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INTRODUCTION 

I n  a memorandum dated May 16 ,  1979, t o  M r .  R.A.H. Sparrow, of t h e  F i sh  
and W i l a l i f e  Branch, M r .  H . I .  Hunter, Chief of the Hydrology Divis ion ,  
Water I n v e s t i g a t i o n s  Branch ind ica t ed  t h a t  t he  Groundwater Sec t ion  would 
prepare  a r e p o r t  regarding t h e  p re sen t  performance and s t a t u s  of t he  Hatchery 
w e l l s .  
pumping and monitoring d a t a  r e l a t i n g  t o  the  performance of t h e  Hatchery 
product ion w e l l s .  

The fol lowing r e p o r t  i s  a summary and a n a l y s i s  of a l l  t he  a v a i l a b l e  

AVAILABLE DATA 

The fol lowing d a t a  has  been compiled as a summary of p e r t i n e n t  information 
regarding the  Hatchery w e l l s .  

1. S u r f i c i a l  Geology 

Figure 1 shows t h e  d i s t r i b u t i o n  of unconsolidated s u r f i c i a l  materials i n  
the  Abbotsford Upland area, which inc ludes  t h e  s i te  of the Fraser Valley 
Trout Hatchery. Figure 2 is  a cross-sect iona2 view showing t h e  subsurface 
r e l a t i o n s h i p s  of t he  materials t h a t  u n d e r l i e  t h e  reg ion  i n  t h e  v i c i n i t y  of 
t h e  Hatchery. 

2. Groundwater Recharge and Discharge 

I n  1974, E. Tradewell of the Groundwater Sect ion,  prepared a water l e v e l  
contour map of t he  upland area, fromwater  l e v e l  d a t a c o l l e c t e d  i n  t h e  f i e l d .  
Figure 3 has been adapted from the  contour map t o  show the approximate area 
of t h e  aqu i f e r , con t r ibu t ing  groundwater f low towards the  e a s t e r n  toe  of t he  
Abbotsford Upland; and the i n f e r r e d  d i r e c t i o n  of groundwater flow. According 
t o  Cal lan (1971b),the major recharge zone l i es  i n  t h e  reg ion  of Abbotsford 
Airpor t .  The primary source of t h i s  groundwater recharge i s  p r e c i p i t a t i o n  i n  
t h e  form of r a i n  o r  snowmelt. Groundwater moves both w e s t  and east of the 
Airpor t  area, d ischarg ing  n a t u r a l l y  through F i s h t r a p  Creek t o  t h e  w e s t  and 
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sp r ings  along t h e  e a s t e r n  f l a n k  of the Abbotsford Upland, a t  t h e  
Hatchery s i t e .  It i s  a t  t h i s  e a s t e r n  end of t h e  groundwater f low system 
t h a t  t h e  Hatchery product ion w e l l s  are loca ted .  

3. Groundwater Recovery 

F igure  4 has  been prepared from t h e  Groundwater Sec t ion  w e l l  l o c a t i o n  map of 
t h e  area and shows the  l o c a t i o n  of t h e  known major producing w e l l s  i n  t h e  
upland area that are each withdrawing i n  excess  of 100 USgpm from the a q u i f e r .  
Among t h e  major producers t h a t  are loca ted  w i t h i n  t h e  groundwater r e s e r v o i r  
are t h e  fol lowing:  

Estimated P resen t  Estimated P o t e n t i a l  
User No. of Wells Withdrawal Rate To ta l  U s e  

F ra se r  Val ley Trout  Hatchery 3 1800 USgpm 2500 USgpm 
Dis t r i c t  of Abbotsford 4 1640 USgpm 3500 USgpm 

3000 USgpm Dis t r ic t  of Matsqui 3 1000 USgpm 
Ind iv idua l s  12 3000 USgpm 5000 USgpm 

4 .  P r e c i p i t a t i o n  and Water Level  D a t a  

F igure  5 shows t h e  r e l a t i o n s h i p  between t h e  p r e c i p i t a t i o n  recorded a t  Abbotsford 
Ai rpor t  and t h e  water level f l u c t u a t i o n s  a t  fou r  Groundwater Sec t ion  observa t ion  
w e l l s  ( for  l o c a t i o n ,  see Figure  4) .  Also on Figure  5 is  the y e a r l y  v a r i a t i o n  of 
p r e c i p i t a t i o n  from t h e  mean of 60 inches  [based on p r e c i p i t a t i o n  d a t a  1949-1978); 
and, t h e  cumulative p r e c i p i t a t i o n  depa r tu re  curve (from Table 1) which shows t h e  
t rend  i n  t h e  cumulative p r e c i p i t a t i o n  p a t t e r n  from t h e  monthly average. 

5 .  Frase r  Val ley Trout Hatchery Product ion Wells 

F igure  6 is a schematic c ross -sec t ion  of t h e  Hatchery w e l l s ,  showing t h e  p re sen t  
l o c a t i o n  of t h e  pump i n t a k e s  and screen  l o c a t i o n s  i n  each product ion w e l l .  
relative th ickness  of t h e  a q u i f e r ,  which th ickens  toward t h e  south  i s  a l s o  ind i -  
ca ted .  

The 

Figure  7 i s  a summary of the a v a i l a b l e  product ion  w e l l  pumping d a t a  and t h e  
corresponding w a t e r  levels i n  the r e s p e c t i v e  w e l l s .  
by means of "Measurell" d i scharge  elbow type  f low meters and continuous records  of 
t h e  rates are p r i n t e d  au tomat i ca l ly  a t  t h e  Hatchery. 

The pumping rates are measured 

From a v a i l a b l e  d a t a ,  t h e  fol lowing i s  a summary of p e r t i n e n t  information regard ing  
each product ion well . '  

a) Product ion W e l l  f l  (Hatchery Well #8) 

F rase r  Val ley Trout Hatchery W e l l  #8 (now r e f e r r e d  t o  as Product ion W e l l  #l) 
i s  a 16-inch diameter  w e l l ,  d r i l l e d - a n d  cons t ruc ted  i n  1969 t o  a depth of 
216 f e e t .  The depth t o  t h e  top of. t h e  sc reen  assembly i s  ,approximately 116 
f e e t  below ground level,  and a t  the t i m e  of cons t ruc t ion ,  t h e  non-pumping 
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water level was measured at approximately 24 feet below ground level. 
This indicates that at that time the well had approximately 92 feet of 
available drawdown. Between 1971 and 1977, the well was equipped with 
a temporary pump and pumped continuously at an average rate of 400 USgpm 
(see Figure 7). In early 1977, a large capacity pump was installed with 
the intake set at approximately 70 feet below ground level. The setting 
of the intake to this depth has effectively reduced the potential avail- 
able drawdown to an actual avaiikable drawdown of approximately 46 feet. 

This well has been pump tested several times since its construction. 
Table 2 gives a summary of the results from those tests. 

I --- b): Production Well #2 (Hatchery Well #7) 

Fraser Valley Trout Hatchery Well 117 (now referred to as Production Well 
112) is a 16-inch diameter well, drilled and constructed in 1969 to a depth 
of 161 feet. The depth to the top of the screen assembly is approximately 
82 feet below the ground level, and at the time of construction, the non- 
pumping water level was measured at approximately 26 feet below ground 
level. This indicates that at that time, the well had approximately 56 feet 
of available drawdown. Since completion, the well was left idle until 1977, 
when a large capacity pump was installed. 
70 feet below ground level. At this pump setting, the resulting available 
drawdown was effectively reduced to 44 feet. 

The intake was set at approximately 

This well has been pump tested several times since its construction. Table 
2 shows a summary of the zesults from-thBse-tests. 

___ c) Production Well 83 (Hatchery Well tl) 

Fraser Valley Trout Hatchery Well 111 (now referred to as Production Well 113) 
is an 8-inch diameter well drilled and constructed for testing purposes in 
1967 to a depth of 137 feet below ground level. The depth to the top of 
the screen assembly is approximately 95 feet, and at the time of construction, 
the non-pumping water level was measured at approximately 23 feet below 
ground level. 
Since completion, the well has not been in use on a continuous basis until 
1978. Only one pump test! was performed on this well, the results of which 
are summarized in Table 2. 

This resulted in approximately 72 feet df available drawdown. 

6. Other Production Wells 

Production and water level monitoring data regarding other large producers in 
the Hatchery area are not available at this time. According to available infor- 
mation, the District of Abbotsford presently pumps approxsmately 1700 USgpm from 
thEee wells located within one mile of the Hatchery wells. A fourth well, lo- 
cated at Fanner Road and approximately 3000 feet south of the Hatchery wells was 
recently constructed and has a potential yield of 2000 USgpm. However, as of yet, 
this well has not been in use. 

. . .  4 
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kSIS OF DATA 

1. P r e c i p i t a t i o n  and Hydrograph Data 

For t h e  p a s t  t h r e e  yea r s  (1976-1979), t h e  amount of p r e c i p i t a t i o n  recorded 
a t  Abbotsford Airpor t  has  dec l ined  re la t ive  t o  t h e  average yea r ly  p r e c i p i t a -  
t i o n  of 60 inches  (based upon 30 yea r s  d a t a ) .  This  is  g r a p h i c a l l y  i l l u s t r a t e d  
i n  F igure  5. Also i n  F igu re .5 ,  t h e  cumulative p r e c i p i t a t i o n  depa r tu re  curve 
r e f l e c t s  a s i m i l a r  dec l in ing  t rend  i n  p r e c i p i t a t i o n  f o r  t h e  per iod  of 1976-1979. 

Since p r e c i p i t a t i o n ,  i n  t h e  form of r a i n  o r  snow-melt, i s  t h e  primary source  of 
recharge t o  t h e  Abbotsford Upland a q u i f e r ,  then  changes i n  normal p r e c i p i t a t i o n  
p a t t e r n  w i l l  cause a corresponding change i n  t h e  groundwater levels. 

A comparison between the hydrograph of observa t ion  w e l l  WR-4-62 and the cumu- 
la t ive  p r e c i p i t a t i o n  depa r tu re  curve (Figure 5) i n d i c a t e s  a s i m i l a r i t y  i n  t h e  two 
curves wi th  a coincidence of annual  depress ions  and peaks. 
sugges ts  t h a t  t he  w a t e r  level i n  t h e  w e l l  responds d i r e c t l y  t o  p r e c i p i t a t i o n  wi th  
an  average l a g  of 2 t o  3 weeks ( i . e .  t he  t ime f o r  t h e  groundwater level t o  respond 
t o  p r e c i p i t a t i o n  i n f i l t r a t i o n ) .  
trends of t h e  two  curves  f o r  t h e  pe r iod  1976-1979. A relative decrease i n  the 
amount of p r e c i p i t a t i o n  during t h i s  per iod  (i.e. decrease  i n  t h e  amount of recharge  
t o  the  a q u i f e r ) ,  is r e f l e c t e d  i n  a corresponding decrease  i n  t h e  average ground- 
water level a t  t h i s  s i te  by approximately 10 f e e t ;  the g r e a t e s t  decrease  having 
occurred between 1976-1977. 

This coincidence 

Another coincidence occurs  i n  t h e  dec l in ing  

A comparison between t h e  cumulative p r e c i p i t a t i o n  depa r tu re  curve and t h e  hydro- 
graph of observa t ion  w e l l  WR-13-62 i n d i c a t e s  a similar r e l a t i o n s h i p  as i n  t h e  
prev ious  case. 
t h e  average l a g  between p r e c i p i t a t i o n  i n f i l t r a t i o n  and groundwater level response 
i s  approximately 1 t o  2 months. This  l a g  is  longer  than  i n  t h e  previous case 
because of t h e  w e l l ' s  g r e a t e r  d i s t a n c e  from t h e  recharge area ( j u s t  east of t h e  
a i r p o r t ) .  The d e c l i n i n g  tEends i n  t h e  two graphs dur ing  the per iod  1976-1979 
are somewhat similar, except  f o r  t h e  f a c t  t h a t  t h e  lowered water level dur ing  
1977 and 1978 appears  t o  have s t a b i l i z e d  and is n o t  dec l in ing  a t  the same rate 
as observa t ion  w e l l  WR-4-62. This  observa t ion  sugges ts  t h a t  even though t h e  
relative amount of recharge  t o  the a q u i f e r  has  decreased dur ing  1976-1979, t h e  
amount of d i scharge  (withdrawal from t h e  a q u i f e r  i n  t h i s  aEea) i s  approximately 
equal  to  t h e  p re sen t  amount of recharge  t o  the aqu i f e r .  
t h e  w a t e r  levels i n  t h e  v i c i n i t y  of t h e  Hatchery are approaching new equi l ibr ium 
condi t ions.  This o b s e r v a t i o n - f u r t h e r  impl ies  t h a t  a t  observa t ion  w e l l  WR-4-62, 
t h e  dec l in ing  w a t e r  level t rend  may be due t o  a combination of below average 
recharge - and t h e  e f f e c t s  of groundwater withdrawals.  
c o n t r i b u t e  t o  t h e  d e c l i n e  i s  no t  determinable  a t  t h i s  t i m e .  

There is a coincidence of annual  depress ions  and peaks and 

Thus i t  appears  t h a t  

To what e x t e n t  each 

A comparison between t h e  water levels i n  observa t ion  w e l l s  F.V.T.H. #3 and #5 
and the cumulative p r e c i p i t a t i o n  depa r tu re  curve a l s o  shows a s i m i l a r i t y  i n  t h e  
coincidence of annual  depress ions  and peaks,  bu t  no t  as w e l l  def ined  as i n  t h e  
prev ious  two cases. The dec l in ing  t r ends  i n  the groundwater levels a t  these  two 
sites are c o n s i s t e n t  w i th  t h e  t r end  of t h e  cumuitative p r e c i p i t a t i o n  departure '  
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e f o r  t h e  per iod  1976-1979; w i th  t h e  g r e a t e s t  amount of d e c l i n e  of approx- 
imately 1 3  f e e t  occur r ing  i n  1977. 
e r y  w e l l  sites dec l ined  a t  a n  average rate of 3.5 f e e t  p e r  year .  
reasons f o r  t h e  d e c l i n e  i s  due t o  a combination of below average recharge  and 
i n t e r f e r e n c e  e f f e c t s  from t h e  Hatchery product ion w e l l s .  

Since then,  groundwater levels a t  t h e  Hatch- 
The apparent  

2. Hatchery Product ion Well Pumping Data 

To ana lyse  t h e  performances of t h e  product ion w e l l s ,  and any ckanges wi th  t i m e ,  
t h e  u s e  of s p e c i f i c  capac i ty  va lues ,  determined from pumping tests, i s  made. 
The s p e c i f i c c a p a c i t y o f  a w e l l  is i ts  y i e l d  per  u n i t  of drawdown, and i n  t h e  
fol lowing ana lyses  i s  expressed as USgpm p e r  f o o t  oi? drawdown. 

Product ion Well #l 

Based on t h e  s h o r t  term tests (less than  5 hours  du ra t ion )  and pumping 
rates between 1500 and 2000 USgpm, t h e  a v a i l a b l e  d a t a  (Table 2 ) ,  i n d i c a t e s  
t h a t  t h e  s p e c i f i c  capac i ty  of Product ion Well #l has  decreased from 96.2 
USgpm/ft. i n  1970 (Cal lan,  1971a),  t o  80.8 USgpm/ft. i n  1977 (Kohut, 1977a) 
and 66.1 USgpm/ft. i n  1979 (Zubel, 1979). This  decrease  r e p r e s e n t s  a d e c l i n e  
i n  t h e  r e l a t i v e  performance of t he  w e l l  by approximately 30%. The cause ( s )  
of t h i s  d e c l i n e  i n  performance is  n o t  d e f i n i t e l y  known at t h i s  t i m e ,  bu t  may 
be due t o  i r o n  e n c r u s t a t i o n  of t h e  w e l l  sc reen ,  and/or  a q u i f e r  around t h e  
screen ,  o r  movement of f ine-grained a q u i f e r  materials around t h e  w e l l  
sc reen ,  thereby,  e f f e c t i v e l y  reducing t h e  open area of t h e  sc reen  and/or  
permeabi l i ty  of t h e  a q u i f e r  ad jacen t  t o  t h e  screen.  

Product ion W e l l  !I2 

Based on t h e  r e s u l t s  of the s h o r t  term pumping tests of 1969, and 1977 and 
pumping rates between 400 and 500 USgpm, t h e  a v a i l a b l e  d a t a  i n d i c a t e s  t h a t  
the s p e c i f i c  capc i ty  of Product ion W e l l  #2 has  remained r e l a t i v e l y  cons t an t  
a t  approximately 42.5 USgpm/ft. of drawdown. 
pumping rate and corresponding w a t e r  level d a t a ,  a n  estimate of t h e  p re sen t  
performance of Product ion W e l l  #2 can be made. 
rate of 500 USgpm, t h e  w a t e r  level dropped approximately 12.5 f e e t  from a 
static" w a t e r  level of approximately 40 f e e t .  

capac i ty  i s  40.0 USgpm/ft. of drawdown; which compares favourably wi th  
prev ious  r e s u l t s .  

By r e f e r r i n g  t o  t h e  p re sen t  

Accordingly, a t  an  average 

From t h i s  d a t a ,  t h e  s p e c i f i c  I1 

Product ion Well #3 

According t o  a v a i l a b l e  d a t a ,  Product ion W e l l  #3 has  been pump t e s t e d  only  
once, i n  J u l y  1967. Since no subsequent pump test d a t a  i s  a v a i l a b l e  f o r  
comparison, i t  is d i f f i c u l t  t o  a c c u r a t e l y  determine t h e  p re sen t  performance 
of t h e  w e l l .  
w a t e r  levels jln t h e  w e l l ,  a n  estimate of t h e  performance can be made. Before 

However, us ing  t h e  p re sen t  pumping rate d a t a  and corresponding 
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Product ion Well f 3  began ope ra t ing  i n  May, 1978, t h e  depth  t o  t h e  w a t e r  
level w a s  approximately 44 f e e t  below ground level. Continuous pumping 
a t  a n  average rate of 480 USgpmhas caused a l o n g  term drawdown of approx- 
imately 11 f e e t .  From t h i s  d a t a ,  t h e  s p e c i f i c  capac i ty  over a one year  
per iod appears  t o  be approximately 43.7 USgpm/ft.; which i s  comparable 
t o  the s p e c i f i c  c a p a c i t y 4 f  54.7 USgpm/ft. determined i n  1967 f o r  a s h o r t  
t e r m  test. 

3. Other Product ion Wells. 

The Di s t r i c t  of Abbotsford p r e s e n t l y  u t i l i z e s  t h r e e  of f i v e  w e l l s  t h a t  are 
loca ted  w i t h i n  a p o t e n t i a l  i n t e r f e r e n c e  range of the Hatchery wells(see Figure  4 
f o r  l o c a t i o n s ) .  According t o  Cal lan  (1971a), a n  a q u i f e r  boundary e x i s t s  between 
t h e  l o c a t i o n  of t h e  two Abbotsford w e l l s  (nor th  of t h e  Hatchery w e l l s )  and the  
Hatchery product ion w e l l s .  From pump test  r e s u l t s ,  i t  was  found that there are no 
i n t e r f e r e n c e  e f f e c t s  from pumping a c t i v i t i e s  between t h e  Abbotsford and Hatchery 
w e l l s .  

The  remaining w e l l  is  loca ted  off Farmer Road, approximately 3000 f e e t  south  of 
t h e  Hatchery w e l l s ,  and i s  p r e s e n t l y  pumping a t  a rate of approximately 1000 USgpm. 
Based upon a t r ansmiss iv i ty  of 1.9 x lo5  USgpd/ft. , and a s t o r a g e  c o e f f i c i e n t  of 
0.1, t h e  t h e o r e t i c a l  drawdown of t h e  water levels a t  the Hatchery w e l l s ,  caused 
by t h e  Farmer Road w e l l ,  a f t e r  one year  of pumping at a n  average rate of 1000 
USgpm would be approximately 2 f e e t .  

A t  p r e sen t ,  t h e r e  does no t  appear  t o  be any o t h e r  w e l l s  of s i g n i f i c a n t  y i e l d s  
(i.e. 500+ USgpm) w i t h i n  the  i n t e r f e r e n c e  range of t h e  Hatchery w e l l s .  

DISCUSSION AND RECOMMEMlATIONS 

A s  w a s  o u t l i n e d  i n  t h e  ana lyses  of Product ion Wells 82 and # 3 ,  t h e  performances 
of t h e s e  w e l l s  appear t o  be  normal a t  t h i s  time<: 
A s  w a s  revea led  i n  t h e  May, 1979 pumping test, $Ge s p e c i f i c  capac i ty  under a s h o r t  
term has  decreased by approximately 30%. T h i s  i n d i c a t e s  t h a t  i n  maintaining a 
pumping rate of 1000 USgpm, t h e  water level  i n  t h e  w e l l  would p r e s e n t l y  be drawn 
down by approximately 15  f e e t  as compared t o  approximately 11 f e e t  when t h e  
s p e c i f i c  capac i ty  w a s  96.2 USgpm/ft. of drawdown. 
drawdown, compounded by p resen t ly  decreas ing  w a t e r  levels r e g i o n a l l y ,  has caused 
a decreasedin  the  p o t e n t i a l  product ion capac i ty  of t h e  w e l l .  According t o  t h e  
May 1979 pumping test r e s u l t s ,  i t  w a s  found t h a t  a t  a pumping rate of between 
1400 t o  1600 USgpm, the remaining a v a i l a b l e  drawdown i n  t h e  w e l l  t o  t h e  pump 
i n t a k e  was  less than  5 f e e t .  This r e p r e s e n t s  a s e r i o u s  r e s t r i c t i o n  t o  t h e  f u t u r e  
product ion capac i ty  of t h i s  w e l l .  

Of concern is  Product ion W e l l  #l. 

This decrease  i n  t h e  a v a i l a b l e  

To overcome t h e  problem of decreas ing  a v a i l a b l e  drawdown, o t h e r  than  n a t u r a l  re- 
charge t o  t h e  a q u i f e r  by increased  p r e c i p i t a t i o n ,  i t  is  recommended t h a t  t h e  pump 
i n t a k e  i n  Product ion W e l l  #l should be lowered t o  its m a x i m u m  depth.  According 
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t o  t h e  w e l l  cons t ruc t ion  d a t a ,  t h e  pump i n t a k e  i n  Product ion Well ill i s  
p resen t ly  loca t ed  a t  a depth of approximately 70 f e e t  below ground level. 
The maximum depth  t o  which t h e  i n t a k e  can t h e o r e t i c a l l y  be lowered i s  
approximately 115 f e e t ,  o r  1 f o o t  above t h e  top of t h e  sc reen  assembly. 
This w i l l  e f f e c t i v e l y  inc rease  t h e  a v a i l a b l e  drawdown from a p resen t  30 
f e e t  t o  approximately 75 f e e t .  The lowering of t h e  i n t a k e  may n e c e s s i t a t e  
redes ign  of t h e  pump by way of a d d i t i o n a l  pump s t a g e s  t o  i n c r e a s e  t h e  pumping 
head o r , r e f i t t i n g  the e n t i r e  pump and motor assembly. 

With r ega rds  t o  the  o t h e r  two product ion w e l l s ,  i t  is  a l s o  recommended t h a t  
t h e  pump i n t a k e s  be lowered t o , t h e i r  m a x i m u m  depths  (approximately 1 f o o t  
above t h e i r  s c reen  assembl ies ) ,  thereby providing a g r e a t e r  s a f e t y  f a c t o r  
i n  case of continued decrease  i n  the reg iona l  w a t e r  level. 

Another s e r i o u s  cons ide ra t ion  i n  t h e  o v e r a l l  product ion capac i ty  of the 
Hatchery w e l l s  i s  t h e  p o s s i b i l i t y  of pump breakdown i n  Product ion Well ill. 
Since t h e  combined c a p a c i t i e s  of Product ion Wells #2 and 83 cannot m e e t  t h e  
Hatchery water requirements  even a t  l o w  demands, then  any breakdown of 
Product ion W e l l  #1  pumping equipment could s e r i o u s l y  a f f e c t  t h e  operation of 
t h e  Trout Hatchery. In  f a c t ,  from t h e  latest  pumping test r e s u l t s  (Zubel, 1979),  
i t  w a s  found t h a t  under p re sen t  Hatchery ope ra t ing  cond i t ions ,  the Trout  Hatchery 
could n o t  s u s t a i n  a shut-down of Product ion Well #1 f o r  more than  15 minutes,  
even wi th  Product ion Wells #2 and #3 ope ra t ing  a t  near  maximum capac i ty .  In l i g h t  
of t h i s  p o t e n t i a l  problem, i t  i s r e c o m e n d e d t h a t  a stand-by w e l l  of s i m i l a r  capac- 
i t y  as Product ion W e l l  ill be d r i l l e d .  The fol lowing i s  a summary of t h e  c o s t  
estimate (less superv isory  c o s t s )  t o  d r i l l ,  cons t ruc t  and pump test  a 20-inch 
diameter ,  250 f o o t  deep w e l l ,  t o  be loca t ed  approximately 50 f e e t  south  of 
Product ion Well ill: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

I t e m  Unit  P r i c e  Estimated Cost 

Mobi l iza t ion  and Demobilization Lump Sum $ 500. 
D r i l l  and case 250' x 20" diameter  $ 8 5 / f t .  $ 21,250. 
Drive shoe (20" diameter)  Lump Sum $ 1,150. 

Hourly work: Development, etc. (80 h r s . )  $ 70/hr.  $ 5,600. 
Pump test (35 hours)  $ 45/hr. $ 1,575. 
Pump equipment, mob i l i za t ion ,  set-up, etc.  Lump Sum $ 1,250. 

Screen 50' x 12" diameter  $200/f t .  $ 10,000. 

Discharge p i p e  (2000 f t . )  $ l / f t .  $ 2,000. 

TOTAL $ 43,325. 

TOTAL ESTIMATED COST $ 49,825. 
+ 15%~CONTINGENGLES $ 6,500. 

It i s  a l s o  recommended t h a t  p r i o r  t o  t h e  lowering of t h e  pump i n t a k e  i n  
Product ion W e l l  #l, t h a t  t h e  pump column be removed and inspec ted  f o r  i r o n  
depos i t s .  Also, t h e  w e l l  s c reen  should be inspec ted  by means of a downhole 

. . .  8 
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t e  ev i s ion  monitor,  f o r  s i g n s  of i r o n  e n c r u s t a t i o n  and/or  o t h e r  s i g n s  of w e l l  
screen d e t e r i o r a t i o n .  I f  t h e  w e l l  screen i s  encrusted,  then i t  should be 
cleaned and t h e  w e l l  should be redeveloped p r i o r  t o  t h e  r e - i n s t a l l a t i o n  of t h e  
pump cblumn. I f  no enc rus t a t ion  i s  apparent ,  t h e  w e l l  should neve r the l e s s  
be redeveloped. 

Fu r the r ,  i t  i s  recommended t h a t  a l l  t h r e e  product ion  w e l l s  be  equipped wi th  
in - l ine  mechanical faow meters so t h a t  more a c c u r a t e  de te rmina t ions  of t h e  
a c t u a l  f low rate can be measured. Monitoring t h e  product ion rate and w a t e r  
level i n  each product ion w e l l  should cont inue  as a t  p resen t .  

Marc Zubel 
Geological  Engineer 
Groundwater Sect ion 

MZZ/dmc 
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YEAR 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

TABLE 1 

PRECIPITATION DATA 6 
~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _  

JAN , FEB MAR APR . MAY JUN JUL . :AUG SEP '* , OCT ' NOV : DEC 

7.52 3.19 3.46 6.42 1.85 1.36 2.51 K .15  
-12.52 -1.81 -1.54 +1.42 -3.15 -3.64: +2.49 --4.85 
-12.52 +0.71 -0.83 +0.59 -2.56 -6.20 -8.69 -13.54 

'13.58 6.27 7.94 2.65 2.73 5.57 1.26 0.78 
-18.58 +1.27 +2.94 -2.35 -2.27 +0.57 -3.74 -4.22 
-0.93 0.34 3.28 'Q.93 -1.34 -0.77 -4.51 -8.73 

8.21 11.70 10.67 7.43 2.77 2.82 5.65 2.16 

9.93 16.63 22.3 24.73 22.5 20.32 20.97 18.13 
+3.21 +6.70 +5.67 +2.43 -2.23 -2.18 +0.65 -2.84 

4.74 3.52 3i.82 2.21 3.25 2.92 0.71 0.78 
-0.26 -1.48 -1.18 -2.79 -1.75 -2.08 -4.29 -4.22 
25.26 23.78 22.6 19.81 18.06 15.98 11.69 7.47 

'11.42 8.68 6.28 4.96 4.27 2.48 2.33 0.13 

20.39 24.07 25.35 25.31 24.58 22.06 19.39 14.52 
+6.42 t3 .68  +1.28 -0.04 -0.73 -2.52 -2.67 -4.87 

7.94 6.66 3.56 2.27 2.45 1.46 1.26 5.81 

'18.15 19.81 18.37 15.64 13.09 9.55 5.81 6.62 
-12.94 +1.66 -1.44 -2.73 -2.55 -3.54 -3.74 +0.81 

10.74 7.14 4.92 4.62 3.99 2.74 2.55 3.63 

29.23 31.37 31.'29 30.91 29.9 27.64 25.19 23.82 
+5.74 +2.14 -0.08 -0.38 -1.01 -2.26 -2.45 -1.37 

4.41 4.21 7.36 8.05 
"-0.59 -0.79 +2.36 +3.05 
-14.13 -14.92 -12.56 -9.51 

4.47 8.19 11.73 11.06 
-0.53 +3.19 +6.73 +6.06 
-9.26 -6.07 0.66 +6.72 

6.14 1.89 4.99 14.37 

19.27 16.16 16.15 25.52 
+1.14 -3.11 -0.01 +9.37 

1.28 6.76 9.09 9.37 

3.75 5.51 9.6 13.97 
-3.72 t1 .76 +4.09 +4.37 

0.51 2.30 8.18 9.70 

10.03 7.3 10.51 15.21 
-4.49 -2.70 +3.18 +4.70 

0.41 13.65 9.31 13.50 

2.03 10.68 14.99 23.49 
-4.59 +8.65 +4.31 +8.50 

2.60 4.75 3.12 5.83 

21.42 21.17 19.29 20.12 
-2.40 -0.25 -1'.88 +0.83 

5.73 2.71 5.37 3.07 4.49 1.02 1.91 3.91 3.44 4.33 9.17 9.61 

20.85 18.56 18.93 17.0 16.49 12.51 9.42 8.33 6.37 6.1 10.27 14.88 
'h0.73 -2.29 +0.37 -1.93 -0.51 -3.98 -3.09 -1.09 -1.56 -0.67 +4.17 +4.61 

5.92 3.90 5.01 4.11 4.39 2.12 0.43 5.36 5.97 2.87 6.94 3.91 

115.8 14.7 14.71 13.82 13.21 10.33 5.76 6.12, 7.09 4.96 6.9 5.81 
'1-0.92 -1.10 +0.01 -0.89 -0.61 -2.88 -4.57 +0.36 +0.97 -2.13 +1 .94 -1.09 

2.97 6.80 3.73 4.13 

3.78 , 5.58 4.31 3.44 , 
-2.03 +1 .80 -1.27 -0.87 

~ ~~ 

Preci p i  t a t i  on , i n . 
Departure from mean 
Cum. Departure 

Preci p i  t a t i  on , i n  . 
Departure from mean 
Cum. Departure 

Prec ip i ta t ion  , i n .  
Departure from mean 
Cum. Departure 

Prec ip i ta t ion ,  i n .  
Departure from mean 
Cum. Departure 

Precipi ta t ion , i n .  
Departure from mean 
Cum. Departure 

Prec ip i ta t ion ,  i n .  
Departure from mean 
Cum. Departure 

Prec ip i ta t ion ,  i n .  
Departure from mean 
Cum. Departure 

Prec ip i ta t ion ,  i n .  
Departure from mean 
Cum.  Departure 

Prec ip i ta t ion ,  i n .  
Departure from mean 
Cum.  Departure 

Prec ip i ta t ion ,  i n .  
Departure from mean 
C u m .  Departure 

Average year ly  p rec ip i t a t ion  (1949-1978) = 59.95 i n .  
Average monthly p rec ip i t a t ion  (1949-1978) = 5.00 i n .  



TABLE 2 

SUMMARY OF PRODUCTION WELL PUMPING TESTS 

COMMENTS SPECIFIC 
0 

DRAW DOWN CApAC I T y  TEST RATE OF TEST 

:a)  Production Well #1 (Hatchery Well #8) 

iep tember 
1969 *1 

ieptember 
1970 *2 

-e b r u  a ry 
1977 83 

JlaY 
1979 "4 

1027 
1572 
201 0 
201 0 
201 0 

2000 
2000 
2000 

1 a63 
1521 
21 00 

1140 
1500 

- 
- 
1 

24 
48 

1 
24 

192 

5 
1 
3 

1 
2 

10.20 
15.60 
21.23 
22.63 
23.30 

20.80 
23.13 
29.31 

23.95 
18.83 
25.06 

15.54 
22.70 

100.7 
96.9 
94.7 
88.8 
86.3 

96.2 
86.5 
68.2 

77.8 
80.8 
83.8 

73.4 
66.1 

- Nonpumping s t a t i c  water 
level = 22.67 f t . ,  

- Nonpumping s t a t i c  water 
level = 23.57 f t .  

- Hatchery Well #7 a l s o -  
pumping a t  1300 USgpm. 

- Hatchery Well #3 a l s o  
pumping a t  600 USgpm. 

- Pumping water level = 
30.42 f t .  

- Hatchery Wells #2 & #3 

- Pumping water level = 

a l s o  pumpi ng a t  
850 USgpm. 

42.42 f t .  

(b) 

June 400 1 9.80 
1969 *5 840 2 19.80 

1290 3 30.80 

Production Well #2 (Hatchery Well #7) 

September 1300 1 30.87 
1970 *2 1300 24 33.20 

1300 192 40 .OO 

J an ua ry 425 1 10.00 
1977 *6 51 3 5 12 .oo 

40.7 
42.4 
41.8 

42.1 
39.2 
32.5 

42.5 
42.8 

- Nonpumping s t a t i c  watei 
level = 25.53 f t .  

- Nonpumping s t a t i c  watei 
level = 26.44 f t .  

- Hatchery Well #1 also. 
pumping a t  2000 USgpm. 

- Hatchery Wells #1 &;.#3 
a l s o  pumping a t  
720 USgpm. 

(c )  Production Well #3 (Hatchery Well #1) 

July 525 24 9.66 54.7 
1967 *7 .(Avg.) 

kl (Hall , 1970) *4 (Zubel , 1979) *7 (Fowera ker , 1967 ) 
k 2  (Callan,  1971a) "5 (Parry,  1969) 
k3 (Kohut, 1977a) *6 (.Kohut, 1977b) 


