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Between the crests of the Cascade and Coast Ranges in northwestern Oregon lies
an area of 12,045 square miles drained by the Willamette and Sandy Rivers——the
Willanette Basin. Both the Willamette and Sandy Rivers are part of the Columbia River
system, each lying south and at right angles to the lower Columbia River.

With a 1965 population of 1.34 million , the basin accounted for 68 percent of the
population of the State of Oregon. The State ’s 3 largest cities , Portland , alem and

• Eugene, are within the basin boundaries. Forty—one percent of Oregon ’s population is
concentrated in the lower basin subarea, which includes the Portland metropolitan area.

The basin is roughly rectangular, with a north—south dimension of about 150 miles
and an average width of 75 miles. It is bounded on the east by the Cascade Range, on
the south by the Calapooya Mountains, and on the west by the Coast Range. The Columbia
River, from Bonneville Dam to St. Helens, forms its northern boundary. Elevations
range from less than 10 feet (mean sea level) along the Columbia, to 450 feet on the

• valley floor at Eugene, and over 10,000 feet in the Cascade Mountains . The Coast Range
attains elevations of slightly over 4,000 feet.

The Willamette Valley floor, about 30 miles wide , is approximately 3,500 square
miles in extent and lies below an elevation of 500 feet. It is nearly level in many
places, gently rolling in others , and broken by several groups of hills and scattered
buttes.

The main stem Willainette River forms at the confluence of its Coast and Middle
Forks near Springfield. It has a total length of approximately 187 miles , and in Its
upper 133 miles flows northward in a braided , meandering channel. Through most of the ‘~~ fr
remaining 54 miles , it flows between higher and more well defined banks unhindered
by falls or rapids, except for the basaltic intrusion which blocks the :alley at
Oregon City and creates Willamette Falls. The stretch below the falls is subject to
ocean tidal effects which are transmitted through the Columbia River.

Most of the major tributaries of the Willamette River rise in the Cascade Range
at elevations of 6,000 feet or higher and enter the main stream from the east. The

• Coast Fork Willamette River rises in the Calapooya Mountains , and numerous smaller
tributaries rising in the Coast Range enter the main stream from the west.

In this study, the basin is divided into three major sections , referred to as
the Upper , Middle, and Lower Subareas (see map opposite) . The Upper Subarea is bounded
on the south by the Calapooya Mountains and on the north by the divide between the
McKenzie River drainage and the Calapooia and Santiam drainages east of the valley floor
and by the Long Tom—Marys River divide west of it. The Middle Subarea includes all
lands which drain into the Willamette River between the mouth of the Long Tom River
and Fish Eddy, a point three miles below the mouth of the Molalla River. The Lower
Subarea includes all lands which drain either into the Willamette River from Fish Eddy
to its mouth or directly into the Columbia River between Bonneville and St. Helens;
the Sandy River is the only major basin stream which does not drain directly into the
Willanette River.

For detailed study, the three subareas are further divided into eleven subbasins
as shown on the map.

a
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P U R P O S E  A N D  S C O P E

• - The Wi l lamette Basin is one of the be t te r  wa tered regions of the
- • Un ited States. The average annual precipitation of 63 inches results in

a volume of more than 40 million acre- fee t  of water fa l l ing  on the basin
annually. Of this amount , about 26 million acre-fee t runs off in the
principal streams that drain the area. Most of the precipitation and

• runoff occurs during a few months in the winter , and natural  water supp lies
are def ic ient  during the late summer and earl y f a l l .  Because of the
diverse terrain , bo th prec ipitation and runoff are distributed unevenly.
For this reason , it ha s been necessary to construct f ac i l i t i e s  to store
the surface wate r and to dri l l  wells to tap the ground water .

As the popu lation and economy of the basin grow , many additional
water deve lopments wil l  be needed . The purpose of the Wil lamet te  Basin
Comprehensive Study is to develop information on future water and rela-
ted resource needs and to prepare a plan for meeting those needs.

This append ix contains a description of the water resources , their
dist r ibution , and their variation at d i f f e r e n t  periods of t ime throughout
the Willamette Basin. These resources are described in terms of the
climatic , geologi c, and other environmental factors that influence and
control the occu rrence of water .  The appendix provides s ta t i s t ica l  and
interpret ive hydrolog ic data necessary for broad-scale water-resources
planning . These data are essential to the development of p lans for
mee ting the basin ’s water needs and solving its water problems.

R E L A T I O N S H I P  T O  O T H E R  P A R T S  O F  T~H E
R E P O R T

Hydro logic information is fundamental to the preparation of p lans
to meet wate r needs as presented in the funct ional  appendices , D-L.
Stat is t ical data and descriptive and comprehensive reports on the var-
ious aspects of the water resources were used for the development of
those p lans. Hence , this appendix provides back ground data fo r prepara-
tion of the separate and coordinated plans presented in the comprehen-
sive stud y.

The resource appendices--A , B , and C--describ e the physical and
cult ural  fea tures  of Wi l lamet te  Basin. Appendix A - Study Area de-
scribes the physical setting and cultural features of the basin .
Appendix B - Hydrology supplements the ph ysical  desc r ip t ion  b y elabo rat-
ing on the climatic and hydrolog ic features. Append ix C - Economic Base
supp lements the c u l t u r a l  descri ption by elabo ra t ing  on the economic
features. For examp le , the hydrolog ic informa tion presented in this

• 
- appendix is used in Appendix E - Flood Control , and is the ba si s for

studies of biol ogical-biochemical water  q u a l i t y  in Appendix L - Pol lu t ion
Con t rol.
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D E S C R I P T I O N  O F  T H E  B A S I N

The Willamette Basin Study Area is a 12,045 square—mile area in
northwestern Oregon. It is bounded on the north by the Columbia River
from Bonneville to St. Helens , and on the east , south , and west by the
summits of the Cascade Range, the Calapooya Mountains , and the Coas t
Range , respectively. The study area includes the drainages of Willa—r mette and Sandy Rivers , plus areas drained by small streams flowing In—
to Multnoma h Channel and into the Columb ia River between Bonneville and

• t he mouth of Sandy River . The nor th-south  length of the basin is about
150 miles and Its average east—west width about 75 miles . About 3,500
square miles is in the valley floor , about 1,900 in the eastern slope
of the Coast Range , and the remainder in the footh ills and moun t ains
on the western slope of the Cascades .

The princ ipal streams of the basin head in the bordering moun tain
ranges. Forests cover about three-fourths of the basin , and mos t of
the v ital streamflow s or iginate in mountainous forest lands. In the
1,000- to 4 , 000-foot eleva t ion rang e , where the princ ipal fores ts are
loca ted , average annual precipita tion ranges from 60 to abou t 200
inches in the Coast Range. In the higher parts of the Cascade Range ,
where the upper-slope forests are found , prec ipitat ion ranges from 90
to 140 inches and snowfall is heavy with considerable snowpack accumu-
lation. In the 5,500- to 6,000-foot zone , fores t cover is largel y
subal pine ; this zone contains about 200 named lakes and many unnamed
lakes.

The basin Is divided into Uppe r , Middle , and Lower Suba reas (see
Fr on tispiece) :

The Uppe r Subarea is bounded on the south by the Cala—
‘ I pooya Mou ntains , on the north by the di vide between the

McKenzIe Rive r drainage and the Calapoola and Santiatu
d rainages east of Willamette River , and by the Long Tom—

- j Marys River divide west of the Willamette.

The Middle Subarea includes all lands that  drain into
the Willamette between the mouth of Long Tom River and Fish
Edd y,  a point 3 miles below the mouth of Molalla River.

The Lower Subarea includes all lands th at drain into
Willamette Rive r from Fish Edd y to the mouth of the Wil la—

• mette , and di rect drainage into Columbia River between
Bonneville and St .  Helens .

‘1 1-2
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For detailed study, the three subareas are further divided into
II subbasins , as tabulated below .

Percentage of Area
Subunit Total (sq. mi.)

Coast Fork Subbasin 5 665
Middle Fork Subbasin 11 1,354
McKenz ie Subbasin 11 1,342
Long Tom Subbasin 4 526
Upper Subarea tota l 31 3 ,887

Santiam Subbasin 20 2,440
• Coast Range Subbasin 15 1,794

Pudd ing Subbas in 10 1,186
M i d d l e  Subarea total 45 5,420

• Tualatin Subbasin 6 711
Clackamas Subbasin 9 1,014
Columbia Subbasin 4 431
Sandy Subbas in 5 582
Lower Subarea total 24 2,738

BASIN TOTAL 100 12 ,045

Wi llamette River , formed by the confluence of the Coast and Middle
Forks near Spring f ield , has a leng th of approxima tely 187 river miles .
Below Oregon City ,  the Wlllamette is affected by ocean tides transmit-
ted through Columbia River. Most of the major tributaries of the
Willamette rise in the Cascade Range at an elevation of 6,000 feet or
higher and enter the main stream from the east. Coast Fork Willamette
River  rises in the Calapooya Mounta ins  at the south end of the basin ,
and numerous smaller tributaries rise in the Coast Range and enter the
main st ream from the wes t .

I
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M A J O R  W A T E R  - R E S O U R C E  D F : V E L O P N E N T S

Water has been d e v e l o p e d  t o r  a v a r i e t y  of U S e S  t h r o ug hou t
W i I l a m 1 - t t e -  B a s i n .  R e s e r v o i r s  and major diversions si~~ni f ic a nt Iv alter
the hyd ro 1 ogv of t he basin.

R i-: S ER VO I R S

Table 1—1 lists t h e  39 reservoirs in the b a s i n  w i t h  u s a b l e  s t o ra ~-
c a p a c i t i e s  ot  300 - i v  r e — f e e t  I I I  more. l’Iies~ r e s er v o i r s  r ange  i t i  u s a b l e

• ca p ;t c i  ty f r om t ile Ca rmen a nd  W i l  l a n i e - t t r -  N a t i o n a l  L u m b e r  Co. r e s e r v o i r s
with 300 a c re - f e e t  t o  Lookout  P o i n t  R e s e r v o i r  w i t h  more  t h a n  349 ,000 a c r e -
f e e t .  They impound a t o t a l  u s a b l e  v o l u m e -  oi ab o u t  2 m i l l i o n  a c r e — f e - c t

Of  w a t e r . M a n y  ot  t h e s e  r C s t ? r V O i r S  w e r e  c o n s t r uc t e d  by  t h e  Corps  of
Eng i n e e r s , and o t h e r s  by m u n i c  i p il it ~~IJS a n d  p r i v a t e  C O mp a n i e S .  Locat ions
01 t h e  l a r ger  i m p o u n d m e n t s  Ir e  sn o w i i  on t h e  f r o n t i s p i e c e .
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Table 1—1

• - . Willarnett e Basin reservoirs with more than 300 acre -f e e t  of
usable storage capacity

• i
i rca Ui- i I ,  I.-

Rese rvoir S Lre-a I i I  ( s q u a r e -  ~~~p I I i t v
mi I I s )  ( i c  r I  — f e e t )

Coas t Fork Subbasin :

• Cottage Grove Co s t  Fk . Wil lam ette 104 30,060 Mult i purpose

• 
Dotena Row River 265 70,500 Do.

Middle Fork Subbasi n:
Lookout Point Midd h Fk. Wi ll amette 991 349,400 Do.
Oak Ridge Millpond -- -- 380 Indus t rial
Hills Creek Middle Fk. Willamette 389 249,000 Multipu rpose
Dexter do. 996 4 ,800 R eregutation
Fall Creek Fall Creek 184 115 ,000 Mul tipu rpose

McKenzie Subbasin:
Weyerhaeuser 0ff-channel -- 420 Industrial
Walterville McKenzie River 1 ,050 345 Power
Trail Bridge do. 172 2 ,750 Do.
Carmen do. 146 300 Do.
Smi th Smith River 18 9,900 Do.
Cougar S. Fk. McKenzie River 210 165 ,100 Multipurpose
Blue River Blu e River 88 85,000 Do.

Long Torn Subbasin;
Fern Ridge Long Tom River 273 110 ,000 Do.
Carrol Nod Creek -- 355 Irri gation

Sant iam Subbasin:
Detroit North Santiam River 438 340,000 Mul tipu rpo se
Willamette National

Lumber Co. Wiley Creek 54 375  indust rial
Wiliamette National
Lumber Co. Off-channel - -  300 Do.

Green Peter Middle Santiam 277 333 ,000 Mu ltipurpos e-
Foster South Santiain 494 33 ,600 I)o.
Big Cliff North Santiam 452 2,430 Rer egulat ion

I- ~I ’ .
Coast Range Subbasin :

Haskins Haskins Creek -- 410 Mur.ici pal
North Fork North Fk., Rock Creek -- 307 Do.
Thompson Bark Creek -- 362 Re-creation
Clemens Off-channel -- 800 Industrial
Dallas Rickreall Creek -- 1 ,200 Mu nicipal

Clackamas Subbasin :
Timothy Lake Oak Grov e Fk .,

Clackama s R iver 61 ,650 Power
Oak Grove do. 131 Do.
North Fork Clackamas River 66i 6,000 Do.
Faraday do. 550 Do.
Lake Oswego Off-ch annel - -  5,100 Mo lt ipurposi
River Mill --  - -  770 Power

San4y Subbasin:
Trillium Lake Mud Cr e e k  -- 353 R e c r e a t i o n
Bul l  Run No. 1 B u l l  Run  R i v e r  74 30 , 100 M u n i c i p a l
Bull Run Lake do. -- 12 ,300 Do.
Bull Run No. 2 k . 102 21 ,000 Do.
Ros ly n Lake do. 255 ~0 Power4) Nor th Fork North Fk., B u l l  Run

Ri v i- r 2.i 1 ,030 Mui - t ci pa l

1-5
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DIVERSIONS

The p r inc ipal  uses of d i v e r t e d  water  are  fo r  power g e n e r a t i o n ,
i r r iga t i on , munic i pal , and  i n d u s t r i a l  supp l i es .  Table  1-2 l i s t s  t h e
22 ma jo r  d i v e r s i o n s  b y subbas in  and g ives  p e r t i n e n t  da t a  on each .

Table 1—2
Diversions, Willainette Basin

L o c a t i o n
Subbasin Diversion Owner Stream Use1’ ~~~ ~~~~ Sec

McKenzie Carmen Tunnel City of Eugene McKenzie River PW 14S 7E 20
S m i t h  Tunnel  C i t y  of Eugene McKenzie  R i v e r  PW l4S 6E 36
Leaburg Canal City of Eugene McKenzie River PW 16S 2E 31
Wa ltervi lle Canal City of Eugene McKenzie River PW 17S 1W 23
McKenzie Ditch McKenzie Irrigation McKenzie River IR l7S 3W 22

• A s so c i a t i o n

Long Tom Amazon Diversion Private Amazon Creek FC 175 4W 29
Channel

Santiam Brownsville Ditch Private Calapooia River IR 14S 2W -~
Sodom Ditch Private- Calapooia River 1k-DR 13S 3W 27
Lebanon Di tch  P a c i f i c  Power and Li g ht  South  S a n t i a m  R i v e r  PW -MU l 2S 1W 19
Sa n t i a m  Canal  P a c i f i c  Power and Li g ht  South Santiam River PR-MU 12S 2W I I

- k (Albany Ditch)
Peters Ditch Private Thomas Creek 1k lOS 1W 18
Salem Canal Columbia Pul p and Paper North Sant jam River PR-iN 9S 1W 13

and Ka y Wo olen M i l l
W es t  S t a y t o n  D i t c h  S a n t i a m  W a t e r  Con t ro l  N o r t h  S a n t i a m  R i v e r  IR 95 1W 15

D i s t r i c t
S idne y Cana l Mar ion  W a t e r  Con t ro l  N o r t h  Sant  j am R i v l r JR ‘(S 2W 34

Di s t r i c t
Lacomb Canal Lacomb Irrigation Crabtre, Creek 1k llS IE 25

D i s t r i c t

Coast Seeley Ditch Private Coffee L Creek 15 3S 1W 10

- -~ Range

Pudd ing  Lake Lab i sh  D i t c h  Lake L a b i s h  W a t e r  P u d d i n g  i i v ~~r rR-DR 6 5 2W 14
• C o n t r o l  D i s t r i c t

Sh e l t o n  D i t c h  M i l l  Creek  FC 7S 3W ( h

Tualatin Oswego Canal Lake Oswego Corp. Tualati n R i ver PR 25 II 2
Cummings Ditch Private Rock Creek JR 2S 1W 2

-
~~ I

Clackamas Faraday Lake Flume Portland General Clackama s River PR 4t- . 1  3
E l e c t r i c

Sand y Rosl yn Lake Flume P o r t l a n d  G e n er a l  Sand y R i v 1 - r  PW 2S 51 1
illec tri c

1/ rw J ~~ ; - n ;  IT = Tp r : 1 2 r c ~) . ;  ‘ = • I ’~~~~~ 1 1 2 ~~~; Ti’ = 1 / : c ~~t’ i~~; TI = •n ~~’~ - FC = ~7~~ - .i ‘;~~i. - 7
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CLIMAT E 
_ _ _ _ _  

____ _- - _

C L I M A T I C  S I G N I F I C A N C E  O F
G E O G R A P H I C A L  F E A T U R E S

W i l l a m e t t e  Basin has a m o d i f i e d  mar ine  c l imate  of re l a t i ve ly wet
winters and clear dry summers w i t h  m o d e r a t e  t e m p e r a t u r e s  in bo th  sea—
sons . However , there are significant climatic variations within the
basin. To a large extent this climate is the r e su l t  of f o u r  ma jo r  geo—
graphical features: (1) the Pacific Ocean , (2) the Coas t Range , (3)
the Cascade Range , and (4) the Columbia Gorge . The Pacific Ocean
l a rg ely determines the general characteristics of the incoming airinas—
ses , the Coast Range is responsible for most of their modification be-
fore reaching the basin , and the Cascade Range and Columbia Gorge are
responsible for the variation in climate that takes p lace within the
basin. The role p layed by each is discussed briefl y be low.

PACIFIC OCEAN

Th e val ley floor of Willarnette Basin closely parallels the coast—
l ine of the P a c i f i c  Ocean 40 to  50 mi les  to the  w e s t .  As a irmasses
g e n e r a l ly  move f r o m  w e s t  to east , air reaches the basin soon after corn—

p leting several days of ocean travel. Over the ocean , the air becomes

near ly s a tu ra t ed  and temperatures  in the lower several thousand f ee t
c lose ly  approach t h a t  of the ocean . From mid—October  to ea r l y A p r i l ,
the ocean is a vast spawning ground fo r  the w in t e r  s torms tha t  move ,
o f t e n  v i o l e n t ly ,  onto the Oregon coas t .

COAST RANGE

The Coast Range ex tends  the  n o r t h — s o u t h  l eng th  of the  basin  on the
west side. This range is both a b u f f e r  p r o t e c tin g  t h e  basin from the
mo re v i o l e nt  a s p e c t S  of most ocean storms , and a modifier of t h e
i f lCom in~ a i rm a s s e s .  T h e  Crest of the Coast Range is largel y between
1, 200 and 2 , 000 f e et  above sea l e v e l with the hig hest point , M arvs

- I Peak , r i s i n g  t o  4 , 097 feet.

In  t i l e  W i n t e r , a i r i s  c o o le d  as it moves onto t i l t  l a n d , bo th  by
its p IlSSi14 e OVe r ( l i e  ((101cr land s t i r  I ace and by i t s  increase in eleva—
(i on - i~~ i t  m o v e - s  up t h e  s l I i p e ~ k of t i i - - Coas t  Range .  T h i s  l i f t i n g  pro-
cess co o l s  t i l e i l  r t h i  roe t o  f i v e  degrees Fahren hie it or each 1 ,000 f e e t

Be e j  use cool ink material l.y rc-duc us t i e  a i n o u n  t of no i s  t u n  that t he
a i r  can  h o l d , p r e c i p i t a t i o n  i s  i !r c - ; l t l v  auCniented by  t h e  Coast R a n k e .
Eve-n t i ou k h m u c i  ol t~~is a el d i t  i o na l  p r e c  i p i t a t  joe fal is on the ‘est
s l o pe s  or  the r uint- outs ide W illame tte Basin , a consid erable amount
is c arr i ed OV I r t h e  c r est .  Because of th is moisture r (-lcase , the air
that d e s ce n d s  i n t o  the b a s i n i s  m u ch  d r i e r  t h a n  ti le marine air froc
wh i cn t I - - l i l a - . Th u s  i i i ~~i r r e- l a t i v € ~h w n i f l ty  and  f~~rn ’i t i on  of fog are-

n - I t t - r  i a l  1 v l e s s  in W i l l  ;ime t t e \-‘a 1 cv th in in the coastal area

T I - I
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In summer , the Coast Range blocks the marine air offshore , pro—
ducing  a s t r o n g  con t r a s t  b e t w e e n  the  cool m o i s t  a i r  a l o n g  t i le  i mni ed i—
ate coast and the warm dry air in Willarnette Valley. Rainfall in
summe r is not influenced si gnificantl y by the Coast Range because the
normal ste 11 track shifts north into British Columbia.

CASCADE RANGE

The Cascade crest forms the easte rn boundary of the basin with an
average elevation of slig htl y mo re than 5 ,000 feet and a number of peaks
that tower several thousand feet hig her. Just as the air is cooled in
moving up the Coas t Range , it is again cooled as it ascends the west
slopes of the Cascades. On the Cascade slopes , year—round temperatures
decrease with elevation and preci p itation increases. Due to the hi gher
elevation of the Cascades , temperatures are considerably lower on the
upper slopes than in the Coas t Range . Preci p itation at these hig her
elevations is mostl y in the form of snow .

The Cascades block out great masses of continental air. As a re-
sult , extreme winter and summer temperatures that characterize areas
100 to 200 miles to the east rarely occur in the basin.

COLUMBIA GORGE

The Columbia Gorge si gnificant l y affects the climate of Wil lamette
Basin , as it affords a nearl y sea leve l route throug h the mountains for
passage of marine air from the west and occasional strong pushes of
continental air from t h e east. The gorge exerts its greatest influence
on the lowe r areas adjacent to the Columbia .

During summe r afternoons , sea breezes move up the Columbia Gorge
to rep lace rising hot air. This reduces afternoon heating and l owers
by several degrees the maximum temperature s that would otherwise occur

-~~~~ 
- in the northern W illamette Basin. Occasionall y , in the summe r , hot ,

dry continental air from east of the Cascades will push westward throug hc 
- 

the gorge causing very low humidities and hi gh temperatures in the
nor t h e r n  b a s i n .

In winter , a i r  may move i n  f r o m  t h e  e a s t  i n  the same way , excep t  i t
then  is very cold and dry. The meeting of cold air from t h e ea st with
the warm , moist marine air from the Pacific results in some of the most
seve re w i n t e r  w e a t h e r  i n  the  i m m e d i a t e  gorge a r e a .  Heav y d r i f t i n g  snow
and severe icin g conditions create hazardous driving conditions and

some times disrupts powe r and t e l e p hone s e r v i c e - .

C L l ~~- t A T T C  E L I ~~M E N T S

~t I r S t  of the are- al v a r i a t i o n s  of t e m p e r a t u r e  and p r e c i p i t a t io n  in
t h e  b a s i n  are a result e i f  differences in elevation. Howeve r , minor

-~~~~~ di  f fe r e n c e s  in  t em p e  r a t u re  and p r ec  I p 1 t a t  i o n , and s o m e t i m e s ve’rv

s i g n i  f i r a n t  d i f f e r e n c e s  i n  s i  n d sp e c d s  , res u l t  f r o m  the proximi tv of
areas t o  t h e  C o l u m b i a  Gorge or f r o m  l o c a l  pe c u l i a r i t i e s  of t h e  t e - r r - l i n
not  r e l a t e d  to  e l e v a t i o n .  l ) u r  i ng c o l d  m o r n i n g s  , l ow—I  v i  ng a r e a s  ma~

1 1 -2
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have t e m p e r a t u r e s  severa l deg re e s  lower  t h a n  n e ar b y  hi~~h e r  l o c a t  i ons
where air movement is better. Isolated knolls , peaks , d r  ridge s usual—

U l’~- have much stronge r winds than less exposed are -a s. Local areas on

t i l e ’  l ee  sid es (wi t hi respect to norma l storm movements) of sma l I chains

of h i  I l s  or  r i d g e s may have si gni  fj c a n t l v  l e s s  rain l al I than more open

a reas n e a r by .  These’ peculiaritie s par tly a c c o u n t  for climatic di f f e r —
i-aces  that Ire not consistent with elevation differ ences.

- I rEMPERA1URE

Uff Ic i ;il lv recorded temperatures in Wi 1 lame t te Bas in have ranged
rom —24 degrees Fahrenheit to ii 2 de~~ree -- -i F ah e r e n he  it (Table I l — I )

I - - - 
k)dd lv enotlg hl , t h e  h i  1 c c  s t  ~ f record was ohs e r v e d  at  ~I , - ’( i nnv i  11~ , on th e
v a l  1ev f l o o r , and  t h e  h i gh e s t  a t  O a k r i d g e , r~- l a t i v e l v  h i gh i n  t h e  f o o t —
hl i h i s  of the C a s ca d e s .  lii i s is contrar y to t u e  k e - n e r l i  statement made

e a r l  i cr  t h a t  temperatures k-cr ,-ase’ at hi gher el e vati o n s . ftc low te rn p—
e ra t u r~ - at ‘b-~tinnvi l i e  probably r e - s u l  t e d  ( m l i i  the t I “c o f  colder,

heav  i cr  a i r t o  t i l t ’  l o w e s t  po i at i 0 t i l l - t e r r a  in—— t h e  s i t t -  of  t i l l - -
~~~~

- a t i l e ’  r
s t  - r lou . I lic h i - - r 1 , rjle r e  I tu r t - - i t  O~ ik i— i  il - c w~ is I i kc I s I S s u e  t e c h  S it hi a

I O e I l l l  I I I i-c t 01 - I p r o n i l i u n ( -  eel i - u  s t  k- lie1 Ill 5 0  i t ~ l o t  c el l 1 I l i t O l l  , l  I i i i

u ’ ~ cl d i i ,  c t  l y  I ; ,  r t h c  (i s - a d ~-s . \s t h i s  t i e  i ’ i ~~sed C V I  r I , - e I i l I l t . l I i l S

l i d  I l e l l  eh r o p r ’ l  i t  down to cI~ Y~i I ions or )OO t II h , ( ( 1) I c c - I  Li i  t lI - I c e - s t e  en

- - i  i i i  I s ol  t i l e  C t s r  l i l i i ~ , t i l e  t I  ‘el  t t i l ’ t p r i ’~~r e s si ~ - e I ~~- i n c r . r s e - d .

— H — i
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Table Il—i
Norma l tempera tures and the highest and lOWest

temperatures o f  record f o r  se lector! stations

LBased on records of U.S. Weather Bureau , throug h 19647

N.. of
Stat ion years Jan. Feb. Mar. Apr. May June Jul y Aug. Sept. Oct. Nov. Dec. Annual

Cherry Grove 27 Max 60 64 77 86 93 99 107 100 100 90 74 62 107
Elev 780 Mis 0 2 19 27 30 36 37 41 35 29 11 5 0

Cottage G r o v e l S  53 Max 68 76 87 87 93 100 105 102 105 93 76 73 105
Elev. 650 Norma l 40 43 46 50 55 60 65 65 61 54 46 42 52

Mm -2 0 14 23 23 32 34 31 26 19 11 7 -7

Det roit  26 Max 66 69 79 89 95 107 005 101 103 94 75 60 005
h ex . 1 .586 ruin -10 -10 10 18 25 26 32 31 28 21 0 2 -10

Eugene WB AP 22 Max 64 69 74 86 91 100 105 100 101 87 71 67 105
Elev . 359 Norma l 39 43 46 51 56 61 67 66 61 53 46 42 52

Mi., —4 -3 20 27 28 35 39 38 32 24 14 10 -6

Forest Grove 67 Max 62 77 82 93 98 101 109 103 104 91 77 64 109
11ev. 180 Norma l 38 45 45 51 57 62 67 66 62 53 44 40 54

Mm -18 -15 16 21 28 34 34 35 27 22 7 -15 -18

Heade,orks 58 Max 61 67 84 93 97 004 110 107 103 90 79 61 110
Elev. 748 Norma l 37 40 44 50 55 60 65 64 60 53 44 40 51

Mis 1 7 20 28 28 33 35 31 29 22 II -2 2

Mcllinxvjlle 64  Max 69 of 87 99 100 110 110 108 lOx 90 80 72 110
Elev . 148 Mb -15 2 1’, 76 24 33 34 30 25 26 9 -24 24

Oa k r id ge Hatchery 34 Max 71 /8 66 97 102 110 112 110 I ON 99 78 66 112
El e ,v .  1 , 27 5  Mi., — l 10 19 25 21 32 33 34 29 24 17 5 — t

Odell Lake 33 Mao 52 55 63 78 80 94 98 507 89 93 67 58 107 
—

Elev . 4,792 Mm —17 —l b —6 6 10 21 27 27 21 16 —8 -k -17

Portland WB City 90 Max 65 68 83 93 99 102 107 102 102 90 73 I’3 107
P1ev . 30 Normal 40 44 48 54 59 63 ‘9 68 ‘4 56 4’ iC  55

Mis —2 7 20 28 32 39 43 43 35 29 II 3 -2

Salem WB AS 36 Max 67 so $~ 95 102 108 104 103 92 9 72 liii ’
flex. 196 Normal 39 42  4 5  61 46 1 6~’ -i 62 ~4 45 42 52

Mis -10 -4 19 24 2’, 34 14 35 23, 26 9 5 -10

Ilerer l ynx 40 Max 60 68 R~ 93 97 lO b (C 104 101 90 73 1 107
11ev. 1 ,120 Normal 36 39 43 49 55 60 3,5 -4 61 52 43 II’ 50

Mis —2 —2 19 24 28 11 38 i x  12 72 Il 1 -2

Val seto A! 25 Max 66 71 80 93 98 102 102 4 9 3  ‘4 - 4 102
lIes. 1 ,135 MIs -4 0 9 21 20 27 30 2’ 2’ 21 4 $

~ 4 f iZ,rn-lt- ~~~~~

The annual range of average m o n t h l y  t e m p e r a t u r e s  is a p p r o x i m a t e l y
25 to 30 degrees Fahrenheit. Extreme dail y temperatures range from an
average  January  m i n i m u m  of about  35 degrees  F a h r e n h e i t  on t h i t -  v a l l ey
f l o o r  to  about  20 degrees  F a h r e n h e i t  a t  t hi crest of t h e  ( a s c a d e s , w i t h

~~ -
~ average J u l y  maximums of 80 to  83 degrees  Fahrenheit on t h e  val  1ev

floo r and 75 degrees Fahrenheit on t i l e  mountain crt-st (Figure 11—1) .
Based upon statistical estimates , the annual extrem e tempera—
ture recurrence intervals that may be ex p ect e d  at Isillame tte Basin

~ -; stat ions are shown in f ab le 1 1 — 2 .  ‘I’a b i e  I I —  1 p re sents the percentage

f r e q u e n c y  of d a i l y t e m p er a t u r e s  at  S a l e m  h~ ~ i i k ~~, or a 30 -ve i ir  p t - r —
iod . La t e -si  d a t e - s  of ~r e c z i I 3 g  t i-i - p cr~i t u re s  I l l  t i l t -  sp r i n g  a n d  c - in its t
U 1 3 t C S  in tile i~ i ll arc kiv e- n in Tabl e 1 1 — ‘i . Ac t ua l ~ e i - 1 1 c - r 4 l t d l r .  s 101- .1

part icu tar a ri-a ma V (levi ate Iron t lies I - d i  hi cause - t hi si opt ~ 3 l  the

t e r r a  in is o f t e n  an impe )rt -lnt fact or in  f i  u in c  i t ,~ n i e rn  i nc I i-nu p e - r l t Uris .
Loc a l  t e r r a i n  a )  so l f l e ( t s  e l - t I  is on w hu i chi t I ~~e last lower t e - r r t p e - r i t u r i - s

occur in the spring and  t h e  f i l l

-— ~~~~~~~~~ -- --- ~~~~~~~~ ---~~~~~~~~~ - -----~~~~~~~~~~~~~ --
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Table 11—2
° - Erpected annual extreme temperature s f o r

-- 
- var ious recurrence intervals 1/

Station 2 Yrs . 5 Yrs. 10 Yrs . 20 Yrs . 25 Yrs . 50 Yrs. 75 Yrs . 100 Yrs .
Albany No. 2 Max 96 101 104 106 107 110 111 113

Mi ii  17 11 7 3 1 —3 -5 —7
Cascad ia  R .S . Max 99 102 104 106 106 108 109 110

M i i i  14 7 3 —2 -3 —8 -11 -12
cherry Grove Max 97 102 105 109 110 t 13 115 116

Mii i  17 9 4 — 1 —2 —7 — 10 -11
clat s k a n i e  2/ Max 93 98 102 105 106 109 111 112

Miii 18 11 7 2 1 —3 -5 —7
Corvallis Max 98 103 106 109 110 113 114 115

Mm 18 11 7 3 2 -2 -5 —6
Cottage Grove 1 S Max 98 101 104 106 107 109 111 112

Miii 15 6 1 -4 -6 -11 .14 -16
Dallas Max 99 104 106 109 110 112 114 115

Miii 15 7 2 —3 —4 -9 -12 -14
Detroit Max 99 103 106 108 109 111 113 1 ( 4

Mm 10 1 —5 -ii —12 -18 -21 -23
Estacada 2 SE Max 98 104 108 111 113 116 118 120

Mm 16 8 4 -1 -2 -7 -10 -1 1
Eugene WB AP Max 98 102 104 107 107 110 111 112

M iii  16 9 4 -l -2 -7 -10 -12
Falls City Max 98 102 105 108 108 111 113 114

Mm 16 9 5 0 -1 -5 -7 -9 
-

Fore-st Grove Max 99 104 107 110 lii 114 116 117
M ii i  13 4 -2 -8 -10 -16 —19 — 2 2

Headworks Max 99 103 107 110 111 114 115 117
Miii  16 9 5 0 —l -5 -8 -10

Hood River 2/ Max 99 102 104 107 107 110 111 112
Miii  7 —5 -13 -20 -23 30 34 37

Leaburg  1 SW Max 98 102 105 107 108 110 112 113
Miii  19 12 7 3 1 -3 —6 -8

McKenzie Bridge M I X  103 106 107 111 112 114 116 117 -

I - M m  10 2 -3 -8 -10 -15 —18 -20
McMu nnvj lle Max 99 104 107 ItO 111 114 116 117

Miii 16 8 3 -3 -4 -9 -12 -14
I. 4 Oakridge Hatchery Max 103 107 110 112 113 115 117 118

M iii 15 7 2 -2 -4 -8 -U -13
Od e l l  L a k e  2/ H e x  87 89 91 93 93 95 96 96

Miii —5 -12 -16 -21 —22 —27 -29 -31
P~erkdale- 2/  Max 96 99 102 104 105 107 108 109 -

Miii -0 -12 -20 -28 -30 -37 -42 -45
Portland WB AS M el  98 102 105 108 109 112 114 115

M i i i  21 14 9 5 4 -1 - 3  — 5
Salem WS AS Max 99 104 107 110 111 113 1 1 5  II h

Mii i  15 8 3 -2 -4 -8 - I I  - 1 3
Thr~ e Lvi ix  Max 99 104 107 110 11 1 114 116 117

- - Miii 15 7 1 —4 —5 —10 -13 — 15
V a l s I t z  2 /  Max 96 100 103 106 106 109 III 112

Mm 13 6 2 -3 —4 -8 —11 -13

1/ ~ ‘—r ly e - I  — 1 1  SPA w i e j  - ~o~-n utet ‘~ Ic ~
-,
‘ a i :  ! I iIq ~ Hr;~rr— :~ ;‘1-et ~~r e

- / z ~j t r i b u t i o n  to -~O ‘ -ar ’ hnIl u a l .rtr . --i ,

~ P -oo t i -  1 ; t - t z t i o I l n  OUt,7 i I -  W f i Z - t — i  ~~~
- Basin.

- _ _ _ _ _ _ _  _ _  _
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Table 11—3
Percentag e frequency distribution of dai ly maximum

and minimum temperatures at Salem

PERCENTAG E FREQUENCY DI STCIDIYT I ON OF DAILY MA X IM U M TI37PEIIA TUIIES NY W EEK S

Trmpera ta r rn-- °F 
-—

15 20 2 5 30 35 40 45 50 55 60 65 70 75 80 ~‘ 90 11 100 105
W~ ok Beg lnx i fl g Ix to lx lx to to to t o  eo to to Ix Cx to to t o  t o to  t o

N~~. Da t.c 1$ 24 29 34 39 44 49 54 59 64 69 76 79 Ma 89 94 99 04 108
I Mar . 1 1 2 7 I I  32 27 (A 2
2 Mar . 8 1 3 19 31 26 Il 4 4 1
3 Mar . 15 1 16 25 27 16 10 4 1 1

~~ 

- 6 Mar . 22 1 14 31 27 13 8 4 1
S Mar . 29 1 8 24 30 19 15 4 1
6 A pr . 5 5 I l  26 22 15 11 3 1
7 A pr . 12 1 tO 27 21 17 tO 5 8 1
8 a pr . 19 2 7 23 11 71 15 7 2 I
0 Apr . 26 I 5 29 21 20 II 5 3 2

10 May 3 I 5 15 2 1 20 19 11 6 2

11 May 10 3 9 20 22 18 13 9 5 1
12 nay 17 1 6 22 23 II II 11 7 I
13 May 24 1 3 19 26 23 14 10 5 1
I -. May 31 2 1$ 25 21 IS 9 5 5
IS lane 7 1 4 10 19 21 19 15 4 -. 2
16 lone 14 3 I I  22 2 7  IS 9 5 I.

II J ose 2 1 1 5 17 27  20 20 6 3 I
18 lore 28 1 5 12 6 21, 16 I,- 5 2
19 J o Lv 5 8 12 2’. 28 18 6 I

20 Jaly 12 1 10 27 22 20 10 7, 3 2
21 Jxl y 19 I I ID lb 26 21 lb 4 4

22 Joly 16 3 11 23 ~‘ 23 10 —
23 Aag . 2 1 3 11 24 2$ 15 11 5 2

24 M~~. ~ 
2 9 25 2v Iv 5 r.

5 2 4  11D A .  16 1 1 20 22 24 9 9

21 Aag . 23 2 9 IS 22 23 16 tO 2 2

27 Aag. 30 3 5 Il 23 20 18 8 3

28 Sep.  6 I 3 II 21 23 15 15 7 4

21 Sop. 13 I -. 1 -  21 23 19 II S I

— 30 Sop. 20 2 I 7 20 19 17 26 II 6 2

31 Sep. 27 1 1 2 II 25 26 lv  5 4 2

32 Or t . 4 2 II 21 22 19 10 11 2 I

33 Oct. II 4 12 32 21 19 Il I

I4 Oct. 18 I 9 21 31 22 10 - 2

3 5  O ct . 25 1 6 12 31 29 14 5 I

36 Nov . I 1 1 6 2 7 32 21. 8
37 Nov. 8 1 1 1 1, 18 12 36 10 1
38 Nov. 1 5 1 3 I I  2 7  I I  18 6
39 N ov. 22  I 3 8 20 3 1 27 8 3

40 Nxv .  29 1 3 19 19 23 22 3
4 1  lI re. 6 1 2 6 16 30 27 14 2 1 I
42 Dec . 1 3  2 14 21 29 23 12
43 icr . 20 6 I D  22 2 5  2 8 9 I
4~. 6- 27 1 11 16 30 26 1
45 Jan .  3 I 1 5 16 26 21, 21 7 I
46 J 0 8 .  10 I I 11 16 16 29 21 7 1
41  J a n .  17 1 3 7 12 20 24 23 9 1

1r ‘ 48 J an .  24 1 2 9 13 1 9 28 I I 10 2

— 19 Jan.  II I I 1 5 9 2 0 24 24 1 5 7

50 Feb . 7 1 1 7 14 30 29 17 2 1
SI Pe b.  IA I I 4 8 31 30 1 7  9 1
52 rh . 71 1 I 6 21 60 19 12  1
4 1 Feb . 28 3 9 37 62 8 3

1’ V o l c e t  o,y~ ram L ed Ix ah ol r prr r ext . Not all roa n nay ,d,I op to 108 p~~~ - v7  -

M EANS , STAN DARD DIIVIA TIO tiS 8235 EXT MDIES OF DAILY 8664181.31 TOIFERATI ’Ri’

a Mean Sr ,tx da rd NiR he CE Moan x e . n a a r d  Il1R I,t-xI
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No.  Dab (°F) (°F) of Re rord No. D ote (°F) ( “ F> vI Revord

1 Mar. 1 4 I . 8 6.3 ‘- 8 27 A x g .  30 80.2 ‘1 . 2 103

2 Mar . B 14 .4 7 . 1 76 28 Sep. 6 7 7 1- 8 .6 99

7 Mar. 15 56.6 7 . 3  730 29 - - F -  I I  76 . 1 v .1 1’

-, Mar . 22 6 . -. 7 . 0 78 10 Sep. 10 7 . ’ ‘ . 4 1c~
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I~ Apr . 9 ‘ --. 11 1 , ’ 85 ( 4  O t t .  18 61 .0 1 ,9 81.

9 A pt. 21’ ‘~4 . 0 - - 88 36 Oct. 2 5  9 . 2 t- . I 15

0 May 3 66.8 8.1 87 36 5~ - - I 4 .4 v . 1  ‘-9

I I  “o ,  0 69.5 8.9 9. 7 5, - 8 41 .1 5., 66

-$ 12 ‘7,, I ?  117 .6 9.0 I Ii M v l . 15 50.1 ‘ . 7  64

‘ci  I I  va ,  24 1 . 1 7 .9 N I  39 906 . 22 53 . 9  6 . 3 m l
I .  MOo II 71 .4 0 .’- 9-. .1’ N ov. 29 ,-‘.3 0 r I

I S  I - n ,  7 73 .~ 9 .1 ~‘y 
.1 II. ,. 6 .11 .8 . 9 7 2

6 l~~v.- I-. 2 - 7 .7 - ‘  ,. Dec . 13 6’,’ - - . 7 - x

1 7  lon e  I I  - - - .  I . e ‘7  .1 9 20 .‘9  8.6 ‘-4

I I lone 20 78 . 0 8 . ’ I (I4 4 - . I , - 71 4 6 2  ‘- .7 ‘,q

9 aIx NO .6 7 , 6 I D) . - ‘ n . I 44 .9 1 .1 60

10 I,,In 12 11 . 1 0 . 7 08 J,n. III . 4 -  ‘.5 60
21 J~.I, I ’  86 _ I ‘. 7 0’- 6 7  J a n .  I ’  .a .~ 8 . 1 1-

2 2  J a I r  26 8 7 ~~~ I 1 1 11 .7 lam . 26 ~~~l 
- - 14

- I I - ,  - 2 8 2 . 2  - - 112 , ‘ I -t n .  II .‘ - 0 r I
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Table 11— 3——Continued
Percentage frequency distribution of dai ly maximum

and minimum temperature s at Salem

PIAC ENTAG II FREQU ENCY DISTMIRIIEION OF DAILY MINI MUM TEMP E 7AT I7RI.S 9Y WEEKS

Te81,emorore ,--°F
-ID -5 0-0 +5 10 15 20 2 5  3D 15 40 ‘11 50 55 60 61 7D

Work N e o I n O l n g  to t o  to to to to to to to to to to to to to to ° to

No. Ilote .5 ~1 0-4 -69 14 19 24 29 34 39 44 49 54 59 64 69 74
I var . I 2 lb 2’~ 25 24 6 1
1 Mar.  8 2 12 24 35 21 6
I Mar. 1 ,  1 11 24 32 24 7 I
a Mar. 17 7 22 33 29 7 I

5 Mar , 2 ’  1 9 20 3 1 28 11 1
6 -( p7 - 5 3 21 37 28 I D  I
7 2 p .  12 I 13 32 33 IA 3 I

v -I
~ - 19 1 12 31 ’ 2 71 22 1 1

9 O p ,  16 2 8 20 I’, 22  4

10 ‘7-’ I I 7 23 19 2 5  5

I I  May III 3 17 32 35 12 1

I 2 ’11, Il 3 12 1’- 34 13 I
13 vav 24 1 1.5 22 IA 22 3
I.. M a o SI I 9 21 36 2 ’  I I
IS Jon ,  7 1 I A  17 I I  10 2
1’ 30 -I .- 14 I — II I I  171 I I

I 1 3 19 12 39 6 1

Iv Ion- ‘7’ I 17 31 35 13 2
I I J x I v  5 2 11 28 41 17 I
20 I I - . 12 10 25 17 2 3  1

I I J a l y  11 1 8 30 13 24 5
22 1 1 7 1  .6 A 12 33 1 — 1 ’  2

‘ 3- ,. .’ 1 7 30 42 19 2

- - - ‘-‘.1 - 9 I I  28 42 I ’ -  3
2 5  So.- . 16 1 I S  29 33 21 I
11 II,,. 2 1 1 1 34 15 I- . 3

7 11 ~~. 0 I I l  10 34 I I -

29 Sr p .  v a Is IS 36 6 I
29 - - p .  I I  1 ., 2-. 1, 27 8 1
‘I ‘ p .  20 1 I 1’  20 10 18 4 I

I p .  27 - _ 17 26 27. 20 1 0
12 O r e .  6 3 14 29 14 13 6 I
31 lI- I - I I  I 9 19 2’- 27. 19 1

4 (1,1 .  18 -. II 21 10 I I  9 1

Ii 17 ~~ I s  7 12 7 27 1 24 7 1
I ’ - 7o.- - I I I 1 9 15 7 1  2 1  21 5 1 I
I ’  No - n I I 3 12 16 19 29 16 3
II’ So, . 1’ 1 1 1 15 21 Ii  2 3 8 1
I t  N o . 21 I 7 1 1 1  I i ’  20 20 14 2 I

-, - Nov . . 4 I ‘- Il 2 1 24 26 10 1

- - Dec . v 1 I I 2 17 18 14 17 8 1
- 1. - - 1 3 1 3 I I  10 23 12 19 8
I lIe, . 20 I - - 13 24 26 22 8 I

7’,- - 2’ I 4 1 12 24 2 5  20 11

- c, . I I I 2 I I  16 29 24 I I  I
b r ,  III I 3 I 7, 20 30 17 It 4

9, lay ,  I - I I I I -‘ -l l B  22  22 I I  6 1

•6 Ian, - - . I I I ‘ I I I  10 34 21 7 4 I

Ja r. I I  I I I I I - I S  28 24 Iv  1,

513 7 l , - 2 I - .1 29 21 I I  6 1
0 SI 6 , 1 ’ . I I  I 5 I r  I ,  21  1 2 6 1

52 7 , 7 . 1 2 I I  lv 28 15 5 1
- ] 53 1. I- . ~1 7 1 1  29 21 2.. 73

- - . 1 - I ,  . . ‘ .  , - -~~~ , o c 7 ,o I - - ‘ - No, , I I  , - ,o.- c van add ‘I’ Iv 700 p 7 - m t  -

“l AD ’- , - 7 - I IV-V ’ Ill V I ATI 0 0 S  371 77 7~5’FII I ’ 7 I  OF DAILY “17. 1M7 7 7 IIO P I  11~VI1 1 1 7 7 -

- -  

Mt- ott I , r d l.Ovartt “,-,,, Standard LO’arnt

- a 
- 

.. 7 - - Ion H i n l n x m  Reek N e g l n n l n p  ‘7Ii , , , -v,v 3 , - v i o I l o n  x l nloan
_ N

~~
. _ ( 6

7 )  j’l j o I 7 - . 7 1 1 1 I No . D o t e  (.L (“F) 01 Rne or d

I 7’ ’ - . I I, , , 6.0 22 27 26717 . 10 7 ’ ’  4 .8 II-

2 1610 . 0 ‘ .0 .“ 23 28 - F- I, 47 . 1 4,b I,
I M n . I ‘- .7 5.7 22 7’ Nrp . 13 -V . 7. 5,3 (I.

4 Mar , 22 7 . 5  - . 2 2S 30 v p ,  20 -4, . l , 2 ’
Mar.  29 I~~, b - v  14 31 --p 27 1 . 9  ‘- . . II

A pr. 5 1 0 1  - _ .A 27 32 Del . 4 44 .4 7.’ 12
7 A pe. 12 - .11 .1 5 ,0 27 I I  Or t . II 41 . 1 6 7 27

— A pr . 19 40.1 I 16 I~ Oct . 171 4 1 . - ‘1 . 28

-‘ A pr . 7 ’  41 . 0 . - - - IS  0 , 1.  2 S  40. 7 .6 76

10 8 6 v  I .1 - I ., l1 2-’ Iv S., - I 0,8 I I  I I
I I  7’ - , - - 10 .-. .0 5.1 32 II Mo, - ‘1 V .’ . r

12 I I , ,  V .4 . . ‘.7 I1 II So - 15 7 .9 6,7 9

(3 ‘ 7 , -  ‘ . 1’ .’ 7 .4 I. ‘‘I N , - 22  ‘- .1 8.1 1 5
I S  I I 1’ .~, 4.8 I, -I II N~ . .~‘I 

0 . 17 7 .2 19
- I 15 I - o .  ‘ 7  . 4  I . 7  7 ’ , . . 6 ‘.71 1 .7 5

~ - IA Ion , I-. - — - I .11 II 4 2  1101 . I I  I I , ’ ‘. 7  lO
~~‘ I I J,, n ,- ‘ I  ‘ n .O 7. - I I~ 4 3  II, . 20 I I ’- - , 0 19

0 loa m ‘71 4 ’ -  .1 3’ , . ‘~~~. d i  14 .0 7 . - I I

19 Ja In I 5 .11 ,. - I S  41 lan. I I I ., 7 . ,

61 20 lal. V SI . -’. 5, 4 -411 . Jan. ID I I .’ 11. 1

0 11 J u l y  19 5 1 . 7  , . I I’ 1 ,y . 17 II - I 4 . 6 ‘5

o f l , - . 2 I I I , ’ - . , - 7 ’  .0 I ,-, , I I  13 ,1 0 -IS

— 
1 S o y .  9 00. ’ 1 , - 411 0 I. I- . 1 1. .’ - . .

~~~ 27 l:,l ~ 26 II, I ~~~I I I  .r I ,r . 24 III , S  0.1 .1 

,‘ . 1’ 0.7 I IS SI Feb.  1$ .  7 - - - ‘.r I -

26 Ax~ . 7 50.0 4,1 19 11 ‘ . - - 7 I . ~ - - .1 2 1
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Tab le 11—4
Last occurrence in spring and first in fall of

7 temperatures of 32°, 28°, and 24° F for se lected stations

61 -~ ~~ ~~ 
-
~ ~

O — 0 0 0 C — 0 0 -  0 0

- .. Q. Z. o o .’ .  o n  4. oo ~~~2 L  a ’ I~~~ ’. O N  L~~~Stat ion ‘o ~ t nt 0 -o ,, Stat boo 0 N O t  0 4 0
0 - t  .‘3  o n  o o  0 —  0 0  a1 0 4  0 0  0 4  0~~~C O  0 1 4  0 4 4  ~. 0 X , .  R o ~~ 0 4 % .  Z R  ~~

~~~~~ ~~~ ~~
‘° 

~~~
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~~~~ ~~~~~~~ ~~~~~ 
0 1 0  11 %.,

- 8  ~-‘ -o I ,. N .-’ N N L U  ‘0 1. 0 0 ‘0 ’-’ N C

30 3.. Z O O  Z O O  Z 2 6  1’ >‘ I-’ I— Z O O  Z O O  Z.O 6’ 6.

Albany No. 2 32 04-03 11-02 213 30 30 Lacomk 1125311 32 04-21 I0 30 192 23 21
28 02-27 11-14 260 30 30 28 03-Il 11-1 6 250 23 21
24 01-23 12—1 4 325 30 30 24 02—1 2 12-08 299 23 21

Bonneville Dan 32 03-27 11-18 188 27 26 Loaburg ISW 32 04-07 11-05 215 30 30
28 02-14 12—15 304 27 26 28 02—13 12—03 293 30 30
24 01-22 A 343 27 26 24 01—22 12-27 339 30 30

Cascadja St. Park 32 05-10 10-13 158 29 27 3larjon Forks 32 05-25 09-23 12 1 16 16
28 04-03 11-03 214 29 27 28 04-29 10-26 180 lb I1~
24 02—21 12—06 288 29 27 24 03—25 11-1 5 235 IA 16

Cherry Grove 32 04-14 11—1 3 213 27 27 McKenzie Oridge 32 05-21 09-19 12) 30 30
28 03— 12 11—28 261 27 27 28 04.10 10-24 197 30 30
24 01—31 12—26 228 27 27 27. 03— 12 11-17 250 30 30

Corvralljo 32 04-11 11-01 204 30 30 McMinnville 32 05-03 10-IA 66- 27 28
28 03-04 11- 13 263 30 30 28 03-21, Il-OS .21. 27 28
24 01— 31 12-14 316 30 30 24 02—1 2 12-13 304 27 28

Cottage Grove IS 32 05-06 10-25 172 30 30 MolaIla 32 04-18 10-I? 182 lb lb
28 03-31 11 - 1 7 231 30 30 28 03— 27 11-08 226 1” 16
24 02-18 12-lI 296 30 30 24 02-22 11-28 279 16 16

Dallas 32 05-10 10-23 166 29 29 Oakridge Salmon 32 05-03 10-23 171 30 30
28 03-28 11—09 226 13 29 Hatchery 28 03—26 11-1., 233 30 30
24 02-19 12-01 285 29 29 21. 02—1 1 12-06 298 30 30

Detro It 12 05-14 09-28 137 29 30 Odell Lake ~— “ 32 0, -o - 30 29
28 04-14 10-30 199 29 30 28 05-30 09-26 119 30 29
24 03—10 11—16 251 29 30 24 OS—OS 10-19 Iv4 30 29

Estacada 201 32 04-23 11—02 193 30 30 Portland W .0.A .S. 32 03-28 11-08 225 27 27
7. a 28 03—05 11—1 8 258 30 30 28 02-27 11- 2 1 2’- 27 27

21. 01-30 12—1 8 322 30 30 27. 0 1 - 2 7  A ‘ 27 27

I2oyiomc W ,N.A.P. 32 04-18 10-21 186 30 30 Portland 11.8. City 32 02—27 11-27 27 3 30 30
- . 28 03-13 11—1 4 246 30 30 20 01— 25 12-30 339 30 30

- - 24 01-28 12-12 318 30 30 24 01—lA A - 30 30

Fall s l i l y  32 04-26 10— 30 187 29 30 Salem W .N.A .S. 32 04-21’ 10-30 I+~ 30 30
28 03-12 Il— lb 245 29 30 28 03-14 11—1 2 243 30 30o 24 02-10 12-14 307 29 30 24 02-13 12-12 302 30 30

Foresl Grove 32 04—27 10—20 176 30 30 SIlver Cr1-Ok FoIl s 32 05—25 09-22 120 22. 26
28 03-22 11—1 0 233 30 30 28 05-03 10-20 170 24 26
24 02-11 12—0 5 297 30 30 24 03-I ’ 11-1 2 242 24 26

Cooernnent ‘ - ‘I v y 12 * 6 - 18 21 Three lynx 32 04-08 11-04 210 30 30
213 05-23 10-13 143 18 21 28 02—28 11-26 271 90 10
2’. 05-02 11-04 186 18 21 24 02—01 12-28 330 30 30

Headvorks 32 04-li 11-06 203 30 30 ValRrIz.iJ 32 0S’12 10—17 158 25 27,
28 03-08, 11— 20 259 30 30 28 04—17 11 .12 209 2!. 25
24 01—31 ‘3 336 30 30 2. 02~ 26 12- I l 2138 25 25
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PRECIPITATION

Willamette Basin has a w in te r  rainfall climate. Approximatel y 70
percent of the annua l  preci p itation falls from November throug h March ,
and only f i v e  percent from June through August. On the average , non ’
than 15 percen t of the annua l precip itation falls in each of the winter
months of December , January, and February. This compares with onl y
about 1 percent of the annua l average during either Jul y or August. In
some years , no preci p itation falls for periods of from 30 to 60 or more
days during late summer . During the summer of 1967 , 79 days with no
measurable preci pitation were recorded at Salem.

Most of the prec ip itation tha t falls at low etevatiorl s occurs as
rain. The average annual snowfall at Portland (about 40 feet above
sea level) is about n ine inches , with a water equivalent of only two
percen t of the mean annual preci p itation at that location . At Portland
and at other p laces on the valley f loor , snow seldom accumulates to
dep ths of more than an inch or two and usuall y melts in a few hours ;
on rare occasions , 8 to 12 inches of snow may accumulate , but even the
heaviest falls seldom remain longer than 3 to 4 days . At the 2,000—
fo ot eleva t ion , approximately 10 per cen t of the averag e annual precipi-
tation occurs as snowfall. From that elevation to the crest of the
mountains , the percentage of the annual preci p itation falling as snow
increases roug hl y at t h e rate of 10 percent for each 1 ,000-foot in-
crease in elevation . At progre ssivel y higher elevations the depth of
snow becomes greater , and it begins to accumulate earlier in the fall
and lasts later in the spring . Extr eme and average snowfall and snow
depths are presented in Table 11-5.

Snow data are obtained annually at 36 special snow courses and at
regular weather  stations in and near the basin (Map 11—1). Snow mea-
surements are made at all courses about April 1 to forecast spring run-
off from the snowpack . Many courses are measured monthl y from January 1
throug h May 1 , and courses that form “prof i les ” along t ransmounta in
hi ghways are measured twice a month during that period . These profiles
prov ide snow dat a at abou t 1,000—foot intervals along North Santiam ,
McKenzie , Middle Fork Willamette , and Coast Fork Willamette Rivers .
Fi gu re 11—2 shows the  average (1948—62) accumulation and depletion of
the snowpack along the McKe nzie  River p ro f i l e .

Mean annua l  prec i p i t a t i o n  for  W i l l a m e t t e  Basin as a whole is about
63 inches , based on the isohyets on Map 11-2. This map shows the s t rik -

a ing effec t of elevation and topograp hy on annual preci p itation. In
some small areas along the slopes of the Coast Range , mean annual - pr e-
cip itation exceeds 200 inches. Moving eastward , ann ual prec ip itation
decreases rapidly to an average of less than 40 inches in the alluvial
p lain of the va l l ey  and again increases  to more than  130 inches at i so—
lated locations along the west slopes of the Cascade Range .

The network of precipitation stations (shown on Map 11-2) is not
suf ficientl y dense to define the preci p itation pattern positivel y in
the mountainous reg ions of Wi llamette Basin , particula rl y parts of the

_ _  _ _ _
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Table tI—S
Selected snow statistics for Willamette Basin stations

Seasonal Average No. Days Average Depth
Max. Depth Ave. Total with 1” or more on Days

Station Elev . of Record Snowfall Snow Cover with Snow Cover

Albany No. 2 220 15 6.6 4 3

Cascadia St. Park 850 26 13.7 14 6

Cherry Grove 2S 780 38 33.2 19 7

Cottage Grove iS 650 12 8.3 4 3

Dallas 325 29 •12.5 8 5

Detroit 1586 56 66.8 47 10

Estacada 2 SE 410 18 9.2 7 2

Eugene WB AP 359 10 7.6 2 3

Forest Grove 180 17 14.4 8 5

Government Camp 3980 183 298.4 177 41

Headworks 748 30 22.5 18 7

Lacomb 1WNW 665 10 5.5 3 3

Leaburg 1SW 675 19 14.6 8 4

McKenzie Br. R. S. 1478 48 38.3 28 10

McMinnville 148 15 10.1 4 4

• Oak rl.dge Hatchery 1275 15 20.4 12 4

Odell Lake 1/ 4792 140 313.6 190 42

- I Portland WB AS 21 16 8.4 4 3

Salem WB AS 196 16 7.4 3 2

Scotts Mills 9SE 2315 61 94.8 47 10

Silver Creek Falls 1350 35 17.3 13 6

Three Ly nx 1120 51 33.5 25 8

Timberline Lodge 5935 246 490.8 257 104
p 

Valsetz!/ 1135 36 20.4 15 7

L/ - u ta ~ide Wi l lari e t te Basin.
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STATIONS and ELEVATION

Fi gure 11-2. Profi le of snowpack accumu lation in Oregon
Cascade Range.

I I Cascade Range . Data from the existing stations , however , when con-
sidered in relation to topograp hy and suppor ted by streamflow data , are
sufficient to delineate the isohyetal pa ttern with reasonable accuracy .
All da ta used in develop ing the isohyets in Map 11—1 are adjusted to a
common per iod  1930—57 u s i n g  the d o u b l e — m a s s — c u r v e  method . Da ta  f rom
t h i s  pe r iod  and the  s t anda rd  1931— 60 normal period are near l y i d e n t i c a l .

Measurable preci pit ation (0.01 in. or more) falls 150 to 180 days
a yea r , depend ing on elevation. The average number of days each month
on wh i ch preci p itation occurs at Albany, Detroit , and Valsetz are shown
on Table 11—6. In winter , p r e c i p it tion results from frequent storms
t h a t  move in from the Pacific Ocean . Even as late as June , ther e is
still about one chance in three of rain during any one day caused by
these storms . In summer, preci p itation usuall y results from occasional
shower and thunderstorm activity.
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Table 11—7
Short cbAra tion maximum ra in f a l l  intensities (in
inches) for se lected recurrence intervals 1/

(a) Valley Floor
Durat ion of Precip i ta t ion

Recurrence 20 30 1 2 3 6 12 24
interval Mins . Mins . Hr .  Mrs .  Mrs.  Hrs .  Mrs .  Mrs .

2 Years 0.2 0.4 0.5 0.8 1.1 1.5 2.0 2.5
5 Years 0 .2  0.5 0.8 1.0 1.3 1.7 2 . 5  3.1
10 Years 0.3 0.6 0.9 1.2 1.5 2.1 2.8 3.5
25 Years 0.3 0.7 1.0 1.4 1.7 2.4 3.2 4.0
50 Years 0 .4  0.8 1.1 1.6 1.9 2 . 7  3 .5  4 . 4
75 Years 0.5 0.9 1.2 1.7 2.1 2 .9  3.7 4.7
100 Years 0.5 0.9 1.3 1.8 2.2 3.0 3.9 5.0

(b) Coastal Range
Duration of Precipitation

Recurrence 20 30 1 2 3 6 12 24
interval  Mins . Mins .  Hr.  Hrs . Hrs .  Hrs .  Mrs.  Mrs .

2 Years 0 .2 0.4 0 .6 1.3 1.7 2 . 6  3.8 4 . 5
5 Years 0 .3 0 .5 0.8 1.6 2.1 3.2 4 . 7  5 .6
10 Years 0.3 0.6 0.9 1.8 2.4 3.6 5.3 6.3
25 Years 0.4 0.7 1.1 2.1 2.7 4.2 6.2 7.2
50 Years 0.5 0.8 1.3 2.4 3.1 4.6 6.8 8.0
75 Years 0.6 0.9 1.4 2.6 3.4 4.9 7.2 8.5
100 Years 0.6 0.9 1.5 2.7 3.5 5.2 7.6 9.0

(c) Upper Slopes of the Cascades
Duration of Precip itation

Recurrence 20 30 1 2 3 6 12 24
interval Mins. Mins . Hr. Mrs. Mrs. Mrs. Mrs. Mrs.

2 Years 0.2 0.4 0.6 1.0 1.4 2.0 2.9 3.5
5 Years 0 .2  0.5 0.8 1.3 1.7 2 . 4  3.6 4 . 3
10 Years 0.3 0.6 0.9 1.5 1.9 2.9 4.1 4.9
25 Years 0.4 0.7 1.1 1.8 2.2 3.4 4.9 5.8
50 Years 0.5 0.8 1.2 2 .0  2 . 5  3 .7  5 .3  6 .3

C 75 Years 0.6 0.9 1.3 2.2 2.8 4.0 5.8 6.7
100 Years 0 .6  0 .9  1.4 2 .3  3.0 4 . 2  6 . 2  7 .2

1/ Cor ’iputed f ro r i U. S. Weather P urca ~i Technical T - ~ 1~ ~~~~~~ “Ra-i ’all
Tntensities for Local I’ rzinaae t-csian in ~“ n t ~ -p~- ~-5~~~~-~ Sta t -e ”.
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- Table 11—8

Mean, maximum, and minimum monthly precipita tion

Station. Jan . Feb. Ma r. Apr . MOO J a n a J u l y  A~ g Snyt . 01-1 . N~~~. D - . Ann4 . I

ALBANY No. 2 EIpv . 220
Nn~n 6. 25 5.06 4.55 2.28 2.13 1.50 0.38 ~‘ i . / 1i . .7 ..ljIj ,.S7 ‘.. 7 5  .11 ,17

ManirnI m 13 .36 12 .06 8.97 7.85 4.15 5.05 2.32 2 .11 4. 51 1 1 . 6 4  1 . 7 2  1_ 57 7 . .

Mininnun 1 .16 1.33 [.23 0.30 0.25 1 0.00 T 0.07 0.14 I C -  C n n  2. 2 7

CASCADIA ST .PARI( Elan. 850
Mean 8.31 6.97 7.32 4. 83  3 . 9 3  3 . 0 5  0 .57  0 . 8 2  2 . 2 3 5.84 8.05 -I I- l . 2 1

Ma 14 .44 13.18 12.75 10.38 8.69 7.09 2 .54 2.73 4.91 15. 5?’ 20.91 20.65 82 02
M m 3.44 2.34 2.24 1.28 0.84 0.02 0.00 T 0.02 0.66 0.67 3.22 15 17

COTTAGE GROVE 1S ESpy . 650
-; Maan 7.03 5.63 5.45 3.10 2.62 1.85 0.30 0.49 1.52 4.35 6.4 7 7 .50 47 . I I

Man 13.59 13.67 10.34 8.78 6.02 6.42 3.16 1.73 4.32 15.35 13.02 18.38 1- 1 41-

Kin 1.90 1.60 1. 78 0.64 0.43 0.00 0 .00 0.00 0.12 0.19 0.53 2 .11 2v .02

DALLAS EIev . 32 5
Mean 8 . 3 4  7 . 48 5.84 2 . 95  2 . 2 0  1. 24 C.40 0.68 1.33 3.87 ).1~’ 8.1 2
Max 18.71 15.02 11.42 7.91 4 . 4 7  4 . 38 1 .36  1 . 99 4 . 05 1 1 . 3 9  15. 75 16 .07 4 .1-2

MO n 1.84 1.82  1. 7 9  0 . 2 3  0.03 0.02 0.00 0.00 T 0.51 0.32 1 .41 l O l l

DE TROIT K I e v .  1986
Mean 11.17 9.80 9.01 5.49 3 . 89 2 . 6 8  0 . 64 1.00 2 . 5 8 7 . 64 1 2 . 5 3  32.86 75 . 2 7
I-lax 27.09 21.63 13.55 12 .28 8.87 8.13 2.08 3 .16 9.89 19 .80 27 .76 30.86 109.13
Kin 2.98 2.57 2.60 0.98 0.92 0.06 0 , 01) 0.01 0.04 1. 68 1 . 5 0  3 . 5 0  50. 7 1

ESTACASA 2 SE Dlxv . 410
Mean 7.62 6.58 6.90 4 . 3 5  1. 64 2 . 76 0 . 7 3  1 . 1 3  2 . 36 s IC 7 .86 8.5/4 58.01
Man 16 .69 16.04 11. 78 8.93 8.58 6.20 2 .02 3.98 5.75 15 .71 18.90 17.50 ‘7 ,82
MIn 1.67 1.88 2 .20 1 .40 0.37 0.16 0.00 1 0.11 0.66 1.24 2.96 35.67

EUGENE WI Al Elan. 359
M e n  6.33 4.97 4.32 2.38 2.14 1.42 0.27 0.40 1.27 3.83 5.62 6.63 10 .56
FIn 14 .81 11 .58 9.81 7 .17 4.44 5.57 2.n3 1.70 2.98 12.66 12.02 20.99 57 .95
F I n  1.38 0.86 1.39 0.55 0.29 T 1 1 0.06 0.34 035 2.69 23. 26

IIEA //O RIIS F Ir , ,. 748
M r  11 .76 9.03 9.79 5 .87 5.37 467 1 .09 1 .56 3 .85  8.04 11.85 12.83 85.7 1
Man 22.34 19 .89 14.8 5 12 .52 9.97 10.05 3.28 5.21 9.16 17 .25 30.77 21.00 110.30
Kin 1 .7 1 2.91 3.21 1 .40 1. 7 1  0 .44 0.00 1 0.58 1.52 0.77 4.12 53 59

MCKENZ IE 681005 Elm . 1375

r He..n u.S. 30 .48 8.42 8.39 4 .75 3.91 2.93 0.52 0.72 2.25 6 .1) 9.62 36.84 ~0.44
Man 21 . - ’ 19.07 14.33 10 .97 9.39 7.59 2.31 2.73 1 .74 18 .28 22. 54 26 .94 93 .29
CI I, 1 .. 2.55 1.41 1 .36 0.50 0.00 0.00 0.00 0.25 0.12 0.22 3.16 44.75

QAXEUDGE SAL/KIN HATCHERY KIev .  3275
Mean 1~~7 3  5.24 5.09 1.10 2.74 2 .12 0.44 0.50 1.32 3.92 5.96 6.81 43.97
‘tI n - . 1 0  1 .54 10.77 6.41 6.90 -4 .85 2.56 2.14 5 6 5 13.22 2 .56 21 47 60 32

1. 114 I l ,  3.57 0.67 0.80 13.00 0.00 0.00 0.11 0.03 0.25 2.26 28. sI4

ODEEL lAKE LI 1 1 - 1 . -. 711 2
M e n  8 .83 6. 41) 7 .59 1 ,1,7 2.74 2 .39 0.43 0.57 .1.2 4,11 7 . 5 2 1 1 . 6 54 7 1
M x  17 .73 11 .72 11 .87 8 7 3  6.62 5.03 1 .62 3.18 ~.9I 3 5.58 ‘ . I ’ 29 .11 9 1 1 .13
7 ? ’ n  2.69 I . 4 1.10 0.75 0.32 0.22 1 0.00 1 1 1 1. ’-? ’ 29 . 4

PORTLAND Wil CITY Elev. 30
6.34 4 .1-I .78 2 .4 5  1.05 1.68 0 .39 0.69 1. 74 1.89 1.03 7.42 62 .1

Man [4 .67 11 .1.1 8.37 6 .22 4 . 97  3.88 1 .43 1 .84 3.99 9 .70 14 .40 13.86 ,7~ 15
K i n  1 .-lI ) 1 3 3  I ’l l 0.50 0.61 0.03 1 T 0.09 0.46 0.36 2.1-? 27.32

SALDI NB AS I I . - ’.. 195
A Me.,. 6.70 ‘ 3 1  - , 7~ 2.33 2 .11 -.5 0.35 I) . ,’~ 1.38 3.91 5.71 7 .37 .1.75

‘I., 11. 70 12.3 3 8.39 7 1.9 4.58 ..‘ -)  1 .4) 2.14 3.22 11 , 17 13. 14 33. 60 -1 .50
0 , 1  1.43 1 .17 O I l  1 ) 5  0.01 0.00 1 0.01 0.21 0.48 2.~ 7 25 .20

188FF 1 1147 EI.n . 3 120
Mr-an 9.84 8.41 8.11 - .11 4 .06 1. 0 ’, 13.59 0 411 2.45 14 ‘4 .22 11 .10 1.8.89
Max 11. . ! ?  18 .91 13 .09 1 1 7 1 1  ‘1 .71 I’ . ) ,  1 .80 2.82 7.07 1 5 .411 21. 53 20.60 4 ) 5’4

MI, 1. 7 - .  1 , 7 5  2 . 1,1, 1 .01 1) 11) (1. ,) 0.00 0.00 . 1. 18 0.5,1 2.87 40, 13

VA IOE1’ ? 1! Kiev. 1135
M I , ,  n • II, 17 . ‘0 I -

‘ . 0- 8.2 1) -.,‘-0 2 .87 1 .1- . I ~ l 1 1  -, - I I  7 114 15 .14 23 .33 2 - . 70
M I ’  ‘ ‘I 34 .19 25 .41 ) 4  54 1 1 .1 8 1 3 . 89 4.10 44 15.35 30 1-2 .9 -.13 ,15 l 68 .~~7
‘I, 3. 19 4 . 19 I ’- l I ’  3.30 0.09 0.1)0 11 )111 0.31 1 .73 4 .00 7 . 7 ) 80 .16
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Late spring and summer thunde rstorms are usually of brief duration
bu t have produced the heaviest short—period (2 hr or less) rainfall
t h a t  has occurred in the basin. Recurrence intervals of short—duration
maximum rainfall intensities that may be expected at locations on the
valley f l o o r, Coas t Range , and upper slopes of the Cascade Range are
shown in Table 11—7 .

Table 11—8 gives the average monthly prec ipitation and extremes
for selec ted stations. These data are presen ted in graphic form for
Alba ny ,  Three Lynx , and Valsetz in Figure 11—3.

EVAPORATION

Records of evaporation in Willamette Basin have been obtained by
the U. S. Weather Bureau in cooperation with the Corps of Engineers ,
Orec’o~i State University Experiment Station , and others . Most of the
observa t ions  of evapora t ion  are made du r ing  Apri l  th rough Oc tober .
Heavy rainfall and frequen t freezing weather normall y result in little
or no evaporation from October until Apr il. Table 11—9 summarized
evaporation data.

Table 11—9
Month ly evaporation data (inches) for Willamette Basin Stations

May June July 
~~~~~~

. Sept. .

Corvallis (O.S.UD Elev. 205
Mean 3.26 4.18 5.28 7.05 6 .23  4.16
Maximum 4.19 5.20 7.46 9.87 8.33 6.50
Minimum 1.65 2.48 2.98 4.94 3.76 2.74
No. Years Record 29 36 42 39 42 37

Cottage Grove Dam Elev. 831
Mean 4.64 5.56 7.88 6.67 4.47 1.91
Maximum 5.95 8.48 9.46 8.21 5.50 2.46
Minimum 2.60 3.83 5.64 5.07 3.30 1.61
No. Years Record 20 22 22 23 19 12

Dorena Dam Elev . 757
Mean 5.07 5.88 8.15 7.10 4 .77
Maximum 6.41 9.24 9.56 8.58 5.35
Minimum 3.52 4.51 5.84 5.10 3.62
No. Years Record 16 16 16 16 16

‘ Fern Ridge Dam Elev . 380
Mean 2.86 4.84 5.81 8.13 6.79 4.60 1.81
Maximum 3.46 7.05 8.42 9.90 8.39 6.16 2.58
Minimum 1.76 2.86 4.05 5.46 4.75 3.13 1.20
No. Years Record 15 22 22 22 23 23 11

Odell Lake (Land Pan)~’Elev. 4792
Mean 

~~~ 3.94 5.48 3.75 1.98 0.75
Max imum 4.19 5.33 6.36 5.26 3.88 2.17
Minimum 2.62 2.45 4.33 3.02 1.42 0.27
No. Years Record 8 20 20 20 20 19

1/ Th-~ or Li t’.r, I ;;, i a .  . ~/ ‘I ’.~~~jr~ 1 l ( l ~ ’ ~~~~ &z~~1’1.
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W I N D

Fi gure 11—4 shows the  Janua ry , Jul y ,  and annual  w i n d  roses for
stations in the basin. Wind roses show the f r e q u e n c i e s  tha t  the wind  7

blows from each of the ei ght princi pal directions .

Several t ime s each yea r , October  to  e a r l y  Ap r i l , very strong winds
s t r i k e  the Oregon coas t .  O c c a s i o n a l l y ,  desp i te  the p ro tec t ion  a f f o r d e d
by the Coast Range , they move inland with considerable strength. Sus—
tam ed speeds of 40 to 50 miles per hour can be expected to occur
during most winters . A study by the Bonneville Power Administration
(BPA Schedul ing  Sec t ion , 1964) shows t h a t  a su s t a ined  speed of at least
60 mi les  per hour can be expected , on the  average , every 10 years , 70
mi les per hour every 25 years , and 80 miles per hour every 50 years .
During the Columbus Day storm in 1962, winds in excess of 70 mi les per
hour occurr ed thro ughout the Willamette Basin; on a number of unofficial
instruments speeds of more than 100 miles per hour were noted .

From September throug h May, windspeeds of 40 to 50 miles per
hour a re  recorded severa l t imes each month on top of Mount Hebo in
t he  Coast Range.  Dur ing  these  per iods , it is not unusual for winds
to reach 70 to 90 miles per hour and occasionall y they are higher.
Mount Hebo , elevation 3,153 ft , is an exposed point considerabl y
hig hertthan the surrounding terrain.

RELATIVE HUMIDITY

Because of the prevalence of marine air , morning humidities are
rela tivel y high throughout the year. Daytime heating in the summer
reduces the  h u m i d i ty  to between 40 to 45 percent during midafternoon .
During an east wind condition in summer , it usually drops to 15 to 20
perrcnt , caus ing a h i g h f i r e  hazard  in the  f o r e s t s .  Table 11—10 pre-
sents the general month ly average humidities for four selected times
during the day at Portland , Salem , and Eugene. Figure 11—5 show s this
information graphicall y for Salem .

Table 11—1 0
A 1~1~ sz ’- 7 - relative humidi ties in Willamette Basin f o r

four  6-hour intervals

Time (P. s. t.) Jan . Feb . Mar. 
~~~~ ~~i 

June

4 a.m . 86 88 88 88 87 86
10 a.m. 82 81 72 67 64 63
4 p.m. 77 70 62 55 53 49
10 p.m. 84 8~ 83 78 78 75

~~~~ 
Au~ . ~~~~~ Oct. Nov. Dec. Annual

4 a.m. 86 86 88 91 90 89 88
10 a.m . 59 62 65 79 79 84 72
4 p.m. 43 44 48 65 65 80 60

10 p.m. 71 74 77 86 87 87 80

L 11-18

- ~~~ . . _ .  ., ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - _ 
~. .... -- i.. -



- .--~~~- -~~~~~w-~~~
- p - .  -~~~- ~~

—— -
~~~~~~~~~

-
~~~~~~

-- -  -.- —- - -
~ 

--- 

- 

— -- - -

~~~~ 

—

~~~~~AND (2) P0R~~~ND~~~~~~~~~~~~~~~~~9
~~ ‘ 1 7 4  

~ AS C~ DE 2

SA LEM (2) 

~~~~~~~~~ 

— 

-

0 ~~ I 
n

,

CO~ VA LL IS (2)  
~~~~~~~~o~~C0RV4LLIS (2)

- 

m ::I~~ E U G E N E  (2 ) 
~~~~-;~I~73~~U G E N E  (2)

J . -~ N t ’ .-~ R Y J [ L’~
•

P0~~~~ D)~~~~~ 
~~~~~ CAD E

LO CKS (I )

~~~~ SALEM (2 ) 

~~~~~

“— -
~~k,coRVALL,S (2) 

l l ~~~~’ I I 1 ? 1 ,~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c::?
~.. 

t!1 .. - ‘ ‘I 1’  ~. .41’! 4

~~~~~EUGENE (2) 
L E O R N O

/ IN S P E E D  ~I1I x 811M87 1I - £81) SPIED CLASSES

“ 1 S Y M BO l

- I ,  4~~~~ I ? ,  a .- ‘ 4 , 7

..- a .  Ill 1€ ’
am. I?! a .

A N N E

Fig ure 11—4. . u ~ J 7 zc7 ’ w-z.nd roses , Willam etts ’ Basin.

L 11-19

~

-

~

- _ _ _ _  ______



‘.—-----. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

100 I I I I I I —
~ I~~ I I I

O400 hrs.

Jan Feb Mar A pr  May J u n e  . lu 1~’ A u g  Sep t  Oct Y ov Dec

~‘~~ ;u i’,; 11—5. Re lative humidi ty f o r  j~~Ui~ 6—hour 1 f 1 ’r? ’al.~ at :11 7. (y ? .

SUNSHINE AND CLOUDINESS

Frequent storms moving in from the Pacific Ocean and the cooling
of the marine air as it is lifted over the Coast Range combine to pro-
duce considerable cloudiness from mid—October to mid—March . Even dur-
ing this time , however , br ight sunny periods of several days ’ durat ion
can be expected.

Three different measurements are used to estimate sunsh i ne and
solar energy : (1) average cloudiness of the sky , in tenths , f rom sun-
r i se  to sunset; (2) average percentage of the time possible that the
sun shines; and (3) total solar radiation each day measured in langlevs
(a lang l€- y equals ~ gram calorie of energy per square centime ter per
minute). Observed data are few for each of these measurements. Data
on average cloud i ness are available for stations at Portland Inter—
nat i onal  and Eugene A i rp o r t s  f o r  a number of vei rs and ire the basis
for the estimate for isi Ilamette Basin. Statistical estimat es have

- - been made of the percentage of pos sible sunshine and solar radiation
( St e rn es , 1959) .  I’able  I l—il summarizes these three components on a

-

- - month ly and an a n n u a l  ba s i s  for t he  b a s i n .
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HAIL

During l~~tL- winter and earl y spring , small hail is likel y to occur.

Hailstones large enough to cause serious damage to prop erty or crops ,
however , are rare and prob abl y occur on an average oil less t h a n  once a
year in the entire basin. Ha i l, damage generall y is confined to small
areas , seldom covering as much as 100 acres .

TORNADOES

There have been less than half a dozen tornadoes and funnel clouds

officially noted during the entire history of weather observations in
Willamette Valley and surrounding mountain slopes. Only three or four

actually touched the gro und , and none fo r  a d ist ance wider than a few

r yards or longer than a few hundred feet. No loss of life resulted and

proper ty damage was negligible.

Table 11—11

Es timates of cloudiness , p ercentage of possib le sunshine,
and solar radiatio n in Willamette Basin

~~~~ 
Mar. May ~~~~

Cloudiness 84 82 82 74 71 €25

(percent of
sky covered
b~ clouds)

Percent of 25 35 40 50 50 50
possible
sunshine

Solar radi— 110 185 275 410 500 500

at ion (in
lang leys)

~~~~ ~~~~~~~~~~~
. 

~~~~~ 
N o v .  2~~~L. Annual

Cl oud iness 43 48 52 7 1 81 88 70
(percent of
sky covered
by clouds)

l’ L- rcent of 65 65 60 4a 31) 20

possible
sunshine

Solar radl— 575 500 400 2 2 1) 150 90 3 , 915
It [on (in
l a n g lev ~~)
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M E T O R O L O G I C A L  A S P E C T S  O F
M A J O R  S T O R M S

Several times each winter , severe storms cause heavy rain , strong

winds , or considerable snowfall in the basin. Associated with each of
these weather events are several significant meteorological events .

HEAVY RAINS

A long fetch (run) of southwesterl y winds aloft is a typ ical fea—
ture of the storms that produce the extremely heavy rains in western
Oregon . These winds originate near Hawaii , cross the Pacific Ocean and

stream inland , carry ing warm , moist air over Oregon and Washington .
This warm air meets cold , northerly air pushing south f r o m  the  A l e u t i a n
Islands to form a storm front. Warm waves that form along the front

move eastward for periods of several days . As the airmasses move over

the Coast Range and up the west slopes of the Cascade Range , precip i-

tation assoc iated w i t h  the front increases. A typ~~ al storm of this

nature was tha t of December 20-25 , 1964 , when very heavy precip itation

occurred  not only in western Oregon but extended over the Cascades into
tIe central-p lateau area of the state.
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STRONG WINDS

A storm center that deepens and intensifies about 500 miles off
the southern  Oregon—northern California coast is the usual prelude to
strong winds at lower altitudes . As the storm center intensifies , warm
air that is pumped northward around the low—pressure center steers the
“low” northward along the coast.

At about the time the center of low pressure reaches the mouth of
the Columbia River , a strong pressure difference develops from north
to south through W illamette Valley. With lowest pressure to the north ,
south winds accelerate down the valley toward the Columbia . Usuall y
the increase in windspeed begins in the southern end of the valley and
moves northward so that these winds reach Portland about 2 to 3 hours
later than they reach Eugene . During the Columbus Day windstorm in
October 1962--one of the  most i n t ense  ever recorded for Wjllamette
Valley--the extreme pressure difference between Eugene and Portland
was about 10 millibars per 100 miles , creating hurricane-force winds.
A number of papers and manuscripts have been prepared describing this
storm (Harper , 1962 ; Capell , 1962 ; S t e r n e s , 1962; L yno t t , 1964;
Decker and others , 1962).

SNOW

Heavy snows fa l l  each winter on the upper slopes of the Cascades
and frequently atop the Coast Range. Substantial snow depths accumu-
late much less f requen t ly on the valley f loor  and are typically pre— P
ceded by movement of cold air into the Wil lamet te  Valley , o f t e n  from
the east through the Columbia Gorge and lower passes in the Cascades.
The ideal condit ion for  snow exists  along a f r o n t  between very cold a i r
moving out of the north and relatively warm air moving out of the south-
west.

Major frontal storms usually bring vast quantities of marine air
from the Pac i f i c  Ocean , wi th  temperatures  wel l  above f reezing in the
1, 000- to 2 , 000-foot  l eve l s .  Consequen t ly ,  snow turns  to rain as it - - 

-

falls through this layer. However , when a blanke t of cold air c~ vers
the valleys , the falling snow reaches the ground.

When the storm ’s low-pressure center is well to the southwest , the
f l o w  of cold air from the east throug h the Columbia Gorge is prolonged ,
and the  incoming m a r i n e  a i r  may c o n t i n u e  to r ide  up over the  colder
s u r f a c e  l a y e r  fo r  many h o u r s .  This f r o n t a l  condi t ion  can produce - -

r a t h e r  heavy snow at  a l l  e l e v a t i o n s , p a r t i c u l a r ly in t h e  Columbia Gorge
and middle and lower Willamette Valley. Eventuall y,  the cold surface :-~ —

layer is disp laced by the incoming warmer marine air. These heavy snows
arc frequentl y terminated by freezing rain before the cold surface air
is comp letely rep laced .
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GEOLOGY AND RELATE D FACTORS
‘ F  ~~

. 

Several factors other than climate af (ect the occurrence , distri-
bution , and availability of water in Wi llamette Basin. The- rust impor-

4 

-, tant are topograp hy, geology, soils , and vegetation. Elevatio:~ has a
considerable influenc e on the amount and form of preci p itation. Both
preci pitation and the- proportion that falls as snow cene ra ll v incr ls~
with elevation. Evaporation is also le ss at  hjrh e- lc- :i t ions because
of lower temperatures. Greater local relief and sLeep~ r slopes g~ neral-
l y promote )~rc;iter runoff. The combination of gre 11 r prec i p it ation .
gr eat er relief , steeper slopes , and 1os~er e -- ~ip~ r .ition rates cuii~~on iv
result in greater r u n o t i l  for the mountain ;I r -JS t i ~in  i or t ) l e  ~oot h i  1 is
and valley plains .

Rocks , and the soils developed from them , form the t ramework b r
the hydrologic system of the basin and knowled ge of their characteris—
tics is necessary for understanding and exp laining the hydrology of the
basin. Permeable soils allow sizable quantities af water to infiltrate ,
and if the rocks beneath are porous and permeab l e , a large part of the
preci p itation may p~-rco1ate through the ground. Part of thi s water
remains in the ground only a short time , hut it may be many years be—
fore some of it moves to points of discharge. Certain areas of the
basin are underlain by permeable rocks forming ground—water reservoirs
capable of receiving and storing large volumes of water. In parts of
tile basin , these aquifers furnish a large part of the water used for
Irri gation , municipal , industrial , and domestic purposes.

The vegetative cover may intercept part of the- precipitation and
prevent it from reaching the ground . Water transp ired into the atmos-
phere from growing vegetation cannot be developed for other purposes .

- I It has been estimated that in forested areas of the- basin dir e-ct
evaporation together with transp iration hr trees uses more than 30
inches of precip itation annuall y (Rothacher , 1965).

Maps and descri ptions of the phys i ograp h y and geology are presen—
ted in Append ix A , the Study Area. Pertinent factors of topograp hy.
geology, soils and vegetation related to water in ‘s’illame tte Basin are
discussed in the following sections .

E . j
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G E O H Y D R O L O G I C  S E T T I N G

On the ba si s of phys iography and geology , Wil lamette - Basin can be
divided into three north—south bands: the Coast Range , Willamette
Valley , and the Cascade Range. Differences in the occurrence and
availability of water in these three areas are caused by d i f f e r e n ces
in their topography ,  cl imate and geology.

In general , rocks in the basin are of two types— —volcanic and
sedimentary . The foothills and mountains are formed by the volcanic
rocks and older indurated sediments , whereas the lowlands are largely
f loored by younger consolidated and unconsolidated deposits overly ing
the bedrock. The geohydrolog ic characteristics of the geolog ic un i ts

— 
are listed in Table 111—1.

COAST RANGE

In ncr thwes tern Oregon , the Coast Range extends laterally f r o m
Willatnette Valley to the Pacific Coast and the crest forms the western
boundary of the basin. About 1,900 square mi les  of f o o t h i l l  and moun-
tain terrain make up the Willaniette Basin portion of the Coast Range .
This band is about five to eight miles wide at the south , near Fern
Ridge Reservoir , increasing to about 20 miles near Salem and McMinnville.
At the northern end of the basin , mountainous terrain comp letely sur-
rounds Tualatin Valley except for three narrow gaps , each less than a
mile wide.

Coas t Range eleva tions genera l l y range from about 250 to 400 feet
along the ed ge of th e valley and from abo ut 2 ,000 to 3,000 fee t along
the crest. Several  peaks rise to more than 3,000 feet , and the h i g hest ,
Mary s Peak , rea ches 4 ,097 feet. ln contrast , in the headwaters of the
South Yamhill River a few miles west of Grand Ronde , the lowest point
on the Coast Range crest is only about 700 feet above sea level. In
that area , the Willamette Basin extends to within 12 miles of the
Pacific Ocean.

The Coast Range is deep ly dissected and is characterized by steep
to pr eci pitous slopes . Slopes greater than 800 feet per mile (15
percent) are common , even in the foothills . In the more mountainous
area s, many s lopes are grea ter than 1,500 f eet per mi le and , near some
of the h igher peaks and sharp er rid ges , slopes ar e as mu ch as 2 ,500 to
3,000 feet per mile (47 to 57 percent). Stream valleys are narrow and
deep , and in the ir upper rea che s, many streams have gradients of 100 to
200 feet per mile (2 to 4 percent) with numerous rap ids. A large part
of the Coast Range is forested , al tho ugh par ts of the foothills are
used fo r  pa stu re , orchard s, and other cultivated crops .

The mountains and foothills of the Coast Range are underlain
largely by old er volcan ic rocks and by ma ri ne sed imen tary rock s der ived
from them. The older volcanic rocks consist of numerous lava units
in terhedded w ith bre cc ia , pum ice , tuff , and marine sedimentary rocks.
The marine sedimentary rocks consist of laye red sandstone , sha le , and

111-2

IL -. - - - . - -~~~~-- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _



~~~~~~~~~~~~~ TT~ ’~~
’-
~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~

‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

—

~~

-a- -—

~~~~~~~

-

~ ~ 
S ~ ~ ~~~~~ - S . - ~ ~

: 
“ - 

h~! ~i i~ ~ u ~ ~ ~ ~~~~ ~~~~~ ~~~~~~~ ~~~~~~~~~
S 

-~ 
- - 

~ 
I

-; 
~~~~~~~ :~ ~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~ ~ 

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

- : ~~~~~ ~~~ 
~~~a ~~= 

~:~~;: -
-
~ ~~~ ~~~ ~-~ 2 lc~ ~~~

~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~ ~~~~~~~~~ 
—

:
— 

~~ 5 4 ,  -~~ 
~~ ‘a 

‘
~~~ ‘ 

~~~~~~ ~~

—

~~~~-

H
-

~~ 
_~~~~~~!_ 

~~~~~~~~ 
~:: 

~~~~~~~~~~~~~~~~~ 

‘~~~~: - ~ 
~~ :~ 

:~~~~~ ‘a

I
-

I - ;~~ ~~~~~~~~~~~~~~~ ~~~
4 

-

- 

2 

-
- 

- 

-

‘ 1  H~
- ~! ~ i~i ~~~

‘

- 
111-3

iL~~ ________ 
_ _ _ _



____ 
- - - 

~~~~~~~~~~~~~~~~ ~1( ‘I

mudstone . Both the volcanic and marine rocks are severely fo ld ed and
faulted and have been intruded at many p laces by dikes , p lug s, and
s i lls of younger igneous rocks .

The rocks are characteristicall y dense and therefore permit little
i n f i l t r a t i o n, movement , or s torage of water. Consequentl y , prec ip ita-
tion runs off rap idl y and Coast Range streams have small base flows .

- 
- 

Wells drilled into these rocks generally have low yields. In some
areas , “dry holes ” are common , and wells adequate for domestic or stock
supp lies can be ob tained onl y w ith difficulty. In other p laces , sedi-
men tary rocks contain water t h a t  is too mineralized for most uses .

CASCADE RANGE

The Cascade Range separates caste-rn and wes tern Oregon , and its
crest forms the eastern boundary of Willamette Basin. The Willamette
Basin part of the range is 50 to 60 miles wide toward the south and 35

• to 40 miles wide north of Salem . The average crest of the Cascades is
at an elevation of slightly above 5 ,000 feet; however , numerous volcanic
cones along it rise to elevations of more than 6,000 fe et and several
to more than 10,000 feet.

A 5— to 10—mile—wide gently sloping area just west of the crest is
des igna ted as the H igh Cascades . in tha t area , the ground slopes at
only about 400 to 500 feet per mile , in marked contrast to 2,000 to
3,000 feet per mile on lower slopes a short distanc e to the west.
Marsh areas and natural lakes——such as Waldo , Marion , and Bull Run
Lakes——are common . Small valley glaciers extend down the slopes of
the highest peaks——Moun t Hood , Moun t J e f f erson , and the Three Sisters .
Much of the High Cascade area is forested , but larg e areas have onl y
sparse al pine vegetation , and some of the youngest lava flows as well
as the highest mountain areas are nearly devoid of vegetation .

The princi pal area of the Cascades lies below elevations of about
3 , 000 to 4 , 000 f e e t  and is called the Western Cascades. Tha t part is
deep ly dissected , has t h e  steepest slopes in the basin , and is drained
by streams entrenched in deep , steep -walled canyons . Slopes commonl y
are 2,000 to 3 ,000 feet per mile in the higher parts of the area , To
the west , however , th ey become progressivel y less--about 1 ,000 feet p ir
mile below elevations of 2,000 feet and only 400 to 500 feet per mile
in the foothills just east of the Willamette Valley .

The major tributaries of the Will amette--Coast Fork , M iddl e Fork ,I - McKenzie , North Santiam , South Santiam , M o l a l l a , Pudding, and Cl i c k;iii.is
R i v e r s - - a l l  r i s e  in the Cascades. The Sand y River and its princi pal
tribut aries , Bull Run and Salmon Rivers , ~tlso rise in the Cascades.
Stream gradients are steep and rap ids and waterfalls are common . Gen-
era ll y, gradients are steepest in the eastern part of the ilest ern
Cascade- s where many s t  rea1ll s h a v e -  g r a d i e n t s  ~ more tha n 100 ~- t - t  p& -r

- : mile and some have gradients of more than 200 fee- I per mile. As
streams r€-acn lower elevations , gradients flatten a p p r i c i i b l v — - t h e v  aN
onl y about 60 feet p er m i l e  below cU- -at ions of 1 , ~0() I a n d  h7 ’  C onic

p r o g r e s s i v e ly  lower  w h e r e -  s t r e a m s  r each  the foo thills.

h .~ ~~~~~~~ ~~~
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The t~il1amette Basin portion of the Cascade Range is formed largely
of volcanic rocks . Minor amounts of sedimentary rocks , of both marine
and continental ori g in , also occur in the area. The oldest rocks ex-
posed are older volcanic rocks and marine sandstone and shale similar
to rocks in the Coast Range . These rocks occur in tile Coast Fork Sub—
basin and in the foothills between Springfield and Molalla. Younger
sedime ntary ‘leposi ts which occur in the northern one—third of the basin ,
mainly beneath Willamettc Valley , also extend into the foothills of the
Cascades .

- ‘ T u e  v o l c a n i c -  ru - :ks  t a t  f o r -  t h e-  C a s c a d e s  - Ir e  a .  I W O  ma j o r  Se-
q u e n c e s  a nd  ar e - o s t ly  ~ u i u u i  -~~ r t~~~~~ ii t e )5e- I~ I t ( o l S r  R : i n - ~ e . The-
older  sequence  c o n s i s t s  of l ava  and p v r a - l a s t i c  d e b r i s , such  as agg l ome r-
a te , hr e c c  ia , and t u f f  , t h a t  are of FI cc ne  t o  M i o c en e  age . Noi-i t rocks
have been warped  or f o l d e d  to  some degree- ; tile oldest g en e r a l ly  have
been folded , faulted , and altered ninera l og ica llv. The younger sequence
inc l udes late Tertiary to Recent lava and pvro cl astic rocks , among
Which o cc u r  t h e  rocks that form the volcanic cones of t h e  H i g h Cascades .
Some of the lava flow s are so young that their surfaces are relativel y
unaltered , and some of the volcanoes along and near the c’res t of the
range are little eroded except h\- Recent g laciers .
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In the Western Cascades , the older volcanic rocks generally have
moderate to low permeability and are less dense than the rocks in the
Coast Range. In most p laces the older volcanic’ rocks supply small
quantities of water to streams and to wells. Th ese wells have y ields
tha t ar e low , but genera l ly adequate for local domestic and stock needs.
Along the lower slopes of the Western Cascades between Columbia and
Santiam Rivers , lava of the Columbia River Group is an important aqui-
f er.

A small area in the foothills from Molalla northward is underlain
by beds o f cong lomera te , sandstone , and siltstone (the Troutdale Forma-
tion). These beds also extend into the alluvial areas of northern
W illame tte Val ley , Tualatin Valley, and Portland Basin , where they are
an important aquifer. Precip itation readily infiltrates these beds
where they are exposed , and the small springs and seeps that issue from
the formation add substantial amounts of water to streams draining the
outcrop area in the northern foothills of the Western Cascades.

The younger sequence of volcanic rocks that forms the High Cascades
is very permeable and preci pitation is readily absorbed through the
sur faces  of the roug h and porous lava flows . Consequently, a large
par t  of the  preci pitation drains from the area throug h the ground , and
springs are common. As a result of the large transmissibilit y and
storage capacity of the rocks and infiltratIon of the heavy preci pita-
tion , streams in the area have h i g h base flows. Because the area is
mostl y National forest and occup ied by few peop le , only a few wells
have been dcilled into these volcanic rocks. Yields of water from
those wel l s  genera l ly are h igh.

WILLAMETTE VALLEY

W illamette Valley is the predominantl y flat alluvial area along
and adjacent to Willamette Rive r and its tributaries. It occup ies
about 3,500 square miles and extends about 125 miles from near Eugene
northward to Columbia River . It is bounded on t i le  west  by the foot-
hills of the Coast Range , on tile south by the C al a p o ov a  M o u n t a i n s , and
on the east by the foo th ills of the  Cascades .

Nea r  C o r v a l l i s , the  max imum w i d t h  of the v a l l e y  is  about  2U lilies .
North of Salem , between McMinnville and Mount Angel , the vall ey is
about 25 miles wide . Tualatin Valley is an elliptical area about 10
miles  w i d e  and about  30 m i l e s  long .  P o r t l a n d  Bas in  is a t r i a n g u l a r
area t h a t  extends  along W i l l a m e t t e  R i v e r  f o r  a’,out 15 miles and along
Columbia  River  f o r  about  20 m i l e s .

Most  of W i l l a m e t t e  V a I l e~’ is f l a t  to  gently rolling , but isolated
bedr ock hills protrude above the  valle y p la in in ma ny p laces . The
va l l ey p lain is a broad , irregular alluvial terrace , relativel y undis—
sected by modern drainage courses. Its s ii r b a c e -  i s  m o d i f i e d  l o c a l l y by
alluv ial fans tha t have  f o r med  w h e r e  m a j o r  s t re a m s  emerge from tile- ad—
jacent mountains. The valle y p lain slopes from elevations of about 400
feet near Eugene to abou t 150 feet near Canh y and le ss than 50 feet at
Portland .
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Most tributaries have narrow meandering channels tha t are entrenched
10 to 50 f e e t  below the level of the valle y p lain. In c o n t r a s t ,
Willamette River flows throug h a poorl y defined flood p lain about 2 to 3
miles wide between Eugene and Newberg. Th e p lain broadens at  the con-
fluences of major tributaries and between Albany and Salem is restricted
by resistant bedrock bluffs. In the south , t he f lood  plain is entrenched
onl y a few f e e t  b e l o w  t u e  t e r r a c e  su r f a c e , h u t  n o r t h  of Salem i t  is en-
t r e n c h e d  50 to 100 f e e t .  The W i l l a m e t t e  meanders  w ide l y within its flood
p lain , which is marked by cutoff meanders , oxbow lak es , braided and dis-
tributary channels , and sloug hs.

T h e  g r a d  ic -nt of W i  I l a i 4 ~e - t t - R i v 4 - r  f l i t t  ens  f r o m  abou t  (-
‘ fe et per

ci he- near  E u g e n e -  to 4 . 5  Ic c t  p er  m i l e  n e a r  Harrisbur g and 1 .1) feet per
mile near Ne -w b cr g .  Becaus e-  of the impounding ct feet of a rock barrier
at Wi lla me -t t e- Falls , th e- gradient in a 3 0 — m i l e  reach just upstream from
the falls is less than 0.’+ foot per mile. At the- falls , the river drops
about 45 feet , •‘~nd in t h e  tidal reach below , t h e  gradient is only about
0. 2 f u ot  per mile - .

Geoiogi e-a l I y , W il ia nie -ite \‘alle- i~ part o f  a lung, narroW lowland— —
the Pug -t —W i I lnmc- t t e I rough——wh i ch extends from Eugene- northward through
I’ iige - r Sound. W iil am i- tt e- Va l1~-v is a syncline , or structural downwarp ,
partl y fl l lc- d with consolidated and uncons olidat -d a l l u v i a l  deposits.
A l thoug h t he  geo log i c  st r u c t u r e  is comp lex , t h e  e o n i e p t  a t  a b road ,
elongated low l and framed by re sist ant volcanic and sc-dime nt arv rocks
is adequate for an understanding of t h e  hvdr geologv. Tiii - rocks t h a t
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frame the valley are primaril y the marine rocks of the Coast Range and
the volcanic rocks of the Cascade foothills . These rocks extend beneath
the all uv ial depos its and , in places , protrude as hills above the val—
ley floor.

The alluvial deposits that underlie the lowland areas were derived
largely from the surrounding mountains and reflect the diversity of
their rock sources. Th ese depos its cons ist of layer s of clay , silt ,
sand , and gravel , in a rathe r heterogeneous arrangement. They general-
ly are stratified , but many of the beds are lenticular and some consist
of tongue— or fan—shaped masses that were laid down along old stream
courses. In much of the valley, the surface material is a sandy to
clayey silt (Willamette Silt) that settled from water ponded in a great ,
but short—lived lake . This fine—grained deposit is permeable and al-
lows considerable infiltration of preci p itation , which is transmitted
to underlying gravel beds or to the streams draining the area. Thc
th ickness of the alluvial deposits varies greatly from p lace to p la ce
be ca u s e  the bedrock floor is an irregular erosiona l surface.

The ridges of volcanic rock that extend across the valley just
south of Salem and near Oregon City cut the valley into four segments——
the southern Willamette Valley, northern Willamette Valley, Tualatin
Valley , and Portland Basin.

Southern Willamette Valley is underlain by te rrace depos it s and
alluvium that lie on poorly permeable marine and volcanic bedrock. The
va l l ey f i l l  generall y contains better water—yielding beds east of the

river , where the thickness is 30—130 feet , than west of the river ,
where  the  th ickness  commonly is 50—100 f e e t .

Much of the surface in northern Willam ette- Valley is formed b y
sand y s i l t , w h i c h  in p laces is 100 feet thick . The princi pal Water—
hearing units are sand and gravel along the flood p la in , and the
Troutdale Formation , which consists of up to  601) feet of stratified
mudstone , sandstone , and cong lomerate. Bedrock beneath the valley con-
sists of marine- and volcanic rocks , including Columbia River Group,
which locall y is a good aquifer .

Portland Basin was formed by downwarping of the Troutda l e- Forma-
tion , basalt of t le Columbia River Group, and older rocks. The sur-
f a c e  in t i l e  e a s t e r n  p a r t  c o n s i s t s  of clayey p iedmon t deposits and in
other are-as of bould e-ry gravel (t err - I ce deposits). The valley l i l l ,
w h i c h  i n c l u d e s  t h e s e  d e p o s i t s  and t i l e  u n d e r l  ving Troutdal e- Forma t ion ,
r a n g e s  f rom 200 to 1 ,000 f e e t  in  t h i c k n es s . P r i n c ip a l  w a t e r - y i e l d i n g

rocks a r e -  t a  a l l u v i u m  a1on ~ Co lu :- h i i River , terrace depo sits , Trout—
dii I e For : - i t  i on , ~Iflcl basal t of t he- Col un~h ia R i  ~ e r Group.

Teia 1 i t  i n V,i lU-v also i s a structur a l has in formed b y downwarping
cm t e Cal  u n h  I a River Group and u n d e r  l y ing rocks. The vall e y f i l l
a-n e r~i l l v  consist s of clay to fin t - sand r i n g ing in thickness from i

{ t~~~ t t e - t  t o  1 , 500 1-. ct. Princ i pa l a q u l u t  r s  I N  g r i v I  I l eO — ti - in t i l e

v - i l  I cv f i l l  and  h as~i I t  o f t i t -  Col u m b i a  Ri  \- er  G r o up .
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S o i l  p r o i m - r t  ies  m C I  u e i l c e  t h e  g e - n t - r a t  ion of r u n o f f  f r o m  r a i n f a l l
anci must be- considered , a t  U-as t  i n d i r e c t l y ,  i n  m e t h o d s  o r u n o f f  c - s t  i—
mat ion. Where runoff from individual storms is t h e -  m aj o r  c o n c e r n , -a s
for flood prevent ion , the properties can  hc r e - p r e s e n t e d  b~- a hydrolog ic
p a r a m e t e r :  t h e  m i n i m u m  r a t e -  of  i n f i l t r a t i o n  o b ta i n e d  fur a b a r e  s o i l
after prolonged wetting . The- influenc e- s of both the s u r f a c e  and  t h e -
horizon of a soil ~tre thereb y included.

Soil properties also p l ay  ~in important part in the recharg e- of
g r o u n d  w a t e r .  A sand y soil is p a r t  i c u l a r l v  f a v o r a b l e  to  r e c h a r g e  hc-
cause- its high infiltr ation and transmis sion rates allow th e- water t o

e n t e r  and  move t h r o u g h t h e  s o i l .  A s o i l  w i t h  a hi g h c l ay  c o n t e n t  has

low infiltr a tion and transmission rates and , th ere-for t - , do€s not allow

rapid recharge of ground water .

Soil cover is important to the rainfall-runoff relationshi p be-
cause it determines the relative quantities of water that will run off
or will be available for plant use and for ground -water recharge . So i l
cover also determines the rate at which runoff will occur .
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In Willamette Basin , hydrologic soil groups are classified accord—
ing to their runoff potential . Some of the classification is based on
rainfall—runoff data from small watersheds or infiltrometer plots ,
while other parts of the classification are based on a comparison of
soil profiles between classified and uncl assified areas. It is assumed
t a t  soil surfaces are bare , that maximum swelling has taken p lace- , and
that rainfall rates exceed surface--intake rates. Thus , most of the
classifications are based on the p r e m i s e -  t ha t  s o i l s  w i t h  s im i l a r  p h ysi-
cal properties will respond similarly during a rainstorm of exCeSsive-

intensity (U.S. Soil Conserv. Service , 1964).

Th e hydrolog ic soil groups are defined as follows:

A - Soils ci t it low runoff potential have high infiltra tion
rates even when thoroug hl y wetted and consist c ;u i c - f l y
of deep , well to excessively drained sands or gravels.
These soils have a high rate of water transmission .

B — Soils having medium infiltration and transmission rates
when thoroughl y wetted and consisting chiefly of moder—

— ately deep to deep, moderately well to well—drained soils
with moderatel y fine to coarse textures.

C — Soils having slow infiltration and transmission rates
when thoroughl y wetted and consisting chiefly of soils
with a layer that impedes downward movement of water ,
or soils with moderately fine to fine texture.

0 - Soils with high runoff potential h ave  very stow intiltr a-
tion and transmission rates when thoroug hl y wetted and
consist chic-fl y of clay soils with hi gh swell inc po—
tential , soils with a permanent high—water table , soils
with a claypan or clay layer at or near the surface ,
and shallow soils over nearly impervious material .

Map 111—1 shows hydrologic soil groups in the basin. Some soils
-

- 

r - ;  are in the D class because a hi gh water table inhibits drainage. How-
ever , if these soils are effectivel y drained , many can be reclassified
locally and p laced in the C group .
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THE WATER RESOURCE

Wa ter on the earth circulates continually--from the sea to the air
to the land and back to the sea (Figure IV—l ). This system , called the
hydrolog ic cycle , is kept in motion by energy from the sun and by the
earth ’s gravi ty. Water evapora tes from the oceans , lakes , r ivers , and
we t gro und su r f a c e  and is a l so  transp ired by plan ts. Within the atmos-
phere , it is carried along as vapor in airmasses and currents until

Li cooling causes the vapor to condense into droplets and fall as rain or
snow . As it falls through the air , some of the moisture evaporates and
some is intercepted by vege tation . Water that reaches the surface
evapora tes , inf iltrates the ground , or runs off to enter streams .
Water that infiltrates the ground evaporates , is abs orbed by p lan t
root s and transpired , or percolates downward to ground-watcr reservoirs .
Part of the water that enters the ground may move laterall y to be dis-
charged at the land su r f ace  as spring s or seeps , or may f low d i r e c t l y
into streams or oceans . Some of the water that runs off the surface
may accumulate in lakes and surface reservoirs , some may be lost by
evaporation or transp iration by marsh or riparian vegetation , some may
seep downward in to  ground -water reservoirs , and some may continue to
the oceans .
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Within the hydrolog ic cy c le, the sea f u n c t i o n s  as the  ultimate
reservo ir . Sola r  energy , air movement , and grav ity are the forces that
cause movement ; the soils and the rocks are the regulators; and t he
stream systems are the overflow conduits . The cycl e is governed b y a
series of priorities , of which evaporation is first , infiltration next ,
and overland runoff last . There is no overland runof f  where and when
precipitation falls slowly enough to be absorbed into the ground . When
precipitation is at a faster rate , part of it runs off the land surface;
and when the rate is great enough , floods may occur .

- 

- - Moisture-laden airmasses drift into Willamette Basin from the
Pacific Ocean . As these airmasses rise over the Coast and Cascade
Rang es, the moisture is precipitated as rain or snow . Much of the
mountain area is forested , and the trees intercept sizable amounts of
precipitation . Because the permeabilit \- of the soil and rocks varies
con siderabl y within the basin , precipitat ion infiltrates much more
r ap id l y a t  some p laces  than  o the r s . Conscquen t lv , r u n o f f  w i l l  occur
f rom l ower r a t e s  of p r e c i p i t a t i o n  at some places than at others .

The following description of the water resources of the basin is
based on the available data . Because data-co llection points are not
evenl y d i s t r i b u t e d  over the basin , much more information is available
for some areas than others . Also , because certain data-collection pro-
grams have been in operation longer and are more comprehensive than
others , it is  poss ib le  to desc r ibe  some f a c e t s  of thc -  w a t e r  r e sou rces
in more de t a i l  than o thers . S t r e a m f i o w  d a t a  are r ea sonab ly  a d e q u a t e
for major streams hut additional data , particularly low-flow data , are
needed on the small streams . The time of trave l of water has been
measured for  several of the  pr inc i pa l t r i b u t a r i e s  of t h e  W il la rn ett e - at.
low , medium , and high f low s . T i m e - o f - t r a v e l da ta  are  not available for
Sa nd~- , Cla cka mas , and Molalla Rivers , for mos t  Coa st Range- streams , nor
fo r  s m a l l  ~ t re -ar- s. Stre- am— t e-m p e- rat u rv d a t a  a r e -  a d e q u a t e  I or  o f l l \  a

a . part of the basin . Detailed ground —water studies have been maeie’a b r
about 15 percent of the- basin , principall y in valle y areas . Few data
}~iv e been c)hta I med Ofl t i~ e se-djme~nt yield ob  s t r eam s . Da ta  on t h e -  e lu -mi —

cal qua Ii tv of water a rt  a d e q uat e  for only a general d e s c r i  ption of tlte -
qua  Ii ty of th sur face- and ground w a t e r .

I V - )
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S U R F A C E  W A T E R

QUANTI TY OF STREA NFLOW

This section dep icts the q u a n t i t y  of r u n o f f  ( s t r e a m f l o w  t h a t  is un-
a f f e c t e d  by regulation or diversion) in i~il1anictte Basin. It is in two

p a r t s , “ P a t t e r n s  of R u n o f f ”  d e s c r i b i n g  the  b a s i n w i d e -  d i s t r i b u t i o n  of a v —
erage a n n u a l  r u n o f f , and “Concordant Flows for River Chann els ” dc-scribing
s e l e c t e d  f l ow s  a long  the  courses  of the  m a j o r  r i v e r s  and t r ibut a ri~~s i n
the basin . Separate d e s cr i p t i o n s  are needed b e c a u s e  of t h e  d i f i i c u l t ~-
in  dep icting basinwid e- and local  v a r i a t i o n  s i m u l t a n e o u s l y .

Stream i low d u o  are a v a i l a b l e  I rom more t h r i t i  230 site-s in the
basin. Map IV—1 shows the l o c a t i o n s  of 110 s t - i t  i ons  f o r  w h i l e  h I l y e

years or more of dail y discharge records are -  a v a i l a b l e- , an d  t h c -  p e r i o d
of record at each  s t a t i o n  is shown grap hicall y in F i g u r e  IV -2 .

Pa t t e r ns o f Runoff

Runoff is de- {ine-eI as t t e  part of t he  prec ip i t a t  ion t h a t  a p p e a r s  i n
seiriace- streams that are not regulated . Quantitativel y, runo ff can  hi-
expressed for a given basin for a give- n time period by t i le equal ion :

Runoff = Preci pitation - (losses + change in storage) ,

w lie r

lossc- s include- tile sum of all natural Losses , and c- h a n gs  i i i

storage is t u l e  t o t a l  c h a n g e  in s t o r a g e-  w i t h i n  the- basin
d u r i n g  t h e  pc- n od .

Ma p I V —2 port r : lv  s t l i t - a r e a  I di st rih in t ion of — l v i  I Ig e - ann u a  i runoff
i n  i ~ic~- lie- s , in l ite- St eu dv are -- u (Wi II omi t te Ri vi r and Sandy Ri ver  Ba sins)
On thu mop . ruin off is expressed b~- i sogr i ln i s  ( l i n e - s that con nect point s
of e-quah r i in o f  I I . T ir e  v a l u e  01 th e i s eig ram w h i c h  cr o s s e s a s t r e a -  doe-s
not r e~p r u  se - n i t  the rd u n et f I~ e l f  t i l e -  s t  re ’ I1:l a t that point . Ra t lie i . t i l e r e i n —
off i t  u n i v  p o i n t  on - ì st  r u l l i  i s  t i n -  c I l l a L i l - I t  l vi- t o t a l  r u n o f f  Ir o n  a l l

- -
— t i e- d r a i l i agu - I r~ a ab o v e -  t h a t  po I nt . ‘fl ie r u n o f f  from a ha sin i s the

l Y e  r ag e  • c- -u - g li t e ci  by a 1( .1 , o l  ti l e rn no fi~; f r o m  t he  inc re- me - ni t a 1 are a =
tha I h i  si n

lW p a t  t rn 0 ! - i s e  r- l:u- .innii i 1 runo b I let I I on~~ e l  o s e  Iv t r u t  pat t rue
01 O C t  r - t r t a n n u l I p r e  e I p1. L i t  j i m . R e u r o l I is Iai~ a -ii O i l Y  t i ’ t  I oa s t L - I l i Y (

u I n i I o r m i ~ - s r u i l I a l o n g  t h e  I loor e l I  W i !  l ame-t ic V a l l e y , and b r / u  c - : i L I i
p loc al v a r i a t i o n s  u l u n u  t i l e  u-: -i t t -r n s l o p e - ol t I r e  ( ; u S , l e l u  R i i r .  -

-~ I R i i n e t  I I v i  r I s o u i - -;l  he  r i  iiiy from Sen 5011 to sea son and  h o- i V t  I I - t et

- J R 1, 9  or . tin - It -rn “ - l v e r - i : 1 c  u t u n c i a l  roti of I ’ ‘u e lfls tire- , l V c r~1 u (  01 m i n I  y e - i r s

u i  t~ l l n 1 u I  I. i r e  d a t a  u s e d  i n  i i i  pu - u - p a  r u t  i o n  of  Map IV— 2 cc re h i ~~ -d on

tin p er  I od I I i ~~t 8 _  I ~6 3 . ~ b r i e f  ~ t t i d y  01 S e V i  I l o n g  — I c  r r  st ~
- 
~- - ~i~I ‘al .

r t - e - u r d  - SIlItWs t h a t  during h i t  peri od i 9 2 8 — I 9 h 3  t l i c  p u - n od s of 9-xe e s n i  v t
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Tab le IV— 1
/I~~~ ( ! 1Z ~~ - - ar~ui~al yiunoff 

31 l( Ci tl~~ ~~~~~~~ lv i _O

Drainage Average annual runoff
area

Streams (sq ml) (Cfs) (Acre-ft) (Inches)

Sandy River below Bull Run River 440 2,480 1,800,000 77

— 
Middle Fork Willamette River at Jasper 1,340 3,970 2,870,000 40

Coast Fork Willamette River near Goshen 642 1, 680 1,220 ,000 35

Willamette River at Springfield 2v 030 5,780 4,180,000 39

McKenzie River near Coburg 1,337 5 ,400 3,910,000 55

Willamette River at Harrisburg 3,420 1/11 ,600 8,400e000 46

Long Tom River at Monroe 391 780 565,000 27

Marys River near Philomath 159 460 333 ,000 39

Calapooia River at Albany 372 910 659,000 33

Willamette River at Albany 4,840 14,400 10,400,000 40

Santiam River at Jefferson 1,790 1/8,200 5,940,000 62

Luckiamute River near Suver 240 880 637,000 50

Rickreall Creek near Dallas 27.4 130 94,000 64

Willamette River at Salem 7,280 23,500 l7 ,000e 000 44

Yamhill River at Lafayette 735 1/2,250 1,630,000 42

W i l l a m e t t e  River  at W ilsonvil l e 8 ,400 26 , 100 18 , 900 , 000 42

Molalla River near Canby 323 1,130 818,000 48

Pudding River at Aurora 479 1, 220 883 ,000 34

Tualatin River at West Linn 710 1 ,490 1,080,000 28

Clackamas River near Clackamas 936 3,700 2,680,000 54

Willamette River at Portland 11 ,100 1/33,000 23,900,000 40

~/ 
1~~ ’ros~~atc.
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t rend s with 1) I 1 L ~ ~)C rinds of ah u n d a  nce 9 ) 5 ~ dc ’  1 i Ci (‘flC’, . Rcc o rd  s o
str (-;lms judic— ate a trend in  t h -  past 10 ye a r s  ( ~ 1) 30—19 (33) L 3 s ~/ , l r d  a b o v e —
average ~‘v a r I  y r u n o f f  and h i  gl1L - r— t han— ~I \- l -r .lr - mini nlim flin-:s ; ~ l l c ’ i p i t a —  -
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c-ba rge  f o r  W i l l a m c i t t c -  R ive r  a t  S 1 I l d - m  1~~ r each  water c -ea r  ( C l i i 11)25 I i  ‘
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Because of the regulation of streamfiow by reservoir operation ,
fut ure annual low flows probabl y will be higher than the l ong-term
average . Yearly runoff , h owev er , will follow the precipitation pattern ,
and the 1946-1965 period of high runoff undoubtedl y will be balanced b~’
later years of low runoff .

At p l aces , recorded v a l u e s  of runoff between adjacent areas are
not consistent with expected values because geologic conditions permit
an interchange between surface water and ground water . In the young
l ava  formations of the High Cascades , the hydrologic ’ dn~iinagc bounda—
ries may be considerabl y different from the topographic basin bounda-
ries . Values of runoff based on the topographic drainage area alone
are not applicable in such areas . For example , Anderson Creek near
Bc~lkn ap S prings has an average annual runoff of 51 inches from 7.13
sdluare miles of drainage area . Adjacent to Anderson Creek is Olall ic ’

O Creek , w h i c h  h a s  an average runoff of 261 inches from 8.14 square mi s .
A contrasting pattern prevails where a reach o stream is losing water
to the ground-water body. Examples are Coyote Creek and Long Tons River
in t h e  vicinit y of Fern Ridge Reservoir . For that area , expected run-
off is gre at e r than actual runoff measured in the stream channel .
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Concordant Flows for River Channels

Tile ob l i ’ct  i ve  of t h i s  sec t  ion is  t o  show t h e  amount and c’ ;iriabj —

lity of unregulated and undiverted streanflon’ in t h e  b a s i n  by d e p i c t i ng
selc-ct cd discharges along t hy  c o u r se s  o t ’ tile ma or st re a : , is . In  t i l l  S
prc-sentation , tilc- selected discharges arc- i- I c - i - r i - t i to as con c o r da n t
h i  c,-;s . C o n c o r d a n t  f l o w s 3r d ’ firs- -s that have t h e  ‘-~ar l lc -  recurrenc e i nt e l - —
val , or t h e  salne avc ragd ’  f r e q u e n c y of o c c u r r i .n e l , , ~i i t  differ i s t  p o i n t s
in a river systcaa .

A concordanL flow ma b p o rt r av c’d by means ci ii graph t h a t  sh ow s
d ischarge , by river n i l e s , f o r  a sc ’lc’ ct -d recurrenc e interval . liii
number of graphs that can be presc’ntcci and tlic number of strc ams for
which they are presented are l imited by tie - l r i o l I i ’ l. of dat a .tva ii abi
and by t h e  methods usl .d to ;i: il vz&. t h o se  dat a .

Data for Concordant Flows

Streamflow data are collected at stream—gag ing stations for wh i ch
continuo us records of daily mean , monthl y mean , and yearly mean and
peak discharges are computed. Tables of these data are published by
the U. S. Geological Survey in water—supp ly papers. A hydrograp h is a
chronolog ical plot of mean dai1~’ discharge taken from these records .
The h y d r o g r a p h illustrated in Figure IV—5(A ) for South Santiam Rive r is
very similar in shape to hyd rograp hs of other stream s in Willamette
Basin for the period shown . It is also typ ical , except in magnitude ,
of the general seasonal distribution of flows for most years . Varia-
tion in the magnitude of annual flows may be shown by chronolog ical
a r r ays , such as those  shown fo r  South Santiam Rive r in Figure I\’—S(B),
which are ty-p3-cal of the time pattern of annual flows for Willamett e
Basin streams . :\ p lot of annual discharges , arranged in order of mag-
nitude , against computed recurrence intervals is a frequent~ graph as
in Fi gure IV—5 (C). It is from frequency graphs that concurrent flows
arc’ derived.

A common period of years provides an equivalent basis for compar—

- ‘ 
t ing and analyzing data for concordant flows . The period 1928—1963 was

chosen for average flows on the basis of a stud y of t h e  length of gag ing—
station records in the basin. The 1928—1963 period was also chosen for
low flows, determined for gag ing stations from annual low—flow sunmiaries
(Swift , 1966). Floodflows we re determined for the period 1912—1957
bc-c aus e d a t a  f o r  t h a t  p er i o d  were already available (Hulsing and Kallio ,
1 964). Differences between disclaargc’ s for selected recurrence inter-
vals due t o  differences between data for the two periods 1912—1957 and
1928—1963 are considered to be small.

Concordant-Flow Graphs

(r ~ip hs of concordant flow are sh ae’n for t i e major str c’ams and for
some smaller St r ( ’l l r-l- i n  Fi gu n i -s IV—6 thr ough 1 k—Il. Grap hs for the
V i i  lami o t (I- Ri vi’ r ar e  shown in I- ’ i g u r c - s  I V — b  and I V — 7  - Thosc-  for th i o
p r i n c i p a l  t r i b u t a r ie s  of W i I I a m c ’ t i i ’ R i v e r and f or  S a n d y  Rive r f o l l ow
i n  n t i m i ’r i  cal sc’q Ill’lll ’c’ of the stibbas i n s  as indica ted on slap iV—1

tV-9
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Rang e of f l o w  a t  a p a r t  l eu l a r  s it e  is  in d i c a t e d  b \  g r ap hs (cu r v e s )
I’ f concord a nt  f 1 ~sw t h a t  sh ow bot is f I i l ods  and i ow f i  ows . L’ iit i  sea I e~: —

— t r e I - l i  S d)f f l o w  ir e  i nd i c at e d  by g rap hs  t h at  s i b o d ~’ i n f r e q u e nt  f I onu s and
-I ow I I oi1vs • Lisual  ext  rernes of h i  cc-. a r c m di  cat  ed h ) \ ’  g r a p hs  t h a t  ~, I l O s - :

c ot Il uonl y o c c u r r i n g  f l o o d s  and low f low s . A g r a p h  f or  d cc rage  ii iSs

separates h i gn i l ows  f rom low f l o w s .

Fi ye g r a ph s  ar e  shown for c-ads —1t iw- 121 in  t lic- fi- l 1 owing order f rim
top to  bottom :

1 . Peak discharge fot t h e  50-year recurrc ncc- -intc’rval I m o d .

2. Peak discharge for t h e  r n c an - a n l su a i  f l o o d  (M A F - -2 .3 3 -v c - ar
recurrenc e interval) -

3. The average d i s c h a r g e  ( r e cur r en c ( -  i n ter v a l s i n c e r L u i n , h u t
concordant in t i l e  g i -n c r ; i l  sense  t h a t  f r e q u e n c y  of  occur—

-

~ rencc- is equivalent throug hout the basins ’) -

4. l owest mean discharge for seven consec citivc’ clays and two -
year recurrenc e interva l .

5. Lowest mean discharge for seven consd’esl t ive days anci t e n —
year recurrence interva l .

The g rap 1-~s w c - r c  c o n s t ru c t c - d  by interpolating be t r- e’en points on th~
streams wher e concordant flows could be c o m p u t e d  or est  in v i t e d  and  hr
a d d i n g  c oncordiint inflow from tri b utaries . Concordant—flow gr~ip iis were
c ’xtr a pol l t ed  t c l  tile mouths of str m’~lIIIs , but not  u p s t r e a m . ‘I h o  st e p i  i k e

-
‘ 

appearance c~ the, graphs shows tim t t ribut ary in f l o w  i s  t h e  princ i pa l
sourcd’ of flow for most s t r e a m s .

These  graph s reflect di s ci s ar ge s  d e r i v e d  from r e c o r d s  u n a f f e c t e d  by
n ’gl

~
l I at ion or diversion , or from records corre ctc’ci for usc ’  m o u n t  01

cijvc rslon ~- T h i ’ r c -  t i le  amoclflt \s’ , l 5  k n i l \ ’ ,~~ . Gi -ap hs of U f l t r c ) c i i fieci la - , p r o —
vidc a consi stcflt h ase  f o r  p l a n n i n g  or Icr  i p p r . l i  s i ng  r e g l i l , 1 t i~ mn or
diversion of streamf low .

&
i’iic ’ f [vi- graphs are not t h e oni v i nc- s tb -it c a n  he pCi 51 flt i ’d — —

oth dr s eou Id hi - c c as t  ruc’ ted to s1acs~’ add it jolla ! conc a r d an t  I i  ills’S . l ’ilosi ’
shown are representat ive of Liii- amount and variahi Ii t v  01 II i ll- S 3nd
sli Osi 1(1 he u s e  fci I f ~r water — re SOil rc es p1 ann i  h g

G r a p hs of concordant floe -i re unique in t u e  a2loIl nl of I nf1 m rn,i t i i) f l

t1i e~’ c l ’ nv i - v . The sizc- of till’ sti ps on any  grap il is 3 ,l~~l l r i -  of the
i ni- ri-a si in ma in—st em st r e a m l i  ow coni  ri hu t ed  by t r i hilt a r i d ’ s . i l l h l S , t l i e
l a r ger  Step I n c r i ’ a s m -s  i re  cau s e d  h v  the entrance of t r i b i l t a t ’ i i S t h a t
exert t h e  m ost iniluence on t h e  f i o w  of  t i l e  m a i n  stream . i-o r instanc e,
a ma jor ~lddi t io n  to t h e  I l oodihow il l C l i ck— n a - is R i ver  is produced hv

• Collawash Rive r , and ci ma id - ci dd it l i l l  10 t i m i ’  low f i c iw  is produced liv
Oak Gni ’v i - F o r k  ci  ( - I f l c  k.ei ,i Rivi- r . l i l t -  l a l ’gd’ i-i t steps on t i l l  rc’ sp c- c- t  l v i
g r a p hs  of c- i ’ n c - o rd c in t  I I ow b r  t h e  C I a ck a m a  s ( Figu  Ci I i~Y 2 O )  0cc- i l  r at . t he
c on f l l l e f l c c -s W i l i l  t h o s e  t r i b u t , i r i i  s . Sins i 1 t r i b l l t a r im -i- z , s u c h  as N o r t h

— 1V — 11

~~~~ iliiim iL~~ --_ - ~~~-_ -- ~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —  ~~---~~~ -_~~~
_ 

~~-



— - ~~~~~~~~ -~~~-~~~~~~—-- -~~~~~~~ —--~ -~~~~- — --~~~~~~~~~~ —v-- ~~~~~~~~~~~~~~~~~~~~ -

I - 

~‘iTt 
I I I l l  I 1 1 1 1  1 I OCCIS o,,~’’.itl n i~ g’” °w —

‘ 
~~~~~~~~~~~~~~~~~~~0l• ,l~~ nl0~

- t~~~
0
~ v 1w 0 0 0 10u

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

— 

~~~~ ~~~~~~~~~~~~ ci
— n!p~i4 ~5n1OT~~~~

- E
I — -- - -;;~;~~~~~

- - — — - ~~~~~~—
~
y-i

~
- O ~ll—1 - 000 ~~~~~~~~

— o - ~LY 2’_ !212!iJ ci
— — — -,i,n i,1,, r1n,i ,IJ •.  ,i ~-. . - -0

I ~~ rr ’- -ne-rr -,o -~ ~oi)

rislo n’l,Ti’iIj -
~~

— - 
~~

- ci

— - 
— CiT,~ - 

I:,,

w i r r im  nu,~ r , ~~~~~i dTel~T
— - — — 

~~“ i 1,rn~i 0- 1 ’  —-
- 0

- - S -0
w ~ —

-
- 

I ’,4~ ’0&~~~~~ W

—i----nm-i -1 0 ,
— 

— 
~~~~~~ - ~Vr,iq ~ 5i

- — 0, 1- -

w w

_ J -  - , l u i - ’ -

a

LiJ ~~
- ‘ - - ?

- S

— - 5 ,  0 - ‘i”i ’l - -

—

— “~~ ‘“TT ’ ’ ~~~~~~~~

‘to &
t

- -

- -
-- -

.o. imo1 Cn5

- 
,bl~ • OyTOg ~~~~Ci~~

- 

- I 
-

L_I. L _J _ . __ J __ _ j _ _ _ _ _ j  1 1 1 1 1 1  I ,j~~~ 1 1 1 1 1  I I~~ i i i  I L !  I I I ______________________________ —

- 
- 

- 

Sd~3 Nb ‘39~~VH3SIG

1\’-12 

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



___  

___  - ~~~~~~~~~~~~~~~~~

I I I  I I  1 1 1 1 1 I I I  !~~ I 1 1 1 1  I I I 

- 

— 

— — 

— - i— . - ~
‘tt ’~~~’ 

-n-i -’ ‘ 1  mr—c -
- - t~’SS ’ I Ott ~~~~ 0II1’ W1 0)

- - v smm ,cc’ - -~~~~~~~‘u~cLk ~
- - 

- 
~~~~~~~~~~~~~~~~~~ ,

t
~,iTi vi9 2 -

2 5 ‘ ‘ ~~~~~~~ 00V 0
Cr ‘ - - -

Ui - 
- - 0)

> 0 0 
— - - Ui

a: - >
ci ‘~‘ 0 n— )
0 - 0 0 a)

I— i” ll ‘‘1’S (J)
Ui w

-r --- ’--,- - — ’ m
- -

‘, >

I S~~!~~~~~~~~ 0 l ” ~~~~~~~~~~ i~~~~~~ 
a:

4-)

- -

o n--i

L - - 

~~

i--

~

- ’-

~~-o---~’-t .
_ 

“ ~‘r O ”S 5 n- ‘i ”W (0 n—i

- ~~~~~~~ -~~~~~ - _ _ _  

‘ - —- - ~~~~~“ 1 0  -

- - ‘ 

— - 

— — , 515

O ~~~~~9 - ‘~~, - , , , -  ‘‘S -~O ’l
— - ~~~~~~~~~~~~~~~~~~~

I C ’~~~~

1W! W i !  I H I ! !  I I H!! I __________________ —

~~ 
4’ 9d3 NI ‘ 3O~~VH~ SIO

~~~~~~. 1 V — I  3 



- 
~~~~~~~~~~~ ~~-~~~~~~~ ‘.0r ’ “0t~~~~ ’ ‘W’ o o ~• ,-. _-_ -_ .~~~~.‘ _-,__ ~~_ , _  _ _,~~~~ , _ _  — ,__~~~~ _ _ , — - —.~~ -.--,— -

- 
— 7’

T I  I 1 1 1 1 1 1  I 1 1 1 1 1 1 1 1  I ~I I I t I T I I 0 -  —

~~~~~~~~~~~~~~~~~ 

- -
--

0 

__ ___  

1—

::,, -,-,~

-- - -

~~~~ 

I 

~~~~~~~~~

-----

~~~~~~

a: - - 

- ~~~~~~ r n S- n-,’~~~~
- 

-

0- ;  - - ~0 is)
&

- 
- 

- —

(J )  ‘ ‘  ~~~tTitrl

0 ._ ---n •--~~1- -t

I • - ~~~~ . 01

I I I I !  i _ _ _ __ ,_, — ,, ___, _______ ~~ ! I!  I i l l  I I I  — —

I 2 -

SJIJ NI ‘3O8V HD sIa 



Pr ,. —------ -- - - - —- 
-;-0 -S-_-- - — - -1

I i l l  I 1 1 1 1 1  I I ! I ~~I I I 1~~ 111 1 1  I I I 1 ,0  01 Cr I IN —vo flo c —

1~~r, nTTTll - Dlii ‘tOl ‘~i•’O
- - —

~~~~
-——-

~~~
-

~~~~~~~~~~~~ t

________________ 
noto 0.0-i

‘ 
- — Quit  ~~~~ tom.

a:
Ui - u•°~—l -~~~ 0 1 -

_ _ _ _ _ _  

0)
a: - - -

~~~~~~ .~~ , , ~e4w- °— -

Ui ~ S “

— 2 
~mo~o~~ Tl ’iil Tt 1m 110 0  is)

Ui~~~~~~, 0 - o- 
- 
_ _ _ _ _ _ _ _  4-)

2 01t0’l - ,1000 000Q000

— — - o q l C m  - 0t o o 0 t t ~~000p ‘ 
r—)

id 05 - 0 5 i 4 0  - ~~~~ I’A% n-’,)

T — ~~ - . ,  So ltn

~~~~3~i-0’i ) M ’ ”v Ht ’P i-l r -J
- - -- - i r ~~~~~~

- 0l ) r) 0 0 0 Cr 4-)

i~~~~~~~~~~~~~
- ’
~~

-
~ I— I I - I ,~ 

- ‘ r i  t0111n-)

- 

I
i ~ Ii ~~~~~~~~~ q l v  s 1 1 1

- U~~ L ~~~~~~ - J flY l o ~~~~~~~~~)~~~~~~ ’5ntw~~~~

~~ ~ 
It
~T 

S 1 — 
00~~~~~~~ 0 O ,nn5 tt 5  00~~t T Q

— 
a 2 ‘ -: - ‘l~~ ’1~f Y00T~~Tli ItT1et1 

0 ’

ItI 0 a n y n o l  n,11W pow

a: I
o 0, 0, — 1~~~~~l P T 0 T i 0 t M

— — n.0ifl toSIpp~~~mfl — ‘
En

--
—

-J I -  I -

0
c’J

1 1 1 1 1  I I I UI LI I s i l l ! !  I I III!! I I I __________________ —

I’- - - -
ID 5 0

S,~~3 N I ‘3O8VHDSIO

_ _ _  —~~-- --—-------- “~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —- ---~~~~~ - - -  - ------ -



_______________________________________ 
-

I I I !  I I I J I l l !  I I I — 1 1 1 1 1  I I I 11 1 1 1  I I I 
~~~~~ 

10015 1100050w ~ “0~ 
—

I I _
~~~~~~~~ n-o’,nQ J p  ~~ woQ

I ic - I  ‘ C )  0,) CCI

L -

_ “ ‘ L 1 1 _ ’ ’ , t ’  It

to1a d 0 000.ti

_ ,, ‘il U0lIt0 ~ ,51W e0 —— 
‘ ) T ’ S ’ ’ l ’  ~~~ S i l l

is)

I 
~~~~~‘~~~ ‘T j

O 0 0 - - ~~~~~~~~~~~~~~~~~~~~ is)
S - I  0 0 — ‘‘ “~~~~~~~‘1 0)2 0 ‘ - - 

- 
‘m~~~~r’o- oi-p_e...oJ -tio i,-,’ 

-- I 1
- --—- “- ------ 0 ~m

-1  1 I - ‘ - Lii
a: ( I - ‘- I s  > 3

I I I a)
— I  -- — - I”  7’~ 4I I - 9-

I I - - ‘~~~~~ C/)

~~~L L  L ~~~,
NJ I I I —‘- ——-—- _—-n 0 o i l  I 

- 
—

Z I I I - -— -
~~~~~~~— . .~~

~ L1 L1 — --n-
~~~~

-
~~~~ ~~U I I I Ui

- - 0~l~~ -— ~~~~~~~~~~~~~~~~~ - > ci
a:

- 
c~cii _ _ _

I I I ! !  I I I I ! !  ~I l I ! !  - ml!!!! I ______ —

0

SdD NI 39~ VH 3Si G

‘O 
, t V - f t



___ 
- 0 _ _ _  ~~~~~~~~~ “~~~~~~~~~~~~~~~ --

6~ 
Si

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~ ~~~~- I - ~~~~~~~~~~~~~~~~ 

~,ri 
1~-o’~ “~~~~ 

—

Lii ‘

- - “

~ ; 
; 

‘

- - I -~~~~~~~ -~~~~~ -Ii~ - - - -~~~ ---,---
--- ~~~~ ----- ~~~~~~~--------- ~~~- 0

1 II— I _ _ _ _ _ _ _- -~~. - Iii
0 >
C/I 0

Cl) ii)

- -- ------- — —-‘- Ui
Lii - a.n-n,,or ,- ,, -i .-1i~ -

~~~~~~~ ~~~~

I__ i 0 9  a: -o
- - - ‘  Lii ~
a -‘ ‘ c - ?  ~0 2

- ‘0—,-’-,--t-’,

- 2 -

- 0 -

O I i-_i
- -

> ‘  - -
V t

-

~~~~~~~ 
I

U’)

______, j____, , _ i ! t ! ! l  I I ,Jj_, 1 1  I I I ! ! ! ! ! !  I ! I I ! ! I  I ______________

2 Sd3 NI ‘3O8VF4O SIQ

a

T~T —17

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ 

_ _ _ _ _ _ _ _ _ _  - -

1 1 1 1 1  I ‘ I  I I I I  1 1 1 1 1  I I — 
r ’f T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

0~ -~

—

(I)  tolo
Lii ~~-i

- - 
‘ i ’ l l ” ’-

H
V Ui
L Lii

~~ 

I a: -

1, 0

0 - -

>—r 0
0

-C -

I I  1 1 1 1 1 1 ! ,  1 I I , I , , ~~ - H I ! ! ) ,  I . 1 ! ! !  ______

SdD NI ‘3O~~~~v H D S I Q



~2 ” ~~~~~~ ~~~~~~~~ ~“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ or~~~~- o-r. ~~~~~~~~~~~ ¶~~~~~~~~~~~~ _ ..~~~~~~ ‘_ t-5 ,~~~. __- .~~~_ ~~~~~~ , ~ _ _ , ~~~~~~ ‘ ‘ -0 .  - -

1 1 1 1 1  I I I I ’ T ” l T l i l ’ l ’ ’ I I I !  I I 1 1 1 1 1  I 
— 

‘ - ‘‘ I ’ ’’ ’ —

~~~~1dLL00’ 0.o~ 5oj5.~

- 9 2 7 - —

i i
— — — ‘“I TT

- I -

- - ‘
I - ,~- ci- I 0T ’StI’ ”l ’ ‘ 0

- - 
- - - - y_ ‘

(0

- L - 
‘ 7’ - - ~~ ~~“ 40015 0 -  I’~ 

5 ’  ci

Cr 
- 

- - -
Ui - -

> -  - ‘ C-i l l ’’ -I”l - Ui ~I I ) ‘ O ’ ) ’ - ~~~~ 0

‘ 9- -o0
0 Cl)

_ 1 -  - -
~~~~~~~~ 0

0)
Ci a:

Lii
- -

a:

- 
- 

- -

H

5, - - - 
-

~~~

h i

.0

hi

_ _ _ _ _  1 I I ! ! I l ! ~~~~~~,, ~~~~LLliL1 I -

SJ3 NI ‘ 3D~ v HD s I a

J V — i ’ I

‘ I 0
~~~~~~~~~ - ‘



-

AD—A036 7*7 PACIFIC NORTHWEST RIVER BASINc COMMIScION VANCOUVER WASH FF6 8/6• THE WILLARtTTE BASIN COMPRLHENSIVF STUDY OF WATER Ate RELATED L ——f TC I U P
1969

(MCL ASSIFIED NL

w Ii
flu_ ~fl fluIu]o~ _ _

ThDflflfll5fl . I
1 _

IS~U~E~~~C1fl



I I f’~ ‘~ ~I2& IIlll.~
.

I . V L ~~~~
_ _  

2.2L

I
~I.I~~~

JJJJJ
i.8

fluI .25 IlIU~ uni~
MICROCOPY R[SOWIIO N TEST CHART

N. \~. ~f .~ OF ANi .~. ( ’ ~ . A



—~~ : 1 1 1 !  I I I I !  1 1 1 1 1 1  I 
—

Lu -

- . -

II
-

‘1 

—-

.
~~

LU 

- I- ‘~3

_ _ _ _  L
L~ ~~

~~ ~~~~~~~~~ II I i i  I I 1 1 : 1 1  I • 1 1 1 1 1 1 1  ______—. - -

• c
- .

o N

S~IO NI ‘39~JV HOSIQ
‘C

U-
I—

• 1

IV- 20
~ •

~~J~~__ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _  _ _ _ _ _  _ _ _



— ~— -

ri 
_ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _

I I r11Tr ~~I I 1 1 1 1  1 i I I I I I I  I —

1

_
li

_

il .4 1C C jj.~~~~
I 1~~~~~~~~~~~~~

— .4~CU1 ~U’C~C~1S ~“M —

:

~ 

~~~ 

_____

_

_________

I I I ________________ 
— Lii

o~r~~~p~~~

— - 

—
~

.. 

_______________

~~~t 
ç ç  

__________ __________ 

~ ~~~~~~~~~~~~~~~~~~~~~ 

1

,

:~ :k :k 
_ _= Lii — - 9 1

100

• ~~ 

~ I I I !  I I I 1 1 1 1 1  I I I 1 1 1 1 1  I 1 1 1 1 1 1  I I I ____________________________________

S~ D NI ‘39~IvH3sIa

a IV-2 1.

- -  -- ~ . —rn ~~-- —



- 
- 

-—- —~~~~~~~~~~~~
‘ °‘ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -wr .~~~~~~~ -

1 !  

I[

i 

!
1

T I T I 1  I ! iJ
1
l~~~ T I  i ~! I ’ I I 1  I

— - .- -  - .. .- -  -- -.—--. —. - l I~~~ 
—

- - - Lii
> ~)

-- 
~~~

- •
~~

LU 0—s -

ii

~~ H H -

1 _ _ _

I I
1 ~i 1   — --.

~~~
1. r~~ 

-

L) 
~~~~~~~~~~~~~~ I ——

—j I ’ I  I . .

—J - I  I : 1  - .

- I  - I  ~ I -

-; •\ •\ _ _ _ _  =

1 •1 -~-r~-• -. ‘ r ~

I I  1 1 1 1 1 1  1 1 1 1 1 1  I I 1 1 1 1 1 1  I I 1 1 1 1 1  I I  I ~~~~~~~~~~~

S~ D NI ‘39~ VH3SIO



-- -i~~_.~ ~~~~~~~~~~~~~

•I• 1 T  r h i l T  I 1 T 1 1  I T  I I 1 1 T T 1  1 I l i i i  , .  - : . . —

- -
-~ LU

- - . -..-. -~~~... - -~~~~---o--~,•j -

- - -

4 

-
~
—-----

~
-—

~
4 1

LU I • -- - .

L i - • - - -  
~~~~1~~~~’~

I • - 0
~ S CO

9 9

1~ 
F 

L I I
II~~~~~~ t~~~~ I

__ ~~I T ~~~1

A



i ll I I I I I I  I I I I 1 1 1 1  _ _ _ _

~~~

1I ! W ~~~~~~~~

- - - ~S p 1 C 4  —

~~ ~
. ! •Spi~~q f l C~~~AS6

• — ‘C • 
~~P’~~I 11 C C h p~~49 

—

C q C ~~C~~~C~ ~~~~~~~ - ~~~• 0661 ~CS SU1S~ 30 I C C 1 I  •

— — 1~’~3 I 1C~~nS

- 

I ~
— - I — 

~~ ~°~~Pl’C d - ~~~~~I4 0I I
I I
I I  - ~~~~~~~~~~~- I I
I I .4CC~~~ 11~ H 0F’ 1 1 0101

- I I C OCf l V - 366 .A’Il

- - 
~~~~~ LU 

•~~

E~ I I
I t  - _ _ _ _ _ _ _ _ _- ‘1 ‘t CCC~

I I Lu
I I

- _ _ _ _ _ _ _ _ _ _ _  ~~~- ~~Lii

‘ I  _ _ _ _ _ _I I ill ~~SC1 LiiI I  -1 1  -o —z • .-, •
~ __________

6 ~ -- I 
CSp~Cq 711 ~~Il

- ‘C I - l~~~~ 1 CC0 11O l 0

- 

_ _ _ _1 1 “~~ :~::: ;~:- I 
• I 

— 
- 0101 ~~1S •C I•~ p 

-

~~~~~~~~~~~~~~~~ 
— I ~~~ I - ’ f l 0 - 4 ~~~ 

—

[ ~~~~~~~~~~~~~~~~~~

~ 10 ~~1 D

I- I- H-I- 
•1CW P IC I (I~ ~ Cfl IC

— .
~~~~~II I  W H I t  I f t L t I I  I I I l i l i t i  I l I l t  j _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —

2
- 

Sd3 NI ‘39~ VH DSIO

IV-24 

•
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘• 
~~~~~~~~~~~—•-S-.----~ -‘~~~~~

,.-- 
~~~~~~~~~~~~~~~~~~~~~~~~ 

•- • - 
-~

~~~~~~~~~~~~~ ~0~~ -. —-—-•——-•~-~~—•—-- — —•~~~ —

I i i  II I I I I I  I I I I I I  I C~01 ~~~~~~~~~~~~~~~~~~~~~ 
—

- —  ~~ ~~~~~~~~~~~~~~~

- - u o p 7 u q  ui i~~~o -
- j 1~~~C 0fl~ -~~ I’~~ I -- S ~0

ç J C ~~I f J C C U 1

— I - .4C~~C7 2 -

~ PC~g MO

- — ~.a1:) ~ 3O3 pUe UC~~ 74 7  -

I 

:— • 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~• - 

I
- 0~~- - 

~~ C I~~~7 0 . n ~LU ~ 2 uO CCu7 UC ~~4I • - 04 Ml ‘H 4 4 0 7  ~ C5

- ‘C ‘C - 
_____ -______4 - • C m 9  44z -; -

I— - 
I - 

~~~7C I
- - - ~ 1 I I - 

- 
.
~~ 

C~ p CC3 P°°C .4 .7 .4 
-C - 

I II ~~~~~~ C70 43

I 1 p,OU m~~P7 0 ~~~ 0 C 4 C 1  4

I II I O C S q 8 j  C8 p , o q  617 ~~ 0.— L . - 
.4CCC D 040.0 

- Li

1 -

_ _ _

- I I  I I 
_ _ _ _ _ _I I I - ,g p1 o4C ~ o~) JI~l)

~ — — I I I J — ..pICg - -p~ ~~~~~~ 
r -

I I I I ~~ ~~~~~~~ p4 11311 1151 C0 4 ~~~
L_, ~— i—i __LT_ ~ _______________________ 

Lu 0
‘i i I - ~ 1111CZ1 C11C~~~4C4~ ‘C

~~~~ 

— I I I - 6000 uO14 ,1s 110311*0

• I I I I .4*00 3 ulOloo s

- 

L

~

_

~
1

1 ~~ 
4__t_j 1 ~ 

~l o1o*.p-~~~~ f l h I 0 1~~o311*11M 
-

I I I I I cOol *0 311 4C~ ~~1~~ 0

~ 11 L.~ .4*00 3

- - I — I I I I I - 
•8p~ uq .uoo~ 0000 .43 

-

‘
i 1 1 ~i .4** C3 **70110.4

~111S
— ___________________ — - 

.441103 • 3 ~~
) JO g4511m•4

- ~OOC 1 C4•CO.4 . O . 4 C ’ O ~~~~ O34

011p3•g p 0 1 1  UCqO1 3 ~- 
-

& • ,
- - 11010q 

~~~~ 
0400115CC3~

0

0 
~~ 

110 Uq j 4~~j C 0. l 0-911
.4CuJ , ,00rOg -9 711 jOf-) I _ _ _ _ _ _  -LU — -mo-p ~~~~~~~~~~~~~~ —- •

- • 

- I (~~O1 U O ! • O C 4  ~~~~S119

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0 i L 1h± I h u h h± h h 1 1

s±1
±

~~1I1Tii1~~~ ~~



-.11,——---oo-— —•— ~~~ ~~~~~~~~ \4•r~~~~~
U 11~~~ •- 11 ~~~~~~~~~~~~~~~~~~~ -—

r ~~ 

• —

I I I  I I I  I I I — I I I  I I I I I ~ ~~~~~~~~~~~~~~~~~~~~~ ~~~ 
-~~~~ 

—

- - 000J ,p *j3 -C * pJC q Ill ~C4I

- — I 0111 ~~1S *0j*113 0.

___________ 
.4000 7- 

nnas3~ ao p1ag UJa .4op
.4 0 C C 7  011033

- ____•— -

~~~~~~~ 

- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5C0 7 CUQ

0.— U - .40013 C0003 —

- I .40007 015113

- - I — 
0011 1113 Out go,71’ - - ~~0 11’W 000 13

- — .• : 0 
- OPS01110J - 0 0 0 7 0 4  Ill ~~°0 

-

- CmSoqCuood 000 7110113U I 0 ~~~~~~~~ oo3 o oop.O. 3

LU — 0003 0 i*OOmI5113 I30O~ 41C0~> I • CO

- 
U 

I - 7101 i5000m101113 100 .1 4J f l o J •

I .~~On I 
~.)4 - I II - 2 - ~~~~4 L1 —-_____

- 1 ~~~~~~~~~~~~ W uT3 
LU

0 1 I 14 003511,7 CO
I I 3 o ~ oT~fl~~op~~~ F- I I - 4 ~~- 

U I I
1_i 

~~~50TW 505V~511T7 .4,77 4 ~~~~~~ O4~ U

- U U - 

— 
— - 3~~~CJ •~~~1~~ 

U - 
~~~

- - - - ---  - - -

~~
- -
~~~~~~~~~~~~ ~~~~~~3 -

- - ° - H

____________ ______- ___________ — - - 
~~~0.4 11003~~~~~T.4 11111101 —- 

•~~~~

0 I 
- ~~~~ 

0~
_

~~~~~~~ 1I~~~~~

I 

-

11111 I I I lUll I I I III I I I  I I lii H I  I I I _________________

§ •-

- 
U J D  NI ~~o8vHDsIa

IV-26

—
~~~~ - -- -- 

- — - -~~~~~~~



—~~~~~0- = O5~~~~-m~ C 
_ _ _ _ _ _ _ _ _  ~~-m°~11~~~ 3~~~7o*~~~~~S ~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _

I I I I I I I I 1 I I I I I I I 1 1TITT I I I I I I I I I I

—

- 
111P104  0 1 0 7 7 0 0 0 7  1000 0 1 1 1 0 0

• 

— 
11150 ~~~~~ 

A . U qP0 _ 0t~1U~

— P~~ ° I O l 0  2 —

I I I -I 
_________ 13000 7 00710,7 

-

I I I 47.41 1104 003 110,7
- I L . .  — — ~C03g CogU ~~1 ~~~ 

— 1710J 0070 - 0*7 100 —
- — I I I — 

4~ 1! ~~~ 00 32~ p 
— —

LU L, L L~
- > I I I 

_ _ _ _• ~ I I I -

- L~ 
~~~~ 

2

I ‘ I  I -

~ I ~~I I l I l 0 I ~~°i) •~~U cn~~~~ I ~~~~I ~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ L~~~~~L — -~~~~~ -~~~~~~~~~~~~~~~~~~

- L - 
- 114 T o - o o O f f O  

- -

L L_ L • 

I 1 3 7 7 0 1 3  9~~~~~~~~~~ !C0 1

I ~
l.l 1.1 I 0001 J I O I J - C O p l l g  l 0 1r7C71~~~••01 I U

U I I I ~~~~~~~~~~ 0
- 

- I I I - 
~~~~~~~~~~~ °Tr l ~~ 0 ~~~ ~~

—.

4 • I I ___ U — 
- - CO

~~~~1 1 I I I 
~~~~~~~~~~~~~~~~~~ Th I , O ~~~ I

___________ ___________________ - 1101 00 ll~ 44 0 00 —

0713 1 0  .17 4 7  07 3 0 0  .4

4 
_ _  

1 
_ _

- I 174n30 ~~- . 0 p l . g  0 . -  H

_________ _____________________________________ ________________________ 
lC p I l o .

~~~I I ! I I I I I  _ _ _ _ _  -

- 

SJD NI 4 3o~ vH3SIG

I V -2 7

- - - 
-- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - . 0 0 ~~~~ _~~~~~~~ •_ -  -



~~~~~~~~~~~~~~~~~~ • o ’ C o o o~ oo~po ... 
11_,o.0O —-~~~~~~~~~~~

Fork and South  Fork C l a c k a m a s  R ive r s , c a u se  s m a l l e r  st ep s  on the graphs .
The relat lye range of tributar y inflow may a ls o  be ck-termined from ftc

- 
- relativ e size of the steps . For example . Coila washi Rive r has a wider

ran~ L of discharge than does Oak Grove Fork because the Collawash con-
U t r i b u te s  s m a l l e r  amoun t s  oL low f l o w  and g rea t e r  amount s of f l o o d f l ow .

MINERAL QUALITY OF SURFACE WATERS

L I I 1 S  sec t  I O I L  p resent s th e  gen era l  chemical qualit y of surface U

w a t er s  in W i l l a m e t t e  Bas in . The bas i c  d a t a  are a v a i l a b l e  in a separa te
U compilation of all the c h e m i c a l - q u a l i t y  data co l le c t e d  by t he  Geol ogic al

Survey in  t h e  basin (~iadison , 1966). The b a c t i r i a l  q u a l i t y  of w a t e r s  
U

and organic pollution in the basin arc discusscd in Appendix L--Water
P o l l u t i o n  C o n t r o l . .

in 1910, th o- II . S. Geological Survey began collecting dai l y sam-
ples of surface water at four locations for chemical anal ysis . The
anal ytical data , based on two years of record (Van Winkle , 1914) ,
showed the waters of Willamette Basin to be of excellent chemical
quality. Ln the years sinc e that pioneering study, a great number of
samples have been collected for mineral analysis at many locations
throughout the basin , including 13 years of daily samp ling f rom
‘-Jillamette River  at Salem .

The more recent data show little variation from those collected by
Van Winkle 55 years ago . Tn 1912 and also in 1965 , the surface waters
throughout the basin were soft , low in dissolved-solids content , and
notab ly uni form in chemical composition .

Mineral Content

‘ihe waters are of the calcium-magnesium bicarbonate type , wi th
these constituent s making up about 70 percent of the total dissolved
ions. The dissolved-solids content of waters of most streams ranges
from less than 40 ppm (parts per million) to a maximum of about 85 ppm .
Hardness of water (equivalent to calcium carbonate concentration ) gen-
er all y is less than 30 ppm and in many areas less than 20 ppm . The
maximum hardness reported from a major tributary is 46 ppm for South

. 1 Yamhill River near Whiteson . The major streams draining the Coast
Range are sligh t ly more mineral ized than those dra ining the Casc ade
Rang e, but the chemical composr~~ion is almost the same.

44

- :  Some small streams on the valley plain chat receive their base
fl ow from terrace deposits (particularl y Willamette Silt) may contain
d i s s o l v e d  s o l i d s  in excess of 100 ppm dur ing low flow . In one smal l
area  nor the ast o f Salem , dis solved-solids values exceed 100 ppm . Dur-
ing a low-flow period in November 1961 , a sample from Little Pudding
River at Hazel Green had a specific conductanc e of 281 micromhos and a
samp le frori Lake Labish Ditch near Brooks had a specific conductance of
256 mjcromhos. The dissolved-solids contents were not determined , but
based on specific-conductance relationships , would he in t he range of
175-200 ppm. Values for hardness of water for t~1e two samp les we re 103
and 114 ppm , respectivel y. Samp les of wa ter f rom wel l s  tha t tap

~~~~~ IV-28
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terrace deposits in the same area have similar chemical composition and
dissolved-solids content .

Popula tion and water use have increased subs tan tial ly  since 1910 ,
but the mineral character of the water has changed very little . Al- U

though man ’s activities have caused a considerable change in the or-
ganic and bac terial character of the water , there appears to be l itt le

- I 
change in minera l content . A compar ison of the da ta collec ted from

- 
I Willamette River at Salem in 1910-1912 with data collected during the

period 1952-1965 shows no discernible change in dissolved-solids con-
o tent nor in chemical composition (Figu re IV-22).

The dissolved-solids content increases sligh t ly in the lower par t
of the basin between Salem and Portland . The maximum dissolved-solids
content of samples collected at monthly intervals at the Spokane ,

- I Portland , and Seattle Railway bridge (near Portland) was 65 ppm . The
maximum observed value at Salem for the same water year (1960) was 57
ppm . The chemical composition was virtually the same at the two loca-
tions. Figure IV-23 shows a plot of specific-conductance values for
the samples collected at Portland and for samples collected one day
earlier at Salem . Because travel time between Salem and Portland is
not known exactly, the differences shown are not absolute . However ,
the data indicates the approximate increase in dissolved-solids content
between the two points .

65 
- 
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j 90 — Salem samples taken one day earlier . -

Fi gure IV-23. Sp ecific conductance of month ly scvnples f o r
Willa.’r iette River, 1960 water year.

Fi gure IV—24 shows the chemical composition , ranges of dissolved—solids
con ten t , and hardness of water for representative streams that drain the
Coas t and Cascade Ra nges. The loca tions of samp ling sites for streams
sampled by the U.S. Geolog ical Survey are also shown . The amount of data
available varies greatly from site to site. For instance , for many sites ,
only spot samples have been collected for analysis , whereas data are avail—
able f r om 17 year s of da i ly samp li ng for Willamette Rive r at Salem and from
1 year of mon thl y sampling for Willamette River at Portland (Madison , 1966).

There are several  reasons for  the u n i f o r m  mine ra l  cha rac t e r  of wa te rs
throughout the basin and for the lack of significant increases in salt load
si nce 1912:

~

- 

~
-

I . Willamett e Valley lies in a humid zone and the  streams drain
soil s that have been well leached by the i n f i l t r a t i ng  prec i -

p it a t  ion . Co n seq u en t l y ,  o n l y  s m a l l  q u a n t i t i e s  of s o l u b l e
salts arc ava ilable for remova l Nv a p p l i e d  irrigation water .
Al  t h o u g h  use 01 w a t e r  for  i r r i g a t i o n  has inc reased cont  m u —
o u s ly  i n  t he  Wil lani el t L~a s i n over t he  l a s t  50 y e a r s , t h u
Increase i n  s a l t  load f r o m  irrigat ion return flows has not 

U

been compa r a b l e  t o  t h a t  in o t her  p a r t s  of t h e  S l a t e , part i —

c u l i r l  y i n  a r e a s  eas t  of t h e  Cascade s . B odh a m e  and  o t her s
1 1965 e s t i mat e d  the  s a l t  c o n t r i b u t i o n  f r o m  i r r i g a t e d  land
in  Wi I l a m e t  t e  Bas in  to he 0 . 02 ton (40 p ounds )  per ac re
per y e a r . T h u  t o t a l  sol o le  load  f rom t h e  b a s i n  h a s  hc en
e s t i nia t~ d to  be 0. 28 t o n s  (560 pounds )  per  a c r e  ~ ( r yea r
( V an  l ) enhurgh  and F e I b , 19 65)
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Fi gure IV-24. Locations of quality samp ling points and repres en-
4, tative composition of selected streams.
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2 . Indus t r i a l  use of wa te r  in the basin is p r i m a r i l y  tor cool~-
ing and wa ste dispo sal by tl.e timber-resource and food-pro-
cessing industries . The wastes contributed to the streams
by these industries are mostly organic or insoluble and do

U 
not contribute substantially to the dissolved-mineral con-

U ten t of the water .

3. The recent samples were collected during a period (1952-
1965) when average yearly runoff , minimum flows, and preci-
pitation were all above the long-term average (see section
on “Patterns of Runoff”). Because maximum dissolved-
solids content usuall y occurs during periods of low flow ,
any increase in salt load due to man e s activity may have
been somewhat masked by the inc reases in year ly  runoff .

The most recent period of above-average runoff (1945-1965) coin-
cided with a period of accelerated economic growth and increased water
use , during which time most of the major reservoirs in the basin were
cons truc ted . Because the per iods of higher runoff coincided with
periods of increased regulation , the degr ee to which each ha s af fec ted
water-quality patterns in the basin cannot be accurately iden t if ied .

Regulation of low flows will continue to be beneficial in control-
ling water quality. However , the effect of man’s activity in the basin
may be more significant than it now appears to be, and an appreciable
increase in sal t load could occu r during fu ture per iods of def ic ien t
runoff.

Suit-ability for Use

U 
- The surface waters of the basin are chemically suitable for most

- - uses. All the streams in the bas in for  which da ta are ava ilable are
chemically suitable f or domes tic and munic ipal us e. In certain parts
of the lower reaches of some tributaries and in the main stem , treat-
ment is required to remove organic and bacterial contamination.

The surface water has low salinity and sodium hazards according to
the rating method of the U. S. Salinity Labora tory Staff (1954) and is
suitable for irrigation . Problems of water-quality deterioration due to
irrigation return flow probabl y will not be significant in the future.

Sur fa ce wa ters in the bas in are su itable for  use by most indus-
tries. Industries that require waters of low silica content would have 

U

to use treated water , because most streams have silica concentrations
in exc ess of 10 ppm. For some industrial uses , treatment would be re-
quired for turbidity and color .
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SEDIMENT TRANSPORT BY STREAMS
Ii-

This presentation of sediment transport by streams in Willamette
Basin is based on an analys is of da ta available from previous studies .
It provides only a prel iminary guide from which to estimate rates of
sediment accumulation in reservoirs , ascer tain the trea tment needed for
municipal and industrial supplies , and judge the suitability of the
streams for fish habitat and recreation . I t also m igh t be used for
preliminary evaluation of the effects of land treatment measures and
for determining changes in water quality. Many additional data are
needed on erosion and on the transport and deposition of sediment be-
for e ac cura te a ppra isals can be made of these phenomena and the factors
that control them.

An investigation by the Corps of Engineers (1954), conducted from
Dece mbe r 1948 to July 1951 , produced most of the available data on con-
centration , d ischarge , and par tic le sizes of suspended and bed sediment .
Suspended sediment was sampled about once a week during the investiga-
tion at 21 sites located on Willamette River and its main tributaries .
These data , of cour se , may not represent the present status of sediment
transpor t in basin streams . Other stud ies were made by the Corps of
Engineers (l949a , 1949b , and 1958) to determine the rates of sediment
accumulation in Cottage Grove , Fern Ridge , and Dor ena Re servo irs .

Suspended-sediment data collected during 1948-1951 were used by
Anderson (1954) to relate sediment yield to precipitation , streamfiow ,
soils , topography, veg etat ive c over , and l and use . Flaxman and High
(1955) developed similar relations and also reported results of an
erosion-damage survey conducted in April 1949. In 1959 , the Fores t
Service began an investigation of the effects of land use on sediment
loads of streams in forested watersheds (Fredricksen , 1963). The U. S.
Geolog ical Survey determined sediment discharge of Willamette River at
Portland from July 1962 to September 1964 (Haushild and others , 1966)
and measured sediment discharge at Portland and other sites in the
ba sin during the floods of December 1964 and January 1965 (Rantz and
Moore , 1964 , and unpublished data).

Sediment yield in the basin is low because of favorable combina-
tion of physiograp hic and climatic factors . The geologic formations
that underlie much of the basin , particularl y the wes t f l ank  of the
Cascade Range where land slopes are steepest , consist of erosion-
resistant basalt , andesite , and pyroclastic rocks . Al though the soil
layer is generall y thin , except on the alluvium of the valley bottoms
and on semiconsolidated formations in other areas, the trees , brush ,
and grass that grow abundantl y because of the moist , mild climate tend
to protect the surface of the basin from rapid erosion . Erosion has
been severe locall y when rains of hi gh intensity fell on soils that had
been stripped of vegetation by timber harvest , construction , agricul-
ture , or m ini ii~ .
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Willamette River and its tributaries transport small quantities of
sediment compared to quantities carried by other major rivers of the
country , particularl y those in the semiarid Southwest . For exampl e,

• before the construction of Glen Canyon Dam, the sediment discharge of
the Colorado River at Grand Canyon , Arizona , averaged about 96 million
tons per year--about 42 times that for Willamette River at Portland--
with the mean water discharge at Grand Canyon only about one-half of

U 
- that at Portland . However, the average sedimen t y ield per sq uar e mi le

at Grand Canyon was only 3.3 times as great as the yield at Portland
because of the much larger area drained by the Colorad o.

Suspended—Sediment Concentration

The suspended-sediment concentration of streams in Willamette Basin
is important in the development and management of water supplies , rec-
reation facilities , and fish habitat. The discharge-weighted mean
suspended-sediment concentration is the theoretical suspended-sediment
concentration if all the water and suspended sediment passing a section
during a time interval were mixed and is useful in determining the ef-
fects of development on sediment discharge. Changes in the drainage-
basin environment are reflected by the relationship of suspended-sediment 

U

discharge to water discharge. Long-term trends cannot be identified at
any site in the basin from available data; however , the areal variation
within the basin is suggested from the weighted-mean concentrations for
the 21 sites listed in Table IV-2. These concentrations were computed
from mean water discharge (for the period of record) and average annual
sediment discharge determined from approximately 2½ years of sediment
data at each site. The concen tra tions range from 21 to 90 ppm , which is
a very narrow range for such a large area.

On an average of about once each year , the maximum suspended-
sediment concentration in the large streams in the basin exceeds 400
ppm. The concentra tion in some major  streams exceeded 2 ,000 ppm dur ing
the floods of December 1964 and January 1965. Landsl ides in the Bl ue
River drainage basin east of Eugene caused the suspended-sediment con-
centration of a small stream to exceed 13,000 ppm during the January
1965 flood (Columbia Basin Inter-Agency Committee , 1965, p. 42). Mini-
mum concen tra tion for most streams in the bas in is generally less than
10 ppm . The concentra t ion ex tremes may be changed by man ’s activities
or by some unu sual natural phenomenon such as the landsl ides ci ted
above . These changes in concentration can be of either short or long
dura t ion . Fredricksen (1963) found that construction of logg ing roads
in a small forested watershed increased the suspended-sediment concen-
tration of the stream; for more than two years the concentration re-
mained about twice tha t prior to cons truc t ion .

Average Annual Sediment Discharge

A measure of the sediment transport of a stream is its average
annual sediment discharge . For this study, the average annua l sedimen t
discharge at each of the sites given in Table IV-2 is the combination

• of bedload and suspended-sediment discharge.
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The average annual sediment discharge for Will am ette River at
- 

- 
Portland is compared with sediment discharge for other sites in the
basin . These comparisons are illustrated on Figure LV-25 , w h i c h  gives
the discharge . of water and sediment for each site in percentages of the

- - - water discharge and sediment discharge at Portland .

Time Distribution of Sediment Discharge

In Willamette Basin , both the amount and the seasona l distribution
of sediment discharge are closel y related to the amount and seasonal
distribution of precipitation and runoff . As in most large river sys-
tems , the seasonal distribut ion of sediment discharge var ies among
streams--depending on size, eleva tion of the stream bas in, geograp~iic
location , and other fa ctors . The graphs in Figure IV-26 show the dis-
tribution of average monthly streamfiow and sediment discharge for
streams in the bas in as percentage s of the annual totals . The curve of
streamfiow is an average developed from streamflow data for selected
stations in the basin. Because of the scarcity of monthl y sediment- 

U

discharge records in the basin , data for ad~~ cent areas west of the
Cascade Range were used to help define the sediment-discharge distribu-
tion curve . The distribution of monthl y sediment d ischar~,e for Willam-
ette Basin streams should be similar to the distribution shown in Fig-
ure IV-26 . Sediment discharge is much less uniformly distributed
throughout the year than stream fiow . The sediment-discharge curve
shows that , on the average , about 82 percent of the sediment is dis-

— 
charged during the four-month period November to February and the re-
mainder during the other eight months .

The sediment discharge of streams in the bas in can vary greatly - -

fr om one year to another , depending principally on how many f reshe ts
oc cur . More sediment is sometimes transported during one large flood
than is transported during several average years . For example , during
the 10-day flood period December 21-30, 1964 , the 6.4 million tons of
sediment discharged by Will amette River at Portland (Rantz and Moore ,
1965 , p. 199-201) was almost three times the average annual discharge
(2 .3 million tons). The unusually high sed iment discharge  of the
December 1964 flood , combined with the discharge during a second major
flood in Januar y 1965 , probably resulted in a total sediment discharge
for the 1965 water year of more than four times the average for Willam-
ette River at Portland .

‘
4

Particle Size of Stream Sediments

- 
-~ The particle-size distribution of the sediment transported by a

stream often determines the extent to which the water can be utilized .
At present , only a small amount of data is avaiLable to define the
particle-size gradation of stream sediments in the basin . Analyses for
16 sites on the major streams show that the suspended sediment averages
abou t 45 percent clay, 38 percent silt , and 17 percent sand . This
agrees closel y with a discharge-weighted average gradation of 51 per-
cen t clay , 36 percent silt , and 13 percent sand , comput ed from data for
Willame tte River at Portland .

.7.
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Fi gure 111-26. Average dis tribution of monthly s treainfl c~, and
sediment discharge in Willar nette basin.

Bed material from rivers in different parts of the basin has a
wide range in particl e size . For examp le , sizes in the samp le from
Tualatin River at Farmington ranged from les~ it~an 0.004 mm to 0.6 mm,
whereas sizes from Santiam River at Waterloo ranged from less than 0.004
mm to 200 mm . The media.n particle diameter (defined as the particle di-
ameter at which half the material is larger and half is smaller by weight)
is often used as an indication of how readil y sed i ments are t ransported .

Table IV-2 gives the median particle diameter of the bed material
for 22 sites on major rivers in the basin. Except for Willamette River
at Port land , the data for each site are based on one sample obtained in
1950. The data show that the smaller streambed sed iments are found in
streams with low gradients . Smaller particles arc more abundant in
streams draining the pyroclastic formations and alluvium on the north
slope of the Calapooya Mountains and the marine for ma ti ons and alluvium
on the east slope of the Coast Range. The larger particles were gen-
erally found in streams on the steeper slopes of the west slope of the
Cascade Range , where the underly ing rock s are lava s. The median parti-
cle diame ter of bed sediment s in the Willamette decreases progressively

S from Spr ingfield to Portland . This decrease results from the decrease
in the sediment-transport competence of the river and from the mechani-
cal abrasion of the sediment particles .

0 ., - i•0.
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Generalized Sed iment Yield

Available data indicate that average annual sediment yields over
the basin ranged from about 60 to 470 tons per square mile . Compared
to the variation in sediment yield for areas of similar size in other
parts of the country , the eight-fold difference for different parts of
the basin is not large.

Estimates of annual sediment yield are given in Table IV-2 . Long-
term sediment-discharge data are insufficient for verification of the
sediment yields shown. However, sediment-accumulation rates , deter-
mined from sediment discharge at sites above and below two reservoirs ,
may be compared with accumulation rates determined from field surveys
of these reservoirs (Corps of Engineers , l949a, 1958). For that com-
parison , the following assumptions are made: (1) Sediment yield per
square mile between the upstream and downstream sites at each reservoir
is the same as the yield at the upstream site; (2) little or no channel
aggradation or degradation occurs that is not accounted for in the re-
servoir surveys; and (3) dry weight of sediment in the reservoir depos-
its is 70 pounds per cubic foo t.

The accumulation rates determined by the two methods compared
closely for Cottage Grove Reservoir (Coast Fork Willamette River), but
the accumulation rate computed from sediment discharge is almost twice
the surveyed rate for Dorena Reservoir (Row River). The rates of sedi-
ment accumulation as determined by the two methods are shown in the
following tabulation:

Sediment accumulat ion
(Acre-feet per sq mi per yr)

Reservoir Difference above and
Reservoir survey b elow reservoir

Cottage Grove 0.25 0.24
Dorena .15 .26

Sediment-yield values from Table IV-2 are used with data on ge-
ology , precipitation, runoff , topography, and land use to delineate
zones of approximately equal yield (Figure IV-25). Because these zones
are based on a small amount of data from a few sites , areas wi thin a
par ticu lar zone may have yields much greater or much less than the
value shown. The data shown on this map are suitable only for prelimi-
nary planning .

Figure IV-25 generally agrees closely with the sediment-y ield maps
developed by Anderson (1954) and Flaxman and High (1955) for broader
areas . Some differences occur partly because of differences in the
data available when the maps were developed and par tly because of the
method of interpretation.
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Photo IV—2. Lands lides, such as this one th4~ring the De cember 1964 J ioo~,are major contributors to sediment loa d in ~Vi l la~nette -~~~~.
- n.

- 4 
A detailed investigation of sediment sources in the basin is be-

yond the scope of this study. In a s tud y of the  sediment  d i s c h a r g e  a t
Salem , Anderson (1954) estimated that 24 percent of the  sediment came

4 from fores t land , 22 percent from agr icultural land , and 54 percent
from eroding channels. Accelerated erosion from logg ing , construction ,
f a r ming, and other activities has a considerable effect on sediment
yield . The effect of land exploitation can be particularl y sev ere
where the vegetation is removed and the soil is left disturbed during
per iods  of heavy prec ipitation and runoff . The importance of the ef-
fccts of exploitation and natural short-term phenomenon such as slid e s
on long -term sediment yields is unpredictable from existing da ta .

Excep t in a f ew places , the eros ion , transport , and deposition of
sediment have not created serious long-range problems . Hence , treat-
ment of water supplies has been economical and industries requiring
large amount s of high-quality sedim ent- il - ce w a t er  have been attracted
to the  basi n. The use of good conservation practic es and t i m e l y  con-

C l sideration of effects of development on stream cflvironnicnt should limit
the number of future sediment problems .
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STREAM TEMPERATURES

Wa ter tempera ture in a stream affec ts fish resources , industrial
use , quality control , and recre ation. Water-temperatur e data from 125
sites (Map IV-3) have been compiled (Moore, 1964) . Data for some sites
are from thermograph records and f~-r other sites are from daily observa-
tions of water temperature or observations spaced several days to sev-
eral weeks apar t. Summaries of data from 20 representative stations
are given in Table IV-3.

Figure IV-27 shows the monthly temperature ranges in Willamette
River at Salem , Nor th Sant iam River a t Niagara , and South Yamhill River C

at Willamina . In general , streams draining the Cascade Range have
cooler temperatures in all seasons than streams draining the Coast
Range or Willamette Valley.

The maximum , minimum, and average monthly temperatures do not
provide a comp lete picture beca use wa ter temperatu res may fluctua te
widely during the day , particularly in summer. Fluc tuat ions are
generall y only a few degrees in small spring-fed streams, in streams
largely protec ted from direc t sunlight , and in large , deep s treams
where the volume of water to be warmed is relatively great. Minimum
tempera tu res generally occur about 8 a.m. or 9 a .m. and maximums about
4 p.m. or 5 p.m. The maximum recorded diurnal fluc tuation for 39 sta-
tions in Willamette Basin ranged from 3 degrees to 13 degrees Fahren-
he it (Moore, 1967).

Stream—Temperature Profiles

In Willamette Basin , the critical months for water temperature are

U 
July and August when temperature is highest and natural streamflow is
low. Figures IV-28, -29 , and -30 show water temperatures for July by
a series of profiles for Willamette River and two representative tribu-
taries . The profiles can be used to estimate water temperature between
the sites where records have beerL obtained .

The wa ter tempera tures shown on the prof i les are representative of
water years 1954-1962, inclus ive. In general , minimum July-August
water tempera tures for that period occurred in July 1955 and maximum
temperatures occurred in July 1958. Earlier studies by Moore (1967) in-
dicated that those extremes were events having a probable recurrence
interval of about 25 years. In general , the divergence be tween minimum
and maximum tempera tu res is grea ter in July than in August.

The mean monthl y flows shown on the profiles are generally those
for water years 1951-1960. This period was selected because (1) re-
cords of flow were read ily available (U. S~ Geological Survey , 1963)
and (2) the average flow in that period was nearl y the same as in the
period 1954-1962, generally used f or wa ter temperatures . However , this
10-year period could not be used for gaging stations established after
1951 or disc ontinued before 1960 , or where cons t ructi on of a reservo i r

~ 

dur ing 1951-1960 changed the flow pattern .

4—
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Water-temperature data for selected stations and strecons
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Fi gure IV-27. Month ly wate r temp eratures f o r  selected L-tations .

II

The profiles (Figures IV-28, -29 , and -30) show minimum , mean, and
maximum water temperature s for each data-collection site plotted
against river-mile location of the sites . Points wheie various tribu-

F tar ies enter the main stream are indica ted by arrow s above the prof ile.
Temperature data for the tributaries are not plotted , but are shown in
tabular form above the arrows.

On each profile , mean flow for the month for each main-stream site
and each tributary is shown. The main-stream temperature below the con-
fluence of each tributary is computed by weighting the temperatures of
the two streams in proportion to their flows . Thus , a stream at tern-

~

‘ 
~
‘ perature of 72 degrees Fahrenheit with a flow of 1 ,000 cfs , when jo ined

by a tributary having a temperature of 66 degrees Fahrenheit and a flow
of 200 cf s, would have a temperature of 71 degrees Fahrenheit below the
confluence.

River-mile location of the site to which the tributar y data app ly
is shown because it is needed to estimate temperature of the tributary
at its mouth . If the site is within about five miii’s of t h t  mouth ,
temperatures at the mouth are considered to be the sam, as those meas-
ured at the site . I the site is more than five miles from the mouth ,
maximum and mean water temperatures arc assumed to increase two degrees
Fahrenheit per 10 miles and minimum water temperatures to increa i~’ one
degree Fahrenheit per 10 miles . However , if the temlsi’r1lture of t1~e
tributary was nearly equivalent to the air temperature when tise obscr-

U va t ion was made , fla tter grad ients are us ed .
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The water-temperature profiles show not only the long-term mean
temperatures that can be expec ted for July but also the ex tremes of
tempera ture that probably will not be exceeded more than an average of
once in 25 years . The profiles show the means and extremes of water
tempera ture at the points of observation and represent es timates of
temperatures at other points on the streams .

Water—Temperature Gradients

During the summer, the temperatures of the streams become progres-
— sively warmer downs tream. Several streams , such as McKenzie , Sant iam,

and Clackamas Rivers, are cool in their upper reaches because they
origina te a t h igh elevations in the Cascade Range wher e springs and
snowmelt contribute to the flow and where air temperatures are cool .
Water temperatures remain relatively cool until lower elevations are
reached downstream. There , the wa ter temperatures rise sharply, but
temperature gradient s flatten gradually as the water temperature ap-
proaches air temperature. Streams such as Calapooia , Luckiamute ,
Yamhill , and Tualatin Rivers , which originate at lower elevations , have
such warm temperatures in their upper reaches that the temperature s
increase only a few degrees throughout their lengths.

Effect of Tributaries and Reservoirs

As the profiles show, tributaries with significantly different
temperatures from the main stream cause abrupt changes in tempera ture
of the stream. Even more dramatic changes are caused by reservo irs ,
where the enti re flow of the river downstream cons ists of releases of
stored wa ter at temperatures much di fferent from natural streamfiow .

During summer, the entire flow of a stream in places may consist
of releases of water from deep reservoirs that have stratification of U

- 
- tempera ture . Water released from the bottom of a deep reservoir may

• have a temperature as low as 39 degrees or 40 degrees Fahrenheit (the
temperature at which maximum density occurs). Water released from

j sl ightly higher levels may also be cooler than natural streamflow . U
Wa ter released from the surfa ce of a res ervoir during summer generally U
is warmer than natural streamf low . U

Periods of temperature record for some streams are sufficientl y
long to show two sets of profiles--one set including and the other set
exc luding the effect of the reservoir. For Hills Creek , Lookout Point ,
and Detroit Reservoirs , black prof il es r epr esen t na tura l  cond it ions
and white profiles represent regulated conditions (figures IV-28 and
-29). Because reservoir operation can signi f i c a n t l y affect the flow
regimen , separate sets of discharge fi gures (also in black and white)
are given for the reaches downstream from the three reservoirs.
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STRE AM PROFILES

Stream profiles are graphic portrayals of the longitudinal prof ile
of a s tream, showing elevation versus stream mileage . They are usef ul
for analyzing the relationships between gradient and other stream
charac teris tic s. Stream gradient is a significant drainage-basin
characteristic that influences unit—hydrograph lag time, def ined as the
time interval between the broad peaks of effective rainfall and of di-
rect runoff. Gradient also influences bedload and streambed aggrada-
tion and degradation.

Figures IV-31 to -33 are profiles of the water surface for low
f lows . These profiles were developed by the Corps of Engineers (v. V,
1951) for Willamette Basin streams. Profiles have also been published
for selected streams in Willamette Basin by the U. S. Geolog ical Survey

C 
(Jones and Helland , 1948).

The major tributaries of Willamette River rise in the Cascade
Range at elevations of 5,000 feet or more and enter the main stream
from the east. West-side tributaries head at much lower elevations and
generally carry less flow than the east-side tributaries . The mountain

L 

portions of the stream channels are characterized by “V”-shaped canyons
with rapids, pools , and some waterfalls . After the tributary streams
reach the valley floor , their channels widen and they flow at low gradi-
ents to their mouths.

Slopes of low-water profiles vary along the course of the Willam-
ette. The 26-mile reach from Oregon City to the mouth of the Willam-
ette is affected by tides and by backwa ter from high stages on Columbia

— 
River. The flat gradient of the Willamette between the mouth of Yam-
hill River and Oregon City is caused partly by backwa ter from check
gates at Willamette Falls. The profile of Willamette River upstream
from Yamhill River is typical for a stream with an unstable bed; the
streambed consis ts of a series of long, deep pools and short , steep
riffles. The steepest gradients are near the headwaters .

IV-46
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H

TI~~ OF TRAVEL OF WATER

Knowledge of the time of travel of water is necessary for intel-
ligent management and control of streams . Stream temperature can be
modified by releasing cool water from reservoirs , but time of travel

H must be known to determine the size of the release needed . If a harm-
ful contaminant were accidentall y introduced into a stream , i t  wou ld be
desirable to know when the contaminant might a-n yc at critical points
down st ream. Time of travel also affects the biochemical oxygen demand
of a str eam , because the oxygen deficit is related to time of flow.

In the past , only a small amount of time-of-travel information was
available for Wjllanictte Basin streams--either from theoretical compu- U

tations of mean veloc ity or by timing the movement of waste releases
from industrial plants . To obtain more accurate and cump lete data ,
t ime-of-travel studies were made using a dye tracer at low , medium , and
high flows. Travel-time charts in this presentation show the travel
time of the peak concentration of the dye tracer.

The graphs of travel rate versus discharge are not applicable to
the travel of flood waves or f l ood  cr e s t s , wh ich gener a l l y travel at
d ifferent rates than do the water particles.

Reaches Studied

Studies were made in stream reaches below key dams where  the  f low s
are closel y contro l l ed  by reservoirs. These reaches were : hiddle Fork
and Willamette River from Dexter Dam to Willamette Falls; Coast Fork
Willamett e River from Cottage Grove Dam to the mouth ; McKenzie River
from Trail Bridge Dam to tile mouth ; Middle and South Santiam Rivers
from Green Peter damsite to the mouth ; and North Santiam and Santiam
Rivers from Big Cliff Dam to the mouth . Time-of-travel stud y rea ches
are shown on Map IV-4, and typ ical flows for the reaches arc presented
in Table IV-4.

Travel-Rate Graphs

Time-of-travel data were used to develop graphs of travel rate
versus discharge for cacti subreach ; an example from Middle Fork Willam-
ette River is shown in Figure IV-34. These graphs show how travel rate
var ies with discharge . Gr aphs for ind iv idual subre ache s are presented
in a hydrolog ic atlas prepared by Harris (1968). Rate instead of
travel time is used in the grap hs because rate is easil y app l ied to
any part of a subreach . Discharg - .- s were obtained from records at
gag ing stations in or adjacent ro the subreaches studied .

Gra ph s were general lv ~-. - I l  d c l i n c d , hu t  a fei0 i-ere poorly defined
because of channel changes caused by floods between the time of t h e
low — and medium — flow studies . NI ’Ss c h a n n e l s  cu t  by floodwater were

k shorter or longer t i / a n  old ones so that travel t ime s for the two stud-
- . ies were inconsistent .

-~~~~~~~ 4~~
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Table IV—4
Lengths of study reaches and selected f l ows at index gag ing stations

Length Selected flow s at
Index of stud y index gaging stations

River gaging reach (cubic feet per second) —

- 
- station (miles) Low Medium IiI&!i

Coast Fork Willamette 1575 (Goshen) 29.4 200 1,700 6,600

- 

-‘ McKenzie 1625 (Vida) 77.9~-’~ t ,700 4,000 8,200

North Santiam and Santiam 1830 (Mehama) 57.3 800 3,300 8,500

Middl e ~d South  Santiam 1875 (Waterloo) 45.7 600 2,900 8,500

Middle Fork and Willamette 1910 (Salem) 176.1 6,500 23,000 68,000

1/ Low f l o w  is the minimum scheduled f l - o w  to be antici pated nearl y 200 percent of
f , ; e  time af te r  all  s treamf low-regulation projects ( U.S .Ai ~ny, Cor ’p s of Eng ineers ,
1951, p 1. 111-10) are comp le ted. Me di um f l o w  is the average f l o w  of record at
the gag ing station. Hi g h f l o w  is the median 30-day annua l high flow at each
station (median of the annua l values of highest mean discharg e f o r  30
consecutive days) .

2/ To alternate month.

j
Typical Travel-Time Graphs

- 
1 Graphs ot travel time versus s tream distance ior high , medium , and
+ low flows were developed from the relationship of trave l rate to dis-

5 charge for each stream studied (Figures tV-35 to -39). The flows given
- ‘ on the graphs are the same as those of Table IV-4 and apply to the sub-

- 
reaches in the vicinity of the index stations . Typ ical concurrent
upstream and downstream flows were obtained from records at other gag-

- 
ing stations in the reaches . The correspond ing travel-rate graphs were

!U1 used to determine travel time in the subreaches .

Because patterns of flow may be affec ted by reservoir regu la tion
-j 

1 
and by vary ing d istribution of flows in the severa l tributaries , actual
travel times can deviate from those shown on the graphs . Therefore, the
graph s should not he used for forecasting travel times precisely.

The graph/ s illustrat e the range in observed travel time s as well

~ as the variabilit y of travel times fo r  future expected flows in the
reaches . Steep l ines indicate slow travel rates and the flatter lines

H show fas ter tr avel t - . t N - s .

- - --  
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A notable change in travel rate occurs on Willamette River below
the mouth of Yamhill River (Figure IV-36). Velocities downstream from
that point are very slow at low flows; the effect is less apparent at

higher flows . The slower velocities result from ponding caused by the
Willamette Falls check gates which regulate the river level and the
discharge .

Artificial channels affect travel time s in a ~ew reaches . At low

f l ows , travel rates are faster through Leahurg canal and Walterville
canal than through th e McKenzie River channel (Figure IV-37) . As flows
increase and more water moves through the natural stream course , travel
r a t e s  become f a s t e r  in the  r iver  channe l t h a n  in the  c a n a l s .

0

z

~ 3

1 2 3 4  6ThTh 20

DISCHARGE , IN THOUSAND S OF CUBIC FEET PER SECOND
Leading edge of dispersed dye ——*———
Maximum concentration of dye p

Fi gure 17-34.  Rate of trave l f o r  average i ’eac~; ~~~~~~~ ~iddZe
Fr, rk Wil l ~~net t e -~~~cr t& ’ce ’-~ : - c~X~ - r  ~ar ’ a/ :;~
co~~~Zu~ nc -  to ’? tJ ; coar t Fork ~~~~ 1 l~~~~~~- - t~ i- -- ~~
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Distance ups tream from mouth , in miles 
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G R O U N D  W A T E R

Ground water is water that occurs beneath the l and surface , under
hydrosta tic pressure , and that comple tely fills all pore spaces of the
rock material in which it occurs . Other forms of subsurface water , not
generally classed as ground water , are soil moisture and water in the
zone of aera tion , bo th of wh ich are under less than hydro static pres-
sure and only par tly fill the pores of the material in which they occur .

In Willamette Basin , a large volume of water occurs in underground
res ervoi rs in a variety of rocks: s ilt , sand and gravel , conglomerate ,
sands tone , shale, tuff , and lava . Some of these rocks , such as loose ,
uniform-grained coarse sand or gravel , are very permeable (that is,
wa ter ~ioves through them readily) because the openings are large and
well connected . Other rocks , such as shale or dense lava , are compara-
tively impermeable; they t~-ansmit water very slowly because the pore
spaces are small or poorly connected .

The widespread use of l-—rge volumes of ground water for irriga-
tion , ind ustr ial , and domes tic purposes , as in northern Willamette
Valley and the Portland area , reflects its importanc e. In Willamette
Basin , ground-water reservoirs suppl y 40 percent of the irrigation
water , 18 percent of the industrial wa ter , 12 percent of the municipal
wa ter , and about 95 percent of the rural domes tic water .

Where ground water occur s C,nconfined , the upper surface of the
saturated zone is the water table--the level at which water would stand
in a well that taps the saturated zone, Ground water also may occur in
bodies that are “perched” -- that is , held above an unsaturated zone by
an impermeabl e layer . Conf ined ground water occurs wh.—re an aquifer is
over la in by a relativel y impermeable layer tha t re tard s the upward
movement of the water so that pressure is exerted by the head of water
in the aquifer . Because the confined water is under pressure greater
than that of the atmosphere , it will rise above the base of the confin-
ing layer in a well that penetrates the aquifer containing the confined
wa ter . Where the c ombina tion of pressure and topogra phy is favor abl e,
the water may rise above the land surface , resulting in naturall y fl ow-
ing artesian wells.

Underground reservoirs , or a q u i f e r s , receive replenishment (re-
- charge) pr inc ipally from the infiltration of water from t h e  surface .

Recharge is from direct precipitation on the land surface and from
se epage from s treams , l akes , and ponds which are also f ed by precipita-
tion . Ground water is discharged natural ly through springs and seeps
anti by evaporation and transp iration . The pumping of water from wells
and the artific ial drainage of wetlands are artificial discharges of

U ground wa ter . Under natural conditions , recharge to an aquifer system
is balanced , over a long period of time , by the discharge from it .

In Willamette Basin , recharge is entirel y from precipitation tl/dt
falls within the basin. The rate of recharge is contr+~ll ed 1— I rgt-ly by
the infiltration capability of the rec 1 argc areas; henc e t h e rate var-
ie s w ide l y over the ba sin, depending on many hydraulic and environ -
mental factors , Recharge is low in the Coast R~i ii e b e c a u s c  of t h e

IV-56
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steep slopes and dense rocks. Slope s are also steep in the Cascades
but the rocks, particularly the young lavas , accept water readil y, so
recharge ra tes are high there , In the valley , slope s are gentle and
rocks are modera tely to highly permeable , so that infiltration and re- U

charge rates are moderate to high . U

Because of the diversity of hydraulic and environmental factors ,
recharge for the basin is difficult to estimate . In the French ‘Prairie
area in northern Willamette Valley , annual recharge has been es timated
to be about 18 inches (Price, 1967b), and in Tualatin Valley f rom about

-4 11 to 18 inches (Hart and Newcomb , 1965 , p. 40-41). The lava in the 5

High Cascades allows a large par t of the precipitation to infiltrate--
in places perhaps as much as 80 percent of the 60- to 140-inch annual
precipitation . Stearns (1929, p. 187) has estimated ground-water dis-
charge from a small lava area in McKenzie Subbasin to equal more than
three fee t of recha rge over the area , Total recharge , which wou ld
include this discharge plus any loss by evapotranspiration directl y
from the ground-water reservoir , wou ld therefore be considerably more
than three feet . Cons idering the divers ity of conditions and fac tors
in the basin , one foot per year is believed to be a conservative esti-
mate for recharge over the ba sin. At that rate , annual recharge in the
entire basin would be about 7.7 million acre-feet . If recharge for the
vall ey-lowland par t of the bas in were 1.5 feet , annual recharge would
total about 2.5 million acre-feet for that area ,

Aqu ifers in sedimentary and volcanic rocks are the major ground-
water reservoirs in Willamette Basin . These aquifers are the consoli-
dated and unconsolidated sand and gravel layers in the valley fill of
Willamette and Tualatin Valley s, lavas of the Col umbia River Group that
form the hills and mountains around Portland and near Salem and under-
lie par ts of the va lley from Albany to Columbia River , and the young
lava rocks of the High Cascades (see Table 111-1).

Ground-water supplies in the valley fill and Columbia River lava s
• have  been developed ex tens ivel y, but in most pla ces the v a l l e y  f ill

contains substantial amounts of water that are available for additiona l
developm en t. Thus, those supp lies might he considered as part of the
w a t e r  suppl y a v a i l a b l e  to  meet the water needs of the basin . Even in

C 
area s where annual recharge to ground water might not be adequate for
anticipated long-range requirements , the great volume of ground wa ter
in storage represents a “reserve” that could be drawn on as an interim
su pp ly for short-term needs . In many places in the valley , ground
water could be used in conjunction with surface-water supplies . During
years when runoff is deficient , ground water could be used to supple-
ment the  s t r e a m f l o w .

According to Bodhainc and others (1965, p. 89), vol canic aquifers
of t h e  Cascade Range are not likel y to be exploited for development of
ground water in the foreseeable future , because they are located in a
remote- , unsettled area of rugged terrain , However , th ese aquifers
serve the important hydrologic function of sustaining the low flows of
s t r eams , The grea t volume of ground water stored in those rocks might
he tapp ed by tunnels Co augment streamflow during peri od s of drough t .

-: IV-57
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S u b s u r f a c e  geo log ic da ta can bc- us ed to est  m a te  t h e  t o t  a! v o l  j O e

of w a t e r  in Lh e v a l l e y - f i l l  a q u i f e r  benea th  t h e  l o w l a n d s  of t h e  ba s i r t .
5 Unconsolidated and semiconsolidated water-bearing mat eri als ex t e n d  to

depths of more than a hundred feet in the s o u i l + c r i i  p a r t  of t h e  val J~~
Cind to severa l  h u n d r e d  f e e t  i n  t h e  northern part . Wi Cli  a s p e c i f i c  U
y ield of 15 percent , near l y 5,000 acre -feet of water w o u l d  be a v a i l a b l e
from each 50 feet of saturated material underl ying each square mile .
Thus , a 50-foot  zone benea th  the  2 , 5 0 0 - s q u a r e - m i le  l o w l a n d  p a r t  ot  t h e
v a l l e y  wou ld  c o n t a i n  at  l e a s t  12 m i l l i o n  a c r e - f e e t  of a v a i l a b l e  w a l ’  r .
A s s u m i n g  t bat  ha l f  t h i s  w a t e r  cou ld  be recovered e c o n om i c a l ly , t h e
tot al volume of ground water that could be managed in a 50-foot zone

- 

U of the valley fill would be about six million acre-f eet.
The spec ific yield of the L~vas i n t h e Co l u m b i a  R i v e r  Grou p i s

small—— abou t one percent . At t h i s  value , each square mil e iscu ld Cc ’ f l -

Cain 640 acre-feet of water for each 100 f ee t  s a t u r a t e d . Tin  e-n t  i r-
unit , which extend s over about a thoto,nnd s q u a re  i l l  li ’S in the basi n ,
may contain abou t 600 ,000 acre- feeL of recov erabl e - wa ter .

The huge v o lu m e  Ot  g roun d  wa I cr  i n  I in a q u i f e r s  of the  b a s i n  re-
p r e sen t s  a p a r t  of the w a t e r  resou rce t h a t  m i g h t  he m a n a g e d . Bodha i  ne
and others (1965, p. 89-91 , 184) have estimated that ground-water addi-
tions to the “dependable ” supp ly for Willamette Basin may be nearly two
million acre—feet annually . Effect ive -~+ n a g e m en t  m i g h t  he ac c o m p l  i shed
by increasing t h e  pumpage  so as t o  d r i i - :  i0- + t e r  l e v e l s  down d u r i n g  dry
seasons and t h u s  p r o v i d e  more sp . ic - to  r - e - - i v e  r echarge  d u r i n g  w et
seasons when s t r e a m f i o w  is h i g h . In  ~e~:~ - p h  :Ic - s , a r t  i f i c  i a l  — r e c h a r g e
t e c h n i q u e s  m i g h t  be used to  m a nC ige  t h n -  g r o u n d -e nt e r  re - source . Excep t
for the west-side business district of Portland and parts of T u a l a t i n
Valley , aqui ters in t h e basin in y i e l d , on a sustained basis , severn]
C i nn- s as muc h i - a t e r  as i s  now h - i n i ~ - iu n p e d  from them . With proper

5 
mana gement , t h e  g round —Wa I r r on  ~~~ ( C o f  W i l l  amet  t e B a s i n  cou ld  suppl y
w a t e r  at  seve ral t imes  the p r i  sent  rate , w h i c h  is about  250 , 000 acre—
feet p e r  y e a r .

P R O B L E M S

ih e ’  u se , movemc- nt  , or coni  r•’ 1 ot i- - t er by man c a u se s  water prob—
h e m s  t h a t  mus t  he- so lved  if t h e  watt r r — i o i i i - c c s  d 1~ t t I )  be use d ‘lost

e f f i e  j e n t l v  and e c o n o m i c a l  l v . lh e :ui~-ce of the u n i q u e  f e a t u re s  of  i t s
C oc c-u r r e t ic e  , eerta in prohi ems are pc-ct! liar to ground  v a t  er - In  Wi I lam—

et t e- Va 1 1 e v , g r o u n d — w a t e r  prob 1 ems a it tie i t h i  e r  severe  n or  w i d e s p r e a d ,
but a t  p l a c e - s t h e r e  a r e  p r o b l e m s  of (1) varia bi l i t \ -  of supp l y , ( 2 )  o v e r —
deve- l o p l ( -n t  , (3)  m i n e r a l  i- ’ -d w a t e r , (A )  po l  I t i t  i on ~ ( 5 )  d in  m ace , a n d
( () a I t e r a t  i oti s of th t fl11 I Ui 1) 1 envi  r en mei i  t

Var  i a h  l i l t  v o I S qp~~~v

The q u a n t i t y  al  w a t e r  a v a i l a b l e  v a t - i t s  Iron m e n e r  in pai~t s of the
Coast Range to  copiou s in parts c i t  t h e  vail cv and Ca sc ade Range . h u t
vari ahi I it v of su p p l y  is (lcsc rIb- ~-d i n  d e t a i l  I or i n d i v i d u a l  s ti b bi si n s
in i h i  c o I I ow i n g  s (~c t i on on a ~‘a i 1~i hi lit ~

- of ground v - itt- r — - -
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Overdevelopment means that the use of water exceeds the supply U
ava ilable perennially from recharge or that water cannot move throug h
the aq ui f e r  toward local areas of pump ing as fast as it is pumped out .
Local overdevelopment genera l ly  r e s u l t s  f rom a large number of wells
pumping too much water in a small area , As a result , water levels in
wells in the local area continue to fall and eventuall y the y ields of
wells decline; in extreme cases , some well s may fail or mineralized
water may move into the aquifer . The remedy is to reduce local pumping
of ground water or to space the wells so that the pumping is spread
over a larger area , In Willamette Basin , the aquifers in the Columbia
River Group have in the past been ov erdeveloped locally at Salem , in
parts of Tualatin Valley , and in the downtown area of Portland . On a
regional basis the- basalt is not fully developed .

Mineralized Water

N a t u r a l l y occur r ing  m i n e r a l i z e d  ground water is a p r o b l e m  in parts
of the basin . Excessive arsenic has been found in ground water in the
Eugene-Cottage Grove area , In parts of northern Willamett e Valle y and
the foothills of the Coast and Cascade Ranges , iron in ground water
exceeds the amount recommended for drinking water in standards of the
Public Heal th Service . Mineralized water underlies fresh ground water
throughou t most of the basin , but in most areas should not be a problem
in the development and use of ground water from the valley fill . I-how-
ever , local peculiarities in geologic structure have allowed mineralized
water to move into fresh-water aquifers in Portland and Tualatin Valley .
At many places in the Coast Range, where the shallow rocks are so im-
pervious that they do not contain usable quantities of ground water ,
deeper zones have mineral ized wa ter . Mineralized water also is dis-
charged from some springs in the foothills of both the Ca scade and
Coast Ranges . The section on quality of ground water contains further
details on mineralized water .

Pollution

Pollution results from the introduction of objectionable sub-
stances into the ground water. In some suburban ar eas near al l  the
major cities , domestic sewage is disposed into the ground through
s e p t i c  t a n k s  and cesspools . This practice presents a potential pollu-
tion problem in those area s and in other places where houses are con-
centrated , such as along Sandy River . Pollution also may result from
disposal of industrial and commercial wastes into the  ground , into pits
and w e l l s, or into surface ponds excavated in pervious materials .

Drainage

Proble ms of dr ainage occ ur where the wa ter table is nea r the
ground surface or where the near-surface deposits drain slowiy, as do
sil t  and clay. The app lication of irrigation water to such areas may
cause- wait riogging so that artific ial-drainage works may be necessary .
In  some places , art i ficial-drainage works h ave  been necessa ry  fo r  non-

h~ ~~~
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Photo IV-3 .  Ti le laid in trc ’-iches may be needed to drain f i e l ds  where
the water tab le is near the surface.

irrigated agriculture . Area s with poor drainage characteristics can be
identified on the map showing hydrol ogic soils groups (Map 111-1),

Alterations of Natural Environment

Problems may result from changes of natural environment by artifi-
C cial—drainage works or by construction of buildings and paved areas .

The artificial drainage of wetlands and natural lakes ma x - l ower ~ ie
water table and reduce the amount of ground water available locall y.
However , artificia l drainage in Willamette Valley has had no adverse
effec t on ground -water supplies .

In urbanized areas , construction ma\- alter surface features sub-
stantially . In pla ces , near l y hal f  the land surf ace may he covered by
buildings and pavement , thus reduc i ng the area throug h which infiltr i-
tion can take place . This -ilters the recharge-discharge regimen and
the volume of ground water available ma y be r educed . No significant
changes to ground-water bodies definitel y related to urban effects h ave
been noted in Willamette Basin , probabl y because under natural condi-
tions a large volume of potential infiltration is “reje cted” during
ea ch wet season . In the west-side business district of Portland , c-~n-
tinual l y decl ining wa ter levels may r e s u l t  f rom u r b a n  changes , Ir on

5 local concent rat ion of pump ing draft , or from a redue-tion in t h e amou n t
of recharge contributed by the  river.

L IV-60



AVAILAB I LITY

In th i s  sec t ion , the availability of ground water is described in
terms of the  yield to be expected from wells that are constructed to
o b t a i n  the maximum quantity of water f rom the aquifers available at the
site . In some places , exploration and testing may be needed to find a
site for a well where the aquifer is most productive . For alluvial
sand and gravel aquifers , the best we l l  s i te - s g e n er a l l y  a r e  where  the
sand and gravel is th ick , well-sor ted , and has the highest permeabilit y,

— The i n f o r m a t i o n  in t h i s  sect ion is based on data from wells that
have a l r e a d y been drilled and put into use. Geologic  data  have been
used to extend the interpretation of availability into areas where no
wells now ex is t . Thus , large area s in the Cascade and Coast Ranges are
described from the records of a few widely spaced wells and from avail-
able geologic data , As more wells are dr ill ed in the moun ta ins , more
specific information will become available on local differences in the
availability of water , and some areas may prove to have s i g n i f i c a n t ly
different ground-water potential from that now indicated , Geologic
units are described briefly in Part II and their hydrologic character-
is tics are summarized in Table Ill-I ,
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in the presentations b u o y i n g ,  t n t - availability of ground water
in Wil lamette Basin is described for each  oi the 11 subbasins , and for
a reas  d e l i n e a t e d  on t h e  a c c o mp a n y ing  s u b b a s i n  n ips . Eat -n  ar e a  is
i d e n t i f i e d  b y a letter -~- e i c h  i n d i c a t e - s t h e -  p r i n c i p a l  a q u i fe r s  a n d  t n e i  r

. l i t h ol o g i e s  on t h e  a c c o m p a n y ing ma p and  t a b l e - . A nui:her id e nti fies
a r e a s  t h a t  w e r e  c u r L i e r  s u b d i v i d e d  ( ca -am p le - : -i r e !  E — l  , Nap L \ l_ 5 )

-
~~~~~~~ ( h i : j ~~t Fork b i b b a s l i !

G r o u u d — ~- ; i t ~~r su p p i i~ -s i n  most  e i  Coas t  Fork  S u b b m s i n  I r e  a e l c q n : I t
f o r  domes t i c , stock , ot- s m a l l  c o m m e r c i a l  s e ip p l t c s . h i c iu m -v e r , on~ v a lee-

~el Is of to rge y i d l  d ire known — —mostl y Iron alluvi a l  de-pi ’s its in Chic
n o r t h e r n  par t . In a fee- p l a c e s , ~-o- I ls  l e s s  L O a n  20(1 f e e l  dee p hav e- bet i i

C 
- r e p o r t e d  to  he ‘‘ d r y ’’ antI o t h e r s  to h a v e  w a t e r  too s a l  Cv b r  u s e  or I - -

contain objec t ionah le a m o u n t s  o f  a r se n ic . Groun d - e a t e r  u o i l r e e S  supp l y
most 01 Chi c’ d o m e s t i c  and f a r m  needs i n  a d d i t i o n  to t h e  mu n i  c i  pa l  s u p p l y
f o r  C r en~-:c- I 1, b i t t  t i n - r e -  is no l - i r g e — s c - a l e  i r r i g a t  i o n  or ineheis t r i - i l  use
of g round  w a t e r . Tin ~i-nc’ral avai 1 ah,i lit y of  g r o u n d  \-; a I e r  i s shoe n on

~ap 1V — 5  and g iven  in Tab ]  e T V— 5 .

~b o s t  a q u  i fers in Coas t  Fork Subbas  i n  v i  c - id  onl v ~ n i - i  11 quantiti eS
ol  w a t e r .  In I in- n i o u n t a  ins i fl C l i i -  we sIC ’ ill pa i t  , i \~~ do~~e St i -~

- 1 l i i  u t  tie k
s u p p l i e s  are-  d i f f i c u l t  t o  obtain~ h o l e - s  d r i l l e d  to  d c - p i u s  o f  - v - r i I
h l e i n d r e d I  I t - c t  have  h e n - n  ‘‘d i— ~- ’’ or ~- i e - l d  o n ly  m i n e t — - i l  i _ - i - I l i- - i t  er ,

l V - 6 2  -j
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Arsenic  in q u a n t i t i e s  exceeding the  l imi t  recommended for  drink i ng

- - 
- water occurs in the area around Creswell and southward along thc- Cd)ast

Fork to Township 23 South and up Mosby Creek and Row River near Dorena
Re-servoir (Goldblatt , Van Denburgh , and Marsland , 1963L The excessive
arsenic seems to be more preva lent in water from wells more than 100
feet deep which tap pyroclastic rocks .

Drainage is a problem in several low a r ea s , such as the Cama s Swale

• area which is underlain by c l ayey  soi l . Natural drainage is toward the
center of th e- swab , and ditches have been dug to alleviate the drainage
p r o b l e m . Low areas along Coast Fork Willamette River and Row River ,
below C o t t a g e  Crove and Dorena Reservoirs , respectivel y, also have
drainage problems .

-
- M idd le  Fork Subbas in

W a t e r  needs a re  small  because  l a rge  p a r t s  of ~- I i d d l e  Fork Subbasin
are  u n p o p u l a t e d , and the  p o p u l a t i o n  is small  b o t h  a t  Oakr idge  and a t
the lower end of the’ subbasin--the two most populou s areas . Water is
o b t a i n e d  la r g e l y f rom the a b u n d a n t  g round-wa te r  supp ly in a q u i f e r s  in
the  downs t r eam p a r t s  of s I n - a m  v a l l e y s . Most of the  w a t e r  is used fo r
domes t i c  and municipal supply ; onl y a few hundred acres a rc  i r r i g a t e d .
The a v a i l a b i l i t y  of ground w a t e r  b y a r ea s  is shown on Map lV-6  and in
T~ h 1e TV -6 .

Two the rma l minera l  sp r i ng  g roups -  -McCredic Springs on Salt Creek
- - and Kitson Hot Springs on Hills Creek--have been developed for health

r e s o r t s . W a t e r  f rom both  sp r ings  is hi gh l y  mi neralized sodium chloride
w a t e r t h at  is also high in boron and fluoride (Madison , 1966).

Exc e-pL f o r  v a l l e y  areas , where most of the people live , ground-
eater supplies arc- small in ~1idd le Fork Subbasin . Yields of wells have
bee-n too small for adequate domestic seipp lies at  some p l a c e s  in the
mountains ,

Emcessive arsenic has not he-en reported f rom ground  w a t er  in ~1i d —
die Fork Subbasin , although pyroclastic rocks in the western part are
s i m i l a r  to those that contain hig h arsenic water in Coast Fork Seibhasin .
Wa t  c r  f ron t  t h e  deeper w e l l s  in t h e  i~-c - st c r n  p a r t  of N i  ddle Fork Subbasin
should he te-stee l to  d e t e r m i n e -  i f  i t  contains a h i g h a r s e n i c  concen t ra —
lion .

DrainageC problems lmOve been reported for the alluvial valley below
Dcxi  e r  Damn , p robabl y r e s u l t i n g  freon t h e  shah  low w a t e r  t a b l e -  and f l a t
gradient ,
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McKenzie Subbas in

McKenzie Subbasin has abundant ground water in the alluvial de-
posits along stream valleys and probabl y also in the young lava of the
High Cascades . Ground water is used to irrigate about 3,000 acres at
the lower end of the subbasin , for municipa l supplies at Cohurg and
Marcola , and for domestic supplies throughout the subbasin . There is 

C
very little industrial use of ground water , and total use is small .

- 
— The general availability of ground water is shown on Nap IV-7 and in

5 Table IV-7 ,

Inadequate natura l drainage is a problem in the  a g r i c u l t u r a l  l ands
along the alluvial valleys . I t  results from the combination of a high —
water  t a b l e  and soi ls  wi th  poor drainage characteristics .

In the Springfield suburban area , a contamination problem may
result from the w i d e s p r e a d  use of s e p t i c  t a n k s  to d i s p o s e -  of d o m e s t i c
sewage . Because the extent and severity is not now known , detailed
study of t h is problem is needed .

Long Tom Subbasi n

I -~Ground water is used extensively for suburban domestic supp lies in
Long Tom Subbasin , which contains much of th e Eugene-Spring field urban
ar ea . There also is considerable commercial and industrial use of
ground water in the Eugene area . The largest use of ground water , how-
ever , is for irrigation- -about 700 wells suppl y water to irrigate
nearly 14,000 ac res , mostl y from alluvial deposits . The marine sedi-
ments and older volcanic rocks , which form the foothills and mountains ,
are poor aquifers ; in places , wells drilled niore than 200 feet into
th ese rocks have been dry . The general availability of ground water in
the  subbasin is shown on Map IV-8 and in Table IV-8.

Water supp ly is deficient in parts of Long Tom Subbasin. Ground
water is inadequate to supp ly large-scale irri gation in area A-2 (Map
IV-8), alth ough the area could sustain inc reased ground-water use for
small-scale irrigation . On the east side of Willamett e’ River between

C 
Harrisburg and Coburg , ground -water supp lies are reported to be m ade-
quate for irrigation during late summer; part of the problem in this

U a rea may be due to well deterioration . Ground-water supp lies are also -~

deficient for irri gation in the l ower foothills adjacent to the valley
(are-a E). In parts of the- mountains , ground-water supp lies are in-
adequa t e- c-yen for domestic needs.

Arsenic in quantities exceeding the recommended limit for drinking
water occurs in ground water in the headwaters of Spen ce r Creek , south-
West of Eugene . The geologic units that contain this hi gh arsenic
water extend north westward along the eastern side of Fern Rid ge Reser-
voir ; in t h a t  a r e a  ( a r e - a  A - 2 ) ,  a r s e n i c  may occur in wells dri lled more

U 
t h an 100 f e e - C  ek e- p into volcanic bedrock . 

- 
-
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Drainage is a prob l em in lowland parts of area A-I and would be a
potential prob lem in much of area A-2 if water were imported for wide-
spread irrigation .

In much of the Eugene suburban area , the disposal of domestic
— s ewage into sep tic tanks poses a pollution problem tha t shou ld be

studied in detail.

San t i a m S u bb a s i n

Sant-iam Subbasin has an abundant supp ly of ground water , princi-
pally in the alluvial deposits in the valley. More than 1,000 w e l l s
supply ground water to irrigate about 27,000 acres . Excep t for a few
isolated places in the foothills and Western Cascade Range, w e l l s  y ield
amount s of water adequate for domestic and stock supplies , although in
parts of the Cascades wells must be drilled to depths of several hun-
dred feet . The availability of ground water in various parts of the
subbasin is shown on Map IV-9 and in Table 17-9.

Willamette River gains water from ground -water seepage , but the
amount of seepage has not been measured . M a j o r  tributar y streams , such
as North and South Santiam Rivers , lose part of their flow to the
ground-water reservoir where they emerge from the mountains , For in-

- 
- stance , during low flow South Santiam River loses about 30 cfs where it

crosses its alluvial fan near Lebanon .

In a small area in the loop of Santiam River southeast of Jeffer-
son (area A- i , Map IV -9 ) ,  yields of irri gation wells are re-ported to
decline during the pump ing season . Alluvial deposits in this area are
ti-tin and contain only about 25 feet of saturated gravel , part of which
is dewatered during the irrigation season . Par t of the decre ased yield
may be caused by deterioration of the wells from enc rustation or plug-
ging . The declining yields do not seem to be due to local overdevelop-
ment .

The widespread occurrenc e of fine-grained surficial deposits , corn-
bined with a shallow water table , causes drainage problems in parts of

~~~ .
_ the valley. One such area is the alluvial fan, baunded by Oak Creek

and South Santiam River , extending from Lebanon to W illamette River.
Drainage problems likel y will be acute in other areas as well , unless
adequate drainage facilities are built to  accompany the development of
widespread irrigation . The problem would be most critical in areas
served by imported surface water because t h e pumping of ground water
lowers the water table and aids drainage . The 1t~-dro1ogic soils map
(Map 111-1) show s areas where drainage hazards wil 1 he- graatest .
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Coast Range Subbasin

Coas t Range Subbas in is poorl y supplied with ground water , The
marine and volcanic rocks forming t h e mountains are so impermeable in
places that they do no t y ield enough water for a domestic suppl y. In
other places , the shallowest ground water found has been too salty to
use . However , the all uvial deposits form highl y productive aquifers

- -. along Willamette River and in the northern part of the  subbasin . Water
seeping from these aquifers helps to maintain the dry-season flow of
Yamhill and Willamette Rivers . These aquifers furnish m3st of the
wa ter for more than 16 ,000 acres irrigated from wells and for CIte 10

- communities supplied by ground wa ter . Despite - heavy pu- aping , water-
level fluctuations are seasonal , indicating that w i t hi d awal is replen-
ished during the rainy season . The general av a il ability ~i f  gr a u n d
water  in the  subbasin is shown on Map IV-l0 and Table T V - h O .

The greatest ground-water problem is availabilit y --sup p lies are
small to meager throughout most of the subbasin , Supplies are nd)t ade-
quate for irrigation , industrial , or public suppl y in the western part
of Willamette Valley south of Corva~~ is , in the v alle y s of all the
major tributary streams , nor in the lower foothills , in Chic- higher
foothills and mountains of the - oast Range , even small supplies of
ground water for domestic and stock use are difficult to obtain and
available information is not adequate to predict sites , depth , or geo-
logic zones that would be most favorable for wells , In the  m o u n t a i n s ,
many wells yield less than two gpm , most yield less than five; dry
holes have been dr illed in several pla ces , and in other places the
shallowest ground water found has been too mineralized for use . M iner-
alized water has a1so been found in wells drilled int o marine rocks at
places along the margins of Willamette Valley.

In to e- northern part ol area B (Map IV-lO) , the pump ing of sand
causes excessive W e - ! l e ci pump ing equi pment and shortens the life o~w e l l s . As in t u e  French Prairie area (Puddin~ Suhhasin), this prob-
hem mig ht b~ alleviat ed by constructing wells with properl y desi gned

• grave- I c-i’ve - l ope-s and well screens ,

Subsurface disposal of domestic wastes may have polluted shallow
!- r s - iiil d - \- -ate r bodies in local areas around the cities and towns . This
p r o b l e m  ne -ds further stud y to determine its extent ,

Drainage is a problem in tributar y stream valleys , ~-here the sur-
face is l~~~it and soils have low permeabilities . The State Water Re-
s m m m m r c e - s  Board (1963 , p. 79) estimated that 123 ,000 acres in the sub-
h m s  in hiavi’ d r m i u i m g e  r~reib1c-ms .
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Pudding Subbasin

Ground water is abundant in the Wil lamette Valle y portion of
Pudd ing Subbas in, occurs in small to mcderate quantities in the foot -
hills , and occurs in small quantities in the mountains . Ground water
is used for irrigation of nearly 34,000 acres; for the m:inicipal supply
of 14 communities with a combined ~opulat ion of more than 17 ,000; and
for the domestic supply of most of the rural and suburban hone--; in the
subbasin . In French Prairi t- ( a r t - Cl B - 2  and p a r t  of a r c -a B-I , Map l\ - 1 l) ,

— 

- 
ground water in storage within 200 feet of the surface is estimated to
be about three million acre-feet (Price , 1967b , n. 61-64). In t h e  sane
area , it is estimated that annua l rep lenishment to the aquifer is about
160,000 acre-feet--eight time: the present rate of pump ing . For most
of the subbasin , no evidence- of overdevelopment , such as declining
wa ter levels , has been noted; for the valley area , withdrawals are much
less than es timates of recharge . Therefore , pumpage in t h e subbasin
could be increased several times, The general availability of ground
water in Pudding Subbasin is shown on Map IV-ll and in Table IV-ll .

Pudding Subbasin has some of the best ground-water reservoirs in
Willamette Basin , but also has a number of g round-water  problems . Only
small to modera te supplies of wa ter are ava ilable in parts of the
Molalla Slope (area B-4, Map IV—l l) and the lower foothills (area
D-1). In some parts of the foothills ~nd mountains , ground water at
shallow depth is not adequate for domestic and stock supp lies.

Mutua l interference between wells is a problem in several areas of
concentrated pumping , such as near Woodburn (Price , 1967b , p. 72) .
Interference and overdra f t formerly were problems in the Sa lem Hills
(area C), where wells tapp ing the basalt aquifer wer e heavil y pumped
pr ior to 1961.

In the foothills north of Stayton and Turner , wher e a number of
irriga tion wells pump large quantiti es of water from the basal t aqui fer ,
wa ter levels hav e been dec lini ng for several yea rs , which indicates
t ha t  the a q u i f e r  is locally overdevel oped .

In the northwestern part of French Prairie (area B-2), th e valley-
fill aquifer contains much sand and has a relativel y low permeabilit y ;
drawdowns in individual wells are great and pump ing lifts are hi gh.
Many wells y ield large amounts of sand which reduces the life of the
wells and pumping equipment. The proble tr s of both excessive drawdown
and pump ing of sand mi ght be solved by constructing wells using properl y
designed grave- I envelopes and well screens.

The subbasin has several water-quality problems . Ground water in
much of the area contains iron in concentrations exceeding the l imits
recommended for drinking water (sc-c section on chemical quality of
ground water). The contamination of shallow ground -water zones by
septic-tank effluent is a potential problem in the heavily populated
areas . In an area near  Keizer , disposal to the ground  of industrial

-
. 

- w a s t e s  hav ing  a high sulfate content has caused local c’i-~tamination of
U ihie ground eater (Price , 1967b , p. 73-75). This contamination occurred

IV- b 7
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about 20 year s ago and i s grad aally lessening through d ispers ion and
dilution p rom recharge.

Drainage is a problem in flat-l ying areas in the Willamette Valley
part o the subbasin , where the State Water Resources Board esti-
mates that 100,000 acres need artificial drainage. Large-scale irri-
ga tion is likely to aggrava te this problem.

Tualatin Subbasin

Aq uifers in Tualatin Valley and in the hills on the east and
southeas t flank s of Tualatin Subbas in contain large volumes of ground
wa ter , but commonly yield at only small to moderate rates . Aquifers in
the mountains along the west and northwest parts of the subbasin gen-
erally y ield onl y meager supplies . Individual wells that yield water
at ra tes  sufficient for large-scale irrigation , public-suppl y, or in-
dustrial uses are scattered around the margins of the valley and in the
hills along the eas tern s ide , All the small cities in the eastern part
of the subbasin use ground water for public supply, but the many water

— districts serving the suburban housing areas on the east side of the
subbasin use impor ted surfa ce wa ter.

Ground -water purnpage from the valley-fill aquifers could safely be
increased seve ra l f o l d , although individual wells generally will yield
only 10 to 25 gpm. To obtain maximum yields from the valle y f il l ,
wells should be of a large diameter , packed with gravel , and eq ui pped
with screen or comiaercially perforated pipe . Several wells constructed
in this fashion yield at least 100 gpm--more than twice the y ield of
other wells in the same local area (Hart and Newcomb , 1965 , p. 50-51).
The general availabil ity of ground water in Tualatin Subbasin is sho’,m
on Map IV-l2 and Table IV-12 ,

Generally, wells must penetrate at least 200 feet into the basalt
of the Columbia River Group to yield a f ew hundred gallons per minute .
Most wells of large yield penetrate into the basalt aquifer 300 to 400
feet (Hart and Newcomb , 1965 , p. 34), Total pumpage from th e basalt of
the Columbia River Group could be increased above the present rate if
spread over a broad area , although the aquifer m-iv be overdeveloped
locally in parts of the subbasin .

The most important ground -water problem in Tu -ilatin Subbasin is
the nonavailab ility of large amount s of wa ter at any given place . Ir-
rigation i-ic-u s are widely scattered , are costly to drill because of
their depth and the character of the aquifer rock , and mans- have y ie l d s
adeq ua te to irr iga te only small tracts .

In roost of the bill and mountain areas , dependable sm all supp lies
of ground water are not available it  shi~i 1l ow th-pths for domestic use ,
al though in many area s dependable supplies can be obtained from e-ells
tha t are several hundred feet deep . In Cit e Coast  Range (western and
northern) part of the subhar in , mans - eCu-rest ic tells y ield only a fee-
g a l l o n s  per m i n u t e , and in s - -u - pl ices eel is nearly 5fl() feet deep have-
yielded no usable ground water .

IV- b8
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The basalt of the Columbia River Group is the only aquifer in the
- 

- subbas in capable of yielding wa ter to wells at a high ra te , The over-
- - all storage capac ity of the basal t is small and , where several wells of

large y ield are closely spaced , wa ter can be pumped from the basalt
aquifer fas ter than it is replenished, caus ing loc al overdevelopment.
Declining water levels in the basalt near Tigard may indicate that the
basalt aquifer is overdeveloped in this area (Sceva and ~)eBow , 1966 ,

- 

- 
p. 12 , 13).

In par ts of the Coa st Range , ground water is reported to contain
-~ - excessive concentrations of iron and to be very hard , At several

place s in Tualatin Valley , deep wells have yielded water too salty for
use. In par ts of Por tland , just east of the subbasin , overpumping the
basal t of the Columbia River Group has allowed mineralized water to
rn-ave into the basalt aquifer from underlying mar ine beds. Since geo-
logic and hydrologic c onditions are similar in Tua lat in Subbas in, m m -
eral ized water is a potential problem there.

The valley-fill deposits are generally fine gra ined and the wa ter
table in much of the valley is shallow , so that dra inage problems are
widespread . The importation of water for irriga ti on of ex tensive areas
likely will cause the drainage problem to increase in area and severity.
Therefore, studies of soil drainage should accompany planning for ir-
rigation of large tracts .

Clackamas Subbeisin

Clackamas Subbasin contains moderate supplies of ground water ,
Since these generally occur at depths of several hundred feet , they are
not used extensively. In many places , addi tional ground water in quan-
tities adequate for sm all -scal e irrigation or industrial supply could
be developed , particularl y from wells that tap gravel in the Troutdale
Formation in the area west of Sandy and Estacada . The abundance of
ground water in the High Cascades (area U, Map IV-13), is indicated
by the high low-flow rates , which in places are more than two cfs per
squa re mile--among the highest rates in Willamette Basin , The avail-
ability of ground water in Clackamas Subbasin is shown on Map IV-13
and in Table IV-l3 ,

~ ~1
The principal ground-water problem in Clackama s Subbasin is avail-

ab ility. Large yields suitable for irr igation or industrial supply cart
be ob ta ined a t only a few places . Quantities of ground water adequate
for domestic suppl y can be obtained nearly everywhere , but in large
par ts of the ,subbasin only from wells several hundred feet deep . The
necess ity to drill wells to th is depth beneath the uplands plus the
high cost of lifting water from these great depths make both t h e explo-
ration for and the development of irrigation supp lies in those areas
costly.

Other problems repor ted in Clacka mas Subbas in by t he State Water
Resources Board (1965 p 53) are excessive hardness of ground wa ter



- 
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Columbia Subbasin

The alluvial and terrace areas of Columbia Subbasin contain abun-
dant ground wa ter , which is heav ily pumped for industr ial , irrigation ,
and domes t ic uses . Supplies are much smaller in the hill and mountain
areas , but wells several hundred feet deep have yields adequate for
domas tic uses in mos t places . Throughout the subbasin , present use of
ground water is much less than the potential supply, and use could
safely be increased except in part of the west-side business district

C in Port land. The general availability of ground water in Columbia Sub-
basin is shown on Map IV-l4 and in Table IV-14.

Probably the most serious ground -water problem is the local over-
development of the Troutdale and basalt aquifers in the west-side busi-
nes s district of Por tland ; water levels in both aquifers have declined
stead ily for several years . Heavy pumping has lowered the water table
so that it is now lower than Willamette River throughout the yea r
(Brown , 1963 , p. 08). Part of the lowering of the water table may be
ca used by redu ced recharge, because a large percentage of the land sur-
face is now covered by buildings and paved surfa ces , thus preventing
local infiltration of precipitation . Under natural conditions , these
aqu ifers discharged wa ter by seepage into Willamette River except dur-
ing flood periods when water infiltrated from the river into the
aquifer .

In the same area , the return to the aquifers of ~-:ater warmed by
air-cooling of buildings has raised the temperature of ground wa ter
several degrees . Since the w armer wa ter is less ef fe ct ive as a cool ing
agen t, more may be pumped , aggrava ting the overdevelopment problem .

Another problem related to overdevelopment of ground water in the
basal t of the Columbia River Group is the enc roachment of mineralized
water into the basalt from the underlying sedimentary rocks as a result
of red uc ed pressure head in the basalt aquifer. Also, the ove r l ap  of
pump ing cones of closel y spaced wells produces mutual interference
oetween the wells and results in increased pumping flits,

Problems of water quality are evident in several parts of the sub-
basin . On Sauv ie Island , water in some of the lower-ly ing areas is re-
ported to b2 of poor quality for d~5mestic purposes because of excessive
iron and sulfur content (State Water Resources Board , 1965 , p. 49),
Els ewhere on the island , water too salty for  use ha s been f ound . Mm -

~~ 

- eralized water , unsuitable for either drinking or irrigation , has been

~ found in the marine rocks in the Portland Hills and in t h e mountains in
the northwestern part of the subbasin . Several public-supply wells at
Lake Oswego produce water hig h in iron , and water from ;~fle wel l is ~-crv
hard  and h i g h in di ss olved solids .

In parts of Sauvie Island , “he-aving stu d ” in the a q u i f ~-r has pre-
ve-nted the comp let ion of some- wi- I Is. Al t c- ring the method of well con—
struction and using fabricated we- Il strainers mi ght hr I p t o  a l h - v i i t c -
the problem .

-
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Drainage is a problem in the low-lying areas , such as Sauvie
Island and the flood plain of Columbia River , where the water table is
only a few fee t beneath the land surfa ce.

The widespread practice in the suburban area east of Portland of
disposing of domestic sewage through septic tanks and cesspools may
cause a pollution problem . The extent to which this sewage-disposal

- practice may have contaminated local water sources should be studied in
detail .

Sandy Subbas in

Sandy Subbasin contains an abundance of ground water , but it has
been little developed in most places because water needs are small and
surfa ce wa ter is avai lable . Ground -water supplies are adequate for
domestic or stock supplies everywhere in the subbasin , although wells
must be drilled to depths of several hundred feet in the deepl y eroded
Western Cascade s. Wells yie ld several hundr ed gallons per minute west
of Sand y River , along Columbia River near Troutdale , and a long Sandy
River near Brighitwood and Rhododendron . In these areas , large suppl ies
of good quality water can be obtained even from relatively closel y
spaced w e l l s . In the High Cascades , a h igh percentage of the prec ipa-
tation infiltrates the young volcanic rocks and is discharged into
streams so that their base flows are high--one to two cfs per square
mile . Prope r l y constructed wells drilled several hundred feet to the
main water table- should produce at least 200 gpm , and in places prob-
abl y would produce 1 ,000 gprn.

Even in those areas where ground water has been developed , water
use could be increased substantiall y ; for the basin as a whole , use
could be increased sever-olfold. The general availabilit y of ground
water in Cite subbasin is shown on Map IV-l5 and in Table IV-l5 .

No problems of availability , competition between users , or inter-
ference between wells are evident . The great depth to water-bearing
zones in mum of the subbasin and the high cost of drilling wells in
t h e  resistant 1-wa and consolidated gravel beds are deterrents to the
development of ground-water supp lies for domestic and other uses ,

The mineral quality of ground water is good , but there are prob-
lems of ground-water contamination . The State Water Resources Board
reports (1965 , p. 52 , 53) that improper disposal of sewage t o  the
ground has caused pollution problems in the area between Greshiam and
the- Sand y River (areas B-I and B-2 , Map IV-l5) and along Sandy R iver
from Cherryville to near Government Camp (area A-3) .

t
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Aquifers , alluvia l sand and gravel . Yield 50 9pm , b c -
all y up to 200 gpm 

______

Y~eld IO ’2O gpm 
rocks and Little Butte Volcanic Ser ies.

-2 
- : - - A qui fers , marine sandstone and a lluvium. Yield 10—20

gpm , locall y up to 200 9rpm

- - ( A qui fers , mar ine and older volcanic rocks. V ie ld  about
- 10 gpm , locall y less than 2 gpm

L
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COAST FORK
W~L L A M E T T E  B A S I N , OREGON

AVAILABILITY OF GROUND WATER
1968
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Table IV—6
Avai ab-~Z L t:j 0;

’ ground iater , i-~ d i i ’  Pork s

Yields of largest capaci ty
wells (gpm )

Aquifer Depth of
Area Principal aquifers thickness wells Range of Pot

and lithology (feet) (feet) present wells Expectable inc

A-l Alluvial deposits 50—100 25—100 150—500 500 Several t
(sand and gravel) use

A-2 Alluvial deposits 200+ 100—200+ As much as 600 500
(bouldery gravel)

D Little Butte Volcanic Series —— 20—350 10—20 Locally 50 Small
(lava and tuff),
marine sandstone

U Young volcanic rocks Several No known None Few hundred Large
(lava) hundred wells

“H

k A
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IV- 6
water , Mi dd le  Fork s~d-! to -L u

st capacity
pm)

Po tential for Remarks
Expectable increased use

500 Several times present Heavy pump ing of alluvial aquifers ,
use which are connected to streams , cou ld

reduce flow of adjacent rivers.

500 do. Do.

Locally 50 Small McCredie Springs and Kitson Hot Springs
are thermal mineral springs that issue
from bedrock. No data available for
most of the area.

Few hundred Large Numerous spring s and large base flows
of stream s indicate considerable po-
tential for development . No data
ava i lable for most of the area .
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~~A quifer , a l l uv ia l  sonrb -~nd gro- ie l . Yie lds gene ro ll y
S 500 gpm

A-2

A quifer , c~~ r~-~ a l luvial  qr~ ,r- l and boulders . Y ie lds —

more than 500 ar~m 
_______

24 I
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Tab le IV-7
A o 2 io~- : ~ i i tI  I J i ’-~~. I t t ( Z ’ Z~~ - ! ’ , - -~~~

- - , : ; -

Y i u l d s  of l a rges t  c a p a c i ty
wells  (gpm) 

—

Aqu - 
— r Depth  of

Area Principal aquifers thicP~~t.-ss wells Range of Pot
and lithology ( f eL t ) (feet) present wells Expectable inc

A -L Alluvial deposits 50—100 30—180 250—1 ,000 500-1- Several.
(bouldery sand and rate
gravel , s i l t y ,  clayey)

A-2 Alluvial deposits 50—125 30—150 Locally 120 200 Large
(sand and gravel)

— A-3 Al luvia l  deposits 50-75 30-75 50-140 200-500 do~
(bouldery sand and
gravel)

A-4 do.  50-125 20-140 50-550 do.  do~

0-1 Little Butte Volcanic Series
(pyroclastics)

Marine rocks (sandstone Several 100—200 10—20 50—100 Small, bi
and shale) hundred of most,

low

0-2 Sardine Formation
(lava and pyroclas ti cs)

U Young volcanic rocks Sev eral —— —— Several Large
hundred hundred

L ~~~ _ _  - -
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na-I-, ;~c - -

ity

Potent ia1 for Remarks
le increased use

Several times present Because of hydraulic connection of aqui—
rate fer with streams , heavy pumping of wells

could reduce streamflow-

Large increase Do.

do. Do.

do. Do.

Small , beca use y ields Caref ul exp loration needed to find most
of most  wells are favorable si tes fo r  wel ls .  Few data
low from much of the area.

Large Large springs indicate sizable ground-

d water potential. Belknapp Hot Spr ings
group flow total of 75 gpm ; combined
flow of Olallie , Los t , and Grea t Spr ings
is about 230 cfs. For large supp ly,
wells would need to be several hundred
feet deep . Few data available .
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A_ l 1 _ _ _ _

A O If e r , a l l~ v io l - c c l v  and grave l . ‘ c- l - ~ mcv re A c - f er~ , marine ro I C ’  and t u e  Butte - - l coni(
t ICI n 500 gpm 

________ 
Series. Y eld lD~ 2~ gc-’~ - 

- cc  - 
y 00 ~~nm

LA~21
A qu O~- rs , al luv ial sand , gra -~ , and si lt. ‘ (- Id  -~-a f l - C , Sardine F i - - - ~ct on . Yelds 0— 2 0 gpm,
200 gpm 

____________ 

locall y I~~~) qc- -r 
_______

TA-3, A
~

4 I [ u
A~~~1 W-~~~, alluvia l sand and qrn~ el . Y ie ld 200- ~~~~ 

-f1- C , ,‘~~~ n~ Ia cC - ‘  - -  an C c : - c-vi- ,- . Grow
~f l 1) q(v - -. -~ I C n-~ dl ,-e I T-r’- in c , , I 1 ~ sh

1) - C C . c c ~ - ,- rc l i t C r ’ O gol :-nS -~ -‘- -
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Table t V—S
Avai lab -L i-L ~- ‘  o~

’ CI J CQ~~~l - z - , . O t ~~ / TouT .- ~o if l

Y ields of larges t capacity

Aqui fer Dep th of
Princ ipal aquifers thickness wells Range of PoU
— and lithology (feet) (feet) ~~~~~sent wells Expectable

A-i Alluvial deposits 30—125 20—150 150—800 50Q+ Several t
(sand and gravel , locally use wea
silty) ette Ri

east ol

A-2 Alluvial deposits 70—140 20—140 50—300 100 Moderate
(sand and gravel mixed puinpag
with silt and clay)

E Marine sediments —— 40—240 20—60
0—20 Small , bt

C Volcanic rocks —— do. 0—20 well y:

1 
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I

o Tot?? o~d L ~z o u

city

Po tential for Remarks
increased use

F Several times present Depth to water less than 10 ft. Aqui—
use west of Willam— fer hydraulically connected to stream :
ette River; small large increase in pumping could reduce
east of river seepage or induce infiltration from

river and reduce its flow . Area east
of river already heav ily pumped .

Moderate; present Wa ter table at about 10 f t is in
purnpage is small hydraulic connec tion w ith Fern Ridge

Reservoir. A large increase in pum ping
near the reservoir could induce
infiltration from it.

0 Small , because of low Well y ield only 1—2 gpm in many places ,
well yields and “dry holes” have been dr illed

locally.
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KEY MAP
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4 5 / C  # 4 W  4 1 W

c “(i 
E X P L A  N A T I  O N

- ~~~, ~~~ -

‘

~~~ 

- - 

I A-I
l

J : 
A quifer , alluvial  sand and grave l . Yields 500 gpm or

_______ 
“C 

— 

more _____

-~ 1’ • 
A qui fer , al luvial  sand , grave l , and si l t . Yields 50

\ E i ) , gpm , locall y 300 gpm 
______

~~~~~~~~~~~~~~~~~~ 

~~~ r~~i
~~~ 

- 

- 
L A N £ 

I A qu ifers , marine and older vokar.ic rocks. Yield

- 

-- CC 

~ - 0-20 gpm , locall y less than 2 gpm

I _ _ _ _  -

/C~ 
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_ _ _ _  C
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_______ CC

CC E
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LONG TOM SUBBAS IN
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Tab le IV—9
h-~o~ l a 7 ’ 7 ’ t- - °: ‘~~~~~~- ! , ~~C~~~~~~~ Z F ~ C i ~~~~~~ :

Y ie lds  of J a r g c s t  c a p a c i t y

— 
wells (g pm)

Aq u i f e r  Depth  of
Area  Principal aqui fer s :hickness wells  Range of Pot~

and lithology feet) - (feet) p_resent wells Expectable m c i

A-I Alluvial deposits 30—50 Generally 150—800 500+ Several
(sand and gravel) 50 use

A-2 Alluvial deposits 25—135 20—160 50—700 100—200 do
(sand and gravel , contain— small
ing silt and clay Jeffer
locally)

A - 3 Alluvial deposits (poorly 50—1 00 50—100 10—50 50, locally Moderate
sorted sand , gravel, 100 yields
silt , and clay) relati:

C Columbia River basalt As much 200—300 Several 500 Small
as 300 hundred

0-1 Columbia River basalt

Marine sandstone Several As much as Locally Locally Small
hundred 230 50 50—100

Little Butte Volcanic Series

S a r d i n e  Forma t ion  do.  As much as L o c a l ly  do.  do.
( l ava  and py roc l a s t i c s )  650 100

U Young vo lcan ic  rocks Severa l  No known —— Several Large
h u n d r e d  w e l l s  ,iundred

-1 

______ 
~~~~~~

- -
~~~~~

-- -
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Table IV—9
gro ~~~ — -)a t -  0) ~ rzu t ~c z ? ~~3 u~ : —  2ii~~

Is of largest capacity
wells (gpm)

ige of Potential for Remarks
tnt wells T-~xpect able  increased use

0—800 500+ Several times present Depth to water generally less than lOft.
use Because of hydraulic connection of

aquifer with streams, heavy pump ing of
wells could reduce streamfiow .

~O—7O0 100—200 do. (except Depth to water less than 20 ft. Be—
small area near ca use of hydraulic connection of
Jefferson) aquifer with streams , heavy pumping of

wells near streams would reduce stream—
f low .

~0—50 50, locall y Moderate , be cause Exp loration needed to locate best well
100 yields of wells are sites . Heavy pumping of wells adjacent

relatively small to streams could reduce streamflow .

tveral 500 Small Aquifer has limited areal extent and
rndred s torage ; t h e r e f o r e , can s u s t a i n  l i t t l e

a d d i t i o n a l  d e v e l o p m e n t .

Ically Locall y Small Careful exploration needed to locate
50 50—100 most favorable sites for wells. Few

data available.

Ically do. do. do.
100

—— Several Large The large ground—water contribution to
.sundred base flow indicates potential. Reg ional

wa ter tabl e l ik ely to be at depth of
several hundred feet. Few data avail-
able.

LCC- 
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Yields me re t 1  -
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~

‘

~

‘
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cades . Yie l n unknown , but prob-
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Table IV—10
-i:’~~~ii! - - 7  ‘ t -  ,

‘ 
~~~~~

- -~~
- -: _ i- 

~~~ ~~~~~~~~~ 

-

Yie lds  of l a r g e s t  c a p a c i t \ ’
we l l s  (gp m)

Aq uifer Depth of
A r e a  P r i n c i pal  a q u i f e r s  t h i c k n e s i~ we l l s  Range of

and lithology (feet) 
— 

( f e e t )  p r e s e n t  w e l l s  E x p e c t a b l e

A-I  A l l u v i a l  depos i t s  50-100 20-100 100-450 100 , l o c a l ly  Sever
(sand and gravel , contain- 400
ing silt and clay)

A - 2  A l l u v i a l  sand and g r a v el  40-70 40-70 300 1, 000 500+

A- 3 Alluvial deposits
(silt and clay , containing 50-130 20—1 39 25-125 25, locall y Mod er
I I-nses of sand and gra\- I-I) 50 of

A-4 A l l u v i a l  c l a y  and g r a v e l  G e n e r a L l y 20 - 50  20 or Up to 20 Small
30, lo- less a’eI

c s I L v  90

Marinl sandstone Several As much LU 10
hundred as 200

A- S Alluvial deposits 0-100 0-100 40-220 Generally 50,
(silt and clay; gravel locall y 100

- 
— l e n s e s )

A-b A l l u v i a l  d e p o s i t s  40-70 40-2 00 300 1, 000 500+ Seve i
( s a n d  and g r a v e l )  us

Troutda le Formation As much As much 300-1 ,000 500+
(clay , sand , gravel ) as 153 as 200

B A lluv ial d i -pos it s and Trout- 40-300 30-300 100-900 Several
da lt - Formation (clay m d  hundred
sand , containing gravel)

C-I Columbia River basalt S ey l - r a l  As much  100 100 Mode
hundrl-c as 2~ i) it

C - 2  do. do.  As much  7 5 - 17 0  100-200
as 550 (east side

I ,  of arIa)

E M i  rifl e sandsi one and do. As much 20 or  5
v ,i l can ~~l rocks a.s 400 lesS we 

—



- lV~~l~)
0, ~~~~ zoq~ ~~~~~~~~~~~~~~~~~

~apac ity

Potential for Remarks
pec tab lc-  i nc reased  use

)0, locai l Sev er -i t imes present use Depth to water gen erall y leSs than 20 m r .  A q u i f  r
400 hydraulicall y connected to river; ther efore ,

heavy  pump ing may r e d u c e  s t r e a r ~i low .

500+ do . Do.

~, locall y Mode rate- , because yields Locations of sand and grave- I l e nse s  ar 1 u n p r e --
50 of w e l l s  a re  small  d i c t a b l e ;  t h e r e f or e , exp l o r a t i o n  needed t o  find

most  f a v o r a b l e  w e l l  s i t 1-s .

Jp to 20 Small , h~ cause  o f l ow Su pp l i e s  g e n e r a l l y a d e q u a t e  f o r  dome-sIc  and
well y ields stock needs onl y.

10 do. Do.

Lime -rall y 50, do. Exp l or a t i on n eeded to locate favorable sites
Dcall y 100 for wells .

500+ Severa l times present Depth to water 10-20 ft. Aquifer hydraulica lly

U S e  connected to river; therefore , heavy pump i n g  may
affect streamflow .

500+ do. Do.

Several do. Depth to water 20-50 f t .  G r o u n d - w a t e r  s e ep a c e

hundr i el contribut es to river flow , and heavy pump ing
could reduce this seepage.

1~~ ( )  ~-lod er a t e , h ecause  of u r n -  Exp l o r a t i o n  needed to l o c a t e  most  f a v o r a b l e
li ed s t or a g e  cOpac~~~v s i t e - S  f o r  w e l l s .

o. Water table- several hundred feet dee-p I n  w e s t
part. Many domestic wells tap s h a l l o w

- perched zones.

~~~~~ h - c- - I - si- of low Geologic units are poorly perm eable- , and in

- 

- I s many places ‘‘dry hole-s ’ h a v e  been dril led or
well s y ield supp lies 100 small or too
m i n e r a l  ized for dame-st ic i~ e & - d s .

I
—I V - 7 2 3 — 
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Table TV—il
I~~~~l - ~~: l Li >:

‘ 
I! 0-O-~~~ ~‘r -  :- , Pudth

Yields oIl largest c a p a c i ty
wells (gpm) - -_ _ _ _ _ _

Aquifer Depth of
Area Principal aquifers thickness wells Range of

and l it h o l o g y  ( f e e t )  (feet) present wells Expe-ctable

A-I Alluvium and terrace deposits (sand 50-90 50-90 200-1 ,000 500 1,000
and gravel)

A— 2 All uvium (sand and gravel) 50-110 50-110 100-330 200
(few 500)

B-I Troutdale (sand and gravel) Generall y 200-500 50-1 ,500 500
I

i 
200-250 , (1 ,000 in
max 500 south)

B-2 Troutdale (largel y sand) do. do. 100-500 300

B-3 Young volcanics 70-240 70-200 Locall y 40 50

Troutdale 70-450 70-440 Locally 60 do.

B-4 Troutdale (sand and gravel) Several 40-500 Locall y 450 50-200
hundred

Columb ia River basalt do. 170-220 Locall y 50 50-200

Marine sandstone do. 80-300 do. 50-100

Little Butte Volcanic Series do. 90-430 Locall y 100 do.

B-5 Troutdale- (sand and gravel) do. 60-220 Locally 350 Few hundred 
-

Columbia River basalt do. 70-630 Locall y 650 do.

C Columbia River basalt do. 200-500 Locall y 600 Loca11~- 500

- - M a r i n e  sa n d s t o n e  do .  200-300 Few gpm 20 or l e s s

D-1 Sardine Form ation do. 100-300 Locall y 50 Locally 100 -

Columbia River basalt do. do. 100-1 , 000 100-1 , 000

Little Butte Volcanic Series do. do. Locall y 50 Locally 100

Marine rocks do. do. do. Locall y 50

0-2 Sardine , Columbia River basalt , do. do. Locall y 100 Locally 100
Little- Butt e Volcanic Series

L ~~~~~~~~~ - _ _
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Table TV—l l
gr o 1e~ ~ ‘ Z ~~~- 0 , t - ~~ Hi: C~~~~~~ 0 O 0 L e-

largest capacity
is (gpm) 

- ______

Potential for Remarks
Expectable - increased use

500-1 ,000 Several times present Depth to water 10-20 ft. Ground water seeps into the
use Willamette River , and large increase in pumping may

reduce this seepage.

200 La rge Aquifer connected hydraulica lly to river . Heavy pumping
from wells may reduce streamf low .

500 Several times presen t Depth to water 10-40 ft. Large- quantity of ground water
(1 ,000 in use contributed to base flow of streams . Concentrated pump -
south) ing may reduce this seepage substantiall y .

300 Large Depth to water 10-40 f t .  Wells pump sand locall\ .

50 Some increase 1
~ Young volcanics contain perched water . Yields of wells

do. do. small and unpredictable in both aquifers.

50-200 Moderate to large

Wells in Troutdale have hig hest y ields in west part of
50-200 Moderate area . Yields of wells in other aquifers are unpre-

dictable ; therefore , exploration needed to select most
50-100 do. favorable well sites.

do. do.

Few hundred Some increase Exp loration needed to find favorable well sites .

do. do. Do.

Locall y 500 Small Aquifer alread y heavil y developed and subject to over-
development because of low storage capacit y .

20 or less do. Adequate onl y for domestic or stock supp lies .

Locall y 100 Sma l l , because- of low
y ic- Id s

100-1 ,000 Fu l l y developed in In south part of area the water levels in the- basalt
south aquifer are- declining. Exp loration needed in all

a q u i f e rs to s e l e c t  most  f a v o r a b l e ’  w e l l  s i t e s .
Locall y 100 Sma l l

Locally 50 do.

Loca l l y 100 Substantial increase- Exp loration requir ed to find most fa~—o rahle W i l l  siLe ~~. 11
Few data available.

~~~~~~~~~ m.Nli~~~~~~~~~ _ _ _  
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CC CC CC CC , 4 2 C C  R S E  R 5 1  
KEY M A P

I 
- 

- CC~ 
E X P L A N A T I O N

- 
‘ -- ~~~ A qu ifers , a l l uv ial saL and~grave l , loca l l y Trout -

- - - “
~~

-
“, 

- “—.~~~~ dale Formation. Y ie ld  more thon 500 gom

.~~ ~/ 
- - ‘ B-I 

C C •  
A qu ife r , a l luv ial sand and grave l . Yie lds  100 -

C C  --  - 
- 

\~~~~_ - , ;- - - - 
— -  - - 300 gpm , loca ll y 500 gpm

-

~~ 
( L 

/ 

) A C A ~., M 
Princi pal co_ i fc- r , sandston e - and cong lomerate of

- - - T routdale Formation . ‘s i e l d s  500 gpm or more-

V B-4 -- ‘- “-~~~~ LB -2 1
- ~ ~~~~

, s~ 
‘“~~~~~~~ ~~~~-‘ 

— -  
Pr inci pal aquifer , sand and thin gravel  lenses of

-C ‘ ~~~ / I Troutda le Formation , Y ie lds 100-300 gpm , local-

~-‘i 
- - 1 l y 500 gpm 

_______

B-5 ~, 
- 

- \- D-2 T~ 1
A ~~~~~ 

- - - 
~~. A qu i fe rs , Trout dole Formation ~nd ~c~~ng lava .) - 

D-I Y ield 10-50 gpm 
______

I ~~ ~~~~~~~~~~~~~~~~~~~~~ - - 

C 
-C 

- I 8-4

- 
A qui fers , Troutda le Formation , Columb ia Pi e-r

- 
1 4’ Group, L i t t le  But te !o lcan ic Series , an d marine

- 
4 rocks.  Y ie ld  5-50 gpm , local l y as muc h as

A \~ ~~ N 
- 

- 
/ 

gpm from Troutdo le

- - 
C ~~~~ 

- - - “k,..., -- - - A qu f e- r s, Trout dale Format ion and CoLmh o

- 

“

~~ 
_____ — 

Ri i€- r Group, Y~e ld 200- 60O yo”

- 

~~~~~~~~~~~ 
I - - --- - 

A qW f e- rs , Columbia R~ P-c r Group and ma’ ne
roc k s 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~a l l y up

- - ,~ 
~ Ou i f e rs , marine rocks Co lumbia R r r  C r

1—’~ 
- - - - L i t t l e  But te  - ‘olcan ic lnr ies , and Sor c!ii- , - For- Tn--- —

t i -on . Yie ld  gc- nera l 1 y 5— 50 gpm , c c c ! ! l e ss
tl , n 2 gp’- , in ccc tl:~ - e~te rn part , -.-~€- l I~ in
basalt y ield 100-1 ,000 gpmr~iA qu f s - r - , mar ine rocks , Sardine Format c- ’ -
loco ! !-L I ttle B u t t e  / o l ca n i c  Series ‘Jr Cc !  ,-nh
Ri icr C r :  10 . Yi eld 5—2- ”) gpm , local l y 00 gpm

M A P  ~~~- I i

PUD DING SUBBAS IN
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Table IV— l2

~1~~~:Z ~ L I~~~~ i t 1~ :a~~~~ i-, T~~~~~5~ ’ ‘ :~~
) Z,-

~~~~ t7

Yie lds  of l a rges t  c a p a c i t y

— 
wel l s  (gprn )

Aq u i f e r  D e p t h  of
Principal aquifers thickness wells Range of Poten~
— 
and lithology (feet) (feet) present wells E~ pectable increi

A-I Valley fill (sand and 1,000+ 50—200 50—100 100 Large m c !
gravel)

Columbia River basalt Several 450—600 100—200 200 Small inc~
hundred

A-2 Valley fill (sand) do. Few hun— Few 50 Large inc
dr ed

Columbia River basalt do. 500—1 ,000 100—450 200+ Small inc

A-3 Valley fill (silt and clay do. Few hun— Few Small Small , be
with sand lenses) dred well yi

Columbia River basalt do. 300—700 100—600 600 or Small
less

C-I do. do. 100—700 250—400 400 Moderate

Young volcanic rocks 300 or 100—300 Locally 50 Small
less 50

c-2 Columbia River basalt Several 200 200—400 400 Small
hundred (perched

zo nes) , 500+
locally to
main satu-
ra ted zone

C-3 do. do. 100—400 Locally 500 or Large inc
50 less

E Older volcanic and marine —— 100—300 10 or 10 Small , be
rocks less well yl

_ _ _ _ _ _ _ _ _ _  _ _



Table TV—l2
,f J r o ! o : - I  ~‘a t- - ’r , ~~~~~~~~~~~~~~~~~~~

~lds of largest  capacity
wells (gpm)

tange of Potential for Remarks

~sent wells Expectable increased use

50—100 100 Large increase Exploration and careful well conscruc—
tion needed for maximum yield .

100—200 200 Small increase Basalt has small storage capacity.

Few 50 Large increase Careful well construction needed for
maximum yield.

L0O—45 0 200+ Small increase Basalt nearest land surface around
edges of area.

Few Small Small , because of low
well  yields

100—600 600 or Small Water levels are declining lo cally in
less Fanno Creek valley.

~50—400 400 Moderate Many domestic wells of small yi eld
(10—40 gpm).

L.ocally 50 Small Restricted to small area northeast of
50 Beaver ton , where young volcanic rocks

lie beneath the water table.

W0—400 400 Small Water level declining in small area
near T igard .

~oca1l y 500 or Large increase Perched—water zones furnish water to
50 less shallow wells locally, and to springs .

LO or 10 Small , be r-~use of low Many wells y ield less than 5 gpm ; dry
Less well yields . hol es common , some 500 ft deep.

--

~ 
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________

m~ 
1L~\ ‘\ 4’~PS~ [ A ~~~~~

~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~ 
— 

- ~~~ ~~~~~~~ ‘r~ield lO gP~n I fi ll
A ’~2 ~~ 

°‘
~ CH 

~ -s , 100-600 gpm from basalt
L

~ 

\ C -
~~~~~~~ - i ~~ 

_
- - 

~ 
‘-C

_
_ _
l 

A-2
- 1~~~~ ~~

-

-~~~ C I 
, L~,\ - L 

- 
M ~ ~~~~ A quifers , san d and gravel in valley f i l l , locall y Colum—

C 
- 

N 
L - f ) ~~~

C- — bia River Group. Yie ld up to 50 gpm from va l ley  f i l l ,
CCC,fl II CC, , 1 100-600 gpm from basalt

~~
;- 

-

~~~~
-
~~~

-
~~ ~~~ 

C- - 

- 0 - [ A-3]

- - . 
~~‘—~ A qui fers , sand and grave l in val ley f i l l , locall y Colum—

A—2 
~~~~~~ ,, bia River Group. Yield 5—1 0 gpm from va lley f i l l , 00—

A—I ‘~ 600 gpm from basalt

C~2 -
~~ 

2 -, 1tt ’~’~ C— ! , C— 2 , C_ 31
- - - I - — - 

- 
A quifer , Columbi a River Group . Yields 2-20 gpm from

7 

- 

A 3 

9 

a~:v ;
~ oLcr;;~~ fle a; O!-

- - 
C ~~~~~~~~~ / canic rocks which locall y are dry, 50 gpm locall y

C-3 ed _
~J~ 

- - - - - from Columbia River Group, 5-50 gpm from alluvium

~ /
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Table IV—1 3

- - i ) , _z2: l~J J : ~l j L I  O J  gr ’co-e . -1 ~) Z ~~~- !~~ C 7-_ ’’ : ”. _ su~

- I Yields of largest capacity
wells (gpm)

- - Aqu ife r Dep th of
Area Principal aquifers thickness wells Range of Pote

and lithology (feet) (feet) present wells Expectable

B-l Troutdale (cemented sand Several 450 or 50-150 100+ Sevecal t
• and gravel) hundred less use

— B-2 do. 500 or 400 or 70-130 100 Moderate ;
less less largely

purpose

B-3 do. Sevt~raI. 40-500 40-300 100-300 Large -

hundred

B-4 do, do. 40-400 40-400 100-300

D Sard ine Format ion , do. 400 or 40-60 50, local- Moderate
Col umb ia River basal t l ess l y 100

U Young volcanic rocks do, 60-150 20-30 Several Large; e~
hundred untapp~

H
PC C -

_ _ _ _ _ _ _ _ _ _  A



- -I 
~~~~~~~~~ -- -- -~ C-rC-~~~~~~~~~~~~~~~~~~~~~~~ - . - _~~~~. --~~ -- -----.-v~r -‘ --- - ~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

- ~~~~~~~~~ ‘i.- — 

6’

Tab le IV—13
of gi’oe~~ 

‘~)- i  5--ci- , o i/zc~”)zn?ac ~~~ i I ? -  zr

of larges t capacity
wells (gpm)

of Potential for Remarks
wells Exçpectable increased use

50 100+ Several times present In southeastern part , shallow domestic wells tap
use terrace deposits.

30 100 Moderate; present use Depth to regional water table generall y more than
largel y for domestic 100 ft. Many domestic wells obtain water from
purpos es shal low pe rched zones in Tr outda le or ove rlying

piedmont deposits.

DO 100-300 Large Wells several hundred feet deep needed for maximum
yield.

DO 100-300 do. Do,

O 50, local- Moderate Exploration needed to find most favorable well
ly 100 sites.

0 Several Large; essentially Spr ing s and hi gh base flows of streams indicate
hundred untapped at present potential. Wells would need to be severa l hundred

f eet deep for  large yields.
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l B-l i
Aquifers , Troutda le Formation and alluvial sand and
gravel. Yield at least 100 gpm from Troutdale , 10-

- - -* .. - 20 gpm locall y from a lluvial_deposits

0 (
1 l~ 1

• Aquifers , Troutda le Formation and perched zones in
piedmont deposits. Yie ld at least 100 gpm from
Troutda le , small y ie lds from iedmont deposits

K 
f B - ~

Aquifers , Troutda le Formation and perched zones in
young lava . Yield up to 500 gpm from Troutdale , 

. 10-40 gpm locally from perched zones

L~ I
- •~ 

. Aquifers, Troutda le Formation and perched zones in
young lava . Yield 50-100 gpm from Troutdale , 10—

. 
. - — 40 gpm from perc hed zones

Aquifers , Sardine Formation, loca ll y Columbia River
Group or Litt le Butte Volcanic Series. Yield 10-20
9pm, locally 100 9pm _____

I LU
F ~i S C 0

Aquifer, young vo lcanic rocks. Expectable yie lds
- 

up to severa l hundred gallons per minute

‘0

-

~~~ 
& MAP 1~~- I3
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Table IV—14
Avai labili ty of ground water,

Yields of largest capacit
wells (gpm)

Aquifer Depth of
Area Principal aquifers thickness wells Range of

and lithology Ifeet) (feet) present wells Expectabi

A-i Alluvial deposits (sand and Maximum 125 200 or Up to 1,500 1,000+
gravel) along Willam- less (1,000 from

ette and 200 Qal alone)
along Columbia
River

Troutdale (cemented sand , Several 300 or Up to 1,500 i,000’I
gravel , silt) hundred less (1,000 from

Qal alone)

A-2 Terrace deposits and Trout- 60-400 60-420 100-750 100-1,000
dale (sand and gravel)

Columbia River basalt Several 300-930 50-1,000 50-1,000
hundred

A-3 Alluvial sand and gravel and 200 or 100-300 50-500,
Troutdale sandstone and do. less locally
conglomerate small

B-i Terrace deposits (sand and Maximum 80-1,100 50-1,500 500-1,000
gravel) and Troutdale For- 1,300
mation (mudstone , sandstone,

• conglomerate)

B-2 Troutdale (cemented sand and Several 130-970 100-320 500
gravel); young lava , locally hundred

C Columbia River basalt do. 1,000 or 100-350 100-400
less

E Columbia River basalt and do. Locally 20 or 10-20
marine rocks several less

hundred

I
~~~~ . 
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~ Co lumbia subbasin

‘ty

Potential for Remarks
I.e increased use

>1- Several times present Depth to water generally only a few feet. Because of hydrau-
rate lic connection of aquifer with the Willamette and Columbia

Rivers, heavy pumping may induce infiltration from streams .
Pumping should be spaced to develop maximum ground-water
yield.

do. Do.

D None Both aquifers heavily pumped in Portland west-side business
district , where water levels have declined in recent years.
Aquifers could support additional small pumpage at north

O do. and south ends of the area.

Large Large supplies available at most places. “Quicksand” and
mineralized water at shallow depths limit supplies on Sauvie
Island . Near streams , aquifers have hydraulic connection to
streams, and heavy pumping may induce infiltration .

D do. Depth to water table more than 100 ft in much of area , but
only 30 ft in northwest part. Many domestic wells tap
perched zones at less than 100-ft depth.

do. Most domestic supplies from perched zones in lava or Trout-
dale at less than 300 ft. To tap entire Troutdaie , section
wells would have to be several hundred feet deep , and would
have high pumping lifts.

O Small , because of Exploration needed to find most favorable sites for wells ,
limited storage which should penetrate at least 200 ft below main water
capacity table for large supplies.

Small, because of Most domestic supplies from perched zones. Mineralized water
low well yields occurs locally at shallow depths . Depths of wells vary with

altitude and terrain.

_ _ _ _ _ _ _ _ _
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E X P L A N A T I O N

- 
Aquifers , a lluvium and underlying Trout—
dale Formation . Yie ld at least 1,000 gpm

-

. 

I
- [A.~2l

I A quifers , Columbia River Group, Trout—
I da le Formation, and terrace deposits.

I Yield 50—1 ,000 gpm from basalt , as much
s..... as 1 ,000 gpm from Troutda le-terrace de-

-
. posits ______

• 

~~~~~~~~ 

[ A-3j
Aquifers , a lluvial sand and gravel , local-

- 
ly Troutda le Formation. Yie ld , 50-500

• •.- . gpm, locall y sma ll on Sauvie Island

L,’\ C [8-I l
N 

Aquifers , Troutda le Formation and ter-
I. , \ .

~~. . race deposits. Yield 500-1,000 gpm

• [ 8-2 1
- Aquifers , Troutda le Formation and perched

N 0 r 
~ . 

.- _ .‘. 
“ zones in young lava or Troutdole. Yield

1 . BH 
~-..., 500 gpm from Troutdole , 2— 20 gpm locall y

• ~,, ~~~~~~~~ ~~~~~~~~~~ - 
- from perched zones

~~ .:-. 
‘ 

“ -.•~ • • •• - [~c ]
- 

. 

• 
. 

- . Aquifer , Columbia River Group . Yields
A R 2  

— 
5- 15 gpm, 100-400 m locall y

- 

~~~ ~\ -. 

- I ~~• _ _. .~.... . • . .. ~~~~~... Aquifers , perched zones in Columbia River
J Group and marine rocks. Yield 2—20 gpm

I - 
‘~~~‘ ‘  

• 
A C A V A 5

• 
• • •.: MAP ~~-i4

‘A
. COLUMBIA SUBBASIN
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Table IV—15
Avai labi li ty of gro und wate r, Sc~ dy subbaa

Yields of largest capacity
wells (gp~m)

Aquifer Depth of
Area Principal aquifers thickness wells Range of P~

and lithology (feet) (feet) present wells Expectable ii

A-l Alluvium (sand and gravel) 100-200 50-100 300-1 ,000 500-1,000 Large

Troutdale (cemented sand As much as 100-540 300-1,000 500-1 ,000 do.
and gravel) 400

A-2 Alluvial deposits (sand, 50-200 50-200 15-100 Locally 50 Moderat
gravel , silt , clay)

A-3 Alluvial deposits (sand , 50-175 30-230 Locally 385 Locally 500 do.

• gravel , boulders)

r B-i Troutdale Formation As much as 400 or 120-500 500 Large
(cemented sand and gravel) 500 less

B-2 do. 150-900 30-500 50-300 300 Moderat

B-3 do. As much as 50-350 Maximum 100 do.
300 20

C Columbia River basalt Several 100-200 Locally 50 Locall y 50 do.
and Sardine Formation hundred

D Columbia River basalt do. 70-570 Locally 20 Locall y 50 Small ,
low

H U Younger volcanic rocks do. -- -- 200, lo- Large
callv 1 1 000



P~I

ential for Remarks
teased use

Because of hydraulic conne ct ion of aq ui f e r wi th
the Willamett e River , heavy pump ing may induce
i n f i l tra t ion from the r ive r.

Do.

Yields low because of silt and clay interspersed
with gravel.

Coarse , bouldery g lacial outwash in eas t par t of
area •

Water table at 100- to 200-ft depth; many do-
mestic wells tap shallow perched zones.

Many domestic wells tap shallow perched zones.
Aqu i fer  thin and yields of wel l s  small along
Sand y River canyon .

Main water table probabl y at more than 100-ft
depth. Many domes tic wel l s  tap shal low pe rch ed
zones. Exploration needed to find most favor-
able sites for wells.

Onl y a few wel l s  in area , along the Columbia
River  Highway.

cause of Few wells in area at present. Wa te r lev els more
1 y ields than 200 ft in places.

Few wells in area at present. Wells several hun-
dred feet deep required for maximum yields. 
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KEY M A P
SHOWING SVBBASINS

PO E R O E  R A E  B R E

E X P L A N A T I O N

I A-i l
Aquifers , a lluvium and underly ing Troufdale Formation .

-t s.. .... Yield 500-1,000 gpm 
______

C j Il Aquifer , a lluvial sand, grave l, si lt , and c lay. Yie lds
genera lly less than 50 gpm

• [ A_3 1/RK-.. -IM )

c 
Aquifer , alluvial grave l and boulders. Yie lds up to

500 gpm 
____

f~- ~~~~IT ’W
~~\ 

B-I

- 
S. 0 0 0 B I V 31 Aquifers , iroutdale Formation and locall y perched

~~.. .• zones in piedmont or terrace deposits . Y ield as much
‘H’ U as 500 gpm from Troutdale , 5-20 gpm from perched

____  zones 

1 8 2 1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — Aqu fers , Troutda le Formation, pe rched zones in pied—

~~~~~~~ mont or terrace deposits. Yie ld up to 300 gpm from
— Troutdole , 5-20 gpm from perched zones

L B_ 3 1
Aquifers , Troutdale Formation, locall y piedmont de-

1 posits. Yie ld as much as IOU 9pm, 5— 20 gpm from
• - —— ——- -— — I perched zones _______

0 
-H. 

•
• I c i

‘ 
I . ._•

~

‘ 

~

,
__ Aquifer , Columbia River Group (not developed).

Expectable y ie lds at least 50_gpm
A B 1 S . .  [ D ]

• .~~ - Aquifer , Sardine Formation, Columbia River Group,
- — and local alluvial deposits. Yields generally 10-50

I 

_-_ •
~~~~ - -~~i~/ HI

r’r A S C 0 Aqu ifer , young vo lcanic rocks. Yields at least

- 

200 gpm

[ }~~ 
M&P~~~-I5

~~ - ‘ • SANDY SUBBASIN
WI L LAS ETT E BASIN , OREG~~

AVAILABILITY OF GROUND WATER
1968
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CHEMICAL QUALITY OF GROUN D WATER

Ground wa ter of good quality is available throughout Willamette
Basin. The concentrations of most constituent s are within the limits
recommended fo r  dr inking wa ter b y the U, S. Public Health Service
(1962). The chemical quality of mos t ground water is also suitable
for industrial and agricultural use. However , excessive concentrations
of some dissolved minerals , notably iron and arsenic , occur in places.
Sal ine water occurs in a few wells and springs , principall y from bed-
ro ck sources .

In this section , water-quality data are presented for the basin as
a whole because areal coverage is irregular and information is not suf-
ficient for a description by subbas ins . This descri ption is based on
the chemical-quality data in a U. S. Geolog ical Survey compilation re-
port (Madison , 1966). Samples were collected primaril y for detailed
ground-water investigations , mos t ly in the valley area north of Salem .
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Ground-water reports that include chemical-quality data have been

- 
• published for Tualatin Valley (Hart and Newcomb , 1965) , East Portland

area (Hogenson and Foxworthy, 1965) , west-side business district at
Portland (Brown, 1963), French Prairie area (Price, l967b), Eola-Amity

• Hills area (Price, l967a), and Willamette Valley (Piper, 1942). Repor ts
are in preparation for the Molalla-Salem Slope area and the lower
Santiam Basin.

- • 
• 

Fresh Water

Fre sh water is arbitrar ily defined as water having a dissolved-
sol ids content of less than 1,000 ppm. Ninety percent of the ground-
wa ter samples analyzed from Willamette Basin fall into the fresh-water
category ; most of the fresh-water samples have less than 500 ppm . The

• • dissolved sol ids cons ist pr incipall y of calcium and sodium bicarbonate
and silica . Map IV-16 shows the distribution of dissolved-solids con-
tent of ground waters throughout the basin .

No single area contains all hard or all sof t wa ters . Wells that
yield both types are scattered throughout the basin (Map IV-l7). Hard-
ness-of-water values range from two to more than 180 ppm . Ground water
in the unconsolidated deposits of Willamette Valley commonly contains
from 30 to 160 ppm hardness . Water from the consolidated sedimentary
rocks is commonly very hard , containing more than 180 ppm . Hardness in
water is caused principally by compounds of calcium and magnesium.
Other constituents- -iron , manganese , aluminum , barium , strontium , and
free-acid--also cause hardness . However , they are not present in the
basin in quantities sufficient to have any appreciable effect .

Sil ica content ranges from 5.7 to 72 ppm. One-third of the sam—
• pies analyzed had silica value s between 40 and 50 ppm (Figure iV—40).

Silic a in these concentrations is not signif icant to humans , livestock ,
• or fish , nor is it of importance in irrigation water . However , for

industrial use , high-sil ica content is undesirable in boiler-feed water,
• contributing to the formation of boiler scale and also forming trouble-

some deposits on the blades of steam turbines.

Ground water in Willamette Basin contains little fluoride . Ana-
lyses show that fluoride contents of all but one of the fresh-water sam-

• ples anal yzed are less than the recommended max imum . Most of the
ground water contains less fluoride than the optimu m concentration
recommended by the U. S. Public Heal th Serv ice. A concentration of
about 1.0 ppm of fluor ide in dr inking wa ter lessens the inc idence of
dental cav it ies in chi ldren’s teeth , but amounts greater than 1.5 ppm
may cause the dental defect known as mottled enamel (Dean, 1943).

IV-74 
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Map IV-l8 shows areas in the basin where high concentrations (more
than 0.30 ppm) of iron are found . The 0.30 ppm concentration is the

K 
maximum recommended for drinking water. Excess iron in water commonly
separates out as a reddish-brown sludge when the wa ter is expos ed to
air and allowed to stand. Iron also imparts a taste to water and may
stain cooking utensils and laundered fabrics. Many wells north of
Salem yield water that contains iron concentrations higher than 0.30

• ppm. Several wells in the vicinity of Portland yield water containing
excessive iron. Other areas may have excessive iron concentrations in

• ground water , but data are not adequate for a more complete areal de-

- •. scr ipt ion.

• Arsenic in natural water is rare (Map IV-18), and its occurrence
in ground wa ter of Lane County is one of a ve ry few of its kind re-
ported. This unusual occurrence of arsenic in well water was discussed
by E. L. Goldblatt and others (1963), who related it to a local geo-
logic unit called the Fisher Formation of Eocene and Oligocene age
(included in this presentation in the Little Butte Volcanic Series).
The lateral extent of this formation , pr imarily in cen tral Lane County,
marks the principal area where ground water has an excessive arsenic
concentration . Few data on arsenic concentrations iii other parts of
the basin are available , but the problem may be more widespread than has
been recognized.

The maximum limit of nitrate content reconuiended for drinking
water is 45 ppm . Willamette Basin has no areas with large concentra-
tions of nitrate in ground water. Where moderate amounts of nitrate
are found , the wells are shallow so that the water they tap may be
eas ily contaminated by fe rtilizers, sewage , or seepage from barnyards .
None of the nitrate values reported exceeds the recommended limit.

Orthophosphate occurs in vary ing amounts in wells throughout the
ba sin. Its source is uncertain , and there is no apparent relation
between occurrence or concentration and the aquifer. Wea thering of
phosphate-bearing rocks meleases soluble phosphates in water , but the
phosphates tend to be redeposited instead of remaining in solut ion.
Large orthophosphate concentrations are coni-nonly attributed to
pollution from sewage containing detergents. Waters that have been
treated for hardness removal may also contain added phosphates . An-
other source of orthophosphate might be from percolation of irrigation
wa ter in areas where phosphate fer tilizer is used extens ively.

The high or thophosphate concentrations found north of Salem gen-
eraily occur in wells more than 200 feet deep that tap the Troutdale
Format ion. Available informa tion is insufficient to indicate whether
the source of high phospha te i~ phosphate-bearing rocks in the Trout-
dale , seepage from volcanic rocks , fer ti lizer , or detergents in septic-
tank ef f luent .
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Saline Wa ter

Willamette Valley is underlain at var ious depths by bedrock that
• contains saline water (more than 1,000 ppm of dissolved solids), but

available information is not adequate to define the depth zones nor

• areal occ urrence of saline water in the basin. In some areas , sal ine
water has migrated upward into younger rocks so that water in them is
brackish or sal ine, Saline water is reported in wells in Portland , in

K I parts of Tualatin Valley , in Willamette Valley north of Salem , and at
Glads tone. In add ition , some springs discharge saline water from bed-
rock in several areas in the basin.

Analyses of saline -water samples show that the waters are chemi-
cally unf it for many uses . The water is predominantly of the sodium
and calc ium chlor ide type and is highly mineral ized , Dissolved-solids
content as high as 18,500 ppm has been found in Washington County.
Hardness values range from 106 to 11,700 ppm. Fluor ide concentration
is low (less than 0.8 ppm) except for two springs in Lane County tha t
have 2.8 and 3.4 ppm of flouride. Silica values range from 12 to 68
ppm.

Suitability fo r Use

On the basis of drinking wa ter standards recommended by the U. S.
Public Health Service , water with less than 500 ppm of dissolved solids
is suitable for domes tic uses . Wa ter in the 500 to 1,000 ppm ra nge can
be used for drinking , but may have an objectionable taste. Except for
water with excessive arsenic , most ground water in Willamette Basin is
suitable for drinking. Recommended limits for several constituents in
drinking water are given in Table IV-l6 ; the recommended fluoride limits
are influenced by air temperature , and are given in Table IV-l7.
lV-16 ; the recommended fluoride limits are influenced by air tempera-
ture , and are given in Table IV-17.

Most ground water in the basin is of excellent quality for  ir r i ga-
tion , according to the rating method of the U. S. Salinity Laboratory
Staff (1954, p. 80). Mineralized ground water from bedrock zones may
be too saline for irrigation use.

Mos t ground wa ter in the bas in can be used for indus trial purposes
without preliminary treatment , excep t for industries that require a low

I • s ilica concent ra tion. Tolerance for dissolved-mineral concentration in
• wa ter varies with each industrial use . The quality of the wa ter at a
• specific site should , theref ore , be checked before water is used for a

7 • ~• • specific industrial purpose .

IV-79 
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Table IV—l6
• Recommended limits f o r  $evera l cons ti tuents in drinking water

I 
Constituent or Property Recommended Concentration Limits

I (~ arts per million)

• Arsenic (As) 0.01
• Iron (Fe) 0.30

• Sulfate (SO4) 250
Chloride (Cl) 250
Nitrate (NO3) 45

- • 
Dissolved solids 500

$‘ource : U. S. Public Hea l th  Servi ce

I
Table IV—l7

Recommende d f luor i de limits f o r  drinking water

Annual Average of Maximum Recommended Fluoride Limits (ppm) V
Dai ly Air Temperatures (°F) l/ Lower Limit Optimum Upper Limit

50 .0-53.7 0.9 1.2 1.7
53.8-58.3 0.8 1.1 1.5
58.4-63.8 0.8 1.0 1.3

63.9-70.6 0.7 0.9 1.2

70 .7-79 .2 0.7 0.8 1.0
‘ 1 79 .3-90.5 0.6 0.7 0.8

4 
~~~~~~~~~~—_

1/ Should be based on more thon f i v e  gear s of record.

~~/ 
Average concentrations greater than two t 7r?r ~ the op tinl u?n ~.alw e
consti tute grou nde f o r  r~j e c t i o a~ of the drinking—water supp ly .

• Source : U. - ~. Publi c Hea l th  S e r vf c e
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R E L A T I O N S H I P  B E T W E E N  S U R F A C E
A N D  G R O U N D  W A T E R

In previous sections , water is discussed according to its occur-
rence as either ground wa ter or surface wa ter , because its availabilit’i
from one environment or the other has an important bearing on develop-
ment plans. However, because water infiltrates the land surface rather

• readily, there is actually a continual interchange between water on the
• surface and underground . In some places ground water is discharged

K continuously into streams , in other places streams lose water to the

• ground-water body, and in still others streams may eith-~r lose or gain
water at different times (see Figure IV—40).

• Interchange between surface and ground wa ter oc curs commonly in
topographically low p laces where the wa ter table intersec ts the land
surface . In those places , lake s and marshes or spr ings may be surfa ce
mani festations of the water tabl€ , and the level of these wa ter bodies
fluctuates with the adjacent water table . Streams in alluvial valleys ,
such as the Willamette , are also direc t local ~-xtensions of the water
table , which fluctuates in response to changes in stream stage.

• Part of the precipitation that seeps into the ground moves later-
ally through the rocks and is discharged into streams within a short
distance of the point of infiltration . Nearly all rocks transmit some
water to streams in this way. The amo int of water transmitted depends
on many fac tors , one of the mos t important being the ability of the

• aquifer to receive recharge. A large part of the ground-water dis-
charge in an area is into the strearis . During dry-weather periods this
discharging ground water is the base flow of streams .

The interrelations between the surface- and ground -water bodies
represent a sys tem that, over a long period of time , establ ishes  a
regimen rela ted to climatic conditions . Changes that al ter the sys tem
require adjustments to establish a new regimen. Some of the probable
changes and their effects are:

1. Pumping of ground water near streams may deple te the
streamflo’,~.

2. Ground-water reservoir storage migh t be mani pulated , by
ar ti fi cial recharge , to increase water supplies in summer.

3. Irrigation with water from surface-water reservoirs may
raise t he  water table and increase ground -water seepage
to streams , When the water table is raised , ground-water
storage capaci ty is reduced and increased runof f  from
prec i pitation results ; evapotranspiration also is increased .

4. Loss of water from unlined canals may create new wet lands ,
bu i ld up the water table , and cause increased seepage of
ground water to streams and increased discharge by
eva p o t r ar t s p t r a t  ion .
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5. Drainage of marshes and wet lands may lower the adjacent
• wa ter table , reduce the amount of ground-water seepage to

streams , and reduce evapo transp irat ion.

6. An increase in the minimum summer flow (and stage) of
streams may hold the water table at higher levels during
summer and decrease the volume of ground wa ter dra ining
to the streams.

• 7. Flood-control regulation that lowers the flood stage of
a tributaries in the autumn may delay the rise of the wa ter

table beneath the flood plains in the winter by reduc ing
early-winter recharge from floodflow s.

MOUNTAIN AREAS

In large areas of the Cascade and Coas t Range s, s treams commonly
flow in V-shaped canyons deep ly ent renched below the local wa ter table .
In these areas , ground water is discharged into streams almost con-
tinuously, but that discharge may be masked by the large volume of
overland runoff during p2riods of high flow. The base flow in an area
is directl y rela ted to the ability of the local rocks to infiltrate ,
store , and transmit wa ter . Base flow for Coast Range streams is small--
generally less than 0.2 cfs per square mile--because the marine and
older volcanic rocks have both low porosity and permeability. In con-
trast , streams that drain young volcanic rocks in the High Cas cades
have large base flows--from 0.5 to 2.0 cfs per square mile.

In the High Cas cades , the surface water-ground water relations
around the lakes and marshes dif fer markedly fr om those in the deeply
incised streams of the Western Cascades . The water table in the perme-
able volcanic rocks lies several hundred feet below land surface , and

• the lakes , marshes , and we t lands are perched upon the surf ace . ?‘lany
lakes have no surface outlets , their excess water draining through the
porous lava and into s t reams a t lower al tit udes perhaps many mi les
away . Some s treams lose or ga in sizable quantit ies of wa ter locally
where they cross permeable zone s in the lava . For instanc e, at times

• McKenzie Rive r loses all the flow in its channel just upstream from
Tamolitch Falls , but the flow reappears at the base of the falls where
the channe l intersects the perm~ab1e zone in the lava (see Figure IV-
10) . When more detai led s treamf iow record s bec ome ava ilable for small
streams in the High Ca scad es , the interchange of wa ter between the
young lava s and the loc al streams w ill be bett er unders tood .

-1 VALLEY AREAS

• The unconsolidated alluvial materials along the flood plains in
the val leys generally have a water table connected direct ly with sur-

• 
f a c e - w a t e r  bodies . The w a t e r  t a b l e  is s l i g h t l y above the  level of
water in the streams and at the same l evel as the water in sloughs and

~~ 
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pond s. 1~he many oxbow lake s and sloughs along the flood plains of
W i l l a m e t t e , Long Tom , and Calapooia  Rivers , anl  the marshes along both
Muddy Creeks and Willamette River represent such local extensions of
the water table .

In most p a r t s  of W i l l a m e t t e  V a l l e y ,  t he  w a t e r  t ab le  s lopes  toward
the  s t reams , w i t h  ground -water  seepage add ing  to  the  s t r e a m f i o w  (Pi per ,
1942 , p. 34-40; Price , 1967b) . The annual  g r o u n d - w a t e r  c o n t r i b u t i o n  to
the f low of Pudding R ive r  and of W i l l a m e t t e  River  between Salem and
M cM i n n v i l l e  is more than  500 a c r e - f e e t  per square mi le . At tha t  r a t e ,

a the annual seepage in the  400-squa re -mi le  nor thern  W i l l a m e t t e  V a l l e y
lowland would  be more t han  200 , 000 a c r e - f e e t . Streams in the sou the rn
part of Willamette Valley appear to gain less flow f~ om ground water
than  those in the nor th .

Where the  ground-water  reservoi r  d i scha rges  into streams , pumping
w a t e r  f r o m  the ground can lower the w a t e r  t a b l e  enough to reduce seep-
age into the streams . If pumping is heavy , the water table may be
lowered so far that the natural gradient is reversed and the s t r eams
lose w a t e r . In e i t h e r  case , d e p l e t i o n  of s t r c a m f l o w  r e s u l t s  ( F i g u r e
IV— 40) . In  c o n t r a s t , t he  app l i c a t i o n  of l a rge  amount s of i r r i g a t i o n
wate r  impor ted  to the  l o c a l  a l l u v i a l  area can bu i ld  up t he  w a t e r  t a b l e
and increase the  r a t e  of seepage in to  s t reams .

Al though  most s t reams in the  v a l l e y  gain  wa te r  by seepage of
ground w a t e r , some lose f low where they c ross  a l luv ia l  fans  a t  the
ed ges of t h e  f o o t h i l l s . Th i s  phenomenon has been noted dur ing  low
f l o w s in S i l v e r  and Abiqua  Creeks near S i l ve r ton, in Long Tom River  and
Coyote Creek near  Fern Ridge Reservo i r , and in South San t i am River  near
Lebanon ; a l s o , i t  p robab l y occurs  e l sewhere . Many s t r eams  may lose
w a t e r  in t h i s  way d u r i n g  hi gh -water per iods , p a r t i c u l a r l y dur ing  the
f i r s t  h ig h - w a t e r  s t a g e s  in  the  f a l l  when t h e  wa t e r  t a b l e  is s t i l l  re—

K l a t i v e l y low .

BAN K STORAGE

“Bank s to rage ” r e fer s  to  the w a t e r  t h a t  seeps i nt o  st r e a m ban k s
d u r i n g  h igh  s t a g e s  and seeps out aga in  as the  w a t e r  s u r f a c e  d e c l i n e s.
Bank s torage e f f e c t s  ar c  w e l l  i l l u s t r a t e d  in downtow n P o r t l a n d , where
for  many yea r s  the  w a t e r  level  i n  a w e ll l o c a t e d  t h r e e - t e n t h s  of a m i l e
cas t  of W i l l a m e t t e  River fluctuated w i t h  the  r iver  s t age  (Brown , 1963 ,
p.  8 , p1 . 2 ) .  Several hundred  a c r e - fe e t  of w a t e r  may be cy c l i n g
through bank s t o r a ge  a l o n g  each m i l e  of W i l l a m e t t e  R ive r  (Newcomb and
Brown , 1961). Much of t h i s  w a t e r  r ema ins  in t h e  bank s for  o n ly  a shor t
t i m e , d r a i n i n g  out as soon as t h e  f l o o d  s t age  h a s  passed . T h i s  e f f e c t
is  probabl y c o n f i n e d  l a r g e l y t o  t h e  f l o o d  p l a i n s  of the  W i l l a m e t t e  and
i t s  p r i n c i pal t r i b u t a r i e s  and i s  not a s i g n i fi c a n t  source of replenislt-
ment  to  t h e  p r i n c i p a l a q u i f e r s .

_ _ _ _  
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M A N A G E M E N T  P R O G R A M S

The total quantity of water naturall y available in the bas in is
ultimatel y controlled by the precipitation. The amount of water avail-
able thus varies considerabl y from place to place and from time to time .
It has been found necessary to redirect the natural supp l y of water by
storage and artificial recharge , so that it may be. available in greater
quantity or better quality. Othe r practices , resulting from modern tech-
nological advance s, hold promise as effectiv e management tools for

a 
attacking future water-resource problems in certain situations.

STO RAGE

Storage generally refers to water h eld e it h e r u.It ur Kehlv or h~
art if ic ial works . The combined hydrologic ci it ts ot natur .t t st o r - ic t  --
glac iers , snowpack , natural hikes, and wat& r in I thinne l sto t le ’’ - - J E e

integrated in the streamflow and d~ s cti hed i n  d~ t a i l  ~~~ e pr t - tous
sec tion. Therefore , the follow ing - J i sc u bs~~eu i —  I i r n i t . d  to stur tj~e tu
manmade lakes and reservoirs. In the.’ b~ I~~~ l I . t n e ~~d, r t r~~1 al r ~ range
f rom small fa~~ ponds to major mu lti pu l i - r .~~e-r~~u~~ ~~~. ~ u e t  is Ferr

Ridge and Detroit.

In 1964 , there were mor e t han i ~~U I I  arm pK~~~ I K C r , ’ ~~T~~~*I  1 t t ,SI,1 -

voirs in the basin (Census of Agric u L~~urt )~ Tb. , • r III~~~ II size

from I to 10 acres and are useo pr imarl I ~ t IF K t I ~ -~~et r jj I  s , and
the small res ervoir s ar c used p rimaril y tor I~~~~~I I et r ~~pp l i&- ~- and

-
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Photo I’!-?. Lake Ben Morrow on Bull Run River stores water for
P or tland ’s munici pal  supp ly .
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irrigation . Both serve to modif y streamfiows. As of 1968, there we re
Il major multiple-purpose reservoir projects and 28 single-purpose reser-
voir projects in the basin with 300 acre-feet or more of usable capacity .
Pertinent information concerning the larger reservoirs in the basin is
shown in Table I-I.

Many problems of regulation result from multiple use s in a s torage
• - project. High runoff occurs principall y from November through March .

The reservoirs should be held low to regulate floods during that t ime .
In the spring , the same storage space can be filled for conservation uses
during the low-water season. To serve the various needs , car eful plan -
fling and opera tion of the storage project is required. Sometimes a
confl ic t of interes t can be removed by adding another pro jec t to provide
other benefits.

Fill ing the storage spac e reserved for flood regulat ion star ts
about the first of February. By the end of May, in a normal year , the
Willamette reservoirs are filled to their maximum capacities. The use
of this stored water can then be allotted to the various authorized
multipurpose uses for the coming season. Water stored in power projects ,
in excess of the amounts required to maintain minimum flows downstream ,
can be retained in storage until the Northwest hydro system requires the
water for generation--normally in September. To facilitate power genera-
tion and still serve the authorized navigation function , the nonpower re-
servoirs are drawn down first , which adversel y affects their use for
recreation activities.

Possible changes in reservoir operation plus potential future devel-
opment to serve all water users result from this investigation--the
Willamette Basin Comprehensive Study.

SUPPRESSION OF NATURAL LOSSES

Approx imately 25 percent of the precipi tation that falls on Wil-
lamett e Basin is consumed by uses of man and by natu ral processes , such
as evapotranspiration and evaporation from lakes and streams . Some of
the natural processes are nonbeneficial and res ult in loss es of usable

• water.

Nonbeneficial Consumptive Uses

Usable water supplies can be increased through reduction of non -
beneficial consumptive use by phreatophytes (water-loving plants) such
as willows . These plants , covering about one percent of the basin , grow
where the water table is shallow--in swamps , along s treams , and around
reservoirs. Phreatophytes consume 50 to 100 percent more water than
do agricul tural crops. Some of the methods available for control or
eradication of these p lants are mechan ical or hand cutt ing, burning and
p low ing, and chemical clearing . The reduc tion of losses would not ap-
prec iabl y increase the total wa ter supply of Willamette Basin , but con-
trolling phrea tophytes where wa ter is in shor t supp ly might be justified
locally. 

‘
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f ac tors  that aff ec t  the rate of evapoz’ation fi ’or a i .~ I ’

Lake and R e s e r v o i r  Evapo ra t i on  Losses

The evapora t ion  loss at  ex i s t i ng  reservo i r s  in the  ba s in  averages
about  30 inches during May through October -  - the  period when losses
cou ld  p r o b a b l y  be reduced most  e f f e c t i v e l y.  A l t h o u g h the  evapo ra t i on
losses are  not l a r g e  in p ropor t i on  to t o t a l  basin r u n o f f , the loss may
be a si g n i f i c a n t  pa r t  of the  f i r m  da ter  suppl y developed by r e s e r v o i r
s to rage . For example , M ay-Oc tobe r  e v a p o r a t i o n  losses  at  Fern R i d g e
Rese rvo i r  exceed r e s e r v o i r  in f low by as much as 20 , 000 a c r e - f e e t  or
even more . The t o t a l  s u r f a c e  area of r e se rvo i r s , lakes , and ponds is
a p p r o x i m a t e ly  85 square  m i l e s , or 0 .7 percent  of the  basin .

There  arc miny means of r educ ing  reservoi r  e v a po r i t i  on losses .
Methods , l i m i t e d  to p h y s i c a l  and economic j u s t i f i c a t i o n , w h i c h  shou ld
be c o n s i d e r e d  in the p l a n n i n g  st~i e  of s t o r a g e  deve lopment  a r e :

I . S e l e c t i n g  s to rage  s i te s  w i t h  rela t i v e ly  smal l  r a t i o s  of
sur f-icc •~rca to v o l u m e .

• 2 . S t o r i n g  water in  ground -water r e s e r v o i r s .

3 .  C o n s t r u c t in g  c ar r y o v e r - s t o ra g e  r e s e r v o i r s  at  the h i g h e s t
a v a i l a b l e  elevation .
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Methods to reduce evaporation after reservoir construction include :

1. Improving existing or potential reservoirs by red uct ion
of surface area (diking).

2 . Pro tec t ing  reservoir  su r faces  w i t h  windbreaks .

• 3. Covering the reservoirs w i t h  f i x e d  or f l o a t i n g  covers
or roofs .

4 . Using surface f i l m s  4n onomolecular  f i l m s )  on reservoir
surfa ces .

The use of monomolecular f i l m s  show s the g rea tes t  promise because
it  does not ca l l  f o r  a large investment in s t r u c t u r e s  or extensive in-
st a l l a t i o n. I t  has  the added advantage  of not i n t e r f e r i n g  w i t h  o the r
uses of the reservoir , such as recreation and navigation . Field ex-
periments indicate that presently developed methods can reduce evapora-
tion 10 to 30 percent at costs of from $35 to $90 per a c r e - f o o t  of

• water  saved . Wi th  c ont inuing exper imenta t ion  and s tud y ,  methods  may be
improved and cos ts reduced . Reduction of evaporation might he con-
sidered as a future water-saving possibility for Willamette Basin
reservo irs .

WEAT HER MODIFICATION

Wea ther mod i f ica tion covers a broad range of act ivi ties in var ious
s tages  of research and development . These a c t i v i t i e s  inc lude :

-• 1. Dispersion of supercooled fogs  which has a l r e a d y been
tes ted in pilot stud ies .

2. Cloud seeding of mois t a irmasses as they are lif ted by
mountain  ranges , a t echn ique  t ha t  appears  to produce at
l e a s t  modest increases in w i n t e r  s n o w f a l l.

3. Suppre ss ion of hail , a field in which a nat iona l program
of research  and development is now being p lah~led .

4 . A t t e m p t s  to  modi f y h u r r i c a n e s , the  f e a s i b i l i t y  of which
has  not yet  been demons t r a t ed .

5. Attempts to increase precipitation from summer showers
and thunderstorms , which seem to o f f e r  some promise

K 
• 

of success.

6. Attempts to i n f l u e n c e the paths of storms to h e l p  a l l e v i a t e
drough t , the f e a s i b i l i ty  of w h i c h  may r e q u i r e  a decade or h
more to  de t e rmine .

7 . D e t e r m i n a t i o n  of t i r e  extent of i n a d v e r t e n t  modi  f i c a t i o n  b
- I the emission of fossi 1 -fuel gases into the a tmosphe re .
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Weather  mod i f i ca t i on  could  have a p rofound  e ff e c t  on W i l l a m e t t e
Basin  if  cloud seeding were used to s t i m u l a t e  r a i n f a l l  over agricul-
t u ra l  areas tha t  are short of wa te r  dur ing c r it i c a l  t imes in the  sum-
mer . The incr eased yield of crops would undoubtedly offset the cost of
c loud  seeding . M o d i f i c a t i o n  of the  weather  during per iods  of h igh sn ow
and r a i n f a l l  could prevent or g rea tl y reduce ravaging f loods  such as
those in December 1964 and January 1965 . However , several yea r s  of
intensive invest igat ion are needed be fo re  cloud-seeding techniques  can
be accuratel y eval ua ted .

In f i s c a l  year 1965 , there  was an exper imenta l  w e a t h e r - m o d i f i c a -
t ion p ro j ec t  in the basin to use c loud seeding for obta ining economic
or opera t iona l  benef i t s , but  r e s u l t s  of these  exper iments  are not yet
avai lable .

ARTIFICIAL RECHARG E

A r t i f i c i a l  recharge is the d e l i b e r a t e add i t ion  of wa te r  to a
ground -water reservoir  ( a q u i f e r )  in order to  conserve or r e g u l a t e
q u a n t i t y ,  q u a l i t y , and t empe ra tu r e  of the ava i l ab l e  ground-water  sup-
ply .  Direc t a r t i f i c i a l  recharge is accompl i shed  ei ther  by s u r f a c e
spread ing  or by s u b s u r f d c e  i n j e c t i o n . Surface  sp read ing  cons i s t s  of
d ive r t ing  wate r  over permeable  m a t e r i a l  or into p i t s  or bas ins  dug in to
permeable  m a t e r i a l . Subsur face  i n j e c t i o n  is the a d d i t i o n  of w a t e r
direc tly into a g round-wa te r  reservoi r  through shaf t s  or w e l l s . Art i-
ficial recharge is not a technique for increasing the total water sup-
pl y, but it can be used to make more water available at more convenient
t ime s and p laces .

In surface spreading , most ponds w i l l  r equ i re  periodic c leaning to
remove the trapped sed i men t. When recharge wells are used , tire aquifer
near the well may be clogged with sediment , air , or by chemical or
b a c t e r i a l  ac t ion  (Pr ice  and o t h e r s , 1965; Sniegocki , 1963; F o x w o r t h y
and B r y a n t , 1967).

Problems may -resul t  f rom recharg ing  with water d i f f e r e n t  in chenr i-
cal  q u a l i t y  or t empera tu re  f rom the  w a t e r  o c c u r r i n g  n a t u r a l ly  in t i r e
a q u i f e r .  W a t e r  of d i f f e r e n t  chemical  q u a l i t y  m a y  cause  the  prec i pata-
t i on  of so l ids  from the water , cause vo lum2  changes  in the  cla y s , or

- 

• adverse l y a f f e c t the  s u i t a b i l i t y  of the w a t e r  fo r  c e r t a i n  uses .
Changes in wa te r  t empera tu re  can a f f e c t  the  use of t i r e  wa te r , par t i -
c u l a r ly if  i t  is w i t h d r a wn  for  h e a t i n g  or coo l ing .

C r i t e r i a  for  severa l f a c t o r s  must be sat  i s f ie d  for  an a r t i f i c i a l -
r e c har g e  ope ra t ion  to  he success fu l . I t  must be possibl e to add a
u s ab l e  q u a n t i t y  of w a t er  to  an unde rg round  r e se rvo i r  and t o  r e c o v e r  .i

s u b s t a n t i a l  p a r t  ot it b r  use .  A r t i t i c i a l  r e c h a r g e  a l so  mus t  be a
more e conomica l  and pe rhaps  a mor e e as i l y managed s o l u t i o n  to thc

• l ocal  w a t e r — s u p p l y  pr~I ‘1cm than  o th e r  p o s s i b l e  s o l u t i o n s . Ce ’re r ~i l l v
i f  r echa rge  is  to be by i n  ec t i on , the r a t e r  m u s t  be f r e e  of s ( d i ~:Ie flt
a i im!  a i r , , F m e n r i c a l l y  compat  ih i e  ~ ith the eat er in the a q u i f e r , and

— - sliou Id be chlorina t ed  to  prevent t i r e  gro~’t I r  of nuisance bac t er i a
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A f t e r  the s y s t e m  is designed , it should  be o p e r a t e d  on a t r i a l  bas i s  to
t e s t  i t s  f e a s i b i l i t y  and i t s  e f f e c t  on t i r e  local  h y dro logic  sys tem .

In W i l l a m e t t e  Bas in , a r t i f i c i a l  r echa rge  is p r a c t i c e d  a t  Spring-
f i e l d  and in downtown and n o r t h e a s t  P o r t l a n d . At Spr ing f i e l d , w a t e r
from W i l l a me t t e  River is pumped in to  recha rge we l l s  dur ing  the  summer
to supp lem2nt  n a t u r a l  i n f i l t r a t i o n  f rom the r iver  to the we l l  f i e l d .
In downtown P o r t l a n d , several b u i l d i n g s  are a i r  condi t ioned  by two- or
th ree-wel l  sys tems in wh i ch water  is pumped from one well  throug h the

• sys tem and d ischarged  into another  w e l l ;  in most  i n s t a l l a t i o n s, the
w a t e r  is pumped f rom a deep basa l t  a q u i f e r  and d i scharged  in to  a shal-
lower gravel aquifer . In northeast Portland , ground water used to cure
concre te  is returned to a gravel aquifer through the same well from
which i t  is pumped;  a l so , a large p a r t  of the precipitation falling on

• the concrete  p l a n t  c o l l e c t s  in a sunrn and dra ins  in to  tire w e l l .

To be s u i t a b l e  for  a r t i f i c i a l  recharge , an a q u i f e r  must r a p i d ly
t r ansmi t  the recharged  wate r  away f rom the i n j e c t i o n  s i t e . S u i t a b l e
aquifer materials g e n e r a l ly  a re :  gravel  sand and gravel; vesicular or
scor iaceous  v o l c a n i c  r o c k s ;  and cavernous , h igh l y j o i n t e d , or fragmen-
ted rocks . In W i J i a m e t t e  Bas in , the  most su i tab le  rocks for  a r t i f i c i a l
recha rge a r c :  vo lcanic  rocks of t i re  Columbia River  Group ,  young vol-
canic rocts of tire High Cascades , sand and gravel of the Troutdale
Formation , terrace alluvium , and the young alluvial deposits .

If the aquifer is separated from tire surface by impermeable zones ,
as is tire T r o u t d ale  Fo rmat ion  and b a s a l t  of the  Columbia River Group at
many p l aces  in W i l l a m e t t e  Bas in , then the only f ea s ib l e  a r t i f i c i a l -
recharge  t e c h n i q u e  is through i n j e c t i o n  wel l s . Spreading methods can

used where t he  w a t e r - b e a r i n g  zones have a d i r ec t  h y d r a u l i c  connec-
ton with the surface . However , the area s where spreading might be

f e a s i b l e  are a l s o  areas  in a l l u v i a l  v a l l e y s  where na tu ra l recharge
f u l l y  r e p l e n i s h e s  the  a q u i f e r  each w i n t e r . Therefore , artificial re-
charge  is l ike l y to  be used as a management tool fo r  onl y the deeper
ly ing aquifers in the basin .

APPLICATIONS OF NUCLEAR EXPLOSIVES

N uc l ear  expl osives may be used to modif~’ tire natural environment
in which water occurs , either to create storage space for water on or
beneath the  l and surface , to modify the openings in rocks to increase
the ease and r a t e  at which ground water moves , or to modify the chan-
nel s in which water flows over tire land surface . P iper and Stead
(1965) list three limitations that must b~ s a t i s f i ed - - ( l )  a m ax imum of
useful work must be accomplished at minimum cost; (2) i,last effects ,
ground shock , and prompt radiations must be t o l e r a b l e  in i n h a b i t e d
areas involved ; and (3) radioactive products must not be dispersed
promiscuous l y.

Because water is r e a d i l y  a va i l a b l e  a t  most p laces  in W illamotie
Bas in  and the  l i m i t a t i o n s  for  n u c l e a r  d e t o n a t i o n s  severel y r e st r i c t
t h e i r  use , exp l o s i v e  n u c l e a r  energy does fl se ’l to he a u~ cful tool
for  deve lopment  of e a t e r  in t h i s  area at I r e  prc - ‘nt time . It mi ght
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have some future app lication to the development of ground water for
s p e c i a l i z e d  i n s t a l l a t i o n s  in the  areas of dense rocks of tire Coast
Range , hut even there conventional surface storage will likel y be a
more feasible solution to water-supp l y problems .

R E U S E

Tire reuse of water in regions with highl y developed economics i 5

inevitable because man e v e n t u a l l y w i l l  a p p r o p r i a t e  amid m is c  a l l  t i m e
wa t e r a v a i l ab l e . Both g round  and surface water will he used many time s
as t h e y  move t h r o u g h the  h y d r o l o g i c  c y c l e . As t h e  need fo r  w a t e r  in-
c reases  and the  read y s u p p l y hecomc s p r o g r e s s i v e ly  l e s s , t h e  r e c y c l i n g
of supp l i e s  w i l l  bec onre n e c e s s a ry , e s p e c i a l l y f o r  l a r g e  w a t e r  use rs .
These  users  a l s o  w i l l  be r e q u i r e d  to  r e s t o r e  t h e  w a t e r  t o  a l eve l  of
q u a l i t y  s u i t a b l e  for  further use b e f o r e  d i s c h a r g i n g  i t . The t i m e  has
passed when tir e u t i l i t a r i a n  v a l u e  of w a t e r  c o u l d  be p a r t l y or totally
destroyed by a single use .

C o n s i d e r a b l e  progress  has  been tirade in the conservation and re-
storation of water so that it may he re used . In tire past , water with-
drawn from a stream for cooling purposes was used only onc e, then re-
turned at appreciabl y higher temperatures; tire closed-s ystem heat
exchangers now in use require onl y makeup water for evaporat icr -i losses
and do not discirarge the waste heat to a stream . Tire pul p and pa per
industry, the major Willa mnette Basin water user , has reduced its water
requirements by using each gallon tirree times before discharging it .
The food-processing industry uses each gallon an average of 1 .2 time s .
Most other industrial and processing plants now route water through
various operations in order of decreasing quality requirements .

Total reuse of Will amette River water is not necessary at this
time . In-channel water uses include power generation , recreation ,
fishery , wildlife , transportation , and residual-waste assimilation .
Uses for witlrdrawn water include domestic , municipa l , industrial , ir- -
rigation , and mining ; the quantities of return flow differ for each .

The in-channel water uses  genera l l y do not harm the qual itv of tire
water , except tirat used to assimilate residual wastes . The reuse of
water returned to a s t r e a m  a f t e r  m u n i c i p a l or i n d u s t r i a l  use is faci-
litated by the capacity of tire stream to break down and assimilate tire
residual wastes . Tire time required for tire stream to recover its
quality level depends on tire quantit y and concentration of tire wastes ,
and ott the volume , velocity, temperature , and dissolved-oxygen content
of the streanr .

T u e  amount of water withdrawn from a st rearrr or w e l l  by m u n i c  ipa l i —

t ic s  and  i nd u s t  n c- s v ar i e s  t h r o u g h ou t  t h e  y o :m r , and r e t u r n  f l o w s  may  bc
as low as 30 pe rcen t  d u r i n g  dr \ -  pen ods . Abou t 80 perc ent of the vat er
w i t h d r a w n  annit a I l y by m u n i  c i p m i i  i t  ies is returned v i a  i t s  smi nit arv 1~ewC r
s y s t e m  to  t i r e  s t r e a m .

H Ter t  Ia ry ( comp i et c) sewage t no r tmn (— nt mr ik e s  p o s s i b l e  tire i meci i ate
reuse of mtini c - i  pa I mi nd i a d m i s t  r 1 m m  I v a s t  e wIl t er . Recvcl I ng of water
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through a municipal  water  sys tem has r a t~el y been necessary in the
Uni ted States . Reuse to this extreme has not been necessary in Willam-
ette Basin and probably never will be; however , to trea t increas ing
quantities of residual wastes, increased reuse of the wa ter will be
necessary . This reuse will make the adequate treatment of wastes more
important so that the stream environment will be suitable for assimila-
tion and self-purification .

- l DESALINATION

In recent years , the desalination of water has been widely her-
alded as the solution to water-supp ly problems in coa stal areas or in
intexior areas where the only unused wa ter is miner al ized . Several
workable methods of desalination that have been developed are :
(1) distillation using fuel , (2) distillation with solar energy,
(3) membrane processes , (4) freezing , and (5) other chemical , elec tri-
cal , or physical methods. Desalination p lan ts are no t l ikel y to be a
solution to water-supply problems in the Willamette Basin in the fore-
seeable f utu re , if ever .

FOREST WATERSHE D MANAGEMENT

The management practices on forest land within Willamette Basin
may have an inf l uence on hydrology or contribute to the ‘echni cal hydro-
logic knowledge of the basin . Upper Clackamas River has been selected
as a “barometer” wa tershed , one tha t wi l l  provide a basis for deter-
mining the effect of management practices on hydrology . Information
from this watershed will be applied to other watersheds to improve
water quality, quantity, tim ing of runof f , and other hydrol og ic aspec ts .

• One of the objectives of forest management is to protec t , re store , and

• improve the hydro log ic  c a p a c i t y  of the l ands .  T h i s  i n c l u d e s  p r a c t i c e s
of (1) increasing storage of soil moisture , (2) red uc ing overland f low
of wa ter and ero sion , (3) protecting , restoring , and improving natural

- 
. st rea m channels , and (4) manipulating vegetative cover to protect and

improve the water yield .

Tire future management of forest watersheds in the basin can ap-
pre ci abl y improve their hydrologic condition . Water quantit y , qual it\- ,
and the timing of runoff may be al tered favorabl y by (1) tire modifica-
tion and alteration of vegetation--including scientificall y des ig ned
timber-cutting units , spec ies-composition changes , and phrreatophvte
removal; (2) the  use of artificial and natural harriers to modify snow
accumulation and melt ; (3) the modification of evaporation and t r m n -
spiration losses by vegetative manipulation , snow bar r ie r s , induced
ava lan ches , and evaporative suppressants; and (4) the use of dark
materials strewn on glaciers and late-season snowdrift s t m  induct ~meli -
ing to supplement low flows.

‘ 1 -
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W A T E R  R I G H T S  A N D  L E G A L  R E S T R I C T I O N S

Legal regulation of water-resources development is accomplished in
Oregon through a sys tem of wa ter rights , by legislative withdrawals , by
Oregon State Engineer orders, and by programs of the State Water Re-
sources Board . All water rights , to both surface and ground water , are
based on th e doctrines of pr ior appropria tion and benef icial use .
Under the doc tr ine of appropria tion , the “first in time is the first in
ri ght” to the ex tent of the quan tity of wa ter tha t is app lied to bene-
ficial use. Wa ter ri ghts are adm inistered by the o f f i ce  of the Sta te
Engineer , but because surface-water and ground-water rights stem from
di f fe ren t leg isla tive ac ts, they are presen ted separa tely in the fol-
lowing dis cussion.

Generally speaking , the use of wa ter for dome stic , municipal , ir-
riga tion , and industrial purposes is considered to be consumptive use.
Use for power , mining , recrea tion , f ish l i f e  and wil d l i f e , and pollu-
tion abatement is considered to be nonconsumptive. In Willamette
Valley, 1/80 cfs (5.6 gpm) is, under ordinary cond itions , cons idered
to be sufficient to irrigate one acre. For a single fa mil y, 1/100 cfs
(4.5 gpm) is considered to be sufficient for domestic needs.

SURFACE-WATER RIGHTS

Oregon Water Laws--the code [or regulating surface-water rights--
were enac ted by the State Legislaturc on February 24 , 1909 . These laws
provide tha t “all water within the State from all sources of water sup-
pl y belong to the publ ic .” The law states that nothing in the code can
be construed to take away or impair the vested right of any person to
the use of surface water that was initiated prior to passage of the ac t.

Before the water code was enacted , wa ter could be appropr iated by
any prospect ive user for  bene f i c i a l  use . Such appropr ia t ion  created a
vested right to the extent that water was actuall y app lied to b~nefi-
cial use; however , the vested right was cons idered abandoned if wa ter
were no t used for a cont inuous period of one , two, or ten years , depend -

• ing on the particular facts involved .

A claim to a vested right , based on a showing of use prior to
February 24 , 1909 , and con tinued use thereaf ter can be de termined and
made a matter of record only through the legal process of adjudication .
Ad judication involves several administrative steps by the of f i c e  of the
State Eng ineer and is comp leted by cour t de cree . Without such proceed-
ings , the value of mos t rights , bo th ear l y and la te , remains in doubt.

Final adjudication has been completed for only eight streams in
Willamette Basin , as shown in Table IV-l8 . Two others--Rickreall Creek
and Luckiamute River--are in the beginning stages of adjudication .

- 
• Many other streams in the basin need adjudication to determine valid

rights , to resolve the discrepancies between apparent vested righ ts and
current use , and to determine the amount of water available for future
appropr ia tion and use .
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Table IV—l8

Water rights on adjudicated streams

Adjudicated water rights

Domestic Muni ci pal indust rial Irrigation Power Storage Other

(cf s) (cis) (cfs) (acres) (cfs) (acre—fe e t) (cts)

Santiam subbasin: -

• Cal apooia River (Linn County) 0.03 - -  - - 90 35 - -  - -

~~~~~~~~~~~~~~~~~~~ (Lion and -- 3 4 7 ~~~~1 i~~ €~
b/ 26 ,286 2 ,027 25.0 65.20~

Coast Range subbasin :

Mill Creek (Yamhill County) -- - -  - _ 14.3 HH - -

Pudding subbasin :

Ba chert and Netter Creeks
(Clacka mas County) (Rig hts allowed for domest ic and stock use onl y)

M ill Creek (Marion County) - - 2.5w 4.39 408 1,006 - -  2 5 .0~’

Unnamed W iltamette River trib H

utary (Marion County) -- --  H 3.6 HH - H

Tuala tin subbasin:

Tualatin River (Washington and 
2 5 -ad jacent counties) .7 --  .66 -- 57.5

Unna med Tualatin Rivet trib - 
- -

utary (Washington County) -- - - - -  45 - -  - -

a/ I n o l u - ~~~ 3 .~~ ~o-1 i~~~t 7~~Ut i Q ’m a l ~~- - h/ i~~~~- ci  - - 
~- 0 ~‘~

‘- or ~ •~~~~~U ~r- -

ci F is h  l i f e . d/ i~m o m  ~t i o~ozl e . e/ •~- - y  of  ~o:.

The State Engineer issues permits and certificates for water
rights that were initiated after the enactment of the water code. As
of July 1965 , 28 ,970 cfs of water h ad been appropriated in Willam-
ette Basin through both adjudication and permit . Ri ghts for consump-
t ive uses total 6,059 cfs and for nonconsumptive uses total 22,911
cfs (Table IV-19).

Under Oregon law , a wa ter r igh t devel oped and perfected is valid
and subject to loss by abandonment only. If  the owner of a per f e cte d
cer ti f ied r igh t ceases to use wa ter for  f ive  suc cess ive years , the
water right shall be considered to be abandoned . Before August 1955,j it was necessary to initiate court proceedings to declare a water righ t
aband oned . Laws passed in August 1955 permit the State Engineer to
accep t volun tary au thor i zd tion of aband onmen t by the owner of a water
righ t or to initiate cancellation proceedings through administrative
action . However , many r igirts remain in effec t because no steps have

• been taken to cancel them , even though tirey apparently have been aban-
don ed . Unused and uncancelled water rights preclude an accurate quan-
titative appraisal of the available water resources and reflec t on the
v a l u e  of all water rights . As of June 1964, only 58 ri girts affecting
i r r i gation of 1 ,710 acres in the basin had been cancelled under tire
provisions of the August 1955 law .
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Table IV—l9
Sun?nary of surface-water rights , in ef a , J u l ii 1965

Do— Mu— In— Irr i— Fish Rec— Wild—
Subbasin mestic nici pal dustr ial 

~~~~ 
Power Mineral L i f e  reation life T o t a l

Coast Pork 1.365 22 910 38. 990 85.245 9.644 4.500 1 .760 0.020 0.010 163 .444

Middl e Fork 3.126 22.530 44.010 31.097 -- -- 92.020 0.950 0 193. 7 n 3

McKenzie 5.237 312 .360 25.820 1 ,493.655 10 ,383.274 - -  155.460 0.760 12 ,446.566

Long Tom 1.775 35 ,675 18,000 135.120 0.320 —— 0.310 36.890 1.200 229.290

Santiam 0.164 172.072 94.773 1 .049.946 1 ,707.800 2.000 234.050 7.350 1.040 3 325.144
I

Coast Range 11.672 101.130 89.135 589.868 70.000 —— ~~.7 57 7 .120 2 .150 880. 352

P udding  5.48 24.460 39 240 511.823 363.086 —- 40.290 12.930 0.010 1 ,005 2-.

Tualatln 9.100 25.220 31. 715 350 ,66. 69.230 —— 12 ,410 0.452 0.340 ta ,r29

Clackamas 4.877 137 .986 6 822 60 .493 9,400.950 —— 122.666 3.520 0

• Col umbia 5.276 86.770 16.964 236.476 20. 740 — —  11.659 0.710 6.670 383, 365

Sandy 7.820 14.690 9 - ~~~t6 9.563 14.600 _ _ _  46.550 2 .790 0 125 . 913

Total 61 .337 ~O.933 504.379 4,5534 49 22 ,03f4 . 7 - 1 6.500 783,97 2 73.442 4.420 28,989.655

Lli ~ 
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GROUND-WATER RIGHTS

The Oregon Ground Water Act of 1955 provides for a system of ap-
propriating ground water, of establishing ground-water rights, and of
ensuring the beneficial use of ground water without waste , excessive
water-level drawdown, or deterioration or depreciation of the supply.
This act does not require water rights for watering livestock, nor for
irrigating lawns or noncommercial gardens that do not exceed one-half
acre. Also, wa ter rights are not required for single or group domestic
uses not exceeding 15,000 gpd (gallons per day) nor for any single
industrial or commercial use not exceeding 5,000 gpd. The use no t
covered by water rights constitutes a considerable annual withdrawal of
wa ter.

The ground -water law states tha t p9rmits for appropriation of
water from ground-water sources will be issued and regulated by the
State Engineer . The registratiDn of ground water that was in use be-
fore passage of the act essentially provides for vested water rights
for those uses . However , registra tion rights are no t considered f inal
until the ground -water basin or area has been adjudicated--a legal pro-
cedure not yet applied to ground water in the Willamette Basin.
Most of the ground-water irrigation use (the largest use in Willamette
Basin) was established before passage of the act and therefor e is
covered by prior regis tra tions ra ther than by subsequen tly issued
water-right permits. The early registrations bear little relationship
to the acreage irrigated by ground water at the present time (see dis-
cussion of irrigation water rights in Append ix F - Irrigation).

Ground-water righ ts in the basin totaled 2 ,484 cfs in 1965, of
which all but 8 cfs are for consumptive uses (Table IV-20).

Table IV—20
Sunr.’nary of ground-water rights, in cfs, July 1965

Do- Hu-  In- In - I- Pish Recrc- - ~ i1.l-
Subbasin oc stic nicipal du stria l ~~~~on Pows-r 10. at ion i i i .  T o t a l

Coast Fork 0.011 3.543 1.1 69 11 .228 ( ) .~~0 1 1 (  - - 0,1)4(3 I s 

M iddl e Fork - 24 .660 0,089 )9 ,s53 - - - - 43 ,1%)

McKenzjn 0.009 16 .890 0.535 76 , 88’) - - - - 323

Long Tom 0.261 3.713 3,551 361 . ~~~~ - - - - 3’-- ~.319

Sa ntlam 0,109 54.928 8.311 494 9 4 $  - 2 201) - -

Coast Range 1. 028 17 . 34) 6.783 350 . 593 - - - - 375 763

Pudd ing 2.071 52.1)-’. 31. 783) - 0-4 8(31 - 1. 560 0 . 04  - . 0

Tualatin 0.027 12, 0 - )  5.408 0,183 - - - -

Ckackam),s - 4.710 2.043 $0 ,’3l 3 - - 0 3 ’  - - 2’, _ t I ”

Col umbia 1.328 35, OSc 128 .’’)O 55 ,904 . - (3 44, — 221

Sand y - 0. 670 I ll s 7 .582 - - 0.3110 - II

Total 4.844 22~~. 43 7 l’~l .931 2 ,053 ,138$ 0 , 4 ) ) ) )  5.170 3 07~ I - ~~ ‘ -.~~~, . 38$

- /  - I r O5’: :— - - 3 - ’ - - P 0 ’  - - - . ‘ is - k- P~ ’ 3 ; -  - P 1 3 3 3  1 - “~; ) -,,. i i . - .
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LEGAL RESTRICTIONS

Legal actions restricting the use of the waters of Willamette
Basin fall into three categories: Oregon State Leg islative Withdraw-
als , Oregon State Engineer Orders , and Oregon State Water Resources
Board Progr ams . Restrictions on various streams in the basin are as
£ 1 1

The oldest and largest s ing le  r e s t r i c t i o n  is on B u l l  Run
and L it t l 0  Sand y Rivers .  In 1891 , the Oregon State Legislature
withdrew these waters for munici pal use by Portland . About

90 ,000 acre-feet is diverted annuall y from these streams to
supp ly water to an estimated populati on of 573 ,000.

Sand y River and its tributaries (except B ea v er , Buck ,
Big, and Trout Creeks) were withdrawn for protection of fish
l i fe  by the Oregon State Legislature in 1953. However , ap-
propriation and use of these waters (except ilackett Creek)
are allowed for domestic , stock , municipal , public park , and
r e c r e a t i on a l purposes . In a d d i t i o n , a l l  tributaries except
in the  main  channel  below Big Creek are open for  a p p r o p r i a -
tion and stor .l1~c from December 1 to  June 1 ot  each l- ’l l te r ~~ ar .
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The Columbia Gorge streams that form the waterfalls
near the Columbia River Highway were withdrawn from appro-
pria tion by the Oregon State Legislature in 1915, excep t for
appropr iation of water below the fa l l s  for f ish culture by
the Fish Commission of Oregon.

Johnson Creek and it s tribu tar ies were withdrawn for
protection of fish life by the Oregon State Legislature in
1935. However , the tributaries are open to appropriation
and storage from December 1 to June 1 of each water year .
A bill passed by the 1965 Oregon State Legislature modifies
this withdrawal by allowing appropriation and use of Crystal
Springs Creek and tributaries when flow measured at the
mouth is more than 10 cfs.

Scappoose Creek was withdrawn for protection of fish
l i f e  by the Oregon State Leg islature in 1953. However , ap-
propria tion and use of these wa ters are al lowed for domes tic ,
stock , municipal , public park , and recreational purposes.

McNulty Creek was withdrawn from appropriation by the
Oregon State Legislature in 1951 . However , appropria tion
for storage is permitted during the period from November 1
to March 31 of each wa ter yea r in reservoirs no t cons truc ted
in the channel of McNulty Creek below a line 1 mile west of
the range line between Ranges 1 and 2 West , Willamette Meridian .

Milton Creek and tributaries were withdrawn from appro-
pria tion by the Oregon State Legisla ture in 1951. However,
appropr ia tion for  domes tic use is permit ted , and appropriat ion
from storage is permitted from November 1 to Apri l  30 of each
wa ter year .

North and South Forks of Silver Creek and tributaries
were withdrawn from appropriation or condemnation , except
for public park purposes , by the Oregon State Legislature in
1931. This withdrawal was amended by the 1965 legisla ture
to a l low appropria tion , divers ion , or in terrup tion from
November 1 to June 1 of each water year.

When a stream becomes overappropriated and the Oregon State Engi-
neer deems it necessary , he issues an order withdrawing the stream from
further appropriation . He also may issue orders restricting certain
strea ms for munici pal suppl y uses. At present , 28 Sta te Eng ineer
orders restrict the appropriation of water in Willamette Basin (see
Map IV-19).
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Limi tations may be imposed on the appro~ riation of water from a
ground -water area when evidence indicates the probability of wasteful
use , undue interference between wells , seriously dec lining water lev-
els , or deterioration of water quality . Depend ing on the c i rc ums tances ,
the State Engineer may deny future permits , restrict water use by cer-
tain permittees , or initia te proceed ings f or dec la r ing the area to be a
critical ground -water area . Before the designation of a critical
ground-water area , a public hearing must be held to present documentary
evidence concerning problems and conditions in the area . After such a
hearing and if such action seems warranted , the Sta te Eng ineer may
declare the area to be a critical ground-water area and issue an order
prescribing action to alleviate the problem . As of Dec ember 1967 , no
critical ground -water areas had been declared in the Willamette Basin .

The Oregon State Water Resources Board also imposes restrictions
on the use of the water s of Willamette Basin through its adopted water-
use programs .

If the people of Oregon are to realize the maximum benefit from
their water resources , it is essential that a program of water use and
control be formulated and enforced . Programs of the State Water Re-
sour ces Board are au thor ized spec if i ca l l y in ORS 536.300 (1) and (2)
which state:

“(1) The board shall proceed as rapidly as possible to stud y:
existing water resources of this State; and means and
methods of conserving and augmenting such water resources;
existing and contemplated needs and uses of water for
dome st ic , municipal , i r r iga tion , power development ,
industrial , mi ning, re c rea t ion , wildlife , and f ish
l i f e  uses and for  pollu tion aba temen t, all of wh ich are
declared to be beneficial uses , and all  other r ela ted
subjects , inc lud ing drainage and reclama ti on .

“(2) Based upon said studies and after an opportunity to be
heard has been g iven to all  other State agenc ies which
may be concerned , the board shall progress ivel y formulate
an integra ted , coordina ted program for the use and con trol
of all the water resou rces of this State and issue state-
ments thereof .”

Water-usc programs have been formulated and adopted by the Oregon
State Water Resources Board for Upper , Middle , and Lower W illamette
Basins . These programs state exactly what uses are permitted and where
they are allowed . The State Water Resources Board pr ogram permit s only
cer ta in uses in speci f ic area s, as sh own on Map IV-l9.
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Table IV—21
Stipulated minimum f l o w s, Willamette Basin s treams

Natural Storage
Stream Point Flow!! Release

(cia) (cfs)

Coas t Fork Subbas in:
Coast Fork Willamette River above Row River 15 100
Row River at mouth 40 150
Coast Fork Willamett e River at mouth 40 250

Middle Fork Subbasin:
Middle Fork Willamett e River above North Fork of Middle Fork 285 690
North Fork of Middle Fork Willamette River at mouth 115
Fall Creek at mouth 40 470
Middle Fork Willamette River at mouth 640 1,475

McKenzie Subbasin:
South Fork McKenzie River at mouth 200 230
Blue River at mouth 30 350
McKenzie River at gage 14-1625, near Vida 1 ,400 580
Gate Creek at mouth 20
Mohawk River at mouth 20
McKenzie River at I-S Highway brid ge 1 ,025 700

Long Tom Subbasin:
Long Tom River at gage 14-1700, at Monroe 370

Santiam Subbasin:
Calapooia River at gage 14-1720 , at Holley 30 340
Calapooia River at gage 14-1735 , at Albany 20 340
South Santiam River at gage 14-1850, below Cascadia 50
Middle Santiam River at gage 14-186 5, near Foster 110 260
Wiley Creek at mouth 10
South Santiam River at gage 14-1875, at Waterloo 170 930
North Santiam River at gage 14-1780, near Detroit 345
North Sant jam River at gage 14-1815 , at Niagara 500 640
Little North Sant jam River at gage 14-1825, near Mehama 40
North Santiam River at gage 14-1830, at Mehama 580 640
North Sant jam River at gage 14-1841 near Jefferson 430 640
Santiam River at gage 14-1890, at Jefferson 330 1 ,570
Santiam River at mouth 320 1 ,570

Coast Range Subbasin :
Marys River at gage 14-1710, near Philomath 10
Marys River at mouth 5
Luckiamute River at gage 14-189 5, near 1-loskins 10
Luckiamute River at gage 14-1900, at Pedee 20
Luckiamute River at gage 14-1905, near Suver 25
Luckiamute River at mouth 20
Rickreall Creek at gage 14-1907 , near Dallas 5
South Yamh ill River at gage l4-1’323 , near Wi llami na 20
Willamin i Creek at gage 14-1930 , near Wlllami n a 20
South Vambi ll River at gage 14-1940 , near Whiteson 15
North Yamhi ll River it gage 14-1970 , at Pike 10
Yamhi ll River at gage (site) 14—1975 , at Lilavo1t. ~ 13

Pudding Subbasin:
Pudding RIve r -it g igs 14-2010 , near Mount Angel 10
Pudding R l v s r at gags- 14-2020, i t  Aurora 35
Molalla Rive r at g igs- [4-1985 , near Wi lh oit II
Mol alla River at g i g i - 14-2000 os-ar C~ nbv 30

1/ - 
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Table IV—2l——Con tinued

Stipulated minimum f lows, Wi l la inette Basin streams

Natural Storage
Stream Point Flow! ! Release

(cia) (cfs)

Tualatin Subbasin:
Tualatin River at mile 70 lO_ 65H20
Seine Creek at mouth 2-25-8
Tanner Creek at mouth 1-9
Tualatin River at gage 14-2035, near Dilley 15
Gales Creek at mouth 12-100-3 5
Gales Creek at mile 12 8-70
Beaver Creek at mouth 1-17-3
Little Beaver Creek at mouth
North Fork Gales Creek at mouth 1.5-25-3
South Fork Gales Creek at mouth 1-20-2
Eas t Fork Dai ry Creek at mile 13 12-50-25
Denny Creek at mouth 215 3
Plentywater Creek at mouth 1-5-2
McKay Creek at mile 15.5 4-36
East Fork McKay Creek at mouth 2
McFee Creek at or near Gulf Canyon Creek 2-12
Tualatin River at gage 14-2075, at West Linn 15-30-20

Clackamas Subbasin:
Lowe Creek at mouth 2-8
Pinhead Creek at mouth 50-7 5
Clackamas River at gage l4H2080, at Big Bottom 150-240
Collawash River at mouth 75-250-200
East Fork Collawash River at mouth 10
Elk Lake Creek at mouth 15
Hot Spr ings Fork Collawash River at mouth 15-75
Oak Grove Fork Clackamas River at mouth 10
Clackamas River at gage 14-2095, above Thr ee Lynx 400
Roar ing River at mouth 40-100
Fish Creek at mouth 15-60
Fish Creek at Wash Creek 3
Wash Creek at mouth 3H 2 5_ l O

Eagle Creek at mouth 40-125-100
North Fork Eagle Creek at mouth 10-45-30-20
Deep Creek at mouth 10-35-20
North Fork Deep Creek at mouth 1-20-3
Tickle Creek at mouth 4 H 3 0 H 6

Clear Creek at mouth 20-40
Clear Creek at Viola 15-25

Columbia Subbasin:
Milton Creek at Salmon Creek 25
Cox Creek at mouth 6
Salmon Creek at mouth 5
North Scappoose Creek at mouth 5-40-20
Alder Creek at mouth 1-8-3
Cedar Creek at mouth 1-6-3
Chapman Creek (Lizzie Creek) at mouth 1-6-3
North Fork of North Scappoose Creek at mouth 1-7-3
Sierkes Creek (Deep Creek) at mouth 0.5-7
South Fork of North Scappoose Creek at mouth 1-8-4
South Scappoose Creek at Raymond Creek 5-25-12
Gourlay Creek at mouth 0. 5-10-2
Raymond Creek at mouth 0.5 8 1

W illame tte Riv e r:
W illame t ts- River at gage 14-1740 , at Albany 1 ,7 5 0 3 ,140
14i11,imett e River i t  g~3g1 14—1910 , .1 Salem 1 ,300 4 ,700

J - W ill am e tte River at gag.- 14-1980 , at Wilsonvi lle 1 ,500 4 ,700

Li1 
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In formulating the water-resources program under subsection (2) of
ORS 536 .300, the board is directed to take into consideration the fol-
lowing a d d i t i o n a l  dec la ra t ion  of po l icy  as s t a t ed  in ORS 536 . 300 ( 7 ) :

“(7) The maintenance of minimum perennial streamfiow s sufficient
to support aquatic life and to minimize pollution shall be
f o s t e r e d  and encouraged if existing rights and priorities
under existing law s will permit .”

The State Water Resources Board has set minimum perennial stream-
flow s at 96 locations in Willamette Basin . When streamflow falls to
those minimum levels , no appropriations of water may be made by any
State agency or public corporation of the State except for domestic or
livestock use. Map TV-l9 shows the extent to which minimum flow s have
been set in the basin . Table  IV-2 l  l i s t s  the minimu ril flow points and
the flows established at each . At some locations , one f low val ue f r om
na tura l  f low has  been set ; at other locations one flow value has been
set to be maintained from natural flow and another to be maintained
from storage releases . Seasonal minimum perennial flows have been set
in the lower ba sin , where at p la ces as many a s four f low val ues have
been set for different time s of the year . The Oregon State Water Re-
sources Board’s program documents- -Upper , Middle , and Lower Willamette
Basins--show exact location of the flow point s and values set at these
poin ts.
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ADEQUACY OF HYDROLOGIC DATA

The hydro log ic  descript ions in this appendix are based on the data
collected as par t  of the regula r  programs of various agencies .  There
is considerable var ia t ion  in the q u a n t i t y  and areal d i s t r i b u t i o n  of
C aLa , and some descriptions are necessar ily more generalized than others.
Coverage is bes t fo r  streamfiow , stream temperatures , and climatic data
in Willamette Valley (but not the mountain areas). The greatest de—
ficiencies are for data on evaporation , sediment , mi neral quality of
sur f ace  and gr ound wa ter , and the lakes and glac iers of the High Cas—
cades.

C L I M A T I C  D A T A

PRECIPITATION

Compar isons of observed yearly runoff from several Willamette
tributary watersheds with mean annual preci p itation (from isohye tal
maps) show that additional precipitation data are needed for  the moun-
tain areas . The lack of precipitation data for the middle and higher
altitudes of both the Coast and Cascade Ranges is due to the few , if
any , potential precipitation observers who live in the mountainous sec-
tions.

Through the cooperative efforts of the Oregon State Engineer ’s
office and the Weather Bureau , a program has been started to install
additional storage—type preci p itation gages in and around Willamette
Bas in. However , more sites and observers for preci pitation gages are
badly needed. Throug h cooperation of Federal , State , munici pal , and
private agencies that have operations and installations In the mountains
of W i l l a m e t t e  Bas in , a d d i t i o n a l  data could be obtained.

T~~’IPERATURE

Temperature data are prima rily from t h e  mor e  p o p u l a t e d  lowlands
w h e r e  the  n e t w o r k  of long—term stations is adequate . Temperature data
are difficult to obtain fnr mountain areas because of the lack of ob—
se rve r s .  T h e r e f o r e , est m ates c f temperatures over much of the moun—
tll in s mus t he made t rom the few existing hig h—altitude temperature sta-
tions or from upper—a ir soundings made at the Salem Weather Bureau
Air port st ation , 
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EVAPORATION

Publ ish ed i-vap ~ r~~l ion  data are available for f i v e  s t a t i o n s , a l l  in
liii- cs-n tr LI l to Sout hi-rn part of the basin--Oregon State University (at
Co rv il I is), (o t t i gs- Grove Dam , Detroit Dam Powerhouse , Dorena Dam , and
F’s-rn Ridge Dan . Elevations of these stations range from 200 to 1,300 feet.
I ii. )11 1 \ .-vI p o r ill ion  data for high elevation are from Odell Lake at about

~J~0O i s - s - I  i- I s-vat ion lust , outside the e x t r e m e  s o u t h e a s t e r n  boundary  of
Ci 11 - i i ~~et  t i~ ~~~ in. T h e r e  are no evaporat ion data for  s t a t  ions in the

i - I t  h s-rn part .~~ i t h -  has  i n .

lisi r h va per Il i on and i-vl ip ot rans p i rat i on mi-as urement S are needed
l hr ’ iti - 11. t I h. h : is  in  1. p 11115 and to opvrate wat  e r — d e v e l o p m e n t  p ro j ec  i s .
The 1eC~~st  ~~- r v i c e  i s  making evllpotr anSpiration studies for forested
.I r s i ~. in Ni-Ks ’nzie Subbasin. The Corps of Engineers has made some studi es
e t  .\ p r ati on l o s s e s  f rom their reservoirs .

SOLAR RADIATION

Univ one published solar-radiation record (at Oregon State Uni—
versitv) is available for Willamette Basin. Within the past year , the
Corps of Engineers  n-as undertaken radiation measurements at several of
its reservoirs to establish a heat bud get for the reservoir—evaporation
st udies. The Environmental Science Services Administration (Weather
Bureau) has no near—future p lans at this time for installing radiation—
detection equi pment at stations in the basin.

WIND

Detailed wind observations are taken hourly and recorded instan-
t aneous ly at t h r ee  Wea the r  Bureau  s t a t i on s  in  the  b a s i n — — P o r t l a n d ,
Salem , and Eugene . Wind direction and speed are logged hourl y during
the fire—weather season— —gen erally May through September——at numerous
Federal , State , and county fores t head quarters o f f i c e s  and lookout
stations. This wind  in f o r m a t i o n  is p r i m a r i l y for operational use;
th erefore , records are not published and generall y ar e not available
f or p lanning purposes .

Additional wind data are needed for p lanning the construction of
powerlines , microwave towers , and many other types of structures . Wind
da t a  f o r  the  h i g her  a l t i t u d e s  are e s p e c i a l l y  neede d .

- -_---- -~~~~~~~~~ _ _ _ _
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S T R E A M F  L O W  D A T A

St ream—gag ing  s t a t i o n s  gene ra l l y can be grouped i n to  two cate-
gor ies— —h y drologic  s ta t ions  and water—management  s t a t i ons . Hy drolog ic
stations , identified as either primary or secondary , are used to ob tain
the stage and discharge data needed for general water—resources inven—
to ry  and p lanning.  Pr imary  hydro logic stations are intended to run
indefinitel y and to show time trends that furnish the key to general
coverage of the region . Secondary h y drologic stations are intended to
be operated only long eno ugh to establish the flow characteristics of
the watersheds they gage , relative to and by correlation with some
primary hydrologic station. Water—management stations are used for
operation of an existing p roject , for des ign of a proposed pro jec t , or
for administrative and legal purposes . A single station may function
as both a hydrologic and a water—management station .

Al thoug h the general f low reg ime at ungaged sites can be ded uced
from an adequate network of stream—gaging stations , it is difficult to
make rel iabl e es t ima tes of discharge at these sites f or ex treme even ts ,
such as f l ood or dro ught. For that reason , supp lemental flood-peak
and low—flow data are obtained at designated partial—record or miscel—
laneous measurement sites .

The quantitative appraisal of the streamflow in Willamettc Basin
is based on hyd rolog ic data from 154 gag ing stations , from 24 flood -
peak , partial-record stations , and from miscellaneous-measurement sites.
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• Of the 154 gaging stat ions , 27 are classified as pr imary hydrologic
stations , 27 as secondary hydrologic stations , and 68 as water-management
stations of hydrologic significance. The remaining 32 stations are not
now in operation and have records too short to be useful for other than
hydrolog ic reconnaissance.

The quantitative appraisal of the streamflow in Willamette Basin
is based on hydrologic data from 154 gag ing stations , from 24 flood—
peak , partial—record stations , and from 56 miscellaneous—measuremen t

- 

-‘ 
sites. Of the 154 gaging stations , 27 are class ified as primary hydro-
logic s tations , 27 as secondary hydrologic stations , and 68 as water—
management stat ions of hydrologic significance. The remaining 32 sta-
tions are not now in operation and have records too short to be useful
other than for hydrologic reconnaissance.

The primary—station network is reasonably adequate for the appraisal
in this appendix. However , about one—fourth of these stations are be-
coming increas ingly affec ted by flow regulation and will have limited
value as primary stations in the future. To obtain the data needed for
future water—resource development , about 25 to 30 long—term stations
should be established at sites where natural flow can be measured.
These can be either new stations or reclassified secondary stations .

Satisfactory correlations with primary stations were obtained for
only 17 of the 27 secondary hydrologic stations and for 29 of the 49
water—management stations that have more than 5 years of record . Con-
tinued opera tion of ex is ting secondary s tations and expansion of the
secondary—station network are needed to provide areal coverage for
future studies. About 35 additional secondary hydrologic stations
should be established on selected small streams, bo th on the valley
floor and in the mountains . Water—management stations are normally
es tablished as needed , and therefore the network of these stations may
be considered adequate.

7 4 To prov ide wide areal coverage of flow ex tremes , particularly low
flow , a total of about 300 partial—record stations are needed through-
out the basin. At th e low—flow sites , discharge should be measured
through a range as high as the probable mean annua l value . Correlation
techniques can then be used to estimate mean annual discharge and to
deduce low—flow frequency relations at the measuring sites .

L A K E  A N D  G L A C I E R  D A T A

LAKE S

Data are available on the surface areas and volumes of the many
natural lakes in the basin , but addi tional data are needed. All lakes
larger than 20 acres in surface area should be inventoried to obtain
data on their areas , depths , volumes of wa ter , bottom profiles , sources
of water , outlets , water temperatures , chemi cal quality, and geolog ic

-
- — setting. The Inventory data could be used to select representative

lakes for more detailed studies of fluctuations in leve l , volume of
water , temperature , quality , and inflow and outflow . These studies

- 
. 

should relate the lakes to local streams and ground—water bodies.
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S c i e n t i f i c  d a t a  fo r  t he  g l ac  i s - r s  ott th e s l o p e s  of Mount Hood ,
Mount C fferson , and l I t  r i-c S i s t e r s  h a ’ s hi en col I sc t &- ~l for iaat i \ ’  v i - a r s
b y m e m b e r s  of the Mazamas o rg a n i ~za t  i on  and by individuals. These data
cons ist of (1) mcasureiiii’nts of g lacier ~ evi’m -flt S , surf ace p r e t  I I s - s .
retreat of g lacier termini , and changes in thickne ss , and (2) estimates
of glac icr areas . ]hs-ss ’ observat ions provide a valuab li ri- .- ord  ~- Ii i ch
shows that t lie -~ I isv j e r s h a v e  h i - en  r i t re it i n g  d u r i n g  t he las 60 ~‘5-ars

A sv s te rii t ls progran of hv dro l ogi c—d at t m l  ls-c tion for the CII la~ et ti

Ras in  g 1 ad i r s  is needed . Su -h a p roe ram slioii ld i tie I iids-

1 . M e a s u r i n c  the press-nt ars- l~ of t h e  g l : s ’ i i - r i - i , u s i n e  aeri a l
phi o t ogr ap hs

2. D€ ’tc ’ rr~i n i n g  t~h ie the r t h i ~- g ] a c i s - r s  a r t  in ~ re - e s i n g  ‘i decreas-

i ng  in  si  z~- over a I ( .n C t  I ~ s -  p s - r i  od by r . - : i l s -as ur  i nc  t h e  a r e as
p e r i o d . c i l l ~ ’ p e r h ap s  •-v s- r v S or 10 years .

. M e a s u r i n g  Iii. m e l t — s a t i r  runot Ir s’!!! t y p i c a l  C l l S ’ie r s .
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C H E M I C A L - Q U A L I T Y  D A T A

SURFACE WATER

The amount and relat ive ratios of the major dissolved ions in sur-
face waters of the bas in are known or can be acc urately estimated. How-
ever , practically no data are available on the minor constituents
(me tal ions such as z inc , copper , arsenic; organics ; pesticides and
insecticides; and phosphates) whose importance will be greater as water
use becomes more varied. Basic data on the occurrence and distribution
of the minor constituents are needed now to establish a base for defin—
ing future water—quality changes and water suitability as water use
increases .

Wa ter problems may develop in spec i f ic areas as all types of wa ter
use increase. Continuing investigations will be needed to delineate
problem areas as they develop and to provide the information required
to prevent gross deterioration of the now excellent mineral q uali ty of
the bas in’s surface waters .

The following samp ling network should be es tabl ished to def ine and
monitor the mineral quality of the bas in’s surfa ce wa ter s :

1. A reconnaissance— type sampling program of 25 to 50 samp—
11mg sites within the basin to define the present occur—
rence and dis tribution of the minor elements.

2. Periodic sampling stations at 5 to 10 key sites through-
out the basin to show long—term changes in relation to
stream—flow and economic development. The samp les shou ld
be analyzed for major constituents and minor elements.

3. At least one additional dail y sampling station on
Willamette River below Salem to monitor future changes
in water quality.

GROUND WATER

The available data on ground water quality for Willamette Basin
are adequa te only for areas around Portland , in Tuala tin Valley , and
in the northern part of Willansette Valley . The lack of chemical—quality
information prevents detailed appraisal of the ground—water quality.

Inc reases In the use of ground water will no doubt be accompanied
by many problems . The w idespread practice of underground disposal of
domestic sewage and the increased use of fertilizers and insecticides
could raise the dissolved—solids content of the ground water. The use
of ground wa ter for heat ing and cooling could caus e lo cal changes in
its temperature . A bas ic—data prog ram is needed to monitor ground—
water quality and obtain water—quality information sufficient to relate

-~ 
the water quality to aquifers . Where possible , sam p les for analys i s
should be collec ted from spe ci f ic  aq ui fers where geol ogi c cond it ions
are known . Waters from all water—bearing formations should be samp led. 
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Af ter the establishment of a water—quality network , onl y partial
analyses for important constituents will be needed for monitoring pur-
poses. Data gathered during this phase , however , should be comprehen-
sive enough to give early warning of pollution and water—quality deter-
ioration . Special emphasis should be p laced on areas uf rap id industrial ,
agricultural and population growth .

Areas recommended for collec tion of chemical—quality da ta on gro und
wa ter are given in the following tabulation:

Area

1. Southern Willamette Valley
Eugene—Salem Alluvial deposits and bedrock
Eugene—Cottage Grove Alluvial deposits and bedrock

2. Northern Willamette Vallei Alluvial deposits , basalt of
the Columbia River Group ,
mar ine  rocks , and T r o u t d ale
Forma t ion.

3. Lower Willame tte Subarea
Tualatin Valley and Alluvial and terrace deposits ,

adjacent hills basalt of the Columbia River
Group , Troutdale Formation ,
and marine rocks .

East Portland Area Piedmont and terrace deposits ,
basal t of the Columbia River
Group, and Troutdale Forma ti on

West Portland Business Basalt of the Columbia River Group
District and Troutdale Formation

4. Add itional wells througj~-
Out basin to identj~~y~
and check new problem

a areas

S E D I M E N T  D A T A

• Information concerning the movement of sediment by streams is in—
adeq uate for orderly development of water resources in the basin.
Existing data indicate that the concentration , disch arge , and particle
s i ze of sedimen ts di f fer signi f ica nt ly among stream s of the basin. How—
ever , the data are not sufficientl y detailed to define the areal and
ti me variations in sediment discharge that are needed for plann ing and
for pred i c t ing future water quality. 



The sediment data collected by the Corps of Eng ineers during 1948-51
at 21 sites in the basin have been used several times in the appraisal
of sediment transport . These studies should be updated and additional
studies should be made at other sites to provide more adequate coverage .
The quanti ty and charac ter of sediments t ranspor ted by the principal
tributaries should be determined . Few sediment data are available for
some rivers on which power , flood—control , and water—storage projects
are now planned. Information is needed for p lanning these and future
project deve1opment~

The following investigations are recommended f or the bas in:

1. Reservoir sediment—accumulation surveys for a few index—
type reservoirs , to be made at leas t once every 10 years .
These reservoirs should be selected so that sediment
yields for the var ious source areas of the basin can be
determined. In conjunction with the reservoir surveys ,
sediment—discharge data should be obtained at sites
above and below the reservoirs to compare yield values.

2. Daily stations to determine total sediment load includ-
ing bedload . These stations should be established and
operated for an indefinite per iod of time at two or
more sites in the basin. Data from these stations would
be used to define long—term trends and to correlate data
from short—term periodic stations .

3. Sediment—discharge measurements during high—discharge
periods at about 30 sites in the basin to define sedi-
ment—discharge rat ing curves . These measurements should
continue for 3 or 4 years or until the curves are rea-
sonably well defined. To identif y changes w ith time ,
data should be collected to redefine the rating curves

- 
- every 10 years . Suspended—sed iment discharge should

also be meas ured period ically at 8 of the 30 sites;
these data would be correlated with data from the daily—
load stations. Data should be collected to evaluate
the bedload at each site.

4. Results of the above studies to be sumffiarized and re-
por ted every 10 years .

5. Sediment data for the solution of special problem s to
be colle cted as needed and the results reported as soon
as findings are comp lete .
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St ream— t i mp s ’ r;iture data are reasonah Iv s-u I Iv 1~ - ii t or :-; sii v - F ’ i m s

in C i i  l ar n e t t e  B a s i n .  The pro f  i I i ’s i n th i s section on ‘‘ Mi d- - umr., r ~ t rs - - l~
Ti-rrps-ratures ’’ are based on th e  pe r iod I - ~~~ -~~— h 2 , h u t  -~ s : ,  ra l t!ls - n:u’-traF !l

s t a t i o ns h ave been est iab i i s l ied  since then; 1io~~ev er , t },-rmoe r s:~h~ o u t -

needed at 34 add it j ona] s i t~’s , as tab u I at ed h5 - low :

Add i t  i ona I I h o  n- !o1r po~
Subhat-s in Re c oim’. L 
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Coast Fork 2
McK enzie 2
I_ one Torn 2
Soot lam 1 -~
( s ’ ~ is t Range 8
Ptidd i ng I
Too I at in I

H C I ~i i k i ~~t s 2
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G R O U N D - W A T E R  D A T A

Modern detailed ground—water studies have been made of only about
one—six th of the basin. The ground—water resources in the valley part
of the  basin  were descr ibed  in a s emide ta iled  repor t  about 30 yea r s
ago. Spe cial s tudies have been made of ground—water problems in the
west—side business district at Portland and of artificial—recharge pos-
s ib ili t ies and pr oblems in the Salem Heights area. The areas where
ground—water investigations have been or are being made are shown on
Figure V-l .

Add itional ground—water data are needed to provide a backgro und
f or the orderly deve lopment and fullest use of the water resources.
To obtain this information , the following program is suggested :

1. H y d rolog i c  reconnaissance of undeveloped areas, and rapid
geohydrologic appraisals to obtain information on ground-
water resources, low flows of streams, and significant
environmental factors such as geology and precipitation.
Such s tud ies  are needed in the Coast and Cascade Ranges
ou t s ide  the  f o o t h i l l  areas t h a t  are a l read y inc luded  in
more detailed investigations now underway or comp leted.

2. Detailed studies in: Northwest Portland area , Oregon

~~~~ area , Newberg-North Yamhill River area , Upper
valley of South Yamhill River ar ea , Luckiamute River
area , Corvallis-Harrisburg area , Eugene-Springfield
area , and Coast Fork and Middle Foik valleys (Figure
V - I ) .  These studies would be similar to those made in
the Molalla Slope and French Prairie areas. Inf or-
nat ion should be obtained on the occurrence , movement ,
and q u a l i t y  of ground water and its relation to environ-
mental factors. Serniquantitative estimates should be
mad i- of the  r a t es  of rep len i shmen t , use , and a v a i l —
a b i l i t y  of ground w a t e r  for  deve lopmen t .

3. Special studies of problems or to provide information
for a specific purpose. These would include : Continu-
ing inventories of water levels and water use; investi-
gations of artificial—recharge possibilities; ground
wa ter available f or emergency wa ter suop lies in urban
areas such as P o r t l a n d , Salem , Albany—C orvallis , and
Eugene—Springfield; and effects of environmental
changes on occurrence , rep lenishment , and quality of
ground water , pa rticularl y those induced by urbaniza-
tion , hi ghway cons t ruction , waste disposal (particularl y
t h r o u g h s u b s u r f a c e  injection) , irri gation of large areas
f rom reservoirs , reservoir construction , drainage of
we t lands , and d e f o r e s t a t i o n .

- I -  
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G E O L O G I C  M A P P I N G

Geologic data have many app lications in interpretation of the
hydrologic characteristics of an area. The best recognized is the
d i rec t  relation between geology, particularly subsurface geology, and
the occurrence of ground w a t e r .  Because of the  i m p o r t a n c e  of s t r e a m —
flow discharged from ro~ks , geologic data are of considerable value in
interpreting gaging—station records and in stud ying low flow . Geolog ic

— mapp ing is a prerequisite to mapping the soils and classif ying their
hydrolog ic characteristics . These characteristics , in turn , affe ct the

-• use of the land for  d i f f e r e n t  a g r i c u l t u r a l  purposes and i n d i c a t e  re-
quirements for artificial drainage or the suitability of the land for
irrigation. Detailed geolog ic mapping is needed for land stability
studies at dam sites and along canals , and for locating construction
materials . For mos t purposes , subsurface geologic data are as impor-
tant as surface data.

Table V—l
Geolog ic mapp ing avai lab le fo r  Wi l lamette Bavi~2

Loc- i l i o r  Cr t tasj n (~~j~~~’)  Scale Author and Oats - ~~~~~

Ge neral—Purpose Maps :

Eastern lIslE of bas in 7 , iSO 1 :250 ,1100 Pec,. ~nd others , I~~ ~Sl. - i r  - - - i

Northwest corner of b p o i o  1 ,3711 1: 132 ,000 Oarren and oth p- S . 1945 1509 0:1

Salem—North Sant idi - River ~P p  1 I 1 1 5 ,O I U  f l iaver , 19 39 U3-M 1 I l l .

Portland ares 700 1:96,000 Trea slii- r , i”42 03 M Mr;

D a l l a s  an d V~~lss-tz quaus 325 i i -  - . S O i l  S Idwin , 19 - 4  )3 .Ml Bull. 0 (k~ v )

Albany quad 210 h’-2 ,SOO A 11i50 , 1953 -2- M: bu ll. I’

Lebanon quad 210 1:s2 ,500 Allison and F,-I t - - . 1956 -[1-2-i- i quad

Portland ares 4’~~ 1 1:02 ,51111 Trii- ,b l ,- , j4i 3 USGS Bull. 1111

Southwest corner of basin 630 1: r-2 ,500 Voles and others , 1951 USGS 05 110

~s rv ~ Peak and A lsea quods 110 1:62 ,500 baldwIn , 1955 USGS 35 112

• Sheridan and McMlnnvil ls- g rads 42 1:62 ,500 Baldwin and others , 1955 USGS OM 1 55

• Sp i r i t  Mountain quad 135 1:48 ,0110 Baldwin  ant Rober ts , 19 52 USGS OM 129

Wes t—cen t ra l  part of valley 265 1 1 ,2 ,500 Voles and others , 1944  USG S OM 150

Specia l—Pu rpose Maps (Ground W a t e r ) :

TuaLitin [ r i le y  area 8 111 1 :48 ,Ii OU Hart and N,-wcomb , 1965 USGS WS P 1140

East Port land area 2 30 1:62 , lUl l Hogenson and Foxwor thv , 1965 USGS WSP 1793

S. ls-m —M u lalla Slope area 1 i 4 1 1  1 : 6 8 ,1 1 1 1 1 1  Hampton , 1966 USGS o p e n — f i l e  map

French Pe O n ,- p r , - 200 1: 41 ,0 111 Pni r- , 110 7 USGS WS P 181 3

Eola-Aintty Hills area 230 1 I Pni -e , I9l - USG S W S E 1847

i i i  — P i r p o s , -  (Fngirr - , - r  ing and
P1~,nn log):

I i  1 p In Va l ley i c i i  100 1 :6’l ,i )ltIl 8, 1,1 I, kp- r n I  i - - h ,  - l I P  Itl Ol~ ’ Bull - 10

~ 
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Avai lable  geolog ic maps fo r  W i l l a m e t t e  Basin  areas are cl assed
as either general purpose or special purpose. Gene ral—purpose maps
present  basic  i n f o r m a t i o n  on the  areal geology , whereas  spec i a l—purpose
maps provide in fo rma t ion  in more d e t a i l  for a specific , more l im it ed
use. Areas covered b y genera l—purpose  maps r e s u l t i n g  f rom geologic
stud ies and mapp ing projects of the U. S. Geolog ical Survey and the
Oregon Department of Geology and Mineral Industries are shown on
Figure V—2 and lis ted in Table V—l .

The entire basin is included in a generalized geolog ic map at a
scale of 1:500 ,000 (Wells and Peck , 1961). More than half the basin
(in the Western Cascades) is mapped at a scale of 1:250,000 (Peck and
others , 1964). In addition , about 2,900 square  mi les is cover ed by
recen t mapp ing at 1:62 ,500 or la rg e r scale , and about 2,200 square
miles at scales be twe en 1:62 ,500 and 1:250 ,000. Table V—l and Figure
V—2 show the available general—purpose mapp ing, which covers about 80
percent of the basin. Valley areas and the adjacent part of the foot-
h ills in the northern part of the basin (about one—sixth of the basin)
are covered by special—purpose mapping at a scale of 1:62 ,500 or large r
for ground—water studies (Figure V—2).

A systematic mapp ing program is needed to provide general— and
special—purpose geologic maps f o r  addit ior 1al  areas  in the  b a s i n .  Gen-
eral—p urpose , large—scale maps should be prepared first for the remain-
ing val ley areas ; these  maps are not so urgently needed elsewhere
although they would be useful in l ow—flow and r u n o f f  s t u d i e s .  The maps
would pr ov ide ba ckground data for construction p l ann ing and for ground-
water reconnaissance studies.

Special—purpose maps , for more detailed ground—water evaluation
and appraisal , would be an integral par t of the p lanned series of ground-
water investi gations. In addition , special—purpose mapp ing is needed
for land—stability studies , principally in urban areas . Because land-
slides , some several squar e mi les in area , are common in parts of the
basin , areas of unstable ground should be mapped , and the conditions
of ge o log y ,  structure , and topography that produce these areas should
he described. The need for data on land stabilit y app lies to all con—
struction work——not just that connected with hydrologic facilities.

S O I L S  M A P P I N G

Modern , progress ive  s o i l — s u r v e y  r e p o r t s  are an e x c e l l e n t  sou rce  of
i n f o r m a t i o n  needed to  make t h e  bes t  use of our l and  resources . They
p r o v i d e  not  onl y bas i c  d a t a  on the  so i l  genes is , m o r p h o l o gy , and c l a s —

• sificat ion , hut also list important physical characteristics and recom—
mended managemen t  p r a c t i c e s .  The s o i l- s u r v ey  work  p r o g r a m  has  been ac-
celerated nationwid e and in Oregon and W illamette Valle \’ . Modern soil
surveys have been comp leted by the Soil Cons rvat ion Servic e for Marion

-
~~~~ and Yamhill Counties. Surveys of B e n t on  and Is:ishington Counties an-

s c h e d u l e d  f o r  comp l e t i o n  by about 1968. l’he only published soil—surve y
r e p o rt s  f o r  t h e  W i l l a n t e t t e  B a s i n  are the old Bureau of Soils reports ,
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f o r  compre l- iensive ut i l izat ion of land m-~~ourees.

most  of w h i c h  were publ i shed  between 1920 and 1930 . The Oregon S t a t e
University Department of Soils , with aid and counsel of the Soil Con—
servation Service , U. S. Department of Agriculture , recen t ly compiled
and published the “Willamette Basin General Soil Association Map and
Report , Segment I: Lowlands and Foothills .’ Segmen t II of the repor t ,
cover ing  the  moun ta in  areas , -is in p repa ra t ion .

- - I- To da te , the  Soil Conservation Service has napped the soils on 2.65
million acres of privately owned land. Willamette Basin has approximatel y
6.8 million acres of f o r e s t  land , crop land , and range land , of which
about 4.3 million are private lands and 2.5 million are public lands ,

• m o s t l y  in national forests. Soils maps are needed of 1.65 million
acres of p r i v a t e  lands and 1.7 m i l l i o n  acres  of p u b l i c  l ands .

The U. S. Forest Service has comp leted soils napping of the na—
t i o n a l  f o r e s t  lands in the  B u l l  Run , Sand y ,  and Salmon R ive r  d ra inages ,
the H. .1. Andrews Experimental Forests; and the Clackamas Rive r drainage ,
a t o t a l  of a p p r o x i m a t e l y 790 ,000 acres .  Cur ren t  p lans  are to  map th e
soils of another 475 ,000 acres by the mid—1 97O ’s.

Soi l s  d a t a  are e s s e n t i a l  to meet  the needs of basic goals for the
d e v e l o p m e n t  of water and related land resources . An accelerated program
i s  needed to p r o v i d e  soils naps  t o  t h e  r e sou rce  p l a n n e r , t h e  cit y p la n—
ncr , th e landowner , and others. Maps are needed of an a d d i t i o n a l  3. -i

mill ion acres to p r o v i d e  back ground  m a t e r i a l  fu r  1 ( I f l O rI - h c f l S I \ e  p l a n n i n g
of p r o j e c t s  and programs .
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