 

4,710 

5.1C 

5.5 

tmteml 
Waste 

0 

0 

0 ' 

0 

o 

0 

0 -~ 

0 

0 

0 

0 

0 

0 



Form 7-322 UPfy 1960) UNlTlED STATES 
DEPARTMENT OF THE IN7ERIOR 

BUREAU OF RECLAMATION 

MONTHLY WATER DlSTRlBUTlON 

Project West Canal Aree Irrigated 213,410 Acres (d) Year 1977 

QUANTITIES IN ACRE-FEET 

1 Diversion amount t o  West Canal a t  Bi furca t ion  
2 Reservoirs  connected w i th  d i s t r i b u t i n g  system only:, Cthru 

Winchester 6 Frenchman Wasteways. .! 

Acre R per eclr, 

Pa cad Bd Supply, 

3 Diversion p l u s  inf low f ron  r e s e r v o i r s  and o the r  s o x c e s  
l e s s  de l i ve ry  t o  r e s e rvo f r s .  

4 Includes f i l l i n g  cans1 system. 
5 Includes dewatering canal  system. 
6 Includes 49,810 A.F. feed t o  Pothmles Reservoir.  

a Measured a t  Head of La t e r a l  
b P.T. Farm Units  - 740. A.F., M & I - 150 A.F. 
c Measured a t  Farm Turnout 

.d Includes 6,079 a c r e s  i n  water s e rv i ce  con t r ac t s  
* Lost to  P ro j ec t  

3 1 

6.27 

102.5 

412, 5-19-78 
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C.  20 

3.3 

0.36 

5;8 

6.12 

100.0 

0.11 

1 . 5  

0.48 

' 7.9 

5.53 

90.4 

0.46 0.84 

7 ;5  i 13.8 

0.0 4.22 

0. 1 69.0 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

MONTHLY WATER DISTRIBUTION 

Project East  Low Canal Area Irrigated 127.989 Acres rd'd) Year 1977 

QUANTITIES IN ACRE-FEET 

A 
I 
0 
I 

I-' w 
cn . E 
m u 

I 
V, 
--I 
I 
m 

1 Disers ion  amount t o  Eas t  Low Canal a t  Bi furca t ion .  
2 Reservoirs  connected w i t h  d i s t r i b u t i n g  system only 

(Pc.tholes Reservoir  6 Scooteney Reservoir .  ) 
3 Diversions p l u s  inf low from r e s e r v o i r s  and o t h e r  

socrces  l e s s  d e l i v e r y  t o  r e s e r v o i r s .  
4 Includes f i l l i n g  c a n a l  system. 
5 Includes dewater ing cana l  system. 
6 Includes 217,.240 A.F.. feed t o  Po tho les  Seservo i r  

o r  Potholes  Canal system. 

a' Measurzd a t  Head of L a t e r a l  
b P.T. F3m Uni t s  - 880.A:F., M & I - 100A.F .  
c M e a s u ~ d  a t  Farm Turnout 
d Includes 3,984 a c r e s  i n  water  s e r v i c e  c o n t r a c t s  

412, 5-19-78 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

MONTHLY WATER DISTRIBUTION 
, 

P o t h o l e s  Canal Area lnipted 187,535 Acres (d) Year 1977 Project 

1 Diversion amou2t from Pothc les  Resezvoir 
2 Reservo i r s  connected w i t h  d i s t r i b u t i n g  sys tcn-  only.  

(Scooteney Reszrvo i r )  

QUANTITIES IN ACRE-FEET 

3 Diversion p l u s  in f low from r e s e r v o i r s  and o t h e r  
sources  l e s s  d tz l ive ry  t o  r e s e r v o i r s .  

4 Inc ludes  f i l l i x g  c a n a l  syst,em, 
5 Inc ludes  dewat.=ring c a n a l  system. 
6 Inc ludes  5,220 A.P. feed t a  Pc tho les  Canal system. 

a Measured a t  Head of L a t e r a l  
t P.T. Farm Uni t s  - 90.A.F., M 6 I - 10  A.P.  
c Measured a t  Farm Turnout 
d Inc ludes  13,071 a c r e s  i n  water  s e r v i c e  c o n t r a c t s  
* Lost  t o  P r o j e c t  

412, 5-19-78 
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h 
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Remarvoh 1 
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0 

0 

160 

7,960 

0.04 

0.8 

L 

MONTH 

January, 

February, 

March, 

April, 
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July, 
ol 

b ~ s t ,  

September, 

October, 

November, 

December, 

Acre R per acrc. - 
Per cent N d  Supply, 
& 
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3.96 
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UNITED STATES 
DEPARTMENT OF. THE INTERIOR 

BUREAU OF RECLAMATION 

MONTHLY WATER DISTRlBLJTlON 

~r$ject Columbia Bas in  Area Imgated 4,114 Acres  Year 1977 

(B locks  2 & 3 )  

QUANTITIES IN ACRE-FEET 

412 ,  5-19-78 
Page 6 o f  6 

1 D i v e r s i o n  amount from Snake and Colunbia  R i v e r s  a t  Burbank a Neasured a t  Hsad o f  L a t e r a l  
b P.T. Farm Units - 620 A . F . ,  I1 & I - 0 
c Measured a t  Farm Turnou t s  

N ~ * I r ~ g a t i o n  
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COLUMBIA RIVER 
- 

, , . - . . . . . . GAUGED YEARS KNOWN INPUTS (OVER REACH) KNOWN WITHDRA~.  
FLOW 0 F i I STATION I MILE FOR ( 

DRAINAGE 
, 

i A F / Y R \  RFCORD NAME MILE AFIYR NAME MILE AF/YR 1 fir ,,jnj 

A 

I DIFFERENCE NET ALS (OVER REACH) I .p7. . . 1 PR TMARY 
REMARKS 

, , ,  \ H r / Y K J  / 1 \  

GRAND 596.3 80,060,000 64 - - - - - - - - 10 
cnIIt FE DAM 

UNADJUSTED 

COLUMBIA BRIDGEPUKT 544.0 83,320,000 25 NESPELEM R. 582.1 <100,000 4 I / - / ~ ~ / - 1 3 , P 6 0 . 0 0 0  <+200,000 +1,060,000+ FOSTER CR. 544.6 <100,000 / 10 1 UNADJUSTED 

\ * I 
b r  

OKANOGAN R. 533.5 2,273,000 11 - COLUMBIA WELLS DAM 515.9 87,450.000 24 METHOW R. 523.9 ,,72,000 
- - 

1 4,130,000 

CHELAN R. 503.3 1,495,000 
473.4 86,800,000 17 COLUMBIA DAM 

- * - - 
ENTIAT R. 483.7 281,000 i 650,000 

IINADJUSTED 

% 

UNADJUSTED D 
I I - 1 1,666;a00 1 +2,478,000 1 -818,000 1 1 0  1 UNADJUSTED, ( COLUMBIA 1 D R  1 452.4 1 88,460,000 I 50 I WENATCHEE R.  468.7 2,478,000 1 I 

MOSES COULEE 447.9 ? 
394.5 87,230,OOU 60 - 

R A P I D S  DAM 
I - - 
> 1,230,000 

CRAB CR. 410.8 <200,000 

.h - - - 

SNAKE R. 1324.2 140,900,000 I COLUMBIA I McNARY DAM 1 292.0 1 134,200,000 1 27 1 WALLA r -  I 
RETURN FLOW 225,000 

UMATILLA R .  319,500 
nAl I F ?  188 9 lan-firm-nnn 99 W T I  I nw rn 7n. ~ 1 3  - I r c  Ann nnn 

DAM 
I I 

r~ ~ Q Q  nnn I +A KI :, nnn I I r. 

FLOW IN CRAB CREEK SHOWS 
INCREASING. I'KEND , CORRESPONDING 
WITH IRRIGATION DEVELOPMENT 
I N  BIG BEND SUB-HASIN 

Y A K I M A  R I V E R  INFLOW BASED 
ON AVERAGE OF. RECORDS FOR 
PAST 15 YEARS 

SEVERAL SMALL EPHEMERAL 
- - " - . a n - r r  ..an,,-,- n ,  ,-..,.-. "'ACH , - - . -  . . - , - - - , -  - -  - - ..ALL".. us.. -- ,--- - - V  ,-ruw ,WUV - I , I  uu , V W W  rn 3 u 0 - 3 Vuv 8 - U K H I N H b t b  IIYI'UI HLUlYb Kt, 

... 
JOHN DAY R.  11,448,000 1 

NEGATIVE VALUES INDICATE POSSIBLE STREAM LOSSES TO GROUND WATER. POSITIVE VALUES INDICATE ;POSSIBLE DISCHARGE OF 
GROUND WATER TO THE STREAM. 

@ INDICATES THAT 95 PERCENT OF THE DAILY DISCHARGES WERE RECORDED WITHIN THE SPECITIED LEVEL !OF ACCURACY. 

4 ESTIMATED FROM EITHER ANNUAL MAXIMUM DISCHARGE AT CREST-STAGE PARTIAL-RECORD STATIONS DURING WATER YEAR 1977 OR 0 FROM ANNUAL AVERAGES USING OTHER SOURCES. PROBABLE ACCURACY WITHIN ONE ORDER OF MAGNITUDE.; 

.1 



RIVER 

1 * S T A T I S T I C  FROM OR COMPUTED FROM UNITED STATES BUREAU OF RECLAMATION ESTIMATES FOR WATER BALANCE I N  THE YAK IMA PROJECT. 

I @ FOUND BY SUBTRACTING UPSTREAM GAUGED FLOW FROM THE GAUGED FLOW OF THE STAT ION UNDER CONSIDERATION.  I 
I 

@,NEGATIVE 'VALUES INDICATE POSSIBLE  STREAM LOSSES TO GROUND WATER. P O S I T I V E  VALUES I N D I C A T E  POSSIBLE  DISCHARGE OF 
GROUND WATER TO THE STREAM. . . I 

f @ I N D I C A T E S  THAT 9 5  PERCENT OF THE D A I L Y  DISCHARGES WERE RE tORnEn  W l T H l N  THF SPFCTFTEO I ,FVEL  OF ACCURACY. 
I 

@ ESTIMATED FROM E I T H E R  ANNUAL MAXIMUM DISCHARGE A T  CREST-STAGE PARTIAL-RECORD STAT IONS D~RING WATER YEAR 1 9 7 7  OR 
FROM ANNUAL AVERAGES US ING OTHER SOURCES. PROBABLE ACCURACY W I T H I N  ONE ORDER OF MAGNITUDE. 

160 

I 



.i 
rl 

I ! 
t 1 

i 
SNAKE RIVER 1 1 

NEGATIVE VALUES INDICATE POSSIBLE STREAM LOSSES TO GROUND, WATER. P O S I T I V E  VAiUES INDICATE POSSIBLE DISCHARGE OF 
GROUND WATER TO THE STREAM., 

@ INDICATES THAT 9 5  PERCENT OF THE DAILY  DISCHARGES WERE RECORDED WITHIN  THE S P E C I F I E D  LEVEL OF ACCURACY. 
1. 

PRIMARY 

DRAINAGE 

SNAKE 

SNAKE 

SNAKE 

I 

ESTIMATED FROM EITHER ANNUAL MAXIMUM DISCHARGE AT CREST-STAGE PARTIAL-RECORD STATIONS DURING W A T E R ~ Y E A R  1 9 7 7  OR 
@FROM ANNUAL AVERAGES USING OTHER SOURCES. PROBABLE ACCURACY WITHIN  ONE ORDER OF MAGNITUDE. U 

STAT I ON 

HELLS CANYON 
DAM 

ANH I ONE 

I C E  HARBOR 
DAM 

M I L E  

2 4 7 . 0  

I b / . Z  

9.7 

GAUGED 
FLOW 

(AFIYR) 

15,870,000 

2b,3UU,UUU 

4099003000 

YEARS 
O F 

RECORD 

1 2  

19 

22 

KNOWN INPIITS (OVER REACH) 

NAME 

- 

SALMON R. 
GKANUt KUNUt 
IMNAHA R. 

A S O T I N C R .  
CLEARWATER R. 
TUCANNON R. 
PALOUSE R. 

KNOWN WITHDRAWA(S (OVER REACH) DIFFERENCE 
BETWEEN 
GAUGES 

(AF /YR)  

10 ,430 ,000  

14 ,600 ,000  

M I L E  

- 

1 6 8 . 7  

1 4 5 . 3  
139 .3  

6 2 . 2  
5 9 . 5  

NAME 

- 

- 

AF/YR 

8,158,000 

55,910 
1 1 ,260,000 

129 ,000  
4 4 8 , 5 0 0  

NET 
( INPUTS MINUS 
WITHDRAWALS ) 

w 
- 

+10,785 ,500  

+1 1 , 8 9 3 , 4 3 0  

M I L E  
i 
I 

E - 
I 

- 

- 

, 

AF/Y R 

- 

- 

REMARKS 

f 

AVAILABLE ~ R R O R  
FOR 

RECHARGE 

- 

3 5 5 , 5 0 0  

-2 ,706 ,570  

1 

1 1 0  

1 0  

I 



@ FOUND B Y  SUBTRACTING UPSTREAM GAUGED FLOW FROM THE GAUGED FLOW OF THE STATION UNDER COIISIDERATIOR. 

NEGATIVE VALUES I N D I C A T E  POSSIBLE STREAM LOSSES 'TO GROUND WATER.. P O S I T I V E  VALUES I N D I C A T E  POSSIBLE  DISCHARGE OF @ GROUND WATER TO THE STREAM. t 

I 
ESTIMATED FROM E ITHER ANNUAL MAXIMUM DISCHARGE AT  CREST-STAGE PARTIAL-RECORD STATIONS DURING WATER YEAR 1977 OR 



N u m b e r  o f  
C o p i e s  

.RHO-BWI-ST-6  

D I S T R I B U T I O N  

J. F. T. AGAPITO 

AMOCO 

G. S e r v o s  

ATOMICS I N T E R N A T I O N A L  

H. C. W i e s e n e c k  

B A T T E L L E - O F F I C E  OF NUCLEAR WASTE I S O L A T I O N  

J. M. B a t c h  ' 

N. E. Cdr 'Lt !~ '  . ,. 

R. E. H e i n e m a n  
M. K a h n e m u y i  
L i b r a r y  ( 5 )  

BECHTEL INCORPORATED 

R. A. L a n g l e y ,  Jr. 

BOEING COMPUTER SERVICES RICHLAND, I N C .  

R. W. N e l s o n  

BROOKHAVEN NATIONAL LABORATORY 

P. W. L e v y  . . 

R.  E, RRflWN 

BROWN U N I V E R S I T Y  

B. G i l e t t i  

C A L I F O R N I A  ENERGY RESOURCES CONSERVATION 
AND DEVELOPMENT COMMISSION 

L 7 

W. I r v i n g  
E. V a r a n i  n i. 

D e p a r t m e n t  o f  G e o l o g y  
L i b r a r y  



N u m b e r  o f  
C o p i e s  

G. E. M a d d o x  

3 . DAMES AND MOORE 

G. H o c k i n g  
T. M a i n i  
A. K. R u n c h a l  

COLORADO SCHOOL OF M INES 

F. D. Wang 

DARTMOUTH COLLEGE 

J. L y o n s .  

DESERT RESEARCH I N S T I T U T E  

P. F e n s k e  

EASTERN WASHINGTON U N I V E R S I T Y  

D e p a r t m e n t  o f  G e o l o g y  
L i b r a r y  

FOUNDATION SCIENCES, INC. 

D. J. D o d d s  
L~ibr-dry 

GEOSCIENCE RESEARCH CONSULTANTS 

J. G. B o n d  

HARVARD U N I V E R S I T Y  

R. S i  e v e r  

l U A H U  BUREAU OF MINES AND GEOLOGY 

M. M. M i l l e r  
L i b r a r y  

W. W. H a m b l e t o n  



Number o f  
Copies 

2 . .  LAWRENCE BERKELEY LABORATORY - 

L. V. Benson 
P. A. Wi therspoon 

LAWRENCE LIVERMORE LABORATOARY 

L. Ramspott 

LOS ALAMOS SCIENTIFIC LABORATORY 

M. L. Wheeler 
K. Wo l f sbe rg  

NATIONAL ACADEMY OF SCIENCES 

W: E. Berg  
D. Dd ley  
S. Stuen 

NATIONAL ACADEMY OF SCIENCES- 
COMMITTEE ON RADIOACTIVE WASTE MANAGEMENT 

M. Baram 
S. N. D a v i s  
E. L. D raper  
P. W. D u r b i n  
J. T. E d s a l l  
M. E i  senbud 
J. A. Fay 
J. C. F r y e  
E. F. G loyna 
H. L. James 
R. E. Kasperson 
K.  R. K ra~ rqknp f  
T. R. LaPo,rte 
C Mawson 
F. L. P a r k e r  
T. P i g f o r d  
R. Roy 
E. Wenk, J r .  

OREGON STATE DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

J. D. B e a u l i e u  

OREGON STATE DEPARTMENT OF WATER RESOURCES 

P. Ober l  ander  



RHO-BWI -ST-6 

Number of 
Copies 

2 OREGON STATE UNIVERSITY 

Department o f  Geology 
L i b r a r y  

PACIFIC NORTHWEST LABORATORY " 

J. R. E l i ason  
D'. R. F r i e d r i c h s  
A. M. P l a t t  ( 2 )  
J. R. Raymond 

' J. G. Stephan 
R. W. Wallace 
L i b r a r y  

THE PENNSYLVANIA STATE UNIVERSITY 

PRINCETON UNIVERSITY 
I 

G. P i  nder 

SANDIA LABORATOR I ES 

E. H. Beckner 
F. A. Uonath 
0. E. Jones 
R. C. L i n c o l n  

I R .  W.  Lynch 
A. E. Stephenson 
L. D. T y l e r  
W. D. Weart 

1 SEISMOGRAPH SERVICE CORPORATION 

L i b r a r y  

SENTURION SCIENCES, I N C .  

L i b r a r y  

STANFORD UNIVERSITY 

I. Remson 

STATE OF IDAHO GOVERNOR'S OFFICE 

C. Jones 



Number o f  
Copies 

1 STATE OF OREGON GOVERNOR'S OFFICE 
. . 

K. Woods 

1 STATE OF WASHINGTON GOVERNOR'S OFFICE 

D. . Jank ins *? 

1 TERRATEK 

L i b r a r y  

TEXAS A & M UNIVERSITY 

J. Handi n 

UNION OF CONCERNED SCIENTISTS 

R. L ipschu tz  

UNC NUCLEAR INDUSTRIES 

G. 0. Amy 

U.S. ARMY CORPS OF ENGINEERS 

S e a t t l e  ~ i s t r i c t  Geo log i s t  
S e a t t l e  D i s t r i c t  L i b r a r i a n  
Wal la  Wal la  D i s t r i c t  Geo log i s t  
Wal la  Wal la  D i s t r i c t  L i b r a r i a n  

U. S. BUREAU OF MINES 

J. W. Corwine 

U. S. BUREAU OF RECLAMATION 

D. Newman 

U.S. DEPARTMENT OF ENERGY-ALBUQUERQUE OPERATIONS OFFICE 

D. T. Schueler 

U. S. DEPARTMENT OF ENERGY-COLUMBUS PROGRAM OFFICE 

J. 0. Ne f f  



Number o f  
Copies 

U. S. DEPARTMENT OF ENERGY-HEADOUARTERS 

R. H. Campb,ell D. B. L e C l a i r e  
C. R. Cooley S. Meyers 
M. W. F r e i  R. G. Romatowski 
C. H. George R. S t e i n  
C. A. Heath D. L. V i e t h  

U. S. DEPARTMENT OF ENERGY-NEVADA OPERATIONS OFFICE 

D. G .  Jackson 
R. M. Nelson 

U; S. DEPARTMENT OF ENERGY-OAK RIDGE OPERATIONS OFFICE 

C. A. K e l l e r  

U.S. DEPARTMENT OF ENERGY-PUBLIC HEADING ROOMS 

Rich land,  Washington I 

S e a t t l e ,  Washington 

U.S. DEPARTMENT OF ENERGY-RICHLAND OPERATIONS OFFICE 

L. J. Adams A. G. L a s s i l a  
T. A. Bauman B. L. N i c o l l  
J. C. Cumrnings D. J. Squi res 
R. B. Goranson F. R. S tander fe r  
P. G. H a r r i s  M. W .  Tie rnan  

P. S. Van Loan 

J. S. Muh les t ien  

U. S. DEPARTMENT OF ENERGY -TECI INICAL INFORMATION CENTER 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

R. Kaufman 
G. L. 'Mcyers 
J. Sceva 
A. Smith 

U. S. GEOLOGICAL SURVEY 

C. - C o l l i e r  ( 3 )  
G. D. DeBuchananne 
W. W:Dudley, J r .  
R. Schnei der  
P. R. Steven 
D. A. Swanson 
W. S. Twenhofel 

168 



Number of 
Cop i PS 

U: S. NUCLEAR REGULATORY. COMMISSION 

R. B o y l e  i _ 
J. 0. Bun t ing ,  Jr. 
J. C. M a l a r o  
J. B. M a r t i n  ' 

E. P. Regn ie r  . . 

E. ' S. Simpson 
L i b r a r y  

2 UNIVERSITY OF IDAHO 

Department o f  Geo logy 
L i b r a r y  

2 UNIVERSITY OF MINNESOTA 

C. A. F a i r h u r s t  
C. M St. John 

' 2 UNIVERSITY OF OREGON -- 

G. Goles 
Department o f  Geo logy 
L i b r a r . y  

4 UNIVERSITY OF WASHINGTON 

S. U. Malone " 

S. W. Smi th  
Depsrtment o f  Geo logy 
L i b r 2 r . y  

1 WASHINGTON PUBLIC POWER SUPPLY SYSTEM, INC. 

D. D. T i l l s o n  

3 WASHINGTON STATE DEPARTMENT OF ECOLOGY 

2 WASHINGTON STATE DEPARTMENT OF'NATURAL RESOURCES 

V. E. L i v i n g s t o n  
L i b r a r y  



Number of 
C o ~ i  es 

1 WASHINGTON STATE ENERGY FACI'LITY SITE EVALUATION COUNCIL 

N. D. Lewis 

5 WASHINGTON STATE UNIVERSITY 

J. C. Brown 
J. W. Crosby 
Department o f  C i v i l  and Env i ronmenta l  Eng ineer jng  
Department o f  Geology 
L i b r a r y  

1 A. C. WATERS 

1 WESTINGHOUSE ADVANCED ENERGY SYSTEMS 

Hak 1 T. 

WESTINGHOUSE HANFORD COMPANY 
->-- 

A. G. B l asew i t z  

2 WESTINGHOUSE WIPP PROJECT 

R. C. Mai rson 

1 WOODWARD-CLYDE CONSULTANTS 

L i h r a r y  

3 8 ROCKWELL HANFORD OPERATIONS 

H. Babad 
R. L. B i q g e r s t a f f  
D. J. Brown 
D. J. Cockeram 
R. A. De ju  
P: J. ' F r i t c h  
R. E. Gephart  
e .  J. G ~ m e r a  
R. D. Harirmoncl 
J. E. K i n z e r  
E. J. Kos ianc i c  
L. S. Leonhar t  
S. J. P r i n g l e  
J. H., Roecker 
F. A. Spa.ne 
D. A. Turner  
L. W i  1 he lmi  
B a s a l t  Waste I s o l a t i o n  Program L i b r a r y  (75 )  
Document Con t ro l  ( 4 )  . 

'Records Re ten t i on  Center ( 2 )  
















