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A GROUND-WATER MONITORING NETWORK FOR 

KOOTENAI FL.ATS, NORTHERN IDAHO 

by 

N. P .  Dion and R. L. Whitehead 

ABSTRACT 

The water t a b l e  i n  the  f ine-gra ined sed.iments o f  the Kootenai f l a t s  

area, Idaho, i s  very shal low and i s  in f luenced i n  p a r t  by t h e  stage o f  the 

Kootenai River.  The operat ion o f  new ly -bu i l t  Libby Dam, near L ibby,  

Montana, w i  11 change t h e  long-establ  ished pat te rns  o f  r i ve r - s tage  and, con- 

sequently, o f  wa te r - tab le  f l u c t u a t i o n s .  To measure the  e f f e c t s  o f  the new 

r i v e r - s t a g e  r e g u l a t i o n  on the  ground-water system, a  network o f  82 shallow 

and two deep observat ion w e l l s  was es tab l ished on the Kootenai f l a t s  i n  

1971. 

A  la rge  amount o f  in fo rmat ion  p e r t a i n i n g  t o  the  ground-water system 

o f  the  Kootenai f l a t s  was c o l l e c t e d  by t h e  U. S. Geological Survey and others 

between 1928 and 1958 and i s  presented i n  a  number o f  in fbrmal  progress re -  

p o r t s  prepared du r ing  t h a t  t ime per iod.  This r e p o r t  describes the  nature 

and a v a i l a b i l i t y  o f  the  in fo rmat ion  t h a t  was c o l l e c t e d  as p a r t  o f  these 

e a r l i e r  i nves t i ga t i ons .  

A  comparison o f  the  ground-water l e v e l s  measured du r ing  1930-54 w i t h  

the few l e v e l s  measured i n  t h e  new observat ion we l ls  i nd i ca tes  t h a t  no s i g n i -  

f i c a n t  trends i n  water - leve ls  have occurred i n  the  area s ince measurements 

were d iscont inued i n  1954. 



INTRODUCTION 

Background 

The water t a b l e  i n  the p a r t  o f  t he  Kootenai f l a t s  area l y i n g  between 

Bonners Ferry  and the i n t e r n a t i o n a l  boundary ( f i g .  1) i s  shal low and i s  i n -  

f luenced, i n  p a r t ,  by the stage o f  t he  meandering Kootenai ( spe l l ed  Kootenay 

i n  Canada) R i v e r .  The stage o f  t he  r i v e r  i s  determined both by discharge 

and by backwater e f f e c t s  o f  Kootenay Lake i n  B r i t i s h  Columbia.. The Stage 

o f  Kootenay Lake i s  c o n t r o l l e d  f o r  h y d r o e l e c t r i c  power p roduc t ion  and f l o o d  

c o n t r o l  by Corra L inn  Dam which i s  west o f  Nelson, B r i t i s h  Columbia. 

I n  1930, j u s t  p r i o r  t o  t he  cons t ruc t i on  o f  Corra L inn  Dam, the U .  S .  

Geological  Survey i n s t a l l e d  300 shal low observat ion we l l s  i n  the Kootenai 

f i a t s  t o  moni tor  t he  e f f e c t s  o f  t he  impending change i n  r i v e r  stage on the 

ground-water system. Pe r iod i c  water-1 eve1 measurements were made i n  those 

w e l l s  between 1930 and 1958, and the  seasonal p a t t e r n  of ground-water 

f l u c t u a t i o n s  became w e l l  known,. Farmers i n  the area adjusted t o  and r e l i e d  

on t h i s  f a m i l i a r  p a t t e r n  o f  f l u c t u a t i o n s  i n  t h e i r  a g r i c u l t u r a l  operat ions, .  

The opera t ion  o f  n e w l y - b u i l t  L ibby Dam, near Libby, Montana, and up- 

stream from the Kootenai f l a t s ,  began i n  March 1972. This opera t ion  w i l l  

change long-establ  i shed pa t te rns  o f  r i ver - .s tage and, consequent1 y, o f  water-, 

t a b l e  f l u c t u a t i o n s .  Operat ion o f  L ibby  Dam w i l l  serve t o  regu la te  the f l o w  

o f  Kootenai R i ve r  w i t h  t he  r e s u l t  t h a t  seasonal f l u c t u a t i o n s  i n  dischavge of 

Kootenai R iver  below L ibby Dam w i l l  be decreased s i g n i f i c a n t l y  ( f i g  2 ) .  

Consequently, r i v e r  stages w i l l  be considerably  h igher  than normal between 

November and March, j u s t  p r i o r  t o  the t ime when maximum e f f o r t s  are u s u a l l y  

exer ted by farmers t o  lower t he  water  t a b l e  by d r a i n i n g  t o  prepare t h e i r  

f i e l d s  f o r  sp r i ng  p l a n t i n g .  The h igher  r i v e r  l e v e l s  i n  w in te r  w i l l  reduce 



FIGURE 1 --Regional index map showing location o f  study area. 
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Pre-L ibby Dam cond i t ions  (based on data for 1927-71) ------ Proposed post-Libby Dam condit ions (based on data from 

U S Army Corps o f  Engineers, Seottie, Washington)  
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FIGURE 2..-'-Mean monthly stage o f  Kootenai R iver  a t  Bonners Ferry .  

n a t u r a l  ground-water discharge and the  f l o w  o f  water through g r a v i t y  d ra ins  

t o  Kootenai River,  thereby causing ground-water l e v e l s  t o  be h igher  i n  some 

drainage d i s t r i c t s .  Several g r a v i t y  d ra ins  t h a t  were operable f o r  severa l  

months under pre-Libby Dam cond i t ions  w i l l  be inoperable f o r  the e n t i r e  year 

under post-L ibby Dam cond i t i ons  and a d d i t i o n a l  pumping o f  d r a i n  water w i l l  

be requi red.  Many farmers i n  t h e  area, f e a r i n g  an increase i n  seepage t o  



t h e i r  f i e ld s  and the loss of gravity drainage from t h e i r  f i e l d s ,  have ex- 

pressed concern over the f a t e  of t he i r  agricultural  operations.. However, 

some drainage d i s t r i c t s  will experience l i t t l e  change in seasonal ground- 

water level and in required pumping from drains because of the new river-  

stage regulation; other d i s t r i c t s  probably will experience reduced pumping. 

Prior t o  the summer of 1971, the e f fec t s  of the new river-stage regulation 
I 

on the ground-water system could not be measured because the observation 

wells ins ta l led in 1930 had been destroyed or were no longer sui table  for 

measurement. 

A large amount of information pertaining to  the shallow ground-water 

system of the Kootenai f l a t s  area was collected by the  Geological Survey and 

others between 1928 and 1958,. Much of t h i s  information has been released in 

progress, administrat ive,  and basic-data reports ,  many of which were not 

published and, therefore,  received l i t t l e  or no c i rculat ion.  For t h i s  reason, 

the  need fo r  a bibliography l i s t i n g  the  types of hydrologic data available,  

the  location and s ta tus  of the  data,  and t h e i r  ava i lab i l i ty  t o  the public 

has been expressed. 

In cooperation with various governmental agencies in Idaho, the U. S. 

Geological Survey studies and reports on the water resources of the S t a t e .  

The Idaho Department of Water Administration has a need fo r  knowledge of 

Idaho's water resources as a part  of i t s  designated respons ib i l i t i es , .  Both 

the Geological Survey and the Idaho Department of Water Administration 

recognized the need t o  monitor the e f fec t s  of Kootenai River regulation on 

the water table of the Kootenai f l a t s  and t o  compile a bibliography of avai l -  

able information pertaining to  tha t  a rea .  For these reasons, the study 

summarized in t h i s  report  was completed in 1971 by the Geological Survey i n  



cooperation with t h e  Idaho Department of  Water Administration.,  

Object ives of  Report - 

The ob jec t ives  of  t h i s  repor t  a r e  to :  (1)  Present  an observation-well 

network e s t ab l i shed  i n  the  Kootenai f l a t s  area t o  provide accura te ,  cur rent  

information on ground-water l e v e l s ;  ( 2 )  compile a bibliography of i n t e r p r e -  

t i v e  and basic-data  r epor t s  a v a i l a b l e  f o r  t h e  a r e a ;  ( 3 )  describe in con-. 

densed form the  hydrology o f  t h e  Kootenai f l a t s ;  and (4)  r e l a t e  the  water- 

l eve l s  measured in the  new and old (1930) wells.. 

Location and General Features  

The Kootenai River r i s e s  i n  t h e  Rocky Mountains of Canada, flows 

through t h e  United S t a t e s  by way of Montana and Idaho, and turns back i n t o  

Canada t o  e n t e r  l<ootenay Lake ( f ig . .  1 ) .  The r i v e r  is the  t h i r d  l a r g e s t  

t r i b u t a r y  of t h e  Columbia River and is more than 400 miles long .  The dra in-  

age area of the  Kootenai River i s  about 19,500 square mi les ,  of which 5,000 

square miles  a r e  within t h e  United S t a t e s .  

There a r e  t h r e e  d i s t i n c t  mountain systems within the  bas in ,  t h e  Rocky, 

Purcel l  , and Selk i rk  Mountains. The Rocky Mountains l i e  on the  e a s t  s i d e  

of t h e  drainage basin and a r e  separated from t h e  Purcell  Mountains t o  t h e  

west b,y a long depression known a s  t h e  Rocky Mountain Trench. The Purcel l  

Mountains a r e  separa ted  from t h e  Se lk i rk  Mountains t o  t h e  west by another  

depression known a s  t h e  Purcel l  Trench. 

The Purcel l  Trench has a length of about 180 miles  in B r i t i s h  Columbia 

and about 120 miles  in Idaho. A t  Bonners Ferry,  Idaho, t h e  Kootenai River 

emerges westward from a t e r r aced  va l l ey  i n t o  t h e  Purcell  Trench and, curving 



northward, flows i n  a meandering course through broad, f l a t  bottomlands known 

as t h e  Kootenai f l a t s . .  The r i v e r  eventua l ly  empties i n t o  Kootenay Lake i n  

B r i t i s h  Columbia, a f t e r  having flowed a d i s t ance  of about 50 miles  across  

the  Kootenai f l a t s .  The a l t i t u d e  of the  Kootenai f l a t s  is about 1,750 f e e t  

above mean sea l eve l .  The eas t e rn  ha l f  of the  Purcel l  Trench i n  Idaho i s  

occupied by a t e r r a c e  known as  the  P o r t h i l l  bench ( f i g .  ' 3 ) .  This bench 
I 

ranges in a l t i t u d e  fvom 2,100 t o  2,300 f e e t  above mean sea  leve l  and i s  

350 t o  550 f e e t  higher,  than t h e  Kootenai f l a t s .  The Selk i rk  and Purcell  

Mountains, which r i s e  s t eep ly  on e i t h e r  s i d e  of Purcel l  'Trench, have a l t i -  

tudes of more than 8,000 f e e t .  

Kootenay L.ake occupies about 65 miles  of the  Purcel l  Trench. The lake 

Y.z,nm r,,,,e: i n  width f r o 3  2 t o  5 mmiies and has an area  of about i80  square miles . ,  

Maximum depth of the  lake i s  about 450 f e e t  Drainage fvom the  lake  i s  west- 

ward through t h e  West Arm, pas t  the  town of Nelson, B r i t i s h  Columbia, and i n t o  

the  Columbia River 

Large p a r t s  of the  Kootenai River f lood p la in  i n  Idaho have been a r t i -  

f i c i a l l y  diked and drained f o r  a g r i c u l t u r a l  purposes. Drainage d i s t r i c t s  

have been formed and a r e  administered by local landowners. Drainage i s  by 

g r a v i t y  i n t o  t h e  Kootenai River provided t h e  s t age  of t h e  r i v e r  i s  below t h e  

o u t l e t s  of t h e  d ra ins .  During periods when the  r i v e r  s t age  i s  above the  

d ra in  o u t l e t s ,  d ra in  ga tes  a re  gene ra l ly  closed t o  prevent f looding and d ra in  

water  i s  pumped in to  the  r i v e r  The loca t ions  of t h e  pr inc ipa l  pumping s t a -  

t i o n s ,  as well a s  the  names and numbers of t h e  drainage d i s t r i c t s ,  a r e  shown 

i n  f i g u r e  3 .  

The pr inc ipa l  crops grown on t h e  flood p la in  a r e  g r a i n s ,  peas, and 

hay. I r r i g a t i o n  i s  uncommon, b u t  occas ional ly  t h e  d ra in  ga te s  a r e  closed in 



an attempt t o  r e t a r d  drainage and thereby s u b i r r i g a t e  t he  crops. 

The p r i n c i p a l  town i n  t he  Idaho p a r t  o f  t he  Kootenai River drainage 

i s  Bonners Ferry ,  which had a popu la t ion  o f  about 1,900 i n  1970. 

Use o f  M e t r i c  -- U n i t s  

I n  t h i s  r e p o r t ,  m e t r i c  u n i t s  are used t o  r e p o r t  a i r  temperatures. This  
I 

change from r e p o r t i n g  i n  "Eng l i sh  u n i t s "  has been made as a p a r t  o f  a gradual 

change t o  t h e  m e t r i c  system t h a t  i s  underway w i t h i n  t he  s c . i e n t i f i c  community 

and i s  in tended t o  promote g rea te r  u n i f o r m i t y  i n  r e p o r t i n g  o f  data. A i r  tem- 

peratures are repor ted  i n  degrees Cels ius (OC). Table 1 w i l l  he lp  t o  c l a r . i f y  

the r e l a t i o n  between degrees Fahrenhei t  and degrees Ce ls ius .  

Table 1,. Temperature-,conversion t a b l e .  

OC = Degrees CeZsius = 5/9 (OF - 32 ) .  
OF = Degrees Fahrenhezt = 1.80 (OC) + 32. 
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Climate 

A National Weather Service weather s ta t ion  has been in  continuous 

operation a t  or  near i t s  present location (sec. 8, T. 65 N . ,  R .  1 W . )  a t  

Porthi'll since 1889. Weather a t  the s ta t ion (a ' l t i tude,  1,775 f e e t )  i s  

representative of weather on the lowlands throughout the project  area.. 

The mean annual temperature a t  Porthil l  is 7.2O C (Cels ius) .  January 

has the lowest (-4.60 C) and July the  highest (19.20 C )  mean monthly tern-, 

perature ( f i g .  4 ) .  The average date of the l a s t  freeze i n  the  spring i s  May 

14; t ha t  of the  f i r s t  freeze in the f a l l  i s  September 20. 'This resu l t s  in 

an average freeze-free growing season of 129 days (Stevlingson and Everson, 

1968). 

'The mean annual precipitat ion a t  Porthi ' ll  i s  20..02 inches.  July has 

the lowest (0.87 inch) and November the highest (2,.56 inches) mean monthly 

precipitat ion.  The amount of precipi ta t ion during the average freeze-free 

growing season i s  about 5.5 inches, or 28 percent of the  annual to ta l  ( f i g .  

4.)  

Well-Numbering System -- 

The well-numbering system used by the Geological Survey i n  Idaho indi- 

cates the location of wells w i t h i n  the o f f i c i a l  rectangular subdivision of 

the public lands, w i t h  reference t o  the Boise base l ine  and meridian. The 

f i r s t  two segments of the number designate the  township and range. The 

th i rd  segment gives the section number, followed by three l e t t e r s  and a n u -  

meral, which indicate the quarter  section,  the 40-acre t r a c t ,  the 10-acre 

t r a c t ,  and the  s e r i a l  number of the well within the  t r a c t ,  respectively.  

Quarter  sections are l e t t e red  a ,  b ,  c ,  and d in counterclockwise order from 
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the  nor theas t  qua r te r  o f  each sec t i on  ( f i g .  5 ) .  Wi th in  the quar ter  sec t ions ,  

40-acre and 10-acre t r a c t s  are l e t t e r e d  i n  the  same mannev. Well 65N-1W- 

30bdal i s  i n  the  NE:kSEkNWk sec.  30, T. 65 N . ,  R.. 1 W., and was the f i r s t  we l l  

i nven to r i ed  i n  t h a t  t r a c t .  

FIGURE 5.--Diagram showing the well-numbering system 
(Using we1 1 65N-1W-30bda1,. ) 

Gaging-Station-Numbering -- - System 

Each gaging s t a t i o n  and p a r t i a l - r e c o r d  s t a t i o n  has been assigned a 

number i n  downstream order  i n  accordance w i t h  the  permanent numbering system 



used by the Geological Survey. Numbers a re  assigned i n  a downstream direc- 

t ion along the main stream, and  s ta t ions  on t r ibu ta r ies  between main-stream 

s ta t ions  are numbered in the order they enter the main stream. A similar 

order i s  followed on other ranks of t r i bu t a r i e s .  The complete 8 -d ig i t  

number, such as 12318500 includes the  par t  number "12" plus a 6-digit  s ta t ion  

number. The part  number "12" indicates t ha t  the s ta t ion  i s  in the upper 
1 

Columbia River basin 
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G E O L O G I C F R A M E W O R K  

The oldest  rock u n i t  exposed in the project  area i s  the Belt Super- 

group of Precambrian age. This uni t  i s  composed of metamorphosed sediments 

and underlies the Purcell Mountains and, t o  a l esse r  extent,  the Selkivk 

Mountains. The Belt Supergroup in the Purcell Mountains has been only s l i gh t -  

l y  metamorphosed and s i l l s  of gabbro and diabase have been intruded in to  the 

lower par t  of the un i t .  The Belt Supergroup i n  the Selkirk Mountains has 

been highly metamorphosed The to ta l  thickness of the Belt Supergroup i n  

northern Idaho is about 30,000 f e e t  (Kirkham and Ellis,  1926). 

The greater  par t  of the Selkirk Mountain range is underlain by the 

Idaho bath01 i th  of Early and Late Cretaceous age. Where exposed, t h i s  igneous 



body i s  composed of grani te ,  granodiorite, and quartz monzonite. The Belt 

Supergroup and Idaho batholith probably underlie the en t i re  study area a t  

depth and bound the troughlike Purcell Trench i n  which younger sediments were 

deposited. 

Some question ex is t s  as to  whether the Purcell Trench was formed by 

f luvial  erosion, faul t ing,  glacial scour, or a combination of these factors ., 
1 

The various theories of origin are discussed i n  detail  in Alden (1953) and 

are  not repeated in th i s  report. 

S i l t s ,  sands, and gravels of Pleistocene age form the prominent t e r -  

races that  occur near Bonners Ferry and between Bonners Ferry and Porthil l  

(Porthil l bench),. The maximum thickness of the sedimentary deposits i n  the 

terraces is  about 300 fee t .  

The youngest rock u n i t  i n  the study area i s  the fluvial  and lacustr ine 

clay, s i l t ,  and f ine  sand of Pleistocene and Holocene age which is exposed 

in the banks and flood plain of the Kootenai River,. The thickness of the 

fine-grained sediments, as  we'll as the nature of the materials that  underlie 

them, is unknown. 

GENERAL HYDROLOGY 

Surface Water - 

Kootenai Valley is  drained by the Kootenai River and several large 

t r i bu t a r i e s  ( f i g  3). Flow in the Kootenai River near Copeland ( f i g .  6 )  

averages about 15,700 cfs  (cubic f ee t  per second); flows i n  some of the 

larger t r i bu t a r i e s ,  such as Boundary Creek ( f i g ,  7 ) ,  average more than 190 

c f s .  In general, streams draining the western flank of the Purcell Trench 

(Sel kirk Mountains) have higher flows and yields than streams draining the 
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F IGURE 6.--Mean monthly discharge of Kootenai River near 
Cope'land (12318500) f o r  selected years. 



FIGURE 7.--Mean monthly discharge of selected t r i bu t a r i e s  
of the Kootenai River (based on data f o r  water 
years 1931- 59). 
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eastern f l a n k  (Purce l l  Mountains). Discharge data f o r  streams d ra in ing  t h e  

Purce l l  Mountains were too  scanty f o r  i n c l u s i o n  i n  f i g u r e  7. 

The stage o f  the  Kootenai R iver  between Bonners Fer ry  and Kootenay 

Lake i s  c o n t r o l l e d  n o t  on l y  by t h e  discharge o f  t h e  r i v e r  b u t  a lso  by the 

stage o f  Kootenay Lake. Because the  backwater e f f e c t s  o f  Kootenay Lake ex- 

tend a1 l the way t o  Bonners Ferry,  t h e , p r o f i l e  o f  t h e  water sur face between 

the  two p'laces i s  very f l a t .  Through the years, dikes have been construc-  

t e d  on the  natura ' l  r i v e r  levees w i t h  t h e  r e s u l t  t h a t ,  except when a d i k e  

breaks, f l o o d  waters seldom inundate the  f l o o d  p l a i n .  

The natura ' l  f ' low o f  Kootenai River  f o l l ows  an annual cyc le  o f  consider-, 

ab le  r e g u l a r i t y . .  The g rea tes t  discharges o f  the  year are caused by m e l t i n g  

o f  snow a t  h fgh  a!t i t?rdes..  As sp r ing  approaches; snowmelt causes t h e  r i v e r  

t o  r i s e  ( f i g s .  6 and 10) u n t i l  the  maximum f l o w  i s  reached, u s u a l l y  i n  June. 

Thereaf ter ,  the  f ' low genera l l y  decreases w i t h  minor f l u c t u a t i o n s  u n t i l  the 

fo l ' low ing  spr ing. .  The t r i b u t a r ' i e s  f o l l o w  the  same general f l o w  p a t t e r n  ( f i g .  

7 ) ,  b u t  w i t h  much l ess  p r e d i c t a b i l i t y .  

Ground Water, 

This  s tudy i s  concerned p r i m a r i l y  w i t h  t h e  ground water i n  aquifers 

under ly ing  the  f l o o d  p l a i n  o f  the  Kootenai River,  o r  the  Kootenai f l a t s  

Ground water occurs i n  t h e  c lays,  s i l t s ,  and f i n e  sands o f  Ple is tocene and 

Holocene age under water - tab le  and a r tes ian  condi t ions.  Some o f  the shal low 

we1 1s i n s t a l l e d  i n  1930 and some o f  the  we l l s  d r i l l e d  as p a r t  o f  t h i s  i n v e s t i  - 
ga t i on  tap  l o c a l ,  weak a r tes ian  zones b u t  t h e  water does n o t  f l o w  a t  ground 

sur face.  Such w e l l s  are o f t e n  d i f f i c u l t  t o  d i s t i n g u i s h  from nearby water- 

t a b l e  we1 I s  s t r i c t l y  on the bas is  o f  water l eve l s .  I n  add i t i on ,  the  f i n e  



materials ,  especial ly  the clays,  yield water very slowly, and i t  i s  diff  i -  

c u l t  to determine a t  the time of d r i l l i ng  when and where water has been 

encountered. These factors  make the delineation of ar tes ian zones extremely 

d i f f i c u l t .  

Recharge t o  the aquifers i s  mainly by downward percolation of precip- 

i t a t i on  and snowmelt and by seepage from Kootenai River and i t s  t r ibu ta r ies . .  

This recharge usually occurs i n  the l a t e  f a l l ,  winter, and ear ly  spring. 

Other lesser  amounts of recharge are supplied by the natural influx of ground 

water from surrounding areas and, probably, the upward leakage of water from 

deeper formations.. As par t  of t h i s  investigation,  two wells were dr i l l ed  a t  

the  same location b u t  w i t h  d i f fe ren t  depths. One well (62N-1E-8cccl) i s  

33.5 f e e t  deep and i s  finished in s i l t y  clay.. The other weil (62N-i€-~8ccc2j 

i s  59.0 f e e t  deep and i s  f inished i n  coarse gravel with clay. On November 18, 

1971, the  water level in the deeper well was 1.6 f e e t  higher than t h a t  i n  the 

shallower well (see Appendix B )  , indicating t h a t ,  local ly ,  a potential ex i s t s  

f o r  the upward movement of water.. 

Near the channel of the Kootenai River, the aquifer i s  recharged i n  

par t  by seepage from the r i ve r  during periods of h i g h  r iver  stage,  usually 

May and June. An examination of hydrographs of wells ins ta l led  i n  1930 i n d i -  

cates tha t  the  e f f ec t s  of recharge from t h i s  source are damped w i t h  distance 

and cannot be detected more than about 3,000 f e e t  from the r iver .  

Under natural conditions, highest water levels  i n  wells away from the 

r i ve r  occur i n  l a t e  winter and ear ly  spring,  immediately following the period 

of g rea tes t  recharge; lowest water levels  occur i n  the f a l l  following the dry 

season. Water levels  i n  wells away from the r i ve r  are influenced primarily 

by melting of the snowpack on the Kootenai f l a t s ,  the  discharge of t r ibu ta ry  



streams carrying low-altitude snowmelt, and evapotranspiration.. Variations 

i n  the arr ival  time of warm weather i n  the spring generally cause variat ions 

i n  the time of highest ground-water l eve l s .  

The hydrographs of wells i n  levee areas ( f ig .  8) show a strong simi- 

l a r i t y  to hydrographs of the Kootenai River in tha t  water levels  i n  these 

wells are usually highest i n  l a t e  spring when r iver  stages a re  a l so  highest. 
1 

Although recharge from low-level snowmelt also a f fec t s  wells i n  the levee 

areas,  this recharge e f f ec t  is a'lmost overshadowed by the influence of r e -  

charge from the Kootenai River. Peak flows in the Kootenai River are caused 

by high-altitude snowmelt and generally occur a f t e r  the  low-altitude snow-. 

pack has me1 ted awa,y . 
Ground-water levels beneath the Kootenai f l a t s  i n  the spring are 

general 1 y too high fo r  optimum farm operation except where a r t i f i c i a l  

drainage programs are enacted. 

'The fine-grained a l luvial  sediments beneath the Kootenai f l a t s  trans- 

mit water to wells very slowly.. The transmissivity of the sediments was 

not determined as par t  of t h i s  study because of the almost complete lack of 

data concerning the nature and thickness of the  valley f i l l  beneath the  

re la t ive ly  sha'l low, f ine-grained sediments. Based on the nature of these 

sediments, the transmissivity ma,y be qui te  small; t ha t  i s ,  from less  than 

100 to  a few hundred square f e e t  per day and tha t  the storage coeff ic ient  

may be approximate'ly 0.025. These values are i n tu i t i ve  estimates only and 

measured va'l ues ma,y d i f f e r  significant1 y from them.. In addit ion,  areal dif ,-  

ferences in these properties should be expected. 

No information i s  available concerning the qual i ty  of the  water i n  

the fine-grained sediments of the  Kootenai f l a t s .  This i s  due t o  the general 
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lack of productive wells i n  the study area .  

Ground water beneath the Kootenai f l a t s  moves slowly through the f ine-  

grained sediments t o  the c loses t  points of discharge, namely, drains,  stream 

and r iver  channels, and areas of evapotranspiration. Dur ing  long periods 

of high r iver  stage,  the water table  slopes downward and away from both the 

r iver  channel and the surrounding foo th i l l s ;  during long periods of low r ive r  

s tage,  the water t ab le  slopes downward from the foo th i l l s  a l l  the way t o  

the r i ve r  channel. The preparation of a water-level contour map proved im- 

practical  because of a lack of control t o  define the numerous i r r egu la r i t i e s  

in the ground-water surface. Natural ground-water discharge t o  the Kootenai 

River occurs only when the stage of the r iver  i s  below the level of the water 

table  i n  the shallow aquifer .  The lowest lands on the Kootenai f l a t s  a re  

between the foo th i l l s  and the levees (now d ikes ) .  The water level beneath 

these low lands is  very close t o  and a t  times above land surface even when 

evapotranspiration losses a re  heavy during the growing season. 

PREVIOUS INVESTIGATIONS 

Detai led geologic descriptions of the Kootenai f l a t s  a re  few .. Kirkham 

and E l l i s  (1926) described the geology and ore deposits of Boundary County. 

Alden (1953) described the physiography and glacial  geology of western 

Montana and northern Idaho.. Neither investiaation placed any par t icular  ern- 

phasis on the Kootenai f l a t s .  

Most of the hydrolog'ic data and a l l  of the  ground-water data now avai 1-  

able  wh'ich pertains t o  the Kootenai f l a t s  were collected by the Geological 

Survey. The ground-water data were collected during 1928-58 as par t  of an 

investigation of the e f f ec t s  of r i ve r  stage on the ground-water system of the  



Kootenai f 1 a ts .  

On September 6, 1929, the  West Kootenay Power and L, ight  Company, Ltd. ,  

a  Canadian f i r m ,  app l ied  t o  the  I n t e r n a t i o n a l  J o i n t  Commission f o r  permission 

t o  cons t ruc t  a dam on the West Arm o f  Kootenay Lake. An open meeting was 

h e l d  i n  Bonners Ferry,  Idaho, on November 6, 1929, f o r  the a i r i n g  o f  objec- 

t i o n s  t o  the proposal. The p r i n c i p a l  r e s u l t  o f  the  meeting was t o  i n i t i a t e  
1 

a d d i t i o n a l ,  long-term studies by the  Geological Survey concerning the e f f e c t s  

o f  lake ( r i v e r )  r e g u l a t i o n  on t h e  ground-water system o f  the  Kootenai f l a t s . .  

The dam i n  quest ion was b u i l t  i n  1931 near Corra Linn, west o f  Nelson, 

B r i t i s h  Columbia. For the  f i r s t  few years o f  operat ion, the  dam was used 

f o r  power product ion on l y  and w i t h  the  gates l e f t  open.. Later ,  the dam was 

used t o  e f f e c t  storage i n  K0otena.y Lake under a p lan  o f  opera t ion  supervised 

by the  I n t e r n a t i o n a l  J o i n t  Commission. 

'The Geological Survey's program o f  hydro log ic  i n v e s t i g a t i o n  and bas i c -  

data c o l l e c t i o n  on the Kootebai f l a t s  was completed under the  superv is ion  

o f  T.. R .  Newel1 o f  the  Geological Survey. Some o f  the prominent fea tures  

o f  Newel l 's s tud ies  were (1) the  i n s t a l l a t i o n  and moni to r ing  o f  300 shal low 

observat ion we l ls ;  (2)  a d e t a i l e d  study o f  t h e  r e l a t i o n  o f  r i v e r  stage and 

ground-water leve ls ;  ( 3 )  t h e  c l a s s i f i c a t i o n  o f  Kootenai f l a t s  lands i n t o  

"'levee," " c r i t i c a l  ," and "other"  areas, based on depth o f  the  water t a b l e  

on A p r i l  1, 1930; and (4)  mod i f ied  water budgets f o r  the  " c r i t i c a l "  areas. 

Although the Kootenai i n v e s t i g a t i o n  r e s u l t e d  i n  several i n t e r p r e t i v e  

and basl'c-data repor ts ,  these repo r t s  were never formal ly publ ished. A 

l i s t  o f  t h e  repo r t s  and o the r  ma te r i a l s  t h a t  r e s u l t e d  from the  i n v e s t i g a t i o n  

and which are a v a i l a b l e  f o r  jnspect ion  i n  t h e  Boise o f f i c e  o f  the  U. S, 

Geological Survey i s  presented i n  Appendix A. Much add i t i ona l  in format ion,  



c h i e f l y  i n  the  form of minor repor ts ,  bas ic  data, maps, and memorandums was 

sent t o  the Nat ional  Archives and Records Service, Seat t le ,  Washington, i n  

1966. A l i s t  o f  the ma te r ia l s  sent t o  the archives i s  a v a i l a b l e  f o r  inspec- 

t i o n  i n  the Boise o f f i c e  o f  t h e  U. S. Geological Survey. 

OBSERVATION-WELL NETWORK 

The p r i n c i p a l  f ea tu re  o f  t h i s  i n v e s t i g a t i o n  was the i n s t a l l a t i o n  o f  

84 observat ion w e l l s  t o  mon i to r  t h e  e f f e c t s  o f  Libby Dam operat ion on the 

ground-water system o f  the  Kootenai f l a t s . .  The i n s t a l l a t i o n  o f  new we l ls  

was necessary because o f  a general l ack  o f  product ion w e l l s  i n  the area and 

because, as mentioned prev ious ly ,  a1 1 the observat ion we1 1s i n s t a l l e d  by 

t h e  Geological Survey i n  1930 had e i t h e r  been destroyed o r  were no t  a v a i l -  

ab le  f o r  use.  

A geographic l o c a t i o n  f o r  each o f  the  new w e l l s  was f i r s t  se lected 

i n  the  o f f i c e  on topographic maps and then checked i n  the f i e l d . .  The th ree  

p r i n c i p a l  f a c t o r s  t h a t  determined the l oca t i ons  o f  the w e l l s  were (1) an 

a r b i t r a r i l y  determined dens i t y  o f  a t  l e a s t  one we l l  per  square m i l e  o f  

bottomland; ( 2 )  easy a c c e s s i b i l i t y  t o  the  w e l l s  throughout most o f  the year; 

and (3)  d u p l i c a t i o n  o f  as many o f  the  1930 we l l  s i t e s  as was p r a c t i c a l .  The 

dens i t y  o f  the  completed we l l  network i s  1..2 we l l s  per square mi le ,  o r  one 

w e l l  per  0.8 square m i l e  o f  bottomland. To prov ide  maximum a c c e s s i b i l i t y ,  

a l l  w e l l s  were placed w i t h i n  easy walk ing d is tance o f  an es tab l ished road 

o r  farm ' l a n e  No w e l l s  were knowing1 y blaced i n  c'ul t i v a t e d  f i e l d s  where 

they would i n t e r f e r e  w i t h  farm operat ions.  F o r t y  o f  the  new we l l s  d u p l i -  

ca te  1930 we l l  s i t e s  t o  w i t h i n  a ho r i zon ta l  d is tance o f  0.1 m i l e  and a 

v e r t i c a l  d is tance o f  10 f e e t  ( land-sur face a l t i t u d e ) .  The l oca t i ons  o f  the 



new observation wells are shown i n  f igure 3 .  

The depth to  which each of the new wells was to  be dr i l l ed  was de- 

termined by a study of the water-level f luctuations measured in the old 

(1930) wells. An attempt was made to  d r i l l  the new wells jus t  deep enough 

so that  the water level would n o t  drop below the top of the well screen a t  

any time. Wells meeting th i s  requirement were d r i l l ed  a t  82 s i t e s .  The 

depths of the wells range from 15..3 to  52.5 f ee t  and average 27.6 f e e t .  In 

addit ion,  a t  two of the s i t e s  (65N-1W-19aca and 62N-1E-8ccc), wells 75,,7 

and 59.0 f ee t  deep. respective1 y ,  were instal  led t o  determine i f  differences 

in water level (pressure) existed with depth (see p .  17 ) .  The records of 

the Kootenay f l a t s  observation wells are l i s t ed  i n  Appendix B .  

The 84 observation welis were insta i ied during a ;-.week period i n  

l a t e  August and early September 1971. Details of typical well ins ta l la t ions  

are  given i n  f igure 9. Generally, a 6-inch diameter hole was augered to  

a pre-determined well depth with a truck-mounted power auger.. 'The 79 wells 

t o  be measured periqdically w i t h  a steel  tape were constructed of ]%-inch 

galvanized pipe.  Water-leve'l measurements are made through a wye about 4 

f e e t  above land surface.  A 5-foot length of pipe above the wye serves as 

a mast for  a highly-visible fluorescent orange flag.. The mast i s  capped, 

b u t  i n  times of unusually deep snow the water level could be measured by re- 

moving the cap and insert ing the measuring tape through the mast. A block of 

wood bolted to  the well casing a t  ground level retards s e t t l i ng  of the pipe. 

The f ive  wells to  be equipped w i t h  continuous recorders were constructed 

of 4-inch PVC (polyvinyl chloride) pipe.. A separate,  15-foot length of pipe 

was insta l led 0.5 f ee t  away (center-to-center) to  accommodate the counter- 

weight of the recorder.  Continuous recorders were insta l led on three of f ive  
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FIGURE 9.--Diagram o f  typical well installation. 



wells so constructed A t  each of the  recorder s i t e s ,  a concrete base was 

poured around the well and counterweight hole t o  provide support fo r  a r e -  

corder she l te r  and recorder Both the periodic- and continuous-measurement 

wells were finished w i t h  40- or 60-gauze brass well screens (sand points)  

lk inch i n  diameter and 3 f e e t  long The annular space between the screen 

and the wall of the  6-inch hole was f i l l e d  with sand and then the remainder 

of the annular space was backfilled t o  land surface with soi l  and c lay .  

The a l t i tudes  of the land surface and of the measuring point a t  each 

well s i t e  were established t o  an accuracy of 0..01 foot..  Each well was "slug" 

tes ted with a known volume of water t o  determine the degree of hydvaulic 

connection w i t h  the aquifer..  Only one well (65N-IW-27bbcl) was found to be 

completely sealed from the aquifer. Attempts t o  break the seal proved f u t i l e  

and unti l  stronger methods can be used, or  the well redr i l l ed ,  the well in 

question i s  not being used f o r  observation purposes. 

As part  of t h i s  investigation,  water levels  in the observation wells ,  

exclusive of the three wells with continuous recorders, were measured by the 

wetted-tape method once each month through June 1972. The three continuous- 

measurement we1 1 s are equipped with Stevens t,ype A-35 recorders.  The opera- 

t ion of the recorders i s  checked once each month and the  s t r i p  charts  a re  

usual 1 y rep1 aced a t  t ha t  time. 

All physical , geologic, and water-level data pertaining to  the obser-, 

vation wells have been coded so t ha t  they may be placed on punch cards fo r  

computerized manipulation,, 

In November 1971, the U. S . .  Army Corps of Engineers ins ta l led  f i ve  

shallow observation wells near Bonners Ferry. The locations of the  wells a re  

shown in f igure  3 .  Water-level measurements a re  presently being made in the 



wells on a regular basis by personnel of the U. S. Geological Survey. 

WATER-LEVEL TRENDS AND FLUCTUATIONS 

One of the principal factors in determining the locations of the new 

observation we1 Is was the recovery of as many 1930 well s i t e s  as possible 

( p  2 1 ) .  The well table i n  Appendix B l i s t s  the numbers of 40 old-we1 l s i t e s  
1 

that  were recovered and data pertaining t o  the equivalent new wel ls .  Water 

levels a t  seven of the old s i t e s  had been monitored by the Geological Survey 

over an extended period (1930-54). The hydrographs of the seven we1 Is for  

the 25-year period are presented i n  f igure 10. In addition, water 'levels 

measured as par t  of this study i n  the seven new, equivalent wells are plotted 

f o r  comparison. Although the measurements i n  the new wells are too few to  

es tabl ish def in i te  water-level trends and fluctuations,  i t  appears t ha t  no 

s ignif icant  water-level changes have occurred near the seven wells since 

measurements were discontinued i n  1954. 

The amplitudes of water-level f luctuations t h a t  can be expected in 

the new wells will depend i n  par t  on the locations of the wells.. In those 

wells tha t  are influenced by the stage of Ko0tena.i River, the amplitudes 

of seasonal water-,level fluctuat,ions should decrease as seasonal r iver-stage 

fluctuations are decreased ( f ig .  2 )  by the operation of Libby D a m .  

In wells t ha t  are not influenced by the r iver  stage,  seasonal water- 

level f luctuations should remain about the same as those measured between 

1930 and 1954 (5-15 f e e t ) ,  provided tha t  the same amount of water is  a r t i f i -  

c i a l l y  drained from the bottomlands as was prior to  1954. 

Since 1965, drainage d i s t r i c t  7 ( f i g .  3)  has been used as a wildl i fe  

refuge, primarily f o r  migratory waterfowl. Increasingly since that  time, 



surface-water levels i n  the d i s t r i c t  have been controlled a t  unnaturally high 

levels for  the benefit of the waterfowl . I t  is reasonable to assume, there- 

fore ,  tha t  ground,-water levels are being influenced by t h i s  operation and 

that  the water levels measured i n  the new wells i n  that  d i s t r i c t  will not 

correlate w i t h  those measured prior to  1965. 

I 

CONCL.US IONS AND RE:COMMENDATIONS 

The principal objective of t h i s  study was to  construct a network of 

observation wells that  would monitor the effects  of L.ibby Dam operation on 

the ground-water system of the Kootenai f l a t s . .  'This objective was accom- 

plished by the ins ta i ia t ion  of the 84 observation wells described iii t h i s  

report  and l i s ted  i n  Appendix 6. 

Data collected during the ins ta l la t ion  of the wells indicate that  the 

ground water beneath the Kootenai f l a t s  is loca'l ly very shallow and tha t  the 

aquifers penetrated contain fine-gral'ned materials.  A review of the water- 

level data collected from wel'ls ins ta l led i n  1930 indicates that  the e f fec t s  

of recharge from the Kootenai River cannot be detected beyond distance of 

about 3,000 f e e t  from the r iver .  I t  i s  reasonable to  conclude, therefore,  

t ha t  the e f fec t s  of recharge from the r iver  will be detected only in those 

new wells tha t  are wl'thin about 3,000 f e e t  of the river. .  Other wells may be 

affected indirect ly ,  however, because higher post-Libby Dam r iver  stages will 

reduce natural ground-water discharge to  the r iver  throughout most of the 

year. Unless pumping i s  increased to  of fse t  these condittons, post-Libby 

Dam ground-water levels beneath the Kootenai f l a t s  will generally be higher 

than before Libby Dam operation began. 



The water- level  measurements i n  the  new observat ion we l l s  are too  

few t o  e s t a b l i s h  d e f i n i t e  trends. It appears l i k e l y ,  however, t h a t  no 

s i g n i f i c a n t  water- level  changes have occurred i n  the Kootenai f l a t s  area 

s ince measurements were d iscont inued i n  1954. 

Water l e v e l s  i n  the  new observat ion w e l l s  should be measured a t  l e a s t  

b imonth ly  f o r  an extended period.. Once the magnitude o f  seasonal f l u c t u a -  
I 

.t ions and the water - leve l  t rends have been establ ished,  a comparison w i t h  

pre-Libby Dam cond i t ions  should be made t o  determine the  hydro log ic  e f f e c t s ,  

i f  any, o f  the dam on the  shallow ground-water system. 

A program o f  deep t e s t  d r i l l i n g  and geophysical surveying, o r  both, 

should be completed t o  determine the  depth and nature o f  the sediments t h a t  

under l i e  t h e  Kootenai f l a t s  and the  presence o r  absence o f  aqu i fe rs  a t  depth, 

The in fo rmat ion  c o l l e c t e d  i n  such s tud ies  might  be usefu l  i n  determining 

some o f  the  causes o f ,  and poss ib l y  some so lu t i ons  to ,  the chronic  drainage 

problems o f  the Kootenai f l a t s .  For instance,  i f  deep aqu i fe rs  do e x i s t  and 

hyd rau l i c  pressures there  are  greater  than i n  the  shal low aqu i fe rs ,  then 

recharge from t h i s  source t o  the  shal low aqu i fe rs  probably o c c u r s ~  Such a 

s i t u a t i o n  could be a cause o f  the  drainage p rob lem Reduction o f  the pres- 

sure, poss ib ly  by pumping, would reduce recharge t o  the shal low aqu i fe rs  

and a i d  drainage operat ions. I f ,  on the  o the r  hand, hyd rau l i c  pressures i n  

the  deep aqu i fe rs  are less  than i n  the  shal low aqu i fe rs ,  add i t i ona l  drainage 

cou ld  probably be e f f e c t e d  w i t h  the  use o f  deep, g r a v i t y  d r a i n  w e l l s .  

A hydro log ic  model, e i t h e r  d i g i t a l  o r  analog, o f  the Kootenai f l a t s  

area should be constructed. The c h i e f  purposes o f  such a model would be 

t o  de f i ne  the  r e l a t i o n  between r i v e r  stage and ground-water l eve l s ,  t o  de- 

termine the  causes o f  any changes i n  ground-water l e v e l s  observed, and t o  



p r e d i c t  water-level changes based on given s e t s  of hydrologic cond i t ions .  

The e x i s t i n g  da ta  per ta in ing  t o  ground-water l e v e l s ,  r i ve r  s t a g e ,  

l a t e r a l  boundaries, and p r e c i p i t a t i o n  a re  s u f f i c f e n t  t o  allow cons t ruc t ion  

of a prel iminary model. However, t o  r e f i n e  t h e  model and r e a l i z e  i t s  f u l l  

p o t e n t i a l ,  addi t ional  da ta  per ta in ing  t o  t h e  th ickness ,  na ture ,  and hydro- 

log ic  p rope r t i e s  of sediments a t  depth,  the loca t ions  and e f f e c t s  of a r t i f i -  
I 

cia1 d ra ins ,  t h e  r a t e s  of evaporation and t r a n s p i r a t i o n ,  and the  sources 

and amounts of recharge would have t o  be co l l ec t ed .  
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Map f o l i o  I ,  dated May 1933. Nine topographic shee t s  w i t h  ground-water wel l s  
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1,334. Al t i tude  of camera: 8,000 f e e t .  
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APPENDIX 8 

RECORDS OF OBSERVATION WELLS ON !KOOTENAI FLATS 

Type o f  a a u i f e r :  1, very f i n e  grained; 
2, f i n e  gra ined;  3, medium grained; 
4, coarse g r a ~ n e d ;  6, c layey; 7, s i l t y ;  
8, sandy; G, g rave l ;  P ,  c lay ;  Q, s i l t ;  

Drainage d i s t n c t .  K.K.G.A., Kootenai K a t t l e  
G r a z ~ n g  Assoc ia t ion  

S, sand 
Water-1 eve1 measurement 

Depth t o  Equiva- 
A1 t i  tude water A1 ti tude 1 e n t  
o f  l and  ( f e e t  o f  water 1930 
sur face Depth Type o f  below l a n d  sur face  Drainage we1 1 

Well No. ( f e e t )  ( f e e t )  a a u i f e r  sur face)  ( f e e t )  Date d i s t r ~ c t  number 

K.K.G.A. 
K.K.G.A. 
K.K.G.A. 
Thorman 
Thorman 

8 
8 
8 
8 
8 

6 
6 
8 

10 
10 

10 
6 
6 
6 
6 



RECORDS OF OBSERVATION WELLS O N  KOOTENAI FLATS (Cont 'd . )  

Well No. 

64N- 1W- lbddl  
l c b c l  
2bbbl 
2cbbl 
3bbbl 

3cbcl 
5aadl 
5dcal 

lOadal 
lOdbbl 

i l d c d l  
l2cbbl  
12dddl 
13abal 
13ddcl 

14bddl 
24dacl 
25cccl 
25cdcl 
36aaal 

36bddl 
64N- 1E-18cdal 

30dccl 
3 l aab l  
3 l c c c l  

A1 t i  tude 
of land 
su r face  

( f e e t )  
Depth 
( f e e t )  

36.3 
26.6 
21.2 
21.2 
16.3 

18.6 
26.6 
21.7 
25.9 
25.9 

21.1 
26.8 
26.4 
26.1 
40.9 

21.8 
26.1 
21.1 
21.1 
46,5 

26.2 
21.6 
40.9 
22.1 
26.3 

Type of 
aqu i fe r  

Water-level measurement 
Depth t o  
water A1 ti tude 
( f e e t  of water 

below land su r face  
s u r f a c e )  ( f e e t )  Date 

Equiva- 
l e n t  
1930 

Drainage we1 1 
d i s t r l c t  number 



RECORDS OF OBSERVATION WELLS ON KOOTENAI FLATS (Cont 'd  . ) 

Water-level measurement 
O e p t m  Equiva- 

A1 t i  tude 
of land 
su r face  

( f e e t )  

water A1 t i  tude  l e n t  
( f e e t  of water 1930 

Type of below land su r face  Drainage we1 l 
aqu i f e r  su r face )  ( f e e t )  Date d i s t r i c t  number 

Depth 
( f e e t )  Well No. 

8P 13.29 1,747.50 11-17-71 3 - 
7P 16.13 1,746.20 11-18-71 C a s t i l l o  - 
3s 18.00 1,746.23 11-18-71 - - 

- - . .. . - 

32ccdl 
62N- 1W- l c a a l  

12bddl 
12dddl 



RECORDS OF OBSERVATION WELLS ON KOOTENAI FLATS (Cont 'd.)  

Water-level measurement 
~e p tm Equ~va- 

A1 t i  tude water A1 t i  tude 1 ent 
of land ( f e e t  of water 1930 
surface Depth Type of below land surface Drainage we1 1 

Well No. ( f e e t )  ( f e e t )  aauifer  surface)  ( f e e t )  Date d i s t n c t  number 



EXPLANATION 

Observation well and number 

~ Z O C O I  

Shallow, It-inch casing 

.l90C~2 

Deep, It-inch casing 

B ~ ~ ~ ~ '  

Shallow, 4-inch casing 

Shallow, 4-inch casing 
equipped with continuous recorder 

Well drilled by U.S. army 
Corps of Engineers i n  

November 1971 

Old well, now destroyed 
(Hydrograph shown i n  f i g .  83 

AIZJ14000 

Stream-gaging s t a t i o n  and number 

Discontinued stream-gaging 
s t a t i o n  and number 

0 
Climatological s t a t i o n  

D 

Pumping latainaqe) stat ion 

5 
---.* ___. 

Drainage district boundary 
and number, or in some 

instances name: For example,  

*Thoman Tract" 

Highland 

Lowland 

Arrow shows direction 
of rives flow 

ed data. 



O'taITED STATES DEPARTMEUT OF THE YATRRIOR 

~ O m G I C R Z .  s u m  
PREPARED IN COOPERRTIOM W I T H  TtiE 

IDAHO DEPART- OF WATER kQMFXISTRATIOW 

-1 - I - 1 -  " - - T  I I 1 1 I 1 - -  1 r I 1 1-- 
- 7 

Well 63N-LE-30caal (formerly NO. 117) 

Hydrograph indicates well was probably plugged during t b i e  kime. 
New well was d r i l l e d  550. feet south of old site on September 21, --) 
1 3 4 8 .  Old well was destrayed. 

I 

I /  - 

FIGURE 10.--Hydrographs of precipitation a t  Porthill, s tage  of the Kootenoi  River a t  Bonners Ferry, 
and of water  levels in selected wells for periods 1930-54 and 1971-72. 


