
T ~ :  D r .  J. C. Foweraker, Head Date: December 15,  1980 
Groundwater Sub-section 
Hydrology Sect ion 
Inventory and Engineering Branch 

Re: E a s t  Kootenay Report 

r 

1 .  

Attached f o r  your information i s  a copy of t h e  d r a f t  report "Preliminary 
Assessment of I r r i g a t i o n  P o s s i b i l i t i e s  i n  b e  E a s t  Kootenay Valley", 
prepared by t h i s  o f f i c e .  

W e  wish t o  acknowledge and thank you for your a s s i s t ance  i n  providing 
t h e  requi red  groundwater information, inc luding  est imated costs. '76 

I a m  s u r e  t h e  information w i l l  be valuable  i n  undertaking any f u t u r e  
s t u d i e s  i n  t h i s  area. 

A s  the r e p o r t  has  n o t  been re leased  by t h e  Branch, i.t should remain 
as conf iden t i a l .  
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Attch. . 

6. G. Harris, Head 
Surveys Sub-section 
Planning and Surveys Sect ion 
Inventory and Engineering Branch 
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SYNOPSIS 

I n  November 1972, t h e  Water Resources Service received a request  from 

the  B r i t i s h  Columbia Forest  Service t o  inves t iga t e  the  f e a s i b i l i t y  of 

i r r i g a t i n g  Crown lands wi th in  the  souther ly  po r t ion  of the  East  Kootenay 

Valley,  t o  permit more in t ens ive  production of forage crops. 

I t  w a s  s ta ted  t h a t  the  development of the  Libby Reservoir (Lake Koocanusa) 

and t h e  subsequent loss of lands through f looding,  had r e s u l t e d  i n  

inc reas ing  land  use p re s su res ,  and t h a t  t he  a v a i l a b i l i t y  of Crown range, 

on which a s u b s t a n t i a l  number of s m a l l  ranching opera t ions  a r e  cu r ren t ly  

dependent, would be se r ious ly  c u r t a i l e d .  

more scope f o r  t he  successfu l  i n t eg ra t ion  of a l l  uses ,  it was suggested 

t h a t  m o r e  i n t ens ive  forage production p r a c t i c e s  a r e  required.  

To avoid t h i s ,  a s  wel l  as permit 

I n  t h e  s p r i n g  of 1972, the  Fores t  Service c u l t i v a t e d  and seeded approximately 

300 a c r e s  o f  Crown land on t h e  e a s t  s i d e  of the  r e se rvo i r ,  about t h r e e  

m i l e s  no r th  of the  I n t e r n a t i o n a l  Boundary, and it was suggested t h a t  t h i s  

s i t e  might be  s u i t a b l e  f o r  an i r r i g a t i o n  f e a s i b i l i t y  study. (See 

Drawing N o .  5106-1). However, when it became apparent from i n i t i a l  

i n v e s t i g a t i o n s  t h a t  adequate water supply might not be r e a d i l y  ava i l ab le  

near  the  proposed s i t e ,  it was decided t o  expand the  s tudy area.  

This  r e p o r t  cons iders  s e v e r a l  a l t e r n a t i v e  sources  of w a t e r  supply t o  serve 

an es t imated  47,470 acres of i r r i g a b l e  land,  s i t u a t e d  i n  t h a t  por t ion  of 

t h e  E a s t  Kootenay Valley ly ing  between Lake Koocanusa and t h e  Galton 

Range and extending northwards from the  I n t e r n a t i o n a l  Boundary t o  t h e  

Community of Elko. 

I t  is  es t imated  t h a t  t h e  t o t a l  design peak system demand would be about 

315,200 U.S. ga l lons  per minute and the  annual water requirement, 115,760 

acre-  f e e t .  

O f  the  p r i n c i p a l  sources  of water supply proposed i n  this repor t ,  it w a s  

assumed t h a t  t h e  su r face  streams d ra in ing  i n t o  the  G r a s m e r e  V a l l e y  would 

be 'developed i n i t i a l l y ,  a t  an est imated cost varying from about $550 t o  

t o  $1800 p e r  acre. 
I 

For t h e  development of  groundwater, water supply systems were designed 

for 5O-acre, 100-acre and 150-acre farm u n i t s ,  a t  assumed w e l l  depths 

of 100, 200 and 300 feet ,  r e spec t ive l ly .  

Estimated costs of supplying water from production wel l s  have been 

summarized as follows : 
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Groundwater Supp l l  

50-acre Farm U n i t  

100-acre Farm U n i t  

. 150-acre Farm Unit 

Tota l  Estimated Costs  
( inc luding  w e l l  and pump) 

Depth of W e l l  
100' 200 ' 300 ' 

38,200 43,100 55,800 

71,880 77,880 90,480 

84,000 90,000 102,600 

As it was no t  poss ib l e  a t  t h i s  t i m e  t o  provide a f i rm es t imate  of p o t e n t i a l  

water  supply from the  o t h e r  sources ,  hypo the t i ca l  values  were used i n  

a s ses s ing  the requi red  demand. 

A pre l iminary  design and c o s t  es t imate  w a s  prepared f o r  both a pumping 

system and an a l t e r n a t i v e  g r a v i t y  system, t o  serve  an est imated 16,000 

and 28,300 acres, r e s p e c i t v e l l y .  

The pre l iminary  c o s t  estimates have been summarized as follows: 

Elk River Supply 

Pumping System 

Gravity System 

Estimated Costs 

$ 36 Mil l ion 

$ 60 Mil l ion 

I t  i s  assumed t h a t  f inanc ing  would be a v a i l a b l e  under the  ARDA Program; 

with the  Federal  and P rov inc ia l  Governments con t r ibu t ing  75% of t h e  

C a p i t a l  Cost,  and t h e  landowners con t r ibu t ing  the  remaining 25%- 

"he requi red  revenues could be obtained by imposing t h e  following charges,  

shown f o r  both ARDA and Non-ARDA p a r c i p i t a t i o n :  

Groundwater Supply 

50-acre Farm Unit 

ARDA 
Non - ARDA 

To ta l  Required Annual Revenue 
$ P e r  Acre 

Depth of W e 1 1  
100' 200' 300' 

45 50 65 
110 125 1611 

I 100-acre Farm U n i t  

ARDA 45 50 60 
Non-ARDA 1 i o  12  0 140 

150-acre Farm U n i t  

ARDA 
Non-ARDA . 

E l k  River Supply 

Pumping System - 16,000 ac res  

ARDA 
Non-ARDA 

' Gravity System - 28,300 ac res  

ARDA 
Non-ARDA 

36 4 1  50 
85 95 10 8 

105 
300 

80 
260 
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AS t h e s e  costs a r e  based on l imi t ed  f i e l d  information, they are intended 

only t o  ind ica t ed  the  i r r i g a t i o n  p o s s i b i l i t i e s  within the  s tudy a r e a ,  

and t o  serve  as a genera l  guide f o r  f u t u r e  land-use planning. 

I t  is  recommended t h a t  i f  f u r t h e r  s t u d i e s  a r e  t o  be considered, the  

fol lowing programs should be c a r r i e d  out: 

1. Groundwater Exploratory Program 

2 .  Detai led S o i l s  Survey 

3. Deta i led  Mapping Prograq 

4. Hydrometric Program 

5. Assessment of power requi repents  and fac i l i t i es  
t o  meet the P o t e n t i a l  Demand. 

-- . 
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I. INTRODUCTION : 

I n  November, 1972,  t he  Deputy Minis ter  of the  B r i t i s h  C o l u m b i a  Fo res t  

Service requested t h a t  a pre l iminary  inves t iga t ion  .be c a r r i e d  o u t  by 

t h e  Water Resources Service t o  cons ider  t he  f e a s i b i l i t y  and c o s t  of 

i r r i g a t i n g  lands wi th in  the  souther ly  port ion of the  E a s t  Kootenay 

Valley t o  permit  more in t ens ive  production. 

I t  w a s  s t a t e d  t h a t  t he  development of the  Libby Reservoir (Lake 

Koocanusa) and the  subsequent loss of land through f looding,  had 

r e s u l t e d  i n  progress ive ly  inc reas ing  land use pressures  for such t h i n g s  

as park development, re-set t lement  of d i sp laced  persons and highway 

r e l o c a t i o n ,  as w e l l  as t h e  displacement of l a rge  wi ld  ungulate 

popula t ions  from t h e i r  t r a d i t i o n a l  winter  range i n  t h e  va l l ey  bottom. 

As a d d i t i o n a l  land use,damands develop, the  a v a i l a b i l i t y  of  Crown range 

on which a s u b s t a n t i a l  number of s m a l l  ranching operatio.. ns are 

c u r r e n t l y  dependent w i l l  be s e r i o u s l y  c u r t a i l e d .  To avoid t h i s ,  as 

w e l l  as t o  permit more scope fo r  t h e  successfu l  i n t e g r a t i o n  of a l l  

uses ,  m o r e  i n t ens ive  forage production p r a c t i c e s  are required.  

I n  the  sp r ing  of 1972, the Fores t  Serv ice  c u l t i v a t e d  and seeded 

approximately 300 acres of land  on Lot 354, K.D. wi th in  t h e  p r o j e c t  

area. It w a s  suggested t h a t  t h i s  s i t e ,  which l ies  approximately 

200 f e e t  i n  e l eva t ion  above f u l l  r e s e r v o i r  l e v e l  of Lake Koocanusa, 

might be s u i t a b l e  f o r  an i r r i g a t i o n  f e a s i b i l i t y  study. 

However, when it became apparent  from i n i t i a l  i nves t iga t ions  t h a t  

adequate water supply might n o t  be r e a d i l y  ava i l ab le  near  the  si te,  

and t h a t  a l t e r n a t i v e  sources  of  w a t e r  supply would have t o  be i n v e s t i -  

ga t ed  p r i o r  to consider ing the  economical development of any lands  f o r  

i r r i g a t i o n ,  t he  s tudy area w a s  expanded t o  include a l l  arable lands  

l y i n g  south  o f  Elko, and bounded by the  east shore of Lake Koocanusa, 

t h e  f o o t h i l l s  of  t h e  Galton Rangc and the  Canada-U.S. Boundary. 

mile the  water supply proposals  and c o s t s  presented i n  t h i s  report are 

based on prel iminary information only ,  they w i l l  se rve  as a genera l  

guide i n  f u t u r e  land-use planning,  and as t o  whether f u r t h e r  s t u d i e s  

would be warranted. 

2. DESCRIPTION OF AREA 

2.1 General Descr ipt ion 0 
b The s tudy area, which is  s i t u a t e d  within the  souther ly  po r t ion  of  the  

E a s t  Kootenay Val ley,  lies between Lake Koocanusa on t h e  west (Libby 

Reservoir)  and the  Galton Range to t h e  east; and extends from t h e  

Canada-U.S. Boundary nor ther ly  t o  t h e  community of Elko. (See Key 

Map) . 
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With the  except ion of t he  Grasmere Valley,  which l i e s  a t  the  foot  

of t he  Galton Range, and the Tobacco P la ins  Indian Resenie N o .  2, 

which l i e s  immediately north of the In t e rna t iona l  Boundary, the 

s tudy  a rea  is genera l ly  contained w i t h i n  the  E l k  Provinc ia l  Forest .  

The n a t u r a l  vege ta t ion  of t he  a r e a  c o n s i s t s  of range g ras s ,  with 

s c a t t e r e d  f o r e s t  cover.  The a g r i c u l t u r a l  lands within the  lower 

Grasmere Valley a r e  f o r  t he  most p a r t  being i r r i g a t e d  f o r  the  production 

of forage crops.  Water supply f o r  these lands i s  being obtained from 

the  seve ra l  streams flowing i n t o  the  va l ley  o f f  the  s lopes  of the 

Galton Range. The remaining a reas  a r e  genera l ly  undeveloped and 

s u i t a b l e  only €or  the  grazing of c a t t l e .  

Over the 20 mile s e c t i o n  of t he  Eas t  Kootenay Valley under study, 

t h e r e  i s  a considerable  v a r i a t i o n  i n  the  recorded prec ipa t ion  and 

temperatures f o r  the  a rea ,  as shown i n  Table No. 1. (Abstracted from 

"Climate of B r i t i s h  Columbia, B r i t i s h  Columbia Department of Agricul ture" ,  

l i s t e d  a s  Reference No. 1) 

TABLE NO. 1 
- _  

PRECIPITATION AND TEMPERATURE RECORDS 

EAST KOOTENAY VALLEY 

ASTEROLOGICAL Elev. M.A. * M.A. * - MAXIMUM MINIMUM 

Feet  mm CO CO 
TEMPERATURF: 

C* 
STATION G.S.C. PRFCIP. TEMP. TEPE'ERATUFU3 

ELK0 3,080 584 6 . 3 O  38.9O -33 .go 
0 

NEWGATE 2,325 406 6.4O 43.3O -40. 

* Mean Annual 

Highway No. 93, which t r ave r ses  t h e  Grasmere Valley,  provides d i r e c t  

access  t o  t h e  a r e a  from the  Southern Transprovincial  Highway, and 

i n  add i t ion ,  provides  a l i n k  with the  U.S.A.  a t  Roosvi l le ,  Montana. 

Both U.S. and Canadian Customs have been e s t ab l i shed  a t  t he  poin t  of 

. -  e n t r y .  The a r e a  i s  covered a l s o  by a network of secondary roads,  most 

o f  which a r e  unimproved. 

A general  s t o r e  i s  s i t u a t e d  a t  Grasmere, approximately 9 miles north of 

Roosvi l le .  I n  add i t ion  t o  improved f a c i l i t i e s  a t  Elko, the  a rea  can 

a l s o  be served by Cranbrook, approximatley 40 miles t o  the  west, and 

by Fernie,  approximately 2 1  miles t o  t h e  north.  

The major i ty  of the  farm opera t ions  a r e  s i t u a t e d  wi th in  the  Grasmere 

Valley.  

A l i s t  of the land  owners wi th in  the  study a rea ,  i s  included a s  

Appendix "A" . 
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2 . 2  Geological Descr ipt ion 

The Kootenay River,  which o r i g i n a t e s  i n  the  Canadian Rocky Mountains, 

flows southward down the  broad va l l ey  of the  Rocky Mountain Trench, 

l eav ing  the  t rench  about 10 m i l e s  south of t he  I n t e r n a t i o n a l  Boundary. 

Or ig ina l ly ,  the  t rench  f l o o r  was covered with c lay  till from t h e  l a s t  

g l a c i a l  advance. However, during the  per iod  of deg lac i a t ion ,  the  

su r face  w a s  modified by meltwater as the  g l a c i e r  receded t o  t h e  nor th .  

During t h i s  phase,  a g l a c i a l  lake w a s  formed by the damming of t he  

Kootenay River,  covering the  f l o o r  of the  t rench t o  a considerable  

0 

depth of w a t e r .  Streams from the  ad jacent  mocntains deposi ted t h e i r  

loads  close t o ,  o r  along, the  shore of the  lake ,  t he  outwash depos i t s  

ranging i n  s i z e  from sand t o  boulders ,  containing l e s s  than  20% of c lay .  

The outwash w a s  reworked by t h e  streams, with much of t h e  E t e r i a l  

being c a r r i e d  i n t o  the  lake  and f u r t h e r  reworked and r e so r t ed  by lake  

cu r ren t s .  The coarser  materials formed d e l t a s  r a d i a t i n g  f r o m  the  

mouths of t h e  t r i b u t a r i e s .  The d e l t a i c  depos i t s ,  which grade i n t o  

and i n t e r f i n g e r  wi th  the  outwash, a r e  wel l  s o r t e d  and range from 

coarse sand t o  medium grave l .  In t e r f inge red  w i t h  these  depos i t s  

are lake  bottom depos i t s  of  s i l t ,  c l a y  and f i n e  t o  medium sand, 

-. 

r e s u l t i n g  from t h e  se t t lement  of  sediment f r o m  the t u r b i d  lake w a t e r .  

The la t te r  depos i t s  rest on the till. However, many of t h e  drumlin- 

l i k e  h i l l s  of till were not  completely covered by these  lake  depos i t s  

and now form streamlined mounds p ro jec t ing  above t h e  r e l a t i v e l y  l e v e l  

lake-f loor su r face .  

A f t e r  r ecess ion  of the  g l a c i e r ,  t h e  g l a c i a l  l ake  drained and the  

Kootenay and Elk Rivers c u t  through the  lake-bottom depos i t s  t o  form 

inne r  v a l l e y s  f r o m  200 t o  300 f e e t  deep. 

I n  t h e  e a r l y  1 9 7 0 ' ~ ~  t he  Libby D a m  was constructed on t h e  Kootenay 

River i n  northwestern Montana. Lake Koocanusa, which w a s  c r ea t ed  by 

the  dam, i s  about 90 m i l e s  i n  length ,  and extends some 40 miles  

i n t o  Canada. 

A more d e t a i l e d  geologica l  desc r ip t ion  of the  area is  shown i n  "A 

Prel iminary Evaluat ion of Bank Storage Associated with Lib jy  Reservoir,  

i n  Northwestern Montana: prepared by the  U.S. Government, 1970 , 
and l i s t e d  as Reference N o .  2 i n  t h i s  r epor t .  

3 .  IRRIGABLE LANDS AND SOIL WATER REQUIREMENTS 

3.1 Irrigable Lands 

Before proceeding with the  s tudy ,  the  S o i l s  Branch o f  t he  B r i t i s h  



Columbia Department of Agricul ture  was requested t o  provide information 

on the  c l a s s i f i c a t i o n  of a g r i c u l t u r e  s o i l s  wi th in  the  study a rea ,  

inc luding  s o i l  water requirements.  

I n  submi t t ing  t h i s  information,  t he  S o i l s  Branch advised t h a t  they w e r e  

a b l e  t o  provide good prel iminary es t imates  f o r  each of the  s o i l s  with 

r e s p e c t  t o  duty of water ,  peak flows p e r  acre  ( f o r  grower use) and dzsign 

f lows p e r  ac re ,  bu t  t h a t  the  a reas  should be more c l e a r l y  de l inea ted  and 

f ie ld-checked t o  v e r i f y  t h e  e s t ima tes  p r i o r  t o  using them f o r  design 

purposes .  (See Appendix "B" f o r  soils r e p o r t ,  prepared by t h e  

. 

0 

B r i t i s h  Columbia Department of Agr i cu l tu re ) .  

Consequently, a f i e l d  inspec t ion  was c a r r i e d  out  i n  J u n e ,  1973, by regre- 

s e n t a t i v e s  of t h e  Department of Agricul ture  and Water Resources Service.  

The purpose of t h e  inspec t ion  was both t o  i n s p e c t  t h e  s p e c i f i c  a reas  t h a t  

may be considered s u i t a b l e  f o r  t he  development of i r r i g a t i o n  and t o  

become f a m i l i a r  with the  genera l  a r e a .  

The a r e a  inspec ted  included both s i d e s  of the  Libby Reservoir,  extending 

from t h e  U.S.  Boundary t o  the  E l k  River,  a d i s tance  of about 13 m i l e s .  

On the  e a s t e r l y  s i d e  of the  r e s e r v o i r ,  t he  a g r i c u l t u r a l  lands are 

i n t e r s p r e a d  throughout,  t he  area. However, on the  wes te r ly  s i d e  of  the  

r e s e r v o i r ,  wi th the  except ion of a small  a r ea  a l ready  under i r r i g a t i o n  , 
adjacent  t o  the  U.S. Boundary, t h e  lands were considered unsui tab le  - f o r  

a g r i c u l t u r a l  development , and the re fo re ,  have not  been included i n  

t h i s  s tudy .  

Lands s u i t a b l e  f o r  i r r i g a t i o n  w e r e  d iv ized  i n t o  t h r e e  broad ca t egor i e s  ; 

namely; "High, Moderate and Low S u i t a b i l i t y " ,  based on such c r i t e r i a  as 

so i l  type, topography, and genera l  crop s u i t a b i l i t y .  Areas with high 

s u i t a b i l i t y  w e r e  f e l t  t o  have the b e s t  soil and topographic f e a t u r e s  and 

t h e  p o t e n t i a l  f o r  a wide range of crops.  

p r imar i ly  ones with poor s o i l  condi t ions  ( s ton iness ,  g rave ls  or shallow) 

o r  complex topographic l i m i t a t i o n s .  A l l  o t h e r  s o i l s  s u i t a b l e  f o r  

i r r i g a t i o n  w e r e  p laced  i n  the  moderate category. 

Areas of low s u i t a b i l i t y  were 

Lands not  recommended f o r  i r r i g a t i o n  a t  t h i s  time w e r e  p laced i n  the  

"Unsuitable" category - Basica l ly  , t hese  a reas  were considered t o  be 

t o o  s t e e p  €or  c u l t i v a t i o n  and i r r i g a t i o n .  

i n  p a r t i c u l a r  with r e s p e c t  t o  topograshy, some refinement of unsii i table 

s o i l  boundaries may be poss ib l e .  

With more d e t a i l e d  information , 

The t o t a l  acreage c l a s s i f i e d  a s  i r r i g a b l e  i n  t he  75,110 ac re s  of land 

in spec ted  by t h e  Department of Agr icu l ture  is  es t imated  t o  be about 

47,470 a c r e s .  

Areas considered s u i t a b l e  f o r  i r r i g a t i o n  a r e  shown on Drawing No.  5106-1. 

... 5 
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3 . 2  S o i l  Water Requirements 

Design peak flows ( f o r  grower use) of 6.0 and 6.5 USgpm p e r  acre ,  and 

corresponding annual water requirements of 2.0 and 2.5 acre- fee t  per 

ac re ,  r e spec t ive ly ,  were recommended. 

I n  e s t a b l i s h i n g  the design flows, t he  B r i t i s h  Columbia Department of 

Agricul ture  considered such f a c t o r s  as o v e r a l l  e f f i c i ency  of i r r i g a t i o n ,  

topography of land,  va r i ab le  s o i l  condi t ions ,  e t c .  To allow f o r  t h e s e  

f a c t o r s ,  approximately 10% w a s  adc2ed t o  peak flows pe r  acre t o  a r r i v e  

a t  t h e  recommended design peak f l o w s .  

The h igher  peak f l o w  values  would apply to  the  high and l o w  ca tegor ies  

of  so i l s ;  namely, Flagstone and Elko-Skaha so i l s ,  (sandy s o i l s ) ,  and t o  

those areas of moderate s u i t a b i l i t y  t h a t  a r e  shown as E l k o  and Skaha soi ls .  

The lower peak f l o w  values  would apply t o  the  remaining moderate ca t egor i e s  

t h a t  are dominately Wycliffe and Plumbob s o i l s  (developed on till). 

For system design purposes,  5% has been added t o  the  recommended water 

requirements t o  allow f o r  conveyance losses .  

The areas of d i f f e r e n t  classes cf i r r i g a b l e  lands and t h e i r  respec t ive  

-.  w a t e r  requirements are summarized i n  Table N o .  2.  

A more d e t a i l e d  so i l s  desc r ip t ion  of the  a rea  i s  shown i n  "Soi l  Survey of 

the  Upper Kootenay and Elk River Val leys  i n  t h e  E a s t  Kootenay D i s t r i c t  

of  B r i t i s h  Columbia", B r i t i s h  Columbia Department of Agricul ture ,  l i s t e d  

as Reference N o .  3 .  

During a normal i r r i g a t i o n  season, water d i s t r i b u t i o n  is  general ly  

c a r r i e d  o u t  over  a 140 day per iod ,  commencing about May 1st and ending 

about September 15th.  

On t h e  assumption t h a t  the  seasonal  i r r i g a t i o n  demand f o r  the  E a s t  

Kootenay area would be comparable t o  t h a t  e s t ab l i shed  f o r  the  Okanagan 

Val ley,  t h e  es t imated  monthly d i s t r i b u t i o n  of i r r i g a t i o n  demand f o r  t h e  

s tudy area has  been summarized i n  Table N o .  3 .  

3 . 3  Domestic and I n d u s t r i a l  U s e  
I 

The p resen t  s tudy i s  mainly concerned with t h e  f e a s i b i l i t y  of devel- 

oping i r r i g a t i o n  supply f o r  the  a r e a ,  and domestic and i n d u s t r i a l  supply 

are considered t o  be i n c i d e n t a l  use only.  

I f  t h e  area is  developed, t h e  su2ply of water should be more than 

adequate t o  include the  a d d i t i o n a l  domestic and i n d u s t r i a l  demand. 
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TABLE NO. 2 

SUMMARY OF IRRIGABLE LANDS AND COIL WATER REQUIREMENTS 

DESIGN WATER TOTAL 
SUI TAB1 L I  TY TOTAL PEAK TOTAL DUTY ANNUAL 

OF AREA ACRE AGE FLOW OEAK FLOW ACRE- WATER 
US GPM/ US GPM FEET REQUIRENENT 

ACRE ACRE-FEET 

1. GRASMERE VALLEY 

High 2,260 6.5 14,690 2.5 5,650 
Moderate : 

Elko-Skaha 1 , 170 6.5 7,605 2.5 2,925 
S i l t  Loam 940 6.0 5,640 2.0 1,880 

Low 670 6.5 . 4,355 2.5 1,675 

Irrigable 5,040 
Unsuitable 3,500 

T o t a l  Area 8,540 

2. I N D I A N  RESERVE NO. 2 

32,290 12,130 

High 
Moderate : 

E lko- Sk aha 
S i l t  Loam 

Low 

I rrigable 
Unsui tab le 

Total A r e a  

1,160 6.5 7,540 2 .5 .  2,900 

3,695 6.5 24,020 2.5 9,240 
2,880 6.0 17,280 2.0 5,760 

0 6 -5 0 2.0 0 

7,735 48,840 17,900 
2,915 

10,650 

3. BALANCE OF STUDY AREA SOUTH OF ELK R I V E R  

High 4,165 6.5 27,075 2 -5 10,410 
Moderate : 

Elko-Skaha 4,355 6.5 28,310 2.5 10,890 
S i l t  Loam 8,885 6.0 53,310 2.0 17,770 

2,340 LOW 9 35 6.5 6,080 2.5 

Irrigable 18,340 114,775 41,410 
Unsuitable 11,540 

Total Area 29,880 

4. BALANCE OF STUDY AREA NORTH OF ELK RIVER 

High 1,035 6.5 6,730 2.5 2,590 
Moderate : 

E lko- Sk ah a 11,170 6.5 72,605 2.5 27,925 
S i l t  Loam 4,150 6.0 24,900 2.0 8,300 

Low 0 6.5 0 2 .5  0 

I rr igable  16,355 
Unsuitable 9,685 

104,235 38,815 

T o t a l  Area 26,040 - 

S UMFIARY : 
I r r i g ab le 47,470 
Unsuitable 27,640 

To ta l  Area 75,110 

300,140 110,255 



TABLE NO. 3 

ESTIMATED D I S T R I B U T I O N  OF MONTHLY WATER DEMAND 

I N  A C m - F E E T  

1. 2 .  3. 4. 
MONTH PERCENT GRASMERE I N D I A N  l3ALANCE BALAXCE TOTAL 

OF VALLEY FESERVE SOUTH OF NORTH OF MONTHLY 
TOTAL ANNUAL NO. 2 ELK RIVER E L K X V E R  REQUIREMENT 

REQUIREMENT 

8,150 23,171 May 21 2 , 547 3 , 759 8,695 
* ( 8 2 )  ( 1 2 1 )  (280) (253)  (747) 

June 23 2,790 4,117 9,524 8,927 25,379 
(93) (137) (317) (298) (846 1 

J u l y  25 3,033 4,475 10,351 9,704 27,586 
(98) (145) (334) (313) (890) 

August 23 2,790 4,117 9,524 8,927 25,379 
(90) (133) (308) (288)  (819) 

Sept .  1-15 8 970 1,432 3,315 3,107 8 , 830 
(96) . (221)  (207) (589) (65) 

TOTALS 100 12,130 17,900 41,410 38,815 110 , 255 

* NOTE: Figures  i n  bracke ts  are the  average demand i n  acre- fee t  p e r  day. 

I 
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4. POTENTIAL CROP PRODUCTION 

An assessment of p o t e n t i a l  crop production i n  the  a rea  was made by the  

Farm Economics Branch, B r i t i s h  Columbia Department of Agr icu l ture .  

(See Appendix "C") . 
$ 

The Farm Economics Branch s t a t e d  t h a t  crop production i n  the  a rea  i s  

p resen t ly  l i m i t e d  t o  hay crops (Al fa l f a  and a l f a l f a -g ras s  mix tu res ) ,  one 

marginal orchard,  and some very l imi t ed  gra in  production involving less 

than 50 acres per year.  

n a t i v e  range capable of support ing one animal-unit-month on 3 t o  4 ac re s ,  

during the  per iod  May through September. 

The majori ty  of the  study area  i s  p resen t ly  

On t h e  average, there are about 130 f r o s t - f r e e  days i n  the  study area. 

This ensures  a t  least  2 and perhaps 3 a l f a l f a  cu t t i ngs  per year ,  a t  a 

y i e l d  of 5 t o  6 tons  per acre .  

I t  w a s  f u r t h e r  s t a t e d  t h a t  t he  a r e a  may have some l imi t ed  p o t e n t i a l  f o r  

i r r i g a t e d  g r a i n  crops.  C o r n  s i l a g e  production i s  doubtful ,  o r  a t  

least very marginal,  f o r  even the  e a r l y  maturing low-heat-unit- r equ i r ing  

varieties. 

I t  appears t ha t  t h e  p r e v a i l i n g  c l i m a t i c  condi t ions  would allow the  

commercial product ion of low-heat r equ i r ing  vegetable  crops,  such a s  

the  cole crops.  T ree - f ru i t  product ion,  a t  the  b e s t ,  would be marginal. 

The area does have a high p o t e n t i a l  f o r  po ta toe  production ' ( e i t h e r  seed 

or  table s tock )  , with expected y i e l d s ,  i n  t he  order  of  1 2  t o  15 tons  

p e r  acre. 

5. SOURCES O F  WATER SUPPLY 

To meet t h e  p o t e n t i a l  i r r i g a t i o n  demand as shown i n  Table N o .  2 ,  s eve ra l  

poss ib l e  sources  of w a t e r  supply were examined. 

These sources  are l i s t e d  as follows: 

1) Lake Koocanusa 

2)  Edwards Lake and Loon Lake 

3) Surface Streams - (Galton Range) 

4 1 Groundwater 

5 )  E l k  River 

The p o t e n t i a l  development of t hese  sources  of supply i s  discussed below: 

e 5.1 Lake Koocanusa 

Lake Koocanusa Reservoir,  which was formed by the  r ecen t  cons t ruc t ion  

of t h e  Libby Dam i n  the  State of Montana under t h e  C o l u m b i a  River Treaty,  

provides  both downstream flood c o n t r o l  and power generation. 

. . -9 



The e l e v a t i o n  of  the  r e se rvo i r  a t  f u l l  pool l e v e l  i s  2459 f e e t  (Geodetic) , 
s o m e  200 t o  300 f e e t  below the  average l e v e l  of Tobacco Pla ins .  The bed 

e l e v a t i o n  of t h e  (Kootenay River) a t  the  In t e rna t iona l  Boundary is 

approximately 2,310 f e e t .  

The proposed ope ra t iona l  curves of the  r e se rvo i r ,  included as Appendix "D" 

(Abstracted from Reference No.  2 ) ,  have been compiled from 30 years  of 

flow records of the  Kootenay River ,  covering the  per iod 1929-1958. 

The curves show t h a t  with a drought yea r ,  re-occurance i n t e r v a l  of one 

i n  30 years ,  t h a t  a t  the  beginning of  May (Commencement of i r r i g a t i o n  

season) ,  the  l e v e l  of the  r e s e r v o i r  would be a t  e l eva t ion  2,287, twenty- 

t h r e e  f e e t  i n  e l eva t ion  below the  bed of the  r i v e r  channel a t  the  

I n t e r n a t i o n a l  Boundary. S i m i l a r i l y ,  i n  a mean year ,  with an occurance of 

about once i n  15 years ,  t he  l e v e l  of  t he  r e se rvo i r  would be about 

2,350 f e e t ,  or  40 f e e t  above bed l e v e l  a t  the  Boundary. A t  t h i s  e l e v a t i o n ,  

t he  reservoir would extend some seven m i l e s  upstream from the  Boundary. 

Even under maximum y i e l d  condi t ions  the  r e s e r v o i r  l e v e l  would be 

approximately 60 f e e t  b e l o w  f u l l  pool  e l eva t ion  a t  the  beginning of May, 

r i s i n g  t o  f u l l  pool  l e v e l  towards the  end of June. 

Although the  supply would be adequate,  t h e  wide f luc tua t ions  i n  r e s e r v o i r  

l e v e l  during the  i r r i g a t i o n  season, would p r e s e n t  major problems t o  

t h e  pumping of i r r i g a t i o n  supply. 

The opera t ion  of Lake Koocanusa Reservoir i s  described i n  more d e t a i l  

i n  Reference N o .  2.  

5.2 Edwards Lake and Loon Lake 

Edwards Lake, which conta ins  a su r face  area of about 100 ac res  i s  

s i t u a t e d  on the  nor th  boundary of Indian  Reserve N o .  2 ,  and Loon Lake, 

which conta ins  a su r face  area OE about 75 a c r e s ,  i s  s i t u a t e d  a f u r t h e r  

two miles  t o  t h e  nor th .  The lakes, which l i e  about 1% miles t o  the  west 

of Gramere Valley,  are separa ted  from the  va l l ey  by a r idge  of  high 

ground. 

These l akes  appear t o  be groundwater expressions a s  they are not  Ped 

by any su r face  streams. However, Edwards Lake i s  fed  by a f a i r l y  

l a r g e  sp r ing ,  o r i g i n a t i n g  near  the  t o w  of  t he  r idge .  The lakes  should 

be monitored t o  a s ses s  t h e i r  y i e l d ,  bu t  from f i e l d  observat ions the  

supply would appear t o  be l imi t ed .  

Some s to rage  development has  a l ready  taken p lace  on  Edwards Lake f o r  

the  i r r i g a t i o n  of lands ad jacent  t o  the  lake .  



5.3  Surface Streams 

P o t e n t i a l  water supply from sur face  streams wi th in  the  s tudy a rea ,  would 

be ava i l ab le  from about twelve streams which dra in  i n t o  the  Grasmere 

V a l l e y  o f f  t h e  Galton Range. 

A s  a considerable  po r t ion  of the  s t r e a t  flows a re  l o s t  t o  groundwater 

s to rage  wi th in  the  v a l l e y ,  it would be necessary t o  d i v e r t  t he  stream 

flows above the  va l l ey  bottom t o  fiinimize seepage l o s s e s .  

The development of s to rage  supply t o  supplement t he  low summer flows 

of  t he  s t reams was considered. However, from an o f f i c e  s tudy of e x i s t i n g  

a i r  photography and topographic maps, t h i r e  would appear t o  be l i t t l e  

p o s s i b i l i t y  of developingadequate s torage  supply wi th in  t h e  t r i b u t a r y  

bas ins .  Therefore,  t he  p o t e n t i a l  of  these  streams f o r  su r face  i r r i g a t i o n  

supply would be l i m i t e d  to  minimum summer flows. 

A prel iminary hydrometric program c a r r i e d  out  i n  1974, i nd ica t ed  t h a t  

t he  t o t a l  y i e l d  from the  catchment area during the  pe r iod  of  record,  

June t o  September, would be &out 33,000 acre- fee t  during an average 

- y e a r .  The y i e l d  i n  a w e t  yea r  f o r  t h e  same per iod  would be about 57,000 

acre-feet, and i n  a drought yea r  about 15,000 acre- fee t .  

U p  t o  t h e  p r e s e n t  t i m e ,  w a t e r  l i cences  have been i s sued  au thor iz ing  

the  d ive r s ion  of about 4,800 acre- fee t  of w a t e r  from these  streams €or 

t h e  i r r i g a t i o n  of some 1,920 acres of lands.  

A l is t  of w a t e r  l i cences  appurtenant t o  the  s tudy area, i s  included as 

Appendix "E". 

5.4 Groundwater Supply 

(a)  'Pre l iminary  Groundwater Assessment 

A pre l iminary  assessment of the  groundwater p o s s i b i l i t i e s  wi th in  the  

s tudy  area w a s  made i n  1974 by the  Groundwater Division of . t h e  Water 

I n v e s t i g a t i o n s  Branch. (See Appendix "F" f o r  a r epor t  on "A Preliminary 

Groundwater Assessment f o r  the  E a s t  Kootenay Valley,  1974") 

The groundwater assessment was divided i n t o  th ree  sec t ions  as follows: 

1. A review of ava i l ab le  da t a .  

2.  Prepara t ion  of a prel iminary groundwater assessment 
r epor t ,  including:  

(a )  Geological map of the  s tudy area. 

(b) Proposal f o r  a t e s t -we l l  d r i l l i n g  program 

3 .  Production w e l l  cons t ruc t ion  and c o s t  estimates. 

... .ll 



1. Review of Available Data 

Reference was made t o  the  "Preliminary Evaluation of Bank Storage 

Associated w i t h  Libby Reservoir i n  Northwestern Montana'' , mentioned 

e a r l i e r  i n  the r e p o r t .  

According t o  t h i s  paper ,  a s  i c e  moved dv.m the t rench ,  it ground and 

compacted the  underlying depos i t s  i n t o  clay till. Following the damming 

of a 400-foot deep lake ,  streams from the adjacent  mountains deposi ted 

t h e i r  bed-load along the e a s t e r l y  shore of the lake.  This ma te r i a l  was 

reworked by the  streams , the  coarser  mater ia l  forming d e l t a s  r a d i a t i n g  

from the  mouths of t he  t r i b u t a r i e s ,  the  f i n e r  ma te r i a l  forming lake 

bottom s i l t ,  c l ay ,  and f i n e  t o  medium sa:id. 

a 

The d e l t a i c  and outwash depos i t s  a r e  shown i n  Figure 3 of t h i s  paper 

( included i n  the  r epor t  a s  Appendix "G") , represent ing  a diagramatic 

geologic  sec t ion  across  the  Rocky Mountain Trench, below the  In te rna t ion-  

a l  Boundary. 

The lake bottom depos i t s  a r e  shown t o  be ad jacent  t o  the  maximum s tage  

of  t h e  Libby Reservoir ,  while t he  outwash depos i t s  a r e  s i t u a t e d  on the  

- e a s t e r l y  s i d e  of t he  Tobacco P l a i n s .  

Groundwater l e v e l  f l u c t u a t i o n s  due t o  ac t ive  s torage ,  a r e  expected t o  be 

l e s s  than 10 f e e t ,  a t  a d i s tance  of two miles o r  more from the  r e s e r v o i r ,  

and between 30 t o  50 f e e t ,  ad jacent  t o  t 3 e  r e se rvo i r .  I t  was ind ica t ed  

t h a t  it would take s e v e r a l  years  f o r  the inac t ive  bank s torage  t o  b u i l d  

up (water which w i l l  not  re turn  t o  the  r e s e r v o i r  under presumed opera t ing  

cond i t ions ) .  It  was a l s o  ind ica t ed  t h a t  very l i t t l e  a c t i v e  bank s torage  

would be ava i l ab le  f o r  i r r i g a t i o n  production wel ls .  

I n  conclusion,  wel l  cons t ruc t ion  i n  the g l a c i a l  lake depos i t s  w i l l  be 

very d i f f i c u l t  and expensive, i f  very f i n e  aquaf ie r  ma te r i a l s  a r e  

encountered . 
However , t he  p o s s i b i l i t y  of ob ta in ing  groundwater i n  t he  outwash grave ls  

underlying major meltwater channels,  which i n  t u r n  overlay till o r  

impermeable c lay  and s i l t ,  i s  considered good. 

A more complete desc r ip t ion  of t he  s u r f i c i a l  geology of t he  a rea  i s  

contained i n  t he  prel iminary groundwater assessment r epor t .  

2. 

( a )  Geological Map of the  Study Area 

A one inch t o  one h a l f  mile s u r f i c i a l  geologica l  map of t he  study area  

was prepared from e x i s t i n g  a i r  photos,  r epor t s ,  assoc ia ted  soil maps of 

t he  a r e a ,  and reconnaissance f i e l d  work. (See drawing N o .  5106-2: 

Preparat ion of a Preliminary Groundwater Assessment Report 

... 1 2  
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"Geological Map of S tudy  Area showing proposed loca t ion  of Groundwater 

Test-hole s i t e s " ) .  

(b)  Proposal f o r  a Test-hole Program 

T e s t  d r i l l i n g  i s  recommended i n  order  to  o b t a i n  shallow sub-surface 

information on the groundwater p o t e n t i a l  of the  a rea .  The t e s t -ho le s ,  

i f  success fu l  i n  encountering shallow outwash a q u i f i e r s  , should be 

completed a s  monitor w e l l s .  

A dec is ion  t o  complete geophysical surveys,  and deep explora tory  t e s t -  

ho le s  i n t o  the  Eugene Formation of t he  E l k  River A r e a  (Po ten t i a l  

supplementary groundwater supply) , should not  be made u n t i l  the  r e s u l t s  

of t h e  shallow tes t -hole  program have been evaluated.  A paper ,  

"Late Genozic Geology o f  t he  Southern Rocky Mountain Trench, B r i t i s h  

Columbia", by J. J. Caque, Universi ty  of B r i t i s h  Columbia, 1973, 

suggests  t h a t  although t h e  cha rac t e r  o f  sediments beneath the  Eugene 

Formation i s  n o t  known, these  sediments f i l l  a s t r u c t u r a l  bas in  near  t h e  

Elk River,  t o  a depth of 1500 meters. The paper  concludes t h a t  t h e  deeper 

sediments below the  upper till may be permeable enough t o  t r ansmi t  

abundant groundwater supply.  This source cauld be an a l t e r n a t i v e  

supply t o  the  proposed d ivers ion  from Elk River,  descr ibed la te r  i n  

t h i s  r e p o r t .  

The l o c a t i o n  of the  proposed shallow tes t -hole  si tes are shown on 

Drawing N o .  5106-2. 

The ob jec t ives  of t h e  tes t -holes  are: 

a)  To assess and monitor the  recharge e f f e c t s  from Lake Koocanusa 

on shallow outwash a c q u i f i e r s ,  and on t h e  l a c u s t r i n e  depos i t s  

s i t u a t e d  near  t he  south end and w e s t  s i d e  of the s tudy area. 
. 

b)  To a s ses s  and monitor t he  groundwater p o t e n t i a l  of shallow outwash 

depos i t s  over ly ing  till i n  o t h e r  p a r t s  of the  s tudy area. 

[ 

Deep t e s t -ho le  d r i l l i n g  would not  be p a r t  of t h e  i n i t i a l  program, as it 

would r equ i r e  d i f f e r e n t  d r i l l i n g  methods and techniques.  

Approximately 1 4  t e s t -ho le s  a r e  proposed, ranging i n  depth f r o m  100 f e e t  

t o  150 f e e t ,  fo r  an o v e r a l l  c o s t  of  about $65,000 (1976 p r i c e  l e v e l ) .  

3.  Production Well Construction and Estimated C o s t s  

It i s  no t  poss ib l e  t o  provide reasonably accura te  c o s t  f i g u r e s  on t h e  

cons t ruc t ion  o f  production wel l s ,  u n t i l  the  t e s t -we l l  program has been 

completed. However, f o r  the  purpose of t h i s  r e p o r t ,  t e n a t i v e  costs have 

been prepared,  based on the  prel iminary groundwater assessment. 
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The following e s t ima tes ,  which a r e  based on  a number of assumptions, 

provide f o r  w e l l  c a p a c i t i e s  ranging from 350 U.S. gal lon  p e r  minute 

t o  1000 u.S. gal lons  per minute, s u f f i c i e n t  t o  i r r i g a t e  farm un i t s  from 

50 ac res  i n  s i z e  t o  150 a c r e s ,  res2ec t ive ly .  

PRODUCTION WELLS 

PRELIMINAR'I ESTIMATE OF COSTS 

W e l l  Farm Assumed E s t .  c o s t  

U.S. 9.p.m. A c r e s  O f  Well 1976 P r i c e s  
Capacity U n i t s  Septh Of Production W e l l  

Fee t  $ 

100 
. .  

350 - 1000 50 - 150 

350 - 1000 50 - 150 200 

350 - 1000 50 - 150 300 

9,320 

12,720 

19 , 245 

The above costs do no t  include cha rg t s  f o r  moving equipment t o  and from 

s i t e ,  supe rv i s ing  personnel ,  o r  s p e c i a l  d r i l l i n g  and cons t ruc t ion  problems. 

Deta i led  cost estimates f o r  100-foot and 300-foot deep cable  t o o l  tes t  

product ion w e l l s  i n  t he  Kootenay area, are shown i n  Appendix "H". 

(b) Revised Groundwater Assessment - Grasmere Valley 

I n  1975, a f u r t h e r  assessment w a s  inade with regard t o  p o t e n t i a l  ground- 

water charge i n  the  Grasmere V a l l e y ,  based on more recent  hydrometric 

da t a .  (See Appendix "I" f o r  "Preliminary Groundwater Assessment f o r  t he  

Grasmere Valley" and Appendix "J" f o r  i n i t i a l  t e s t -we l l  d r i l l i n g  program) . 

The f i g u r e s  presented  i n  the  assessment demonstrate t h a t  a considerable 

volume of  w a t e r  i s  lo s t  t o  s torage  i n  t h e  G r a s m e r e  Valley,  represent ing 

a l a rge  percentage of the  ava i l ab le  sur face  flow f r o m t h e  twelve 

t r i b u t a r y  watersheds dra in ing  i n t o  t h e  va l l ey .  Such a high loss would 

i n d i c a t e  the  h ighly  permeable na ture  of t he  creek beds. 
I 

, 
Consequently, it would appear t h a t  not  only does the  a r e a  have a good 

p o t e n t i a l  f o r  groundwater, b u t  i n  view of the  above l o s s ,  the  Grasmere 

Valley has a good capaci ty  f o r  grow-dwater recharge.  I Consequently, 

recommendations a r e  made p r o p o s h g  t h a t  i n i t i a l l y  two t e s t -ho le s  be 

d r i l l e d  i n  the  G r a s m e r e  Valley. 

5.5 E l k  River 

Supply from the  E l k  f i v e r  was a l s o  considered. 

r i v e r ,  e i t h e r  by pumping or  by g r a v i t y ,  would require  extensive divers ion 

and d i s t r i b u t i o n  works, and consequently,  would be more c o s t l y  than the  

A s  d ivers ion  from the  
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o t h e r  proposals ,  t h i s  source should only be considered as a supplementary 

supply f o r  a la te r  s t age  of development. 

Two a l t e r n a t i v e  proposals  w e r e  considered: 

(a) Supply by Pumping 

By s i t i n g  a pumping p l a n t  near  the  P h i l l i p s  Bridge on t h e  o ld  Highway 

N o .  93, or a l t e r n a t i v e l y ,  near  t he  br idge on the  new Highway N o .  93, 

approximately 16000 acres o f  land could be served i n  the  area l y i n g  

south of  t he  Elk River.  A hydrograph of t he  r i v e r  nea r  t he  proposed 

pumping p l a n t  shows t h a t  t he  flow would be s u f f i c i e n t  t o  meet t h e  

m a x i m u m  monthly average demand of t h i s  system (See appendix "K-1") .  

(b) Supply by Gravity 

By s i t i n g  an in t ake  upstream of the  e x i s t i n g  Elko Power Dam, owned by 

the B r i t i s h  C o l u m b i a  Hydro and Power Authori ty ,  a g r a v i t y  supply system 

could be cons t ruc ted  t o  serve approximately 28,300 acres of  l a n e  ly ing  

both south and no r th  of t h e  E l k 0  River.  

w a t e r  l i cences  au tho r i z ing  the d ivers ion  o f  900 cubic feet p e r  second 

fo r  power genera t ion ,  t h e r e  may be i n s u f f i c i e n t  flow i n  a dry year  t o  

meet t h e  demand of t h e  proposed system. 

As t h e  Authority has  p r i o r  

The hydrograph of the  E l k  River,  a t  Fernie ,  included i n  ADDendix "K-2", 

shows tha t  i n  a yea r  of l o w  flow similar t o  t h e  condi t ions  experienced 

i n  1970 the  de f f i c i ency  could be about 15,000 acre-feet .  If the 

i n t a k e  w a s  s i t e d  downstream of the  power dam, the  available flow during 

a dry  yea r  would be s u f f i c i e n t .  

requi  r ed  . 
However, boos te r  pumping would be 

6. POWER REQUIREIVENTS AND AVAILABIE POWER SUPPLY 

For the purpose of t h i s  s tudy ,  it has been assumed tha t  t h e  potential  

i r r i g a b l e  lands would be developed i n  s t ages .  I t  has  also been assumed 

t h a t  t h e  Grasmere Valley area would be developed f i r s t ,  followed by the  

o t h e r  sub-areas. 

Based on the  pumping systems proposed i n  this repor t ,  t h e  es t imated  power 

demand and a n n u a l  energy consumption, f o r  each of  t h e  above areas, 

have been summarized i n  T a b l e  NO. 4. 

The a v a i l a b i l i t y  of power supply f o r  the area was discussed with the  

B r i t i s h  Columbia Hydro and Power Authori ty  o f f i c i a l s  a t  Fernie .  

The Hydro o f f i c i a l s  i nd ica t ed  t h a t  t he  ex i s t ing -  25 K.V.,  s i n g l e  phase 

t ransmission l i n e ,  which runs through the  Grasrnere Valley,  has  only 

s u f f i c i e n t  capac i ty  t o  supply the  p re sen t  demand. 

l i n e  i s  l imi t ed  t o  serv ing  up t o  40 horse-power motors. 

The capac i ty  of t he  

To meet t h e  p o t e n t i a l  demand of  about 1.2 M.W. i n  t h e  G r a s m e r e  V a l l e y  
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a rea ,  a new 25 K.V. ,  3-phase l i n e ,  would be required poss ib ly  from Elko, 

a d i s t ance  of about 18 miles. A new 25 K.V. sub-stat ion would a l s o  be 

requi  red . 

To meet t he  p o t e n t i a l  demand of about 22 M.W. f o r  t h e  e n t i r e  study 

area, a new 60 K.V.,  3-phase l i n e  toge ther  w i t h  a 60 K.V. sub-s ta t ion ,  

would be required.  The new l i n e  could branch o f f  from the e x i s t i n g  

Cranbrook-Fernie t ransmission l i n e ,  which i s  about 30 miles nor th  of 

the  c e n t e r  of power demand. 

0 

Without f i rm  design p lans  it would be d i f f i c u l t  t o  es t imate  accura te ly  

t h e  requi red  c a p i t a l  costs f o r  t he  new power supply f a c i l i t i e s .  However, 

for a prel iminary assessment, it is  est imated t h a t  t o  meet the  

p o t e n t i a l  power demand of t h e  Grasmere Valley,  the  c o s t  of cons t ruc t ing  

t h e  new transmission l i n e  and sub-stat ion couid be about $600,000.00, or 

for  the  e n t i r e  s tudy  area, about $1,200,000. 

As any r equ i r ed  capi ta l  c o s t  con t r ibu t ion  f o r  the  new major power supply 

f a c i l i t i e s  i s  unknown a t  t h e  p re sen t  time, t h i s  cos t  i t e m  has not  been 

considered i n  comparing c o s t s  of t h e  var ious proposals  included i n  

t h i s  r epor t .  

7. WATER SUPPLY PROPOSALS 

7.1 General Descr ipt ion of  Proposals 

One of  t he  main problems i n  developing the  proposed s tudy area ,  would 

appear t o  be the  supply of adequate i r r i g a t i o n  water a t  an economical 

cost. 

As mentioned previous ly ,  t h e  p o t e n t i a l  development of the f i v e  water 

supply sources ,  and the  l i m i t a t i o n s  i n  developing these  sources ,  w e r e  

examined. Based on t h e  r e s u l t s  of t h i s  examination, the  development of 

t h e  lands  wi th in  the  s tudy a r e a  would be expected t o  take  p lace  i n  

progress ive  s t ages .  

It i s  reasonable t o  expect  t h a t  as most of t he  e x i s t i n g  farms within t h e  

a r e a  are s i t u a t e d  i n  the  Grasmere V a l l e y  a rea  ( l i s t e d  as SuS-Area N o .  1 

i n  the  r e p o r t ) ,  t h e  developrcent of the  remaining a g r i c u l t u r a l  land 

0 

i n  t h i s  area would be considered f irst .  The area i s  already being served 

from the s e v e r a l  streams dra in ing  i n t o  t he  va l l ey ,  and add i t iona l  supply 

from these  s t reams,  p lus  groundwater supply,  should be more than adequate 

t o  serve  the  area. 

A smal l  acreage i s  being served from Edwards Lake. The a v a i l a b i l i t y  of 

water supply from both Edwards Lake and Loon Lake w i l l  no t  be known 

u n t i l  a monitoring program has been carried o u t .  

... 16 



1. 

2. 

- 
3. 

4. 

TABLE NO. 4 

ESTIMATE OF POTENTIAL POWER DEXAND 
AND ANNUAL ENERGY CON SUMP T I  ON 

- 

SUB- AREA IRRIGABLE PEAK ANNUAL ESTIMATED ANNUAL 
LANDS FLOW WATER POWER ENERGY 

(AC%ES) DEMAND REQUIFEEXT DELYAND CONSUMPTION 
( ~ o ~ K . w . )  (USGP?,!) (ACRE-FEET) (KW) 

G r a s m e r e  Valley 

Tobacco P l a i n  
Ind ian  Reserve 
N o .  2 

Balance of 
A r e a  South 
Elk River 

Balance o f  
A r e a  North 
Elk River 

Study 
of  

Study 
of 

5,040 33,900 12,730 3,620 8,020 

7,735 51,300 18,790 5,460 11,900 
. -  

18,340 120,50O 43,480 12,840 27,400 

16,355 109,500 40,760 (Gravity Supply 
- no pumping requi red)  

TOTALS 47,470 315,200 115,760 21,920 47,320 

NOTES: Peak Flow Demand: Peak Demand from T a b l e  N o .  2 p l u s  5% 
allowance f o r  losses. 

Water Requirement: Quantity from Table No.  2 p l u s  5% 
allowance for  losses. 

Estimated power demand: . 

KW = U S p m  X Head (400')  X 1.864 X 

Eff i c i ency  0.7 

Energy Consumption : 

KWH = Acre-feet X 400 f o o t  head X 1.024 

Ef f i c i ency  0.65 



If f r equen t  drought i n t e r v a l s  a r e  acceptable ,  lands ad jacent  t o  Lake 

Koocansacould be s e w e d  by pmping  from the lake.  However, as mentioned 

previous ly ,  the  l a r g e  f luc tua t ions  i n  r e se rvo i r  opera t ing  l e v e l s  , i n  

p a r t i c u l a r  during the  i r r i g a t i o n  season, would present  major problems 

i n  pumping i r r i g a t i o n  supply. 

From a prel iminary assessment of  groundwater p o s s i b i l i t i e s  , it would 

appear t h a t  s u f f i c i e n t  groundwater supply may be ava i l ab le  t o  supplement 

t h e  supply from su r face  streams i n  t h e  Grasmere Valley a rea  i f  required,  

and i n  add i t ion ,  might se rve  a po r t ion  of Sub-Area N o .  2 (Indian Reserve 

N o .  2 )  and Sub-Area N o .  3 .  ( A r e a  south of Elk River l y ing  between 

0 

Indian  Reserve N o .  2 and Lake Koocanusa). Again, t h e  a v a i l a b i l i t y  o f  

ground w a t e r  w i l l  n o t  be known u n t i l  a t e s t - w e l l  program has been 

implemented. 

Prel iminary s t u d i e s  i n d i c a t e  t ha t  the  p o t e n t i a l  sur face  supply and 

groundwater supply wi th in  the s tudy area, would not  be s u f f i c i e n t  t o  

meet the  t o t a l  design demand of  about 110,000 acre- fee t  per annum. 

It would appear ,  however, t h a t  adequate supplementary w a t e r  supply 

could be obtained from the  Elk River,  e i t h e r  by pumping or by gravi ty .  

I n  view of  t h e  high c o s t  of  developing t h i s  source,  it should only 

be considered as a supplementary supply i n  t h e  f i n a l  s t ages  of 

development of t h e  area. 

I t  has  a l s o  been suggested t h a t  supplementary w a t e r  supply may be 

a v a i l a b l e  from a deep a q u i f i e r  i n  t h e  Eugene Series i n  t h e  v i c i n i t y  of 

t h e  E l k  River. Supply from t h i s  source i s  only specula t ion  a t  t h i s  

s t a g e  and would be c o s t l y  t o  eva lua te .  Development of t h e  var ious 

sources  are more f u l l y  descr ibed as follows: 

\ 

7.2 Supply from Surface Streams i n  G r a s m e r e  Valley 

I t  has  a l ready  been suggested t h a t  the  f i r s t  s t age  development of t h e  

s tudy  area could be t h e  f u l l  development of t h e  farm lands within 

t h e  Grasmere Valley.  
I 

I t  is  a n t i c i p a t e d  t h a t  s u f f i c i e n t  w a t e r  supply would be ava i l ab le  from 

the  su r face  stream presen t ly  serv ing  the  area. The cost of supply from 

these  s t reams would vary according t o  the  phys ica l  layout  and s i z e  

of  t he  system. I n  the  Okanagan Valley,  comparable c o s t s  have ranged 

from about $550 p e r  acre  t o  $1,800 per acre. 

7.3 Supply from Groundwater 

The c o s t  of supply from groundwater w i l l  a l s o  vary,  according t o  the  

depth and capaci ty  of t he  w e l l ,  and the  s i z e  of farm u n i t  being s e w e d  

p e r  wel l .  
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Prel iminary design and c o s t  es t imates  have been prepared for  t h r e e  

product ion w e l l  systems, t o  cover a range i n  depth of w e l l  from 100 

f e e t  t o  300 f e e t ,  and t o  serve  farin u n i t  a r eas  p e r  wel l  ranging i n  s i z e  

from 50 ac res  t o  150 acres .  

L- 

The design requirements f o r  t he  v a r i a t i o n  i n  depth of w e l l  and farm 

u n i t  area, are shown i n  t a b u l a r  forin. 

An allowance f o r  poss ib l e  charges for  i n s t a l l i n g  s h o r t  power supply 

l i n e s  t o  ind iv idua l  wel l s  has been included i n  the  es t imates .  

Details of the  proposed systems a r e  described as follows: 

(1) Supply f o r  50-acre Farm Unit 

On the a s s y p t i o n  t h a t  the well would be loca ted  c e n t r a l l y  within the  

farm u n i t ,  t h e  i r r i g a b l e  lands would be wi th in  a rad ius  of  800 feet 
- 

f r o m  t h e  we l l ;  consequently,  t h e  lznds  could be serv iced  from a por t ab le  

s y s  t e m .  

The requi red  y i e l d  of the  w e l l  would be about 400 U.S. gal lons  p e r  

minute, to supply an annual requi reaent  of  about 120 acre-feet .  

The w e l l  i n s t a l l a t i o n  would include a submerged pump, operated manually. 

The design opera t ing  head of  the ~ u n p  is  based on the  assumption t h a t  the 

maximum drawdown would be equal  t o  the  d2pth of the  w e l l .  

TA3LZ NO. 5 

WELL DESIGN REQUIREMENTS 

(50-Acre Farm Unit 

Depth of Assumed Dynamic Capacity of Se lec ted  Annual 
W e l l  Head of Pump pump Horse Power Pimping 

(feet)  (Fee t )  (USGPM) of Pump Energy 
(KWH 1 

I 

100 

200 

250 

350 

325 

325 

30 47 , 260 

50 66,165 

300 450 325 60 85,070 

A s  domestic supply has not been provided f o r ,  a s to rage  tank ,  and a 

sepa ra t e  w e l l  f o r  domestic use , would be required.  0 
(2)  Supply for  100-acre Farm U n i t  

The r equ i r ed  y i e l d  of the  wel l  would be a b o u t  650 U.S. ga l lons  p e r  minute, 

t o  supply an annual requirement of a b o u t  230 acre- fee t .  
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I n  add i t ion  t o  the  pump i n s t a l l a t i o n ,  about 3,000 f e e t  of buried 

d i s t r i b u t i o n  p i p e l i n e s  would be needed t o  provide se rv ice  t o  within 

1,000 f e e t  of t h e  w e l l ;  

Well design requirements a r e  shown i n  Table N o .  6. 

TABLE NO. 6 

EELL DESIGN REQUIREMENTS 
(100-Acre Farm Unit)  

Depth of Assumed Dynamic Capacity of  Se lec ted  Annual 
We 11 Head of Pump Horse Power Pumping 

(Feet)  (Feet) (USGPM) of Pump Energy 
( W H  1 

100 

200 

300 

250 

350 

450 

650 6 0  90,585 

65 0 100 126,820 

650 125 163,050 

D o m e s t i c  supply could be provided by the add i t ion  of a s to rage  tank -to 

the system, which would a l s o  he lp  t o  balance the  pump operat ion.  

(3) Supply f o r  150-Acre Farm Unit 

The requi red  y i e l d  of  t he  w e l l  would be about 1,000 U.S. ga l lons  per 

minute, t o  supply an annual requirement of about 340 acre-feet .  

I n  add i t ion  t o  t h e  pump i n s t a l l a t i o n ,  about 4,000 f e e t  of bur ied  

d i s t r i b u t i o n  p i p e l i n e s  would be needed t o  provide service wi th in  1,000 f e e t  

of t h e  wel l .  

Well design requirements are shown i n  T a b l e  N o .  7. 

TABLE NO. 7 

WELL DESIGN REQUIREMENTS 

I (150-Acre Farm Unit)  

Depth of A s s  ume d Dynami c Capacity of Se lec ted  Annual 
W e l l  Head of Pump PWP Horse Power Pumping 

(Fee t )  (Feet) (US GPM ) of PWgl Energy 
(KWH1 

100 

200 

300 

250 

35 0 

475 

975 

975 

975 

100 133,910 

150 187,470 

175 254,425 
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0 

0 

Domestic s u p p l y  could be provided by the  addi t ion  of a s torage  tank t o  

the  system, which again,  would he lp  t o  balance the  pump operat ion.  

7.4 Supply from Elk River 

The d i s t r i b u t i o n  system, which would be completed pressur ized ,  could be 

suppl ied  from two a l t e r n a t i v e  supply systems: 

(1) Supply by Pumping from E l k  River 

A s  it i s  not  poss ib l e  a t  t h i s  time t o  provide a f i rm est imate  of the 

p o t e n t i a l  supply from the  o t h e r  sources ,  i n  p a r t i c u l a r  from groundwater, 

i t  w a s  necessary t o  use hypothe t ica l  values  i n  assess ing  the  required 

demand from the  Elk River. 

Consequently, t he  pumping system w a s  designed t o  serve about 16,000 

acres of Sub-areas 2 and 3, l y ing  wi th in  the wester ly  p o r t i o n  of 

Tobacco P l a i n s .  

l ( a )  A 12,000 K.W. pumping s t a t i o n  s i t e d  on the Elk River near  

P h i l l i p s  Bridge on t h e  Old Highway N o .  9 3 ,  t o  d e l i v e r  240 cubic 

f e e t  p e r  second aga ins t  a t o t a l  dynamic head of 400 f e e t .  

The w a t e r  would be t r e a t e d  by s e t t l i n g  and screening.  

l ( b )  24  m i l e s  of d i s t r i b u t i o n  main and l a t e r a l  p i p e l i n e s ,  ranging i n  

s i z e  from 84-inch t o  30-inch diameter.  

For  es t imat ing  purposes , the  proposed p ipe l ines  are assumed t o  

be of s tee l  manufacture ; however, a l t e r n a t i v e  makes may 

be considered. 

1 (c) Dis t r ibu t ion  sub-systems t o  serve  the  ind iv idua l  pa rce l s  of land. 

I n  t h e  absence of a planned land development, t he  p i p e l i n e s  have 

been l a i d  o u t  t o  follow t h e  e x i s t i n g  roads i n  the  area, and t o  

convenient ly  serve  the  a g r i c u l t u r a l  lands.  

( 2 )  Supply by Gravity from t h e  Elk River 

As an a l t e r n a t i v e  t o  pumping, t h e  supply could be obtained by gravi ty  

from t h e  Elk River,  from an in take  s i t u a t e d  near  Elko. 

An a d d i t i o n a l  8 miles. of  d ivers ion  p i p e l i n e ,  inc luding  a tunnel ,  would 

be ' required,  t o  connect t he  in t ake  with the  d ivers ion  p i p e l i n e  a t  the  

pumping s i t e ,  descr ibed previously.  

Approximately 12,300 ac res  o f  a d d i t i o n a l  a g r i c u l t u r a l  lands could be 

served. 

The a l t e r n a t i v e  system would c o n s i s t  of the  following components: 

2 (a)  An in t ake  on the  Elk River s i t e d  above the  E l k 0  Power Dam,  

capable o f  handl ing a flow of  425 cubic  f e e t  p e r  second. 



2(b )  Two m i l e s  of 12-foot diameter t unne l ,  or a l t e r n a t i v e l y  a 

108-inch diameter p i p e l i n e  l a i d  up t o  50 f e e t  i n  depth,  t o  , 

provide a g rav i ty  flow. 

2(c)  F i f t e e n  m i l e s  of d ivers ion  and trunk main p ipe l ines ,  

ranging i n  s i z e  from 108-inch t o  30-inch diameter.  

2 (d) Distr ibut ion sub-systems t o  serve  a t o t a l  of about 

28,300 a c r e s .  

Diversion by cana l  as an a l t e r n a t i v e  t o  a pressur ized  p i e p l i n e ,  w a s  also 

considered.  However, i n  view of t h e  i r r e g u l a r  topography along t h e  

d ive r s ion  rou te ,  which would r equ i r e  the  cons t ruc t ion  of a number of 

syphons and drop-s t ruc tures ,  t he  pressur ized  pipe l i n e  w a s  found t o  be 

more ecomonical. I n  add i t ion ,  the  capaci ty  of the cana l  would have 

t o  be inc reased  t o  a l l o w  f o r  conveyance losses. Furthermore, many o f  

t he  ind iv idua l  u se r s  would have t o  i n s t a l l  booster  pumps. 

D e t a i l s  of the  proposed pumping and grav i ty  systems from the  E l k  River 
are shown on Drawing No's. 5106-3 and 4 .  

- - - - - - - _ _  - - 

8. CAPITAL COSTS 

Details of the  c o s t  estimates of t he  proposed systems are shown i n  

Appendix "L" . 

A s  the  s tudy has been based on minimal information,  t h e  design and 

cost e s t ima tes  w i l l  only provide a prel iminary assessment of the  

i r r i g a t i o n  p o s s i b i l i t i e s  w i th in  the  study area. Fur ther  information 

would be requi red  before  a f i n a l  design and c o s t s  could be prepared. 

E s t i m a t e s  of c o s t  used i n  t h i s  r e p o r t  have been based on 1976 prices. 

The cost estimates have been summarized as follows: 

8.1 Groundwater Supply 

FARM U N I T  ESTIMATE OF COSTS 
i n  Dollars 

(1976 Prices) 

1 Depth of  Well i n  Feet 
I 100 200 300 

T o t a l  Estimated Cap i t a l  C o s t  

50-acre Farm Unit  
100-acre Farm Unit 
150-acre Farm Unit 

Estimated Cap i t a l  C o s t  P e r  Acre 

50-acre Farm Unit  
100-acre Farm Unit 
150-acre Farm Unit  

38,200 43,100 55,800 
71,880 77,880 90,480 
8 4  , 000 90,000 102 , 600 

76 4 86 2 1,116 
719 779 905 
560 600 680 
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8 . 2  Elk River 

(a )  Pumping System 

Pumping S ta t ion  

Main P ipe l ines  

Di s t r ibu t ion  System 

TOTAL 

Engineering & Contingencies,  a l low 203 

T o t a l  E s t i m a t e d  Capi ta l  C o s t  

C a p i t a l  Cost p e r  A c r e  (16,000 acres) 

$ 8,100,000 

17,269,000 

4,800,000 

$ 30,169,000 

6 , 0 3 4 , 0 0 0  

$ 36,203,000 

say  $ 36,000,000 

2,250 

(b) Gravi ty  System 

Diversion Works 

Main P ipe l ines  

Di s t r ibu t ion  System 

TOTAL 

Engineering & Contingencies,  al low 20% 

Total Estimated Cap i t a l  Cost 

s ay  
Capi ta l  C o s t  p e r  A c r e  (28,300 acres) 

$ 8,680,000 

31,744,000 

8,490,000 

$ 48,914,000. 

9,783,000 

$ 58,697,000 

$ 60,000,000 

2,120 

9. ANNUAL COSTS FOR THE PROPOSED SYSTEMS 

9.1  Operation and Maintenance 

The annual opera t ing  and maintenance c o s t s  are es t imated  t o  be 0.75% 

of t h e  conveyance and d i s t r i b u t i o n  system works, 1.5% of t h e  c a p i t a l  

cost of s t r u c t u r e s  and bui ld ings ,  and 3% of the  e l ec t r i ca l  and pumping 

i n s t a l l a t i o n s .  

9 .2  Pumping Power Costs 

The annual power c o s t s  f o r  pumping are based on B r i t i s h  Columbia 

._ Hydro..and. Power  Authori ty  rates app l i cab le  f o r  t he  year  1976, 

l i s t e d  as fol lows:  

Schedule N o .  1401 - Applicable fo r  pumps under 100 H.P. 

I r r i g a t i o n  Season: 1.15C p e r  KW-i 

Non I r r i q a t i o n  Season: 1.15C p e r  €393 f o r  t h e  f i r s t  150 KWH 
and 9 .OC p e r  iO2i for  the  remainder. 

Schedule N o .  1402 - Applicable f o r  pumps over 100 H.P .  

I r r i g a t i o n  Season: 0.9C p e r  KIT€! 

Non I r r i g a t i o n  Season: 0.9C p e r  KW'I f o r  t he  f irst  500 KWH and 
9.0$ p e r  KNH f o r  t h e  remainder. 

0 

KWH = Acre-feet X 1.024 X head 

Pumping Eff ic iency  65% 
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9.3  Amortization Costs 

I t  i s  assumed t h a t  f inanc ing  would be ava i l ab le  under t h e  ARDA Program 

t o  c o n s t r u c t  t h e  proposed systems , with the  Federal  and Provinc ia l  

Governments c o n t r i b u t i n g  75% of t h e  Capi ta l  Costs,  and t h e  landowners 

c o n t r i b u t i n g  t h e  remaining 25%. 

I t  i s  also assumed t h a t  t h e  area would finance i t s  share  of t h e  C a , n i t a l  

C o s t  by i s s u i n g  l o % ,  25-year t e r m  s ink ing  fund debentures,  t h e  est imated 

i n t e r e s t  on t h e  s ink ing  fund being 7.5% compounded annualky. 

The annual costs have been summarized as follows: 

9.4 Summary of Annual C o s t s  f o r  Groundwater Supply 

ANNUAL COSTS REQUIRED REVENUE 
$ $ 

NON-ARDA ARDA NON-ARDA ARDA 

Charge Charge FARM cost cost 
U N I T  T o t a l  Pe r  T o t a l  Per To ta l  Per To ta l  Pe r  

cost A c r e  c o s t  Acre Revenue A c r e  Revenue A c r e  

50-Acre Farm 
Depth W e l l  

100 5,400 

200 6,240 

300 8,078 

100-Acre Farm 
Depth W e l l  

100 10 , 685 

2 00 11,555 

300 13,480 

150-Acre Farm 
Depth W e l l  

100 12,390 

200 13,637 

300 15 , 844 

- 

108 

125 

162 

107 

116 

135 

83 

9 1  

10 6 

2 , 115 

2,540 

3,278 

4,500 

4,855 

5,690 

5.,165 

5,892 

7,024 

42 

5 1  

66 

45 

49 

57 

34 

39 

43 

5 , 500 

6,250 

8,100 

11,000 

1 2  , 000 

14,000 

12 , 750 

14  , 250 

16 , 300 

110 2,250 

125 2,550 

162 3 , 300 

110 4,500 

120 5,000 

140 6,000 

85 5 , A Q O  

95 6,200 

10 8 7,050 

Details of t h e  annual ope ra t ing  and maintenance costs are shown i n  

Appendix Ml-M3. 

, ,  

45 

51 

66 

45 

50 

60 

36 

4 1  

50 
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9 - 5  Summary of Annual Costs f o r  Elk River Supply ._ 

(1) Pumping System 

Operat ion and Maintenance 

Pumping Energy 

Amortization of Cap i t a l  C o s t  

Adminis t ra t ion 

Total  Annual Operating Costs 

0 

Revenue Required per acre t o  m e e t  

annual  ope ra t ing  c o s t s ,  based on 

16,000 acres of b e n e f i t t i n g  lands 

(2) Gravi ty  System 

Operation and Maintenance 

Amortization 

Adminks t r a t i o n  

T o t a l  Annual Operat ing Costs 

Revenue requi red  per acre t o  m e e t  annual 

ope ra t ing  c o s t s ,  based on 28,300 acres 

of b e n e f i t t i n g  lands .  

ANNUAL COSTS 

Non- ARDA ARDA 
Ass i s  tance Assistance 

$ 330,000 $ 330,000 

199,700 199,700 

4,149,272 , 1,037,318 

100,000 100,000 

$4,778,972 $1,667,018 

$ 300 $ 105 

$ 367,000 

6,752,000 1,688,000 

125,000 125,000 

$ 7,244,000 $2,180,000 

$ 367,000 

$ 260 80 

Details o f  t h e  annual opera t ing  and maintenance costs are shown ' 

i n  Appendix "M4 6r M5". 

10. SUMMARY 

This r e p o r t  p r e s e n t s  proposa ls  for  the i r r i g a t i o n  of s o m e  47,470 acres 

of arable l and  w i t h i n  t h e  e a s t e r n  Kootenay Valley.  The s tudy area, 

encompasing a t o t a l  area of about 120 square m i l e s ,  l ies  between 

Lake  Koocanusa on t h e  w e s t  and t h e  Galton Range on t h e  east, and extends 

no r the r ly  f r o m  the  Canada-U.S. Boundary t o  the  Community of Elko. 

Lands s u i t a b l e  €or i r r i g a t i o n  w e r e  d ivided i n t o  t h r e e  broad ca t egor i e s  

by t h e  B r i t i s h  Columbia Department of Agr icu l ture ;  namely, "High, 

Moderage and Low s u i t a b i l i t y " ,  based on such c r i t e r i a  as s o i l  type,  

topography and genera l  crop s u i t a b i l i t y .  

.- 

An assessment of p o t e n t i a l  crop product ion i n  t h e  area w a s  made by the  

Farm Economics Branch, P rov inc ia l  Department of  Agr icu l ture .  A t  the  

p r e s e n t  t i m e  crop product ion i s  l i m i t e d  mainly t o  hay crops. However, 

t h e  area may have some l i m i t e d  p o t e n t i a l  for i r r i g a t e d  g r a i n  and crops.  

The peak system demand for t h e  s tudy area which has been based on a 

peak monthly i r r i g a t i o n  demand of 6 .0  t o  6.5 U.S. gal lons  p e r  minute 

per acre p l u s  an allowance of  5% for  system losses, is es t imated  t o  

be 315,200 U.S.  ga l lons  per minute. The annual water requirement is  

. . -25. 



es t imated  t o  be 115,760 acre- fee t .  

A s  t h i s  s tudy is  mainly concerned with the  f e a s i b i l i t y  of developing 

i r r i g a t i o n  supply f o r  the  area, domestic and i n d u s t r i a l  supply a r e  con- 

sidered t o  be i n c i d e n t a l  use only.  

On the  assumption t h a t  t he  development of i r r i g a t e d  lands would be 

developed i n  progress ive  s t a g e s ,  t h e  study area w a s  d ivided i n t o  fou r  

sub-areas as follows : 

1. Grasmere Valley Area 

2 .  Tobacco P la ins  Indian  Reserve NO. 2 

3 .  Balance of  area south of  Elk River 

4. Balance of area nor th  of Elk River 

Acreages and water requirements f o r  t he  fou r  sub-areas a r e  shown i n  

T a b l e  No .  2. To m e e t  the  p o t e n t i a l  i r r i g a t i o n  demand as shown i n  

T a b l e  N o .  2 ,  t h e  following sources  of water supply were examined: 

1. Lake Koocanusa (Libby Reservoir)  

2.' Edwards Lake and Loon Lake 

3.  Surface Streams 

4. Groundwater Supply 

5. Elk River 

An assessment w a s  made on each of  t h e  sources  as follows: 

1. Lake Koocanusa 

Supply by pumping from Lake  Koocanusa should be adequate, except during 

extreme drought per iods .  However, f l u c t u a t i o n s  i n  r e s e r v o i r  l e v e l  

during the i r r i g a t i o n  season could p re sen t  problems. 

2. Edwards Lake and Loon Lake 

A s  t hese  l akes  appear t o  be groundwater expressions,  a monitoring program 
I 

_- -wou-ld- be requi red  t o  assess the  p o t e n t i a l  supply.  

3 .  Surface Streams 

A t o t a l  of twelve streams d ra in  i n t o  the  Grasmere Valley o f f  the  Galton 

Range. Although a considerable  po r t ion  of t h e  stream f l o w s  a r e  l o s t  t o  

groundwater s to rage  wi th in  the  v a l l e y ,  prel iminary s t u d i e s  ind ica t e  

t h a t  s u f f i c i e n t  supply may be ava i l ab le  from t h e  catchment areas t o  

serve  a l l  t h e  i r r i g a b l e  lands wi th in  the  Grasmere Valley area.  Without 

s to rage  supply the  p o t e n t i a l  of these  streams would be l imi t ed  t o  t h e i r  

base flows during the  i r r i g a t i o n  season. 

e 

To minimize seepage l o s s e s ,  it may be necessary t o  improve some of the  

e x i s t i n g  i r r i g a t i o n  systems. 
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4. Groundwater Supply 

'I- 

Prel iminary s t u d i e s  ind ica t e  t h a t  c e r t a i n  a reas ,  i n  p a r t i c u l a r  the 

G r a s m e r e  V a l l e y ,  have a good p o t e n t i a l  f o r  groundwater supply. However, 

i n  o rde r  t o  assess the  groundwater p o t e n t i a l  of the  a r e a ,  a t e s t -we l l  

d r i l l i n g  program would be required.  

5. Elk River 

on the  assumption t h a t  t he  water supply for  the  i n i t i a l  s t ages  of  

development of t h e  a rea  would be from the  afore-mentioned sources ,  

adequate supply would be ava i l ab le  from t h e  Elk River f o r  t he  development 

of the  remaining lands.  

To meet the p o t e n t i a l  power demand of  a-ut 1 . 2  Mega W a t t s ,  a new t r ans -  

mission l i n e  and sub-s ta t ion  would be required,  a t  an es t imated  cost o f  

about $1.2 mi l l i on .  

I t  i s  reasonable t o  expect t h a t  as m o s t  of t he  e x i s t i n g  farms wi th in  

t h e  area are s i t u a t e d  i n  t h e  Grasmere Valley area (Sub-area N o .  11, t he  

development of the  remaining a g r i c u l t u r a l  lands i n  the area would be 

considered f i r s t ,  t o  be suppl ied from the  su r face  streams dra in ing  

i n t o  the  v a l l e y ,  or  from groundwater, i f  required.  

Limited acreage may be suppl ied  from Edxards Lake and Loon Lake. 

Within c e r t a i n  l i m i t s  of r e s e r v o i r  drawdown, lands ad jacent  t o  

Lake  Koocanusa could be served using po r t ab le  pumping systems. However, 

under extreme drawdown condi t ions ,  i n  p a r t i c u l a r  during major drought 

pe r iods ,  pumping may not  be f e a s i b l e .  

As mentioned previous ly  , t he  groundwater p o t e n t i a l  would r equ i r e  a tes t  

w e l l  d r i l l i n g  program t o  prove up the  p o t e n t i a l  o f  a l l  areas. 

Drawing N o .  5106-2). The a r e a  t o  be f i r s t  t e s t e d ,  and where the  ground- 

water p o t e n t i a l  i s  be l ieved  t o  be h igh ,  i s  i n  the  Grasmere Valley.  

(See 

C o s t  estimates of a water supply system based on w e l l s  are given f o r  50, 

100 & 150 ac re  farm u n i t s  - a s s u m i n g ,  however, t h a t  t es t  production w e l l s  

can be cons t ruc ted  success fu l ly  a t  t he  sites of the  proposed test holes ,  

shown on Drawing N o .  5106-2. 

As it is  not  poss ib l e  a t  t h i s  time t o  provide f i rm es t ima tes  of t he  

p o t e n t i a l  supply from the  o t h e r  sources ,  hypothe t ica l  values  w e r e  used i n  

a s ses s ing  t h e  requi red  demand from the  Elk River. 

A pre l iminary  system design and c o s t  es t imate  w a s  prepared f o r  both a 

pumping system on t h e  E l k  River near  the  P h i l i p s  Bridge on Highway N o .  93 
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(o ld)  and a g r a v i t y  system, supp l i ed  from an in take  s i t e d  up-stream of 

the  power dam a t  Elko. 

E s t i m a t e s  of c o s t  used i n  the  r e p o r t  have been based on 1976 p r i c e s .  

To ta l  es t imated  system costs have been summarized as  follows: 

Groundwater Supply 

50-acre Farm Unit  

100-acre Farm Unit 

150-acre Farm Unit 

E l k  River Supply 

Pumping System 

Gravi ty  System 

Estimated Costs - $ 

Depth of Well 

100' 200 ' 300 ' 

38,200 43,100 55,800 

71,880 77,880 90,480 

84,000 90,000 102,600 

Estimated C o s t s  - $ 

36 mil l ion  

60 mi l l ion  

Deta i led  cost e s t ima tes  are shown i n  Appendix "L". 
0 

It i s  assumed t h a t  the  f inanc ing  of t he  w a t e r  supply development would 

be ava i l ab le  under the  ARDA Programme, with the  Federal  and P rov inc ia l  

Governments con t r ibu t ing  75% of the  Cap i t a l  C o s t ,  and the  landowners 

con t r ibu t ing  ' the  remaining 25%. 

The r equ i r ed  revenues could be obtained by imposing the  fol lowing 

charges : 

Groundwater Supply 

50-acre Farm Unit 

ARDA 

Non-ARDA 

100-acre Farm Uni t  

ARDA 

Non-ARDA 

150-acre Farm Unit 

ARDA 

Non-Arda 

Required Annual Revenue 
$/Acre 

Depth of W e l l  

100 20 0 300 

45 . 5 1  66 

110 125 16 2 

45 50 60 

110 120 140 

36 4 1  50 

85 95 10 8 

-. .28 



* 

Elk River Supply Required Annual Revenue 

$/Acre 

Pumping System 

ARDA 

Non-ARDA 

Gravity System 

ARDA 

105 

300 

80 

Non-ARDA 260 

Details of t h e  annual opera t ing  and maintenance c o s t s  are shown 

i n  Appendix "M" . 

11. RECOMMEXDATIONS 

A s  the water supply proposals  presented 

very l i m i t e d  information,  they are intended only t o  i n d i c a t e  the 

i r r i g a t i o n  p o s s i b i l i t i e s  wi th in  the  s tudy area. 

i n  t h i s  r epor t  are based on 

I f ,  however, f u r t h e r  s t u d i e s  are t o  be considered, it i s  recommended t h a t  

t he  fol lowing programs should be c a r r i e d  out .  

1. Groundwater Exploratory Program 

A s  a necessary p r e r e q u i s i t e  t o  the  pre l iminary  test w e l l  d r i l l i n g  program 

o u t l i n e d  on t h e  Foweraker r e p o r t ,  it i s  recommended t h a t  the  groundwater 

p o t e n t i a l  of  t h e  Grasmere Valley,  E a s t  Kootenay Dis t r ic t ,  be f i r s t  

assessed by a t e s t  d r i l l i n g  program as ou t l ined  i n  t h e  revised ground- 

w a t e r  assessment r epor t s .  (Appendices "H" t o  '*J") . Fur ther  tes t -hole  

d r i l l i n g  could follow, using the  tes t -hole  s i tes  shown on Drawing 

N o .  5106-2, b u t  i s  is very l i k e l y  t h a t  s e v e r a l  of these  sites w i l l  have 

t o  be changed as new subsurface information from previous tes t -holes  

i s  evaluated.  

_ _  

The c o s t  e s t ima te  f o r  t h e  f irst  t w o  t es t -holes  i n  the  G r a s m e r e  Valley, 

i nc lud ing  pumping t e s t s  and monitoring equipment, is  $22,095.00 

(1976 prices);  while the  c o s t  of  t h e  e n t i r e  tes t -hole  program i s  es t imated  

t o  be $65,000.00 (1976 p r i c e s ) ,  & with p resen t  p r i c e  inc reases  can be 

expected t o  go much h igher .  

0 2. S o i l  Survey 

A d e t a i l e d  s o i l  survey t o  r e f i n e  the  i r r i g a t i o n  c l a s s i f i c a t i o n  and 

de l inea t ion  of  s o i l  boundaries.  

The surveys could be c a r r i e d  o u t  i n  s t ages  t o  meet t h e  requirements of  

any s p e c i f i c  proposal .  

. . -29 



3.  Mapping Program 

A d e t a i l e d  mapping program t o  provide base maps a t  a suggested sca l e  

of 1:5000 and a minimum contour i n t e r a l  of one metre. 

The mapping would be requi red  f o r  f i n a l  design purposes and up-dating 

o f  t he  so i l s  information.  

4. Hydrometric Program 

Addi t iona l  hydrometric information t o  provide a more accura te  assessment 

of t h e  p o t e n t i a l  sur face  and groundwater supply. 

5. Power Requirements 

A comprehensive assessment of t he  power requirements and f a c i l i t i e s  

t o  m e e t  t h e  p o t e n t i a l  pumping demand. 

J. FJ. Ngai, P .  Enq. 
Hydraulic Engineer 

R. G. H a r r i s ,  P. Eng, 
Head, Survevs Sect ion 



123 "1. 1 D'3 6641, ex. L. "-s?<a 
Pcl. A, DD25745 

132 1535 
S .E.E . 
2.L.C. 
S.L.E. 
3.L.K. 
Pcl. Assigmxl 3 
~lk. 67 1181 
E l k .  68 Ls. 1-4 1181 
Elk. 73 L. 1 17675 
3 a .  71; L. 1-4 1181 

5 1181 
6 1181 

Elk. 75 Ls. 1-2 1181 
Blk. 78 Ls. 1-4 U81 
Elk. 79 L. 1 1181 
slk. EO L. 2 7782 

L. 2 1181 
L. 586 1181 

c 

UnsQkdivided a-wa in N.E. 
Par t  of lot 

285; 

7 
3 23 

S.L. - 
- x 6  

pt. S.L. 9-L.24 8067 
-L.25 5067 

S.L. 1c 
0 

S.L. 11 

Uorm Holdings Ltd. 

Reve i-t ed 

Conveysce KO. '71535 . 

Reverted 
Reverted 

Reverted 

F.eve -rt e c? 

Reve ~ sd 

Revcrtsd :;<thin Kikomn 
Creek P z ~ k  

11 11 

I1 I t  

11 lt 

(1  I? 

H. & M.I.E. FaircLough 

5. & I-:. I .D . Fa.ird.oueh 
C m-wx Conveyance KO. 7262 

Kikornun Creek Pzrk 

S u m e y c r  l ake  
P r c p e r t i e s  Ltd. 

P. P m t t m  
K.P. t i oh  

C r O t s n  Reverted within K i k o k  
Cxek Park 

CrOWn Conveymce Eo . 123'7 
withi? K i k o ~ m  Creek Park 
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S.L. 14 Conveyance XD. 1237 
Within Kikomn Creek Park 

11 I 1  I1 I1  

11 I1 11 If 
S.L. 15 
S.L. 16 

I 355 S.L. 1 x hC; Reverted S.V.P. 5973 
Crosses E$ 

SOL. 4 Reve r i e d  

Reverted S.L. 5 

SOL.  6, LS 1-8 1211 CrOWn Reverted 

E. P h i l l i p s  
E. P h i l l i p s  

Reserted S.U.P. 
Crosses 

S.L. 5 w$ 
E$ 

S.L. 10 

S.L. 11 

S.L. 12 

S.L. 13 

B.L. 14 
S.L. 1 5  

S.L. 16 

E. B J. P h i l l i p  
C. eC E. ? h i l l i p s  
c rQvm Reverted 

E. & UT. Phillips 
C.3. P h i l l i p  

ClVdI-l Reverted 

-. Reverted 

Reverted 

Reverted. S.U.P. 5973 

Reve rt ed 

1 €?everted S.X. T; 

028V79 
CrOWTl 

357 6 932 
K. E!. U ~ h i l i  
W.P. e: 2. Hack 
F. Srriolj_k 
PL. ?fatson 
9. J. & i.i. Ciiurchill  
A.S .T .  Grimley 
K. UFhi l l  
G.B. & L.A. Sherret 
R.G. h I. D o ~ d i n g  . '  

A. Fabgley 
M. Sosncwski 
M. A. Ashcroft 
F. & I .P.  T e q -  
F!. Eachle t  
W.D. Dmwoody 
L.W. Stefzno 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 u 
15 
16 

..... 3 
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LOT PLJU! 

6' 
E. Stefmo 
V. Uphill 

A.J.K. XLen 1 

D.S. & D.C. Class 

E.?!. Uphill 

1.7 
18 
19 
20 
21 

S.L. 1 x 12, E$ 
Plan 5469 

W. & T.F. Letcher 

-$@ CP2WI-l Eeve rt ed 

S.L. 2 Recreation Res. (2320306 & 
Agricultuml 2es. 0337262 

S . L .  3 Cmrm S.U.P. 3043 e 3563 e: 
Swnmer Hone Coloq- 02254.49 

SOL. 4 

SOL. 5 

S.L. 6 

CrOWn 

CmWn 

Reverted 

Reve rt ed 

CrOWn Reverted 

SOL. 7 

S.L. 8 

Reverted 

Pa rt ly Cm?Kl 
Cove red by 
Plan 6982 

I t  CrCWn 

Reverted 

SOL. 9 

S.L. 10 

S.L. 11 

Rever+ed 

I t  Cr0W-n Reverted 

Reverted, Recreatio9 Res. 
No. (3194657 

S.L. 12 

S.L. 13 

S.L. II 

C r o w n  Reverted 

c mvm- Reverted 

Reverted, P.ecreationa1 Res. 
Ro. 0194657 

.-- .  S.L. 1j 

S.L. 16 

C.L. Iancastsr 
I 

Fx. 1 acre 1 
C ~f T 69137 C.L. Lancester 

S.L. 14 L . l  

3.L. 16 
S.L. 16 L.2 & 3 

Reverted S.U.P. Crosses 
Reve rt ed 
Converance KO. 1232 

S.L. 1 
S.L. 2 

S O L .  4 31 
S.L. 5 Reverted 

Reverted S.V.?. 5973 
Crosses ~ 1 %  

S.L. 6 

..... 4 
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DISTFICT LOT 
Lor 

S.L. 7 

S.L. 8 

S.L. 9 ex. 
(0 

F.127 F,/i.:; 

c 

c ro!m 

I,. Traska 

360 

L. Tmska 

S.L. 11 Pc1 62 7185 I L. T=sL:a 
S.L. 12 P 2 r t  7185 I L. TraS‘za 
Fcl. 1 

Ex. Pcl. 1 
S.L. 13 
S.L. l.4 

S.L. 1 
S.L. 2 
SOL. 3 
SOL. 4 
S.L. 5 
S.L. 6 
SOL. 7 

.Reve_rl;;ed S.V.P. 5973 
C33sses w 4 
s .u. P: 5913 
Crosses E.Z. 3 

7185 I 
- .  

‘ C r o w n  Reverted 
c ro-m Peve rt erl 
CIQWn Reverted 

S.L. 8 
S.L. 9 Ekc. P1. 

4593 
S.L. 9 4583 

S.L. 10 
L 

S.L. 11 

S.L. 12 

R.J. SeILer 

A.H. Y c l ~ e s  
F ti s Lightfoot 

L.W. & 1J.J. Iancaster 

CIQViTl Reverted Highwqs Pes . 
No. 0210381; 

c mwn I t  If 

S.L. 344 C robm 11 11 

SOL. 15 , Exc. Pl. L.V. & X. J. Lancaster 
23Ul k 
pi 2 3 ~ 1 . 4  H.V. & E.!.:. Slack 

S.L. 16 k!$ 231416A & C.E. ElacE: 
ex. Pc l  1 5916, 6638 P: 

7~91 

S.L. 16 Pc1. 1 23416 A L.W. & X.J. Lancaster a 
(. S.L. 16 L.A. 5916 E.D. & 11.V. Alt izer  

S.L. 16 L.A. 663 8 K. 1n;ine 
S.L. 16 L . l  7s9l. I?. 6 D. 3itts r 

. . . 05 
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S.L. 2 

S.L. 3 

S.L. 4 

€?evert&, Agr icu l turd  Leas1 
KO. 11,623 
( L . 'if. f;: . Iancas t e r ) 

Reverted A/PX 0327$06 

Reverted, Ht tys .  Res. KO. 
02103 y+ 

S.L. 5 CrOWn Reverte? I t  I t  

S.L. 6 

S.L. 7 

S O L .  8 
SOL. 9 
S.L. 10 
S.L. l l  

'S.L. 12 
S.L. 13 
S O L .  u 
SOL. ' 1 5  
S.L. 16 KJ= 

Ez 9 

1;38 

c 
1 

489 Korth 10 chains 

355: 

L. P.. 46 54 
Pcl. A DD 123391 

y 27 
S.L. 2, Ex. 
PIS. 5327, 5670 & 6035 

L. L 53 27 
I.. E, 5670 
L. A. 603 5 

C robm 

CrQ?ai  

Reve-rted,Highrray Res . KO. 
0210394 L% A / N t  Iio. 0327406 

Reverted A/F? Is!o. -327406 

Reve r L  ed 
Reverted 
Reve rt ed 

Reve rt ed 

Horan Holdirgs Ltd. 

Horan Eoldbgs  Ltd. h 
H.L. H 0 E m  

H.Z. Totten 

C.X. S i m l a i r  

Green Valley 
Services Ltd.  

..... 6 
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c 
SOL. 3 
S.L. 1; 
S.L. 0 
S.L. 7 
S.L. 8 

S.L. 9 Ex. 3C20'3 
L. A .  3003 

S.L. 10 

S.L. 11 
S.L. 12 
S.L. 13 
SOL. u L.1 1144 

- L. 2 1144 

L.3 u 4  
L. 4 u 4  
L.5-20 ll44 

c 
L.21-37 lL!& 
L.38-41 1il& 

S.L. 15 EL pis.iu;Lc & ~ 2 3 2 ,  
including 40 foot strips 
a d j o b - i n g  P1. I! 232 

F.23 2 
S.L. 16 
S.L. 20 
S.L. 21 

-- 
s.L. 22 - - "1 wz 
S.L. 23 
S.L. 24 

Ex. Blk. A 950 

S.L. 27 X 27 
S.L. 29 Pcl.1 

S.L. 29 Blk A 
S.L. 29 Blk A 

S.L. 29 B l k  B 950 
S.L. 29 B l k  B 9158 
S.L. 29 B l k  C 950 
SOL.  2P-S.L. 30 

c 
950 Ex 
Pcl. 1 

S.L. 31 Ex. 9203 

9203 

?IcDonalrl Panch 6 
L m 2 e r  Ltd. 

i t  I 1  

I t  fl 

1 )  11 

H.T. G B Slee 
T.C. Slee & Dir2ctor 
V. L. L. 

c h L A l d 6  e 
f!cEomld F! & L Ltd. 
T.C. Slee & D i x c t o r  
V.L.A. 
EcDomld P. E I Ltd.  
T.G. Slee & Di,rector 
T? . L . E.. 
P.P. Salanski & 
c.3. Lynn 

t t  11 

See S.L. U, -. . -. 

Highwq 2/iS 
c. Lynn 
KcDonald R & L Ltd. 
T. 0. Letcher 
CrOWn 
0.C.S .K .O. 
F. Letcher 
A. Hark 
McDonald R & L Ltd. 
B.C. Hydro 

Reverted 

B.C. Iiydm 
J. Cutts 

B.C. Hydm 
f i  

J. Cutts 
CmWn 

E.C. Letcher &. 
B.C. Tel. Co. 
B.C. Tel. Co. 

S.L. 32, Pcl B DD26457I .F. Letcher 
Rem. Pcl A Exp. Pl 17377 A.R. Wipple 

S.L. 33 A. Parnell 
S.L. 40, Pcl A SK P1. 

S.L. 4 l  - 
Part outlined in red on 
SK P1. 21973 A 

22016~  E.C. Letcher 

DF & GT Gorrie 
(. 

S.L. 42 Cmhn 

AS F'arnell 5245 
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Pcl. A DD782271 
b'. BCS Rly RIH and 
Pls 7137 & 8067 

' 

L. 1 
L. 2 
L. 3 
L. 4 
L. 5 
L. 6 
L. 7 
L. 8 
L. 9 
L. 10 
L. 11 
L. 12 
L. 13 
L. u, 
L. 15 
L. 16 
L. 1 
L. 2 
L. 3 
L. 4 
L. 5 
L. 6 
L. 7 
L. 8 
L. 9 
L. 10 
L. 11 
L. 12 

L. u+ 
L. 15 
L. 16 
L. 17 
L. 18 

L. 19 
L. 20 
L. 21  
L.22 
L. 23 

L. 13 

I 

, 

Remainder 

7137 
7137 
7137 
7137 
7137 
7137 
7137 
7137 
7137 
7137 
713 7 
7137 
7137 
7137 
7137 
7137 
8067 
8067 
8047 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 
8067 

8067 
8067 
8067 
8067 
8067 

8153 

Ex. P1. m45 

8045 

P.A. Koss 
G.L. Koss 
J.A. Gray 
D & G Alessio 
F.D. Basamb 
PD & M Basarab 
'I'D & LF Smith 
T & S Sajban 
N. Gilson 
CH & ME Simms 

WS Mosely 
Jkl Henderson 
KL Apps 
N Sidco 
Hudock Holdings 
GR Sharpe 
LR & GR Sharpe 
GI Sharpe 
DW Davidson 
SE Tnom 
H. Mindek 
ER & NB Fitzpatrick 
J. Yhdek & ER Fitzpatrick 
J.W. & I . B .  Davidson 
V Hornquist 
F. Homely 
A.X. Fetzko 
J.W. Fetzko 
D.F. & J.B.  Bmce 
L. & G. Bettran 
HR & ND McLauglan 
Mid West Holdings Ltd. 
W.R. B K.E. Cumie QC , 

Director V. L. A. 
S.J. & P.B. Durnin 
C.V.O. Holm 
E.L. Glass 
P. Tom 
G.W. & C.M. Mott 

FE Poty 

I 

Horan Holdings Ltd. & 
H.L. Horan 
C rohn 

NcDonald R & L Ltd.  

It 11 

E.K. Ostreich 

Conveyance hTo. 7492 CXihT l  

Crown 

A.S. P a r r e l l  



Victoria, Br i t i sh  Columbia 

Dear PIr. Harris: 
. .  

. .  

. .  

PNS :rid 
C . C .  C.H. Brownlee 
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Soils Branch, 
Court House, 
Kelmmr,, British Coluiibia, 
v1y 152 

October 18, 1973. 

. .  

YE. R. G. H a r r i s ,  Chief, 

B p t -  of Lands, Forests & ?-rater Resources, 

Victoria, B r i t i s h  Columbia. 

FIater Supply & Investigation Division, OCT 234973 - 

Parliament Buildings MAIL f?Ooh1 
VlCTORIA, €3- CL 

- .  ~ a r  ' ~ r .  H a r r i s :  

re: I r r iga t ion  Feasibi l i ty  Study, 
East Eootenay Vzlley (Libby Reservoir.) , 
Your File No, 0290650-E' ' 

. . .  

Under separate cover please f ind ouin preliminary map outl ining areas 
sui table  f o r  h i g a - L i o n  developlent as per om terms of reference in the  
above study, 
north, Libby Reservoir on the west, U, S. border on the south, and HighWW 
93 on the  east. 
included as t h i s  is presentky largely developed. 

Basically the  area mappsd is enclosed by the  Elk PAver on t h e  

The valley bottom between Grasmera and Roosvillp. was not 

Lands suitable f o r  irrFgation were divided in to  th ree  broad 
categories, High, Moderate and Low, based on such c r i t e r i a  as s o i l  type, 
topography, an& general crop su i tzb i l i ty .  Areas with High suitabilkty 
(shovii i n  red) were felt t o  have t h e  best  soil and topographic features 
a d  the potent ia l  f o r  a wide r a g e  of crops- Areas of Low suitability 
(shobm in yellow) are primarily ones with poor s o i l  conditions (stoniness 
0" shallow t o  gravels) o r  complex topograpzc W k a t i o n s .  
soils sui table  f o r  i r r iga t ion  were placed in t h e  loderate category. 
With more detai led s w a y  and i n s p c t i o n  I bslieve some areas of Noder2te 
could be sepwated i n t o  higher o r  lowm catezories on the  basis  of s o i l s  
md t Dpography. 

A l l  other 

. 

Land not recommended f o r  irrigation at this t i n e  was placed in 
the  Unsuitable category. 
steep f o r  cul t ivat ion aqd i r r igat ion.  
possible on some lands within t h i s  category I suspect severe pract ical  
limit at ions . 

Basically, these 2-e x e a s  considered t o o  
Fkile i r r iga ted  range may be 

. _  . 
. ,  . ,. . . ~. :. ~ . .  

.. 
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Again, with more detailed information (p22rticuhrl.y topography) 
sone refinement of Unsuitable boundaries wolfid be possible, 

d 

In regard t o  i r r iga t ion  requiremsnts, t h z  v a l u ~ s  previously swes ted  
( l e t t e r  of March 8/73) would apply t o  the  High a d  Lox categories, and t o  
those areas of Moderate su i t ab i l i t y  tha t  are sho;:~ a s  - d o  and Saha s o i l s  
( s e e  S o i l  Report No. 5)0 
l&cl i f fe  and Pluinbob SOUS (developed on t.ill) and I h-mld suggest the 
following i r r iga t ion  recommendations f o r  these: 

Tne remaining Noderate cztegories a s  doxinmtly 

Duty of water = 2.0 Acre f e e t  
Peak flow/acre = 5.5 U.S.G.P,M. 
Design flow/acre = 6.0 U.S.G.P,M, 

c Unfortunately I didn't have a suitable base ma;, for duplication 
so have prepared one copy only. 
you could send copies t o  both Mr.  Mosher a d  myself. 

I f  you plz? on preparkg a new map perhaps c 
I regret t h a t  I have not been able to get t h i s  information out t o  

you before this, but something always cane up t o  prevent its completion. . 

Yours very truly, 

C. H. Brotmlee, 
Soils Branch, 

C.C. G. Mosher c 
. . . -. . . 

. .  

_.. . . , -_ 

... . - .  _ .  . .  . . .  . .  
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I>. 3. G. E a r r i s ,  .rezz . .  

Xa-L e r  inve 5 ti gat ions  L?zn_cii - Surveys Section 

%iter Resources SeMces  
Depzrtment 02 i h v i r o m e ~ t  
P w  li ai en t Ehilding s 
Victoria, B. C. 
V8V 1x5 

Dezr Sir:  Re: I - e g z t i o n  Feasibil i ty Study 

4 

_ -  

-----a. k a t ,  Kcotenay Valley. Yom File 0290650-F 

As per yow reqpest i-n your l e t t e r  of August 24/76 we have 
extended the  area of soLls  information with respect t o  i r r igab le  
lm-ds t o  h-zlude the Grasxere Valley and the erea lying between 
t h e  Elk River and the EFoy Eleservoir extending froa the confluence 
of the  Elk ?Liver and IZosen-oir to Elko. 
t h e  lat ter are2 i s  shoi;n or? the  attached maps i n  red. 

The northern boundary of 

The s a e  c r i t e r i a  re la t ive  t o  so i l s ,  topograp%y, s u i t a b i l i t y  

Recommendations r e k t i v e  to s u i t a b i l i t y  
class, and general crop s -L tzb i l i t y  were ap?Eed t o  t h e  above areas  
as t o  t h e  or iginal  are2. 
and i r r i ga t ion  requirezszts (duty of water, pa l l  I'lov/acre, and 
design flotdacre) a re  t'ne same as outlined i n  our  l e t t e r s  of 
March %/73 and October 18/73. I n  this rzgard there is a fairly 
high percell-lage of t he  i r r igable  lands i n  the Grasaere Vzlley 
tha t  are rnqped as a X i g m n  Complex. 
a t ive ly  t rezted t h e  s a 3  as Xycliffe and Pluinbob with respect t o  
i r r iga t ion  requirement. 

These so i l s  have been tent-  

. -  

. .  

I n  r e g a d  t o  your  q e s t i o n  re: i r r iga t ion  season I Kould 
suggest a t  this stage tixt you consider t h e  m e a s  under study t o  
be coinparable with tha t  of the Okanagan Valley. 
t:oCld recomerid tha t  thz rmthly distribution of i r r iga t ion  demand 
outlined i n  your l e t t e r  O? D-uguust 24/76 be used f o r  t h e  study area. 

As befcre, we are  s e x l i ~ g  our on ly  copy of t h e  s i t a b i l i t y  
Fken you h z e  pe;zzscl 2 slLliable 

I n  addition, I 

I 

' naps (2 shes-ls of 1:5O,CCO). 
crc(s), we i ;c -dd 2;3pre:l_zte t x  copies an'd t h t  r s t c rz i  ol c ~ a  
orLgka1s f o r  our recoris. 

. . . .2/ 



CPB:mb 

C.C.  A. Schori 

Yours very tricrly, 

C.H. Brovdee,  P.Ag., 
Assistant. Head, Soils Branch 

2 Attach: 

.. .. . . . . _ .  . -  , 

. . . -*..; .~ .... ..., . _ _ .  
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-- [if*. -.*> . .  I '  f 'J..S, f . 
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3.3.. )Id2;2"Lt, Ee&, / F:i;:Z --Lr. :% -, .>?:cy- ._ ' . -.!.;r..;,, ,, ... 
i . -- . -.. F a n  Ecor?o5cs Srailch, 

?, . .  3,c. Ds?t. @f -L.grFc.;Lt-:r 
V i C L O ? - i 2 . )  3 .c .  

Daar Xr. Hecket t :  

R e :  LrrZget ion F e a s i 3 i l i t y  Study, Eas t  S 
\ le i ley - ~ o t ~ ~ ) t i z l  for Crop Production 

Cro, prodr?ct ioa i3 . t he  a r e a  2 t  przsent is  liziiteci t o  hay crops (a1 
aizd alfalfa-grass &x;&es) , .one  r c a r s i r d  orchard (ab02 
s0z.s p l s 5 ~ s ) ,  E Z ~  so=? very l i m i t e d  g r 2 h  product ion  (oats  and barley co 
crops tSt5 t l f & f a  =E;- b e  t aken  off 2s 3 2 i n  r z r h e r  t h a  
y e a r s .  % l e - e c r e e g e  lrrcolved i s  l e s s  thzn 50 per  year) .  
study arez is p e s e s t l y  n a t i v e  rezge  cz:>&le of support  

. .  

.. . . .  _ _ _ _  . . . .-. ..- _* . .. .. -.- . - . . -  
. . .  . . .  . .  

on.  3 to-,4 2cres - s e z s m  of u s e  being 1-ky through Septeaber ,  . . .  

. .  .- Ace f r o s t - f r e e  per iod  of the stirZy Ere2 is cons iderahly  g r e a t e r  t h a n  at,. 
Cranbroo': ( e s t h z t e  e ? ? r o s i i a ~ t e l y  130 frost f r e e  days compared t o  98 f o r  1 ' .  ' 

Craabrook),  

:, - . .  . .  . . .  
. .  . .  
. . .  . .  . 

Tiis ensx res  c ? t  l e a s t  2 acd perhaps 3' a l f a l f a  c G t t i n g s  per y e a r  
e n e b l i z g  3 to 6 t ons  2er  a c r e  y i e l d s .  

s i l z g e  ?rodtictioil  i n  t>is 2rea  i s  d o u 3 ~ f u l  o r  a t  b e s t  very marg ina l  for even 

, .. 
. .  . .  . . .  

. .  

. .- T22 zrez - , a ~  h a ? ~  soxe l i m i t e d  p o t e n t i a l  f o r  i r r i g a t e d  g r a i n  crops.  Corn ' . 
. .  . .. 

.. . - 1. 

the early n t t u r i n g  l o x  h e a t  u n i t  r e q u i r i n g  v a r i e t i e s .  

I hav.2 d i scussed  t h e  productiorr ~ o t e n t i a l  of h o r t i c u l t u r e  crops i n  t h e  study .; 

area w i t h  Xlke SznZers, D i s t r i c t  H o r t i c u l t u r i s t ,  Creston. It a p 2 e a r s  that . .  

c l i rzc ic  c o d i t i o a s  ~ o c l d  a l l o n  t 3 e  p o s s i b i l i t y  of c o m e r c i a 1  scale produc t ion  : . ' . .  .. 

of 1.0:~ 3eat r eq i l i r i ng  1-egetzble crops such as the c o l e  crops.  
. .. 

. .  

Tree fruit .. - 

productron voulc? b e  at b e s t  margical .  
po t2 toe  production ( e i z h e r  seed or tar31= s tock) .  
o r d e r  cf 12 to 15 tons  per  a c r e  €or po ta toes .  

Tie area does have a h i g h e r  p o t e n t i a l  for, ' 
Expected y i e l d s  may be i n  the: .  i'. . .. . c - .. 

1 .  

. .  . .  
.- . 

yv Rodrrcj- L. Ez-vis, A g r i c n l t u r i s z ,  C l h a t e  and Dzta .Services, Environnenk . . 

acd  L.mt3 E s e  Cozi t t e s  S e c r e t a r i a t ,  V i c t o r i a ,  may have scze c u r r e n t  i n f o r m a t i o n  :.' . :. 
on C l i r z t &  CapE5fllty f o r  k g r i c u l t u r e  f e r  :he study arez: Tils i n f o m a t i o n  is . '  .:. .-: 
not  p r e r e a t l y  e v a i l z b i e  a t  t h i s  o f f i c e ,  

. . .  

- . . _  .- - . - .~ . . .__ ... __ . .. . 
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LIST OF WATER LICENCES 

0 APPURTENT TO STUDY AREA 

T3IORITY LI C E NC E somc3 
DATE NO. 

AC.FI ' .  CZ3. IMT.G9. 

Q.UANTITY LICENCEE 
IXIG. POWER DCMESTIC 

Cct.10, 1906 F.L.5644 Glk g i v e r  
Dec.16, 1922 F.L.5645 tr  

Ju1.22, 1922 F.L.7373 Raymond Ck. 
r t  F. L. 9342 I 1  

Oct.16, 1900 
Oct.19, 1923 
Jun-IO, 1958 
Jul  . 14, ~ 1960 
Sep..8, 1970 
fiov.16, 1973 

11 

1: 

F.L.3464 Maguire Ck. 
C L. 42247 I t  

C .L.25791 tl 

C . L .25968 It 

C L 39442 
App.0322169 I t  

App.0328606 
App.0328637 

11 

F.L.3656 Red Canyon C!r. 
F.Lo6l7!+. It 

F.L.6378 I t  

F.L.11310 1: 

F.L.21355 11 

C . L. 40302 It  

Ir 

tr  
C*L*35798 
C-L.37680 
C , L .41080 11 

kpp. 0323035 It 

F.L.11911 rr 

Feb. I:, 1903 F.L.6175 Homard Ck. 

F P ~ .  4, 1905 F.L.6175 Stone  Ck. 

509 
1000 

11 

159 500 p4.C.- P h i l l i p s  . 
171 593 L.& 3. NcIntyre 
253 I1  

130 
, 75 

S.2, Oesko 
G. P o l i t k a  

500 X r e c t o r  V.L.Act 
1003 I? 

776 

70 

€1.5 

25 

ZC3 

569.5 

1000 E b  Pol i rka  
3500 

lC0 
ZCG 

It.'J. NcL=.ughlin 

R.J.  Mclisughlin 

- . . . . .  I - - ...... . -  

. .  

. . . .  
. . . . . .  . .  _. . ~ 



LIST OF K A E R  LICENCES .- 

APP URTE?JT TC' STUDY APZA 

7 l  reb, k ,  1903 F.L.5177 Flag Creek 
3e2. 4, 1912 F.L.3975 I1  

S e g ~ .  4, 1912 F.L.3976 II 

Fe5.25, 1913 F.L.3373 11 

Jus.15, 1923 F.L.?35? 11 

Aug.12, 1936 F.L.13644 ( 1  

Feb.19, 1933 F.L.12303 ?I 

Nar. 8, 1943 F.L.13645 11 

79-5 500 
500 

33 0-75 
10 75 500 
56.25 
75 
25.25 

5.5 
291.00 1500 

R .  J. illcLaughlin 
A. Hark 

D. Gorr i e  - 
C.J. Lancaster - 

A. Hark 
I). Gorrie 

I t  

11 

10 039 Dept .  of I n d i a  Af 
509 C.M. S i n c l a i r  

oct -23, 1895 F;L.9090 Xillie P h i l 1  
SBP .25, 1906 F.L.3883 I t  

Oct. ' 7, 1957 F.L,20363 It 
-. 

1003 Grsen Valley S e m i  m 
Sep-23, 1896 F.L.9093 Reserve Ck. 96 
NOY. 9, 1955 C.L.23505jEdwards Lake 500 
Feb.11,. 1363 C.L.28589 Scherl" Ck. 375 

Jul.31, 1963 C.L.28552 V h l a g e  Ck. 
Apr.23, 1965 C.L.31244 Comer Ck. & 62 

Agr.23, 1965 C.L.31245 Letcher Spr ing  
Letcher Brook 

De?. of Indiarx A f f  
B. P h i i l i p s  

1500 P.P. Sa lansk i  & 
C.E. Lynn 

2000 Dep. of IndFan Aff 
E.C. Letcher  

Cct. 9, 1907 F.L.4397 Xiller Ck. 22.5 
SDF. 3, 1924 F.L.9373 rt 31 85 
?eb.lL, 1963 C.L.23538 11 240 
Say 13 , 1964 c.~.29208 I1 

O c L . 1 0 ,  1907 F.L.44-52 Rainbcw Ck. 37.5 
Sep. 4, 1952 c.~.219OO r1 175 
Sep. 4 ,  1952 F.L.16392 11 

212 . 5 
) Luzber Ltd, - - 1.0 

1.0 1009 
- 

oct.12, 1399 ~,~.3131 
Dec.12, 1899 F.L.4646 

Gordon S p r i n g  30 
I1  

-503 
1033 

Boran Roldings Lt 
I1 

X . R !*!i p p l  e 

Fioran Holdings Ltd 

II I 

50s 3eZ Frook 4 

Wil l ie  P h i l l i p s  
La',$ 
3ora.n PavFs  L,&E (3t?Ck)lOC3 

503 
1c33 

T.J. S lee  ~ 

McDonal.2 Ranch S: 
Lumber Co . & L. A u l  
C.G.Letcher . 

Teb.11, 1963 C.L.28435 
Feb.15, 1963 C.L.25590 

Slee arook 
S l e e  Brook 7.5 

Roos s p i n 2  
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LIST OF %A%; LICENCZS 

APPURTENT TO STUDY A E A  

,- - 

Ju1 .29 ,  1966 C.L.34927 J o h n s o n  Spr ing  

J u l . 2 9 ,  1955 C.L.35216 11 

AUg. 6, 1973 F.L.42564 11 

Oct.30, 1972 C.L.44216 Jews11 S g r i ? ~  

Augi29, 1853 F.L.4645 P h i l l i p p s  Ck, 
O c t  . 9 ,  1900 F.L.11385 t1 

NOV. 28, 1905 P.L.3702 I1 

Dec.19, 19r?s F.L.3690 P h i l l i p p s  Ck. 

Feb. 7, 1908 F.L.6476 

Apr.14, 1948 C.L.42407 

mr.21, 1972 c.L.41575 
Kay k ,  1973 C.L.42695 

Feb.19, 1907 F.L.6475 0 

If 

I? 

11 
JU1.19, 1930 C.L.424-06 

11 

11 

Phillipps Ck. 
total 

2393 Koo t ensy -OkacaSzn  

3923 ?.:Lnister o f  
Indian Agezcy 

K a t i o n a l  Revenule - 
530 T.O. ],etcher_ 

335 
68 
42.5 

20.3 Yoran Holdings LtO. 
Dep.ol m3ian Aff. 

200 Scbd ia ided  i n t o  4 : 
E. C . We ed ; S . W . Jewel 
M . 3 . KO 0,; 2. R . 0 e s tr e - 
i C ' a  

24 100 C.M. Meed 
30.5 
49 
25 
37.5 WcDor,ald Ranch & I 

F. Letcher 

C .  Letcher 

Lumber Co. 

11 

NcDonz'ld 2anch Z 
Lumber Co. 

300 

911.5 1530 c__ 

Jun_-l8, 1964 C.L.29934 Kootensy River 300 L. Traskz 

I 

/' 

. .  
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September 30, 1974 

Files: O2nStj6-5 
U239014-8 

NC)TES ON A PRELIMINARY GROUNDIVATER ASSESSNEXT FOR THE EAST KOOTENAY VALLEY 
(LIBBY RESERVOIR) 

c INTRODUCTION 
I 

At the request of Mr. R.G Harris, Chief, ISater Supily and Investigations 
Division, a preliminary assessment has been made on the possibility of ob- 

-. taining groundwater supplies for irrigation in the East Kootenay Valley. 
The study area lies between the Libby Reservoir and the eastern wall of 
the Rocky Nountain Trench - the width is about 4 miles. 
from the International Border north for about 10 miles to the Elk River. 

The area extends 

The preliminary groundwater assessment has been divided into three parts: 

1. A review of available data. 
2. Preparations of a preliminary grounswater assessment report including: 

(a) a f-inch to &mile surficial geology map based on air-photo inter- 
pretation, field reconnaissance 2nd Clague's report and map; 
a proposal for some test holes for subsurface information and for 
completion as monitor wells. 

t 

(b) 

3. Production well construction and costs estimates. 

Test production wells by cable-tool method would only be warranted, if results 
are sufficiently encouraging from the test hole program. 

It is recommended thht a decision to cozplete geophysical surveys and 
deep rofary test holes to the bedrock profile of the valley floor should not 
be made until the results 05 a shallmier test hole program can be evaluated. 

1. REVIEW OF AVAILABLE DATA 

(a) Preliminary Evaluation of Bank Storage Associated with Libby Reservoir 
in Northbqestern blontana,Geological Survey Water Supply Paper 1S99 - 1970. 
The magnitude of active bank storage is controlled by transmissivity 
and storage coefficient. The model study indicates that geologic data 

.. . . . .2 
. .  
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I necessary t o  eva lua te  bank s to rage  accura te ly  need only be co l l ec t ed  on 

about one f o u r t h  of t h e  length  of t h e  r e s e r v o i r  ( s p e c i f i c a l l y  between 

Rexford and 8 miles  south of t he  Elk River mouth) and wi th in  2 miles  of  

t h e  r e s e r v o i r  edge. According t o  t h i s  paper,  a s  i c e  moved down t h e  

t rench ,  i t  ground and compacted t h e  underlying depos i t s  i n t o  c l a y  till. 

Following damming of a 400-foot deep lake ,  streams from the  ad jacent  

mountains deposi ted t h e i r  load along t h e  foo t  of t h e  s t eep  wal l s  of  

t h e  t rench.  

and conta in  l e s s  than 20 percent  c l ay .  

of  coarse  sand t o  medium grave l  which i n t e r f i n g e r  lakeward with lake  

_ _  bottom depos i t s  of c l ay ,  s i l t  and sand. The lake depos i t s  r e s t  on till. 

The outwash depos i t s  range i n  s i z e  from sand t o  boulders  

Fur ther  s o r t i n g  produced d e l t a s  

Af te r  recess ion  of  g l a c i a l  condi t ions ,  t h e  g l a c i a l  l ake  drained and t h e  

Kootenay River entrenched i t s e l f  200 t o  300 f e e t  i n t o  t h e  lake bottom 

d e p o s i t s .  

ac ross  the  Tobacco P la ins  below t h e  In t e rna t iona l  Border. Adjacent t o  

t h e  maximum s t age  l e v e l  of t h e  Libby Reservoir a r e  t h e  g l a c i a l  l ake  

bottom depos i t s .  

depos i t s  which i n  t u r n  i n t e r f i n g e r  with outwash depos i t s  near t h e  v a l l e y  

mountain wall. 

Figure 3 i n  t h i s  paper shows a diagrammatic geologic s e c t i o n  c- 

These grade with i n t e r f i n g e r i n g  t o  the  e a s t  i n t o  d e l t a i c  

Comments : 

From the  1970-foot f l u c t u a t i o n s  of r e s e r v o i r  s to rage  i t  would appear 

from t h i s  paper we could expect between 80 and 120-foot f l u c t u a t i o n s  

i n  t h e  s tudy area .  Groundwater l e v e l  f l u c t u a t i o n s ,  due t o  a c t i v e  s to rage ,  

a r e  expected t o  be l e s s  than 10 f e e t  a t  a d i s t ance  of two miles o r  more 

krom t h e  r e s e r v o i r  and l e s s  than 20 t o  50 f e e t  c l o s e r  t o  the  r e s e r v o i r .  

c The r i s e  i n  l eve l  over a per iod of  years  due t o  i n a c t i v e  bank s to rage  

may be  as high as 50 f e e t .  However, it i s  apparent t h a t  t h e  d i s t ance  

from t h e  r i v e r  and the  " lag time" a r e  important f a c t o r s  governing 

groundwater l e v e l  f l u c t u a t i o n s .  

t o  Mid June may be a per iod of minimum a c t i v e  s torage  during t h e  s t a r t  

of t h e  i r r i g a t i o n  season and may a f f e c t  ava i l ab le  drawdown and w e l l  

y i e l d  of we l l s  located c l o s e  t o  zhe r e s e r v o i r .  

From t h e  graphs,  t he  per iod mid May 

However, demand should 

. .. . . . 3  
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be minimal for irrigation during this period. 
that much active bank storage will not be available for irrigation pro- 

It would appear, however, 

duction wells. 
several years for inactive bank storage to build up. It could be con- 
cluded from this paper that an assessment of the groundwater potential 
should be, at this time, based on conditions prior to the filling of 
the Libby Reservoir and that the installation of  monitor wells will 

From Graph No. 6 it is apparent that it will take 

provide continuing data required for further reassessments of bank 
storage and groundwater potential at a later date. 

-- Well construction in the glacial lake deposits will be very difficult 
and expensive if very fine aquifer materials are encountered, and well 
completion under these conditions may be questionable unless a cheap 
long sand pack screen design is feasible. 

c 

(b) Late Cenozoic Geology of the Southern Rocky Mountain Trench, British 
Columbia by J.J. Clague, University of British Columbia, November, 
1973. 

This 274 page paper is divided into six main chapters: 1. Introduction; 

2. 
Mountain Trench; 3 .  Glacial Flow Patterns and the Origin of Lake 
Wisconsinan Till; 4. Sedimentology and Paleohydrology of Lake Wisconsinan 

The St. Eugene Formation and the Development of the Southern Rocky 

Outwash; 5 .  Geographic History; 6. Applications of Geological Know- 
ledge. 

Bedrock Geology is summarized from Clague as follows: 
The Galton Range, which lies to the east of  our study area, is under- 
lain by Upper Purcell rocks (siltstone, sandstone argillites) of 
Precambrian age. 
the Galton Range near its crest. 
composed of  Upper Purcell rocks. 

- 

Younger Cambrian rocks crop out at the north end of 
The McGillivray Range to the west is 

Surficial Geology: 

Thick deposits of semi-consolidated and unconsolidated sediments are 

. . . . . . 4  



l imi t ed  t o  t h e  major v a l l e y  b o t t o m  and a r e  of  T e r t i a r y  and Quaternary 

age; t h e  d r i f t  cover i s  t h i n  o r  zbsent on t h e  uplands.  A deep bas in  

showing up t o  1,500 meters of  T e r r i r r y  sediments has  been o u t l i n e  by 

Gravi ty  Surveys i n  t h e  Elk River 2rea. 

from Clague 's  r e p o r t .  The S t .  Eugerte Formation, which r ep resen t s  t h e  

'only exposed p a r t  of t hese  sed inents ,  c o n s i s t s  of  f l oodp la in  and f a n  

See a t tached  Figure 6 taken 

facies  which f i l l e d  t e c t o n i c  depressions caused by h a l f  graben block 

f a u l t i n g  . 

The f loodp la in  facies inc ludes  boeh high energy r i v e r  grave ls  deposi ted 

o f f  t r i b u t a r y  v a l l e y s  and shallori  lake o r  slack water s i l t  and sand. 

The f a n  facies c o n s i s t  of  t a l u s  and fanglomerate deposi ted along t h e  

margins of t h e  proto-Rocky Mountain Trench and der ived from adjacent  

f a u l t  bounded,uplands. 

t h e  Elk River area is  d iscussed  f u r t h e r  a t  t h e  end of  t h i s  sec t ion .  The 

th ickness  of  Quaternary depos i t s  3as been estimated by Clague 'from 

s t r a t i g r a p h i c  exposures along t h e  major r i v e r  va l l eys  i n  t h e  Trench and 

from seismic records  where low v e l o c i t y  Quaternary sediments are d i s -  

t i ngu i shab le  from in te rmedia te  v e l o c i t y  T e r t i a r y  depos i t s .  I n  genera l ,  

Quaternary depos i t s  a r e  about 100 meters o r  less i n  th ickness  along t h e  

s i d e s  of  t h e  Trench, b u t  are l o c a l l y  much th i cke r  along t h e  Trench ax is .  

More d iscuss ion  on t h e  S t .  Eugene Formation i n  

Lis ted  i n  o rde r  of decreasing age,  t he  known depos i t s  i n  t h e  southern 

Rocky Mountain Trench inc lude  the following: t h e  S t .  Eugene Formation, 

i n t e r g l a c i a l  sediments, o l d e r  d r i i t ,  i n t e r - d r i f t  sediments, younger 

d r i f t  and p o s t  g l a c i a l  sediments. 

shown i n  Figure 8 from Clague's r e p o r t .  

t h e  Wycliffe t ill ,  it  i s  a "massive unsorted depos i t  of  c l ay ,  s i l t ,  sand 

X genera l ized  composite s ec t ion  i s  
The younger d r i f t  is a l s o  c a l l e d  

and c las t s  ranging widely i n  s i ze  . . . Lenses of water worked sand 

and grave l  are present  w i th in  t h e  till shee t .  

l ake  s i l t s  from 3 t o  15 meters t h i c k  occur wi th in  t h e  Wycliffe t i l l  

............... Immediately p r i o r  t o  deg lac i a t ion ,  Wycliffe t ill  covered 
t h e  e n t i r e  Trench f l o o r .  

Horizontal ly  s t r a t i f i e d  

This cons t ruc t iona l  sur face  was modified by 

< .  ...... 5 
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l a t e r a l  p r o g l a c i a l  and subg lac i a l  meltwater as the  g l a c i e r s  receded. 

The till ,  thus ,  was reworked l o c a l l y  i n t o  outwash; i t  was removed com- 

p l e t e l y  along t h e  major r i v e r  v a l l e y s  during t h e  fol lowing Halocene Epoch”. 

The Wycliffe t ill  i s  d i s sec t ed  i n  t h e  Rocky Mountain Trench by meltwater 

channels,  outwash underlying t h e  channels i s  coarse and poorly s o r t e d ,  

l a r g e  v a l l e y  t r a i n s ,  and Kame terraces occur along t h e  margins of t h e  

Trench. On t h e  east s i d e  of t h e  Trench, f o r  example, between E l k 0  and 

c 

-. -. . . . 

Red Canyon Creek i s  a l a r g e  t e r r aced  and channeled outwash p l a i n .  

v idua l  meltwater channels t rend  south  and northwest from t h i s  outwash 

sur face  towards t h e  a x i s  of t h e  Trench. 

from breaches of  t h e  ice  dam i n  g l a c i a l  Lake Elk. 

bo th  samples of  t h e  outwash c o n s i s t  of from over  50 percent  t o  more than  

90 percent  g rave l .  

of Kootenay River.  

o v e r l a i n  by s i l t y  sand. 

la ter  s t a g e s  of  channel flow as backwater depos i t s  where t h e  channel 

i n t e r s e c t e d  t h e  a n c e s t r a l  Kootenay River. Meltwater channels are con- 

spicuous f e a t u r e s  of t h e  p re sen t  landscape i n  t h e  southern Rocky mountain 

Trench. According t o  Clague, t h e  channels vary  i n  morphology and inc lude  

t h e  fol lowing types: 

(1) Narrow, r e l a t i v e l y  deep channels c u t t i n g  across  drumlins.  

(2)  
(3) Wide, r e l a t i v e l y  shallow, double walled channels under la in  by 

- -  outwash. Most of t h e  channels are c u t  i n  t ill  and conta in  an outwash 

f i l l  which i s  genera l ly  a few meters i n ’ t h i c k n e s s  bu t  i n  p l aces  is  

Indi -  

These depos i t s  came from f loods  
-- According t o  Clague 

The sediment i s  much coarser  than  t h e  modern alluvium 

Coarse channeled outwash.near t h e  Kootenay River i s  

The f i n e  sediment probably accumulated during 

S t r i c t l y  l a te ra l  s i n g l e  walled channels.  

t h i c k e r  than  15m. Cross s t r a t i f i c a t i o n  and pebble imbr ica t ion  show, 

according t o  Clague, t h a t  t h e  outwash was deposi ted from water flowing 

t o  t h e  south ,  southwest and southeas t  away from t h e  i c e  f r o n t .  The 

d i s t a n c e  between t h e  a c t i v e  i ce  f r o n t  and t h e  depos i t i ona l  s i t e  was 

probably s h o r t  as most meltwater channels are p i t t e d  with k e t t l e s .  

Clague b r i e f l y  d i scusses  groundwater i n  h i s  r epor t .  

most a c c e s s i b l e  source of groundwater i s  Lake Wisonsinan outwash grave l  

(I 

He be l i eves  t h e  0 
underlying major meltwater channels which i n  t u r n  ove r ly  till o r  impermeable (:: 

. . . . . .6 
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c l a y  and s i l t .  

Clague a l s o  mentions t h a t  t h e  cha rac t e r  of sediments beneath t h e  S t .  

Eugene Formation i s  not  known b u t  t h a t  t h e s e  sediments f i l l  a 

s t r u c t u r a l  bas in  near  t h e  Elk River 1,500 meters deep. The deeper 

sediments below t h e  upper till nay be permeable enough t o  t ransmit  

abundant groundwater. 

2. PREPARATION OF A PRELIMINARY GROUXDM4TER ASSESSMENT REPORT 

(a) One Inch t o  % Mile S u r f i c i a l  Geology Map 

A i r  photos were used t o  o b t a i n  d e r a i l s  o f  t h e  g l a c i a l  and i n t e r g l a c i a l  

f e a t u r e s  of  t h e  p r o j e c t  area. 
spec t ion  when requi red .  Clague's r e p o r t  and map, a s soc ia t ed  s o i l s  maps 

f o r  t h e  area, f i e l d  work by t h e  n i t e r ,  and t h e  a i r  photo s tudy mentioned 

above, t oge the r  formed t h e  b a s i s  €or t h e  a t tached  one-inch t o  % mile 

- -  - 
These photos a r e o n  f i l e  f o r  d e t a i l e d  in-  

s u r f i c i a l  geology map of t h e  a rea .  

c a r r i e d  out  by t h e  writer on J u l y  S,8 t o  J u l y  1 2  i nc lus ive .  

The reconnaissance f i e l d  work was 

Large areas of  t h e  a t tached  s u r f i c i a l  geology map prepared f o r  t h i s  

r e p o r t  are covered with till (Wycliffe t i l l) ,  an unsorted depos i t  Cover- 

i ng  a wide range of g r a i n  s izes  from s i l t  and c lay  up t o  boulders.  

Prominent meltwater channels d i s e c t  t h e  till shee t .  T i l l  th icknesses  

i n  t h e  p r o j e c t  a r e a  are expected t o  be  50 t o  100 fee t  t h i c k ,  t h e  till 

i s  expected t o  b e  unde r l a in  by f u r t h e r  s i l t s  and c l ays  down t o  r i v e r  

l e v e l .  

The meltwater channels (yellow) c u t  i n t o  the  till s u r f a c e  conta in  coarse  

Occasional lenses  of  g rave l s  may be  expected below t h e  till a l so .  

and poorly s o r t e d  outwash. The s i l t y  sand (orange) overlying the  outwash 

(yellow) near  t h e  Kootenay River Val ley (now Lake Kootcanusa) i s  expected 

i n  many areas t o  be  j u s t  a veneer over t h e  coa r se r  outwash below. 

g l a c i a l  l ake  depos i t s  would appear,  nob:ever; t o  be  ex tens ive  near  present  

Lake Kootcanusa and may i n d i c a t e  l i ini ted a c t i v e  bank s to rage  f o r  well 

development i n  t h i s  border  a rea .  

Fine 

. . . . . .7 
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(b) Proposal f o r  Test Hole Program and Construct ion of Monitor Wells 

Shallow t e s t  d r i l l i n g  i s  recommended i n  order  t o  ob ta in  f u r t h e r  shallow 

sub-surface information on the  groundwater p o t e n t i a l  of t h e  a rea .  

t e s t  ho le s ,  i f  success fu l ,  i n  encountering shallow outwash aqu i f e r s  

should be  completed as monitor wells. Careful  sampling would be  ve ry  

important i n  t h i s  t es t  hole  program p a r t i c u l a r l y  i n  p o t e n t i a l  a q u i f e r  

zones - Representa t ive  formation samples must be  obtained a t  a l l  t imes 

p a r t i c u l a r l y  i f  a sand pack screen  design is  necessary.  

t h a t  a d e c i s i o n  t o  complete geophysical surveys and deep explora tory  t es t  

ho le s  i n t o  t h e  S t .  Eugene Formation of  t h e  E l k  River area mentioned i n  

Clague's r e p o r t  should not  be  made u n t i l  t h e  r e s u l t s  of a shal lower tes t  

h o l e  program can be evaluated.  

The 

I t  i s  recommended 

The proposed shallow t e s t  ho le  sites are confined t o  main access roads 

t o  t h e  p r o j e c t  area and are loca ted  with two objecti*& i n  mind: 

( i )  t o  assess and monitor t h e  recharge e f f e c t s  from Lake Kootcanusa on 

shallow outwash a q u i f e r s  and l a c u s t r i n e  depos i t s  loca ted  near  t h e  

south  end of  t h e  p r o j e c t  area, and t h e  west s i d e  of  t h e  area; 

( i i )  t o  assess and monitor t h e  groundwater p o t e n t i a l  of  shallow outwash 

depos i t s  overlying till  i n  o t h e r  p a r t s  o f  t he  p r o j e c t  area. 

I t  i s  be l ieved  t h a t  shallow explora t ion  of  t h e  groundwater p o t e n t i a l  o f  

t h e  impermeable r e l a t i v e l y  brown coloured till area  shown on t h e  s u r f i c i a l  

geology map i s  not  warranted. 

Deep t e s t  h o l e  d r i l l i n g  should not  be  p a r t  of t he  i n i t i a l  program. 

r equ i r e s  d i f f e r e n t  d r i l l i n g  methods and equipment and techniques.  

I t  

The loca t ion  of t h e  t e s t  ho le s  are shown on t h e  a t tached  map. Test ho le  

numbers 1, 2 and 3 are loca ted  on t h e  west s i d e  of Lake Kootcanusa 

a t  t h e  south  end of t h e  p r o j e c t  area. 

They are expected t o  pass  through a l imi ted  thickness  less than  30 fee t  

of g l a c i o  f l u v i a l  and g l a c i o  l a c u s t r i n e  c lay ,  s i l t  and sand i n t o  under- 
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c 

lying  g l a c i o  f l u v i a l  g rave l  which i n  t u r n  i s  under la in  by till o r  c l ays  

and s i l t s .  

200 f ee t  deep and are  intended t o  pene t r a t e  t h e  s u r f i c i a l  depos i t s  as 

deep as t h e  former r i v e r  l e v e l  of t h e  Kootenay River. I t  i s  p o s s i b l e  

t h a t  some recharge may be  a v a i l a b l e  t o  these  t h r e e  wells from Lake 

Kootcanusa. The wells are loca ted  approximately 10, 40 and 20 f ee t ,  

r e s p e c t i v e l y ,  above expected high water e l eva t ion  i n  Lake Kootcanusa, 

i . e . ,  e l e v a t i o n  2,470, 2,000 and 2,480 fee t  above sea l e v e l ,  r e spec t ive ly .  

These t h r e e  t e s t  holes  are expected t o  be  between 150 and 

Tes t  h o l e  numbers 4, 5 and 6 are located on t h e  east s i d e  of  Lake 

Kootcanusa i n  t h e  middle and t h e  south end o f  t h e  p r o j e c t  area. 

was o r i g i n a l l y  decided t o  run a series of t h r e e  t e s t  holes  east from 

I t  
. -  

t h e  s h o r e l i n e  o f  Lake Kootcanusa along t h e  e a s t e r l y  access road from 

t h e  Lake t o  Roosvi l le .  However, t h e  presence of till outcrops immediately 

no r th  of t h e  road i n  t h e  s i t e  loca t ions  could i n d i c a t e  t h a t  till would 

be  a t  shal low depths  below t h e  sur face .  Consequently, only t e s t  ho le  

No. 4 was s i t e d  i n  t h e  area ad jacent  t o  the  sho re l ine .  Test ho le  No. 

5 i s  loca ted  j u s t  east  of t h e  access near  a small k e t t l e .  The s i t e  

I' 

l o c a t i o n  of t h e  t es t  ho le  No. 6 i s  j u s t  south of  what used t o  be  c a l l e d  

"Flagsto,ne". 

a t  shal low depths  a t  t h i s  s i t e .  

Reworked g rave l s  may i n d i c a t e  b e t t e r  aqu i f e r  materials 

A l l  t h r e e  holes  should be d r i l l e d  t o  t h e  

r i v e r  l e v e l ,  t h a t  i s ,  170, 180 and 165 f e e t  deep f o r  ho les  4, 5 and 6, 

r e spec t ive ly .  The ho le s  are a l s o  loca ted ,  r e spec t ive ly ,  30, 40 and 40 

f ee t  above expected high water e l eva t ion  i n  Lake Kootcanusa, i . e . ,  ele- 

v a t i o n  2,490, 2,500 and 2,500 f e e t  above sea l e v e l ,  r e spec t ive ly .  

The groundwater p o t e n t i a l  a t  t es t  hole  si tes 7, 8,  9 and 10 would be  

dependent l a r g e l y  on groundwater recharge from t h e  e a s t e r n  border 

mountains t o  t h e  south of  t h e  Elk River and arrangements a r e  being made 

by Elr.  R . G .  Harris t o  ob ta in  t h e s e r v i c e s  of  t h e  Hydrology Division f o r  

a pre l iminary  assessment of t h e  watersheds dra in ing  from t h e  border  

mountains t o  t h i s  e a s t e r n  border  area. 

Test h o l e  No. 7 i s  loca ted  i n  one of  t h r e e  a l l u v i a l  f a n  depos i t s  

_ .  . 
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(A, B or C on t h e  s u r f i c i a l  geology map accompanying these  notes)  Tes t  

ho le s  8, 9 and 10 are loca ted  i n  outwash depos i t s  south of Grasmere, 

t h e  depth of  a l l  fou r  holes  i s  expected t o  be less than 100 f e e t  and 

t h e  bottom of these  holes  w i l l  be wel l  above expected high water i n  

Lake Kootcanusa. Hole No. 9 i s  t h e  only s i t e  se l ec t ed  wi th in  Indian 

Reserve boundaries.  

Tes t  ho le s  No. 11, 12 and 13 are loca ted  i n  t h e  c e n t r a l  p a r t  of t h e  pro- 

ject  area i n  outwash depos i t s  assoc ia ted  with meltwater channels. 

l imi t ed  th ickness  of  more impermeable overlying g l a c i o  f l u v i a l  and l acus t -  

r i n e  c l ay ,  s i l t s  and sands is  expected i n  holes  11 and 13. 

11 and 12 are expected t o  be  less than 100 feet  deep. 

loca ted  less than 1/4 mile from Lzke Kootcanusa and may receive l imi ted  

recharge from t h i s  source.  Therefore,  t h e  No. 13 t e s t  hole  should be  

d r i l l e d  t o  o ld  r i v e r  l e v e l ,  i . e . ,  240 fee t  deep. Elevat ion of ho le  No. 

13 i s  2,600 feet  or 140 f ee t  above expected high water l e v e l  i n  Lake 

Kootcanusa. 

A 

Test holes  
-_  

Hole No. 13 i s  

c 
L 

Test hole  

outwash p l a i n  s i t u a t e d  between Elko and Red Canyon. 

of t h i s  t es t  hole  i s  between 100 and 150 f ee t .  

NO. 14 i s  loca ted  i n  t h e  prominent t e r r aced  and channeled 

The expected depth 

I n  summary, t hese  14 t es t  h o l e  s i t e s  have been se l ec t ed  f o r  a prel iminary 

t e s t  d r i l l i n g  program. 

Hole Nos. 1-3 are expected t o  be  150-200 fee t  deep, ho le  Kos. 4, 5 and 6 

are expected t o  be 170, 180 and 165 f ee t  deep, r e spec t ive ly .  Hole Nos. 

7 ,  8, 9,  10, 11 and 1 2  are expected t o  each be 100 f ee t  deep. Hole No. 

13 i s  expected t o  b e  140 fee t  deep. 

100 and 150 feet  deep. 

(- 
Hole 14 i s  expected t o  be  between 

To ta l  minimum expected footage  f o r  13 holes  i s  1,800 f e e t ,  t h e  maximum 

footage  expected i s  about 2,000 f e e t .  Deepest ho les  expected are Nos. 

1-3 which may be as deep as 200 f e e t ,  t h e  minimum d r i l l i n g  depth i n  any 

. . . . . .10 
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hole will be about 100 feet. 
should allow the field engineer to complete these holes at a lesser 
depth if required. 

Note any future contract specifications 

Estimated costs for the test drilling program are as follows: 

Mobi 1 i za t ion 
Site clearing (especially test holes Nos 5 and 11) 
Drilling and casing 6-inch diameter holes at 
$20.00 per foot 
Minimum 1,800 feet of drilling 
Maximum 2,000 feet of  drilling 
Development and well completions 
Setting screen and development per hole 
Cost of screen and fittings per hole 
Cost for development and well completions in 
say 10 hole 
Total estimated cost of program 

~ -_ 

Minimum 

$ 2,000 
$ 1,000 

$36,000 
$40,000 

.$ , 500 
$ 750 

$12,500 

$51,500 
Maximum $55,500 

No estimate is included here for costs of supervisory personnel and special 
well construction or drilling problems. 

3.  PRODUCTION WELL CONSTRUCTION AND ESTIMATED COSTS 
.. - Test production wells by cable-tool method would only be warranted, if 

results of test hole drilling are sufficiently encouraging. 
the completion of the test hole program will it be possible to give 
meaningful cost figures for test production wells capable of supplying 
these limited acreages within the study area. 

Only after 

c 
On the basis of our preliminary groundwater assessment some tentative 
costs have been prepared for production well drilling at the request. 
of PIr;. R.G. Harris. 
(of 350 U.S. gallons per minute - enough to irrigate a 50 acre unit up 

The production wells would have a minimum capacity 

. . . .. .ll 
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to a probable maximum of 1,000 U.S. gallons per minute wells f o r  irriga- 
tion of 150 acre units. 

The following estimates were prepared by F I r .  D . J .  Johanson and give the 
construction costs for 100, 200 and 300-foot deep wells. 
be emphasized these figures are based on a number of assumptions which 
may prove to be invalid on the basis of data obtained from a test hole 
program 

It should 

Estimated costs fo r  a 100-foot deep production well capable of delivery 
between 350 and 1,000 U.S. gallons per minute: 
Drill and case 12-inch diameter hole to 100 feet at 
$34.00 per foot 
12-inch drive shoe 
25 feet of 12-inch screen at $140.00 per foot 
12-inch screen fittings 
Cost of setting and pulling test pup, moving on and 
site - 40 hours at $32.00 per hour 
Standby - waiting on screen, etc. at $26.00 per hour 
estimate 8 hours 
24 hour pump test at $24.00 per hour - 

. , .  . ,  

$ 3,400 

$ 150 

$ 3,500 
$ ' 205 

off 
s 1,280 

$ 208 
$ 576 

Cost of 100 feet deep 12-inch dianeter well with 25 feet 
of screen and 24-hour pump test 

Note part of a $1,000 mobilization and demolization 
to each well depending on number of wells drilled. 
allotied for pump test equipment. No cost estimate 
supervisory personnel and special drillins and well 

(2) Estimated costs f o r  a 200-foot deep production 
between 350 and 1,000 gallons per minute. 

$ 9,319 

fee must be allotted 
A similar fee must be 
is included here for 
construction problems. 

well capable of delivery 

Costs for this well will be similar to that for the 100-foot deep well 
given above except for item No. 1 (a) 

...... 12 
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D r i l l  and case 12-inch diameter ho le  t o  200 fee t  a t  

$34.00 p e r  f o o t  $6,800 

Therefore  c o s t  of 200 f ee t  deep 12-inch diameter 

well with 25 f ee t  of sc reen  and 24-hour pump tes t  

w i l l  be $9,319 p l u s  $3,400 $12,719 

Mobi l iza t ion  charges as above 

No c o s t  estimate i s  included he re  f o r  supervisory personnel and 

s p e c i a l  d r i l l i n g  and well cons t ruc t ion  problems. 

Costs  f o r  a 300-foot deep well would, i f  requi red ,  have t o  inc lude  

a d d i t i o n a l  c o s t s  f o r  two cas ing  s izes  16-inch and 12-inch. Estimated 

c o s t s  f o r  a 300-foot deep w e l l  completed with 25 f e e t  of 12-inch 

diameter  s c reen  and 24-hour pump t e s t  w i l l  b e  approximately $19,245.- 

Mobil izat ions,  superv is ion ,  e tc . ,  as mentioned above. 

I t  was mentioned i n  t h e  d i scuss ion  of  Clague's paper t h a t  t h e  cha rac t e r  

o f  t h e  sediments beneath t h e  S t .  Eugene formation i s  not  known, bu t  

t h a t  t h e s e  sediments f i l l  a s t r u c t u r a l  bas in  near  t h e  Elk River,  some 

4,900 fee t  deep. 

surveys (see Figure 6 of  Clague's r e p o r t  a t tached)  Clague fee ls  these  

sediments ly ing  below t h e  upper till may b e  permeable enough t o  t r ans -  

m i t  abundant groundwater. 

These t e r t i a r y  sediments have been ou t l ined  by g rav i ty  

.. . 

To eva lua te  t h i s  assumption would be  very c o s t l y  and could r e q u i r e  f u r t h e r  

geophysical work and expensive deep r o t a r y  t e s t  d r i l l i n g  with heavy 

equipment. 

-. - 

J . C . Foweraker 

.. . . . . . .. -. . __ . -. - . - 
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100-F r IEL 

October 4 ,  1 3 7 4  

F i l e :  023'3014-P, . 
COST ESTiMATE FOR 100-FOaT Ai4D 300-FOOT DEEP 

CABLE-TOOL TEST PEODLICTION WELLS 

1 N  KCOTES.4Y AREA 

Wells t o  produce minimum 550 gpm t o  1,000 gpm. 

1. D r i l l  and case 12-inch diameter h o l e  t o  100 f e e t  

2. 12-inch dr iveshoe 

a t  $ 3 4 . 0 0  p e r  foo t  $ 3,400 

$ 150 
3. $ 3,500 

4.  12-inch screen  f i t t i n g s  $ 205 

25 f e e t  of  12-inch screen  a t  $140.00 p e r  foo t  

5. Cost of s e t t i n g  screen and developing,,  s e t t i n g  and p u l l i n g  
t es t  pump, moving on and o f f  s i te ,  40 >ours a t  $32.00 p e r  hour $ 1,280 

6 .  

7. 

Standby - wai t ing  on screen ,  e t c . ,  a t  $26.00 p e r  hour, 
e s t ima te  8 hours 

24-hour pump tes t  a t  $24.00 p e r  hour 
- 

c $ 208 

$, 576 

e Cost o f  100-foot deep, 12-inch diameter wel l  with 25 f e e t  
of screen  and 24-hour pump t e s t  $ 9,319 

Part  o f  t h e  mobi l iza t ion  and demobil izat ion of  t h e  d r i l l  r i g  and 
tes t  pump would have t o  be added t o  t h e  above c o s t .  

300-FOOT KELL 

1. D r i l l  and case  16-inch diameter ho le  t o  120 f e e t  

2. 16-inch dr iveshoe 

3. D r i l l  and case 12-inch diameter  ho le  from 120-300 f e e t  

4. 12-inch dr iveshoe 

5. 

a t  approximately $40.00 p e r  foo t  

a t  $34.00 p e r  foo t  

I 

120 f e e t  of over lap  12-inch cas ing  a t  $15.00 p e r  foot  

6 .  25 f e e t  of 12-inch s t a i n l e s s  t e l e s c o p i c  screen  
a t  $140.00 p e r  foo t  

7. 12-inch screen f i t t i n g s  

8. S e t t i n g  screen ,  developing, s e t t i n g  t e s t  pump, running over lap  
cas ing ,  moving on and o f f  s i t e ,  e t c . ,  48 hours  a t  $32.00 
per hour 

0 
.( 

$ 4,800 

$ 350 

$ 6,120 

$ 150 

$ 1,800 

$ 3,500 

$ 205 

$ 1,536 

-. . . . . . .  2 
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9. Standby - wai t ing  on screen ,  e t c . ,  a t  $26.00 p e r  hour,  
e s t i m a t e  8 hours  $ 208 

- -  
Cost o f  300-foot deep, 12-inch diameter we11 with 25 f e e t  
of s c r e e n  and 24-hour pump t e s t  

10. 24-hour pump t e s t  a t  $24.00 p e r  hour $ 576 

$19,245 

P a r t  of t h e  mob i l i za t ion  and demobil izat ion of  t h e  d r i l l  r i g  and . 
t e s t  p m p  would have t o  be added t o  t h e  zbove cost. 

c 
Mobi l i za t ion  and demobil izat ion of wel l  d r i l l i n i  equipment, crew 
and c a s i n g  t o  Kootenay a r e a  t o  be d iv ided  equal ly  among t h e  
total number of t es t  ho le s  d r i l l e d  Tota l  $ 1,000 

Mobi l iza t ion  of  t e s t  pump t o  be divided equal ly  among t o t a l  
number of t e s t  product ion wells pumped Total $ 1,000 

(No allowance has  been made f o r  cas ing  recovered, r e n t a l  o f  
sc reen ,  s p e c i a l  we l l  design,  such as grave l  packing, o r  super- 
v i s i o n  fees) 

P 
D.. Johanson 
Technician 
Groundwater Divis ion 

-. 



APPENDIX I t  1" 

S 

PRELIMINARY GROUNDWATER ASSESSMENT FOR THE 
GRASblERE VALLEY EAST KOOTENAY DISTRICT 

Hydrometric da t a  suppl ied  by J. Cheng (Hydrology Division) has permit ted a more 

r e l i a b l e  eva lua t ion  o f  t h e  groundwater p o t e n t i a l  of Grasmere Valley (4 mi les  

e a s t  of t h e  Kootenay River).  

t i a l  f o r  groundwater. 

l 

I n i t i a l  r e s u l t s  show t h e  area t o  be o f  g rea t  poten- 

INTRODUCTION 

Twelve small watersheds d ra in  from t h e  e a s t  i n t o  t h e  Grasmere Valley.  

watersheds have similar a r e a  e l eva t ion  c h a r a c t e r i s t i c s ,  which Cheng expects  

t o  i n d i c a t e  a s i m i l a r i t y  i n  p o t e n t i a l  o f  both water s torage  and runoff .  

These 

Recorded measurements of su r face  flow a t  two hydrometric s t a t i o n s  on one o f  t h e  

watersheds ( P h i l l i p p s  Creek) a r e  presented  ( f i g .  1 ) .  

These f i g u r e s  show a s u b s t a n t i a l  drop i n  sur face  flow from t h a t  recorded a t  an 

e l eva t ion  o f  3,800' i n  t h e  watershed area o f  P h i l l i p p s  Creek and t h a t  s i t u a t e d  

a t  an e l e v a t i o n  of 2,800' on P h i l l i p p s  Creek i n  t h e  Grasmere Valley.  

p r o j e c t s  between these  two measuring s t a t i o n s  a r e  l icenced f o r  1,069.5 a c . f t . / y r .  

I t  i s  assumed t h a t  t h e  balance of  t h i s  water i s  l o s t  t o  t h e  ground. 

I r r i g a t i o n  

, 
WATER BALA?'?'CE 

A crude water balance equation i s  used t o  c a l c u l a t e  t h a t  volume of  water t h a t  

may be l o s t  t o  t h e  ground. 

Difference i n  su r face  flow between s t a t i o n  - d ive r t ed  i r r i g a t i o n  water 

= water  l o s s  t o  ground. 

Assuming t h a t  t h e  t o t a l  volume of  l icenced  water (1,069.5 a c . f t . )  i s  d ive r t ed  

during a 4-month dry season then:- 

Average mean flow f o r  t h e  upper s t a t i o n  from June t o  September i s :  

50.15 c f s  o r  12,135.47 a c . f t .  

S imi l a r ly  f o r  t h e  lower s t a t i o n : -  

27.425 cfs o r  6,636.39 a c . f t .  

So (12,135.47 - 6,636.39) - 1,069.5 = 4,429.58 a c . f t .  o r  18.31 c f s .  

...... 2 
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t 

Therefore during t h e  i r r i g a t i o n  season of a year of  mean runoff ,  about 30 per- 

cen t  of t h e  bas in  y i e l d  i s  l o s t  t o  groundwater s to rage .  

Average maximum flow f o r  t h e  upper s t a t i o n  from June t o  September is : -86.6 cfs = 

I -  2. - I - - \  
20,955.77 a c . f t .  

S imi l a r ly  f o r  t h e  lower s t a t i o n : -  

58.125 c f s  = 14,065.29 a c . f t .  

So (20,955.77 - 14,065.29) - 1,069.5 = 5,820.98 a c . f t .  or 24.06 cfs 

Average minimum flow f o r  t h e  upper s t a t i o n  from June to September is:-  

23,275 cfs = 5,632.17 a c . f t .  - 8 . ~ ’ ;  /.’ 
I 

Simi la r ly  f o r  t h e  lower s t a t i o n : -  

9.84 c f s  - 2,381.12 ac.ft .  
So (5,632.17 - 2,381.12) - 1,069.5 = 2,181.55 a c . f t .  o r  9.02 c f s .  

Thus, dur ing  t h e  i r r i g a t i o n  season i n  a year  of minimum runoff ,  near ly  40 percent  

of  t h e  bas in  y i e l d  i s  l o s t  t o  groundwater s torage .  
c 

If t h e s e  f i g u r e s  are ex t rapola ted  over t he  11 remaining watersheds,  it can be 

seen t h a t  a cons iderable  volume o f  water is l o s t  t o  t h e  ground. 

Area of  P h i l l i p p s  Creek watershed i s  22.18 square miles  (Fig.  2) 

To ta l  watershed a r e a  t o  t h e  e a s t  o f  Grasmere Valley i n  60.08 square miles .  

Volume o f  water l o s t  t o  ground s to rage  from P h i l l i p p s  Creek during t h e  i r r i g a -  

t i o n  season i n  a yea r  of  mean runoff : -  

4,429.58 a c . f t .  from 22.18 square miles  

So from 60.08 square miles is  11,998.61 a c . f t .  

Again during a yea r  o f  maximum runoff : -  

5,820.98 a c . f t .  from 22.18 square miles 

So from 60.08 square miles i s  15,767.56 a c . f t .  

Again during a yea r  o f  minimum runoff : -  
I 

2,181.55 a c . f t .  from 20.18 square miles  

So from 60.08 square miles  is  5,909.27 a c . f t .  

These ca l cu la t ions  a r e  based on t h e  assumption t h a t  a s i m i l a r  percentage o f  t h e  

bas in  y i e l d  of each watershed a r e a  i s  d ive r t ed  f o r  i r r i g a t i o n  purposes. 

ci 

.. . . * . 3  
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During the  remainder of t h e  year ,  when no sur face  flow i s  d iver ted  f o r  i r r i g a t i o n ,  

t h e  percentage of  bas in  y i e l d  l o s t  t o  t h e  ground may even be g r e a t e r  than 40 

percent .  During t h e  months of  January through t o  March, no measurements are 

recorded a t  t h e  lower s t a t i o n ,  presumably because of f reez ing  problems; so t h e  

following ca l cu la t ions  of the  volume o f  water l o s t  t o  t h e  ground from su r face  

flow a r e  f o r  t h e  months of Apr i l ,  May and October through t o  December. 

During a yea r  of  mean runoff  some 25.88 cfs (per  month) i s  recorded at  t h e  upper 

hydrometric s t a t i o n  and 12.19 c f s  a t  t h e  lower. 

So 25.88 c f s  - 12.19 cfs = 13.69 c f s  or 53 percent  o f  basin y i e l d  i s  l o s t  t o  

groundwater. 

This  rate o f  flow, l o s t  t o  groundwater s to rage  over a per iod o f  f i v e  months rep-  

r e s e n t s  a volume o f  4,127.37 ac.ft.  o f  water. 

S imi l a r ly  dur ing  a yea r  o f  maximum runoff : -  

45.84 - 26.46 = 19.38 c f s .  or 6,144.32 a c . f t .  

42 percent  o f  bas in  y i e l d  is  l o s t  t o  groundwater s torage .  

S imi l a r ly  during a yea r  of  minimum runoff : -  

13.02 - 3.12 - 9.9 cfs or 2,984.73 a c . f t .  

75 percent  of  bas in  y i e l d  is  l o s t  t o  t h e  ground. 

To ex t r apo la t e  t h e s e  volumes of water over t h e  t o t a l  ea s t e rn  watershed o f  60.08 

square miles would i n d i c a t e  t h e  volume o f  water suppl ied t o  groundwater s torage  

i n  t h e  Grasmere Valley during t h e  months of Apr i l ,  May, October, November and 

December. 

During pe r iods  o f  mean flow 11,180 a c . f t .  a r e  l o s t  t o  groundwater s torage  i n  

Grasmere Valley.  
. -. 

Simi la r ly  during per iods  o f  maximum flow some 16,643.41 a c . f t .  a r e  ava i l ab le  

f o r  groundwater recharge and 8,084.88 

So t h e  t o t a l  volumesof water ava i l ab le  as p o t e n t i a l  groundwater recharge i n  the  

Grasmere Valley are:-  

a c . f t .  during per iods of minimum flow. 

dur ing  a mean year :  11,998.61 + 11,180 = 23,178.61 a c . f t .  ( f o r  months o f  

Apr i l  through t o  December) 

during a year  o f  maximum runoff : -  

during a yea r  of  minimum runoff:-  5,909.27 + 8,084.88 = 13,994.15 a c . f t .  

15,767.56 + 16,643.41 = 32,410.97 a c . f t .  

...... 4 
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DISCUSSION 

Some assumptions were made i n  t h e  app l i ca t ion  of a s impl i f i ed  water balance 

equat ion t o  t h i s  problem. The volume o f  water  d ive r t ed  f o r  i r r i g a t i o n  is  not  

a measured volume, bu t  an est imated requirement f o r  t h e  area t o  be i r r i g a t e d .  

I t  i s  assumed t h a t  t h e  m a x i m u m  permi t ted  volume i s  used. 

volume is used, then less water i s  a v a i l a b l e  f o r  p o t e n t i a l  groundwater s torage .  

I t  i s  assumed t h a t  t h e r e  i s  no su r face  input  t o  t h e  stream between t h e  two 

hydrometric s t a t i o n s .  

su r f ace  channel (from maps and a e r i a l  photographs) suggest  t h a t  t h i s  i s  t h e  case. 

Any s u r f a c e  input  i n t o  t h e  flow system would increase  t h e  volume of water l o s t  

t o  ground s torage .  

P h i l l i p p s  Creek. 

face channel and remnants of now c u l t i v a t e d  abandoned channels.  John Gilvert  of 
t h e  Canada Water Survey, s t a t i o n e d  a t  Cranbrook r e p o r t s  that water flows in the 

metered channel only.  (Personal cormmica t ion  from Don Reksten). So no  su r face  

flow i s  l o s t  from t h e  system. 

If more than t h i s  

The heav i ly  t imbered s lopes  and t h e  l ack  o f  an obvious 

Maps of  t h e  area show two su r face  channels emerging from 

A i r  photo examination of t h e  area shows only one ac t ive  sur -  

To e x t r a p o l a t e  t h e  p o t e n t i a l  recharge f i g u r e s  f o r  t h e  whole of the eas t e rn  water- 

shed reg ion  impl ies  a hydrologic  continuum down t h e  length  of  Grasmere Valley. 

Such a c o n t i n u i t y  cannot be  demonstrated, but  it i s  thought probable t h a t  a 
continuous water t a b l e  e x i s t s  beneath t h e  v a l l e y  f l o o r .  

CONC LUS I ONS 

The f i g u r e s  presented  demonstrate t h a t  a l a r g e  volume o f  water i s  l o s t  t o  s to rage  

i n  t h e  Grasmere Valley, and t h a t  t h i s  l o s s  represents  a s i g n i f i c a n t  percentage 

of t h e  a v a i l a b l e  s u r f a c e  flow. 

percent land may exceed 50 percent  as demonstrated by t h e  flow f igu res  f o r  

P h i l l i p p s  Creek. 

This percentage i s  genera l ly  i n  excess o f  30 

Such a high percentzge lo s s  demonstrates t h e  h ighly  permeable 

na tu re  of  t h e  creek bed. 

i s  a v a i l a b l e  f o r  t h e  s t o r a g e  of  groundwater. 

t h e  ground and t h e  absence of continuous sur face  low channels along t h e  length 

of  Grasmere Val ley support  t h i s  conclusion. 

These f i g u r e s  i n d i c a t e  p o t e n t i a l  recharge only,  and do not  cons ider  groundwater 

s t o r a g e  o r  r e t u r n  flow from i r r i g a t i o n .  

Thus, i t  i s  concluded t h a t  permeable aqu i f e r  material 

The l a r g e  volume o f  water l o s t  t o  

. .. . ..5 
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GEOLOGY 

Grasmere Val ley comprises a g l a c i a l  outwash channel, i n f i l l e d  with g l a c i o f l u v i a l  

g rave ls  and c l ays ,  which l o c a l l y  a r e  bu r i ed  by recent  c o l l u v i a l  and a l l u v i a l  

fan  d e p o s i t s .  

of unconsol idated and semi-consol idated Quaternary and T e r t i a r y  sediments. 

Clague (1973) suspec ts  t h a t  t h e  t o t a l  th ickness  o f  sediments wi th in  t h i s  s e c t i o n  

o f  t h e  Rocky Mountain Trench i s  i n  t h e  o rde r  of  1,500 meters. 

t i l l s  and grave ls  may be  s a t u r a t e d  and even permeable, bu t  it i s  expected t h a t  

water q u a l i t y  would not  meet t h e  requi red  s tandards.  Gravels and sands i n  t h e  

upper 100 feet are considered t o  have t h e  g r e a t e s t  p o t e n t i a l  as aqu i f e r  materials 

These sediments conpr i se  t h e  upper 100 f e e t  o f  a g rea t  th ickness  

The deeper o l d e r  

GROUNDWATER PRODUCT ION 

There are few producing wells i n  t h e  Grasmere Valley. 

and t i l l s  are encountered during d r i l l i n g  and consequently wells are usua l ly  

shallow and low y ie ld ing ,  ( l e s s  than 5 gpm). Gravels interbedded with c lays  and 

Commonly c lays ,  hardpans 

hardpan w e r e  i n t e r s e c t e d  i n  a w e l l  nea r  Grasmere, and some 200 gpm pumped. 

water sample from t h i s  well showed t h e  following:- 

A 

Tota l  hardness 225 ppm 

Fe N i  1 

c1 Less than 12.5 pprn 

' PH " L i t t l e  over" 8 

L i t t l e  demand has been placed on t h e  groundwater resources of t h e  Grasmere Valley. 

Two product ion wells nea r  Cranbrook, some 40 miles t o  t h e  north-west,  y i e l d  a 

combined t o t a l  o f  1,500 gpm. These wells a r e  d r i l l e d  i n  grave ls  o f  a l a rge  out- 

wash channel.  

h e r e  conta ins  between 400 and 500 ppm t o t a l  d i sso lved  s o l i d s  of which t h e  bulk 

is Ca and HCOJ, with lesser amounts o f  Mg 

Permeabi l i ty  o f  t h e  a q u i f e r  gravel  i s  very high.  The groundwater 

2+ 2+ 2- and SO4 . 

GROUNDWATER REQUI REEENTS 

Requirements f o r  i r r i g a t i o n  are i n  t h e  o rde r  o f  350 US gpm f o r  a 50 acre  u n i t ,  up 

t o  a probable  maximum of  1,000 US gpm f o r  a 150 acre u n i t .  The a r e a  extending 

south from t h e  E l k  River t o  t h e  border  between t h e  Kootenay River and Grasmere 

Valley conta ins  43,560 ac res  o f  p o t e n t i a l  i r r i g a b l e  land. Such an area requi res  

. .. . . .6 
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63,050 a c . f t .  of  water, double t h e  a v a i l a b l e  recharge during a yea r  of maxi- 

mum runoff .  Over a fou r  month i r r i g a t i o n  season, a constant  flow i n  t h e  o rde r  

of 260 cfs will be requi red .  

I t  i s  not  a n t i c i p a t e d  t h a t  such a volume of. water can be ex t r ac t ed  from t h e  

ground. 

G RO UXDh'ATE R E XP LO RAT I ON A?? D RE CObfiENDAT IONS 

A considerable  volume o f  recharge i s  suppl ied  yea r  round from t h e  eas t e rn  water- 
shed region.  

recent  f an  depos i t s ,  bu t  it i s  f e l t  t h a t  a g r e a t e r  s to rage  p o t e n t i a l  e x i s t s  

w i th in  t h e  outwash grave ls .  

Proposed t e s t  holes  8, 9, 10 1 2  and 14 are loca ted  on t h e  outwash grave ls  wi th in  

and ad jacen t  t o  Grasmere Valley. Deta i led  geologic  mapping o f  t h e s e  si tes,  corn- 

Some o f  t h i s  recharge could be in t e rcep ted  by wells loca ted  on 

c 
bined with geophysical explora t ion  techniques are requi red  t o  p inpoin t  t h e  deepest 

s e c t i o n s  of t h e  grave ls .  

i s  requi red .  

duct ion r e s u l t s  have been analysed. 

g'. I t  i s  f e l t  t h a t  a t e s t  ho le  i n  t h e  region of Roosvi l le  

A f u r t h e r  program of  d r i l l i n g  may be recommended when test pro- 

J. Petrie 
Geologist  

. . .. .. . 7  
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MONTHLY DISCHARGE Figure 1 (from Cheng) 

PHILLIPS CREEK (UPPER STATION a t  3,800l) PHILLIPPS CREEK (LOWER STATION a t  2,800') 

Max. Me an Min . Mean Precip.  M a x .  Me an Min. Mean Precip.  
(c fs )  (cfs) (inches) (c fs l  (c fs )  (c fs )  ( inches) (c fs )  

10.3 10.3 10.2 0.58 Jan. 

Feb. 

Mar. 

Apr . 
May 

June 

J u l y  

Aug . 
Sept . 
Oct . 
Nov. 

Dec. 

10.6 9.4 8.7 0.48 

8.5 7.7 6.8 0.44 

29.9 14.3 8.4 0.78 

114.0 71.5 27.4 4.0% 

178.0 112.0 48.0 6.13 

97.3 49.3 22.3 2.79 

22.5 

76.8 

148.0 

54.8 

5.8 0.01 0.14 

44.9 15.6 1.12 

77.1 33.5 1.86 

24.0 5.7 0.60 

31.9 21.4 11.7 1.21 11.9 4.0 0.1 0.10 

39.2 

46.8 

17.9 11.1 

19.9 11.3 

0.98 

1.12 

17.8 4.6 

19.7 6.9 

0.06 

0.0 

0.11 

0.18 

27.2 13.2 8.3 0.72 11.6 2.5 0.0 0.06 

10.5 9.7 0.59 1.7 0.85 0.0 0.02 11.3 

TOTAL 19.86 TOTAL 2.19 
W 



( i g .  2 Table showing areas  of t h e  watersheds on t h e  eas te rn  
s lopes  o f  Grasinere Valley 

Watershed Area (square miles) 

6. 

P h i l l i p p s  Creek 

Rainbow Creek 

bi i  1 le r  Creek 

Scherf Creek 

Reserve Creek 

Connen Creek 

Willie P h i l l i p p s  Creek 

Bowman Creek 

Red Canyon Creek 

Maguire Creek 

Raymond Creek 

Donald Creek 

Total 

22.18 

2.62 

2.85 

3.51 

2.62 

1.87 

3.73 

2.19 

6.64 

6.36 

3.31 

2.20 

60.08 square miles 

i 
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D r .  J. Foweraker, Head 
Groundwater Sec t  i on 
Hydroloqy Division 

Water Inves t iga t ions  Branch 

Re: E a s t  Kootenay Valley I r r i g a t i o n  Study 

APPENDIX J” 

J. M. P e t r i e  
Geologist  
Groundw a te r Se c ti on 

June 1 5 ,  1976 

02439014-B 

I N I T I A L  TEST PJELL PROGRAM 

It  is  suggested t h a t  t h i s  a r ea  c$n be considered f o r  a n  explorat ion 
d r i l l i n g  program t o  eva lua te  hydrogeologic and geologic condi t ions of 
the  Grasmere V a l l e y .  The reasons behind t h i s  proposal  a r e  twofold: 

1. It i s  a n t i c i p a t e d  t h a t  some form of large-scale  a g r i c u l t u r a l  
development r equ i r ing  s i g n i f i c a n t  volumes of  water is  t o  go ahead 
i n  t h i s  area. Prel iminary eva lua t ions  of the  groundwater p o t e n t i a l  
by Foweraker and a l s o  Petrie ( f i l e  0239014-B, September, October 1974, 
March 1975, and May 1976),  as w e l l  as a water supply evaluat ion by 
J. W. Ngai ( A p r i l  1976 - d r a f t  report only) i nd ica t e  t h a t  a ground- 
water supply i s  worthy of f u r t h e r  i nves t iqa t ion .  Unfortunately,  
very l i t t l e  hydrogeologic da t a  i s  ava i l ab le ,  and the re fo re ,  an  
explora t ion  program based on such sketchy da ta  must be very 
f l e x i b l e  t o  allow f o r  unant ic ipa ted  condi t ions .  We are experiencing 
d i f f i c u l t y  i n  wr i t i ng  con t r ac t s  t o  give t h e  p r o j e c t  engineer  
t he  necessary degree of f l e x i b i l i t y .  This d i f f i c u l t y ,  combined with 
the  c o s t l y  delay i n  obta in ing  new s i t e  agreements can g r e a t l y  
l i m i t  program scope with a consequent dec l ine  i n  the  q u a l i t y  of 
t he  end product .  

2. There i s  a l u l l  a t  p re sen t  i n  p r o j e c t  work f o r  the  Groundwater Sect ion,  
and should some p r o j e c t s  be cancel, led,  w e  may be i n  the  pos i t i on  of  
having undercommitted staff. I have ou t l ined  a f l e x i b l e  hydro- 
chemical program f o r  Saanich Peninsula to e f f i c i e n t l y  u t i l i z e  
some manpower (memo, June 1976, 0239013), b u t  p r o j e c t  commitments 
W i l l  be requi red .  

Format of I n i t i a l  Tes t  Program 

Foweraker ou t l ined  a comprehensive explora t ion  program f o r  t he  East  
Kootenay a rea  (September 1974, 0239014-B) involving 1 4  t e s t -ho le s  and 
as much a s  1,800-2,000 f e e t  of d r i l l i n g .  As a necessary p r e r e q u i s i t e  
f o r  such a program, I recommend t h a t  two t e s t -ho le s  be d r i l l e d  i n  the  
outwash grave ls  of the  Grasmere Valley. (The p o t e n t i a l  of  t h i s  area 
has  been o u t l i n e d  i n  a prel iminary assessment - March 1975, 0239014-B). 
These we l l s  would be d r i l l e d  150-200 f e e t  i n t o  o r  through these  outwash 
g rave l s ,  screened,  pump t e s t e d  and completed a s  observat ions w e l l s .  
Such a program would allow eva lua t ion  of :  
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-- subsurface geology 
-- a q u i f e r  charac te r  and p o t e n t i a l  
-- hydrochemis t r y  
-- e leva t ion  and f l u c t u a t i o n s  of the  water t a b l e  
-- examination of the  f e a s i b i l i t y  of groundwater 

development i n  the  Grasmere Valley. 

Estimated C o s t s  

400 f e e t  of 8-inch diameter cable- tool  d r i l l i n g  
a t  $23.OO/ft. 

2 f ive- foot  lengths  of  nominal wl l  screen 
( inc luding  b a i l  bottom and packer) 

2 e ight- inch d r ive  shoes 

80 hours of hourly r a t e d  work a t  $26.00/hr 

2 pumping and recovery tests 

mobi l iza t ion  of equipment t o  and from p r o j e c t  a rea  

2 Stevens F recorders  p l u s  housings and mountings 

Total  

Expenses : 

Prel iminary t r i p  t o  ob ta in  s i t e  agreements, 
6 days a t  $45/day 

$ 9,200.00 

720.00 

150.00 

2,080.00 

3,000.00 

1,000 -00 

2,000.00 

$ 18,150.00 

$ 270.00 

Supervision of w e l l  cons t ruc t ion  and t e s t i n g ,  
75 days a t  $40/day 3,000.00 

Supervision by engineer ,  15 days a t  $45/day 675 -00  

Tota l  Expenses $ . 3,945.00 

T o t a l  es t imated  cost i s  the re fo re :  $ 22,095.00 

The l oca t ion  of these  t e s t -ho le s  i s  riot c r i t i c a l  and hence s i te  
agreements are probably r e a d i l y  obtained from any agreeable land owner. 

This program i s  a prel iminary inves t iga t ion  of t he  groundwater resources  
of the  Grasmere Valley. I t  i s  r e a l i s t i c a l l y  assumed t h a t  f u t u r e  
a g r i c u l t u r a l  development i n  t h e  a r e a  w i l l  u t i l i z e  groundwater suppl ies .  
Therefore , it i s  a n t i c i p a t e d  t h a t  the  Groundwater Sec t ions ' s  water  
supply s tudy vote  can be considered as a source of funds for  t h i s  
pre l iminary  inves t iga t ion .  

J .  M. P e t r i e  

. . . . .. . - - . . I .  .. -_._______...._.__.I_ - 
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ESTIMATE OF CATIT.% COSTS 

50 A C E  F A X I  U i I T  

GROUNDWATER SUTPLY 

APPENDIX "L" I 

ESTIWYI'E OF COSTS $ 

Depth of W e l l  i n  F e e t  
100 200 300 

- 

ITEM 

12,000 19, 000 W e l l  Yielding 400 USgpm - d r i l l i n g ,  developing 9,000 

30 H.P. 4 # 200 
Submersible Pump 

50 H.P. 

60 H.P. 

Motor Contro ls  

Deep-We 11 C z b l e  

Valves & Piping  

Mechanical I n s t a l l a t i o n s  

Electrical I n s t a l l a t i o n  (Pump) 

Power F a c i l i t i e s ,  a l l o w  

Total Est imated Construct ion C o s t  

Engineer ing & Contingencies,  a l l o w  20% 

Total Estimated Capital  C o s t  

Est imated Capital  C o s t  per Acre 

1,000 1 100 

1,500 1,500 ' 

4,000 48000 

5,000 58000 

2,000 2,000 

5,000 5,000 

35,900 46,500 31,800 

6,400 7,200 98300 
43,100 55,800 

862 1,116 

38,200 

764 

2,000 

3,000 

- 4,000 

5 8 000 

2,000 . 

5,000 



ESTIMATE OF CAPITAL COSTS 

100-ACRE FAR4 UNIT 

GROUNDWATER SUPPLY 

APPENDIX "L" I1 

ITEM 

ESTIMATE OF COSTS $ 

Depth of Well i n  Fee t  
100 200 300 

W e l l  Yielding 650 USGpm - d r i l l i n g ,  developing 9,000 12,000 19,000 
& screens  

Submersible pump 6o ~ I . p .  

100 H.P .  

125 H.P. 

Motor Cont ro ls  

Deep W e l l  Cable 

Valves & Pip ing  

Mechanical I n s t a l l a t i o n s  

Electr ical  I n s  t a l l  a t i o n  

Power F a c i l i t i e s ,  al low 

D i s t r i b u t i o n  P ipe l ines :  6 inch  A.C., 
i nc lud ing  va lves  & f i t t i n g s  

Se rv ice  O u t l e t s :  7 @ 200' (3 6.50 

5000 ga l lon  c a p a c i t y  s t o r a g e  tank f o r  
domestic supply 

T o t a l  Estimated Construction C o s t  

Engineering & Contingencies, a l l o w  20% 

, \  

T o t a l  E s t i m a t e d  Capital  Cost 

Estimated Capital Cost Per  Acre 

6,500 

2,000 

1,500 

3,000 

5,000 

2,000 

5,000 

19,500 

1,400 

5,000 

8,000 

10,000 

2,500 2,500 

1,500 3,000 

3,000 ' :  3,000 

5,000. 5,000 

2,000 2,000 

5,000 5,000 

19,500 19,500 

1,400 1,400 

5,000 .5,000 

59,000 64,900 75,400 

11,960 12,980 15,080 

71,880 77,880 90,480 

719 779 905 



ESTIMATE OF C-WITAL COSTS 

150-ACRE: FARM UNIT 

GROUNDNATER SUPPLY 

APPENDIX "L" I11 

ESTIMATE OF COSTS $ 

Depth of W e l l  i n  Fee t  
100 200 300 

I T E M  

W e l l  Yielding 1000 USGpm - d r i l l i n g ,  developing 

Submersible Pump 

& screelis 

100 H.P.  

150 H.P. 

175 H.P.  

Motor Cont ro ls  

Deep W e l l  Cable 

Valves & Piping  

Mechanical I n s t a l l a t i o n s  

Electr ical  I n s t a l l a t i o n s  

Power F a c i l i t i e s ,  a l low 

Dis t r ibu t ion  P ipe l ines :  6 inch A.C . ,  inc luding  
valves €i f i t t i n g s  4000' @ 6.50 

Serv ice  Ou t l e t s :  10 @ 200 

5000 ga l lon  capac i ty  s to rage  tank for  
domestic supply 

Total  Estimated Construct ion C o s t  

Engineering & Contingencies,  allow 20% 

T o t a l  Estimated Cap i t a l  C o s t  

Est imated C a p i t a l  C o s t  Pe r  A c r e  

9,000 12,000 19,000 

8,000 

10,000 

12,000 

2,500 2,500 4,000 

1,500 1,500 3,000 

4,000 4,000 4,000 

5,000 5,000 5,000 

2,000 2,000 2,000 

5,000 5,000 5,000 

26,000 26,000 26,000 

2,000 2,000 2,000 

5,000 5,000 5 ,000 

70,000 75,000 85,000 

15,000 17,100 14,000 

84,000 90,000 102,600 

560 600 680 



R;MPING STATIClN AND 
TNTAE WORKS 

10 cere-feet 1,s. 

Vaecus &e s i z e s .  acres 
Cost 'cased on existing 
_kn2A 3;stem 

$ jC0 $ 8,OCO,COG 5 

16, CCO 

$100 , CCO loo, coo 
3 8,1CO,COO 
1,620,cco 

$ 9,720,000 

6 , 216,009 
3,182,000 

3,618, coo 

2,037, COO 

951, coo 

546, CCIO 

$20,723,000 

$6G, GOO 

5,760 Om 

$ 36,203,000 

say $ 36,000,000 



DIVERS ION k!OPxS 

Intake - capacity 425 C?S L.S. 1 $m,ooo $ 209,GOo 

Divelsion Pipeline - 
el or FGfoot depth 

h) 108 inch connector pipe feet  10,600 8, OC 8,4@3,G00 
$ 8,680,000 

Engineering & Contingencies, allow 2O$ ~ 1,736,000 
$ 10J41.6,GOO' 

?QI.?i PI-pp,LT_EES - Worth of ELL Xver  Cmssing (RxqLng Station) 

108 inch s t e e l  pipe - l5Ot head feet =J130 3m 8,030,000 

84 inch s t e e l  pipe - 4008 head feet 10,560 280 2,957jwO 

54 inch steel pipe - 300' head feet 4J3Oo ll0 473,000 

46-inch steel pipe - 300' head feet 10,560 ?O 739, coo 
4% inch s t e e l  pipe - 200' head feet 16 , 900 60 ~ , O U , ~ O  

36 inch steel pipe- - 300' head feet io, 560 52 549 , 000 
30 inch s t t e l  pipe - 300' head fee t  15, 840 45 713,000 

~ngineerhg & Contingencies , -allow 2@ 2,895.000 

14,475 J Oo0 

- 17,370,000 

YAIH PIpElJ2E - South of Elk River Crossing 

(See Pumping System) 

Engineering & Contingencies, anow zG;$ 

DISR~~UTICN SYSTE2.H 

Various pipe sizes 
(Cost keas&- on--exi;sting 
4.w~ System) 

17,269, COO 

&gineering & Contingencies, auow 2 ~ %  ?36,000 

. $ 4,428,m 

c DISTELIEXJTIOIJ -- SYSm4 - South of Zlk River Crossing 8. 

V rious pipe sizes acre 16, OOO s 300 4,800,000 

960, COO ng ineer ing  & Contingencies, allow 2@ 8 5,760,COO 
e 

TOTAL 8 58,697,000 



APPENDIX "31" 1 

GROUNDWATER SUPPLY 

ITEM 

ANNUAL OPERATING AND E!..INTENANCE COSTS 

50-ACRE FW24 UNIT 

FINANCING 

NON-Am.> ARDA 

Depth of W e l l  100 200 30 0 100 200 30 0 

1. Amortization 

Estimated Capital  C o s t  38,200 43,100' 55,800 
ARDA Contr ibut ion 75% 28,650 32,325 41,850 
Land Owners' 
Contr ibut ion 25% 9,550 10,775 13,950 

Total 38,200 43,100 55,800 

Annual In te res t  Charge-10% 3,820 4,310 5,580 955 1,080 1,395 
Contr ibut ion t o  25 560 634 ' 820 140 160 205 
yea r  t e r m  s ink ing  fund 
y i e l d i n g  7.5% i n t e r e s t  (1.47%) 

Tota l  Amortization .!4, 380 4,940 6,400 

2 .  Maintenance 

Annual maintenance 
es t imated  a t  1.5% of 
cons t ruc t ion  cost. 
( L e s s  engineer ing & 
contingency allowance) 

480 5 40 70 0 

3. Pumping Energy 

Number  of Acre-feet 120 120 120 
Total dynamic pumping head 250 350 45 0 
(Tab le  No. 5) 

Number KWH = Acre-feet x head( fee t )  x 1.024 
Pumping Eff ic iency  65% 

47,260 66,165 85,070 

Energy Rate /KWH 

Energy C o s t  $ 

1.15 1.15 1.15 

5 40 76 0 9 78 

4. SUMMARY OF ANNUAT, COSTS 

Amortization 4,380 4,940 6,400 
Maintenance 480 540 700 
Pumping Energy 

1,095 

4 80 

120 
250 

47,260 

1.15 

540 

1,095 
4 80 

1,240 1,600 

540 700 

120 120 
350 450 

66,165 85,070 

1.15 1.15 

760 9 78 

1,240 1,600 
540 700 

5 40 760 978 5 40 760 9 78 

$ 5,400 6,240 8,078 2,115 2,540 3,278 



APPENDIX "M" 2 

GROUNDWATER SUPPLY 

ANNUAL OPERATING AND MAINTENANCE COSTS 

100-ACRE FARM U N I T  

ITEM 

Depth of W e l l  100 

1. Amortization 0 
E s t i m a t e  of Capital  Cost 71,880 
'ARDA Contr ibut ion 75% 
Land Owners' 
Cont r ibu t ion  25% 

T o t a l  

Annual I n t e r e s t  Charge-10% 7,188 
Con tr i b u t  i on  t o  1,057 
25 y e a r  term s i n k i n g  fund 
y i e l d i n g  7.5% i n t e r e s t  (1.47%) 

T o t a l  Amortization 8,245 

2. Maintenance 

Annual maintenance 900 
e s t ima ted  a t  1.5% of 
cons t ruc t ion  cost. 
( L e s s  eng inee r ing  & 
contingency allowance 1 

3. Pumping Energy 

Number of acre-feet 2 30 
T o t a l  dynamic pumping head 
(Table No.  6 )  250 

Number KWH = 
Acre-feet x head( fee t1  x 1.024 
Pumping Ef f i c i ency  65% 90,585 

Energy rate ', CIKWH 
Energy C o s t  $ 

1.15 
1,040 

4. Administration 

Assumed t h a t  t h e  system 
is adminis tered on a 
part-time basis allow 5 00 

5. SUMMARY OF ANNUAL COSTS 

Amortization 8,245 
Main t en  ance 900 
Pumping Energy 1,040 
Administration 500 

NON ARDA 

2 00 

77,880 

7 , 790 
1 ,145 .  

8,935 

980 

230 

350 

126,820 

0.9 
1,140 

500 

8,935 
980 

1,140 
500 

FINANCING 

300 

90,480 

9,050 
1,330 

10,380 

1,130 

2 30 

450 

163,050 

0.9 
1,470 

500 

10,380 
1,130 
1,470 

500 

ARDA 

100 200 300 

53,910 58,400 67,860 

17,970 19,470 22,620 
71,880 

1,795 
265 

2,060 

900 

2 30 

2 50 

90,858 

1.15 
1,040 

77,870 90,480 

1,.950 2,260 
285 330 

2,235 2,590 

980 1,130 

230 2 30 

350 4 50 

126,820 163,050 

0.9 0.9 
1,140 1,470 

500 . 500 5 00 

2,060 
900 

1,040 
5 00 

2,235 2,590 
1,130 980 
1,470 1,140 

500 500 

0 $ 10,685 11,555 13,480 4,500 4,855 5,690 



APPENDIX "M" 3 

GROUNDWATER SUPPLY 

ANNUAL OPERATING AND PlAIhTENANCE COSTS 

1 5 0 - A C E  FARM WIT 

ITEM 

DEPTH OF WELL 

8 1. Amortization 

Est imated C a p i t a l  C o s t  
ARDA Contr ibut ion-  75% 
Land Owners Contr ibut ion 

25% 
T o t a l  

Annual I n  t e  rest Charges 
10% 
Cont r ibut ion  t o  25-year 
term s i n k i n g  fund, 
y i e l d i n g  7.5% (1: 478) 

T o t  a1 Amortization 

2. Maintenance 

Annual maintenance 
e s t ima ted  a t  1.5% of 
c o n s t r u c t  ion cost 
(Less engineer ing  & 
contingency allowance 1 

3. Pumping Energy 

Number of  acre-feet 
Total dynamic pumping 
head ( T a b l e  No., 7) 

N u m b e r  KWE = 

100 

8 4  , 000 

8,400 

1,235 

9,635 

1,050 

3 40 

250 

133,910 

NON ARDA 

Acre-feet X H e  ad (feet)  XI. 024 
Pumping e f f i c i e n c y  65% 

Energy C o s t  @ o-ge/KW 1 , 205 

4. Adminis t ra t ion 

Assumed t h a t  t h e  system 
i s  adminis tered on a 
par t - t ime b a s i s ,  allow 5 00 

5. SUMMARY OF ANNUAL COSTS 

Amortization 9,635 
Maintenance 1,050 
Pumping Energy 1,205 
Adminis t ra t ion 500 

T o t a l  Estimated 0 Annual C o s t s  

FINANCING 

ARDA 

200 300 

90,000 102,600 

9,000 10,260 

1,325 1,510 

10,325 11,770 

1,125 1,285 

3 40 340 

350 475 

187,470 254,425 

1,687 2,289 

500 500 

10,325 11,770 
1,125 1,285 
1,687 2,289 

500 5 00 

roo 200 300 

63 , 000 67,500 76 , 900 

84 , 000 

2 , 100 

310 

2 , 410 

1,050 

340 

250 

133 , 910 

1,205 

500 

2,410 
1 , 050 
1,205 

500 

21,000 22,500 25,700 
90 , 000 1 0 2  , 600 

2,250 

3 30 

2,580 

1 , 1 2 5  

340 

350 

187 , 470 

1,687 

500 

2,580 
1,125 
1,687 

500 

2,570 

3 80 

2,950 

1,285 

340 

475 

254 , 425 

2,289 

500 

2,950 
1 , 285 
2,289 

500 

$12 , 390 13,637 15,844 5,165 5,892 7,204 



1. Amortization 

Estimated capital  c o s t  

ARDA c o n t r i b u t i o n ,  75% 

Land owners' con t r ibu t ion ,  25% 

Tota l  

Annual i n t e r e s t  charge , 10% 

Contr ibut ion t o  25-year term s ink ing  fund, 
y i e l d i n g  7.5% i n t e r e s t ,  (1.47%) 

T o t a l  annual cost fo r  amor t iza t ion  

APPENDIX "M" - 4 

ANNUAL OPERATING AND MAINTENANCE COSTS 
PUMPED SUPPLY FROM ELK RIVER 

FINANCING 

ARDA - NON..PLRDA 

$ 36,175,000 

$ 27,131,250 

9,043,750 

$ 36,175,000 

3,617,500 904,375 

531,772 132,943 

$ 4,149,272 $ 1,037,318 

2. Operating and Maintenance 

Electr ical  and mechanical i n s t a l l a t i o n s  

3% of $5,000,000 (es t imated  capi ta l  cost 

P i p e l i n e s  and s t r u c t u r e s ,  
0.75% of $24,000,000 

T o t a l  cost of ope ra t ing  and maintenance 

3 .  Pumping Energy 

Volume 35,200 acre-feet 
Head 400 feet  

KWH = acre-feet x head x 1.024 
e f f i c i e n c y  65% 

= 22,182,000 KWH 

C o s t  a t  0.9C/KWH 

4. Administration 

S a l a r i e s ,  5 x $18,000 

O f f i c e  r en ta l  

S t a t i o n e r y ,  phone, hea t ing ,  etc.  

T o t a l  c o s t  fo r  admin i s t r a t ion  
I 

5. Summarv of  Annual Costs 

Amortization 

Maintenance 

Pumping Energy 

Admi n i  s t r a t i o n  

T o t a l  Annual C o s t  

150,000 150,000 

180 ,000 180,000 

$ 330,000 $ 330,000 

$ 199,700 $ ,199,700 

$ 90,000 $ 90,000 

6,000 6,000 

4,000 4,000 

$ 100,000 $ 100,000 

$ 4,149,272 $ 1,037,318 

330,000 330,000 

199,700 199,700 

100,000 ,100,000 

$ 4,778,972 $ 1,667,018 



APPGNDIX "M" - 5 

ANNUAL OPERATING AND MAINTENANCE COSTS 
GRAVITY SUPPLY F R G I  ELK RIVER AT E L K 0  

1. Amortization - 
Estimated Cap i t a l  C o s t  

ARDA con t r ibu t ion ,  75% 

Land owners' con t r ibu t ion ,  25% 

Total 

Annual i n t e r e s t  charge,  10% 

y i e l d i n g  7.5% i n t e r e s t  (1.47%) 

T o t a l  annual  cost for  amort izat ion 

- Contr ibut ion  t o  25-year term s ink ing  fund, 

2. Operation and Maintenance 

0.75% of $48,915,000 cons t ruc t ion  c o s t  

i3. Adminis t ra t ion 

S a l a r i e s ,  6 X $18,000 

Off  ice r e n t a l  

Miscellaneous: S t a t ione ry ,  phone, etc. 

T o t a l  c o s t  f o r  adminis t ra t ion  

4. Summary of Annual C o s t s  

Amort i z a t  ion  

Maintenance 

Admi n i  s t r a  t i on 

T o t a l  Est imated Annual Cost 

NO? 

FINANCING 

RDA 

$ 58,886,000 

5,886,600 

865,400 

$ 6,752,000 

$ 367,000 

$ 108,000 

9,000 

8,000 

$ 125,000 

$ 6,752,000 

367,000 

125,000 

$ 7,244,000 

RD 

$ 44,149,500 

14,716,500 

$ 58,866,000 

1,471,650 

216,350 

$ 1,688,000 

$ 367,000 

$ 108,000 

9,000 

, 8,000 

$ 125,000 

$ .  1,688,000 

. 367,000 

125,000 

$ 2,180,000 
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SUIT BI TY TOTAL BESIQN TOTAL F L O W  WATER TOTAL WATER 
E T  RE UIREMENT e m G E  m! USdpH 
m E A R  + - 

GRASNERE VALLEY AREA 

High 2 260 6.5 14 6 9 0  2.5 5 6 5 0  

Moderate : 1 
Elko-Shaha I 170 6.5 i 7 605 2.5 2 925 

S i l t  loam 9 40 6.0 , 5 6 4 0  2.0 I 8 8 0  

LO w 6 7 0  6.5 ' 4 355 2.5 I 675 

3 2  290 I r r i g a b l e  5 040 

Unsuitable 3 5 0 0  

T o t a l  Arefa 8 5 4 0  

I. 

I N D I A N  RESERVE N0.2 

High 1 160 6.5 7 540 2.5 2 900 
Moderate : 

6.5 24 020 2.5 9 240 
6.0 17 280 2.0 5 760 

LOW 0 6.5 0 2.5 0 

7 735 48 340 17 900 I r r i g a b l e  
Unsui table  2 915 

Elk0 Shaha 3 695 
silt loam 2 880 

Tota l  Area - 10 650 

I 

BALANCE OF STUDY AREA SOUTH OF ELK RIVER 

High 4 165 6.5 2 7  075 2.5 IO 410 

Moderate : 
Elko-Shah. 4 355 6.5 28 310 2.5 IO 890 

8 885 6.0 53 310 2.0 17 770 

Lor  935 6.5 6 080 2.5 2 340 

S i l t  loam 

114 775 41 410 Irrigable 18 340 

unsui tab le  I I  5 4 0  

f o t a l  Area 29 880 

I 

, -  

BALANCE OF STUDY AREA NORTH OF ELK RIVER 
3igh 

Yoderate : 
1 035 6.5 6 730 2.5 2 590 

6.5 72 605 2.5 27 925 Elko-ahaha 11 170 
silt loan  4 150 

LOW 

Eir*able Unsui table  

To ta l  Area 26 038 

SUMMARY i 
300 140 110 255 I i r i g a b l e  47 470 

Unsuitable 27 640 

P e t a l  A r m  ~ 75 110 

OOmE 60 60 60 60 - 6 0 ' .  60 0 
I 
00 60 ... 

I 
00 .. 

I 
00 I 

H I S T O  R Y  NOTES L E G E N D  B.C. SURVEYED Ministry BY of Agriculture 

DATE ............................... 
..................................... 

BRITISH COLUMBIA 

ENVIRONMENTAL B ENGINEERING SERVICES 
WATER INVESTIGATIONS BRANCH 

6 1  MINISTRY OF THE ENVIRONMENT 
FILE NO. 

BRANCH: 
0290650 -F 

SURVEYS: 

SCALE: 
I : 5 0  0 0 0  

SURVEY PROJECT NO. 

DWG. NO. 

~~ ~~ ~ ~ 

Soil Mop and Soil Clorrificotion was prepared by the 
British Columbia M i n k t r y  of Aqriculture, 
October 18, 1973, and Srptember 17, 1976. 
Areos of lrrigoble land clossitied on thi8 mop and thrir 
respective water requirements, ore shown on the 
inciudrd table. 

IRRIGATION SUITABILITY 

MSIGNED 
.................... 

TO ACCOMPANY REPORT ON ' 
PRELl M I NA RY ASSESSMENT OF 

IRRIGATION POSSl B l L l  T I E  S 
EAST KOOTENAY VALLEY 

MODERATE CLUO sum.- ----- 
DRAWN 

TRACED 
..% .... -s?%?e-.- SOIL MAP 
CHECKED 
-. ......... z . d *  - ............. 5106-1 
DATE 

APRIL 1878. I--- -NOT CLASSLFIED 
. S H E E T  

.............. or ..................... 
DATE:- PPROVED: - 

HEAD,SURVEYS SECTI)N PLANNING 8 SURVEYS OIV. 

... ;,;, . .." .........!........ ............ d.'. . ~. 
I 
! 
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ELK RIVER CROSSING I-- ALTERNATIVE PUMP STATION 

i rLATERAL3 rLATERAL I rLATERAL 

4Mi. 6'M i S'M i. I iM i .  i?Mile I4Mi. I ~ M  i .  18Mi. I i M i .  2bM i. 1 I\ 

MAIN DIVERSION PIPELINE PROF1 LE S C A L E :  HOR.  I INCH = 5,030 FEET. VERT. 1 INCH = 80 FEET. 
23M i. AM\ 

a. Pumping System - To se rve  16,000 acres south  of t 
c 

1 River ,  with an i n t a k e  s i t u a t e d  a t  P h i l l i p s  Bridge, 
No. 93.  

b. GTavity System - To serve an a d d i t i o n a l  12,30 
of the  Elk River, f o r  a t o t a l  of 28,300 acres, 
s i t u a t e d  n e a r  Elko .  

ENVIRONME 

PROFILE OF LATERALS 
I, IA,  2,2A, 3, 4, & 5 

PROPOSED PUMPING STA. Sepf, /477 
ELK RIVER 

5t06 -5 I J. W. N G A l  

DRAWN 
J. W. N G A l  I PRELIMINARY ASSESSMENT OF 

EAST KOOTENAY VALLEY 
IRRIGATION POSSl B1 L I T  I ES 
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