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SYNOPSIS 

The Abbots fo rd  Upland encompassing a broad area o f  18.6 square m i l e s  

s i t u a t e d  southwest o f  Abbotsford i s  u n d e r l a i n  by a succession of g l a c i o -  

f l u v i a l  sand and grave l  depos i ts  which c o n s t i t u t e  a major  a q u i f e r .  I n  1985 

t h i s  a q u i f e r  s u p p l i e d  13.4 c f s  on a cont inuous b a s i s  f o r  i n d u s t r i a l  ( 4 1  
p e r c e n t ) ,  m u n i c i p a l  (34 p e r c e n t ) ,  i r r i g a t i o n  ( 2 1  p e r c e n t )  and domestic ( 4  

p e r c e n t )  demands. T h i s  wi thdrawal  was e q u i v a l e n t  t o  45  p e r c e n t  o f  t h e  

e s t i m a t e d  annual recharge r a t e  o f  30 c f s .  The t o t a l  q u a n t i t y  o f  water  

pumped i n  1985 was est imated a t  2.6 b i l l i o n  g a l l o n s .  Groundwater e x t r a c t i o n  

i s  p r e s e n t l y  centered  i n  the  southeast  corner  o f  the  Upland where the  F r a s e r  

V a l l e y  T r o u t  Hatchery and the  D i s t r i c t  of Abbots fo rd  w e l l s  account f o r  m r e  

t h a n  60 p e r c e n t  o f  the  t o t a l  Upland wi thdrawals .  O v e r a l l  groundwater demand 
s i n c e  1982 appears t o  have been r e l a t i v e l y  steady b u t  i s  l i k e l y  t o  inc rease 

i n  t h e  f u t u r e  w i t h  inc reased i r r i g a t i o n  needs. Fu t u  r e  recommended 
i n i  t i . a t i v e s  i n c l u d e  enhanced groundwater l e v e l  mon i to r ing ,  q u a n t i f y i n g  i n  

more d e t a i l ,  p resent  and p r o j e c t e d  i r r i g a t i o n  use, r e g u l a t i n g  e x t r a c t i o n  i n  

c e r t a i n  areas and f u r t h e r  assessing o f  groundwater use i n  t h e  Washington 

S t a t e  p o r t i o n  o f  t h e  a q u i f e r .  
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In  1985 i t  was observed t h a t  water levels i n  observation wells located 
on the Abbotsford Upland (Figure 1) were not  responding normally to  precipi- 
t a t i o n  since 1982. Rased on observed historic water level records for the 
1970 t o  1981 period and corresponding precipitation, i t  was anticipated t h a t  
groundwater levels would fol low a rising trend from 1982 t o  1984; a period 
o f  above normal precipitation. Post 1982 groundwater levels in the observa- 
t i o n  we1 I s ,  however, remained relatively s ta t ic  suggesting t h a t  groundwater 
withdrawals from the aqui fe r  may be approaching or exceeding the natural 
recharge rate. 

A study was, therefore, init iated to determine the significance of the 
p o s t  1982 water level trend being observed and to quantify the average rate 
o f  groundwater withdrawal . Information froin well records, geologic and 

groundwater reports and observation well d a t a  00 f i l e  w i t h  the Groundwater 
Section were reviewed. A f ie ld  inventory was carried o u t  by J .  Glass of the 
Surrey Regional Office during 1985 and 1986 t o  o b t a i n  up-to-date  information 
on existing high capacity we1 1 s and groundwater use. Major groundwater 
users including municipalities, water works d is t r ic t s  and the Fraser Valley 
Trout Hatchery (FVTH) were a l s o  visited by P .  

Office t o  obtain records o f  1985 water use. 

This report summarizes available informat 

Sjoman of the Surrey Regional 

on on the aquifers underlying 
the Abbotsford Upland ,  reported wells, groundwater movement and rates o f  
aquifer recharge and wi thdrawal . Comparisons are made between estimated 
aquifer withdrawal s and annual recharge and recommendations for further 
moni tori  ng procedures are out1  i ned. 
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2. STUDY AREA 

The Abbots fo rd  Upland as shown i n  F i g u r e  1 encompasses a broad area of' 

18.6 square m i l e s  s i t u a t e d  southwest o f  Abbotsford.  The area i s  bounded on 

t h e  south by the  I n t e r n a t i o n a l  Boundary, on the  west by F i s h t r a p  Creek and 

Enns Brook and on t h e  e a s t  by the  Sumas P r a i r i e  Lowland. For  purposes o f  

t h i s  study t h e  n o r t h e r n  boundary has been a r b i t r a r i l y  s e t  a long t h e  

abandoned r a i l r o a d  l i n e  i n  Sec t ions  19, 20 and 2 1  i n  Township 16. The major  

p o r t i o n  o f  the  Upland l i e s  between e l e v a t i o n s  o f  150 t o  250 f e e t  above sea 

l e v e l .  The e a s t e r n  boundary i s  marked by an escarpment which r i s e s  a b r u p t l y  

f rom. the  Sumas P r a i r i e  Lowland which i s  a t  an e l e v a t i o n  of 40 f e e t  above sea 

l e v e l .  

There a r e  no major  streams d i s s e c t i n g  the  Upland. F i s h t r a p  Creek and 

smal l  t r i b u t a r i e s  occur a long the  western edge o f  the  Upland. A l i n e  of 

s p r i n g s  occurs a long the  eas tern  toe  o f  the Upland. These d ischarge i n t o  

d ra inage d i t c h e s  and Lonzo Creek which f l o w  through the  Sumas P r a i r i e  

Lowland. A number o f  small  lakes  namely; Laxton Lake, Abbotsford Lake 
( M i l l  Lake) and Judson Lake occur on the  upland. The sur faces o f  these 

l a k e s  a r e  b e l i e v e d  t o  be an express ion  o f  t h e  water  t a b l e  (Hals tead,  1959). 

The Region i s  c h a r a c t e r i z e d  by a cool  Medi ter ranean type o f  c l i m a t e  i n  

which p r e c i p i t a t i o n  f a l l s  p r i n c i p a l l y  as r a i n f a l l  d u r i n g  the  p e r i o d  

September t o  Ma:$. The area rece ives  an average o f  1 513 mm of p r e c i p i t a t i o n  

annual13 (Environment Canada, 198 - 1. The p e r i o d  from June t o  September i s  

normal?jr dry and may be s u b j e c t  t o  drought  c o n d i t i o n s  f o r  s h o r t  per iods .  

3. GElJEIiAL GEOLOGY -- 

The Abbots fo rd  Upland i s  u n d e r l a i n  by a succession o f  unconso l ida ted  

g l a c i a l  and n o n - g l a c i a l  d e p o s i t s  of P l e i s t o c e n e  and Recent ages. These 

d e p o s i t s  a r e  r e p o r t e d  t o  be a t  l e a s t  339 f e e t  i n  t h i c k n e s s  a t  Clearbrook 

where they over1 i e T e r t i a r y  bedrock ( Armstrong, 1960). D u r i  ng the f i n a l  
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stages o f  d e g l a c i a t i o n  o f  the  Fraser  Lowland a v a l l e y  g l a c i e r  occupied the  

Sumas V a l l e y  (Armstrong e t  a l ,  1965). Dur ing  r e t r e a t  o f  t h i s  Sumas i c e  an 
e x t e n s i v e  area of g l a c i a l  f l u v i a l  and i c e - c o n t a c t  depos i ts  c o n s i s t i n g  o f  

g r a v e l ,  sand and lenses  of till was l a i d  down i n  the  Abbots fo rd  area. These 

d e p o s i t s  which mant le  most o f  t h e  Abbotsford Upland were des ignated by 

Armstrong (1960) as Abhotsford Outwash. The depos i ts  a l s o  extend southwards 

i n t o  the  S t a t e  o f  Washington ( S t a t e  o f  Washington, 1960).  More r e c e n t  

mapping by Armstrong (1980) del  i n e a t e s  these sediments as recess iona l  

g l a c i o f l u v i a l  d e p o s i t s  w i t h i n  Scirnas D r i f t  ( F i g u r e  2 ) .  T i l l  depos i ted  by 

Sumas i c e  u n d e r l i e s  the  g l a c i o f l u v i a l  depos i ts  i n  many areas and i s  exposed 

i n  nor th -south  t r e n d i n g  r i d g e s  a1 ong the t o p o g r a p h i c a l l y  h i g h e r  reg ions  o f  

t h e  Upland ( F i g u r e  2 ) .  O lder  advance g l a c i o f l u v i a l  depos i ts  a l s o  w i t h i n  t h e  

Sumas D r i f t  and comprised o f  gravel  and sand a r e  found a long the  eas tern  

escarpment o f  t h e  Upland. These depos i ts  were p r e v i o u s l y  termed Hunt ingdon 
Gravel  (Armstrong, 1960).  G l a c i o n a r i n e  stony s i l t  t o  loamy c l a y  o f  the  F o r t  

Langley Format ion i s  a l s o  found exposed on the  Upland n o r t h e a s t  o f  t h e  

A b b o t s f o r d  a i r p o r t .  E o l i a n  d e p o s i t s  comprised o f  windblown sand and s i l t  up 

t o  8 metres i n  t h i c k n e s s  occur i n  a nor th -south  t r e n d i n g  b e l t  between M i l l  
Lake and t h e  I n t e r n a t i o n a l  Boundary. Bog, swamp and shal low- lake depos i ts  

comprised o f  peat  occur around Lax ton  Lake and southwest o f  the Abbotsford 
a i r p o r t .  

Subsurface l i t h o l o g i c  data from a v a i l a b l e  water  w e l l s ,  t h e  l o c a t i o n  o f  

which a r e  shown i n  F i g u r e  3, was u t i l i z e d  t o  c o n s t r u c t  r e p r e s e n t a t i v e  

g e o l o g i c  c ross  s e c t i o n s  through t h e  Abbotsford Upland. Three west t o  e a s t  

i n t e r p r e t i v e  cross s e c t i o n s  are  shown i n  F i g u r e  4 .  Locat ions  f o r  these 

s e c t i o n s  are  shown i n  F i g u r e  3. Sand and grave l  depos i ts  appear t o  comprise 

t h e  major  p o r t i o n  of up land d e p o s i t s  t o  a depth o f  150 f e e t .  These a r e  

i n t e r s p e r s e d  w i t h  d iscont inuous  bodies o f  t i l l .  Due t o  the  l e n t i c u l a r  

n a t u r e  o f  t h e  till i t  would appear t h a t  i n  many p laces  the  younger 

r e c e s s i o n a l  outwash d e p o s i t s  ( A b b o t s f o r d  Outwash) a r e  i n  d i  r e c t  c o n t a c t  w i t h  

o l d e r  advance outwash d e p o s i t s  (Hunt ingdon Gravel  1. T h i s  s t r a t i g r a p h i c  

A 
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r e l a t i o n s h i p  i s  s i g n i f i c a n t  i n  terms o f  hydrogeologic  c o n t i n u i t y ,  ground- 

water a v a i l a b i l i t y  and movement as o u t l i n e d  i n  t h e  f o l l o w i n g  sec t ion .  

4 .  GROUNDWATER OCCURRENCE AND MOVEMENT 

The sand and grave l  d e p o s i t s  u n d e r l y i n g  the  Abbotsford Upland t o  a 

depth o f  200 f e e t  below sea l e v e l  comprise a major  h y d r o s t r a t i g r a p h i c  u n i t  

up t o  298 f e e t  i n  t h i c k n e s s  which has been termed t h e  Abbotsford A q u i f e r  

(Kohut  e t  a l ,  1982). T r a n s m i s s i v i t y  va lues i n  t h e  range 1.0 x l o5  t o  

1.5 x 105 USgpd/ft .  w i d t h  o f  a q u i f e r  have been r e p o r t e d  a long the  eas tern  

t o e  o f  the  Upland ( C a l l a n ,  1971b).  The maxiinum t h i c k n e s s  o f  the Abbots fo rd  

A q u i f e r  and t h e  presence o f  deeper a q u i f e r s  more than 200 f e e t  below sea 

l e v e l  a re  p r e s e n t l y  unknown. For  the  most p a r t  groundwater occurs under 

non-conf ined o r  w a t e r - t a b l e  c o n d i t i o n s  w i t h  water  l e v e l s  rang ing  from 0 t o  

130 f e e t  below ground. Where g l a c i a l  t i l  1 lenses a r e  present ,  groundwater 

i n  u n d e r l y i n g  sand and grave l  depos i ts  can occur under conf ined c o n d i t i o n s .  

T h i s  i s  ev ident ,  f o r  example, i n  the c e n t r a l  p o r t i o n  o f  c ross  s e c t i o n  A-A1 

( F i g u r e  4 )  where non-pumping water  l e v e l s  have been r e p o r t e d  above the  top 
o f  t h e  major  water-bear ing depos i ts .  Non-pumping water  l e v e l s  ( f e e t  below 

ground) based on h i s t o r i c  da ta  when the  w e l l s  were completed o r  f i r s t  

i n v e n t o r i e d  a r e  shown i n  F i g u r e  5. Water l e v e l s  i n  the western p o r t i o n  o f  
t h e  Upland are  g e n e r a l l y  shal low ( ~ 2 0  f e e t  below ground).  The deepest water 
l e v e l s  a re  found i n  the  c e n t r a l  and eastern,  t o p o g r a p h i c a l l y  h i g h e r  areas of 
t h e  Upland. Shal low groundwater l e v e l  s around Laxton, Judson and Abbots fo rd  

l a k e s  i n d i c a t e  t h a t  l a k e  l e v e l s  a r e  c l o s e l y  t i e d  t o  t h e  water  t a b l e .  

F i g u r e  6 d e p i c t s  the  contoured e l e v a t i o n s  o f  h i s t o r i c ,  non-pumping water  

l e v e l s .  T h i s  map may be used t o  determine t h e  i n f e r r e d  d i r e c t i o n  of 

r e g i o n a l  groundwater f l o w  from areas o f  h i g h e r  water  l e v e l  e l e v a t i o n  

( g r e a t e r  h y d r a u l i c  head) t o  areas o f  lower  water  l e v e l  e l e v a t i o n  ( l o w e r  

h y d r a u l i c  head). I n f e r r e d  d i r e c t i o n s  o f  r e g i o n a l  groundwater f low,  normal 

t o  t h e  water  l e v e l  e l e v a t i o n  contours a re  shown i n  F i g u r e  6. It i s  apparent 

t h a t  r e g i o n a l  groundwater f l o w  i s  r a d i  a1 l y  away froin the  t o p o g r a p h i c a l l y  
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higher north central portion of the Upland towards the outlying western, 
eastern and northern boundaries. .Groundwater flow in the southern portion 
of  the Upland appears t o  be towards the State of Washington. As the water 
level information utilized in the preparation of the above imps i s  based on 
his tor ic  da ta ,  and from wells of differing depths, the maps may not  be 
ent i re ly  representative of present water level conditions in localized 
areas. 

5. GROUNDWATER LEVEL TRENDS 

Seven observation wells are being operated on the Abbotsford Upland, 
the locations of which are shown in Figure 7 .  Table 1 summarizes background 
informat ion  on each of the wells. Water level d a t a  has been recorded on a 
continuous basis a t  four o f  the s i tes  since 1972. Available hydrograph d a t a  
f o r  the period 1970 t o  1986 are shown in Figures 8 and 9 .  

During the period 1970 to 1982, water levels in Observation Wells 2 and 
8 (Figure 8) located near the central portion of the Upland exhibited a high 
correlation with cumulative precipitation departure d a t a .  However, since 
1982 the water levels in these wells have not  responded favourably i n  spite 
o f  the above-normal precipitation recorded. The levels have remained 
relatively steady since 1982 close to previously recorded minimums. Other 
observation wells which are situated in close proximity to major production 
wells show similar trends in addition t o  significant declines due t o  well 
interference. A significant lowering of water levels i n  wells No. 14 and 
15, for example, occurred in 1977 as production wells for the Fraser Valley 
Trou t  Hatchery became operational. 

Over the past twenty-five years a number of wells have been deepened on 
the Upland t o  enable landowners t o  obtain desired quantities of groundwater. 
During the 1 9 6 0 ' ~ ~  for example, deeper dril led wells were constructed in 
some areas in existing dug wells to enable extraction of water more 
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e f f i c i e n t l y .  

normal p r e c i p i t a t i o n ,  severa l  w e l l s  were deepened on the  upland. 

D u r i n g  t h e  p e r i o d  1977 t o  1979 which was an i n t e r v a l  o f  below 

D u r i n g  f i e l d  i n v e n t o r y  work c a r r i e d  o u t  i n  1985 and 1986 severa l  

i n d i v i d u a l  s r e p o r t e d  t h e i r  observances o f  l o w e r  groundwater l e v e l  s i n  
S e c t i o n  1. TP 13 (South  o f  the  Abbots fo rd  A i r p o r t )  and Sect ions  3, 4, 8 and 

9 o f  TP 16 ( E a s t  o f  t h e  A i r p o r t ) .  

6. GROUNDWATER RECHARGE AND AVAILABILITY 

Groundwater recharge which i n c l u d e s  the  e n t r y  ' o f  water  t o  t h e  s a t u r a t e d  

zone t o g e t h e r  w i t h  t h e  assoc ia ted  f l o w  away from the  water  t a b l e  (Freeze and 

Cherry ,  1979) i s  d i f f i c u l t  t o  q u a n t i f y  accura te ly .  Est imates o f  groundwater 

recharge are, however, i m p o r t a n t  f o r  assessing t h e  r a t e  a t  which groundwater 

can be withdrawn on an annual b a s i s  ( p e r e n n i a l  y i e l d )  w i t h o u t  c r e a t i n g  

u n d e s i r a b l e  r e s u l t s ,  such as, a p rogress ive  l o w e r i n g  o f  water  l e v e l s  i n  

w e l l s  and a subsequent r e d u c t i o n  i n  t h e i r  y i e l d s .  The term "mining" has 

been used t o  des ignate  s i t u a t i o n s  where groundwater wi thdrawal  r a t e s  exceed 

t h e  recharge (Todd, 1980). The recharge r a t e  a t  any t ime, however, i s  

dependent upon a number of f a c t o r s  i n c l  u d i  ng the  e f f e c t s  o f  groundwater 

w i thdrawal  which a l t e r  the  h y d r o l o g i c  regime w i t h  t ime. The perenn ia l  y i e l d  

subsequent ly v a r i e s  w i t h  t ime and d i f f e r e n t  p a t t e r n s  o f  recharge, develop- 

ment and use o f  groundwater i n  an area (Todd, 1980).  The term "sa fe  y i e l d "  

commonly used i n  t h e  p a s t  i m p l i e s  a f i x e d  q u a n t i t y  o f  e x t r a c t a b l e  water  f rom 

an area and does n o t  t a k e  i n t o  account f a c t o r s  govern ing perenn ia l  y i e l d ,  

such as, economics, water  q u a l i t y ,  w e l l  l o c a t i o n s ,  w e l l  d e n s i t y  and l e g a l  

c o n s i d e r a t i o n s ,  f o r  example. 

7. RECHARGE ESTIMATES 

H a l  s tead (1959) est imated recharge over  the e n t i r e  Abbots fo rd  Upland o f  

T h i s  recharge 20 square m i l e s  a t  5 x lo9 g a l s / y e a r  (US g a l l o n s  assumed). 
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r a t e  would be e q u i v a l e n t  to 24 p e r c e n t  o f  the mean annual p r e c i p i t a t i o n  o f  

1 513 mm. C a l l a n  (1971a) es t imated  recharge over  the  e a s t e r n  p o r t i o n  o f  the  

up land (6 square m i l e s )  t o  be 10.5 c f s ,  e q u i v a l e n t  t o  a recharge r a t e  o f  4 1  

p e r c e n t  o f  t h e  mean annual p r e c i p i t a t i o n .  T h i s  was based i n  p a r t  on 

measurements o f  n a t u r a l  d ischarge o f  spr ings  a long the  eas tern  boundary o f  

t h e  upland. 

A number o f  methods, f o r  example, can be used to e s t i m a t e  groundwater 

recharge i ne1 u d i  ng: water  ba l  ance, we1 1 hydrograph, f l  ow n e t  and i n f  i 1 t r a -  

t i o n  a n a l y s i s  techniques. The water  balance method, f o r  example, determines 

a v a i l a b l e  water  s u r p l u s  f o r  groundwater recharge and sur face  r u n o f f  by 

c a l c u l a t i n g  t h e  d i f f e r e n c e  between p r e c i p i t a t i o n  and p o t e n t i a l  evapotrans- 

p i r a t i o n  (Thorn thwa i te  and Mather, 1957) .  The hydrograph method i n v o l v e s  

d e t e r m i n i n g  t h e  annual n e t  r i s e  i n  water  l e v e l  i n  an observa t ion  w e l l  
account ing  f o r  probable d ischarge d u r i n g  the  recharge p e r i o d  and c o n v e r t i n g  

t h i s  t o  an e q u i v a l e n t  q u a n t i t y  of water  necessary t o  produce the  observed 

w a t e r  l e v e l  r i s e .  The unconf ined s t o r a t i v i t y  o f  t h e  a q u i f e r  must be 

approximated t o  c a l c u l a t e  t h e  recharge r a t e .  

Groundwater recharge f o r  the  Abbots fo rd  Upland was es t imated us ing  two 

methods; t h e  water  balance method o f  Thorn thwa i te  and Mather (1957) and 

a n a l y z i n g  a v a i l a b l e  long- term hydrographs f o r  two observa t ion  we1 1s ( W e l l s  2 
and 8 ) .  R e s u l t s  o f  these es t imates  a r e  l i s t e d  i n  Tab le  2. C a l c u l a t i o n s  for  
these es t imates  a r e  g i v e n  i n  Appendix A. 

The water  ba lance method (Tab le  2 )  i n d i c a t e s  recharge t o  t h e  Abbots fo rd  
Upland c o u l d  be as h i g h  as 63 p e r c e n t  o f  the  mean annual p r e c i p i t a t i o n  

assuming a l l  o f  t h e  m o i s t u r e  s u r p l u s  i n f i l t r a t e s  to t h e  water  t a b l e  and 

s u r f a c e  r u n o f f  from t h e  Upland does no% occur. Due to t h e  coarse t e x t u r e d  

n a t u r e  o f  t h e  s u r f i c i a l  depos i ts  and l a c k  o f  major  streams d i s s e c t i n g  t h e  
Upland i t  i s  l i k e l y  t h a t  t h i s  h i g h  recharge r a t e  i s  probable.  Depending 

upon which unconf ined s t o r a t i v i t y  ( s p e c i f i c  y i e l d )  va lues are  considered, 
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recharge based on t h e  wel l -hydrograph method v a r i e s  from 18 t o  8 1  p e r c e n t  o f  

t h e  mean annual p r e c i p i t a t i o n .  Assuming a probable s p e c i f i c  y i e l d  va lue o f  

0.25 wh ich  i s  r e p r e s e n t a t i v e  o f  f i n e  t o  coarse sand and grave l  (Johnson, 

19671, recharge t o  t h e  Upland would be i n  the  range 37 t o  8 1  p e r c e n t  which 
would be comparable t o  the  r e s u l t s  of t h e  water  balance method. A minimum 

v a l u e  o f  37 p e r c e n t  would be e q u i v a l e n t  t o  an annual recharge r a t e  o f  

30 c f s .  

The amount o f  groundwater i n  s torage under t h e  upland can be rough ly  

e s t i m a t e d  assuming, f o r  example, t h a t  t w o - t h i r d s  o f  the  upland i s  u n d e r l a i n  

by a q u i f e r  m a t e r i a l s  hav ing  a minimum s a t u r a t e d  th ickness  o f  100 f e e t  w i t h  

a n  unconf ined s t o r a t i v i t y  o f  0.25. T h i s  q u a n t i t y  would amount t o  
5.4 x 101O I g a l  s .  , t h e  e q u i v a l e n t  o f  10 y e a r s  supply a t  a wi thdrawal  r a t e  o f  

27  c f s .  

8.  GROUNDWATER USE 

Groundwater on t h e  Abbots fo rd  Upland i s  used f o r  many purposes 

i n c l u d i n g :  m u n i c i p a l  supp l ies ,  i r r i g a t i o n ,  stock water ing,  food processing, 

i n d u s t r i a l  supp l ies ,  f i s h  hatchery requi rements and i n d i v i d u a l  r e s i d e n t i a l  

needs. 

I n  1980, Zubel es t imated  groundwater use on the  Upland a t  16.6 c f s .  

Water w e l l  records  on f i l e ,  the  l o c a t i o n s  o f  which a r e  shown i n  F i g u r e  3 
i n d i c a t e  the  p o s s i b l e  e x i s t e n c e  o f  some 850 i n d i v i d u a l  w e l l s  i n c l u d i n g  600 

d r i l l e d  w e l l s  and 250 sha l low dug w e l l s .  Many o f  the  shal low dug w e l l s  may 
no l o n g e r  be i n  use p a r t i c u l a r l y  where mun ic ipa l  supp l ies  have s e r v i c e d  

r e s i d e n t i  a1 communi t i e s  . The l o c a t i o n s  o f  w e l l s  hav ing  i n d i v i d u a l  
c a p a c i t i e s  >25 gpm a r e  shown i n  F i g u r e  7. 

I r r i g a t i o n  use occurs predominant ly  i n  the  southern and western p o r t i o n  

o f  the  Upland. Mun ic ipa l  w e l l s  be long ing  t o  the D i s t r i c t  o f  Abbotsford,  the  
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District  of Matsqui and the Clearbrook Water Works District  are centered 
a l o n g  the edge of t he  eastern escapement, within the community o f  
Abbotsford, east  of the Abbotsford airport ,  south of Abbotsford Lake, and 
within the community of Clearbrook (Figure 7). The Fraser Valley Trout  
Hatchery wells are situated along the  toe of the eastern escarpment. 

A summary of the estimated groundwater use in 1985 for the four major 
use categories namely: industrial , irr igation, municipal and domestic i s  
shown i n  Figure 10 and l is ted i n  Table 3. Total groundwater use in 1985 was 
estimated to  be 2.6 x l o9  Igals. o r  approximately 13.4 c f s .  Methods of 
determining use and information on each of the major users i s  outlined as 
fol l  ows: 

Industrial Use 

There are a number of major industrial users of groundwater on the Upland 
including, for example: the Fraser Val ley Trout Hatchery, various food 
processing firms, the Abbotsford Airport, poultry farms, gravel washing 
operations, cold storage firms and tree nurseries. The largest single user 
i s  the Fraser Valley Trout Hatchery which pumped 9.3 x 108 Igals i n  1985; 
equivalent t o  1 770 Igpm on a continuous basis. Groundwater use a t  the 
hatchery i s  metered. The extent of o ther  industrial pumping i s  n o t  
accurately known b u t  could be equivalent t o  a further 300 Igpm. Halstead 
(1986), for example, reported 1981 use a t  Empress Foods in Clearbrook to  be 
184 026 m3/year which would be equivalent t o  77 Igpm. 

I r r i  g a t i  on  Use 

Total irrigation use i s  d i f f icu l t  t o  quant i fy  with any accuracy as most  

wells are unmetered and demand may vary with time from s i t e  t o  s i t e  
depending upon several factors i ncl udi n g ,  for example, weather conditions, 
types of crops grown and nlethods of irr igation. Information obtained during 
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the  1985 and 1986 i r r i g a t i o n  seasons from i n d i v i d u a l  l a n d  owners i n d i c a t e s  

t h a t  i r r i g a t i o n  w e l l s  a re  g e n e r a l l y  used f o r  b e r r y  crops from June to 

September (up t o  3 months); 10 t o  24 hours per  day depending upon t h e  

weather.  I n  some wet years  o n l y  a few weeks o f  i r r i g a t i o n  my be requ i red .  

I r r i g a t i o n  requi rements a r e  es t imated  t o  be 8 t o  12 i nches  d u r i n g  t h e  

i r r i g a t i o n  season (pers .  comm. T. Van der G u l i k ,  M i n i s t r y  o f  A g r i c u l t u r e  and 
F i s h e r i e s ,  December 1986). T h i s  would be e q u i v a l e n t  t o  a cont inuous a p p l i c a -  

t i o n  r a t e  of  1.6 t o  2.1 Igpm p e r  acre  d u r i n g  the i r r i g a t i o n  season. Dur ing  

t h e  l a s t  10 years  i r r i g a t o r s  have been s h i f t i n g  t o  " b i g  gun type' '  i r r i g a t i o n  

equipment and subsequent ly a p p l i c a t i o n  r a t e s  have l i k e l y  inc reased to  
compensate f o r  inc reased evapora t ion  losses  (pers.  comni. B. Peters ,  

M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  November 1986). F i g u r e  11 shows t h e  

i n v e n t o r i e d  areas o f  i r r i g a t e d  lands  hav ing w e l l s  w i t h  i n d i v i d u a l  c a p a c i t i e s  

g r e a t e r  than 25 gPm. As a l l  landowners c o u l d  n o t  be contdc ted  d u r i n g  the 

1985-86 survey and some w i t h h e l d  i n f o r m a t i o n ,  these areas represent  a m i n i -  

mum area of lands  (1,400 acres)  i r r i g a t e d  w i t h  groundwater. A number o f  

landowners p a r t i c u l a r l y  west o f  Lax ton  Lake, where the  water t a b l e  i s  h igh,  

pump d i r e c t l y  o u t  of dugouts o r  dra inage d i t c h e s  and n o t  from w e l l s  o t h e r s  

pump from Lax ton  and Judson lakes .  Raspberry p r o d u c t i o n  has apparent ly  

inc reased s i g n i f i c a n t l y  on the  Upland d u r i n g  the  l a s t  10 y e a r s  and has 

r e p l a c e d  c u l t i v a t i o n  o f  s t r a w b e r r i e s  and vegetables f o r  the  most p a r t .  Of  

t h e  6,000 acres o f  raspber ry  crops under i r r i g a t i o n  i n  the  Fraser  V a l l e y ,  

t w o - t h i r d s  t o  t h r e e - q u a r t e r s  (4,000 t o  4,500 acres)  c o u l d  be under i r r i g a -  

t i o n  on t h e ' u p l a n d  (pers.  comm. B. Pe ters ,  M i n i s t r y  o f  A g r i c u l t u r e ,  November 

1986). Rased on i n f o r m a t i o n  ob ta ined from landowners i n  1985 and 1986 and 

known ex is tence of h i g h  c a p a c i t y  w e l l s  i t  i s  es t imated  t h a t  about 

2,000 acres are  p r e s e n t l y  b e i n g  i rri gated w i  t h  groundwater. 

Based on 2,000 acres o f  i r r i g a t e d  lands  and an a p p l i c a t i o n  r a t e  o f  12 inches  

o v e r  3 months, t h e  es t imated  maximum i r r i g a t i o n  requ i  rernents from ground- 

w a t e r  over  one season would be 5.4 x lo8 I g a l s ,  e q u i v a l e n t  t o  an annual 

w i thdrawal  r a t e  o f  1,030 Igpm. As the  1985 i r r i g a t i o n  season was e s p e c i a l l y  
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dry  i t  i s  p o s s i b l e  t h a t  i r r i g a t i o n  use may have approached these f i g u r e s .  

The maximum ins tan taneous wi thdrawal  r a t e  a t  t h e  peak o f  the  i r r i g a t i o n  

season c o u l d  conce ivab ly  be as much as 4,120 Igpm. 

Muni c i D a l  Use 

M a j o r  mun ic ipa l  users i n c l u d e  the  D i s t r i c t  o f  Abbotsford,  the  D i s t r i c t  o f  

Matsqui  and t h e  Clearbrook Water Works D i s t r i c t .  E x c e l l e n t  records prov ided 

by these agencies based on metered d ischarge i n d i c a t e  t h e  t o t a l  groundwater 

use i n  1985 was 8.9 x 108 I g a l s .  T h i s  q u a n t i t y  would be e q u i v a l e n t  to a 

cont inuous  pumping r a t e  o f  1,700 Igpm. 

Domestic Use 

The use of w e l l s  f o r  domestic purposes i s  n o t  l a r g e  i n  comparison t o  o t h e r  

uses as many r e s i d e n t s  a r e  s e r v i c e d  by mun ic ipa l  systems and i n d i v i d u a l  

r e s i d e n t i a l  requi rements a r e  normal ly  small  ('lgpm). I f  one-ha l f  o f  the  

850 e x i s t i n g  w e l l s  were assumed t o  be domestic w e l l s  i n  use a t  0.5 gpm p e r  

res idence,  t h e  t o t a l  annual wi thdrawal  would be approx imate ly  220 gpm. It 

i s  l i k e l y  t h a t  t h e  t r u e  demand i s  l e s s  than t h i s  amount. 

Trends i n  Use 

Since 1960 groundwater use has increased s i g n i f i c a n t l y '  

Upland. Lee (19711, f o r  example, es t imated  annual use i n  

i r r i g a t i o n  and domestic requi rements a t  3,200 gpm. By 

approx imate ly  double t h i s  amount a t  5,800 gpm (Halstead, 

f o r  1985 i n  t h i s  r e p o r t  a t  5,020 Igpm i n d i c a t e  t h a t  use 

on the Abhotsford 

1970 n o t  i n c l u d i n g  

1981 t h i s  use was 

1986). Est imates 

i s  s t i l l  s i g n i f i -  

can t .  Dur ing  the  l a s t  decane mun ic ipa l  use has d e c l i n e d  s l i g h t l y  and use a t  

t h e  F r a s e r  V a l l e y  T r o u t  Hatchery has been r e l a t i v e l y  constant .  I n  the  e a r l y  

1980 's  the  D i s t r i c t  o f  Matsqui s h i f t e d  t h e i r  source o f  water  supply f rom 

w e l l s  to M o r r i s h  Creek w i t h  minor  augqentat ion from w e l l s .  T h i s  r e d u c t i o n  
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i n  groundwater use was o f f s e t  t o  some e x t e n t  by increased p roduc t i on  by the  

D i s t r i c t  o f  Abbots fo rd  f o r  the Sumas P r a i r i e  Water System. I r r i g a t i o n  use 

appears t o  be i n c r e a s i n g  w i t h  the  s h i f t  t o  " b i g  gun type"  i r r i g a t o r s  which 

r e q u i r e  more water  t o  operate and l a r g e r  capac i t y  w e l l s  t o  ma in ta in  i ns tan -  

taneous f l o w  requi rements.  

Ex te rna l  Fac to rs  

As t h e  a q u i f e r  u n d e r l y i n g  the  Abbots fo rd  Upland extends sou the r l y  i n t o  t h e  

S t a t e  of Washington, i t  i s  poss ib le  t h a t  l a r g e  groundwater w i thdrawals  south 

o f  t he  I n t e r n a t i o n a l  Boundary may have some impact upon groundwater 
c o n d i t i o n s  n o r t h  o f  t he  border .  The present  e x t e n t  of groundwater use south 

o f  t he  border  i s  n o t  known p r e c i s e l y .  I n  1960 t h e  S t a t e  o f  Washington 

r e p o r t e d  t h a t  up t o  1,725 USgpm was l i c e n s e d  f o r  i r r i g a t i o n  o f  351 acres 

a long t h e  border  i n  Sec t ions  3 1  and 33 o f  T.41 N., R.4E and Sect ions  34, 35 

and 36 i n  1.41 N., R.3E. The town o f  Sumas, Washington a l s o  u t i l i z e d  

s p r i n g s  l o c a t e d  i n  S e c t i o n  33 T.41N., R.4.E. which were capable o f  supp ly ing  

2,250 USgpm. Average d a i l y  use from these spr ings  i n  1959 was repo r ted  a t  

120,000 gpd (83 USgpm). A q u a n t i t y  of 1 .5 c f s  from Judson Lake was a l s o  
r e p o r t e d  t o  be au tho r i zed  f o r  i r r i g a t i o n  use. 

9. WATER BUDGET 

A comparison between the  es t imated  a q u i f e r  wi thdrawal  i n  1985 and the 

average annual recharge i n d i c a t e s  t h a t  pumping approached 45 pe rcen t  o f  the 

annual recharge. The water  budget f o r  the  Abbotsford Upland i s  dep ic ted  

schemat i ca l l y  i n  F i g u r e  12. For  assumed s teady-s ta te  c o n d i t i o n s  i n  which 

water  t a b l e  f l u c t u a t i o n s  are r e l a t i v e l y  s t a t i c  and the re  i s  no s i g n i f i c a n t  

n e t  change i n  a q u i f e r  s torage du r ing  the year,  the  remaining 55 pe rcen t  o f  
t h e  recharge i s  l o s t  through n a t u r a l  d ischarge i n t o  spr ings  a long the  toe  o f  

t h e  upland, f l o w  i n t o  deeper and cont iguous a q u i f e r s  and evapo t ransp i ra t i on .  
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A p o r t i o n  o f  t h e  groundwater wi thdrawn i s  a l s o  r e t u r n e d  to the  a q u i f e r  as 

r e t u r n  f l o w  and some i s  pumped o u t  o f  t h e  area (eg. t o  Sumas P r a i r i e ) .  

It would appear, t h e r e f o r e ,  tha t  groundwater pumping i s  n o t  p r e s e n t l y  

exceeding t h e  annual recharge on t h e  Upland. I n  t h i s  contex t ,  f u r t h e r  

groundwater development may be warranted i n  some areas. However, t h i s  does 

n o t  n e c e s s a r i l y  mean t h a t  the  p r e s e n t  wi thdrawal  r a t e s  a r e  n o t  caus ing some 

e f f e c t s  such as w e l l  i n t e r f e r e n c e  i n  l o c a l i z e d  areas. The major  p o r t i o n  o f  

groundwater e x t r a c t i o n  i s  p r e s e n t l y  centered i n  the  southeast  corner  o f  the  

Upland where t h e  F r a s e r  V a l l e y  T r o u t  Hatchery and the  D i s t r i c t  o f  Abbotsford 

w e l l s  p r e s e n t l y  account f o r  more than 60 p e r c e n t  o f  the t o t a l  w i thdrawals  

f rom t h e  Upland. I n  a d d i t i o n  the  Town o f  Sumas pumps from s p r i n g s  c l o s e  t o  

t h i s  same area. Other cons t r a i  n t s  to f u r t h e r  groundwater development 
i n c l u d i n g  f a c t o r s  such as groundwater q u a l i t y  would a l s o  have t o  be 

considered.  High n i t r a t e s  f o r  example have been r e p o r t e d  i n  the  r e g i o n  

south and e a s t  o f  t h e  Abbots fo rd  A i r p o r t  (Kwong, 19813). 

As t h e  o v e r a l l  w i thdrawal  from the  Upland does n o t  appear to have 

increased s i g n i f i c a n t l y  s i n c e  1981 p r i n c i p a l l y  due t o  the  decreased use o f  

w e l l s  by t h e  D i s t r i c t  o f  Matsqui ,  the  lower  water  l e v e l s  moni tored i n  

o b s e r v a t i o n  we1 1 s s i n c e  1982 probab ly  r e f l e c t  a l o c a l i z e d  l o w e r i n g  o f  l e v e l s  

( w e l l  i n t e r f e r e n c e )  f o r  pumping centered i n  t h e  southeast  corner  o f  the  

Upland. A d e t a i l e d  l e v e l  survey would be r e q u i r e d  to determine the  e x t e n t  

and c o n f i g u r a t i o n  o f  t h e  major  zone o f  i n f l u e n c e  o f  t h i s  pumping cent re .  

10. CONCLUSIONS AND RECOMMENDATIONS 

The Abbots fo rd  Upland compr is ing an area o f  18.6 square m i l e s  i s  under- 

l a i n  by a succession o f  sand and grave l  d e p o s i t s  which c o n s t i t u t e  a major  

a q u i f e r .  T h i s  a q u i f e r  s u p p l i e s  water  f o r  i n d u s t r i a l ,  m u n i c i p a l ,  i r r i g a t i o n  

and domestic use. Annual recharge to the  Upland i s  es t imated  a t  30 c f s .  

Use i n  1985 was determined t o  be 13.4 c f s  (5,020 Igprn) on a cont inuous b a s i s  
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w i t h  41  p e r c e n t  o f  t h e  demand from i n d u s t r i a l  consumption, 34 p e r c e n t  from 

m u n i c i p a l ,  2 1  p e r c e n t  from i r r i g a t i o n  and 4 p e r c e n t  from domestic use. 

Lower water  l e v e l s  moni tored i n  observa t ion  w e l l s  s ince  1982 l i k e l y  r e f l e c t  

a l o c a l i z e d  l o w e r i n g  of l e v e l s  due t o  w e l l  i n t e r f e r e n c e  and are  n o t  i n d i c a -  

t i v e  of a groundwater min ing  s i t u a t i o n  i n  which demand i s  exceeding t h e  

n a t u r a l  recharge. The t o t a l  q u a n t i t y  purrped i n  1985 was es t imated a t  

2.6 x 109 I g a l s .  The major  p o r t i o n  o f  groundwater e x t r a c t i o n  i s  p r e s e n t l y  

c e n t e r e d  i n  t h e  southeast  corner  o f  t h e  Upland where t h e  F r a s e r  V a l l e y  T r o u t  

Hatchery and t h e  D i s t r i c t  o f  Ahbotsford w e l l s  account f o r  more than 60 

p e r c e n t  o f  t h e  t o t a l  Upland w i thdrawals .  O v e r a l l  demand s ince  1982 appears 

t o  have been r e l a t i v e l y  steady b u t  i s  l i k e l y  t o  inc rease i n  t h e  f u t u r e  w i t h  

i n c r e a s e d  i r r i g a t i o n  needs. Depending upon the  in tended use, a d d i t i o n a l  

groundwater s u p p l i e s  c o u l d  be r e a d i l y  developed i n  some areas o f  t h e  Upland 

p a r t i c u l a r l y  i n  t h e  southwest p o r t i o n  where water l e v e l s  a r e  c l o s e  t o  ground 
surface. Water q u a l i t y  may be a c o n s t r a i n t  to groundwater development i n  

some areas. Groundwater l e v e l s  a r e  c l o s e l y  t i e d  to the  l e v e l s  o f  Laxton, 

Judson and Abbotsford l a k e s  and groundwater d ischarge i s  a major  f l o w  

component of F i s h t r a p  Creek and spr ings  a long the  eas tern  boundary. Well  

i n t e r f e r e n c e  caused by major  c e n t r e s  of wi thdrawal  and between major  

p r o d u c t i o n  w e l l s  l o c a l l y  r e s u l t s  i n  reduced c a p a c i t i e s  o f  i n d i v i d u a l  w e l l s .  

Shal low w e l l s  i n  t h e  t o p o g r a p h i c a l l y  h i g h e r  reg ions  o f  the  Upland a r e  

p a r t i c u l a r l y  s u s c e p t i b l e  t o  these e f f e c t s  and deepening o f  a number o f  these 

w e l l s  has been necessary i n  t h e  past .  

As t h e  a q u i f e r  u n d e r l y i n g  the  Abbots fo rd  Upland i s  an impor tan t  source 

o f  water  f o r  i n d u s t r i a l ,  mun ic ipa l  and a g r i c u l t u r a l  purposes, con t inued 

moni t o r i  ng o f  the  resource i s  desi  r a b l e .  The f o l  l o w i  ng recommendations are  

made f o r  c o n s i d e r a t i o n :  

1. Complet ing a d e t a i l e d  l e v e l  survey of water l e v e l s  w i t h i n  1 1/2 m i l e s  
ups lope o f  t h e  Fraser  V a l l e y  T r o u t  Hatchery and t h e  D i s t r i c t  o f  

Abbots fo rd '  s Farmer Road p r o d u c t i o n  we1 1 s t o  determi  ne the  c o n f i g u r a t i o n  
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o f  t h e  major  zone o f  i n f l u e n c e  o f  t h i s  pumping cent re .  T h i s  would 

r e q u i  r e  approx imate ly  one man week t o  e s t a b l  i sh survey re fe rence p o i n t s  

on a v a i l a b l e  w e l l s  and 4 man weeks ( t w o  weeks f o r  a two-man crew) t o  

complete t h e  l e v e l  survey. Costs f o r  t h i s  work i n c l u d i n g  s a l a r i e s  and 

expenses a r e  es t imated  a t  $5,000.00. 

2. E s t a b l i s h i n g  two a d d i t i o n a l  observa t ion  w e l l s ;  one l o c a t e d  southwest o f  

t h e  Abbots fo rd  A i r p o r t  c l o s e  t o  an area o f  h i g h  i r r i g a t i o n  demand and a 

second we1 1 a1 ong H u n t i  ngdon Road between e x i  s t i n g  Observa t ion  We1 1 s 2 
and 8. It may be p o s s i b l e  t o  o b t a i n  an abandoned domestic w e l l  f o r  t h i s  

purpose. C o n t r a c t  c o s t s  f o r  c o n s t r u c t i n g  and equ ipp ing  one 6 - i n c h  

d iameter  o b s e r v a t i o n  w e l l  a r e  es t imated  a t  $9,000 e x c l u d i n g  eng ineer ing  

superv isory  cos ts .  

3. Under tak ing a d d i t i o n a l  i n v e s t i g a t i o n s  o f  p resent  and p r o j e c t e d  i r r i g a -  

t i o n  use o f  groundwater on the  upland t o  r e f i n e  q u a n t i t a t i v e  est imates.  

A study o f  t h i s  type  would b e s t  be undertaken i n  coopera t ion  w i t h  t h e  

M i n i s t r y  o f  A g r i c u l t u r e  and may be a p p r o p r i a t e  f o r  a c o n s u l t i n g  firm. 

Costs f o r  t h i s  work c o u l d  range from $10,000 t o  $30,000 depending upon 

t h e  scope o f  t h e  i n v e s t i g a t i o n s .  

4 .  I n  areas such as the  southeastern p o r t i o n  o f  the  Abbots fo rd  Upland where 

t h e r e  i s  i n t e n s i v e  groundwater use and s u b s t a n t i a l  investments have been 

committed, c o n s i d e r a t i o n  should be g iven t o  r e g u l a t i n g  any a d d i t i o n a l  

groundwater e x t r a c t i o n  i n  excess o f  i n d i v i d u a l  domestic requi rements 

th rough l i c e n s i n g  o r  a p p r o p r i a t e  land-use zoning t o  safeguard t h e  source 

o f  water  supply  f o r  e x i s t i n g  developments. 

5. L i a i s i n g  w i t h  Washington S t a t e  o f f i c i a l s  t o  a s c e r t a i n  t h e  s i g n i f i c a n c e  

o f  groundwater use i n  t h e  Washington S t a t e  p o r t i o n  o f  t h e  a q u i f e r .  

V i s i t s  t o  a p p r o p r i a t e  S t a t e  o f f i c e s  and t h e  Town o f  Sumas Waterworks are  

recommended. One man-week of eng ineer ing  t ime and approx imate ly  $300 

f o r  t r a v e l  c o s t s  would be r e q u i r e d  f o r  t h i s  work. 
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TABLE 1 

SUMMARY OF OBSERVATION WELL INFORMATION, RBBOTSFORD UPLAND 

We1 1 
No. 

2 

8 

14 

1 5  

272 

2 73 

274 

Reference 
L o c a t i o n  

TWP 16SEC7 #3 

TWP16SEC10#16 

TWP16SEClOY24 

TWP 16SEClOs26 

TWP16SEC3650 

TWP16SEC3b51 

TWP16SEC3d52 

Date 
lompl e ted 

1972 

1972 

1971 

1971 

198 1 

1981 

1981 

Depth 
F t .  

63 

86 

155 

320? 

119 

108 

2 18 

Diameter 
Inches  

6 

6 

6 

a 

6 

' 6  

6 

Non-Pumpi ng 
Water Level  
When Completed 

~ 

33'4' ' (1972) 

55.21' (1972) 

21 '  (1971) 

20'  (Oc t  1981) 

1 8 '  (Oc t  1981) 

134' (Oc t  1981) 

Screen L o c a t i o n  
F e e t  

58-63 

82-86 

150-155 

? 

11 1-1 19 

100-108 

210-218 

Screen 
S ize  

20 s l o t  

40 s l o t  

40 s l o t  

? 

20 s l o t  
6 "  T.S.  

20 s l o t  
6 "  T.S. 

20 s l o t  
6" T.S.  

L i t h o l o g y  

sd. t gr .  

sd. t g r .  l o c a l l y  
s i l t y  0-87 
sd. t g r .  0-171 

171-251 c l a y  

sd. t gr .  w i t h  
s i l t y  zones 

sd. t g r .  0-119 

sd. t gr .  0-108 
till 108-112 

sd. t g r .  0-220 



Method 

1. Water Balance 

3. Hydrograph 
A n a l y s i s  

(Wel l  No. 8 )  

(Wel l  No. 2 )  

P e r i o d  
o f  

Record 

1951-1980 

1973-1984 

1973-1984 

1373-1984 

1375-1984 

1975-1984 

19 75-1984 

I 
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TABLE 2 

SUMMARY OF RECHARGE ESTIMATES, ABB~TSFORD UPLAND 

Water H o l d i n g  
C a p a c i t y  o f  Soi  1 
i n  Unsatura ted  Zone 

( S o i l  Type) 

100 mm/m f i n e  sand 

~ 

Unconf ined 
S t o r a t i v i  t y  
I n  Satura ted  

Zone 

0.3 

0.2 

0.10 

0.3 

0.1 

I 

a s  Percentage 
o f  Mean Annual 
P r e c i p i t a t i o n  

Annual-Recharge 
Rate f o r  En ti r e  
Upland Area (CFS) 

I 6 3  5 1  

43 

30 

15 

66 

44 

22 



User 

l i s t r i c t  of Abbotsford 

l i s t r i c t  o f  ilatsqui 

:1 earbrook Water Works 

-rsser Valley Trout Hatchery 

lther Industries 

t r r i  gati on 

1 ome s t i  c 

- 3 3 -  

T A B L E  3 

ESTIMATED GROUNDWATER USE , ABBOTSFORD ilPLAND 1985 

We1 1 

Farmer Road No. 1 
Farmer Road No. 2 
Farmer Road No. 3 
Well No. 2 
Riverside No. 1 

Town1 i ne No. 1 
Tomline No. 2 

4 Wells 

4 Wells 

i 

o u t p u t  ' 
( Igal s )  

2 34 , 1 19 ,Oh0 
1,811,976 

179,211,243 
13,022,000 

2 10,052,0110 

22,916,014 
18 ,16OY6i\8 

211,632,400 

930,312,000 

157,680 ,o@ 

541,368,000 

115,632,000 

638,216,219 

41,076,662 

211,6~2,400 

930,312,000 

157,680,000 

541,368,000 

1 1 5  , 632,000 

890,925,281 

930,312,000 

157,680,000 

541 , 368 , 000 

11 5,632,000 

To tal : 2,635,917,281 

1 
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APPENnIX A 
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TEMPERATURE, ( "C)  
(MEAN MONTHLY ) 

HEAT INDEX, I 

UNADJUSTED PE 

L A T  I TU DE 
CORRECTION 

ADJUSTED PE 

P R E C I P I T A T I O N  

(MEAN MONTHLY) 
P 

P - PE 

ACCUM. POTENTIAL  
WATER LOSS 

STORAGE 

STORAGE 

AE 

MOISTURE 
SURPLUS 

WATER HOLDING CAPACITY OF S O I L  100 m/m. 
RECHARGE As PERCENTAGE 
OF MEAN ANNUAL = 949.3 x 100 = 63% 
P R E C I P I T A T I O N  1513.0 

J A N  FEB MAR APR MAY J U N  J U L  AUG SEP OCT NOV DEC TOT 

1.6 4.4 5.6 8.7 12.0 14.7 17.0 16.9 14.5 10.1 5.6 3.2 -- 
0.18 0.82 1.19 2.31 3.76 5.12 6.38 6.32 5.01 2.90 1.19 0.51 35.69 

0.2 0.7 0.9 1.4 1.9 2.4 2.8 2.8 2.4 1.6 0.9 0.5 18.5 

22.5 23.7 30.6 34.5 39.6 40.2 40.5 37.2 31.5 27.6 22.8 21.3 -- 
4.5 16.59 27.54 48.3 75.24 96.48 113.4 104.16 75.6 44.16 20.52 10.65 637.14 

209.4 159.5 139.3 102.4 78.2 64.5 41.2 55.9 89.6 153.4 191.8 227.8 1513.0 

204.9 142.91 111.76 54.1 2.96 -31.98 -72.2 -48.26 14 109.24 171.28 217.15 911.82 

-31.98 -104.18 -152.44 

100 io0 100 100 100 72 34 - 21 35 100 100 100 

0 0 0 0 0 -28 -38 - 13 14 65 0 0 

4.5 16.59 27.54 48.3 75.24 92.5 79.2 68.9 75.6 44.16 20.52 10.65 563.7 

204.9 142.91 111.76 54.1 2.96 0 0 0 0 44.24 171.28 217.15 949.3 

S O I L  TYPE F ine  S a n d  
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APPENDIX A 

TARLE 2 

SUMMARY OF DATA FOR RECHARGE CALCULATIONS, OBSERVATION WELL 2 

RECHARGE 
PERIOD 

1974 -75 

1975-76 

1976-77 

1977-78 

1978-79 

1979-80 

1980-81 

1981-82 

1982-83 

1983-84 

ho 
metres) 

3.469 

2.75 

3.969 

2.031 

1.875 

2.094 

1.969 

1.438 

5.313 

2.688 

to 
(months) 

7.82 

5.79 

9.23 

7.05 

6.28 

8.08 

6.41 

3.85 

8.72 

6.92 

hl 
( metres ) 

2.25 

4.438 

0.656 

2.125 

1 .oo 

3.281 

2.469 

4.563 

2.313 

3.125 

t 1 
(months) 

3.59 

4.10 

2.05 

3.33 

4.87 

4.87 

3.85 

4.10 

2.95 

4.87 

n 

0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 

R 
( m/mon th 1 

x 10-2 

10.71 
21.42 
32.13 
14.87 
29.74 
44.61 
7.5 
15f.00 
22.5 
9.26 
18.52 
27.78 
5.04 
10.08 
15.12 
9.33 
18.66 
27.99 
9.48 
18.97 
28.45 
14.87 
29.74 
44.61 
13.93 
27.86 
41.79 
10.3 
20.06 
30.9 
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APPENDIX A 

TABLE 3 

SUMMARY OF DATA FOR RECHARGE CALCULATIONS, ORSERVATION WELL 8 

RECHARGE 
P E R I O D  

1973-74 

1974-75 

1975-76 

1976-77 

1977-78 

1978-79 

1979-80 

1980-81 

1981 -82 

1982-83 

ho 
metres 1 

1.594 

2.438 

1.750 

2.844 

1.031 

1.281 

1 .ooo 

1.250 

0.906 

3.906 

1.281 

t o  
(months) 

8.21 

8.33 

6.67 

9.74 

7.05 

8.85 

7.05 

6.41 

4.10 

9.23 

6.54 

h l  
(metres 

2.438 

1.375 

3.219 

0.250 

1.188 

0.563 

2.156 

1.656 

3.344 

0.969 

1.656 

t 1 
(months) 

4.36 

3.21 

3.97 

3.33 

5.13 

3.21 

5 .OO 

5.38 

4.49 

4.10 

5.13 

n 

0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 

R 
(m/mont'n) 

x 10-2 

7.53 
15.07 
22.60 

7.21 
14 
21.63 
10.73 
21.46 
32.19 

3.67 
7.34 

11.01 
3.78 
7.56 

11.34 
3.2 

13.96 
9.6 
5.73 

11.46 
17.19 

5.03 
10.06 
15.09 
9.66 

19.32 
28.98 

6.59 
13.18 
19.77 

5.19 
10.38 
15.57 

Mean annual recharge i n t e r v a l  ( t i )  = 4.301 months 

Recharge as percentage of mean annual p r e c i p i t a t i o n  f o r  g iven  s t o r a t i v i  t y  

= (mean recharge ra te ) (mean annual recharge i n t e r v a l )  x 100 
mean annual p r e c i p i t a t i o n  


