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SYNOPSIS - 

Fishtrap,  Pepin and Bertrand Creek watersheds encompass an area of 
approximately 111 kin2 (43  sq. mi.). T h e  s u r f i c i a l  depos i t s  provide the 
physical framework control 1 i ng groundwater flow and occurrence. These 
deposi t s  are d i  v i  ded i n t o  f i v e  hydrostrati  g raphic  u n i  t s  and are cl assi f i ed 
on the basis  of grain s ize  and depositional environment. Presently,  i t  
appears, groundwater demand is  not exceeding the annual recharge and there 
i s  fur ther  potential  f o r  groundwater development i n  the three watersheds. 

Future recommended i n i t i a t i v e s  include establ i shi ng observation we1 1 s 
i n  areas of h i g h  i r r i g a t i o n  demand, quantifying present and projected 
municipal, industr ia l  and i r r i g a t i o n  use from groundwater, further studies 
regarding i d e n t i f i c a t i o n  of sources of h i g h  ni t ra te-ni  trogen concentrations 
i n  the water tab le  aquifer and obtaining information from Washington S t a t e  
o f f i c i a l s  regarding groundwater use from the aquifers  just south of the 
study area. 
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1. INTRODUCTION 

2. 

I n  the  Fraser-Del t a  S t r a t e g i c  Ehvironmental Management P1  an (August 
1985) Report, i t  was recommended thait o f  the s i x  h igh demand areas f o r  
i r r i g a t i o n  water supply, t h a t  the p o t e n t i a l  f o r  f u r t h e r  groundwater 
development t o  augment surface water suppl ies w i t h i n  the Pepin Creek, 
F i s h t r a p  Creek and Ber t rand Creek watershed areas, be assessed i n  more 
d e t a i  1 . 

The purpose o f  t h i s  o f f i c e  groundwater study o f  a v a i l a b l e  we l l  record  
data, geologic maps and hydrogeologic repor ts ,  i s  t o  prov ide M i n i s t r y  o f  
Environment and Parks: Regional s t a f f  w i t h  an assessment o f  the groundwater 
cond i t ions  t o  a s s i s t  them i n  r e s o l v i n g  s i g n i f i c a n t  low f low water supply/use 
problems i n  the F i s h t r a p  Creek, Pepin Creek and Ber t rand Creek watershed 
areas. 

LOCATION, TOPOGRAPHY AND SURFACE DRAINAGE 

F igure 1 shows the general locabt ion o f  the study area w i t h i n  the Fraser 
F igure  2 i s a deta i  1 ed 1 ocat ion map o f  the F i  shtrap/Pepin/Bertrand Lowland. 

Creek drainage basins which encompass most o f  the eastern p o r t i o n  o f  
Township 10, Township 13, and much o f  the western p o r t i o n  o f  Township 16, 
E.C.M. 

F ish t rap  Creek, Pepin Creek and Ber t rand Creek d r a i n  south across t h e  
i n t e r n a t i o n a l  border i n t o  the Nooksack River  drainage system i n  Washington 
State. 

Wi th in  Canada, these three creeks d r a i n  an area o f  approximately 111 3 
km2 (43 sq. mi.).  The major portion1 drained, l i e s  between e leva t ions  o f  46 
t o  137 m (150 t o  450 f t . )  above sea l e v e l .  

The western p o r t i o n  of the study area comprises p a r t  o f  t h e  Langley 
I t i s  an area o f  uneven topography a t t r i b u t e d  t o  Upland (see F igure 2) .  

m o d i f i c a t i o n  by stagnant m e l t i n g  i c e  masses from the l a s t  g l a c i a t i o n .  The 
l a n d  surface i s  h i l l y  and i n  the Bertrand Creek watershed reaches a maximum 
e l e v a t i o n  o f  over 137 m (450 f t . )  above sea l e v e l .  The Canadian p o r t i o n  o f  
the  Ber t rand Creek bas in covers an area o f  49.6 km2 (19.15 sq. mi les ) ,  
whereas Pepin Creek and F i s h t r a p  Creek d r a i n  an area o f  60.5 km2 (23.36 sq. 
m i  .)  (Curr ie ,  1984). 

The southeastern p o r t i o n  of the study area comprises p a r t  o f  t h e  
Abbotsford Upland, as shown on F igure 2. Th is  i s  p a r t  o f  a broad outwash 
p l a i n  which extends across the Canadlian border southwest t o  t h e  Nooksack 
River  f loodp la in .  I n  Canada t h i s  outwash p l a i n  terminates t o  the west a t  
the  Langley Up1 and, a t  a r i d g e  o f  ice-contact  deposi ts  (Easterbrook, 1966). 
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3. CLIMATE 

According t o  Hal stead (1 9861, the Fraser-Del t a  region can be 
character ized as  having a warm rainy winter and a r e l a t ive ly  cool dry 
summer. Dur ing  winter, a f a i r l y  steady succession of cloudy, rainy 
conditions exist, whereas the summers have frequent long periods of sunny 
weather and temperatures are  warm and r a in fa l l  i s  low. 

Records from a number of gauging s t a t ions  i n  the Fraser  Lowland 
indica te  t h a t  approximately 75% of the prec ip i ta t ion  f a l l s  during the per iod  
October to  March (Hal s tead,  1986).  For the ten-year period, 1969 to 1978, 
an average prec ip i ta t ion  of 1 497 mm (59 i n . )  has been measured a t  the 
Abbotsford Airport ,  elv.  58 m (190 f t .)  a.s.1. In the  Langley Upland 
portion of the study area,  a t  CFB Aldergrove, elv. 76 m (249 f t . )  a.s.1 ., 
1 ocated just north of A1 dergrove near the topographic divide of Bertrand 
Creek watershed and the Salmon River basin,  an average annual prec ip i ta t ion  
of 1 620 m (64  i n . )  was measured d u r i n g  the same period. 

D u r i n g  the period from June t o  September, the climate i n  this area i s  
usually dry and may be subject  t o  drought  conditions,  whereas from October 
t o  March, when prec ip i ta t ion  i s  heaviest ,  evaporation and evapotranspiration 
are a t  a m i n i m u m .  A t  t h i s  time, most o f  the prec ip i ta t ion  i s  avai lable  t o  
percolate i n t o  the s o i l s  and subso i l s  t o  eventually recharge the aquifers  
(Hal s tead,  1986). 

4. BEDROCK GEOLOGY 

Only a few boreholes have penetrated bedrock i n  the study area.  
Tert iary bedrock comprised of sandstones, s i l t s t o n e s ,  e t c . ,  has been 
reported by Halstead (1986) a t  these locat ions.  The depths  t o  bedrock have 
been reported a t :  '259 m (850 f t . )  a t  the Geological Survey of Canda t e s t  
hole located just north of Aldergrove (on the NE 1 /4  of Section 30, Township 
1 3 ) ;  approx. 230 m (755 f t . )  near Bertrand Creek a t  Section 11, Township 
10; and approx. 130 m (425 f t . )  southwest of Clearbrook a t  Section 18, 
Township 16 ( s e e  Figure 3 ) .  

5. SURFICIAL GEOLOGY 

Figure 4 shows the d i s t r ibu t ion  of su r f i c i a l  sediments i n  the study 
area.  
a re  exposed on the  Langley Upland and cover much of the Bertrand Creek 
watershed. 

Glaciomarine stony s i l t  to loamy clay of the Fort  Langley formation 

Know1 edge of the Langl ey Up1 and s t r a t i  graphy was enhanced by the  
d r i l l i n g  of the GSC tes t  well north of Aldergrove. The s t r a t ig raph ic  
section is complex, indicat ing repeated g lac ia t ions  as  well as  e u s t a t i c  
changes of sea level (Hal s tead,  1966). Figure 5 i s  a log of this A1 dergrove 
test  well .  Halstead noted t h a t  although only one t i l l  sheet could be 
posi t ively ident i fed  i n  the 231 m (758 f t . )  sect ion of Pleis tocene deposi ts ,  
the presence of stony c l  ays suggests repeated g l  acio-mari ne condi t i  ons,  
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indicat ing a t  l e a s t  four g lac ia t ions .  The stony clays from 4.3 m t o  85.6 m 
(14  t o  281 f t .  ) were cor re la ted  w i t h  the l a s t  ice advance. The t i l l  a t  85.6 
t o  99 m (281 t o  215 f t . )  was cor re la ted  w i t h  the Surrey t i l l  recognized 
throughout the Fraser  Valley. The material from 99 to  171.6 m (325 t o  563 
f t . )  was t en ta t ive ly  cor re la ted  with the Quadra sediments. A n  older 
glacio-marine deposit  i s  represented by the b l u e  clay w i t h  stones from 172 
t o  201 m (564 t o  660 f t . )  . A stony f a t  b lue  clay l ies  a t  the base of this 
section and i s  underlain by a remnant t i l l ,  w h i c h ,  i t  i s  believed, s i ts  on 
top of Ter t ia ry  sediments. 

T i  11 , g1 aci  of 1 u v i  a1 , g1 aciol  acus t r i  ne and ice-contact deposits were 
l e f t  upon r e t r e a t  of a valley g l ac i e r  w h i c h  occupied the Sumas Valley d u r i n g  
the f ina l  s tages  of deglaciation of the Fraser  Lowland. An extensive area 
of g l a c i a l ,  f luv ia l  and ice-contact deposi ts  consis t ing of gravel , sand and 
lenses  of t i l l  were l a i d  down i n  the study area.  These deposits mantle the 
Abbotsford Up1 and and were designated as  Abbotsford Outwash (Armstrong, 
1960). The deposits from this valley g lac ia t ion  mantle nearly a l l  of 
Fishtrap Creek and P e p i n  Creek basins,  and t o  a lesser extent, Bertrand 
Creek basin (Figure 4 ) .  Collectivel,y,  these deposits are  termed Sumas Drift 
(Armstrong, 1981 ). 

Bog, swamp, peat and shallow lake deposits occur i n  a l l  three creek 
basins and are  out l ined on the s u r f i c i a l  geology map (Figure 4 ) .  

These su r f i c i a l  deposits of glacial  and non-glacial mater ia ls  provide 
the physical framework which  cont ro ls  the configuration and character  of the 
groundwater f 1 ow sy stems . 

6. HYDROGEOLOGY 

The predominant source o f  recharge t o  groundwater i s  prec ip i ta t ion ,  and 
i t s  hydraulic behaviour i s  governed by topography, d i s t r ibu t ion  o f  s u r f i c i a l  
deposi ts ,  cl imate and vegetation. Prec ip i ta t ion  replenishes the so i l  
moi s ture  and eventually reaches the water t ab le  to  replenish the groundwater 
aquifers .  In the study area,  this recharge occurs mainly d u r i n g  the winter 
months (Hal s tead,  1986). During the growing season, evapotranspiration may 
exceed the average seasonal preci p i  t a t i o n .  

The Fishtrap/Pepin/Bertrand basin area,  w i t h i n  Canada, i s  predominantly 
i n  a recharge area,  w i t h  the  creeks act ing as  local discharge zones. 
number of springs i n  the study area a l so  r e f l e c t  local discharge areas ,  and 
are  even responsible for  maintaining flow i n  Fishtrap Creek. 

A 

The study area i s  underlain by s u r f i c i a l  mater ia ls  whose depositional 
environments a re  f l  u v i  a1 , marine and gl aci a1 . The deposi ted materi a1 var ies  
s ign i f icant ly  i n  i t s  content of voids or  pore spaces, and hence i n  i t s  
abi 1 i t y  t o  store and t ransmit  water (Hal s tead,  1986). Hal s tead subdivided 
these deposits on the basis  of grain s i z e  and depositional environment and 
character ized them i n t o  f i v e  hydrostratigraphic un i t s ,  A t o  E .  The 



- 4 -  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

d i s t r ibu t ion  of the hydrostrat i  graphic units w i t h i n  the 
Bertrand/Pepi n / F i  sh t rap  basin area,  a s  deri ved by Hal stead ( 1986), i s 
i l l u s t r a t e d  i n  the hydrogeological fence diagram, Figure 3. The creek 
systems have been superimposed on this diagram t o  co r re l a t e  
surf  ace/groundwater conditions . 
Hydrostratigraphic Units 

U n i t  A: 

T h i s  hydrostratigraphic u n i t  includes clay,  stony clay and s i 1  ty c l ays  

and sand, 5% t o  60%. These mater ia ls  were mainly derived from 

w i t h  varying stone content,  a s  well as s i l t y  lenses, sandy s i l ts ,  and i n  
some places ,  marine shells. The proportion of clay i s  10% t o  50%; s i l t ,  
35% t o  75%; 
ice sheets eroding i n  the sea during the overall  r e t r e a t  of the l a s t  major 
Fraser  Lowland ice,  and occur a t  o r  near surface throughout the western 
(Bertrand Creek basin) and the northern p a r t  of the study area.  
includes the Fort  Langley formation shown on the su r f i c i a l  geology map 
( Figure 4) ; 
as floodplain deposi ts  and peat overlying the stony clays.  

t h i c k ,  and a t  o r  near i t s  base, a sand layer  w i t h  t h i n  lenses of t i l l  forms 
a permeable u n i t  w h i c h  y i e lds  water adequate for domestic supplies. 
analyses ind ica te  the pH range t o  be 6 t o  8 ,  and the t o t a l  dissolved so l id s  
a s  less than 120 ppm. 

U n i t  A a l so  

and a1 though geol ogical l y  younger, post-g1 aci a1 deposits,  such 

Hal stead (1 986) notes t h a t  U n i t  A is commonly less than 30 m (98  f t .  ) 

Water 

U n i t  B: 

U n i t  B cons is t s  of a u n i t  of low permeability stony c lays  w i t h  shells 
of glacio-marine o r ig in .  
m (184 f t , )  of this u n i t  was penetrated. T h i s  u n i t  does not provide 
suf f i c i  ent vol ume of water t o  be ecoriomi c . 

In the GSC tes t  hole, just north of Aldergrove, 56 

U n i t  C: 

T h i s  u n i t  consists mainly of glaciof luvial  sand and gravel deposited by 
meltwater streams. Meltwater stream!; issuing from stagnant  melting ice 
masses i n  the v i c in i ty  of Sumas Mountaie b u i l t  up a p la in  of sand and gravel 
w i t h  lenses of t i l l  t h a t  occupies 20 km (7.7 sq. m i  .) south of Abbotsford 
and extends beyond the Abbotsford Airport .  T h i s  area i s  referred t o  a s  the 
Abbotsford Upland (Figure 21, and extends westward i n t o  an area of hummocky 
topography w i t h  me1 twater channel s, outwash .gravels  and ice-contact morainal 
deposi t s  south of A1 dergrove. 

These permeable sands and gravels o v e r l i e  U n i t  B ( the stony c l ay ) ,  and 
contain water t ab le  aquifers which  supply water f o r  many municipal and 
i r r i g a t i o n  wells. 
responsible f o r  maintaining the flow of Fishtrap Creek. T h i s  u n i t  has 

Spring discharge of groundwater is common and i s  
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exce l len t  water qua l i ty  w i t h  t o t a l  dissolved so l id s  less than 120 ppm and pH 
ranges from 6.5 t o  7.6. 

U n i t  D :  

T h i s  u n i t  consi sts of t i  11 deposi ts  compri sed of heterogeneous mixtures 
of c lay,  s i l t ,  sand, gravel and boulders. 

Interbedded water-bearing sand and gravel lenses ,  generally t o  depths 
of 90 m (295 f t . )  w i t h i n  these t i l l  deposi ts ,  cons t i t u t e  major confined 
aquifer  systems, w i t h  water qual i ty cha rac t e r i s t i ca l ly  of the 
sodium-bicarbonate type and t o t a l  dissolved sol i d s  l e s s  t h a t  500 mg/L. 

U n i t  E :  

U n i t  E comprises mostly ol der marine sediments i nterbedded w i t h  
es tuar ine  and f luv ia l  deposits consis t ing of f ine  sand, s i l t  and clayey 
s i l t s .  Halstead notes t h a t  a l l  dr i l l  holes t o  depths of more than 90 m (295 
f t . )  have penetrated these material s. Water qua l i ty  i s  c h a r a c t e r i s t i c a l l y  
of the sodium-chloride type, and to t a l  dissolved solids range fom 750-6,000 
ppm, suggesti ng t h a t  these groundwaters have had a considerable residence 
t i  me. 

U n i t  F: 

This u n i t  consists of bedrock, found a t  depths grea te r  than 130 m 
(425 f t . ) .  
i n  the  few boreholes t h a t  have penetrated i t .  No s ign i f i can t  amounts of 
groundwater are  known t o  have been developed from this bedrock u n i t  w i t h i n  
the Bertrand/Pepin/Fishtrap basin area.  

Groundwater Occurrence and Movement 

inspection of the s u r f i c i a l  geology map (Figure 4 )  and the hydrogeological 
fence diagram (Figure 31, indicate  much of the area drained by Fishtrap and 
Pepin Creeks i s  geologically d i f f e r e n t  than the area drained by Bertrand 
Creek. Bertrand Creek flows over glacio-maririe c lays  and s i l t s  for  most of 
i t s  length,  and i n  several areas  over sand and gravel outwash deposits. 
D u r i n g  the dry periods,  Bertrand Creek has gone dry along these more 
permeable deposits.  The hydraul i c  re1 at ionships  and the groundwater regime 
may vary considerably over any pa r t i cu la r  reach due t o  the var iable  nature 
and somewhat complex d i s t r ibu t ion  of unconsol i dated deposits underlying the 
watershed (Kohut, 1985). 

I n  the study area,  th is  has been iden t i f i ed  as  Tert iary bedrock 

A review of the approximately 1,350 well records f o r  the study area ,  

Pep in  Creek and Fishtrap Creek flow over permeable sand and gravel 
deposits ( r e f e r r e d  t o  as  the Abbotsford Outwash) i n  t h e i r  lower reaches. 
these areas  these thick highly permeable water-beari ng gravel s feed these 
creeks. 

In 
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I n  the  southeastern p a r t  of the study area, ice-contact  gravel and 
sand, together w i t h  the outwash p la ins ,  c o n s t i t u t e  impor tant  water t a b l e  
aqu i fe rs  t h a t  y i e l d  adequate suppl ies o f  groundwater f o r  i r r i g a t i o n ,  and 
i n d u s t r i a l  and municipal  suppl ies (Halstead, 1966). 

The d r i l l  l o g  f o r  the  GSC t e s t  lhole a t  Aldergrove (F igu re  51, i n d i c a t e s  
the presence o f  two major aqu i fe rs  above 124 m (407 ft.) depth and no 
aqu i fe rs  o f  any s ign i f i cance  below t h i s  depth. The Langley Upland 
h y d r o s t r a t i  graphy , g r e a t l y  enhanced as a resul  t o f  d r i  11 i ng the A1 dergrove 
testho le,  cons is ts  o f  a f l u v i a l  sand aqu i fe r  a t  an average depth o f  30 m (98 
ft.). This  aqu i fe r  i s  p a r t  o f  hydros t ra t ig raph ic  U n i t  A, and i s  the source 
o f  groundwater t o  most domestic well!; i n  the  Langley Upland area and l a r g e r  
groundwater users (Hal stead, 1986). Under ly ing t h i s  aqu i fe r  and extending 
t o  approximately sea l e v e l ,  i s  a stony c l a y  (hyd ros t ra t i g raph ic  U n i t  B)  
ove r l y ing  till. Below t h i s  till, a number o f  t e s t  holes have encountered a 
conf ined gravel and sand aqu i fe r  w i t h  ample y i e l d .  

An assessment o f  the s u r f i  c ia1 geology, hydrogeol og ica l  fence diagram 
and we l l  records i n d i c a t e  t h a t  a p o r t i o n  o f  the f low i n  Howes Creek may, by 
groundwater f low, be feeding Pepin Creek. From 272nd S t ree t  t o  16th Avenue, 
Howes Creek f lows over permeable sands and gravels  which are l i k e l y  
f ree-dra in ing  and under la in  by c lay.  
lower i n  e levat ion.  This  d i f f e rence  i n  hydrau l i c  head may r e s u l t  i n  a 
s i g n i f i c a n t  amount o f  water f low ing  from Howes Creek t o  Pepin Creek (Penner, 
1985). F igure 6, showing eve la t ions  o f  water l e v e l s  i n  the study area and 
i nfer red  d i  r e c t i  on o f  reg ional  f low, supports t h i  s theory o f  under f l  ow 
between these creeks. 

Pepin Creek i s  about 46 m (150 ft.) 

I n  the lower reaches o f  Ber t rand Creek, stony c lays  up t o  100 m (328 
f t . )  o r  more, o v e r l i e  a t h i n  till o r  f i n e  sand below which a deep aqu i fe r ,  
associ ated w i t h  a reg ional  f low system, conta i  ns groundwater w i t h  excessive 
ch l  o r i  des. 

The Abbotsford Upland p a r t  o f  the study area i s  under la in  by permeable 
water-bearing sand and gravel deposits. Th is  aqu i fe r  i s  p a r t  o f  
hyd ros t ra t i  graphi c U n i t  C shown on the hydrogeological fence diagram F igure  
3. 

For the most par t ,  groundwater occurs under water t a b l e  cond i t ions .  
F igure 7 i s  a map showing depth t o  non-pumping water l e v e l s  f o r  the t o t a l  
study area ( f e e t  below ground), based on h i s t o r i c  data. 
a greater  depth t o  water i n  the nor thern h igher  e levat ions.  
d i  scharges and f l  owi ng cond i t ions  are a1 so shown. Sha l l  ow groundwater 
l e v e l s  i n  the area between Laxton Lake and Judson Lake t o  j u s t  west o f  
F i sh t rap  Creek i n d i c a t e  t h a t  the lake  l e v e l  and creek l e v e l s  are surface 
expressions o f  the water tab le.  

It b a s i c a l l y  shows 
Spr ing 

F igure  6 d i  sp l  ays the  contoured e l  e v a t i  ons o f  h i  s t o r i c  non-pumpi ng 
water l e v e l s  above sea l e v e l .  Th is  map has been used t o  determine the 
i nfer red  d i  r e c t i  ons o f  1 oca1 groundwater f low systems. The general 
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groundwater f l ow  f o r  the study area appears to be i n  a souther ly  d i rec t i on ,  
toward the  State o f  Washington. Where two aqu i fe rs  ex i s t ,  some d e t a i l  has 
been superimposed over the o ther  aqu i fe r  on both F igure 6 and F igure 7. 
This d e t a i l  i s  very incomplete and f u r t h e r  de l i nea t ion  o f  these aqu i fe rs  
could be c a r r i e d  ou t  as more hydrogeologic and hydrochemical data becomes 
ava i lab le .  As the water l eve l  in fo rmat ion  u t i l i z e d  i n  the prepara t ion  o f  
these maps i s  based on h i s t o r i c  data obtained a t  var ious times o f  the year 
and from we l l s  o f  d i f f e r i n g  depths, the maps may not  be e n t i r e l y  
representa t ive  o f  water l e v e l  cond i t ions  i n  l o c a l i z e d  areas. 

Groundwater Level Trends 

F igure  8 shows the long-term (1970-1986) hydrograph f o r  B.C. M i n i s t r y  
o f  Environment and Parks Observation Wel l  #2. Th is  wel l  i s  loca ted  i n  the 
Abbotsford Upland area, j u s t  south o f  the  Abbotsford A i r p o r t  (see F igure  9) .  
Water l e v e l  data has been recorded on a continuous bas is  a t  t h i s  s i t e  s ince 
1972. 

The hydrograph shows t h a t  groundwater 1 evel s respond d i  r e c t l y  t o  
p r e c i p i t a t i o n .  Thi s response corresponds t o  increased p r e c i p i t a t i o n  dur ing 
the w in te r  months. This  e f f e c t  o f  p r e c i p i t a t i o n  on the groundwater l e v e l s  
i s  s t r i k i n g  w i t h  annual f l u c t u a t i o n s  o f  over 3 m (10 ft.) recorded i n  some 
years. The years o f  above average water l e v e l s  correspond t o  per iods of 
above average p r e c i p i t a t i o n ,  and the years of below average water l e v e l s  
correspond t o  per iods o f  below average p r e c i p i t a t i o n .  The general t rend o f  
the  hydrograph shows there has been no long-term dec l ine  to suggest t h a t  
groundwater withdrawal s are exceedi ng recharge t o  the  aqui fe r .  However, 
Kohut (1987) noted t h a t  dur ing f i e l d  inventory  work c a r r i e d  ou t  i n  1985 and 
1986, t h a t  several i ndi  v i  dual s repor ted  1 ower groundwater 1 evel  s i n  we1 1 s 
l oca ted  i n  Sect ion 1, Tp. 13 (south o f  Abbotsford A i r p o r t )  and Sections 3, 
4, 8 and 9 o f  Tp. 16 (eas t  of the  A i r p o r t ) .  

Groundwater Recharge Estimates 

Groundwater recharge i s  t h a t  p a r t  o f  p r e c i p i t a t i o n  t h a t  i n f i l t r a t e s  
i n t o  the ground and perco lates downward t o  recharge the groundwater regime. 
Estimates o f  t h i s  recharge are impor tant  f o r  assessing the amount and r a t e  
a t  which groundwater can be withdrawn on an annual bas is  w i thou t  "mining" 
( i  .e. groundwater withdrawals exceeding recharge) the aqu i fe r  (Todd, 
1980). 

For recharge estimates, the study area has been d i v ided  i n t o  two areas: 
the F i sh t rap  Creek/Pepin Creek basins and the Bertrand Creek basin. This  
was decided on the, bas is  o f  s u r f i c i a l  geology. F i sh t rap  Creek and Pepin 
Creek basins are, f o r  the  most pa r t ,  immediately under la in  by outwash sands 
and gravel  s which are porous and there fore  have excel 1 en t  i n f  i 1 t r a t i  on 
p roper t i es  f o r  r a i n f a l l .  Bertrand Creek basin occupies p a r t  o f  the Langley 
Upland, much o f  which i s  under la in  by glacio-marine stony s i l t s  t o  loamy 
c lays  which are r e l a t i v e l y  impervious, and would not  prov ide as favorable a 
medium f o r  recharging the groundwater reservo i rs .  It a lso  i s  an area o f  
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uneven topography and greater  r e l i e f ,  which promotes greater  surface 
runoff .  

For the purpose o f  t h i s  study, underf low t h a t  may o r i g i n a t e  from 
outs ide the boundaries o f  the study area i s  no t  considered and i s  i n  
a d d i t i o n  t o  the a v a i l a b l e  supply est imated f o r  the two areas. 

F isht raD Creek and PeDin Creek Basin!; 

Kohut (1987) est imated the recharge f o r  the Abbotsford Upland us ing two 
the water balance method o f  Thornthwaite and Mather (19571, and by methods: 

ana lyz i  ng avai  1 ab1 e 1 ong-term hydrographs. 
i n d i c a t e s  recharge t o  the Abbotsford Upland could be as h igh as 63 percent  
o f  the mean annual p r e c i p i t a t i o n .  He obtained f i g u r e s  o f  18 t o  8 1  percent 
of the mean annual p r e c i p i t a t i o n  us ing the we l l  hydrograph method. He 
assumed a probable s p e c i f i c  y i e l d  value o f  0.25, which i s  representat ive o f  
f i n e  t o  coarse sand and gravel .  
Abbotsford Upland would be i n  the range o f  37 t o  8 1  percent, which i s  
comparable t o  the r e s u l t s  o f  the water balance method. 

The water ba l  ance method 

Using t h i s  f i g u r e ,  recharge t o  the 

The minimum f i g u r e  o f  37 percent i s  used below t o  c a l c u l a t e  the annual 
recharge t o  the groundwater i n  the F isht rap/Pepin Creek basins, assuming a 
bas in area o f  60.5 km2 (6.5 x l o 8  sq.. f t . )  and an average annual r a i n f a l l  o f  
1500 mm (4.92 f t . )  measured a t  the Abbotsford A i r p o r t .  

Therefore the average minimum annual recharge c a l c u l a t i o n  i s :  

(60.5 km2) x (0.37)(1.5 m) = 33.6 x l o 6  m3 
= 7.3 x 109 Imper ia l  ga l lons (approx. 37 c f s ) .  

Ber t rand Creek Basin 

I n  the Ber t rand Creek bas in there i s  a lack o f  observat ion wel l  data 
and surface r u n o f f  f igures .  
low value f o r  recharge from p r e c i p i t a t i o n ,  and assuming a basin area o f  49.6 
km2 (5.34 x l o 8  sq. f t . ) ,  and an average annual r a i n f a l l  o f  1625 mm (5.33 
f t . )  , measured a t  CFB A1 dergrove, the est imated average annual recharge 
c a l c u l  a t i  on i s: 

However, us ing 10 percent as a conservat ive ly  

(49.6 km2) x (0.10)(1.625 m) = 8.1 x l o 6  m3 
= 1.8 x l o 9  Imper ia l  ga l lons (approx. 9 c f s ) .  

Th is  10 percent  recharge f i g u r e  i s  l i k e l y  q u i t e  conservat ive as the 
recessional  channel and f l o o d p l a i n  deposi ts loca ted  along much o f  Bertrand 
Creek and i t s  t r i b u t a r y ,  Howes Creek, are probably h i g h l y  permeable and 
would a l low a much l a r g e r  percentage o f  the p r e c i p i t a t i o n  t o  i n f i l t r a t e  t o  
the groundwater reservo i rs .  The fact .  t h a t  Ber t rand Creek has gone dry  
dur ing  dry per iods i n  areas where i t  f lows over sand and gravel deposits, 
provides evidence there are areas o f  h i g h l y  permeable mater ia ls .  
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Groundwater Use 

Groundwater i s  used f o r  many purposes i n  the study area, i n c l u d i n g :  
municipal , i r r i g a t i o n ,  stock watering, industrial  supplies, and domestic 
requirements. The 1 ocation of we1 1 s h a v i n g  i ndi v i  dual capac i t i e s  >25 gpm 
are shown on the map of reported h i g h  capacity wells (Figure 9 ) .  T h i s  map 
shows a range of well capac i t ies  and water use, where i t  i s  reported. The  
Abbotsford Upland i s  an area of h i g h  groundwater use f o r  i r r i g a t i o n  
purposes, especial ly  southeast of F i s h t r a p  Creek, whereas less i r r i g a t i o n  
wel ls  are shown in the P e p i n  Creek, I3ertrand Creek basins. 

K o h u t  (1987) s t a t e s  t h a t  s ince '1960, general groundwater use has 
increased s ign i f i can t ly  i n  the Abbotsford Upland area. 
t h a t  i r r i g a t i o n  use appears t o  be increasing with the s h i f t  to " b i g  gun  
type" i r r i g a t o r s  which require more water t o  operate and larger wells to 
maintain instantaneous flow requirements. K o h u t  (1987) stated t h a t  fo r  the 
Abbotsford Uplands area annual groundwater us 

He fur ther  s t a t e s  

based i n  pa r t  on a 
door-to-door survey, i s  estimated a t 2 . 6  x 10 8 ,  Imp. gal lons (13.4 c f s ) .  

I t  i s  d i f f i c u l t  t o  quantify the actual amount of groundwater use w i t h i n  
t h i s  study area as  the extent  of indus t r ia l  pumping is not accurately known, 
and most i r r i g a t i o n  wells are unmetered. Also, the demand for i r r i g a t i o n  
water depends on several f ac to r s ,  such as: weather, types of crops grown 
and methods of i r r i g a t i o n .  There a l so  may be a number of wells not i n  use, 
o r  additional wells i n  use b u t  not reported. 
the potent ia l  amount of annual groundwater use can be made based on the 
f o l l  owing assumptions: 

However, a rough estimate of 

1. Domestic wel ls  - 500 gal. per day f o r  365 days 
2. 25-99 gpm capacity wells - Avg. 60 gpm x 100 days 
3. 100-199 gpm capacity wel ls  - Avg. 150 gpm x 100 days ( ' I  

4. 200-499 gpm capacity wells - Avg. 300 gpm x 100 days (I '  

5. 500-999 gpm capacity wel ls  - Avg. 750 gpm x 100 days ( ' I  

6. 1000-2000 gpm capacity wells - A v g .  1500 gpm x 100 days ( 

( ie :  growing season) 
1 

1 
1 

II 

II 

11 
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Groundwater use f igures  are  g i v e n  only in gallons per minute since most 
well records do not define the rate  i n  Imperial or U.S. gallons per minute, 
or i n  l i t r e s  per second. 

F i s h t r a p  Creek and P e p i n  Creek Basins 

Cal cul a t i  ons f o r  groundwater use a re  shown bel ow: 

Capacities i n  GPM No. of Reported We1 1 s Gallons Per Year 

25 - 99 
100 - 199 
200 - 499 
500 - 999 

1000 - 2000 

Domestic wel ls  ( i  .e. < 2 5  gpm) 507 
96 
42 
48 
4 
3 

.09 x 109 

.83 x 109 

2.42 x 109 
.43 x 109 

.88 x 109 

.65 x lo9 
Total 5.3 x 109 

s i s  equivalent to approx. 27 c f s  
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Bertrand Creek Basin 

F igure  9, showing repor ted h igh capaci ty  wel ls ,  i n d i c a t e s  t h a t  tne  
major groundwater wi thdrawals are occur r ing  nor th  and east  o f  the confluence 
o f  Ber t rand Creek and i t s  t r i b u t a r y ,  Mowes Creek. 
wi th  capaci ty  o f  100 gpm o r  greater  i n  the e n t i r e  south and western p o r t i o n  
o f  the Ber t rand Creek basin. 

No w e l l s  are repor ted  

Ca lcu la t ions  f o r  groundwater use are shown below: 

Capaci t ies i n  GPM No. o f  Reported Wells Gallons Per Year 

Domestic We1 1 s 
25 - 99 

100 - 199 
200 - 499 
500 - 999 

569 .I x 109 
60 .52 x 109 
9 . i 9  x 109 

11 .55 x 109 
1 .ii x 109 

Tota l  1.47 x 104 

(Th is  i s  equiva lent  t o  approx. 7.5 c f s )  

Factors Impacting Groundwater Use 

1. As the aqu i fe rs  under ly ing the study area extend souther ly  i n t o  the  Sta te  
o f  Washington, i t  i s  q u i t e  poss ib le  t h a t  l a r g e  groundwater withdrawals on 
the  south s ide o f  the border could have impacts on groundwater condi t ions 
i n  the study area. The present ex ten t  o f  groundwater use south o f  t h e  
border i s  no t  p r e c i s e l y  known, therefore,  the impact o f  groundwater 
u t i l i z a t i o n  south o f  the border, upon we l l  use w i t h i n  the study area, 
cannot be assessed a t  t h i s  time. 

2. To date, there are no repor ted incidences o f  surface water-groundwater 
c o n f l i c t s  w i t h i n  the study area. 
a1 ong stream courses where groundwater we1 1 s may be hydraul i c a l  l y  
connected t o  surface water, and l a r g e  q u a n t i t i e s  o f  groundwater are 
ex t rac ted  dur ing low f low periods. Fur ther  d e t a i l e d  f i e l d  studies,  
i n c l u d i n g  mon i to r ing  o f  creek f lows, would be requ i red  t o  assess t h i s  
more adequately. 

P o t e n t i a l  f o r  such c o n f l i c t s  can occur 

3.  There are no repor ted incidences o f  w e l l  in te r fe rence problems w i t h i n  t h e  
study area. However, i n  the Abbotsford Uplands area, Kohut (1987) s ta tes  
t h a t  some s h a l l  ow we1 1 s i n topographical  l y  h i  gher r e g i  ons are  
p a r t i c u l a r l y  suscept ib le  t o  these e f f e c t s  and a deepening o f  a number o f  
these w e l l s  has been necessary i n  the past. The p o t e n t i a l  f o r  such 
c o n f l i c t s  can occur where h igh  producing w e l l s  are constructed near each 
other, and simultaneous pumpi ng occurs. 

Water Budget 

For the Abbotsford Upland area, Kohut (1987) compared the est imated 
aqu i fe r  withdrawal i n  1985 and the est imated average annual recharge. 
I n d i c a t i o n s  are t h a t  pumping approached 45 percent o f  the annual recharge. 
The remaining 55 percent o f  the recharge i s  l o s t  through natural  discharge 
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from springs, f l ow  i n t o  deeper and contiguous aqui fers ,  and 
evapotranspi r a t i o n .  
a q u i f e r  by r e t u r n  f low. From t h i s  assessment, Kohut concluded t h a t  

P a r t  o f  the groundwater w i  thdrawn i s  re tu rned t o  t h e  

groundwater pumping i n  the  Abbotsford Upland area 
annual recharge. 

s n o t  exceeding the  

Annual recharge c a l c u l a t i o n s  prepared fo r  t he  F sht rap Creek and Pepin 
Creek basins us ing K h u t ' s  minimum recharge f i g u r e  o f  37 percent, gave an 

groundwater use was estimated a t  5.3 x l o 9  ga l l ons  per year (27 c f s ) .  Th is  
f i g u r e  i s  most l i k e l y  h i g h l y  overestimated i f  comparing i t  t o  Kohut's 
est imate o f  13.4 c f s  f o r  groundwater use w i t h i n  the Abbotsford Uplands area 
where the m a j o r i t y  o f  h igh  capaci ty  we l l s  occur. From these t h e o r e t i c a l  
f igures,  the amount o f  groundwater t h a t  may be ava i l ab le  i n  t h i s  area f o r  
f u r t h e r  development i s  est imated to be a t  l e a s t  10 c f s .  

est imate o f  7.3 x 10 8 Imper ia l  ga l lons  (37 c f s )  o f  recharge. The 

I n  the  Ber t rand Creek p o r t i o n  o f  the study area, the recharge r a t e  was 
ca l cu la ted  us ing a conservat ive 10 percent  i n f i l t r a t i o n  f i g u r e  f o r  annual 
p r e c i p i t a t i o n .  A recharge estimate o f  1.8 x 109 Imper ia l  ga l lons  ( 9  c f s )  
was der ived w i t h  t o t a l  groundwater use ca l cu la ted  a t  approximately 1.47 x l o 9  
ga l lons per year (7.5 c f s ) .  From these t h e o r e t i c a l  f i g u r e s  i t  i s  ev ident  
t h a t  there  i s  f u r t h e r  p o t e n t i a l  f o r  groundwater development i n  t h i s  area. 

As the c a l c u l a t i o n s  f o r  a l l  recharge and groundwater use c a l c u l a t i o n s  
were obtained from q u i t e  conservat ive ra tes  of recharge and use, i t  appears 
t h a t  both the  F isht rap/Pepin Creek bas ins p l u s  the Ber t rand Creek bas in have 
fu r the r  p o t e n t i a l  f o r  groundwater development. 

To ob ta in  more accurate groundwater budget ca l cu la t i ons ,  f u r t h e r  data 
would be requ i red  on actual  pumpage ra tes  i n  the  study area. Observation 
w e l l s  could be usefu l  ( p a r t i c u l a r l y  i n  areas o f  h igh  i r r i g a t i o n  demand, and 
espec ia l l y  i n  the Ber t rand Creek bas in where none e x i s t )  i n  ob ta in ing  
re levan t  data so t h a t  more accurate c a l c u l a t i o n s  o f  recharge and e f f e c t s  o f  
groundwater withdrawal can be determined. 

7 .  HYDROCHEMISTRY 

Groundwater recharge takes p lace i n  t h e  Langley and Abbotsford Uplands 
and fo l l ows  paths t h a t  are l o c a l ,  in te rmed ia te  and reg ional  i n  extent. 
Local f l ow  systems are present i n  hyd ros t ra t i g raph ic  U n i t  C and are a l so  
recognized i n  the  uplands i n  hyd ros t ra t i g raph ic  U n i t  A. Th is  groundwater 
has a r e l a t i v e l y  sho r t  residence time, l i k e l y  no t  over 25 years, and i t s  
t o t a l  d isso lved s o l i d s  content  does no t  exceed 120 mg/L (Halstead, 1986). 
In termediate f l ow  systems, w i t h  water i n  the age range o f  probably 10 to 100 
years, occur i n  conf ined aqu i fe rs  and m u l t i - t i l l  sequences, such as 
hyd ros t ra t i g raph ic  U n i t  D. The chemical evo lu t i on  o f  groundwater from these 
zones has progressed w i t h  t o t a l  d i  ssol ved sol i d s  ranging up t o  500 mg/L. 
Residence t ime probably spans hundreds o f  years i n  the reg iona l  f l o w  
systems. These are present  i n  hyd ros t ra t i g raph ic  u n i t  E, and chemical 
evo lu t i on  has produced groundwater w i t h  t o t a l  d isso lved s o l i d s  as h igh  as 
6,000 mg/L (Hal stead, 1986). 
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Selected Chemical and Physical  Parameters 

Ch lor ide  

Chlor ides can r e s u l t  from d i s s o l u t i o n  o f  minerals, b u t  i n  the study 
area Halstead (1987) suggests t h a t  ch lo r i des  are l i k e l y  der ived  from connate 
waters i n  the unconsol i dated s i  1 ty c l  ays deposi t e d  under mari ne cond i t i ons  . 
Isotope ( 0 l 8 )  s tud ies  may be usefu l  i n  determining whether these waters a re  
of meteoric o r i g i n  o r  connate. 
espec ia l l y  i n  Sect ion 12 and 13 of Township 10, where stony c lays  up t o  100 
m (328 ft.) o r  more o v e r l i e  a t h i n  till o r  f i n e  sand, a regional  f l ow  system 
y i e l d s  groundwater w i t h  h igh  ch lo r ides .  A number o f  t e s t  holes have been 
abandoned i n  the area because of ch lo r i des  exceeding 2,000 ppm (Halstead, 
1986). Figure 10 i s  a map o f  the study area showing the  d i s t r i b u t i o n  o f  
known ch lo r i des  i n  the reg iona l  f l ow  systems. The high c h l o r i d e  area i n  the  
lower reaches of Bertrand Creek i s  contoured on t h i s  map and a lso  an area o f  
h igh  c h l o r i d e  i s  found i n  the middle to upper reaches o f  F i sh t rap  Creek 
basin. 

I n  the  lower reaches o f  Bertrand Creek, 

The Guidel ines f o r  Canadian Dr ink ing  Water Q u a l i t y  (1978) has se t  t h e  
o b j e c t i v e  concent ra t ion  f o r  c h l o r i d e  a t  l e s s  than 250 mg/L. Groundwater 
w i t h  c h l o r i d e  concentrat ions above t h i s  l e v e l  can have a s i g n i f i c a n t  
cor ros ion  e f f e c t  and can be a problem t o  people w i t h  hea r t  and kidney 
a i  1 men t s  . 
N i t r a t e s  

N i t r a t e s  i n  groundwater can occur from a number o f  sources: t he  
atmosphere 1 egume p l  ants decaying p l  an t  debr i  s , manure, sewerage , 
nitrogenous f e r t i l  i z e r s  and i n d u s t r i a l  wastes. Where values are g rea te r  
than 10 mg/L, NO3 ds N, contamination from manure, sewerage o r  sept ic  tank 
discharge i s  suspect. Accordi ng t o  the  Guide1 i nes f o r  Canadian D r i  n k i  ng 
Water Qual i ty ( 1  978) , the maximum acceptable concent ra t ion  o f  n i t r a t e  i n  
d r i n k i n g  water i s  10 mg/L as n i t ra te -n i t rogen .  Values grea ter  than 10mg/L 
may cause i n f a n t i l e  methemoglobinemia. 

It i s  n o t  uncommon f o r  shal low dug w e l l s  w i t h i n  water t a b l e  aqu i fe rs  t o  
become contaminated by leachate from manure s tockp i les .  The h i g h l y  so lub le  
n i t r a t e s  are r e a d i l y  t ranspor ted  to the water table,  espec ia l l y  w i t h  t h e  
heavy w in te r  r a i n s  (Halstead, 1986). 

Figure 11 shows n i t r a t e - n i t r o g e n  concentrat ions f o r  a number o f  we l l s  and 
spr ings i n  the study area. The concentrat ions range up to 39.8 mg/L. These 
we1 1 s w i t h  h i  gher concentrat ions appear t o  be associ ated w i  t h  water tab1 e 
cond i t i ons  and many o f  these are q u i t e  shallow. As can be seen i n  F igure  
11 , a1 1 we1 1 s w i t h  repor ted  n i  t r a t e - n i  trogen concentrat ions o f  10 mg/L o r  
g rea ter  are found w i t h i n  the  areas o f  more permeable sand and gravel water 
t a b l e  aqu i fe rs .  Ongoing i n v e s t i g a t i o n s  o f  n i t r a t e  cond i t i ons  i n  t h e  Lower 
Fraser Va l l ey  area by p r o v i n c i a l  (Kwong, 1986a, 1986b) and federal  
government agencies are being undertaken, i n c l  uding the Abbotsford Upland 
area. 
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F igure  12 i s  a map o f  the study area showing the known sodium 
concentrat ions i n  groundwater. Much higher concentrat ions have been found 
i n  the Ber t rand Creek basin than Pepin and F i s h t r a p  basins. Concentrat ions 
i n  the water t a b l e  aqu i fe rs  are very low, o f t e n  under 10 mg/L, whereas, i n  
the deeper conf ined aqu i fe rs  concentrat ions range as h i  gh as 1,263 mg/L. 

The Gui del  i nes f o r  Canadian D r i  n k i  ng Water Qual i t y  ( 1978) recommends 
t h a t  h e a l t h  a u t h o r i t i e s  should be n o t i f i e d  when the sodium concentrat ions 
exceed 20 mg/L, as sodium in take  can be s i g n i f i c a n t  t o  people s u f f e r i n g  from 
hypertension o r  congestive hear t  f a i l u r e ,  as they may r e q u i r e  a 
sodi um-rest r i  c ted  d i e t .  

High sodium concentrat ion can be very s i g n i f i c a n t  as r e l a t e d  t o  
i r r i g a t i o n .  
a1 ka l  i s o i l  which has 1 i m i  ted  a g r i  cu'l t u r a l  Val ue (Hal stead, 1986). 

Base exchange react ions w i t h  s o i l s  can lead t o  the c rea t ion  o f  

Halstead (1986) repor ts  t h a t  the q u a l i t y  o f  water from the lower a q u i f e r  
encountered i n  the G.S.C. t e s t  hole ( a t  Aldergrove, has a h igh  
sodi um-bi carbonate content ( sodium tes ted  a t  305 mg/L , bicarbonate 678 
mg/L). This i n d i c a t e s  t h a t  use o f  the lower a q u i f e r  may be l i m i t e d  f o r  
i r r i g a t i o n  purposes. 

SDeci f i c Conductance 

S p e c i f i c  conductance i s  a term t h a t  r e f e r s  t o  the e l e c t r i c a l  
c o n d u c t i v i t y  o f  water a t  25OC due t o  the presence o f  d isso lved minerals. 
I n  general, s p e c i f i c  conductance m u l t i p l i e d  by a f a c t o r  o f  .65 gives an 
est imate o f  the t o t a l  d isso lved sol i d s  i n  groundwater (Halstead, 1986). 

The s p e c i f i c  conductance readings are displayed on F igure 11. This map 
b a s i c a l l y  shows t h a t  w e l l s  completed i n  l o c a l  shal low f low systems have low 
t o t a l  d i  ssol ved so l  i d s  content  ( c o n d u c t i v i t y  usua l ly  1 ess than 200 
m i  cromhos/cm a t  25OC) , whereas we1 1 s completed i n  in termediate o r  
reg ional  deeper f 1 ow systems have correspondi ngly h i  gher s p e c i f i c  
conductance Val ues. 
micromhos/cm a t  25OC i n  the reg ional  f low systems o f  the study area can 
be a t t r i b u t e d  t o  h igh  sodium c h l o r i d e  content i n  the groundwater. 

H i  gher speci f i c conductance Val ues up t o  6,800 

Pol 1 u t i  on 

Groundwater w i t h i n  p o r t i o n s  o f  the study area, such as the Abbotsford 
Upland and other  areas under1 a i n  by s u r f i c i a l  water-beari ng sands, s i  I t s  and 
gravel  deposi ts,  i s  vulnerable t o  p o l l u t i o n .  The study area i s  
a g r i c u l t u r a l l y  o r ien ted  and common sources o f  p o t e n t i a l  contamination are: 
f e r t i l i z e r s ,  pes t ic ides ,  and animal wastes. 

F igure 11 d isp lays n i t r a t e - n i t r o g e n  concentrat ions.  This  map shows 
t h a t  r e l a t i v e l y  h igh concentrat ions o f t e n  are found i n  associat ion w i t h  
water t a b l e  condi t ions,  i n d i c a t i n g  t h a t  groundwater contamination from 
n i  t r a t e - n i  t rogen i s  occur r i  ng. 
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The federal and provinci a1 governments have taken groundwater samples 
from a limited number of wells i n  the Abbotsford Upland area where there i s  
intensive agr icu l tura l  pes t ic ide  use, i n  order to assess  potent ia l  aquifer  
contami nat i  on from pesti c i  des. Resul ts to  date have shown only 1 oca1 i zed 
amounts ( i n  p p b ' s )  i n  a few wells. Further research i s  required t o  assess  
the s ignif icance of these r e su l t s .  

8. CONCLUSIONS AND RECOMMENDATIONS 

The Fishtrap/Pepin/Bertrand Creek basins compri se an area of 11 1 km2 
(43 sq. m i . ) ,  much of which a re  underlain by major aquifers .  

The southern reaches of Fishtrap and Pepin Creek basins a re  underlain 
by a succession of sand and gravel deposi ts  which mainly cons t i t u t e  a h i g h  
y i e ld  water t ab le  aquifer .  T h i s  aquifer  supplies water fo r  i n d u s t r i a l ,  
municipal, i r r i g a t i o n  and domestic use. Presently,  i t  appears, groundwater 
pumpi ng i s  not exceedi ng the annual recharge and additional groundwater 
supplies could be readi ly  developed. 
and PeDin Creek basins was estimated a t  1,048 L/s  (37 c f s )  w i t h  average 

The annual recharge to the Fishtrap 

(27  c f s ) .  These are  f a i r l y  annual 'use determined a t  approx. 765 L/s 
conservative figures. 

Groundwater 1 eve1 s a re  c losely t i e d  
discharge i s  a major flow component of F 
underf 1 ow from the  Howes Creek watershed 

to  the lakes ,  and groundwater 
shtrap Creek. Indicat ions are  t h a t  
could be a major component t o  P e p i n  

Groundwater qua l i ty  overa l l ,  i s  quite good i n  the Fishtrap and Creek flow. 
Pepin Creek basins b u t  the underlying permeable sand and gravel aquifer i s  
suscept ible  t o  pol 1 ut ion,  as  indicated by local l y  h i  gh n i  t ra te -n i  trogen 
concentrations measured i n  samples o f  groundwater from wells i n  this area.  

Water b u d g e t  ca lcu la t ions ,  p l u s  Kohut's conclusions regarding the 
Abbotsford Up1 and, give evi dence there  i s  fur ther  potenti a1 for  groundwater 
devel opment i n  the F i  shtrap Creek and Pepi n Creek basi ns. 

The Bertrand Creek watershed i s  geologically quite different  from the  
F i  shtrap Creek watershed and Pep in  Creek watershed. Bertrand Creek flows 
over glacio-marine c lays  fo r  most of i t s  l e n g t h .  The basin i s  known to be 
underlain i n  places by a t  l e a s t  two confined aquifers .  Recharge to  these 
aquifers  i s  hard to  quantify as long-term observation well hydrographs a re  
not avai lable .  Also, the annual runoff from the basin i s  not known b u t  i s  
l i k e l y  substant ia l  as  much of the basin i s  underlain by impervious clays.  

Although there i s  a lack of good qual i ty  recharge and aquifer  
withdrawal data ,  a water budget was estimated. An i n f i l t r a t i o n  r a t e  of 10 
percent was used for  recharge ca lcu la t ions .  
Bertrand Creek basin was estimated a t  9 cfs  and the average annual use as  
7.5 c fs .  
obtained from conservative est imates ,  indicat ions a re  there i s  further 
potent ia l  fo r  groundwater development. 

The annual recharge to  the 

As these ca lcu la t ions  f o r  recharge and groundwater use were 
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I n  the  lower reaches o f  Ber t rand Creek a reg ional  f l ow  system y i e l d s  
groundwater w i t h  excessive ch lo r ides .  The GSC t e s t  ho le i n  the  upper 
reaches tes ted  water i n  the  lower aqu i fe r  and found i t  had a h igh  
sodium-bicarbonate content. High ch lo r i des  have a lso  been found i n  a 
reg iona l  f l ow  system i n  the  F isht rap/Pepin Creek basin. Groundwater 
development below 122 m (400 f t . )  depth i s  n o t  recommended. 

The f o l l  owing recommendations are prov ided f o r  cons iderat ion:  

1. As the  aqu i fe rs  under ly ing  the study area are an impor tant  source o f  
water f o r  i n d u s t r i  a1 , muni c i  pa l  , domestic and a g r i  c u l  t u r a l  purposes, 
mon i to r ing  o f  the resource i s  recommended. Th is  can be accomplished by 
e s t a b l i s h i n g  an observation we l l  i n  F i sh t rap  Creek, Bertrand Creek, and 
Pepin Creek basins, loca ted  i n  areas o f  h igh  i r r i g a t i o n  demand, t o  
moni tor  water l e v e l  t rends and groundwater qual i ty. 

2. Undertake addi ti onal i nves t i  g a t i  ons o f  present  and p ro jec ted  muni c i  pa l  , 
i n d u s t r i a l  and i r r i g a t i o n  use o f  groundwater i n  the study area t o  b e t t e r  
de f i ne  quant i  t a t i  ve estimates. 

3. Moni tor  the  annual f l ow  o f  the creeks i n  the study area t o  b e t t e r  de f i ne  
the  water budget. 

4. Carry o u t  f u r t h e r  s tud ies regard ing h igh  n i  t r a t e - n i  trogen concentrat ions 
and poss ib le  p e s t i c i d e  contamination i n  the  water t a b l e  aqui fers .  

5. Obtain groundwater data from Washington State o f f i c i a l s  t o  ascer ta in  t h e  
s ign i f i cance  o f  groundwater use i n  t h e i r  p o r t i o n  o f  the water basins o f  
F isht rap/Pepin/Ber t rand Creeks. 

9. REFERENCES 

Armstrong, J.E. 1960. S u r f i c i a l  Geology o f  Sumas Map-Area, B r i t i s h  
Col umbi a. Geol og i ca l  Survey o f  Canada, Paper 59-9. 

Armstrong, J.E. 1981. Post-Vashon Wisconsin G l a c i a t i o n  Fraser  Lowland, 
B r i  ti sh Col umbi a. Geol og i  c a l  Survey o f  Canada, Bul l e t i  n 322. 

Curr ie ,  M. 1984. 
Water Management Branch, Lower Mainland Region, B.C. M i n i s t r y  of  
Environment. 

Easterbrook, D. 1966. G1 aciomari ne Envi ronment and the  Fraser  G1 ac i  a t i o n  , 

I r r i g a t i o n  Withdrawals i n  the  Fraser  De l ta  Planning Un i t ,  

Northwest Washington. 
Washington. 

Heal t h  and We1 f a r e  Canada. 
Qual i ty  1978, Heal t h  and We1 f a r e  Canada, Ottawa. 

Hal stead, E .C. 
B r i  ti sh Col umbi a. 
No. 327. 

Western Washington Sta te  College, Bellingham, 

1979. Gui del i nes fo r  Canadi an D r i  n k i  ng Water 

1957. Ground-Water Resources o f  Langley Munic ipa l  i ty , 
Geol og i ca l  Survey o f  Canda, Water Supply Paper 



i 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 16 - 

Halstead, E.C. 1959. Ground-Water Resources o f  Matsqui M u n i c i p a l i t y ,  
B r i  ti sh Columbia. Geological Survey o f  Canada, Water Supply Paper 
No. 328. 

Halstead, E.C. 1966. Aldergrove Test Hole, Fraser Val ley, B.C. 
Geological Survey of Canada, Water Supply Paper 64-51. 

Hal stead, E.C. 1986. Ground-Water !;upply - Fraser Lowland, B r i t i s h  
Columbia. I n l a n d  Waters D i rec to ra te ,  S c i e n t i f i c  Ser ies No. 145, 
Nat ional  Hydrology Research I n s t i t u t e ,  Paper No. 26. 

Kohut, A.P. 1985. Groundwater and !Surface Water Hydrology and Geology i n  
Bertrand Watershed i n  Central .Fraser Val ley. B.C. M i n i s t r y  o f  
Environment, Water Management Branch, Memorandum Report, F i  1 e 92 G/1. 

1987. Groundwater Supply Capabi 1 i ty  , Abbotsford Up1 and. 
B.C. M i n i s t r y  o f  Environment anti Parks, Water Management Branch, 
Groundwater Section, F i l e  92 G/Y #49. 

Kohut, A .P. 

Kwong, J .C. 1986a. The Occurrence of N i  t r a te -N i  trogen i n  Groundwater i n  
the  Langley-Abbotsford Area, B.C. M i  n i  s t r y  o f  Envi rondment and Parks, 
Water Management Branch, Memorandum Report, F i l e  0329563-A. 

Kwong, J.C. 1986b. Groundwater Q u a l i t y  Mon i to r ing  and Assessment Program. 
The Occurrence o f  N i  t r a te -N i  t roqen i n  Groundwater i n  the 
Langley-Abbotsford Area. 
Management Branch, Memorandum Report, F i l e  0329563-A. 

B.C. M i n i s t r y  o f  Environment and Parks, Water 

Penner, R.J. 1985. Evidence from Inves t i ga t i ons  o f  the  Appeal by 
M.S. and S.K. 'Parmar from Decisiion o f  Regional Water Manager to Refuse 
The i r  App l i ca t i on  f o r  a Water Licence from Ber t rand Creek. M i n i s t r y  
o f  Environment, Water Management Branch, L icens ing  Section, 
F i  1 e 3700074. 

Thornthwaite, C.W. and Mather, J.R. 11957. I n s t r u c t i o n s  and tab les  f o r  
computing p o t e n t i  a1 evapotranspf r a t i o n  and the water balance. 
Pub l i ca t i ons  i n  Climatology. " 0 1 ~  10, No. 3. Drexel I n s t i t u t e  o f  
Techno1 ogy , Laboratory o f  C1 imatol  ogy, Centerton, New Jersey. 

Todd, D.K. 1980. Groundwater Hydrology, Second Ed i t ion .  John Wiley and 
Sons, New York. 



I 
I 
I 
I 
I 
I 
I 
1 

I 

I I  
I 

(I 
:I 
I 
I 

i 

I 
I 

49' Q) 

48. AI 
12: 

zokm 

- .' 
/ 

I 
I I 

5 4 0  5 i o  mi 
w 123' 00' y)' 12; <. 

I 
'I, 

.- . _. - . .. .. . . .  . .. - . . . - -. 

CASCADE 

MOUNTAINS 

0' 

TO A C C O M P A N Y  R E P O R T  ON 

FISHTRAP/PEPIN/ BERTRAND CREEKS 
WATER MANAGEMENT BASIN PLAN 

GROUNDWATER COMPONENT 

12 
ut 
m 

I 
11 

Provihca of British Columbia 
Ministiy of Environment and Parks 
Water Management Branch 

I I I 

87-32- i 

FIGURE 1: 

LOCATION MAP 



18 

I 

WATER MANAGEMENT BASIN PLAN li 

urnrun- --'ma _-___ 0 'ooo 3000 
- --'a- - __ 

1' FIGURE 2: 

1 STUDY AREA 

TO ACCOMPANY REPORT ON 
Province of British Columbia 
Ministry of Environment and Parks 
Water Management Branch 

4 FISHTRAP/ PEPIN/ BERTRAND CREEKS 

GROUNDWATER COMPONENT 
1 ,  

87-32- 2 



I 
I 
I 
I 
I 
I 
I 

I 

I 

r-..) 
..( 3 
_c 

:.'.* . .  . 



] a  v 
1 1 / 7 / / 

, 

n'" T 

[ /,I*:/. =---- 
, , , ... --I-- 
/' ,' 

FKIURE 3: 
HYDROGEOLOGICAL FENCE 

DIAGfl AM 
(at- HALSlEA0.1#86) 

m ACCOMIANI WPORT ON 

' FISHTRAPIPEPINIBERTRAND CREEKS 
WATER MANAGEMENT BASIN PLAN 

GROUNDWATER COMPONENT 
Water Management Branch 

87-32- 3 



I 
I 
I 
I 
I 

The e leva t ion  

, -~ ., . 
329 t o  ,136 ; 338 to 344 

Medium to c o a r a e  r a n d .  r o m e  Kravel 
Mcdlurn to c o a r s e  sand .  c l a y  l e n s e r  
Medium to  c o a r s e  s a n d  
Medium to  l ine s a n d .  c lay  l e n r c i  
hfediurn to I lnr  s a n d  
F l n e  r a n d ,  s l i t c d  
S l l ty .  stony c l a y ,  ox ld lzed  
Sllt and v e i g  flne sand  
Blue c l a y ,  cdd s t o n e s ,  h y d r o m e t e r  

analyslh of r n a t e r l a l  659 to  660 
F i n e  to  rnedlum r a n d .  s l l t c d .  c o m p a c t  
F ine  to mrdlurn s a n d ,  c lay  lenme8 
Fine  to  mrii lum s a n d .  c o m p a c t  
F lnc  to m r j l u r n  r a n d  
Boulder .  g:anl!lc type 
Hard  p a c k t i  f ine  s a n d  
r t n c  s a n d ,  c lay  ICn#e8 
Stony fat  bl:;e c lay  
TI l i - i lks  r n a f e r i > i :  b a l l e r  r a m p l c r  m o r t l y  so led(% 

G r i t t y ,  var :co lour rd  c l a y  wlth o r g a n i c  m a t e r i a l ;  

pebble?  and c layey  r l i t  

l ensrs  cf whlte m a t e r i a l  d l s s o l v c  in HCI 
leavlnp qhards  of q u a r t z ;  at  7 7 3  feet  woody 
maler la !  and  a t  7 7 9  a she l l  f r a g m e n t  

An above wlth m o r e  c o a l .  p robably  fusane  

Sandstone 

Thlckncmm Depth 
( fee t )  (!eet) 

I4 I4 
62 76 

6 84 
4 88 

8 V2 96 V2 
113 V2 210 

2 212 
69 281 
46 325 

19 344 
21 365 
1 9  384 
4 388 
4 392 
8 406 
I 407 

156 563 
I 564 

96 660 
8 668 
4 672 
9 681 
8 689 
2 691 
2 693 
5 698 
57 755 

4 759 

24 783 

68 851 

1 8 5 2  

I 

I 
I 

I 

I 

I 
I 

'. . 

Province of British Columbia 
Ministry of Environment and Parks 
Water Management Branch 

TO ACCOMPANY REPORT ON 

FlSHTRAP/PEPIN/ BERTRAND CREEKS 
WATER MANAGEMENT BASIN PLAN 

GROUNDWATER COMPONENT 

! FIGURE 5: 
STRATIGRAPHY OF 

ALDERGROVE TEST HOLE 
(after HALSTEAD.1966) 

,:I \ I I 

0 7-32- 5 



I 
I 

MvllsQy 01 Environment and  Parks Rorlnca Of 8 SUNfTf 0 R E V I S I O N S  
OfSCIl*IION i- 041f 3'- BdtlSh ~ ~ b 8  W A I E R  M A N A C C M E N I  BRANCH 

OfSlGufO D JOHANSON I 

CHfCKfO ,' FISH TRAP /PEPIN/BERTRAND CREEKS 
WATER MANAGEMENT BASIN PLAN 

04Tf GROUNDWATER COMPONENT 

I 
I 

1111 N O  

03466 3 5  - 2  

LNG PROJECl  NO 

N1S Y A P  NO 

9 2  G l l  

Y 

OWG Ne 
-00 - DEPTH TO WATER L E V E L -  CONTOUR NOTE ELEVATI6N OF WATER LEVEL I N  WELLS FOR 

MAJOR DEVELOPED AQUIFER. ( F E E T  ABOVE 
SEA LEVEL)  BASED ON REPORTED HISTORIC 
NON - PUYPINO WATER LEVELS.  

(CONTOUR INTERVAL- 50 FEET) 
NFERRED DlRECTlON OF GROUNDWATER FLOW 
E A S T O F  FISHTRAP C R E K  FROM A KOHUT 1 9 8 7  

. 

0 4 l f  OfSC t lP l lON 

I 



1 
‘ I  
‘ I  
‘ I  
‘ I  
’1 

I 1  

4000 . zoo0 

I 
I U . V f T l D  R~rmcm of ot Ennnnmcnt and  arbs 1111 *o 

L 
mwco*nnbi. W r E l  Y b N A G E M E N T  CWbNCH 9146693 L- _ _ _ _ ~ ~  -_ -__ , 

ING . M , I C l  *o 

--@ R € V I S I O N S  L E O C N D  R E F E R € N C € S  

0 I K I I . I I O N  M I 1  p. No 01IO1.11ON 0.ft - - ~  
- DIIGNIo 0 JOHANSON 

DIG w *  
-00- DEPTH TO WATER LEVEL-CONTOUR NOTE DEPTH TO NOW-PUYPINO WATER LEVELS I N  WELLS 

- P - AREA OF R D W I N Q  ARTESIAN WELLS REPORTED WATER L E V E L S  

I REUOVED s n A u 3 w a c u m  
FlSHTRAP/PEPINIBERTRAND CREEKS 

GROUNDWATER COMPONENT 

AREA.ADCED WELL DWTU FEE i s m  C M i c I I o  
(CONTOUR INTERVAL-50 FEET I F U T  BELOW OROUND L E V E L )  BASED ON HISTORIC 

_ _  ~ ~ _ _ _ _  . I WATER MANAGEMENT BASIN PLAN 
N I S  M.. NO 

9 2  G / I  __ - 
I I C A l l  

D a A W N  $ P L  I FIGURE 7: 
O A I l  RCWRTED W E L L  

I t REPORTED IXOWINQ ARTESIAN WELL 

AS SH_OWN 
~~ 1 REPORTED WATER LEVELS __ .PWO”fO t 

i 
I RErnRTED SPRINQ 

.le, REPORTED WELL IN DEEPER AQUIFER 
IDEPTH TO NON PUYPlNf  WATER 

AREA OF REPORTED SPRlNO DISCHARQL 
NEGAIIvL ru3 I 1.0 Y.,’ .G S l i t  n* 

A U L l ! ? L  1 L E V E L  IN FEET) 

I -1 



1 
FIGURE 8: 

. .- 

WATER MANAGEMENT BASIN PLAN i FOR WELL NO. 2 (WH-4-62]  Ministry of Environment and Parks 
Water Management Branch (after KOHUT.1987) GROUNDWATER COMPONENT i 

1 87-32-8 



b 
25 

F E E T  
2 0 0 0  1000 0 2 0 0 0  4ow -- 

% 

I 

S".VllID Mmsuy of Environmenl aod Parka f I L 1  N O  Rorlnce of 
Bntlsh COhImblO WATER MANACEMENI BRANCH a FOOD PROCESSING,FISH HATCHERY CUfCKfD I FISHTRAP /PEPIN/BERTRAND CREEKS 

0 3 4 6 6 9 5 - 2  

ING PI1OJlCI N O  

R E F E R E N C E S  R E V I S I O N S  
D l l f  

LEGEND 
D V G N o  I O l S C l l l l l O N  DtSCRlPl lON I D I T 1  DAlf  NOI ' 

O l s l O N l D  0 JOHANSON INDUSTRIAL INCLUDES' 

NIS M A P  NO 

9 2 6 1 1  

WATER MANAGEMENT BASIN PLAN 

__ D A I l  GROUNDWATER COMPONENT 

SC4Lf 
REPORTED Q9AWN d m k  F I G U R E  91 

WELL @ IRRIGATION AND OTHER AVPROVlD . REPORTED HIGH CAPACITY WELLS 
I S  SHOWN 

AGRICULTURAL USE 
IN  G P Y  "l.0 0,.111*6 ,c<110* AND OBSERVATION WELLS NEGATIVE NO 

D b I l  aUG, 1 9 8 7  0 USE N O T  REPORTED .. ORAWING NO REV. I l i  

0 2 5 - 9 9  

0 100-199 

0 200-999 

n 

I 
I 
I 

I 
I i 
! 
i 

i 
I 
i 
! 

1 

1 

i 

i 
I 



I 500 - LINE 01- EQUAL CHLORIDE VALUE, NUMBER INDICATES MGIL. 

i 

. 
FIGURE 10: - i  TO ACCOMPANY REPORT ON 

I DISTRIBUTION OF CHLORIDES 
IN REGIONAL (after HALSTEAD.19 FLOW SYSTEMS 8 6 )  

FISHTRAP/ PEPIN/ BERTRAND CREEKS 
WATER MANAGEMENT BASIN PLAN 

GROUNDWATER COMPONENT 

Province of British Columbia 
Ministry of Environment and Parks 
Water Management Branch 

I 8 7- 32- IO 
I 



I 
I 
I 
I 
I 
I 

. .  .... 
i;. 

!I? ... 1 I: 

.. 

I 
I 
I 
I 

I 
I 

I 

27 

b 
-@ 

I 

L E G E N D  

1 

r F r l  

j I ! 



9s0a3 

9 7 5 0 . 7  

a0,s.s 

BlfJ20 

I 
F E E T  

2000 4ooo 2000 1000 0 
I 

l i l t  NO 
-. - . - -.________- 

M m n q  01 Enwonmml ar.d P a t h  R E F E R E N C E S  R E V I S I O N S  S U W i I € O  " ot 
L E G E N D  

M I €  NO D i S C P I ~ l l O N  1 0.11 DA1i @) z- WATER MANAGEMEW BRANCH L ' 3 4 6 6 9 5 - 2  
DWG wo D€ IC I I  P 1  ION 

€NO PnOIicI N O  
DilIGN€D 0 JOHANSON -- - 
c m r c m  FISHTRAP /PEPIN/BERTRAND CREEKS 

WATER MANAGEMENT BASIN PLAN 
UTI Y A P  NO 

D A l l  GROUNDWATER FIGURE COMPONENT 121 9 2  011 

I U U  ABSORPTION R h I I O ( S A R )  0 1 1 1 1 1  d @ + k  4 OCCURRENCE OF SODIUM SCAL€ AS SHOWN 
A W I O V C D  REPORTED 

NEGATIVE NO W E L L  IS LOCATED AT CENTER OF CIRCLE It.D ..,,,"= ,,E,,0* .CONCENTRATIONS IN GROUNDWATER I DATE AVO. I 9 0 7  

7 D A l l  I AWKIVID  OIIKIW DAlt  1 M € l l  __ 01 - 
I N O l N ~ l l  vf I I C O I I I W S N D  

0 0 - 9 9  
0 10-499 

0 


