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1.0 INTRODUCTION 

Water and Earth Science Associates Ltd.(W.E.S.A.) was 
contracted by the Township of Clarence to conduct a water supply 
investigation in the hamlet of St. Pascal de Baylon, Ontario. 
The present water supply of this con~munity is of limited quantity 
and is chemically poor. The purpose of the present work is to 
augment previous well drilling done in 1986 to locate an improved 
water supply for St. Pascal utilizing qroundwater sources (WESA, 
1986). 

St. Pascal is located about 50 km east or Ottawa, in 
Clarence Township, Russell County. Figure 1 is the location for 
the St. Pascal area. All work described in this report was done 
in the Site 2 area. Figure 2 shows the location of new wells D9 
and D l 0  with respect to previous well locations at Site 2. 

2.0 BACKGROUND INFORMATION 

The Hamlet of St. Pascal de Baylon has a total population of 
approximately 250 people. The comniunity is made up of about 
seventy homes, a nursing home and a school. 

The existing communal water supply is a combined surface 
water-groundwater system which was constructed over 30 years ago. 
The water source is a pond in a Champlain Sea deltaic sand 
deposit which is located east of the hamlet. Domestic water 
shortages and poor water quality are continuous problems within 
St. Pascal. 

Early qroundwater studies in the region carried out hy the 
Groundwater Development section of the Ministry of the Environ- 
ment in 1976 indicated that a single source well for supplying 
the desired quantities was an unlikely prospect and several 
linked wells would likely be the only feasible alternative. 

A study of the existing water supply system by McNeely 
Engineering Ltd. (1982) indicated that almost total rebuilding of 
the existing pumping, piping, storage and filtering systems would 
be necessary in order to improve the system and alleviate quality 
and quantity problems. 

A hydrogeologic study of the existing St. Pascal reservoir 
by WESA (1982) concluded that the recharge capacity was insuf- 
ficient for existing needs and poor water quality made this 
reservoir undesirable as a water source for the hamlet. An 
alternative water source was deemed necessary. Due to water 
quality problems inherent to surface water supplies, a ground- 
water source is the most desirable in this area. 

A report prepared by W.E.S.A. in December 1 9 8 6  for t .he 
Township of Clarence detailed the results of the first phase of 
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drilling and pump testing. Of the two areas under investiyatiori, 
Site 1, located just over a kilometre west of St. Pascal was 
found to have a gravel aquifer, oriented along the axis oi the 
Cobbs Creek valley and stratigraphically bounded by Champlain Sea 
marine clay. A long term safe yield of about 2.27 l/sec (30 
IGPM) was calculated. Site 2, located two and three-quarter 
kilometres west of St. Pascal was found to have a bedrock aquifer 
calculated to sustain a long term safe yield of 3.48 l/sec (46 
IGPM). No hydraulic connection had been proven to exist between 
Site 1 and 2 up to that point in time. 

~lthough Site 2 was capable of pumping marc water than Site 
I, the capacity was still under the required yield of 6.33 l/sec 
(83.5 IGPM) (McNeely Engineering, 1982). 

The 1987 field program was designed investigate more fully 
the production potential of Site 2 and if possible revise upward 
the established yield at the site of 3.48 l/sec (46 IGPM). This 
was to be done by drilling an additional pumping well and 
associated observation well within a 500 m radius of well D7. 
The well was to be pumped and tested for well efficiency, 
independent well yield, well yield when pumping was occurring at 
D7 over a 72 hour period, recovery and water quality. Water 
quality analyses were to encompass the complete list of MOE water 
quality objectives for communal drinking water supplies. 
Sampling was expanded to include some analysis of water from well 
~7 in order that a complete analysis would be available for this 
well. This testing was designed to provide enough data to 
refined the interpretation of mutual well interference from a 
multi-well communal water system. 

3 . 0  METHOD OF STUDY 

3 . 1  T e r m s  of R e f e r e n c e  

The Terms of Reference for this study follow the guidelines 
established by the Ministry of the Environment Water Supply 
Branch. The work program was designed to fulfill the following 
objectives: 

- Define the stratigraphy of aquiferis) present 

- Provide detailed quantitative information reyardiny the 
aquifer parameters of transmissivity, storativity, and safe 
perennial yield, maximum yield and potential interference 
effects. 

- Provide detailed chemical analysis including bacteria, major 
ions, metals, trace organics, radionuclides and pesticides. 



3.2 Test Well Drilling 

Based on geological and aquifer information obtained from 
previously drilled water wells, a 20.3 cm (8 inch) diameter 
observation well with a 150 mm (6 inch) diameter casing, D9, was 
tricone drilled using bentonite mud as a circulation fluid, 
within a 500 metre radius of well D7. Based on the encouraging 
results of D9, a test well, D10, was tricone drilled using mud, 
46 metres from the D9 location. Both holes used air percussion 
methods to drill into the upper few ~~ietres of the weathered 
bedrock. 

The geology encountered in D9 and Dl0 is quite similar to 
that found in wells 07 and D8. Immediately below ground suriace 
a 1.4 to 3.6 metre thick, red-brown-grey clay overlies a brown- 
grey silt unit, which averages 8 metres thick. Below this silt, 
and extending almost to bedrock is soft thixotropic grey clay 
with local massi.ve stiff grey clay lenses. Just above the 
weathered bedrock surface is a silty, fine grained gravel which 
might have a till origin. This unit averages 2 metres thick. 
Bedrock in both D9 and Dl0 comprises black shaley limestone/- 
dolomite, the upper metre of which is highly fractured. D9 was 
drilled 1.22 metres and Dl0 3.66 metres into bedrock. Drilling 
logs and completion techniques for the two new wells are illus- 
trated in Figures 3 and 4, respectively. 

3 . 3  Test Well Design 

Observation well D9 was completed with 4 lengths of 6.69 
metre (168.3 mm OD x 4.8 mm) casing welded together and set into 
bedrock, with a casing shoe. Two rubber shale 'raps were set 
around the casing approximately one third and two thirds down the 
hole. The well was developed for four hours by stop-start 
compressed air surging until the water was clear. No screening 
was necessary. The upper 6 metres of the hole was cemented with 
Type 30 Portland cement. A locking well cap covers the well. 

well Dl0 was completed with 4 lengths of casing of the same 
type used in D9. A single rubber shale trap was set approximate- 
ly halfway down the hole. Several hours of well deveiopment 
using stop-start compressed air surging indicated the need to 
screen the hole. A 1.23 m length of telescoping #50 slot size 
Johnson stainless steel well screen, 143.5 mm OD was fitted above 
3.4 metres of steel casing of the same diameter. The assembly 
above the screen comprised 1.7 metres of steel casing (143.5 mm 
OD). The screen and extension pipe were fitted with a figure K 
packer for installation in the casing. The entire assembly was 
lowered inside the well casing and pushed to the bottom of the 
hole, so that the screen would be situated within the fractured 
upper part of the bedrock. Total well development took close to 
20 hours before sand free conditions were achi.evedS. The upper 10 
metres of the annular space between the well casing and 200 mm 
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hole was cemented with Type 30 Portland cement. R locking well 
cap covers the well. 

3.4 Aquifer and Well Testing 

The first aquifer test, carried out on May 28, 1987 on well 
~ 1 0  was a five part step test. A 5 hp submersible turbine pump 
was installed 21 metres below the top of casing. Each of the 5 
steps had a duration of 30 minutes. Incremental pump discharge 
rates of 1.52 l/sec (20 IGPM), 3.03 l/sec (40 IGPM), 3.79 l/sec 
(50 IGPM), 4.55 l/sec (60 IGPM), and finally, 5.3 l/sec (70 IGPM) 
were used. Discharge rates were measured in a barrel. 

Following a two and a half day recovery period, well Dl0 was 
pumped at a constant rate of 4.92 l/sec (65 IGPM) for a duration 
of 13 hours followed by recovery measurements. Discharge was 
measured using the bucket system, as well as orjfice weir and 
manometer. Pumped discharge for the Dl0 site was into a nearby 
drainage ditch which rapidly diverted the water from the pumping 
location. The multiple clay strata overlying the aquifer 
hydraulically isolated pump discharge from the aquifer. All 
water level measurements in the wells were made using an electric 
tape. Wells D7, D8 and D9 were used as observations wells. Pump 
setup was the same as for the step test. Pumping was completed 
on June 1, 1987. 

The final aquifer test comprised a 72 hour constant dis- 
charge test pumping both wells Dl0 and D7 simultaneously. Well 
~ 1 0  was pumped at a rate of 4.55 l/sec (60 IGPM) utilizing the 
same pump and setup as the previous tests at site D10. Well D7 
was pumped at the rate of 3.41 l/sec (45 IGPM) uslng both a 1.5 
and 2 hp submersible turbine pump. The 1.5 hp pump was placed 18 
metres below the top of the casing and the 2 hp pump 21 metres 
below the top of the casing. Discharge from both D7 pumps was 
into the nearby road ditch where pumping rate was measured by the 
bucket method. The thick overlying clay strata at site D7 and 
rapid dispersal of the pumped water made the possibility of 
recharge to the confined aquifer negligible. The 72 hour pump 
test started on June 2, 1987 16 hours after the end of the 13 
hour test. Twenty-four hours of recovery data was obtained from 
both pumping wells after pumping had ended. Wells D8 and D9 were 
used as observations wells for this test. 

water samples for chemical analysis were collected from 
pumping well Dl0 at regular intervals during the test together 
with a complete suite after 24 and 72 hours. Due to analytical 
cost considerations, a complete and detailed analysis carried out 
on the 72 hour sample. Other analyses were conducted to deter- 
mine any trends in the data. Samples were collected from well D7 
for analysis of those parameters not previously determined. 



4.0 RESULTS 

4.1 Geology and Bydrogeology 

The upper bedrock shale unit found in wells D9 and Dl0 
appears to be a continuation of the shaley limestone unit found 
in wells D7 and D8. The groundwater survey done by the Ministry 
of the Environment in 1976 for Clarence Township, Hamlet St. 
Pascal de Baylon, identifies these shales as belonging to the 
Billings Formation. The area adjacent and west of St. Pascal has 
experienced considerable faulting since deposition which resulted 
in complex bedrock patterns of the Billings Formation and the 
older limestones of the Ottawa and Eastview Formations. Dip 
angles are commonly less than 300. The silt and fine gravel 
sediments found above bedrock at wells DY and Dl0 were not 
observed at wells D7, D8. 

4.2 Aquifer Test Results 

Initial observations made during well development and 
confirmed during the step and 13 hour pumping tests indicates 
that well Dl0 has a water production capacity greater than well 
D7. 

The five part step test done in Dl0 indicated continuing 
drawdown after 30 minutes of pumping at rates above 4.54 l/sec 
(60 IGPM). Data and calculations are shown in Appendix A, The 
calculation of well screen efficiency by the method after 
Rorabaugh (1953) appears inadequate. An alternative method based 
on a comparison of the theoretical and observed drawdown in the 
pumping well was used. This method calculated the theoretical 
drawdown from a transmissivity and storativity derived frorn the 
observation well. Drawdowns in observation wells are not 
affected by well losses and thereby give a true appraisal of the 
aquifer parameters. This calculation yielded a pumping well 
efficiency of 56 percent. 

Measurements taken in wells 07, D8 and D9 during the 13 hour 
constant discharge pump test of well Dl0 indicate that the wells 
are hydraulically connected. Data and calculations are shown in 
Appendix B. 

The Jacob method was used to evaluate the aquifer parameters 
at the pumping well Dl0 and the observation well DY during the 13 
hour constant discharge test. A transmissivity value of 54.07 
m2/day was obtained for the pumping well and 108.15 m2/day for 
the observation well. A storativity of 4.56 x 10-3 was calc- 
ulated for the observation well. 

With both wells Dl0 and Dl pumping simultaneously, at 
constant discharge rates early drawdown data, ( t  =' <lo00 minutes) 
an observed transmissivity of 24.62 m2/day was ca1,culated for Dl0 



and 135.4 m2/day for D9. These values are not true transmiss- 
ivities and were calculated for comparative purposes only. Well 
interference effects lower the calculated value substantially. 

After 61 hours of the 72 hour test the water level in Dl0 
showed a sudden and unexpected decline, which necessitated 
changing the pumping rate from 4.54 l/sec (60 I G P M )  to 3.79 l/sec 
(50 IGPM) for the remainder of the test time. No corresponding 
sudden decrease in water levels were observed for the observation 
well D9 close to the pumping well or any other of the observation 
points or pumping well D7. A probable cause of this drawdown 
surge is a variation in well inefficiency caused by a shift in 
the flow conditions through the top of screen (turbulent flow 
with the higher head losses associated with this flow regime). 
If a real negative boundary had been encountered by the drawdown 
cone the boundary would have been reflected in 'ncreased drawdown 
in 07 as well as the observation wells. The average pumping rate 
for Dl0 over 72 hours was 4.45 l/sec (58.77 IGPM). 

Other minor changes in the slope of the Jacob plot can be 
interpreted as influences of positive or negative boundaries or 
variations in the configuration of the aquifer from an infinite 
,equal thickness homogeneous isotropic unit. The influence of 
other groundwater users in the area such as farms could also 
produce these variations. 

Recovery data obtained after pumping was stopped showed 
relatively immediate early recovery followed by slower decay of 
residual drawdown. After the 13 hour pump test ended, well Dl0 
had recovered 92.5% of its drawdown in the first hour. After the 
72 hour pump test ended well Dl0 had recovered 90% of its 
drawdown in the first hour. 

~nalysis of late time (t/t' < 15) recovery data for well Dl0 
indicates a transmissivity of 125.72 m2/day. Similar calcula- 
tions for well D9 show a transmissivity of 132.6 m2/day. 

A summary of transmissivity values for wells Dl0 and D9 is 
given in Table 1. 

Table 1: Calculated Transmissivity Values (m2/day) 

13 Hour Test 72 Hour Test Recovery 
(t (1000 minutes) (t/t' <15) 

Notes: I. All units are in M2/day 



2. The effects of interference are not corrected for in 
wells. 

These transmissivity values would therefore yield highly 
conservative estimates of yield under multiple pumping well 
conditions. Details of these calculations are shown with the 
individual type curves in Appendix C. 

4 . 3  well Efficiency 

Attempts to calculate a well efficiency for Dl0 using 
~orabaugh's (1953) method gave values so low as to be unrealis- 
tic. A test calculation using a pumping rate of 0.38 l/sec (5 
IGPM) indicated a well efficiency of only 8.65% (Appendix A). 
A method utilizing data obtained from the 13 hour pump test of 
well Dl0 and observation well data obtained from well D9 yielded 
a more realistic well efficiency of 56 %. This value would be 
considered low for a well developed into a relatively homogeneous 
sand and gravel aquifer completely penetrated by a well screen. 
The aquifer at Dl0 is not homogeneous and water is yielded from a 
fractured bedrock or weathered bedrock interface. Screen was 
installed to control interstitial sand and gravel found between 
the broken bedrock clasts. 

Well efficiency may be improved significantly at a pro- 
duction scale if a large diameter gravel packed design is used. 
Any improvements in well efficiency may be translated into 
increased available drawdown and consequently increased well 
yield. 

4 . 4  Water Quality Results 

~acteriological analysis carried out on water samples 
collected from pumping wells Dl0 and D7 after 24 and 72 hours 
showed an absence of faecal coliform and faecal strept bacteria. 
In all samples, total coliform were 0 co1/100 ml. The total 
bacteriological count in Well Dl0 at 11 col/ml is within safe 
levels. Microbial data are outline on Table 2. 



T A B L E  2 :  M I C R O B I A L  MONI ' I 'ORINC SUMMARY 

Dl0 Dl0 D7 D7 
24 h r s  72 h r s  24 h r s  72 h r s  

T o t a l  Count  11 c o l / m l  11 coL/ml 1 c o l / m l  2 c o l / m l  
T o t a l  C o l i f o r m  0 c o l / m l  0  c o l / m l  0  co l /ml  0 co1/100 m l  
F e c a l  C o l i f o r m  Absen t  Absen t  Absen t  Absen t  
F e c a l  S t r e p t  Absen t  Absen t  Absen t  Absen t  

A summary o f  t h e  w a t e r  c h e m i s t r y  i s  g i v e n  i n  T a b l e  3 .  

TABLE 3. 

M e t a l s  

WATER CBENISTRY RESULTS 

Dl0 Dl0 D 7 MOE 
24 h r s .  72 h r s .  72 h r s .  O b j e c t i v e s  

A r s e n i c  ( A s )  pprn 
Barium ( B a )  ppm 
Boron ( B )  PPm 
Cadmium ( C d )  pprn 
Chromium ( C r )  ppm 
Copper  PPm 
Cyan ide  ( C N )  pprn 
I r o n  ( F e )  PPm 
Lead ( P b )  PPm 
Manganese (MN)ppm 
Mercury (Mg) ppb 
Se len ium ( S e )  pprn 
S i l v e r  (Aq)  ppm 
Sodium ( N a )  pprn 
Uranium ( U )  pprn 
Z i n c  ( Z n )  PPm 

Non M e t a l s  

Hydrogen S u l p h i d e  0 .16  0 .12  
(H2S) ppm 
C h l o r i d e  ( C 1 )  ppm 104 84-86 
F l o u r i d e  ( F )  ppm 1 
Table 3 continued 



Ammonia Nitrogen 0.61-0.99 .98* <0.5 
(N-NH3) ppm 
Nitrate Nitrogen <O.l <0.1 <.002* (10 
(N-NO3) ppm 
Nitrite Nitrogen <0.1 <O. 1 <0.1 < 1 
(N-N03) ppm 
Sulphate (SO41 ppm 3 3 * <500 

Other Parameters 

Colour UNT 
PH 
TDS 
Turbidity JCU (1.0 

Radionuclides 

Orqanic Parameters 

Phenols ppb <2 ND* <2 
Nitrilotriacetic acid ppm (0.02 <0.05 
Trihalomethanes ND ND* <O. 35 
PCB ND ND* <o. 003 

Pesticides Not detected (See Appendix D for detail) 

Note: Data marked * from WESA (1986) 

All metals in water analyses are within the safe limits for 
drinking water. Sodium, an element without a well defined 
provincial water quality objective occurs at a relatively high 
concentration on the order of 200 mg/l at both production sites. 
This is also consistent with the previously tested site closer to 
St. Pascal (WESA, 1986). Traces of hydrogen sulphlde were 
detected during well development. Well Dl0 showed a maximum 
value of 0.16 pprn H2S after 24 hours of pumping. The value of 
ammonia nitrogen after 72 hours of pumping Dl0 1s slightly in 
excess of the water quality objective. In both wells Dl0 and D7 
the level of total dissolved solids (TDS) is over the recommended 
limit of 500 ppm, Well Dl0 shows a niaximum of 764 ppm at 24 
hours. 



The colour value in well Dl0 after 72 hours is 36 UNT. This 
is equivalent to 36 TCU and is slightly more than twice the 
recommended limit of 15 TCU. 

Radionuclides, pesticides, phenols and nitrilotriacetic acid 
are all within the provincial water quality objectives for 
drinking water supply. 

Those parameters showing values above recommended limits, 
hydrogen sulphide, ammonia, TDS and colour are all related to 
aesthetic quality. Water treatment technology exists to reduce 
concentrations of all the parameters, however, the economic 
feasibility of doing so may be a constraint in the case of St. 
Pascal. 

Chlorination of the water supply may be expected to reduce 
the hydrogen sulphide concentrations. Other effects may be 
better appraised in a treatability study. 

5.0 INTERPRETATION OF RESULTS 

5.1 Physical Hydrogeology 

The aquifer at Site 2 forms a fairly uniform, continuous 
aquifer that is confined by overlying clay layers. The overlying 
aquitard provides a significant measure of security to the 
underlying water producing zones from surface derived cont- 
aminants. The aquifer appears to very extensive although what 
could be interpreted as hydraulic boundaries do appear in the 
aquifer response testing. Recharge to the aquifer occurs at a 
significant distance from the site. The most likely recharge 
areas are to the north west and south. In these areas till 
ridges are evident and the thick low permeability Champlain Sea 
clays and silts thin and allow infiltration into either the basal 
sands and gravels. These more permeable deposits are hydraul- 
ically connected to the shallow bedrock. 

Evaluation of a confined aquifer using the Jacob method is 
based on the following assumptions. 

- The aquifer has a seemingly infinite areal extent. 

- The aquifer is homogeneous, isotropic and of uniform thick- 
ness over the area influenced by the pu~nping test. 

- Prior to pumping, the piezometric surface is nearly horizon- 
tal over the area influenced by the pumping test. 

- The aquifer is pumped at a constant rate 



- The pumped well penetrates the entire aquifer and receives 
water from the entire thickness of the aquifer by horizontal 
flow. 

- The radius of the well (r) is small and time (t) is large. 

These assumptions appear to be largely valid at Site 2. A 
notable exception is the irregular nature of the bedrock frac- 
tures which severely compromises the second assumption. Large 
regional faults and changes in bedrock lithology are known to 
occur near the site, however, any boundary conditions resulting 
from these changes were not readily apparent in the analytical 
plots. 

The use of a transmissivity of 40 m2/day used in many 
calculations were done as 'worst case' scenario. Actual trans- 
missivity of the aquifer at the D10-D9 location is likely to be 
three times as great and in the range of values shown for D9 in 
Table 1. The maximum 24 hour pumping rate in Dl0 is calculated 
at about 7.2 l/sec ( 9 5  IGPM) at a transmissivity of 40 m2/day and 
20.1 l/sec (266 IGPM) at a transmissivity of 120 m/day. In 
general there appears to be significant variability in the 
transmissivity of the aquifer likely a combined effect of both 
variable thickness and hydraulic conductivity. This variability 
is observable between the different well sites and within 
calculated transmissivities around individual sites. There is 
also significant evidence that the aquifer is anisotropic. These 
factors tend to complicate simulation for purposes of well 
interference, mutual interference of pumping wells and calcu- 
lation of long term safe yield. 

The use of transmissivity values calculated during combined 
pumping of wells Dl0 and D7 provide for some measure of security. 
Transmissivities calculated in this manner already incorporate a 
measure of mutual pumping well interference in them already. 
They may be therefore used as upper limits to the aquifer param- 
eters in interference calculations. 

Calculation of the 10 and 20 year safe $ield, shown in Table 
4 for well Dl0 uses transmissivities of 40 m /day and 120 m2/day. 
These were done incorporating a maximum available drawdown of 18 
metres into the equation, based on present static levels. No 
interference effects from other pumping wells were included in 
these calculations. 



TABLE 4: 

Time 

LONG TERM SAFE YIELD - WELL D l 0  

Transmissivity (m2/day) 

4 0 120 

10 years 4.61 l/sec(60.9 IGPM) 13.2 ljsec(174.3 IGPM) 

20 years 4.47 l/sec(58.97 IGPM) 12.83 ljsec(169.3 IGPM) 

These calculations are conservative considering that no 
leakage from overlying clays and no vertical recharge or recharge 
from positive boundaries were incorporated into the equation. 
The T values were calculated from the observed slope of the 
drawdown curve and do not take into account any flatteniny of the 
curve normally associated with relatively extensive aquifers of 
this type. 

A notable result of the pumping tests, especially the step 
test, is the increased drawdown at increased pumping rates in the 
pumping well. This is a product of the discharge and time 
dependant nature of well efficiency. Additional unquantifiable 
losses occur as water moves from the aquifer through the well 
screen, from aquifer fractures. 

5.2 Well Interference 

The mutual and additive drawdown effects arc of great 
concern in evaluating the potential of a groundwater aquifer that 
may be ultimately exploited by more than one production well. 
They are also a concern in evaluating the impact of a con- 
centrated pumping source on existing domestic, comn~ercial and 
agricultural water supplies in the area. 

Initial calculations were done considering well Dl0 as the 
sole pumping well. Figures 5 and 6 show the calculated drawdowns 
at various surrounding locations when Dl0 is pumping at 4.54 
l/sec (60 IGPM). Aquifer transmissivities of 40 m2/day and 120 
m2/day were used, respectively. Figure 7 shows local drawdown 
when Dl0 is pumping at 6.82 l/sec (90 IGPM) and the aquifer is 
simulated with a transmissivity of 80 m2/day. 

It was demonstrated by WESA (1986) that tho theoretical long 
term safe yield of well D7 is insufficient to meet ultimate 
design requirement of St. Pascal. The following evaluates the 
response of the aquifer to combined pumping of wells Dl0 and D7 
at various rates. Aquifer data for well 07 was taken from WESA 
(1986). The transmissivity of the aquifer at D 7  was calculated 





Calculated Drawdown a t  4.55 L/sec. (60 IGl'iil) (1. = 12(1111~ / d:rv) \Vcll 1)10 I 
ST. PASCAL, ONTARIO. J 

W A T E R  AND EART t l  SCIEI-ICE ASSOCIATES L T D .  





to be 36-14 m2/day. The twenty year safe yield was calculated to 
be 3.48 l/sec (46 IGPM). 

Figure 8 shows calculated drawdowns at various locations 
when Dl0 was pumping at 4.55 l/sec (60 IGPM) and 07 at 2.27 l/sec 
(30 IGPM) at aquifer transmissivities of 120 m2/day and 36.14 
m2/day, respectively. 

Figure 9 shows calculated drawdowns at the same locations 
when Dl0 is pumping at 6.06 l/sec (80 IGPM) and D7 at 1.52 l/sec 
(20 IGPM), Aquifer transmissivities are unchanged. 

An additional calculation, the results of which are con- 
tained on Table 5, was done to see if there would be serious 
problems in a dual well pumping system. The calculation assumed 
a conservative aquifer transmissivity of 80 m2/day for the area 
as a whole. 

Table 5 Combined Drawdown at Pumping Wells D10, D7 (metres) 

Dl0 Q (IGPM) 

We1 1 60 80 9 0 

Note: D7 pumping at 30 IGPM in all instances 

The calculated drawdown is acceptable, although when Dl0 is 
pumping at 6.82 l/sec (90 IGPM) and D7 at 2.27 l/sec (30 IGPM), 
the combined drawdown at D7 is close to the allowable maximum 14 
metres. 

The above calculations show how different ~)uniping rates 
combine to give different drawdowns. The transmi.ssivity at well 
~ 1 0  is greater than at well D7 and the optimunr conibined pumping 
setup would be one in which well Dl0 is producing several times 
the quantity of D7. Interference on wells close to the pumping 
wells may best be minimized however by reducjny the individual 
pumping rates of the wells or balancing the yields. Such a 
strategy however will have little impact on regional well 







interference on a wider scale. Pumping rates on the order of 
4.545 l/sec (60 IGPM) and 2.0 l/sec (25 IGPM) for sites 3 and 2 
are recommended at this time. This split may be revised with 
data produced during the installation of production wells. 

During the 72 hour pump test, some local well interference 
was noted. This occurred at the Roberts/Smart house 420 metres 
north of pumping well D10. In this case, well interference and 
water supply interruption had been previously reported during 
summer dry periods. The well was being pumped by a shallow lift 
pump which when the static water level dropped during the summer 
or due to interference such as that which occurred during the 
testing program the water supply was interrupted. The well is 
completed into the same aquifer and has substantial available 
drawdown. Although this individual problem was solved in the 
short term by trucking in water and has since been permanently 
corrected through replacement of the shallow well pump with a 
deep well submersible pump. 

This is not a unique problem and does not represent a major 
disadvantage. Many of the pumps and wells in the area are poorly 
constructed and are presently equipped with pumps which are 
incapable of operating in a aquifer where piezornetric levels are 
fluctuating more than a metre on a seasonal basis. Significant 
available drawdown is available in these domestic wells however a 
number of households will require conversion to deep well pumps. 
It is estimated that on the order of 10 well installations should 
be surveyed in the immediate vicinity of the proposed well field. 
Pump replacement costs on the order of $2,000. per installation 
have been estimated, including landscaping. 

5.3 Production Well Design 

The production well design recommendations of this report 
are identical with those outlined in the previous report (WESA, 
1986). In summary they are as follows. 

I. A screened gravel-packed production well should be invest- 
igated to reduce the potential for sand production, increase 
the effective radius of the well especially in the weathered 
bedrock interface aquifer. This type of design will allow a 
maximum well efficiency. 

2. A 400x200 mm design is recommended. Gravel pack and screen 
slot size must be sized according to the formation inter- 
sected at the production site. 

3. A wire wrap stainless steel screen should be used in the 
well to facilitate maintenance. 

4. Installation of the well by cable tool tcchniyues is 
preferred unless it can be demonstrated that other tech- 



niques may provide similar diameters and will not introduce 
unnecessarily large quantities of drilling fluid into the 
aquifer during drilling. Hole stability in this type of 
bouldery weathered bedrock formation is usually a problem in 
uncased drilling methods. 

5. The borehole annulus should be pressure cenierit grouted in 
such a manner as to prevent the vertical migration of 
contaminants. The well head should be completed as to 
allow inclusion of the well in a pump house or connection to 
the pump house by a pitless adapter and service conduit. 



6 . 0  CONCLUSIONS 

The following conclusions have been produced based on work 
conducted in this study. They do not contradict conclusions of 
the previous WESA (1986) study and are designed to be evaluated 
in conjunction with previous statements. 

1. Well D10, drilled to augment well D7, penetrates the upper 
fractured zone of a bedrock shale aquifer. The bedrock at 
Dl0 is similar to that at D7 and the aquifers are hydraul- 
ically connected. The aquifers are confined by overlying 
layers of grey marine clay. 

2. The measured transmissivity of Dl0 is greater than that of 
D7 and should produce a larger safe yield. A conservative 
long term or safe perennial yield of 4.55 l/sec (60 IGPM) 
has been calculated. 

3. Due to moderately low well efficiencies and mutual well 
interference associated with pumping the aquifers, long term 
pumping rates should average a maximum of 6.44 l/sec (85 
IGPM). Pump intakes should be set as deep as possible to 
maximize available drawdown. Intakes should not however be 
set inside the well screen. 

4. Some well interference with the local homeowners was 
observed during the pump tests. This interference is 
largely a function of substandard or marginally adequate 
existing pumping equipment in the homes and farms. These 
systems will require assessment and possibly adjustment or 
replacement if identified as substandard or vulnerable to 
interference. 

5. The water quality has been assessed to be generally accept- 
able based on Ontario Ministry of the Environment objectives 
for public water supply related to health. The parameters 
that were seen to exceed the MOE objectives are ammonia, 
hydrogen sulphide, TDS, and colour. These constituents are 
largely related to aesthetic water quality criteria. In the 
case of ammonia the concentrations do not appear to be 
associated with other substantial contamination. The water 
quality in the aquifer is far better than that presently 
available to St. Pascal from the reservoir site both from a 
quality and quantity perspective. The water is generally 
used without complaint by local farming operations, dairy 
and market garden as well as a number of residences without 
complaint. 



The following is recommended in light of the results of this 
investigation. 

1. Field studies to date indicate that a total yield of 6.4 
l/sec (85 I G P M )  may be obtained from two pumping centres at 
Site 2 and Site 3. Recommended pumping rates for the two 
sites are 2.0 l/sec and 4.5 l/sec respectively. 

2. TO maximize available drawdown and therefore yields, pump 
intakes should be set as deep as possible in the wells above 
the screen. Large diameter 400 X 200 mm gravel packed 
production wells should be employed to minimize well 
efficiency and sand production. 

3. Treatment of the water to improve its aesthetic qualities 
might be desirable in the long term. A treatability 
analysis is recommended. 

4. An inventory of domestic and farm wells should be undertaken 
prior to any development of the communal system. On the 
order of 10 potential interference sites have been ident- 
ified. Problems do not relate to the magnitude of the 
interference but more to the marginal condition and design 
of the pumping equipment in the homes and farms. This 
inventory may then be used to assess the validity of any 
potential future claims against the municipality and may 
also be used to identify substandard water systems on behalf 
of the owners. A contingency allowance for the upgrading of 
wells and pumping systems in the affected area should be 
considered in the overall project costs, 

Respectfully submitted, 

Tom Xeil B. Sc. 
Hydrogeologist 

Roger M. Woeller M.Sc. 
Hydrogeologist 
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AI'PENDIX A 

STEP-DRAWDOWN DATA AND CALCULATIONS 



AQUIFER TEST DATA JOBXll2OB WELL#: Dl0 

Type of aquifer test: STEP DRAWDOWN We11 type: PUMP1 NG 
How Q ~easured: ORIFICE WEIR Data type: PUMPING 
Distance from pumplng wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.30 m Pump on: 29-05-87 17:55:00 
Elevation of Measuring Pt. : Pump off: 29-05-87 20:25:00 
Static Water Level (m): 6.85 Discharge rate: 20,40,50,60,70 IGPM 

Time Time 
minutes minutes 

for each step total 

1.0 1.0 
2.0 2.0 
3.0 3.0 
4.0 4.0 
5.0 5.0 
6.0 6.0 
7.0 7.0 
8.0 8.0 
9.0 9.0 
10.0 10.0 
12.0 12.0 
14.0 14.0 
16.0 16.0 
18.0 18.0 
20.0 20.0 
22.0 22.0 
24.0 24.0 
26.0 26.0 
28.0 28.0 
30.0 30.0 
1.0 31.0 
2.0 32.0 
3.0 33.0 
4.0 34.0 
5.0 35.0 
6.0 36.0 
7.0 37.0 
8.0 38.0 
9.0 39.0 
10.0 40.0 
12.0 42.0 
14.0 44.0 
16.0 46.0 
18.0 48.0 
20.0 50.0 
22.0 52.0 
24.0 54.0 
26.0 56.0 
28.0 58.0 
30.0 60.0 
1.0 61.0 
4.0 64.0 

Water Level Data Discharge 
Residual rate 

w.1. (m) Drawdown IGPM 



AQUIFER TEST DATA JOBIll2OB WELLX: Dl0 

Type of aquifer test: STEP DRAWDOVN Well type: PUMPING 
HOW Q Measured: ORIFICE WEIR Data type: PUMPING 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meae. point for w. l.*s: 0.30 m Pump on: 29-05-87 17:55:00 
Elevation of Measuring Pt.: Pump off : 29-05-87 20:25:00 
Static Water Level (m): 6.85 Discharge rate: 20,40,50,60,70 IGPM 

Time 
mlnutes 

for each step 

Time 
minutes 
total 

Water Level Data Discharge 
Residual rate 

w.1. (m) Drawdown IGPM 



AQUIFER TEST DATA JOBI1120B WELLI: Dl0 

Type of aquifer test: STEP DRAWDOWN Well type: PUMP I NG 
HOW Q Measured: ORIFICE WE;IR Data type: PUMPING 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.30 m Pump on: 29-05-87 17:SS:OO 
Elevation of Measuring Pt.: Pump off: 29-05-87 20:25:00 
Static Water Level (m): 6.85 Discharge rate: 20,40,50,60,70 IGPM 

Time Time Water Level Data Discharge 
minutes minutes Residual rate 

for each step total w.1. (m) Drawdown IGPM 



D l  0 Step-Drawdown 

D10 

251.19 

6.000 

5.000 - 

4.000 - 

3.000 - 

2.000 - 

1.000 - 

0.000 

Step Drawdown Curve 
L 

S& Step ~(m~/day) As (m) Sw..(m! 

1 130.92 0.47 0.465 0.023 
2 261.84 0.65 1,115 0.028 
3 327.30 1-33 2.445 0.041 
4 425.49 0.87 3.315 0.051 
5 458.22 0.72 4.035 0.058 

/ f l  
As=0.87m 

f . '  

As=1.33m + 

. ~.,&aml+- 
As = 0.65m 

+ -.+.--C-C+-+ ++t~+++++~ 
As = 0.47m 

, I I I I I I I I , I 

1 .OO 2.53 6.31 15.85 38.81 100.00 



Well E f f i c i e n c y  - Dl0 

WE = Sw t h e o r e t i c a l  Trom i lorabaugh (1953)  
Sw a c t u a l  

Assume pumping r a t e  32 .73  m3/day (5  IGI'M) 



A P P E N D I X  B 

13 HOUR A Q U I F E R  T E S T  DATA AND CALCULATIONS 



AQUIFER TEST DATA JOBX112OB WELLX: Dl0 

Type of aquifer test: 13HR C0NST.Q Well type: OBSERV. 
How Q Measured: ORIFICE WEIR Data type : PUMPING 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.30 m Pump on: 01-06-87 8:OO:OO 
Elevation of Measuring Pt.: Pump off : 01-06-87 21:00:00 
static Water Level (m): 6.75 Discharge rate: 65 IGPM 

Time Water Level Data 
minutes w.1. (m) Drawdown 

3 10.47 3.72 
5 10.68 3.93 
7 10.88 4.13 
8 10.93 4.18 

10 11.03 4.28 
12 11.06 4.31 
14 11.12 4.37 
16 11.16 4.41 
18 11.21 4.46 
2 0 11.24 4.49 
2 5 11.30 4.55 
3 0 11.37 4.62 
35 11.16 4.41 
40 11.23 4.48 
45 11.29 4.54 
50 11.31 4.56 
5 5 11.37 4.62 
6 0 11.39 4.64 
70 11.46 4.71 
85 11.58 4.83 
90 11.62 4.87 

100 11.66 4.91 
110 11.70 4.95 
120 11.71 4.96 
150 11.78 5.03 
180 11.82 5.07 
210 11.94 5.19 
240 12.01 5.26 
270 12.07 5.32 
300 12.18 5.43 
330 12.27 5.52 
360 12.32 5.57 
390 12.36 5.61 
420 12.40 5.65 
450 12.42 5.67 
480 12.47 5.72 
510 12.50 5.75 
540 12.52 5.77 
580 12.53 5.78 
600 12.61 5.86 
630 12.66 5.91 
660 12.69 5.94 
690 12.75 6.00 



AQUIFER TEST DATA JOB#1120B WELL#: Dl0 

Type of aquifer test: 13HR C0NST.Q Well type: OBSERV. 
HOW Q neasured: ORIFICE WEIR Data type: PUMPING 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Heas. point for w. 1.'~: 0.30 m Pump on: 01-06-87 8:OO:OO 
Elevation of Measuring Pt.: Pump off: 01-06-87 21:OO:OO 
Static Water Level (m): 6.75 Discharge rate: 65 IGPM 

Time Water Level Data 
minutes w.1. (m) Drawdown 

775 12.85 6.10 
780 12.86 6.11 



AQUIFER TEST DATA JOBX1120B WELL#: D9 

Type of aquifer test: 13HR C0NST.Q We11 type: OBSERV. 
How Q Measured: ORIFICE WEIR Data type : PUMPING 
Distance from pumping well:46.2 m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.25 m Pump on: 01-06-87 8:OO:OO 
Elevation of Measuring Pt.: Pump off: 01-06-87 21:OO:OO 
Static water Level fm): 6.74 Discharge rate: 65 IGPM 

Time Water Level Data 
minutes w.1. fm) Drawdown 

11 7.50 0.76 
17 7.54 0.80 
26 7.58 0.84 
4 2 7.62 0.88 
5 6 7.66 0.92 
76 7.69 0.95 

148 7.77 1.03 
181 7.79 1.05 
211 7.82 1.08 
241 7.84 1.10 
272 7.86 1.12 
317 7.89 1.15 
362 7.91 1.17 
408 7.94 1.19 
435 7.94 1.20 



AQUIFER TEST DATA JOBI1120B WELL#: D8 

Type of aquifer test: 13HR C0NST.Q Well type: OBSERV . 
HOW Q Measured: ORIFICE WEIR Data type : PUHPING 
Distance from pumping well:372 m Depth pump: 19 .4  m 
Meae. point for w. 1.'~: 0.55 m Pump on: 01-06-87 8:OO:OO 
Elevation of Measuring Pt.: Pump off : 01-06-87 21:OO:OO 
Static Water Level (m): 6.53 Dlscharge rate: 65 IGPH 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA JOBX1120B WELL#: D7 

Type of aquifer test: 13HR C0NST.Q Well type: OBSERV. 
How Q Measured: ORIFICE WEIR Data type: PUMPING 
Distance from pumping well:380 m Depth pump: 19.4 m 
Meae. point for w. 1.'~: 0.55 m Pump on: 01-06-87 8:OO:OO 
Elevation of Measuring Pt. : Pump off: 01-06-87 21:OO:OO 
static Water Level (m): 6.55 Discharge rate: 65 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA WELL#: Dl0 

Type of aquifer test: 13HR CONST Q .  Well type: PUMPING 
HOW Q Measured: ORIFICE WEIR Data type : RECOVsRY 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.30 m Pump on: 03-06-87 8:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 21:OO:OO 
Static Water Level (m): 6.75 Discharge rate: 65 IGPH 

At t' = 0, t = 780.00 Water Level Data 
Time Residual 

minutes t/t ' w.1. (m) Drawdown 

1.0 781.0 7.680 0.930 
2.0 391.0 7.530 0.780 
3.0 261.0 7.470 0.720 
4.0 196.0 7.440 0.690 
5.0 157.0 7.410 0.660 
9.0 87.7 7.350 0.600 
10.0 79.0 7.340 0.590 
12.0 66.0 7.325 0.575 
15.0 53.0 7.300 0.550 
20.0 40.0 7.290 0.540 
25.0 32.2 7.260 0.510 
30.0 27.0 7.245 0.495 
45.0 18.3 7.230 0.480 
60.0 14.0 7.205 0.455 

660.0 2.2 6.950 0.200 



AQUIFER TEST DATA WELL#: D9 

Type of aquifer test: 13HR CONST Q. Well type: OBSERV. 
HOW Q Measured: ORIFICE WEIR Data type : RECOVERY 
Distance from pumping well:46.2 m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.25 m pump on: 01-06-87 8:OO:OO 
Elevation of Measuring Pt.: Pump off: 01-06-87 21:OO:OO 
etatic water Level (m): 6.74 Discharge rate: 65 IGPM 

At t' = 0, t = 780.00 Water Level Data 
Time Res ldual 

minutes t/t' w.1. (m) Drawdown 

6.0 131.0 7.370 0.630 
16.0 49.8 7.280 0.540 
23.0 34.9 7.250 0.510 
44.0 18.7 7.220 0.480 
61.0 13.8 7.190 0.450 

660.0 2.2 6.940 0.200 



Jocob C u m  
20.000 , 

16.000 4 Q = 425.49m3/day (65 IGPM) 

Time (minutes) 

Theis Curve Anafysia 
100.000 , 
39.81 1 

No curve match 

0.631 - 
0.398 - 
0.251 - 
0.158 - 
0,100 7 I t I I 

0.10 10.00 10al.M 

Tim [minutes) 



18.000 A S =  1.45-0.73=0.72m 
17.000 

16.000 Q = 425.49m3/day (65 IGPM) 

Tim (minutes) 

Their C u w e  Amtysis 
1 00.000 

No curve match 
39.81 1 



Time (minutes) 

Jaxlb C u m  
0,200 



Dm-13tRTlEST 
R m r y  c u m  

7.000 

6.000 - 

5.WO - 

4.00 - 

- 

- 

- 

- 

- 

- 

R-ry c u m  
4. 
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APPENDIX C 

71 HOUR AQUIFER TEST DATA AND CALCULATIONS 



AQUIFER TEST DATA JOBI1120B WELL#: D7 

Type of aquifer test: C0NST.Q Well type: PUMP I NG 
HOW Q Measured: BUCKET Data type: PUMP I NG 
Distance from pumping wel1:O m Depth pump: 18 m and 21 m 
Meas. point for w. 1.'~: 0.55 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off: 05-06-87 13:OO:OO 
Btatic Water Level (m): 6.66 Discharge rate: 45 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA JOBY1120B WELL# : D7 

Type of aquifer test: CONST.Q Well type: PUMPING 
HOW Q Measured : BUCKET Data type: PUMPING 
Distance from pumping wel1:O m Depth pump: 18 m and 21 m 
Heas. point for w. 1.'~: 0.55 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: pump off: 05-06-87 13:OO:OO 
statlc water Level (m): 6.66 Discharge rate: 45 IGPM 

Time 
minutes 

Water Level Data 
w. 1. (m) Drawdown 



AQUIFER TEST DATA JOBP1120B WELL#: D7 

Type of aquifer test: C0NST.Q Well type: PUMP I NG 
HOW Q Measured: BUCKET Data type: PUMPING 
Distance from pumping well:O m Depth pump: 18 m a n d  21 m 
Heas. point for w. 1.'~: 0.55 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring pt.: Pump off: 05-06-87 13:OO:OO 
Ectatic Water Level (m): 6.66 Discharge rate: 45 IGPM 

Time Water Level Data 
minutes w.1. (m) Drawdown 

3242 11.04 4.38 
3300 11.05 4.39 
3368 11.06 4.40 
3420 11.10 4.44 
3477 11.11 4.45 
3540 11.11 4.45 
3600 11.12 4.46 
3660 11.13 4.47 
3720 11.14 4.48 
3780 11.17 4.51 
3840 11.18 4.52 
3900 11.21 4.55 
3960 11.25 4.58 
4020 11.33 4.67 
4087 11.31 4.65 
4141 11.33 4.67 
4200 11.35 4.69 
4260 11.34 4.68 
4316 11.36 4.70 



AQUIFER TEST DATA JOBI1120B WELLX: D8 

Type of aquifer test: c0NST.a Well type: oBSERV. 
HOW Q Measured: BUCKET Data type: PUMPING 
Distance from pumplng well:15 m Depth pump: 18 m and 21 m 
Meas. point for w. 1.'~: 0.28 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off: 05-06-87 13:OO:OO 
statlc water Level (m): 6.65 Discharge rate: 45 IGPM 

Time Water Level Data 
minutes w.1. (m) Drawdown 

15 7.10 0.45 
22 7.14 0.49 
32 7.19 0.54 
42 7.25 0.60 
5 2 7.29 0.64 
6 2 7.34 0.69 
82 7.40 0.75 

102 7.48 0.83 
122 7.56 0.91 
153 7.65 1.00 
182 7.73 1.08 
211 7.89 1.24 
241 7.97 1.31 
269 8.03 1.38 
301 8.12 1.47 
339 8.20 1.55 
362 8.27 1.62 
387 8.30 1.65 
417 8.36 1.71 
445 8.42 1.77 
512 8.54 1.89 
536 8.59 1.94 
572 8.65 2.00 
627 8.75 2.10 
692 8.82 2.17 
748 8.89 2.24 
814 9.00 2.35 
869 9.06 2.40 
933 9.13 2.47 
989 9.20 2.55 
1052 9.31 2.65 
1109 9.37 2.72 
1171 9.48 2.82 
1229 9.54 2.89 
1290 9.58 2.92 
1348 9.64 2.99 
1410 9.68 3.03 



AQUIFER TEST DATA JOBX1120B WELL#: D8 

Type of aquifer test: CONST.Q well type: OBSERV. 
HOW Q Measured: BUCKET Data type: PUMPING 
Distance from pumping well:15 m Depth pump: 18 m and 21 m 
Meas. point for w. 1.'~: 0.28 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off: 05-06-87 13:OO:OO 
static Water Level (m): 6.65 Discharge rate: 45 IGPM 

Time Water Level Data 
minutes w.1. fm) Drawdown 

1830 10.04 3.39 
1899 10.08 3.43 
1949 10.12 3.47 
2015 10.16 3.50 
2068 10.22 3.57 
2128 10.23 3.58 
2194 10.27 3.62 
2249 10.30 3.65 
2312 10.33 3.67 
2372 10.34 3.69 
2428 10.39 3.74 
2494 10.43 3.78 
2549 10.46 3.81 
2609 10.56 3.90 
2672 10.57 3.91 
2729 10.59 3.94 
2791 10.63 3.98 
2848 10.63 3.98 
2910 10.65 3.99 
2972 10.66 4.01 
3029 10.69 4.04 
3093 10.78 4.13 
3128 10.79 4.14 
3185 10.79 4.14 
3240 10.80 4.15 
3303 10.84 4.19 
3364 10.84 4.19 
3417 10.85 4.20 
3480 10.90 4.24 
3538 10.90 4.24 
3598 10.90 4.24 
3657 10.91 4.25 
3718 10.92 4.27 
3776 10.94 4.29 
3835 10.95 4.30 
3895 10.99 4.33 
3955 11.01 4.36 
4023 11.10 4.45 
4085 11.07 4.42 
4140 11.09 4.44 
4197 11.12 4.47 
4258 11.11 4.46 
4315 11.13 4.48 



4QUIFER TEST DATA JOB#1120B WELL#: D9 

Pype of aquifer test: C0NST.Q Well type: OBSERV . 
low Q Measured: ORIFICE Data type: PUMPING 
3istance from pumping well:46.2 m Depth pump: 19.81 m 
qeas. point for w. 1.'~: 0.25 m Pump on: 03-06-87 13:OO:OO 
3levation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.93 Discharge rate: 60 & 50 IGPM 

Time Water Level Data 
minutes w.1. (rn) Drawdown 

5.5 7.61 0.68 
7.5 7.64 0.71 
11 7.68 0.75 
15 7.71 0.78 
21 7.74 0.81 
2 8 7.77 0.84 
42 7.80 0.87 
5 2 7.82 0.89 
71 7.84 0.91 
91 7.87 0.94 
121 7.90 0.97 



IQUIFER TEST DATA JOB#1120B WELLS: D9 

rype of aquifer test: C0NST.Q Well type: OBSERY . 
3ow Q Measured: ORIFICE Data type: PUMPING 
Distance from pumping well:46.2 m Depth pump: 19.81 m 
seas. point for w. 1.'~: 0.25 m Pump on: 03-06-87 13:OO:OO 
Zlevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.93 Discharge rate: 60 & 50 IGPM 

Time Water Level Data 
minutes w.1. (m) Drawdown 

- 
1727 8.49 1.56 
1783 8.51 1.58 
1848 8.52 1.59 
1907 8.53 1.60 
1962 8.54 1.61 
2018 8.56 1.63 
2079 8.57 1.64 
2145 8.59 1.66 
2205 8.59 1.66 
2268 8.61 1.68 
2327 8.62 1.69 
2385 8.63 1.70 
2447 8.65 1.72 



AQUIFER TEST DATA JOB#1120B WELL#: D9 

Type of aquifer test: C0NST.Q Well type: OBSERV . 
How Q Measured: ORIFICE Data type: PUMPING 
Distance from pumping well:46.2 m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.25 m Pump on: 03-06-67 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.93 Discharge rate: 60 & 50 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA JOB#112OB WELL#: Dl0 

Type of aquifer test: C0NST.Q Well type: PUMPING 
How Q Measured: ORIFICE Data type: PUMPING 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.30 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.94 Discharge rate: 60 & 50 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA JOB#1120B WELL#: Dl0 

Type of aquifer test: C0NST.Q Well type: PUMPING 
How Q Measured: ORIFICE Data type: PUMP I NG 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1.'~: 0.30 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6 .94  Discharge rate: 60 & 50 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA JOB#llZOB WELLS: Dl0 

rype of aquifer test: CONST. Q Well type: PUMPING 
How Q Measured: ORIFICE Data type: PUMPING 
Distance from pumping wel1:O m Depth pump: 19.81 m 
Meas. point for w. 1,'s: 0.30 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6 . 9 4  Discharge rate: 60 & 50 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA WELL#: D7 

Type of aquifer test: CONST Q. Well type: PUMPING 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping wel1:O m Depth pump: 18 m and 21 m 
Meas. point for w. 1 . ' ~ :  0.55 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.66 Discharge rate: 45 IGPM 

At t' = 0 ,  t = 4,320.00 Water Level Data 
Time Residual 

minutes t/t' w.1. (m) Drawdown 



AQUIFER TEST DATA WELLS: D8 

Type of aquifer test: CONST Q. Well. type: OBSERVATION 
How Q Measured: 0RIF.WEIRData type: IZECOVERY 
Distance from pumping well:15 m Depth pump: 18 m and 21 m 
Meas. point for w. 1.'~: 0.28 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.65 Discharge rate: 45 IGPM 
- -- 

At t' = 0, t = 4,320.00 Water Level Data 
Time Residual 

minutes t/t' w.1. (m) Drawdown 



AQUIFER TEST DATA WELL#: D9 

Type of aquifer test: CONST Q. Well type: OBSERVATION 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:46.2 m Depth pump: 19.81 m 
Yeas. point for w. 1,'s: 0.25 m Pump on: 03-06-87 13:OO:OO 
Elevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
Static Water Level (m): 6.93 Discharge rate: 60 & 50 IGPM 

-- 
At t' = 0, t = 4,320.00 water Level Data 

Time Residual 
minutes t/t' w.1. (m) Drnwdown 

- 
3.0 1441.0 8.100 1.170 
4.0 1081.0 8.050 1.120 
8.0 541.0 7.980 1.050 
10.0 433.0 7.960 1.030 
12.0 361.0 7.940 1.010 
14.0 309.6 7.930 1.000 
16.0 271.0 7.920 0.990 
18.0 241.0 7.910 0.980 
20.0 217.0 7.900 0.970 
26.0 167.2 7.880 0.950 
31.0 140.4 7.860 0.930 
36.0 121.0 7.850 0.920 
41.0 106.4 7.840 0.910 
46.0 94.9 7.830 0.900 
51.0 85.7 7.820 0.890 
56.0 78.1 7.820 0.890 
61.0 71.8 7.810 0.880 
71.0 61.8 7.800 0.870 



4QUIFER TEST DATA WELL#: Dl0 

rype of aquifer test: CONST Q. Well type: PUMPING 
30w Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping wel1:O m Depth pump: 19.81 m 
'leas. point for w. 1 .  0.30 m Pump on: 03-06-87 13:OO:OO 
glevation of Measuring Pt.: Pump off : 05-06-87 13:OO:OO 
jtatic Water Level (m): 6.94 Discharge rate: 60 & 50 IGPM 

At t' = 0 ,  t = 4,320.00 Water Level Data 
Time Residual 

minutes t/t' w.1. (m) Drawdown 
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Jocob C u m  
m.00 

19.000 

18.000 As = 1.4 - 0.88 = 0.52m ( e a r l y )  
17.000 Q = 384.68m3/day (average) 
16.000 

15.000 T = 2.3Q - 

Tlrne (minutes) 

Theis Cuwe Anotp4s 
I m.mo 
63.096 - 
39.811 - 
25.119 - 
15,WB - 
10.000 - 
6.310 - 
3.981 - 
2.512 - 

No curve match 



19.000 

18.030 As = 6.58-3.72 = 2.86m ( e a r l y )  
1 7 . ~ 0  Q = 384.68m3/day (average) 
16.000 

15,000 T = 2.3Q - 

Time (minutes) 

No curve match 
39.81 1 

25.119 

0.158 

0.100 :::: 0.10 : 10.00 1ow.m 

Time (minutes.) 



RECOVERY DATA FOR 07 
Re-ry cuwe 

-. 

As=3.03-0 .26=2.77m ( l a t e )  Q=294.57m3/day 
- 

T = 2.3Q 

4nAs 
- 

= 19.5mz/day 

*+ + + + - 
++c+Y.c 

++ -i + 
++ 

- c+ 

P - # 

- 

_Il_r_--- -- .. -- 

RECOVERY DATA FOR 08 
RCO2vCr/ C U M  

7,m0 0 
A s  = 3.05-0.1 = 2.95m ( l a t e )  Q = 294.57m3/day 

T = 2 . 3 9  - 



RECOWRY DATA FOR D8 

As= 0.781-0.25 =0.53m ( l a t e )  ?=384.72m3/day 

T = 2.3 Q 

4nAs 
5.000 

= 132.6mz/day 

RECOVERY DATA FOR Dl0 

.COO 1 As = 0.785-0.225=0.56m ( l a t e )  (2 = 384.72rns/day 

T = 2.3Q - 



A P P E N D I X  D 

T H E O R E T I C A L  A Q U I F E R  Y I E L D  

AND 

WELL I N T E R F E R E N C E  CALCULA'L'IONS 



THEORETICAL AQUIFER YIELD AND WELL INTERFERENCE CALCULATIONS 

T h e o r e t i c a l  A q u i f e r  Y i e l d s  

The t h e o r e t i c a l  a q u i f e r  y i e l d  c a n  be c a l c u l a t e d  u s i n g  
t h e  f o l l o w i n g  f o r m u l a :  

Qmax = 4nT Asmax where Qntax = maxinluin d i s c h a r g e  [m3 / d a y ]  
W ( u )  

T  = t r a n s i i i i s s i v i  t y  [iitz/clay] 

Asmax = maximum a l l o w a b l e  drawdown [m] 

W(u) = wel l  f u n c t i o n  [\1 

The w e l l  f u n c t i o n  i s  d e r i v e d  by  means o f  w e l l  f u n c t i o n  
t a b l e s  t h a t  a r e  b a s e d  on  t h e  f o l l o w i n g :  

u  = r z S  where r = r a d i a l  d i s t a n c e  f rom pumping w e l l  
4Tt 

S  = s t o r a t i v i t v  [\I 

t = t i m e  s i n c e  pumping began [ d a y s ]  

As = 1 8  m maximum a v a i l a b l e  Dl0 

S  = 4 . 5 6 ~ 1 0 ~ ~  f rom D9 13 h o u r s  

t = 1  f o r  2 4  h o u r  iii:~xiri~uiit 

3650 f o r  t e n  y e a r  s a f e  y i e l d  

7300 f o r  t w e n t y  y e a r  s a f e  y i e l d  

- 7 
t = 1  d a y ,  T  = 40 m2/day u  = 2 .85  x  10 

W(u) = 14.49  

Qmax = 7.2 S / s e c  (95  IGPM) 

-8 
t = 1  d a y ,  T  = 120 mZ/day u  = 9.5  x 10 

W(u) = 15.59  

Qiilnx = 20.15  l / s e c  (255 I G P N )  



t = 3 6 5 0  d a y s  T = 40 m Z / d a y  u  = 7 . 8 1  x 10 - 1  1  
( 1 0  y e a r s )  W(u) = 2 2 . 6 9  

Qmax = 4 . 6 1  l / sec  ( 6 0 . 9  IGPhI) 

t = 3 6 5 0  d a y s  T = 120  m 2 / d a y  u = 2 . 6  x 1 0  -1 1  
(10  years)  W(u) = 2 3 . 7 9  

Qmax = 1 3 . 2  l / s e c  ( 1 7 4 . 2 9  IGPM) 

t = 7300  d a y s  T = 40 m z / d a y  u = 3 . 9  x  10  -1 1  
(20  y e a r s )  W(u) = 2 3 . 4 4  

Qmax = 4 . 4 7  l / s e c  ( 5 8 . 9 7  IGPM) 

t = 7300  d a y s  T = 120  m 2 / d a y  u  = 1 . 3  x 10  -11  
(20  y e a r s )  W(u) = 2 4 . 4 9  

0 
' rilax = 1 2 . 8 3  l / s e c  ( 1 6 9 . 5  IGPM) 



Well  I n t e r f e r e n c e  

The same e q u a t i o n s  used  t o  c a l c u l a t e  a q u i f e r  y i e l d  c a n  
a l s o  b e  u s e d  t o  d e t e r m i n e  t h e o r e t i c a l  lie11 i n t e r f e r e n c e  d a t a .  
H e r e ,  however ,  Q i s  k e p t  c o n s t a n t  and  t h e  drawdown i s  c a l c u l a t e d .  

r = l m  Q = 6.82 l / s e c  (589.14 m3/day 90 IGPM) 

t = 10 y e a r s  (3650 d a y s )  as = 4 . 5 6  x 10-3 

W(u) f rom t a b l e s  = 19.19 

The fo l . lowing t a b l e  shows drawdown f o r  v a r i o u s  r a d i q l  
d i s t a n c e s  and  pumping r a t e s .  

Rad ius  u  W(u) 460 IGPM Q90 IGPM 
(m) As (m) 



APPENDIX E 

WATER QUALITY 



A INSTITUTION ' ERRIN SC1mCE 

MICROBIAL MONITORING REPORT DATE COLLECTED . s e L q ~ S - 6 - n 7  

DATE REPORTED '/'I 3 , 
Cllnlcal Laborat TECH SIGNATURE .'.' f id 

I I I , I 

KEY: CC = Colony Count DRINKING WATER: TT = Total Count 
NG = No Growth NP = Non pathogenic TC = Totai Coliforrn 
NSG = No Significant Growth PP = Potential pathogen FC = Faecal Coiiforrn 
NFL := Normal Flora MG = Mixed growth non-pathogeriic and potential pathogens FS = Faecal Strept. 

The results contained in this report are only representative of the sampIe(s) received by our laboratow. 
Interpretation of the results should include a consideration of the integrity of both the sampling technique and prOtOCOl. . 

.,,, :,,,Jh,n.5 



R o n d e r - L k 6  Camps"> Lld. 

id20 Cmoick Rd.. 
oisws. onorio. 

Certificate 
Can"da K i ~  8x5 of Analysis 
Fhonc ,6131 149~2220 
Tcirz 053-3231 

SUPHITIED BY: 1. ELLIOTT 

ANALYSES DETECIION L I ~ I T  EXIRACTION iiEIHOIi 

5 I D S  T o t .  D i 5 s .  S 
6 N-NO2 N i t r i t e  H i t r  

8 I u r b  T u r b i d i t y  

WATER 2 AS RECEIVED 2 AS RECEIVED, NO S P  2 

REtlARKS: < NEANS LESS THAN. 
NOTE: T H I S  IS A CORRECTION CERTIFICATE. T H I S  

OPY .SUP 
REPORT. 

REPORT C O P I E S  TO: LINDA E L L I O I I  INVOICE TO: LINDA ELLIO' f I  



n"ndar<:w& cnmpPn, L.td. 

5120 CIiniilrX Rd.. 
mwwa "liaiio. 

Certificate 
rnnlds K I J  RXI of Analysis 
Phonc (613) 749~2220 
T ~ i e i  033~3233 

TDS N-MU2 #-NO3 Turb HZS 



5420 CANOTEK ROAD, OTTAWA. ONTARIO K I J  8 x 5  PHONE: 749.2220 TELEX: 053-3233 BONGO GLO 

REPORT OF: Water A n a l y s i s  ~ REPORT NO: 4 1 7 - 2 4 8 0  

PROJECT: DATE: -_-J*-_2_, 1987 

REPORTEDTO: Water & Earth Sciences -- --- 

c/o Linda El 1 i o t t  ~. 

PO Box 430 -. 

Carp Ontario KOA 1LO ~ 

/ / , ? o  % 
- 

Sample Iden t i f i ca t ion :  The sample was submitted in  p l a s t i c  bo t t l e s  l abe l led  U10/72/1120B 

Test Results: CS 137 

I 131 

Ra. 226 

H-3 

L 1.0 BQ/L 

L 1.0 BQ/L ( a s  of June 16, 87) 

0.1 BQ/L 

L 100 BQ/L 

L 1.0 BQ/L 

note: L means l e s s  than. 

Peter Haul ena 
Chief Chemist 



Rondsr<:!+w & c~nnpsn, L,d. 

Id20 Canolek Rd.. 
"lour. ""inria. 

Certificate 
Can&lia K i i  YXI of Analysis 
,'hone I b i 3 i i . I Y 2 2 2 0  
'lricr 053-3231 

REPORT: 417-2480 t COHPLETE f 1 
........................ I 

CLIENT: UATER SUBtlITTED BY: L. ELLIOTT 
PROJECT: NONE ................ 

...................... - 
LOWER 

ORDER ANALYSES DEIECTION L I ~ I I  EXTRACTION nETtlOU 

1 H2S Hydrogen Sulphide 1 0.01 PPW 

7 Cd Cadrsiuw 

9 C1 Chloride -As 
10 Cu Copper -Assa 

14 Pb Lead -Assay 

18 N-NO3 Nitrate Nitrogen 1 0.01 PPh 
19 N-NO2 Nitrite Nitrogen 1 0.01 PPK 
20 pH pH -Assay 

23 504 Sulphate -Assay 1 1 PPM 
24 TBS Tot. Diss. Solids 1 1 PPM 
25 Eurb Turbidity 1 0.1 JCU 
26 U Uranius -Assay 1 0.01 PPM 

~. . 



R o n d l i - ( : ~  bcomp.", Ltd. 

1120 CanoicX Rd.. 
orinra. oncsiia 

Certificate 
Cnnidr K iJ  8x5 of Analysis 
Piionc ,613) 149-2220 
Tdrx 013-3233 

I I 
REPORT: 417-2480 i I PEOJECT: NONE PAGE 1.4 -~ ~ ~ ~ , l  



AundnrCkg.t& Compnns Ltd. 

5120 Ciinocek Rd 
0 , l lwa .  "nivrio. 

Certificate 
findn K E I  RXS of Analysis 
i'hrnc ("3,1149-2220 
T ~ i e r  051~3231 



".,,,I ( . , , ,~b ' . l , "" ." . l ,d  

: .,.I 
,., , . ,  

,. , .,, BONDAR- CLEGG 
I . . , ? . ' 2 .  

' ' 2 . '  

Certificate 
of Analysis 

ELEIlENT SO4 IDS Furb U Zn 
NUfiBER UNITS P P ~  PPX JCU P P ~  PPM ...................... . . . . . .  



BondnrFCyg &Comwnr Ud. 

$420 Canotck Rd.. 
3,iaua. Oi>,a,io. 

Certificate 
~~~~d~ K I I  0x1 of Analysis 
Phonc (6L1) 149-2220 
r d e x :  0 ~ 3 . 3 2 3 3  

1 H2S Hydrogen S u l p h i d e  1 0.01 PPH 
2 A$ S i l v e r  -Assay 1 0.01 P P t  

........... 

6 I -NO2 N i t r i t e  N i t r o  

....... 

ShRPLE PKEPARATIOES NUflkER ...................... ........................... 
HEAVY RINERAL CON€. RS RECEIVED, NO SP 

--- 
REHARKS: i 1EANS LESS THAI. 

REPORT COPIES TO: LINDA ELLIOTT INVOI fE  TO: LIWDd ELLIOTT 



I42OFmorek Rd.. 
oruxe on,ario. 
Canada K i i  8x5 
Phooc 1611) 7dg-2220 
Tenex: 053-32?3 



, , , " ~ , , ~ b ~ l . r n , ! " " .  l l d .  

i l  ('1 . . I>  
..,lil c , .  BONDAR- CLEGG Crrtifirnte 

, , h i ,  r \ $  
of Anal) sis 

, . r  r . a,::> .. *+ , . . +; q :: c .  
. r .  .111 

PKOJECT: NONE E PHI!<IED: ii-JUL-87 
......................... -- 

BLYSES DETECTIDH L i K I l  EXTRACTION 

1 Ma S 0 d i : ~ ~ l  -Assay 1 
2 C1 Chloride -Assay 1 
................... .....-.- --- 

i PPM 
i PP%, 

HUilBER .-.,KT. ~6i t rLE  PPEPkXATIONS NUHBER 



idin cmo,.i Rd. 
otwva. Oiiir"". 

Certificate 
'~annda KI1  8x5 of Analysis 

Phonc (6131 749~2220 
Telex 053~3233 

- X ~ T ~ ~ - 4 1 ~ - ~ ~ - ~ ' ~ p /  
J 

... ........ 

NUMBER UtIITS PPW PPN PPW 

-. 

......... 



Zenon Environmental Inc. 
845 Harrington Court, Burlington, Ontario L7N 3P3 Canada Telephone: (41 6) 639-6320 Telex: 061-8734 

F i l e  No: AN878136 
~ u l y  16, 1987 

re. Linda E l l i o t  
Water & Earth Sci.ences 
Carp Road 
West of Ci ty  of Ottawa 
1 M i l e  North of Queensway 
(~ehi .nd  Ottawa Ford Tractor Sales) 
Carp, Ontario 

KOA 1LO 

Dear Ms.  E l l i o t :  

p l ea se  find enclosed wri t ten confi.rmation of the  requested ana lyses  
on sample ~10/72/112OB (ZENON I D  # :  873406)- 

should any questj.ons a r i s e ,  please do not hes i t a t e  t o  contact  me. 

Yours t r u l y ,  

~ o n a l d  A. McLeod, Ph.D. 
senior Chemist 



ANALYSIS OF SAMPLE FOR DRINKING WATER PARAMETERS 

Aldrin 
Dieldrin 
Carbaryl 
a-Chlordane 
g-Chlordane 
o,p-DDT 
p,p-DDT 
Diazinon 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Lindane 
Methoxychlor 
Methyl parathion 
Parathion 
Toxaphene 
2 .4 -0  
2,4,5-TP 

Detection 
Limit 

(bg/L) 

PCB s 0.05 

Trihalomethanes 0.1 

%Recovery D l 0  Anthracene 
%Recovery D l 2  benzo(a)pyrene 

ZENON ENVIRONMENTAL INC 



N MANN TESTING LABORATORIES LTD. 
5550 McADAM ROAD, MISSISSAUGA, ONTARIO L4Z 1P1 
PHONE: 890-2555 TELEX: 06-960496 

CUSTOMER: Water & Earth Science Assoc. Ltd. 
Box 430 
Carp, Ontario 
KOA 1LO 

ATTN: Mr. Tom Keil 

REPORT #: 877759 

CUSTOhlER REF.# 

DATE SUBMITTED: July 10, 1987 

.......................... CERTIFICATE OF ANALYSIS ........................ 

Sample Description: WATER 

Preparation: Samples were prepared as per modified EPA Method 430.1 

Note: Additional information is available 011 request. 

Methodology: NTA - extraction & colorimetric 

Chemical Results: 

DATE: July 23, 1987 

See Table 1. 

CERTIFIED BY: 
ROY G. SMITH, C.CHEM. 

Members Association oIOnicia1 Racing Chemists, American Chemical Socaely Csnadian Saciehol Forensic Scinncr. Chemical lnslitulc olcanada. 
Ameiican Society lor Testing and Materials Canadian Federation ollndegendeol Businass Benei Busbness Bureaii, Assoctation olihe chemical 
PioleSSion olOnlaito. Asaoclalion o(ProleSsi0nai Engineersofthe Provlnce olOnIario. Canadian Association of Fire Ch;efs, 
American Industrial Hygiene Assoctation. Air Pollulioo Control Association. Canadian Society at Salely Engtneeinng, !nlcinationai Society lor Respiratory Piolection 



GEN-H 

CLIENT:  UATER & EARLY SCIENCE ASSOCfATES LTD. 

REF. NO.: 8 7 7 7 5 9  

TABLE: 1 

CHEMICAL ANALYSIS - GENERAL 

CONC - mg/L 

I I QA/QC I I WELL 1 I I I 
I MDL / mg/L I / WATER I I I I 

CHEMICAL PARAMETERS 1 mg/L / EXP 'T  I TRUE 1 / D 1 0 / 7 2 / 1 1 2 0 8  1 I I I 
.............................................................................................................. 

I I I I I I i I I 
NTA 1 1 I I 

MDL = INSTRUMENTlMETHOD DETECTION L I M I T  

NS = NON S U F F I C I E N T  SAMPLE 

- -  = NO ANALYSIS REQUIRED 

a= EPA U P  1 0 8 3  I C A P  19/7 
b= EPA U P  386 TRACE METALS - I 
c= NBS 16436 TRACE ELEMENTS I N  WATER 

d= EPA U P  1185+US 3 7 8  YINERALS + N 0 3 / F - 6  

i MANN TESTING LABORATORIES LTD._, 


