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1.0 INTRODUCTION 

Water and Earth Science Associates Limited (WESA) was contracted 
by McNeely Engineering Limited on behalf of the Township of Cumberland to act 
as'the hydrogeological consultant during the completion and testing of a water 
supply production well for the Village of Vars. An investigation of Ministry of the 
Environment (MOE) well records and published geological literature identified a 
glaciofluvial complex located approximately 3 km east of the village as a potential 
site for communal water supply development (Figure 1). 

1.1 Terms of Reference 

The purpose of the hydrogeological testing undertaken in the Fall of 
1991 was to drill and test a production well (PPW1) for the Town of Vars water 
supply. The well is intended as a municipal groundwater supply production well in 
the final system construction. The location of the well is illustrated in Figure 2. 
The purpose of the test was to verify that the production well could provide the 
required safe perennial yield. Testing was also conducted to verify the 
groundwater quality as indicated in previous aquifer testing. 

The objective of this report is to outline the physical and geochemical 
properties associated with the 250 mm (10 in.) nominal diameter production well. 
Specifically, this work will evaluate the following concerns. 

1) To determine the operating efficiency of the well at design discharges. 

2) To establish that sand free conditions exist in the well following 
development procedures. 

3) To calculate long term production rates from this well. 

4) To determine the quality of groundwater supplied from this well. 

2.0 RESULTS 

2.1 Background Information 

Work on the Vars water supply project has spanned a five year period. 
As indicated in the following chart, Phase 1 of the investigation consisted of a 
background study and mapping program. Phase I I  consisted of a more detailed 
testing program. Phase I l l  involved a water treatability study. 







Phase Ill is described in WESA, 11990b). WESA (1992) outlined 
results from a detailed treatability study (Phase IVb) completed during 1991. This 
report presents the results of the hydrogeological testing of the fourth phase of the 
program (Phase IVb). 

VARS WATER SUPPLY STUDY CHRONOLOGY 

Water quality verification testing 1991 

During Phase I, potential aquifer sites which were identified during the 
background research and site reconnaissance, were investigated through a 
geological and hydrogeological mapping program (WESA, 1987). Preliminary 
mapping of Cumberland Township included observation s f  natural and man-made 
exposures in gravel pits and river banks located along the glaciofluvial complex. A 
buried glaciofluvial complex is intermittent throughout most of its length in this 
area. 

The results of a geophysical survey completed by the Ministry of 
Natural Resources (MNR) was reviewed, as were internal WESA files detailing the 
morphology, location and orientation of the esker sand and gravel deposits in 
eastern Ontario. 



During the reconnaissance mapping program, eighty-six test holes 
were drilled, by either a truck mounted CME 75 or a track mounted CME 55 
hollowstem drill rig. The reconnaissance drilling program covered most of the 
countryside east and north of Vars towards Leonard, Ontario. The program was 
successful in identifying a number of target locations. Criteria used in identifying 
potential target areas included: the permeability of the deposit, the thickness of the 
aquifer, the recharge potential of the aquifer, the proximity and character of 
potential sources for aquifer contamination, and the required pipeline distance to 
Vars. 

Selected drill holes were instrumented with piezometers to monitor 
hydraulic head distribution. The locations of selected piezometers are shown on 
Figure 3. Hydraulic heads were obtained from the piezometer network to establish 
natural groundwater gradient flow and the rechargeldischarge regime of the glacio- 
fluvial complex. 

An initial potential water supply location was identified 7.5 km south 
of Leonard, Ontario. However, the expense of piping the water to Vars warranted 
further investigation closer to Vars. A small area just southwest of Vars was 
investigated in early March, 1987 with no success. 

The results of the Phase lla study identified a second aquifer located 
further south and closer to the village of Vars. The test well site (TW1) was 
located close to Devine Road where the aquifer was known to be less than 100 
metres wide. It was at this location that a 200 mm (8 inch) diameter, natural 
gravel packed test well was completed by Olympic Drilling Co. Ltd. A 29T cable 
tool drill rig was used to install the well to a depth of 22.3 m (73 ft.) from surface. 
This well was designed initially to be capable of producing a minimum of 7.6 - 
11.4 Lls (100-1 50 IGPM) of potable water. The optimal location was optioned by 
the Township of Cumberland prior to testing. The well was installed and tested for 
yield, efficiency, and water quality. Interference effects and a long term appraisal 
of safe perennial yield, recharge, and water quality were also calculated. 

A draft report was prepared and submitted in 1987 to the M.O.E. 
Regional office in Kingston for review. A final version was submitted in May of 
1990 after comments had been received. 

Further work on this project was started in April 1990 at the request 
of McNeely Engineering Ltd. Phase Ilb of this study involved the repumping of the 
water supply test well to collect water samples for the treatability test program, 
This work was also completed to address water quality concerns identified by the 
Ontario Ministry of the Environment (MOE) in their review of the report. 





In May, 1990 the test well (W7) was pumped at a revised system 
design discharge of 26.5 litreslsec (350 IGPM) for a period of seventy-two hours. 
Physical analysis of the retest was restricted to a brief comparison between the 
1987 and the 1990 data and was completed to  ensure consistency in the 
performance of the aquifer. 

Phases Ill and IV entailed components of water quality treatability 
testing and only involved pumping of the aquifer at relatively low discharge. 
Details of these programs are reported under separate cover as referenced above. 

2.2 Topography and Drainage 

The glaciofluvial complex in the study area is completely buried in 
most areas, and has no surface relief except near test hole OW78 (see WESA, 
1990). Recharge precipitation is able to  infiltrate rapidly into the underlying 
permeable formation at locations where the sands and gravels are exposed at 
surface along the crest of the deposit. However, most of the sands and gravels 
(on the flanks of the esker complex) are overlain by a clayey silt unit which limits 
infiltration of precipitation. The glaciofluvial deposit is drained on its western edge 
by the northlsouth oriented Devine Drain (Figure 1). The Brady drainage ditch cuts 
across the study site about midway between the Devine Rd. and Regional Road #8 
and flows to the southeast. A second ditch is located on the southwest side of 
the complex and cuts northeastward to the eastern edge of the deposit near the 
road. 

2.3 Geology 

2.3.1 Bedrock Geology 

The study area is underlain by Palaeozoic bedrock of the upper 
Ordovician period described by Williams et. at, (1982) as the Carlsbad Formation. 
The bedrock consists of interbedded dark grey shale, fossiliferous calcareous 
siltstone, and silty bioclastic limestone. The water in this unit is characteristically 
sulphurous and exhibits elevated concentrations of  iron. 

2.3.2 Surficial Geology 

The bedrock in the study area is overlain by a succession of 
Wisconsinian Epoch glacial, glaciofluvial and giaciomarine unconsolidated 
sediments. A calcarious compact till with both a clay and sand component, 
directly overlies the bedrock throughout the study area. The till unit is fairly thin 
wi th a maximum thickness of 1.6 metres in the study area at test hole OW72. 



Melt water-derived glaciofluvial deposits were deposited by the 
receding glacial ice at the end of the last glaciation. These esker and buried esker 
deposits are oriented north-south and have identified at five locations in the study 
region. 

The Vars study area is located on an esker deposit which is a 
continuation of the same unit identified at Sarsfield and Leonard. The esker also 
extends beneath Highway 417 southward into the County of Russell. The water 
supplies for the municipalities of Embrun and Chesterville are developed into this 
unit to the south. The distances between the centres of pumping of these water 
supplies are large enough that interference is not considered to be an issue. The 
complex varies between 15.2 m (49.9 ft.) and 30.5 m (100.1 ft.) in width, and 
has an average thickness of 24 m (78.7 ft.) in the study area. 

The esker body appears to be coarser grained along the main axis but 
shows significant but less transmissive connection to sand deposits flanking the 
main core or axis of the deposit. The most transmissive part of the water bearing 
unit appears to have an average saturated thickness of 13 m (42.7 ft.). The 
deposit reached its maximum thickness near the test hole (TWI), at 21.6 m (70.9 
8.). The base of the unit lies on a relatively impermeable basal till. The upper 
surface of the esker is exposed in only a few places and is usually covered by a 
clayey silt unit. The clay unit acts as a barrier to surface contamination (relatively 
impermeable), yet also results in reduced recharge capabilities. 

The esker is bounded on both sides by a silty glacio-marine clay 
deposit of Champlain Sea origin (>  10,000 years old). This unit characteristically 
possesses values of low permeability. The entire complex is overlain by a variable 
thickness of fine to medium grained silty sand. This unit is described as a 
regressive sequence by Terasmae (1  965) and is composed of material derived from 
higher topographic sites in the area through water washing and winnowing by the 
Champlain Sea. The sand reaches a thickness of up to 5.5 metres at OW87. 

2.4 Well Construction and Development 

A schematic of the production well as built is shown in Figure 4. The 
production well PPWl was constructed at a distance of 19.2 metres from well 
TW1. A 500 mm (1 9.7 inch) diameter steel casing was installed in the drilled hoie 
to an approximate depth of 19 metres (62.3 ft.)(Figure 4). A 254 mm (10 inch) 
diameter inner steel casing was installed within the outer casing. A 254 mm, 
stainless steel wire wound screen (length of 3.05 m) was welded onto the bottom 
of the inner casing. The top of screen is at a depth of approximately 20.1 metres 
(65.9 ft.) from ground surface. Approximately 6 metres (1 9.7 ft.) of artificial 
gravel pack (1/8 x 1/4 inch silica filter media) was installed in the bottom of the 
well around the screen. 
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The well was pressure grouted from surface to a depth of 7.6 metres. 
The outer casing (500 mm diameter) extends approximately 0.60 metres above 
ground surface. The inner casing (254 m diameter) extends approximately 0.88 
metres above ground surface. 

Well development was conducted from October 22nd to October 
25th' 1991. The well was initially developed with a stop-start air lift method for a 
period of 22 hours. A shaft line turbine pump was then used to stop-start pump 
the well at a discharge rate of 45.5 Ils (600 IGPMI until the water discharge was 
essentially sand free. 

2.5 Well Testing Program and Analysis 

The aquifer testing program involved an initial step discharge aquifer 
test followed by a 72 hour constant rate discharge test. Water was pumped using 
a shaft line turbine pump. The discharge rate was measured with a 101.6 mm X 
151.4 mm (4  inch X 6 inch) orifice weir. Water was discharged into a man made 
pond located adjacent to the test well. This pond had previously been shown to 
be hydraulically separated from the aquifer. Water levels in the pumping well and 
in proximal boreholes were measured with an electric water level sounding tape. 
The results from the tests conducted on the completed production well are 
described below. 

2.5.1 Step Discharge Aquifer Test 

The step test was conducted on October 28, 1991. The test was 
carried out in four steps consisting of discharges of 12.6 Lls (200 IGPM), 18.9 Lls 
(300 IGPM), 25.2 Lls (400 IGPM) and 27.6 Lls (437.5 IGPM). Each step was 40 
minutes in length. Each step was initiated upon the completion of the previous 
step without allowing for aquifer recovery. Analysis of data is provided in Table 1. 



TABLE 1: STEP TEST RESULTS - PPWl 

The results of  the step discharge test indicate that the test well was 
capable of producing test f lows in excess of the proposed design flow. Data and 
calculations after Jacob-Rorabough are contained in Appendix D. Results of this 
imperial method were unsatisfactory at a discharge of  26.5 Lls (350 IGPM). An 
efficiency of 5.5 percent was calculated. This result does not correspond to the 
observed drawdown and well efficiency. 

2.5.2 Constant Discharge Aquifer Test 

A constant rate discharge aquifer test was begun on October 29, 
1992 after the water level had returned to static conditions foilowing the step 
discharge test. The aquifer test spanned a period of seventy-two hours. The well 
was pumped at a constant discharge of 26.5 Lls (350 IGPM) throughout the test. 
The water level drawdown in the pumping well and the five observation wells 
(TW1, OW84, OW85, OW87 and OW89) was measured, These results are shown 
in Table 2. 



TABLE 2: 1991 DISCHARGE TEST DATA 

The recovery of piezometric levels in the aquifer was monitored for a 
period of twenty-four hours after the end of pumping. A final water level was 
obtained from each monitoring point forty-two hours after the end of pumping. A 
summary of the test results and the corresponding calculated aquifer hydraulic 
parameters are contained in Table 3. 



TABLE 3: AQUIFER ANALYSIS RESULTS - VARS COMMUNAL WATER SUPPLY 

OW84 Recovery --- --- 
I 

OW89 Pumping 777 3.04 x lo-' 435 

OW89 I Recovery I 2380 I --- I 
governing assumptions violated storativity > 1.0 is not valid 

Examination of the drawdown curves and the calculated storativities 
indicate that the aquifer behaves hydraulically as a confined unit with a negative 
recharge boundary condition. The boundary condition effects are likely felt early 
after aquifer pumping because of the narrowness of the esker core and the high 
transmissivity of the aquifer. Calculated storativities, on the order of 1.5 X 10-3 
appear to be representative of this aquifer at this location. Measurable drawdowns 
were recorded in piezometers at large distances north and south of the pumping 
well down the length of the core of the esker immediately after the start of 
pumping. Hydraulic response of the piezometers located outside of the highly 
transmissive core of the esker is delayed but indicate hydraulic connection to the 
esker core. This connection is imperfect, and in the case of the transition from 
pumping to recovery, the heads in these piezometers never attain the drawdown 
levels in piezometers developed into the transmissive core of the deposit. 



The transmissivity and storativity values deemed representative for 
the aquifer were determined by averaging the values obtained for the best 
responding observation wells. A transmissivity and storativity on the order of 732 
m2lday and 8.0 x respectively are estimated for the core of the esker deposit 
and are used later in this report for the calculation of long term yield and well 
interference. All pumping curves (pumping and observation wells) were analyzed 
using the late data (>2760 minutes) of the curves. This provides the most 
conservative values of aquifer response. 

All pumping data curves (PPW1, TW1, OW84, OW85, OW87 and 
OW89) show a break in the slopes at two consistent time periods during the 
seventy-two hour test (at approximately 420 and 2760 minutes respectively). 
These would appear to be hydraulic responses to boundaries. As the pumping 
drawdown cone extends laterally and vertically through the esker complex, it 
encounters geologic materials possessing lower values of hydraulic conductivity 
(fining of the sediments along the edge of the deposit). 

2.6 Water Quality 

The chemical and bacteriological quality of the water was monitored 
during the course of the constant discharge aquifer test. Samples were obtained 
at regular intervals using MOE and USEPA approved sampling protocol. 

The sampling program included both surface and groundwater 
samples. Analysis of all water samples for inorganic parameters was carried out 
by Accutest Laboratories Ltd. of Nepean, Ontario. Samples for bacterial analysis 
were submitted to Accutest Laboratories of Nepean, Bondar-Clegg and Company 
Ltd. of Ottawa, and the Ministry of Health laboratory. All other water quality 
parameters (pesticides, herbicides, PCBs, volatile organics GC/MS (US EPA 624) 
and total phenols) were analysed by Accutest Laboratories. Complete analytical 
reports are contained in Appendix 6. The water quality results obtained from the 
analysis of samples obtained from PPWl at the conclusion of the 72 hour constant 
discharge test are summarized in Table 4, Table 5, Table 6, and Table 7. 

3.0 DISCUSSION OF RESULTS 

3.1 Well Efficiency 

The efficiency of the standby production well PPWl was calculated 
by utilizing a number of different methods. 



TABLE 4 : PESTICIDES AND PCB's 

* ODWO (Ontario D g Water Objectives) - Table 4, Water Management, 
Ontario Ministry of the Environment, Revised, May, 1984. 



* ODWO (Ontario D g Wabr Objectives) - Table 4, Water Management, 
MOE, Revised, May, 1984. 

** Guidelines for Canadian D g Water Quality - Weal& and Welfare Canada, 1987. 





Total N / mgil 1 0.1 1 0.50 

11011 Balance I I 1 0.98 

PPW 1 
Qbrs 

Uranium / mfl 1 1 d.011 < l  1 <O.Ol/ < O . O l l  <O.Ol/ 1 0.02 1 

LOQ = lowest level 
nd = not detected 

ObjeeGves) - Table 4, Water Management, 
MOE, Revised, May, 19 

+* Guidelines for Canadian g Water Quality - Heal& and Welfare Canada, 1987. 

*** No& - Laboratory mmsuremenl. 



The classical method of analysis of step discharge pumping data is the 
Jacob-Rorabough method. The result obtained using this method (5 % well 
efficiency) is inconsistent with the observed well yield (30.3 ils, 400 IGPM) and 
observed pumping well drawdown of 4.5 metres after 72 hours of continuous 
pumping. The failure of the Jacob-Rorabough method may be due to the method 
assumption of homogeneous and infinite area aquifer conditions. The narrowness 
of the site aquifer and the complex hydrogeology of the area adjacent to the 
pumping well suggests the Jacob-Rorabough method may be unsuitable because of  
site conditions. 

An alternate method for the calculation of well efficiency involves a 
comparative analysis of observed and theoretical drawdown data. The calculated 
well efficiency obtained using this method yields an efficiency of 37.7% at a 
discharge rate of 26.5 Lls (350 IGPM). The theoretically derived drawdown in this 
case was obtained from both recovery data in the pumping well and from the 
analysis of drawdown in adjacent monitoring wells during the constant discharge 
aquifer test. The test well ,TWI, (the closest monitoring point) and the production 
well are situated 19.22 metres apart. 

The low well efficiency calculated using the above method may be 
due to the method requiring that the physical hydrogeologic properties of the 
aquifer must be consistent between the observation point and the pumping well. 
The test well (TWI) and the production well are located on a line perpendicular t o  
the core of the esker. However, they are situated in zones of the aquifer with 
differing transmissivities. 

3.2 Water Supply Potential 

The glaciofluvial complex situated east of Vars appears to satisfy 
three of the hydrogeological conditions necessary to meet the water supply 
demands of the community. These points are listed below. 

The local transmissivity will provide sufficient flow of groundwater to a 
production well developed at the test well site. The production well can 
support the design flow plus an adequate margin of safety. 

0 The water can be extracted by a conventional well design as demonstrated 
by both the test well and the production well. The production well produces 
water of a sand free nature whereas the test well may be modified through 
additional development to produce turbidity free water. 

e There appears to be a sufficient aquifer extent with associated recharge area 
to provide for a long term supply. 



3.3 Theoretical Aquifer Yield and Safe Perennial Yield 

Theoretical aquifer yields were calculated for a ten year and twenty 
year period. Values for a ten year design period for aquifer yield were calculated to  
be 6198 m3/day (947 igpm). Yield, available drawdown and time are interrelated. 
This estimate is conservative and does not account for seasonal variations in 
recharge. The aquifer is capable of transmitting this volume of water down its 
length under an imposed gradient from a production well. The production well 
would derive recharge from both the north and the south as well as leakage from 
above and the less permeable bounding deposits. For a twenty year period the 
theoretical aquifer yield is 6009 m31day (918 igpm). These calculations assume a 
perfectly efficient well. A safe perennial yield of 3606 m31day (551 igpm) or 60% 
of the theoretical value to account for well efficiency and a factor of safety would 
be more appropriate. This estimate may no doubt be revised, likely upward when 
addition information is derived from longer term operation of the pumping facility. 

3.4 Well Interference 

Well interference calculations were carried out for five of the 
observation wells for the pumping of PPWl at the design yield for a specified 
period of time (10 years). A theoretical calculation of well interference was also 
done for a hydraulically connected site located 1000 metres from the well. A time 
period of ten years was chosen for these calculations and results appear in Table 8 
with calculations found in Appendix E. A drawdown measurement of 1.43 metres 
was recorded in TWl after three days of pumping the production well PPWl at the 
design discharge of 30.3 Ils (400 IGPM). The theoretical drawdown in TW1 
calculated for a ten year period is 3.50 metres. A number of domestic wells are 
situated within the theoretical cone of influence of the production well. Because 
the core of the esker is largely a linear feature, impact to the north and south is 
anticipated to be of first concern. The predicted influences are anticipated to be 
acceptable from a water supply perspective. 

TABLE 8: WELL INTERFERENCE RESULTS 



3.5 Groundwater Quality 

The geochemical data listed in Tables 4, 5, 6, 7 meet the MOE 
drinking water objectives for all parameters except for iron, colour and TOC. 
Previous concerns regarding turbidity were solved as predicted (WESA, 1987) wi th  
the construction of the properly developed production well. 

The elevated colour concentrations detected are not uncommon for 
this type of glaciofluviaf deposit, especially those located in a forested area. This 
is especially true when the geochemical environment is reducing, as indicated here. 
Colour would appear to be largely derived from organic sources as indicated by the  
TOC concentration (up to 5.4 mg/L). The colour and iron may most likely be 
removed by treatment. The type of treatment and its cost effectiveness are 
currently being appraised by a complete treatability analysis (under separate cover) 
WESA, 1992). 

The 72 hour test for chloroform (Table 6) shows an inconsistency 
between the results provided by Accutest Laboratories and Mann Laboratories o f  
33 and 0 ppb respectively. The reason for this inconsistency is unknown; however, 
a 33 ppb chloroform level is well below the drinking water objective of 350 ppb for 
trihalomethanes. It is to be noted that the travel blank also registered a chloroform 
reading of 62.8 ppb. According to Mann Laboratories, this value is typical for 
Ottawa tap water. 

To aid in the final well design, the groundwater chemistry results were 
used in an adapted equilibrium-based speciation model. The model determines the  
corrosivity or scaling potential of water pumped from the well. It therefore has 
implications for the life of the well screen. Calculations indicate that the water is 
mildly corrosive with a Ryznar Index of 7.7. The model also indicates that the 
pumped waters are supersaturated with respect to calcium carbonate and 
magnesium carbonate (dolomite) and some minor encrustation is expected to occur 
on the well screen. These attributes will likely not impair well operation during the  
20 year design period. The impacts of corrosion and encrustation are discussed in 
Section 3.7. 

3.6 Well Head Protection 

The long term water quality of overburden aquifers is generally 
regarded as good, however, a number of considerations are warranted. This 
system is recharge~dominated and therefore prone to groundwater degradation due 
to various pollutants from the surface (spills, agricultural activities, septic effiuent, 
etc.) if they occur. Flow rates in this type of system are slow and a considerable 
time lag exists between the time that the contaminant enters the ground and the 
time that it impacts on the well. 



A review of the potential conflicting land uses was undertaken during 
the course of the earlier investigation (WESA, 1990). The most significant 
possible source of groundwater contamination in the area was identified as a small 
scale farming operation located to the south of the site. The existing separation 
between the operation and the production well should be sufficient for the design 
period of the system. Long term contaminant loadings from agricultural practices 
are not expected to exceed present levels, however it would be prudent to monitor 
land use in the immediate vicinity of the well site (radius of 2 kilometres). 

Most of the activities which are associated with water supply contam- 
ination are located on the flanks of the esker deposit and therefore the aquifer is 
isolated by the impermeable clay silt materials. Information to date suggests that, 
as a result of the hydrogeologically favourable location of the site, no significant 
conflicts are expected. 

Land use control should be exercised by the municipality to protect 
the well head area. A preliminary zone 500 metres wide on either side of the axis 
of the esker (WESA, 1987) and 2 kilometres north and south of the well site 
should be considered. This is generally referred to in the hydrogeological literature 
as a "well head protection zone". The mechanism by which a municipality 
institutes such a recommendation may be decided by the municipality in 
conjunction with their planners. These types of measures are more prevalent in 
the United States than in Canada and a search for precedent may prove to be 
valuable. A more comprehensive well head protection plan should be developed 
for the well site with the objective of possibly reducing the size of the protection 
zone. A well head protection plan has been developed for the Village of Carp for 
the Region of Ottawa Carleton and is available for review (WESA, 1992b). 

3.7 Production Well Design and Well Maintenance 

The completed production well (PPW1) is a 250 mm diameter artificial 
gravel packed well (Figure 4). This design incorporates a rounded silica gravel pack 
(sized to the formation) between the 500 mm hole and the 250 mm stainless steel 
screen. The advantages of this well design are easier well maintenance (removal 
of well screen encrustation through well acidification) and the screening of fine 
aquifer material, thereby reducing turbidity. 

The standby well should be constructed using the same well design as 
the completed production well. The proposed location of the standby well is 
approximately 40 metres north-northeast of PPW1, This separation distance 
should be sufficient to prevent any impact on pumped water quality during well 
maintenance activities (ex. acid treatment) on the non-operating production well. 



The drilling of a pilot test hole (6" or 8" diameter) is recommended at the proposed 
location of the standby well for verification of suitable geology for construction of 
the large diameter production well. 

At this time no program of scheduled maintenance of the production 
well is recommended beyond the weekly monitoring of well specific capacity 
(dischargeldrawdown). A decrease in specific capacity is an indication that well 
encrustation may be occurring and that periodic acidification by a qualified 
contractor is required. Care should be taken that the proper chlorine and acid 
concentrations are maintained during the cleaning process. Hackett and Lehr 
(1 985) have suggested a free chlorine concentration of between 300 and 500 mg/l 
over an eighteen hour contact time was effective at killing iron bacteria. A 
concentration of twenty-eight percent hydrochloric acid is also recommended. 
Hackett and Lehr (1985) also recommend that the chlorinated water be forced ou t  
into the aquifer to ensure proper cleaning of the formation around the well. A 
surge block will effectively force the water out into the formation and also help t o  
physically break up the precipitates. Review of data and the possible design of a 
maintenance schedule if required should be included in the program at the 
conclusion of the first year of operation. 

The specific capacity is calculated by the maintenance personnel from 
the weekly record of drawdown in the production well and proximal piezometers. 
An automated system with a recorder may be preferred for monitoring of this type 
and would likely be much more cost effective over the longer term. The 
measurement of water levels should ideally be conducted at the same time and the 
same day of every week in order that demand induced fluctuations in the system 
may be minimized. Data collected will also be useful in the appraisal of system 
expansion potential. 

4.0 CONCLUSIONS 

The following conclusions have been derived from the work 
conducted in this study. 

1. A sand and gravel glaciofluvial complex is present 3 krn south east of the 
village of Vars. A production well has been successfully completed 
approximately 700 m south of the Devine Road within this complex. 



2. A twenty year theoretical yield of 6009 m3/d is technically feasible from t h e  
production well and aquifer. A safe perennial yield of 3506 m3/d (551 igprn) 
or 60% of this value to account for well efficiency and a factor of safety 
would be more appropriate. The safe perennial yield of the aquifer may be  
more accurately determined, and possibly enlarged after a period of constant 
monitoring of the system after its commissioning. The design yield of 2621 
m3/d (400 igpm) falls within these ranges. 

3. The means for calculating well efficiency were not effective at this site given 
the complex aquifer geometry and the orientation of the monitoring network 
available for the task. The efficiency of the well is such that the design yield 
and for that matter the safe perennial yield of the aquifer may be obtained 
from the production well. 

4. Depression of the water table or piezometric surface occurs at the site of  
any groundwater withdrawal scheme. In the case of the Vars well site, t h e  
interference effects will be limited due to the fact that few wells are located 
close to the site. Water table depression due to pumping will most likely be  
unmeasurable beyond a radius of 500 m at the projected early system 
discharge rate of 11.4 Lls (first 5 to 10 years). The impact of increased 
discharge rates is not anticipated to be significant over the long term, for a 
discharge of up to 30.3 11s (400 IGPM). Little if any interference on 
neighbouring farm and domestic water supplies is expected at the design 
yield of the well. Discharges over and above these levels must be 
investigated further. If interference in a neighbouring well does occur, it 
may be easily remedied through either deepening of the well or repair or 
resetting of the pump. 

5. Water quality in the aquifer is superior to that found near or under the village 
of Vars. Treatment of the supply may be necessary to lower the colour, 
TOC and iron concentrations in the supply in order that Ontario Water 
Quality Objectives for drinking water are met (MOE Water Quality 
Objectives, 1984). Turbidity in the test well (if used as a standby pumping 
facility) will improve with additional development and pumping. 

6. There does not appear to be any potential groundwater contamination 
sources in the immediate vicinity of the proposed production site. This 
status should be monitored and possibly some form of land use control be 
investigated by the municipality. Any spills or potential conflicts should be 
reported immediately. Access to the well site should be controlled. A 
provincial system for the immediate reporting of spills already exists, and 
should serve as an early warning system for the production site. 



5.0 RECOMMENDATIONS 

The following recommendations have been formulated based on the 
results of the study. 

1. The aquifer at present may be used to meet the long term water supply 
needs for the village of Vars. Monitoring during its operation may establish 
a potentially wider service area and yield for some time in the future. 
Expansion of the water supply requirements placed on the aquifer, beyond 
those stated, should be accompanied with appropriate investigations and 
testing prior to detailed planning. Data collected during the early operation 
of the wells may be used to this end. 

A pre-development survey of all wells within a one km radius of the 
production site should be undertaken. In the event of a perceived 
groundwater interference problem at a later time, the well in question should 
be examined thoroughly and a short report of the condition of the well 
should be compared to the initial survey. Rural based water supplies in other 
municipalities have been subjected to substantial criticism, and their ultimate 
potential reduced due to public opposition and perceived conflicts. The cos t  
of repairing and even replacing allegedly affected water supplies is small in 
comparison to the cost for the municipality operating in an adversarial 
atmosphere. 

3. A treatability study under separate cover (WESA, 1990; 1992) should be 
referenced regarding the feasibility and costs associated with treatment o f  
the water supply. 

4. A pilot hole is recommended at the proposed location of the standby well fo r  
verification of suitable geology for construction of the large diameter 
production well. 



5. A well head protection plan should be developed for the Vars well field over 
the longer term to protect and maximize the municipalities use of the 
groundwater resource. Over the short term while such a plan is being 
developed, an arbitrary protection zone regulating development that may 
place the aquifer at risk should be instituted. An initial protection zone 
defined by and area 500 metres wide on either side of the axis of the esker 
and 2 kilornetres north and south of the well site should be enforced. 

\24 Roger M. Woeller, M.Sc. 
Hydrogeologist 
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GRAIN SIZE DISTRIBUTION RESULTS 



The Ontario Wafer Re*owces Act 

WATER WELL RECORC 
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GRAIN SIZE DISTRIBUTION 
JOHN D. PATERSON & ASSOCIATES LTD. 

28 Gate. Nepean, Ort K2E 737 



WENT Water & Earth Sclence Assoc. ltd. FILE NO. H7823 
DATE r l/ro/er 



APPENDIX B 

ANALYTICAL REPORTS 



4M Cancrtek Road 
htdwa Onrano 
L1J %,! 
613) 749-2223 Telex 053-3233 

C;:EYT: WATER 8 E A R T H  SCIENCES S J S k : T T E 3  9v:  T ,  S U G A R P 4 F  
D S O I E C T :  N 3 N E  ? A T E  PRIkTED: 5-NOV-9 :  

C i fEM,  A B S .  N:?SER O F  DE!ECi!GN 
G ~ i j i f t  SERVICE 4 E L E M E N ? ! f 0 i j ? C ~ N ~  N A ~ E  . . . . . . . . . . . . . . . . . . . . . . .  -------- - - -  - - - -  A S A L v S E S  L!?!T M E T H O D  

1 Fec C Feca? C o i  ' ~ Q , - F / ; ~ O B ;  j 1 iUi 
2 Fec S t  Fecal S:rep/:6031 1 IN! 

3 Dl Cqt S t c  P ' a t e  C n ! / 1 0 0  E' 

4 -6 zol Tot. 3 a c g r . c ~ '  '/1007' 
5 '0: C io ta '  Co':'o::/!COr' 

I i r i  
1 IN! 
1 1 iu: 

?EDCRT C3P!ES TO: 'A#; S 9 S A P q A N  :qV3:CE '0: S Y G A S R A T  



kB cmek Raid 
naua Ontano 
IJ K2 

, I ?  1 " 4 9 - 2 3  Telex 0ij-3233 

4 Dl! lS iOl  OF ICCHC APE I"r;SPECT1021& TESTING SERVICES 

q,'ORi: 232:-tZe5:,8 ( CGMP-E-E  1 ? A C E  1 



* N M N  ESRNG 
5550 McftDANI ROAD! GA, Q W I O  L4Z 1Pl 
PHONE: 890-2555 960496 * FAX: (4 16) 890-0370 

CUSTOMER: WATER A N D  E A R T H  S C i .  
P.0.BOX 430 
CARP ONTARlO 
K O A  7L0 

REPORT # :  972801" 

PROJECT # 2 4 9 2 A  
PROJECT NAME: 

ATTN: T.SUGARMAN DATE SUBM I TTED : 1997-17-05 

Sample Description: WATER 

Preparation: Sampies were prepared as reconmended in APHA 
Standard methods for the examination of water and 
wastewater,16th Edition, 7985 o r  MOE Handbook o f  
analytical methods f o r  environmental samples, 
1983 

Note : Additional information is available on r e q u e s t .  

instrumentation: 

Metals - Jarre15 Ash 61E ICA? emission 
Perk in Elmer 3030 Zeeman graphite furnace 
Perkin Elmer 2380 cold gapour AA 

Anjons - Dionex 2C00i ion chromatograph 

Conventionals - Skalar S A 5  Segmented flow analyzer 

Chemicai Results: See attached tables 
Quality control data: See attached tables 

CERTIFIED BY: 
J i m  Forrester 
Manager, 1 norgan i c D e p t  . 



N JESTING RIES Lm. 
5550 MADM ROAD, MISSISSAUC14, OKTARQ L4Z 1P1 
PHONE: 890-2555 TELEX: 06-960496 FAX: (416) 890-0370 

Water & Earth Science Associates Ltd. 
P. 0, Box 430 
Carp, Ontario 
KOA 1LO 

REPORT #: 112300 CUSTOMER. REF.#2492 A 

DATE SUB-: Nov 5,1991 DATE REPORTED: Nov 12, 1991 

Sample Description: WATER 

Analysis Perf- VOLATW ORGANIC ANALYSIS 

Rotocol based upon U.S. EPA Method #624. Samples ware received on Nov 5, 1991. 
Samples were fortifid with isotopically labelled in- standards and analyzed by purge 
and trap gas chtomatopphyfrnass spectrometry CPT-WS) on Nov 7,1991. 

Note: A d d i t i d  Mornnation is available on request. 

Instnunmution: - Telimar ALS 2016 Auto Liquid Sampler. 
- Tekmar LSC Purge and Trap Ccatcentrator. 
- Hewlett Packard 5890 Gas Chromatograph 
- Hewlett Packmi 5970 Mass Selective I)etector. 

Analytical Results: See Tables 

Nellie Sio, B.Sc., C.Chem 
Project Leader-Volatile Organics 

WllT@SED BY: 
Richard Szawiola, B.Sc.,C.ehem.* 
Manager, Trace Organics 
* Refer inquiries to 



MANN TESTING RIES Lm, 
5550 MADAM ROAD, MISSISSAW ON7ARO L4Z 1Pt 
PHONE: 890-2555 * TELEX: 06-960496 * FAX: (4 16) 890-0370 

WATER & EARTH SCIENCE ASSOCLAW LTD. DATE OF REPORT: November 12, 1991 
P.O. 3ox 430 
Carp, Ontario DATE OF RECEIPT: November 5, 1991 
KOA 1LO 

MTLLAB. NO. : 912808 

A ~ ~ O N ; .  TMSUGARUAN CLIENT REF. NO.: Proj# 2492A 

~ U F S ~ S U B ~  : Watcx 
MKiXfOr) : Modified C o r n ~ l c  Gas Iwkatur M 

COMMENIS: 
ML)L = Method Detection L i d  
BMDL = &low Method Detection Limit 
Nt) = Not Detected 

AL ~ua l i ty  services , Air 



AC C UTEST UBORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPORT OF ANALYSES 

Water 2% Earth Sc.Assoc. LAB REPORT NO: A1 -250 1 

DATE: Nov.14,1991 
T.Sugarman DATE SUBMITTED: Oct.29,1991 

PROJECT: 2492A 

SAMPLE MATRIX: 
r , 
? 1 i Sample Sample 1 Sample Sample 
I PARAMETER I UNJTS , LOQ ' PPW1- , P W I -  i i i 
I 1 ! 
I j I Ihr. , Ghrs. I 

I 1 I I I 
I 4 

I Fe mgJL 
i I 

I 0.01 1 0.54 i 0.59 ' I 1 1 Hardness I mg/L 3 I 168 T 
j I 

I 

1 Alkalinity 
I 

mglL 2 ) 186 1 I I 1 
I I ! 3 

I PH i i 0.01 7.95 1 
i I 

I ' Conductivity j umhoslcm j0 i 310 , 
\ 

1 I 

I F  1 mg/L t 0.01 / 0.1 1 1 
I 7 1 Na mglL 70 ' I I i 

i I 

N-NO3 1 mgiL 0.1 a n d nd , 
j N-NO2 ! mglL 1 0.1 j ~d , 

1 I I I N-NH3 1 mglL I 0.1 1 0.32 s 

1 SO4 1 mglL 9 l  32 I 
I 1 I ! 

I I I f ? I 

i CI I mglL 1 i 1 i  3 5 1 i 
J 

1 Phenols 1 mgiL ! 0.002 i nd ' nd 1 I i 
i i 

I Turbidity M U  , O m 7 /  n d n d I I 1 ~ o l o u r  i PtlCo Units 2 I 30 30 * I 
I I I 

i 

1 Ca mglL I 1 :  49 f I i I ! I 
I Mg mglL i 1 I 11 I t r 
! Total N j mglL i 0.1 j 0.50 i 

; I 1 K I mglL f I 3 I I 

TOC 
i 

I mglL 
I i 

0.1 j 5.0 5.0 i I I 

I 

1 TDS 
I 
I 1 [ mgiL 1 I 182 , 182 

H2S i mg / l  0.02 0.02 0.02 i 
I I i I 

I lon.Balance I 

5 I 0,98 i I 
I I 

i 1 i 
i i i I t 

I 
I i I I I 

I I 1 ! I 
I i I 

1 i 
I I 

1 
i 8 

LOQI lowest level of prumeter that can be quantitated with confidenm nd= not detected 
GOMMENTS: 



ACC UTE ST UeoRAToRlEs LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPOFU OF ANALYSES 

Water & Earth Sc.Assoc. LAB REPORT NO: A1 -250 1 

DATE: Nov.14,1991 

Attention: T. Sugarman PROJECT: 2492A 



ACC UTEST unoRATo,i,s no. 

146 Colonnade Road, Un~t 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

f?EPWT Of ANALYSES 

Water & Earth Sc.Assoc. LAB REPORT NO: A1 -250 1 

DATE: Nov. 14,1993 

PROJECT: 2492.A 

PARAMETER 

Bromodichloromethane 

Bromomethane 
Carbon tetrachloride 
Cnlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 

Chloromethane 
Dibromochlorornethane 
1,2-Dibromoethane 
m-Dichlorobenzene 
o-Dichlorobenzene 
p-Dichlorobenzene 
1,1 -Dichloroethane 
1.2-Dichloroethane 
c-7,2-Dichloroethene 
1,1 -0ichloroethylene 
t-1,2-Dichloroethylene 
1,2-Dichloropropane 
c- 1,3-Dichloropropene 
t-l,3-Dichtoropropene 

Methylene chlorids 

I, l,2,2-Tstrachloroetkane 



ACC UTEST ~ B O R I T O R I E ~  LTD. 

146 Colonnade Road, Unit 8. Nepean. Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPORT OF ANALYSES 

Water 8 Earth Sc.Assoc. LAB REPORT NO: A1 -250 7 

DATE: Nov. 14,1991 

PROJECT: 2 4 9 s  



ACCUTEST LABORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPORT OF YSES 

Water & Earth Sc.Assoc. LAB REPORT NO: A1 -250 7 

DATE: Nov. 14,1991 

PROJECT: 2492A 

PARAMETER 

Bromodich loromethane 

Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chioroethylvinyl ether 

Chloromethane 
Dibromochlorome'thane 
1.2-Dibromoethane 
m-Dichlorobenzene 
o-Dichlorobenzene 
p-Dichlorobenzene 
1,1-Dichloroethane 
1,2-Dichloroethane 
c-5,2-Dichloroethene 
1,1-Dichloroethyiene 
t-l,2-Dichforoethylene 
1,2-Dichloropropane 
c-1 .%e)ichloropropene 
t-1 ,%Dichioropropene 

Msthyfene chloride 



AC C UTE ST UBoRIToRlEs 'To. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

FtWOFU OF ANALYSES 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: A1 -250 1 

DATE: Nov.14,1991 

PROJECT: 2492A 



ACC UTEST u s o ~ A ~ o R l E s  'To. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: 

T.Sugarman DATE: 

PROJECT: 

,PARAMETER/ UNITS LOQ i AL 1 MTD i STD r STD 1 ACC i ACC / 
1 I 

I 1 
I 

BLK I LAB . ACT ( DEV I YIN / 
1 i 

I I i I 1 1 I I J 
'Fe Irng/L ' 0.01 0.01 ;nd 0.5 0.47 0.07 'Y 1 

I 
l~ardness jmg/L 3 I ! 1 n d  ! 4 5 :  45 10 IY I 

!Alkalinity jmgk ; 21 1 Ind  + 4 0 1  4 0 1  8 IY I 
I I P H  I 

0.01 , 0.01 ,nd 
I ' 4.5 1 4.52 , 0.23 !Y 

:Conductivity lurnhoslom 10 ! 10 n d  i 350 347 1 45 'Y I 

: F 
I 

lmg/L : 0.01 / 0.01 jnd j 2.4 2.2 0.22 /Y 
, Na j mglL 1 ;  1 , n d  i 391 37 5 IY  
N-NO3 ; mgIL 0.1 / 0.01 :nd 0.37 0.36 0.06 Y 

,&NO2 
I 

/ mg/L 0.1 i 0.01 ind i , 

6 0.02 i 0.01 /nd 

LOQ-limit of quantitalon ST0 LAB-Lab generated vdus of standard 
U~accuraq limit 
MTD BW-mthod blank 

mactuai value of standard 



ACCUTEST u,oR,ToR,,8,To. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

MFTHODSIINSTRUMENTS 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: 

T.Sugarman DATE: 

PROJECT: 

I 
! 

PARAMETER 

llron 
/ ~ a r d  ness 
!Alkalinity 

/PH 
 conductivity 
/Fluoride 
\Sodium 
!   it rate 
#Nitrite 

;Chloride 
[~henols  
!Turbidity 
/ Colou r 
iCalcium 
[ ~ a ~ n e s i u m  
/Total Kjeldahl Nitrogen 
I i Potassium 
iTotal Organic Carbon 
I ~ o t a l  Dissolved Solids 
Hydrogen Sulfide 

I I 

/APHA 303~,303~,3051 Jobin Yvon JY24 ICP Spec. 
I 
I 

lAPHA 314A,3148 / 
1 APHA 403 I I 

'APHA 423 
I 
' Fisher 119 pH Meter 

APHA 205 I Extech Oyster Conductivrty Meter 
APHA 41 38  

, 
I j Fisher Accurnet pHllSE Meter 

I 

/APHA 303A,303C,3051 Varran SpectrAA-10 AA Spec. I 

/APHA 4 1 8 ~  1 Technicon Autoanaiyser 
1 

I APHA 418F ; Technicon Aotoanalyser 
APHA 4 1 7G j Technicon Autoanalyser , 

I 1;;; ::;: 8 Technicon Autoanalyser 

1 APHA 51 0C / Technicon Autoanalyser 
APHA 214A 1 Hach 2100A Turbidimeter 
~APHA 2048 I Milton Roy Spectronic 2Od I 

I 
I 

IAPHA 303A,303C,305 Varian SpectrAPI-10 AA Spec. 
IAPHA 303A,303C9305 Varian SpectrAA-10 AA Spec. I 

I APHA 420A i Tecator 1007 Dig.11002 Dist. 
APHA 303~,303~,3051 Varian SpectrAA-10 AA Spec. I 

I I 

1APHA 5068 I Astro2001 TOCAnalyser I 

'APHA 2098 ' Mettler AJIOO Analytical Ba!ance 
1 

I I , 
~APHA 42742 I Milton Roy Spectronic 20d I 

I 

I 
1 I : 
1 METHOD INSTRUMENT I 

1 



UB REPORTNO.: 
N u m b  de rapport: 

ACCUTEST ~ a b o r e i e r ~ d .  
* 

146 Colonnade Rood, Unit 8. Nepean. Ontario K2E )Y1 Tel.. (613) 727-5692 Fax: (613) 727-5222 

8ACTERIOLOG!CAL ASSESSMEM OF WATER 
WALUATION BAC@RIOLOGIBUE M L'EAU 

K APPROPRIATE BOXES'COCHER LA CASE APPRoPRI~E 

SAMPLING IWlRUCTIONS 
DlRECTNES POUR LE PR~~.&MENT 

1. Do E T  rlnse sample container - 
NE dncer k bouMe w eite de xxllum. 

2 W r n L w t m b 2 t o 3 m k r  sample. 
~akser couler Peau pendant de rempk k boutelle. 

9 Ri born to about H hch horn the top. 
Rempit k boubitle jwgu8 2 cm du knrdx>n. 

Les khanffllons ddrent antver au kboratoire dons ies dB h e m s  ap& le p f & k m n t ;  les khanffllons d'eau non-potabb 
retourn& dans ies 6 heures ou, si rEdrlgtk85, dans les 24 hems qui suhfent le prithement. 



de 

A C C UTE ST ~boratorier M. 
146 Cdonnade Rood, iln~t 8. Nepean. Ontarlo K2E N1 Tel $613) 727-5692 Fca (613) 727-5222 

BACTERIOLOGICAL ASSESSMENT OF WATER 
&MUATION BAC@RIOLOGIBLIE DE L'EAU 

WPlE INFORMATIOWRE 

SAMPLING IE(STR1ICTIONS 
DIRECTIVES POUR LE PR~L&MEM 

DRlNKlNC WAER/uul POTABLE 

a rreated/bde o ~ o f ~ w t & / W u r c 5 e  

c3 wetl/fNits edstaot 

I .  Do N O T  hse sample container - it conktlns sodium thtowiphate presemrtive. 
car ele contlent f'agent prhmtrtut tnkaulphate de wdiwn. 

NoKoRINKlNG WATER/EAU NON POTABIE 

0 Rlver/RMh 0 Pool/Phrckw, 

sf3m/b~t 0 Lake/Loc 

0 OIher/Auw 

spec& 
*MBz: 

2 m W ~ f E X 2 k 3 ~ ~ b e k n e ~ o l l e c t h ' t g ~ c l m ~ .  
couler reau pendant 2 ou 3 minutes o ~ n t  de IErmplsr la bcwteile. 

3. R b~met~at>outH M h w n  the top. 
iremgElr k boutellie IYrqu'b 2 cm du kwrdron. 

HQlE must be submmed to fhe kboratory wltt?in 48 ham d colleclkm. 
wpotable, wmpleswberecelved*ln 6- Iun ted or within 24 houn I twf. 

: Les &hantttkxrs dobent anhe au labomtoire dons les 48 hsunes ap&s le pf&mmnt les khanfdkxrs d'eau nokpokrble d o M  &re 
retouds cjans les 6 heures w, si &gMs, dons les 24 hsures qui suivent le pi8khement. 

TEST ~ S U L ~ ~ / R ~ S U L . T A T S  DES TESTS COMMWREMARQUES 



AC C UTE ST umoR,ToRt,s ,m. 
146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Water Sr Earth Sc.Assoc. LAB REPORT NO: A1-2514 
DATE: Nov.15.1991 

T.Sugarrnan DATE SUBMITTED: Oct.29.1991 
PROJECT: 2492A 

SAMPLE MATRIX: 
, - Sample Sampie , Sampie Sample 

PAMMETER UNITS LOQ ' PPW1- P W 1 -  I 

12hrs. 24hrs. 

7 P 

, Fe mglL 0.01 0.60 0.62 
Mn I mg1L 0.01 1 
Hardness , mg/L 3 

I 
I 

Alkalinity I mglb 2 1  

I PH 0.01 
I 

I 

Conduct~vity umhosfcm 10 

F mglL 0.01 I 

Na mgiL 1 , I 

N-NO3 mglL 0.1 nd 
N-NO2 

"d 8 

mg/L 0.1 

N-NH3 mglL 0.1 ' 
I 

So4 mg/L 3 4 3 
GI rnglL 1 2 1 '  

Phenols , mglL 0.002 nd nd ! 

Turbidity NTU 0.1 nd nd 
I 

, Colour , PtlCo Units 2 , 20 20 1 

Ca I mglL 1 i I I 

, i mglL ' 1  i 
Tann./Lig. I mglL 0.5 I I 

Total N ' mglL 0.7 I 

I K I mg/L 7 I 
1 

I 

Ion. Balance I 

I 
I 

I 

LOQ= lowest level of parameter that can be quantitated with confidence nd= not detected 
COMMENTS: 



AC C UTEST UBORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

QUaLrrY ROL CERTIFICATE 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: 

T.Sugarman DATE: 

PROJECT: 

5 

iPARAMETERi UNITS LOU 8 AL MTD 1 STD 1 STD I ACC : ACC I 

I I 

! I 
I BLK ' LAB ! ACT DEV j YIN 1 

1 

1 Hardness ImglL 3 1 nd 
I 
,Alkalinity : rng1~ 

I 

2 1 'nd 

I P H  0.01 0.01 nd 
'Conductivity umhoslcm ; 10 70 nd 
1 F 1 m g/L 0.01 0.01 nd 
I ~a l m g l ~  I ! nd 
N-NO3 , mgiL 0.1 0.01,nd 
N-NO2 m g!L I 0.1 0.01 'nd 

,N-NH3 I mg/L 0.1 0.07 ~ n d  
1 SO4 'mg!L I 3 3 n d  
I CI [ m g l ~  I 1 ,  1 : n d  
'Phenols , i mg/L ' 0.002 0.002 'nd 

NTU ;Turbidity 0.1 , 0.1 ,nd 
iColour lPt!CoUnits 2 2 nd 
1 ~a / m g l ~  ' I  1 jnd 

l M 9  l m9lL , f 1 1 tnd 
I 
lTann.lLig. ] m g / ~  I 0.5 , 0.5 :nd 
$Total N 1 mglL 0.1 0.1 ,nd 
'K i 

I mgfL ' 1  1 'nd 
~TOC I mglL 0.1 0.1nd 
'TDS 1 m g l ~  ' 1 1 'nd 

1 
I H2S / m g l ~  0.02 0.01 ,nd 
I 1 I 
I I I i 

i I 
I 1 I i I I 

i ! I ! i I 
I 

I J 

LOQ-limit of quantltaion S T 0  USBmLab generated value of standard 
AL~accuraey limit 
MTD BLK-mthod blank 
n d ~ n o t  deteeula 

STD ACTmactual vdue of standard 
ACC D%d=acceptabk deviation o 

VIEI=IS STD LAB within de 



ACC UTE ST u,o,,,o,,gs ,To. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 TeI.: (613) 727-5692 Fax: (61 3) 727-5222 

METHODSIINSTRUMEKTS 

CLIENT: Water & Earth Sc.Assoc. L48 REPORT NO: 

T.Sugarman DATE: 

PROJECT: 

I 
t PARAMETER I METHOD INSTRUMENT I 
I i 

t 
I 

!Iron IAPHA 303A.303C,305' Jobin Yvon JY24 ICP Spec. 
I 

;knganese iAPHA 303~,303~,305/ Jobin Yvon JY24 ICP Spec. I t 

'Hardness 

I Alkalinity 
I pH 

'Conductivit)l 
I FIuoride 
Sodium 
Nitrate 

,Nitrite 
;Ammonia 
I Sulfate 
Chloride 
'Phenols 
;Turbidity 
1 Golour 
/ ~ d c i u r n  
e Magnes~um 
/Tannin & Lignin 
 total Kjeldahl N~trogen 
/Potassium 
!Total Organic Carbon 
/Total Dissolved Solids 
i 
,Hydrogen Sulfide 

lAPHA314A,3148 
I 
i APHA 403 
'APHA 423 1 

/APHA 205 
APHA 4 1 36 
APHA 303A,3036,305 
8APHA 418F 
IAPHA 418F 
XAPHA 4 17G 

'APHA 42611 
I I 

,APHA 407A 

Fisher 119 pH Meter 
Extech Oyster Conductivity Meter 
Fisher Accumet pH/lSE Meter 
Varian SpectrAA-10 AA Spec. 
Tech n icon Au toanalyser 
Technicon Au toanalyser 
Technicon Autoanalyser 
Technicon Autoanalyser 

' APHA 51 0C I Technicon Au toanalyser 
/ APHA 2 14A 

I 
Hach 2100A Turbidimeter 

i APHA 2048 Milton Roy Spectronic 206 
/APHA 303~,303~.305/ Varian SpectrAA-1 0 AA Spec. 
IAPHA 303A,303C,305, Varian SpectrAA-10 AA Spec. 
~APHA 51 3 Milton Roy Spectronic 20d 
IAPHA 420A 1 Tecator 1007 Dig.11002 D~st. 
'APHA 303A,303C,305/ Varian SpectrAA-10 AA Spec. 
/APHA 5056 I Astro 200 1 TOC Analyser 
/APHA 2098 ' Mettler A J I O O  Analytical Balance 
i APHA 4276 , Miiton Roy Spectronic 20d 
I 
i 



ACC UTE ST UBoRIToRlEs no. 
146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

EPORTOf YSES 

Water & Earth Sc.Assoc. LAB REPORT NO: A1-2514 

DATE: Nov.?5,199t 

Attention: T.Su garvan PROJECT: 2492A 



ACCUTEST u ~ o ~ ~ ~ o ~ ~ ~ s , m .  
146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Water & Earth Sc.Assoc. L48 REPORT NO: A1 -257 4 

DATE: Nov. 7 5,1991 

PROJECT: 24924 

PARAMETER 

Bromodichioromethane 

Bromomethane 

Chiorobenzene 
Chloroethane 
2-Chioroethyivinyi ether 

Chioromethane 
Dibromochloromethane 
72-Dibromoethane 
m-Dichlorobenzene 
o-Dichlorobenzene 
p-O~chlorobenzene 
1,l-Dichloroethane 
1,2-Dichloroethane 
c-7,2-Dichloroethene 
1 1 -Dichioroethylens 
t-1.2-Dich loroethyiene 
1,2-Dichloropropane 
c-1.3-Dichloropropene 
1-1.3-Dichloropropene 

Methytens chloride 



AC C UTE ST me,,,,,,,,, Lm. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPORT OF YSES 

Water & Earth Sc.Assoc. LAB REPORT NO: A1 -251 4 

DATE: Nov. f 4,1991 

PROJECT: 2492C4. 



ACC UTEST ~ B O R A T O R ~ E ~  LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

KPORT OF ANALYSES 

Water & Earth Sc.Assoc. LAB REPORT NO: A1-2574 

DATE: Nov. 15,1991 

PROJECT: 24934 

PARAMETER 

Bromodichioromethane 

Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Ghloroethane 
"LChloroethyivinyi ether 

Chloromethane 
Dibromochloromethane 
1.2-Dibromoethane 
m-Dichlorobenzene 
c-Diehiorobenzene 
p-Dichiorobenzene 
? t -Dichloroethane 
1,2-Richloroethane 
2-1.2-Dichloroethene 
I ,  1 -Dichioroethylene 
i-1.2-Dichloroethylene 
1 2-Dich loropropane 
c-1,3-Dichforopropene 
t-l,3-Dichloropropene 

Methylene chloride 



AC C UTE ST UBORITORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontarro K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

RE OF YSES 

CLIENT: Wa?er & Earth Sc.Assoc. LAB REPORT NO: A1 -25 14 

DATE: Nov. 14.1991 

PROJECT: 2492A 



* 

ACCUTEST Laboratories ~ d .  

146 Chionnode lhxld U n ~ t  8, Nepean. Ontarlo K2E 7Y1 lei (613) 727-5692 Fox (613) 727-5222 0 
BACTERIOLOGICAL ASSESSMENT OF WATER b' 
&NUATION E~ACT,~RIOLOGI~UE DE L'EAU 

S4MPI.E INFORMAWRENSIGNEMEMS SUR V~HCWTIUON 

SAMPLlNG INSTROCflONS 
DIRECMS POUR LE P R ~ ~ M E M  

1. Do pOJ fins6 sample contolner - it contains sodium thlosulphate pres~wuttve. 
FIE p ~ s  ti- & bouteile car e ~ e  contient rogent ur sodium t h i o s u i ~  de 

2 mwt~nfor2b3mkiutesbe loteWWw 
Lofssa couler I'eau pendant 2 ou 3 minutes o ~ n t  de R3fnplr la bouteille. 

3. inch from he  top. 
usqu'd 2 cm du bouchon. 

- .  
UC?lE' must be submmed to ho n. 

Non potable samples be if u or within 24 hours II ted. 

: Les Bchantillons d o W t  anfver au labomtoite dans les 48 heures ap tkhantillons d'eau norrpotaw m i  Litre 
retourn& dons ies 6 heures ou, si &gh&, dons les 24 heures qu nt. 

TEST RESUL~~~R~SULTATS DES TESTS ES 



LAB REPORT NO.: 
% ~umtko de rapport: 

ACC UTE ST Loboratories ~ d .  
146 Colonnade Rood Unit 8, Nepean Ontorto K2E 7Y1 Tei (613) 727-5692 Fox (623) 727-5222 

BACTERIOLOG(CAL SSME NT OF WATER 
&&uATION BAC@RIOLOGIQUE DE L'EAU 

CHECK APPROPRIATE BOXES/COCHER LA CASE APPROPRIEE 

0 ~reatWbrt5e 0 ~o~ed/Nan+urc ie  

a Edsttng Putts existant 

SAMPLING INSTRUCnONS 
DIRECTMS POUR LE PR~L&EMENI 

1. Do S T  ltnse sample container - tt contains sodium Wbsulphate p r e s e m .  
ME @ rlw k bouQeiCe car ef& eontbnt I'4~ent P uf sodium thiosuiphde de sodim. 

2 must fun for 2 k, 3 minutes be(we c d i e c ~  wmple. 
tow corrler Pe~u pendant 2 ou 3 minutes avant de Femplir la bouteile. 

3. w borne to about H inch horn the top. 
Eemplii la jusqu'fr 2 crn du bouchon. 

WOICIE: Samples mwt be submmed to the laboratory wmnin 48 horn d cdledon. 
Non -Me samples be received M h  6 houn if un ted oc w#hh 24 houn If refrigerated. 

: Les khantillons doivent anhier au ioboratoire dans les 48 heures ap& le p&bment; les khantillons d'eau non-putabk, d o i t  6h-e 
&our& dans kts 6 heures ou, Si rehig8&~, dans les 24 heums qui suivent le prdiI8vement. 

TEST RESULWRtSULTATS MS TESTS COMMEwREWRaUES 



ACC UTEST UaoRIToRlCs LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax. (613) 727-5222 

- REPORT OF YSES 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: A1 -2527 
DATE: Nob.!8,1991 

T.Sugarman DATE SUBMIUED: Oct.31,199! 
PROJECT: 24924 

SAMPLE MATRIX: 
I Sample Sample Sample Sample -- 

PARAMETER ' UNflS j LOQ PPW 1- ' 
48hrs. , 

Mr, 
Hardness 
Alkalinity 

PH 
B Conduct~vrty 
F 

Na 
N-N03 
N-NO2 
N-NH3 
so4 
CI 
Phenols 
Turbidity 
Colour 
Ca 

Ms 
Tann.lLrg. 
Total N 
K 
TOC 
TDS 
X2S 
Ion. Balance 

mglL 
, mglL I 

mglL 

umhoslcm 
mgiL 
mglL 
tnglL 
mgiL 
mglL 
mglL 
mglL 
mgtL 
NTU 
PtlCo Units 
mg/L 
mglL 
mglL 
mglL 
mgl t  
mglL 
mgfL 
mglL 

- 
LOQ- lowest level of parameter that can be quantitated with confidence nd= not detected 
COMMENTS: 

ANALYST: 



ACC UTE ST LABORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tei.: (613) 727-5692 Fax (613) 727-5222 

QUALITY COKTROt CERTIFICATE 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: 

T.Sugarman DATE: 

PROJECT: 

PAWMETER UNITS LOQ AL a MTD STD STD ACC ACC I 

j BLK LAB ACT D N  ' YIN 
I 

'Fe mglL 0.01 0.07 Ind 0.5 0.47 0 07 Y 

Mn mglL , 0.01 0.01 ,nd 0.22 0.2 0.03 ' Y  
Hardness 'mglL 3 1 lnd 45 45 10 iY 

I % 

,Alkalinity mglL 2 ? nd 40 4 C  8 'Y 

pH I 0.01 I 0.01 lnd 4.5 4.52 0.23 ' Y  

Conductivity ~lmhoslcm 10 10 nd 350 347 45 Y 
F mgtL 0.01 0.07 nd 2.4 2.2 0.22 Y  
Na mglL f 7 r d  39 37 5 Y 
N-NO3 mgiL 0.1 0.01 nd 0.37 0.36 0.06 Y 
N-NO2 mglL 0.1 0.01 'nd 
N-NH3 mgiL , 0.1 , 0.01 nd 0.23 0.25 0.18 Y 
SO4 mglL 3 '  3 n d  18 18 3 ' Y  
Ci mg/L 1 1 nd 56 56 6 'Y  
Phenols mg/L 0.002 0.002 nd 0.118 0.112 0.045 * Y  
Turbidity ,NTU 0.1 0 . 1 n d  
Colour ' PtiCo Units a 2 2 nd 

, c a  ' m g l ~  ? 1 nd 8 8 1 Y 
'Mg 1mglL 1 1 nd 6 6 7 Y 
Tann.fLig. mglL 0.5 ' 0.5 nd 
Total N * mglL 0.1 0.1 nd 0.71 0.69 0.46 1Y 

, K mgtL 1 1 ' 7 d  1 1 6  11.6 l . 8 ' ~  
1 TOC mg/ i  (1.1 0 1  nd 26 26 5 y 
'TDS mglL ' 1  1 nd 
H2S m g l i  0.02 I 0.01 ,nd 

I ! I 

I I 

I 
8 I I t J 

LOQ-lirnit of quantrtafon STD VIB=Lab generated value of standard 

AL-accuracy limit STD ACT-actual value of standard 
MTD BLK-method blank ACG DRlmacceptable deviation of standard 

ndmnol detectable ACC VlPd=IS STD M within deviation 
ANALSVT: 



ACCUTEST UBORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: 

T.Sugarman DATE: 

PROJECT: 

PARAMETER METHOD INSTRUMENT 

'Iron 
Manganese 

I Hardness 
Alkalinity 

pH 
'~onductivity 
Fluoride 
Sodium 
Nitrate 

'Nitrite 
Ammon~a 
Sulfate 
Chloride 
Phenols 
Turbidity 
Colou r 
Calcium 
Magnes~um 
Tannin & Lignin 
Total Kjeldahl Nitrogen 
Potass~u m 
Total Organic Carbon 
Total Dlssotved Solids 
Hydrogen Suif~de 

APHA 303A.3036,305 Jobin Yvon JY24 ICP Spec. 
APHA 303A.303C.305, Jobrn Yvon JY24 ICP Spec. 

I 

APHA 31419.3748 
;APHA 403 
APHA 423 Fisher 119 pH Meter 
APHA 205 Extech Oyster Conductivity Meter 
1APHA 41 3 8  F~sher Accumet pH/lSE Meter 
APHA 303A.303C.305 Varran SpectrAA-10 AA Spec. 
APHA 41 8F Technlcon Autoanalyser 
APHA 41 8F Techn icon Autoanalyser 

I APHA 4 1 7G Techn~con Autoanalyser 
APHA 4260 Technicon Autoanalyser 
APHA 407A 
APHA 5 10C Technicon Au toanalyser 
,APHA 214A Hach 2100A Turbidimeter 
APHA 2048 Milton Roy Spectronic 20d 
APHA 303A.3036.305 Varian SpectrAA-10 AA Spec. 
APHA 303A,303C.305 Var~an SpectrAA-10 AA Spec. 
APHA 51 3 Milton Roy Spectronic 20d 

1 APHA 420A Tecaror 7007 Dig.11002 Dlst. 
APHA 303A,3036,305' Varian SpectrAA-10 AA Spec. 
APHA 5058 Astro 2001 TOC Anaiyser 
APWA 2098 ' Mertier A3100 Analytical Balance 
APHA 4276 Milton Roy Spectronic 20d 

ANALYST: 



AC C U TEST UBORATORIES LTD. 

146 Colonnade Road, Un~t 8, Nepean, Ontarlo K2E 7Y3 Tel (613) 727-5692 Fax (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Water & Earth Sc.Assoc. LAB REPORT NO: A1 -2527 

DATE: Nov.18.199t 

Attention: T.Sugarman PROJECT: 2492A 



ACC UTEST UsoRnToRlEs LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

CLIENT: 

REPORT OF ANALYSES 

Water lli Earth Sc.Assoc. LAB REPORT NO: A1 -2527 

DATE: Nov.78.1991 

PROJECT: 2 4 9 s  

PARAMETER 

Bromodichloromethane 

I Carbon tetrachlortde 
I 
I Cnlorobenzene 
i Chloroethane 
I 
; 2-Chloroethyivrnyl ether 

1.2-Dibromoethane 
rn-Drchlorobenrene 

/ D-D~chlorobenzene 
1 1.1-Dichloroethane I 
j 1.2-Dtchloroethane 
1 c-1,2-Dichloroethene 
/ l .I-Dichloroethylene 
f t-1,2-Dichloroethylene 
I 
; 7.2-Dichloropropane 

c-1.3-Dichloropropene 
t-1.3-Dichloropropene 

Methylene chloride 



AC C U TE ST ~ B O R I T O R ~ E S  LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel,: (613) 727-5692 Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Water & Earth Sc,Assoc. LAB REPORT NO: A1 -2527 

DATE: Nov. 1 5, ? 991 

PROJECT: 2492A 



RINKING WATERffAU POTABLE 

IMERPRRiATlON 

This represents a bactsrldoglcalty 
SAFE drinking suppJy, prodded fiat 
3 samples, collected 1 to 3 weeks es intervalles de 1 b 3 
apart, have these result. - See general Information below. de cette source est POTABLE. 

W W E  tor drinking unless boiled LE & moins de la faire 

Not recommended for drinking. 

GENERAL INWMATION 

purpose d this test is to probide a bacterfologlcal (not chemical) assessment d the water sample submitted. 
If results d 3 inml samples, collected I to 3 weeks apart, indicate a safe water source, it is sufficient to repeat testing 

onal samples should them be some change in vroater source conditions, resutting for example, from 
, repairs to !he well, etc. or Y there is a change in ttre taste, smell and appearance d the water. 

ihe source d drinking water should be protected and located at teast 15 m. (Son.) for a drilled we# or 30 m. ( I  00 ft.) for 
nells from any source d human or animol waste. 
3 0  NOT SUBMIT samples from an unprotected source such as a lake, her, stream or they ham been su 
iort of tream?ent. Wout  treatmsnt, unprotected water sources cannot be judged icalty safe for drlnW 
lnds them h e  d cdWLmn boct&a. 

-- -- - 

.es khantitlons d'eau potable p&ent& ne seront soumis qu'fr t'analyse bact6ti ue. 
J les &suttats indiquent que la source d'eau est *potablemdu point de we bac ue,ilsuflradelafolrea l~neou 
%eux fois par an, Toutefds, d certaines conditions risquent d'avolr modM I'&ot d% la source d'oppro\Ask>nnement, p a r  exemple 
me in- a& des pluies abondantes, des r&~nrtlons au pults, etc., ou $ la qualit6 de I'eau ( g a ,  odeur, aspect)chn$e, 
I fuudra rf&lre une anatyse. 
s pub d'eau potable do# 6tre protiPge else t r o w  b une certaine distbnce de t o m  source de dechets humins ou a 
5 rn (50 pieds) pour un pults kwe el 30 m (100 pieds) pour tout outre pults. 
JE PAS PR~SENTER d'khantillons pr&ewh de source libres, tels un lac, une rivihre, un coun d'eau ou un Qtang 6 rnoins qw, I'mu 

t. 9 I'eau de ces sources no pas Ett6 &UP&?, on ne doit pas prendre pour acquis qu'elle esf potabte, 
bclct&olagique indiquent qu'elle ne contlent pas de bactbtles coliformes. 

IN-DRINKING WATERfEAU NON POTABLE 

for swfmming Arccepfable pour k balgrsade 



ACC UTE ST UBQRATOR~ES LTD. 

146 Colonnade Road, Unft 8, Nepean, Ontario K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

REPORT OF ANALYSES 

CLIENT: Wale. 3( Ear:":c.Assoc. LAB REPORT NO: A' -2558 

DATE: Nov.25,1991 

P,':erl:!en T.S,;.arma? PROJECT: 2492 A Vars 

8 

? i / Sample I S a m ~ ~ e  1 Sample Sample ; Sample 
i I i 1 t I I I ! I j PARAMETER I UNITS , PPVJ : I , I i 
t I i 1 72prS 

I I 
i i t I 1 
I I I 
I i I I I ! ! I 

1 I 
! Fe ! I ?p:L 1 o.sq ; I ! 

t Mn 1 mg/L I 0.07 1 I 

'$1 
I I 1 Hardness i W~IL ~ a ~ 0 3  / I 

t 
I 
I 

I Alkallni~y I vg/L CaCOS 1 176 9 , 1 I 

I I 1 : zH 7 95 , , 
I ! t I 

I Conduc~~vtty umnosicm 1 379 I I I 
1 

I 
I F I 7311 I I 
I I o ' 2  ; 

f Na I mgiL ii i I t 
I N-NO3 1 T $ L  ' < 0 7 0  , I I 
I I i ! 
1 N-NO2 1 mgiL , <3.:O 1 I I 
I N-NH3 I mg/L I <0.?0 i I 

' S0.c 
I ! I I I 

I , mglL I 
<3 , I 

! 
! C! 1 mglL I 2 1 I 1 6 

I I I : ~her;ols 1 r g / L  ' <C 002 1 i 

I 1 : I 

i Turbrd~ty I NTU ! <? O t I 

C o l ~ r  Pt!Cc Ur! :s : 26 1 I ! i 
I I 

I Ca i 
I mgiL I 48 1 

I 
i i I 

f "J"s i mg'L 
I I ! I 

I I 92 ' 
8 \ 

Tann.:L,g. I mgi'L I < i . C  I , I ! I  TO:^' N I mg'l- I < 0 9 0  1 1 t 
i 
1 i I I m g l t  9 Z !  1 ! 

I 

i Po4 
I 

i 
t 



ACC U TEST UB~RITORIES LTD. 

146 Colonnade Road, Un~t 8, Nepean, Ontarlo K2E 7Y3 Tel (613) 727-5692 Fax (613) 727-5222 

REPORT OF ANALYSES 

' f l ~ ~ a r  Sr Ear:?- Sz.,4ssx, LAB REPORT NO: A- -2551 

DATE: 5lov.25.7 991 

PROJECT: 2492 A Vars 

I 
I PARAMETER 

I 
As 

1 Ba 

1 

1 Sampre 1 Sample 1 Sarnate ! Sample i Sampie 
1 

I i f 
I I 

1 I I 1 I I 

UNITS , PPW i I I 1 I 1 

I 72h rs I i I I I 

I t I I i i 

I I ! I 

I I t i 1 
1 I mp:t I <C.C' 

! 1 

! I I t 

j i I 
vg/L 0 32 I I 1 t 

8 I nglL 0.07 j I I i t 

I I I I I 
i Cd I mg/L 1 tii.OO2 I I I 

C. 
I , rg :L  <O?' 1 I 8 

i , 
CN- 
Pb 

i 
I n5 

mg/L <f i .O?  I I I 

3giL 3.303 1 I 1 

1 I 1 i 

mgi~ 1 <~.OOI j I r I I 

I se 1 mg:t <O.O' , I I 
I I 8 I I 

Ag mgiL I <C.3; , i I 
CU I mglL 1 <O.Ot i I 1 I I 

H2S I t 1 ng!L C.C4 , ! i I 
i i I I 1 I 

! I 
1 TDS mg/L I I90 ' I I I 

1 TOC t i t f 
i I I 1 I ~ g i L  5.9 , I 

I Zn mgiL : <0.07 I I 
1 I i ! 

i U i I mglL 
I <0.07 I 

1 i t I ! 

t j i t I I 

1 Radionuclrdes 1 I t i I I i 
I I I 
I cs 137 1 Bqii < I  I I 

1 
I 

I 
1 

I 
1731 6q/L <, 1 I 

I 
I 

I I , i 1 Ra 225 B q l i  1 I 
i 

<;;.I 1 8 I 



ACC UTE ST UBORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

OF ANALYSES 

W.E.S.A. LAB REPORT NO: A' -2558 

DATE: Nav.25.!991 

PROJECT: 2 

I i 1 ?2hrs. f I 

! I 1 
1 I 

I 
Benzene I 

Bromodrch loromethane 

J 

I Bromomethane I 

Carbon tetracbioride 
j Chlorobenzene 
' Chloroethat-re 
I t 

1 2-Chioroetny~v~nyi etner a 

1 Chloroform 
I I i Ch~orornethane 
1 Dlbroqoch loromethane 
1 

t -2-Dibromoethane ? 
m-Dtcnloro~enze~e 
z-Dichlorobenzene 3 

I 

c-* ,2-Dichtoroethene 
I 

1,7-01ch1oroethyiene 
?-1 2-Dichioroethyiene 1 

: ,2-D~cnroropropane i 

c- ? ,3-Dich loropropene I 

t-7.3-Dichioropropene I 

Methylene chloride 

1 ,1 ,2,2-Tetrachloroethane 

r I 

I 1 
i I I i 

I PARAMETER 1 UNITS , MDL 

Sample 1 Sample Sarnpis i 

I i i 
I I 

PPW: 1 i I 



AC C U TE ST UBoRAToRlEs L m .  

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tei.. (613) 727-5692 Fax: (613) 727-5222 

CLIENT: 

REPORT OF ANALYSES 

Water 3( Ear?h Sc.Asscc L.4B REPORT NO. A; - 255E  

DATE: Plov.25, f 997 

PROJECT: 2492 A Varr 

r 
! I i Sarnpie / Sampie ; Sampie / Sample / Sarnpie 
! I I i 1 i I I 

PARAMETER 

! 
I 

I 1 t I 1 

I I I I 

I I 
! 

! : ~ e s t r c i ~ c s  i t 
I i ! I I 
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APPENDIX C 

STEP DRAWDOWN TEST DATA 





bQUlFER TEST DATA WELL#: 2492-PPW1 

'ype of aquifer test: Step Test Well type: Production 

(ow Q Measured: Orifice Weir Data type: Pumping 

)istance from pumping well: 0 m Depth pump: 20.0 m 

Aeas. point for w. I.'s: T.O.P. Pump on: 9h30 28-1 0-91 

Elevation of Measuring Pt.: Pump off: 14h30 28-1 0-91 

;tatic Water Level: 5.39 Discharge rate: 200-437.5 igpm 

Time Water Level Drawdown Discharge Comments 

(min.) (m) (m) (i.g.p.m.) 
84.00 7.52 2.13 

At end of test Sand free 
(€10-15 grains) 



2UIFER TEST DATA OctlNov. 91 WELL#: OW87 (249219) 

pe of aquifer test: Constant Q Well type: Observation 
,w Q Measured: Orifice Weir Data type: Pumping 
st. from pumping well (m): 22.03 m Depth well: 25 m 
jas. point for w. 1.'~: T.O.C. Pump on: 8:00 am 10-29-1991 
evation of Measuring Pt.: Pump off: 8:30 am 1 1 -01 - 1991 
atic Water Level (m): 3.67 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 
53.00 4.37 0.70 400.00 

57.00 4.37 0.70 400.00 

63.00 4.38 0.71 400.00 

72.00 4.38 0.71 400.00 

85.00 4.39 0.72 400.00 

90.00 4.39 0.72 400.00 

120.00 4.41 0.74 400.00 

150.00 4.42 0.75 400.00 

180.00 4.43 0.76 400.00 

21 0.00 4.45 0.78 400.00 

240.00 4.46 0.79 400.00 

270.00 4.46 0.79 400.00 

300.00 4.47 0.80 400.00 

330.00 4.48 0.81 400.00 

360.00 4.48 0.81 400.00 

420.00 4.50 0.83 400.00 

480.00 4.53 0.86 400.00 

540.00 4.54 0.87 400.00 

600.00 4.56 0.89 400.00 

660.00 4.57 0.90 400.00 

720.00 4.58 0.91 400.00 

780.00 4.60 0.93 400.00 

840.00 4.61 0.94 400.00 

900.00 4.61 0.94 400.00 

960.00 4.62 0.95 400.00 

1020.00 4.62 0.95 400.00 

1 080.00 4.64 0.97 400.00 

1140.00 4.65 0.98 400.00 

1 200.00 4.65 0.98 400.00 

1 260.00 4.66 0.99 400.00 

1 320.00 4.67 1.00 400.00 

1 380.00 4.68 1.01 400.00 

1440.00 4.69 1.02 400.00 

1500.00 4.69 1.02 400.00 

1560.00 4.70 1.03 400.00 

1620.00 4.70 1.03 400.00 

1680.00 4.71 1.04 400.00 

1740.00 4.72 1.05 400.00 

1800.00 4.72 1.05 400.00 

1860.00 4.72 1.05 400.00 

1920.00 4.73 1 .06 400.00 



4QUIFER TEST DATA OctiNov. 91 WELL#: 0311187 (2492A) 

rype of aquifer test: Constant Q Well type: Observation 

i ow  Q Measured: Orifice Weir Data type: Pumping 

3ist. from pumping well (m): 22.03 m Depth well: 25 m 

Meas. point for w. I.'s: T.O.C. Pump on: 8:00 am 10-29-1 991 

Elevation of Measuring Pt.: Pump off: 8:30 am 11-01-1991 
Static Water Level (m): 3.67 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 

1980.00 4.74 1.07 400.00 
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A P T E S O L V  R E S U L T S  

PROBLEM DEFINITION 

Probtem t i t l e :  OU87 - Putping PPUl 

Knowns and Constants: 

NO. of data points ............... 82 
pvrping rate..................... 2621 
Radius t o  obs. well.............. 22.03 

ESTIMTION RESULTS 

Analyticel method: Cooper- Jacob (confined aquifer) 

PARAMETER ESTIMATES 

Estimate Std. Error 

T = 6.7923E+002 +/- 2.4956E+001 
S = 1.4737E-001 +/- 1.6077E-002 

ANALYSIS OF HOQEL RESIDUALS 

residual = calculated - observed 

weighted residual = residual * ueight 

Ueighted Residuat S ta t is t i cs :  

Nu&r of residuals ............... 26 
Nunber of estimated paremeters.. . . 2 
Degrees of f r e  edom................ 24 
Residual mean.. . . . . . . . . . . . . . . . . . . . -1.043E-010 
Residual standard deviation.. . . . . . 0.007099 
Residue1 ver i ance.. . . . . . . . . . . . . . . . 5 .ME-005 

nodel Residuals: 

Time 
- - - -  

2 
2.0417 
2,0833 
2.125 
2.1667 
2.2083 
2.25 

2.2917 
2.3333 
2.375 
2.4167 
t.451U 

Observed 
- - - - - - - -  

1.16 
1.16 
1.16 
1.16 
1.18 
1.18 
1.19 
1.2 
1.2 
1.21 
1.21 
'I -21 

Calculated 
- - - - - - - - - -  

1.1511 
1.1575 
1.1636 
1.1697 
1.1757 
1.1815 
1.1873 
1,1929 
1.1984 

1.2038 
1.2092 
1.2144 

Residual 
- - - - - - - -  
0.0088709 
0.0025469 
-0.0036494 
- 0.009723 
0.0043214 
-0.0015208 
0.0027463 
0.0071 185 
0.0015921 
0.0061636 
0.00082942 
-0.0046135 
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A Q T E S O L V  R E S U L T S  

PROBLEM DEFINITION 

Problem title: OC187 - Recovery PPUl 
Knowns and Constants: 

No. of data points ............... 30 
Purping rate ..................... 2621 
Total punping time. ...... . ... . . . . 3.021 

ESTIMTIOW RESULTS 

Analytical method: Theis recovery (confined aquifer) 

PARAHETER ESTIMTES 

Estimate Std. Error 
T = 2.039?~+003 +/- 3.6415E+000 
St = 5.3148E-004 +/- 0.0000E+000 

ANALYSIS OF BODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residuat Statistics: 
Nunber of residuals..... .......... 9 
Nunber of estimated parameters... . 2 
Degrees of freedom.. . . . . . . . . . . . . . . 8 
Residual mean..................... 0 
Residual standard deviation.. . . . . . 0.005458 
Residua 1 variance.. . . . . . . . . . . . . . . . 2.979E - 005 

Modet Residuals: 

Time 
.--- 
0.16667 
0.1875 

0.20833 
0.22917 

0.25 
0.29167 
0.33333 

0.375 
0.41667 

Observed 
- - - - - - - *  

1.07 
1.06 
1.05 
1.04 
1.03 
1.03 

1 
1 

0.98 

Calculated 
----.-..-- 

1.0715 
1 .m1 

1.05 
1.0409 
1.0327 
1.0182 
1 -0059 

0.99511 
0.98559 

Residue1 Ueight 
-----.-- --.--- 
-0.0014654 

-0.00010123 
,1.4667E-006 
-0.00092392 
-0.0026898 

0.011761 
- 0.0058774 
0.0068913 

-0  .DO55934 



AQUIFER TEST DATA OctfNov. 91 WELL#: OW85 

Type of aquifer test: Constant Q Well type: Observation 
How Q Measured: Orifice Weir Data type: Pumping 
Dist. from pumping well: (m) 126 m Depth well: 23.5 m 
Meas. point for w. I.'s: T.O.C. Pump on: 8:00 am 10-29-1991 
Elevation of Measuring Pt.: Pump off: 8:30 am 11 -01 -1 991 

Static Water Level (m): 4.83 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 
10.00 4.83 0.00 400.00 

35.00 4.84 0.01 400.00 

52.00 4.83 0.00 400.00 

120.00 4.85 0.02 400.00 

150.00 4.85 0.02 400.00 

180.00 4.85 0.02 400.00 

210.00 4.85 0.02 400.00 

240.00 4.85 0.02 400.00 

270.00 4.85 0.02 400.00 

300.00 4.86 0.04 400.00 

330.00 4.86 0.04 400.00 

360.00 4.86 0.04 400.00 

420.00 4.87 0.04 400.00 

480.00 4.87 0.04 400.00 

540.00 4.88 0.05 400.00 

600.00 4.89 0. 06 4OO:OO 

660.00 4.89 0.06 400.00 

720.00 4.90 0.08 400.00 

780.00 4.90 0.08 400.00 

840.00 4.91 0.08 400.00 

900.00 4.91 0.08 400.00 

960.00 4.91 0.08 400.00 

1020.00 4.91 0.08 400.00 

1 080.00 4.93 0.10 400.00 

1140.00 4.94 0.12 400.00 

1200.00 4.94 0.12 400.00 

1 260.00 4.95 0.13 400.00 

1 320.00 4.96 0.13 400.00 

1380.00 4.97 0.14 400.00 

1440.00 4.97 0.14 400.00 

1500.00 4.97 0.14 400.00 

1 560.00 4.97 0.14 400.00 

1620.00 4.97 0.14 400.00 

1 680.00 4.97 0.14 400.00 

1 740.00 4.97 0.14 400.00 

1800.00 4.98 0.16 400.00 

1860.00 4.98 0.76 400.00 

1 920.00 5.00 0.17 400.00 

1980.00 5.00 0.17 400.00 

2040.00 5.00 0.17 400.00 

2100.00 5.01 0.18 400.00 



AQUIFER TEST DATA OctlNov. 91 WELL#: OW85 

Type of aquifer tast: Constant Q Well type: Observation 
How Q Measured: Orifice Weir Data type: Pumping 
Dist. from pumping well: (m) 126 m Depth well: 23.5 m 
Meas. point for w. I.%: T.O.C. Pump on: 8:00 am 10-29-1991 
Elevation of Measuring Pt.: Pump off: 8:30 am 11 -01 -1991 

Static Water Level (m): 4.83 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 

21 60.00 5.02 0.19 400.00 
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A Q T E S O L V  R E S U L T S  

PROBLEM DEFINlTlOW 

Problem title: CU85 - Punping PPUl 

Knovns and Constants: 
No. of data points ............... 77 
Punping rate..................... 2621 
Radius to &. well.. . . . . . . . . . . . . 126 

ESTIMATION RESULTS 

Anatytical method: Cooper- Jacob (confined squi fer) 

PARAMETER ESTIRATES 

Estimate Std. Error 
T = 7.8818E+002 +/- 2.8806E+001 
s = 9.0264E-002 +/- 5.9815E-004 

ANALYSIS OF W E L  RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Nunber of residuals.. . . . . . . . . . . . . . 26 
Nunber of estimated parameters.. , . 2 
Degrees of freedom ................ 24 
Residual mean.............,....... -7.108E-011 
Residual standard deviati on....... 0.006089 
Residue 1 var i awe. . . . . . . . . . . . . . . . . 3.707E -005 

Node1 Residuals: 

Time Observed 
- - - - - - - -  

0.25 
0.25 
0.25 
0.25 
0.26 
0.27 
0.27 
0.27 
0.27 
0.29 
0.a 
0.23 

Residual Weight 
- - - - - - * - 
0.010954 
0.0055043 
0.00016453 
-0.0050595 
-0.00020184 
0.0047636 

-0.00017693 
-0.0050258 
-0.0097892 
0.0055326 
0.00093585 
-0.0035824 





2UIFER TEST DATA OCtlNov. 91 WELL#: OW89 (2492A) 

pe of aquifer test: Constant (2 Well type: Observation 
tw Q Measured: Orifice Weir Data type: Pumping 
st. from pumping well (m): 435 m Depth well: 24.10 m 
3as. point for w. I.'s: T.O.C. Pump on: 8:00 am 10-29-1991 
avation of Measuring Pt.: Pump off: 8:30 am 11 -01 -7991 

atic Water Level (m): 5.02 Discharge rate: 400 lGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.9.p.m.) 

150.00 5.13 0.11 400.00 



4QUIFER TEST DATA OctlNov. 91 WELL#: OW89 (2492A) 

rype of aquifer test: Constant Q Well type: Observation 
-low Q Measured: Orifice Weir Data type: Pumping 
3ist. from pumping well fm): 435 m Depth well: 24.10 m 
Meas. point for w. I.'s: T.O.C. Pump on: 8:00 am 10-29-1991 
Elevation of Measuring Pt.: Pump off: 8:30 am 11 -01 -1 991 

Static Water Level (m): 5.02 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 

2580.00 5.48 0.46 400.00 



OM89 - Pumping PP'OlnJl 
1. 

0.9 = 776.9 m2/dnr  
= 0.003038 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 AQ'TESOLU 

0.2 
MILLER, INC. 

0.1 

0. 
0.1 1. 10. 

'Time Cdagsl 



................................................................................ 

A Q T E S O L V  R E S U L T S  

PROBLEM DEFINITION 

Problem title: OUg9 - Punping PPWl 

Knowns and Constants: 
Wo. of data points ............... 72 
Purping rate..................... 2621 
Radius to obs. well.... .......... 435 

ESTIMATION RESULTS 

Analytical method: Cooper-Jacob (confined aquifer) 

PMETER ESTIUATES 

Estimate Std. Error 
T = 7.7695€+002 +/- 2.6834E+001 
S = 3.0380E-003 +/- 1.0852E-004 

ANALYSIS OF KOEL RESIDUALS 

residual = calculated - observed 
ueighted residuat = residual * weight 

Weighted Residual Statistics: 
k ~ & r  of residuals............ ... 26 
Wunber of estimated parameters.. . . 2 
Degrees of freedan.. . . . . . . . . . . . . . . 24 
Residual mean..................... -7.25%-011 
Residual standard deviation. ...... 0.00584 
Residual variance.. . . . . . . . . . . . . . . . 3.411E-005 

nodel Residuals: 

Time 
- - - -  

2 
2.0417 
2.0833 
2.125 
2.1667 
2.2083 
2.25 

2.2917 
2.3333 
2.373 
2.4167 
2.4583 

Observed 
.--.---- 

0.48 
0.49 
0.5 
0.5 
0.51 
0.51 
0.51 
0.52 
0.52 
0.53 
0.53 
0.53 

Catcutated 
- - - - - - - - - -  

0.48357 
0.48909 
0.49451 
0.49982 
0.50503 
0.51013 
0.51515 
0.52007 
0.5249 
0.52964 
0.53431 
0.53889 

Residua 1 
---.---- 
-0.0035652 
0.00090612 
0.0054892 
0.00017951 
0.0049729 

-0,00013444 
-0.0051464 

-6.629s-005 
- 0.0048976 
0.00035563 
-0.0043066 
-0.0088901 

Weight 
- - - * - -  

1 

1 
1 
1 
1 
1 

1 
1 
1 
1 

'I 
1 







................................................................................ 

A Q T E S O L V  R E S U L T S  

PROBLEU DEFtNITIOW 

Probienr t i t l e :  OW89 - Recovery PWf 

K n o w  and Constants: 
No. o f  data po in ts  ............... 41 
Punping rate..................... 2621 
Total w i n g  time... ............ 3.021 

ESTIMTIOW RESULTS 

Anatyt ice1 method: Theis recovery (confined aquifer) 

Estimate Std. Error 
T = 2.3842E+003 +/- 3.1983E+OOQ 
St  = 6.3333E-002 +/- 0.0000E+000 

ANALYSlS OF XOOEL RESIDUALS 

residuai = calcuieted - observed 
weighted residual = residual * weight 

Weighted Residual S ta t is t i cs :  
Nunber of residuals .......... , .... 6 
Nunber of estimated parameters.. . . 2 
Degrees of f reedm ................ 5 
Residual mean..................... -1.8SE-017 
Residual standard deviation.. . . . . . 0.00165 
Residual variance. ................ 2.R1E-006 

Model Residuails: 

Observed 
- - - - - - - -  

0.54 
0.52 
0.51 
0.5 

0.49 

0.48 

Calculated 
----.----- 

0.53828 
0.52293 
0.51004 
0.49894 
0.48922 

0.48058 

Weight 
- - - - - -  



iQUlFER TEST DATA OctlNov. 91 WELL#: fVV1 (2492A) 

'ype of aquifer test: Constant Q Well type: mssffation 
low Q Measured: Orifice Weir Data type: Pumping 
)ist. from pumping well (m): 19.22 m Depth well: 22.2 m 
Asas. point for w. 1:s: T.O.C. Pump on: 8:00 am 10-29-1991 
:levation of Measuring Pt.: Pump off: 830 am 11 -01 -1991 

itatic Water Level (m): 4.35 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 

(min.) (m) (m) (i.g.p.m.) 
7.50 4.45 0.10 400.00 



,QUIFER TEST DATA OcVNov. 91 

ype of aquifer test: Constant Q we11 type: Observation 
low Q Measured: Orifice Weir Data type: Pumping 
list. from pumping well (m): 19.22 m Depth well: 22.2 m 

leas. point for w. 1 . ' ~ :  T.O.C. Pump on: 8:00 am 10-29-1991 
ilevation of Measuring Pt.: Pump off: 8:30 am 11 -01 -1991 

tatic Water Level (m): 4.35 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.1 

1260.00 4.82 0.47 400.00 

1320.00 4.83 0.48 400.00 

1380.00 4.84 0.49 400.00 



,QUIFER TEST DATA Oct/Nov. 91 WELL#: TW1 (2492A) 

ype of aquifer test: Constant Q Well type: Observation 
low O Measured: Orifice Weir Data type: Pumping 
list. from pumping well (m): 19.22 m Depth well: 22.2 m 
Ileas. point for w. I.%: T.O.C. Pump on: 8:00 am 10-29-1 991 
ilevation of Measuring Pt.: Pump off: 8:30 am 11 -01 -1991 

itatic Water Level (m): 4.35 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 

3720.00 5.05 0.70 400.00 





................................................................................ 

A P T E S O L V  R E S U L T S  

PROBLEM DEFINITION 

Probtem t i t l e :  TU1 - Purping PPUl 

Knouns and Constants: 
No. of data points ............... 94 
Punping rate..................... 2621 
Radius t o  obs. well.............. 19.22 

ESTIUATION RESULTS 

Analytical method: Cooper-Jacob (confined aquifer) 

PARAMETER ESTlUATES 

Estimate Std. Error 
T = 6.5683E+002 +/- 1.7904E+001 
S = 1.1148E+000 +/- 3.64016-002 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual weight 

Weighted Residual Stat is t ics:  
Nunber of residuals.. . . . . . . . . . . . . . 26 
Wunber of estimated parameters.. . . 2 
Degrees of freedan................ 24 
Residual mean..................... -8.667E-011 
Residual standard deviation ....... 0.005447 
Residual variance.. . . . . . . . . . . . . . . . 2.%7E-005 

node( Residuals: 

Time 
- - - -  

2 
2.0417 
2.0833 
2.125 
2.1667 
2.2083 
2.25 

2.2917 
2.3333 
2.375 
2.4167 
2.4583 

Observed 
- - - - - - - -  

0.63 
0.63 
0.63 
0.63 
0.65 
0.66 
0.67 
0.67 
0.68 
0.68 
0.68 
0.69 

Catcutated 

0.62456 
0.6311 
0.63751 
0.64379 
0.66995 
0.65599 
0.66192 
0.66774 
0.67345 
0.67907 
0.68t58 

0,69 

Residual 
- - - - - - - -  
0.0054421 
-0.0010986 
- 0.0075056 
-0.013787 

5.3176E-005 
0.0040123 
0.0080829 
0.0022624 
0 .OM5481 
0.00093356 
-0.0045833 

-4.5541E-MM 

Ueight 
- - - - - -  

1 
1 
1 

1 
1 
1 
li 
1 
? 
1 
t 
1 







................................................................................ 

A Q T E S O L V  R E S U L T S  

PROBLEU DEFINITION 

Problem title: TU1 - Recovery PWl 
Knowns and Constants: 

No. of data points ............... 30 
Purping rate..................... 2621 
Total punping time............... 3.021 

ESTIMATION RESULTS 

Analytical method: Theis recovery (confined aquifer) 

PARAMETER ESTIMATES 

Estimate Std. Error 
T = 2.4864E+003 +/- 6.6501E+000 
Sf = 3.1179E-002 +/- 0.0000E+000 

ANALYSIS OF MOEL RESIDUALS 

residual = calculated - observed 
ueighted residual = residual weight 

Ueighted Residual Statistics: 
Nunber of resiatets. .............. 12 
Nunber of estimated parameters.. . . 2 
Degrees of freedan................ 11 
Residual mean..................... 1.064E-016 
Residual standard deviation....... 0.006757 
Residual variance.. . . . . . . . . . . . . . . . 2.263E-005 

node1 Residuals: 

Time 
- - - -  
0.10521 
0.125 

0.14583 
0.16667 
0.1875 
0.20833 
0.22917 

0.25 
0.29167 
0.33333 
0.3E 

0,41667 

observed 
- - - - - - - -  

0.57 
0.56 
0.55 
0.54 
0.53 
0.52 
0.52 
0.5 
0.5 
0.48 
0.M 
0.6 

Calculated 
- - - - - - - - - -  

0.57473 
0.56082 
0.54865 
0.53782 
0.52849 
0.52021 
0.51276 
0.50601 
0.49415 
0.48601 
0,47518 
0.6737 

Residual 
- - - - * - - -  

-0.0047304 
-0.00081713 
0.0015453 
0.0021838 
0.0015064 

- 0.00020828 
0.007238s 
-0.0060067 
0.0058682 
-0.0040112 
0.0048228 
-0.0073713 

Weight 
- - - - - -  

1 

1 
1 
1 
1 
1 
1 
1 
1 

'I 
1 
I 



\QUIFER TEST DATA OctlNov. 91 WELL#: OW84 (2492A) 

-ype of aquifer test: Constant Q Well type: Observation 
iow Q Measured: Orifice Weir Data type: Pumping 
3ist. from pumping well (m): 184 m Depth well: 23.8 m 
&as. point for w. 1,'s: T. 0. C. Pump on: 8:00 am 10-29-1991 
Elevation of Measuring Pt.: Pump off: 8:30 am 11-01-1991 
static Water Level (m): 4.84 Discharge rate: 400 lGPM 

Time Water Level Drawdown Discharge Comments 

(min.) (m) (m) (i.g.p.m.) 
12.00 4.84 0.00 400.00 

38.00 4.84 0.00 400.00 

54.00 4.84 0.00 400.00 

120.00 4.84 0.00 400.00 

150.00 4.84 0.00 400.00 

180.00 4.85 0.01 400.00 

210.00 4.85 0.01 400.00 

240.00 4.85 0.01 400.00 
270.00 4.85 0.01 400.00 

300.00 4.86 0.03 400.00 

330.00 4.86 0.03 400.00 

360. 00 4.86 0.03 400.00 

420.00 4.86 0.03 400.00 

480.00 4.86 0.03 400.00 

540.00 4.86 0.03 400.00 

600.00 4.86 0.03 400.00 

660.00 4.86 0.03 400.00 

720.00 4.86 0.03 400.00 

780.00 4.86 0.03 400.00 

840.00 4.86 0.03 400.00 

900.00 4.86 0.03 400.00 

960.00 4.86 0.03 400.00 

1020.00 4.86 0.03 400.00 

1 080.00 4.86 0.03 400.00 

1140.00 4.86 0.03 400.00 

1200.00 4.87 0.04 400.00 

1 260.00 4.87 0.04 400.00 

1320.00 4.87 0.04 400.00 

1 380.00 4.87 0.04 400.00 
1440.00 4.87 0.04 400.00 

1500.00 4.87 0.04 400.00 

1 560.00 4.87 0.04 400.00 

1620.00 4.87 0.04 400.00 

1 680.00 4.87 0.04 400.00 

1 740.00 4.87 0.04 400.00 

7800.00 4.88 0.04 400.00 

7 860.00 4.88 0.04 400.00 

1920.00 4.88 0.04 400.00 

1 980.00 4.88 0. QQ 400.00 

2040.00 4.88 0.04 400.00 

2100.00 4.89 0.05 400.00 



,QOIFER TEST DATA OctlNov. 91 WELL#: OW84 (2492A) 

ype of aquifer test: Constant Q Well type: Observation 
low Q Measured: Orifice Weir Data type: Pumping 
risr. from pumping well (m): 184 m Depth well: 23.8 m 
leas. point for w. 1 . ' ~ :  T.O.C. Pump on: 8:00 am 10-29-1991 
Ilevation of Measuring Pt.: Pump off: 8:30 am 11-01-1991 
ktatic Water Level (m): 4.84 Discharge rate: 400 IGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 

2160.00 4.89 0.05 400.00 



lQUlFER TEST DATA W N O V .  91 

Lpe of aquifer test: Constant Q Well type: 

low Q Measured: Orifice Weir Data type: 

bist. from pumping well: (m) 184 m Depth well: 
leas. point for w. I.%: T.O.C. Pump on: 
ilevation of Measuring Pt.: Pump off: 

itatic Water Level (m): 4.84 Discharge rate: 

Observation 
Recovery 
23.8 m 
8:00 am 10-29-1991 
830 am 11-01-1991 
400 IGPM 

Time Ut' Water Level Residual Comments 
(min.) (m) Drawdown 



4QUIFER TEST DAf A OctlNov. 91 WELL#: OW85 (2492A) 

-ype of aqulfer test: Constant Q Well type: Observation 

#ow Q Measured: Orlfice Weir Data type: Recovery 

list. from pumping well (m): 126 m Depth well: 23.5 m 

Aeas. point for w. 1.3: T.O.C. Pump on: 8:00 am 10-29-1991 

Elevation of Measuring Pt.: Pump off: 8:30am 11-01-1991 

3tatic Water Level (m): 4.83 Discharge rate: 400 IGPM 

Time tlt' Water Level Residual Comments 
(min.) (m) Drawdown 



rQUlFER TEST DATA OCUNOV. 91 WELL#: OW87 (2492A) 

Lpe of aquifer test: Constant Q Well type: Observation 
low Q Measured: Orifice Weir Data type: Recovery 
list. from pumping well (m): 22.03 m Depth well: 25 m 
leas. point for w. 1,'s: T.O.C. Pump on: 8:00 am 10-29-1991 
ilevation of Measuring Pt.: Pump off: 8:30am 11-01-1991 

itatic Water Level (m): 3.67 Discharge rate: 400 IGPM 

Time tft ' Water Level Residual Comments 
(min.) (m) Drawdown 



kQUIFER TEST DATA OctlNov. 91 WELL#: OW89 (2492A) 

rype of aquifer test: Constant Well type: Obssffation 
How Q Measured: Orifice Weir Data type: Recovery 
Dist. from pumping well (m): 435 m Depth well: 24.1 m 
Meas, point for w. 1.3: T.O.C. Pump on: 8:00 am 10-29-1991 
Elevation of Measuring Pt.: Pump off: 8:30am 11-01-1991 
Static Water Level (m): 5.02 Discharge rate: 400 IGPM 

Time Vt' Water Level Residual Comments 
(min.) (m) Drawdown 



iQUlFER TEST DATA Oct/Nov. 91 WELL#: PPW1 (2492A) 

'ype of aquifer test: Constant Q Well type: Pumping 

4ow Q Measured: Orifice Weir Data type: Recovery 

list. from pumping well (m): 0 m Depth well: 22.86 m 

Aeas. point for w. 1:s: T.O.C. Pump on: 8:00 am 10-29-1991 

lepth of Pump (m): 18.6 m Pump off: 8:30 am 11-01-1991 

Static Water Level (m): 5.41 Discharge rate: 400 IGPM 

Time t/t ' Water Level Residual Comments 
(min.) (m) Drawdown 



\QUIFER TEST DATA OctfNov. 91 WELL#: TW1 (249219) 

'ype of aquifer test: Constant Q Well type: Observation 

iow Q Measured: Orifice weir Data type: Recovery 
list, from pumping well (m): 19.22 m Depth well: 22.2 m 

Aeas. point for w. I.'s: T.O.C. Pump on: 8:00 am 10-29-1991 

Elevation of Measuring Pt.: Pump off: 8:30 am 11-01-1991 

3tatic Water Level (m): 4.35 Discharge rate: 400 IGPM 

Time tft' Water Level Residual Comments 
(min.) (m) Drawdown 





A Q T E S O L V  R E S U L T S  

PROBLEM DEFINITION 

Problem t i t l e :  OU86 - Punping PWl 

Knotins and Cwtants :  

No. of data points.. . . .. . . . . . .... 74 
Punping rate ..................... 2621 
Radius t o  obs. well.. . . . . . . . . . . . . 184 

ESTIMATION RESULTS 

Analytical method: Cooper-Jacob (confined aquifer) 

PARMETER ESTlMATES 

Estimate Std. Error 

T = 6.08ME+003 +/- 7.5371€+002 
S = 1.1413E-001 +I- 1.67SM-002 

ANALYSIS OF WODEL RESIDUALS 

residual = calculated - observed 

weighted residual = residual * weight 

Ueighted Residual Stat is t ics:  

Nunber of residuals............... 26 
Nunber of estimated parameters.. . . 2 
Degrees of free dan................ 24 
Residual mean ..................... -9.346E-012 
Residual stanktrd deviation ....... 0.002672 
Residual variance.. .. .. .. ... . . . . .. 7.138E-006 

Model Residuals: 

Time 
--.- 

2 
2.0417 
2 .W3 
2.125 

2.1667 
2.2083 

2.25 
2.2917 
2.3333 
2.375 

2.6167 
2.4583 

Observed 
-------. 

0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 

Calculated 

0.066971 
0.067677 
0.068368 
0.069046 
0.069711 
0.070363 
0.071 002 
0.07163 

0.0R247 
0.072853 
0.0 
0.074033 

Residual 
- - - - - - - -  
0.0030291 
0.0023234 
0.0016319 

0.00095408 
0.00028944 

-0.00036254 
-0.0010023 
-0.001004 
-0.0022471 
-0 -0028529 
-0.00 
-0.0040333 

Weight 
- - - - - -  

1 
1 
1 
1 
1 

1 

1 
1 
'I 

1 
'I 
1 





APPENDIX D 

AQUIFER TEST DATA AND CALCULATIONS 





................................................................................ 

A Q T E S O L V  R E S U L T S  

PROBLEH DEFINITION 

Problem title: PPUl - Purping PPUl 

Knouns and Constants: 
No. of data points ............... 102 
Purping rate ..................... 2621 
Radius to o h .  well.............. 0.127 

ESTIMATION RESULTS 

Anaiytical method: Cooper-Jacob (confined aquifer) 

PARAMETER ESTIUATES 

Estimate Std. Error 
T = 3.1883E+002 +/- 3.029SE-001 
S = 1.3797E+002 +/- 0.0000E+000 

ANALYSlS OF mXIEL RESIDUALS 

residual = calculated - observed 
weighted residuat = residual * ueight 

Weighted Residue1 Statistics: 
NLnS>er of residuals............... 50 
N h r  of estimated parameters.. ., 2 
Degrees of freedan................ 49 
Residual mean..................... 4.10%-006 
Residual standard deviation ....... 0.02366 
Residual variance.......... ....... 0.0005598 

Modei Residuals: 

Tine 
-.-- 

1 
1.0417 
1 .0833 
1.125 
1.1667 
1.2083 
1.25 

1.2917 
1.333 
1.375 
1.4167 
1 -45s 

Observed 
-----*.- 

3.79 
3.8 
3.84 
3.86 
3.88 
3.9 
3.91 
3.93 
3.98 
3.99 
4.01 
4.02 

Calculated 
- - * - - - - . - -  

3.7726 
3.7993 
3.8249 
3.84% 
3.8733 
3.8963 
3.9184 
3.9398 
3.9604 
3.9807 
4.0002 
4.0191 

Residual 
- - -. - - - - 
0.017394 

0.00071921 
0.015097 
0.010435 
0.006671 
0.0037462 
-O.O0&GObB 
- 0.0098332 
0.019587 
0.009318 
0.00981 07 
0.0008734 1 

Ueight 
- - - - - -  

1 
1 
1 
1 
1 
1 
1 

'1 
1 
'1 
1 
1 





Modelina G r o u p  



PROBLEU DEFINITION 

Problem title: p W l  - Recovery PWl 

K m s  and Constants: 
No. of deta points ............... 34 
Punping rate..................... 2621 
Total w i n g  time... ............ 3.021 

ESTlWATION RESULTS 

Analytical method: Theis recovery (confined equifer) 

PARAUETER ESTIUATES 

Estimate Std. Error 
T = 1.6940E+003 +/- 3.8995E+000 
s1 = 1.6824E-001 +/- 0.0000E+000 

ANALYSIS OF W E L  RESIDUALS 

residual = calcul~td - ObServed 
mighted residual = residual * weight 

Weighted Residuat Statistics: 
Nunber of residuals.. ............. 4 

.. NurrtRr of estimated parameters.. 2 
Degrees of freedom............ .... 3 
Residual mean..................... -1.388E-017 

..... Residual standerd deviation.. 0.002269 
Residual variance........... ...... 5.147E-006 

UodeL Residuals: 

Time observed Calculated Residual Ueight 



QUIFER TEST DATA OctlNov. 91 WELL#: PPW1 (2492A) 

ype of aquifer test: Constant Q Well type: Pumping 
ow Q Measured: Orifice Weir Data type: Pumping 
list. from pumping well (m): 0 m Depth well: 22.86 m 
leas. point for w. I.%: T.O.C. Pump on: 8:00 am 10-29-1991 
lepth of Pump (m): 18.6 m from TOC Pump off: 8:30 am 11 -01-1991 

,tatic Water Level (m): 5.41 Discharge rate: 400 lGPM 

Time Water Level Drawdown Discharge Comments 

(min.) (m) (m) (i.g.p.m.) 
1 .OO 7.34 1.93 400 
2.00 7.46 2.05 400 
3.00 7.53 2.12 400 
4.00 7.55 2.14 400 
5.00 7.61 2.20 400 
6.00 7.66 2.25 400 
7.00 7.72 2.31 400 
8.00 7.71 2.30 400 
9.00 7.74 2.33 400 

10.00 7.78 2.37 400 
12.00 7.85 2.44 400 
14.00 7.80 2.39 400 
16.00 7.83 2.42 400 
18.00 7.86 2.45 400 .v 20 sand grains 
20.00 7.88 2.47 400 
25.00 7.90 2.49 400 
30.00 7.94 2.53 400 
35.00 7.97 2.56 400 
40.00 7.99 2.58 400 slight H2S adour 
45.00 8.04 2.63 400 
50.00 8.06 2.65 400 
55.00 8.08 2.67 400 
60.00 8.07 2.65 400 <I5 siltlsand grains 
70.00 8.15 2.74 400 (sand free) 
80.00 8.19 2.78 400 
90.00 8.22 2.81 400 

120.00 8.32 2.91 400 

150.00 8.29 2.88 400 
180.00 8.35 2.94 400 
210.00 8.41 3.00 400 
240.00 8.46 3.05 400 
270.00 8.49 3.07 400 
300.00 8.53 3.12 400 
330.00 8.54 3.13 400 

360.00 8.53 3.12 400 
420.00 8.64 3.23 400 
480.00 8.67 3.26 400 
540.00 8.72 3.31 400 
600.00 8.77 3.36 400 

660.00 8.82 3.41 400 
720.00 8.84 3.43 400 



hQUlFER TEST DATA OctlNov. 91 WELL#: PPW1 (2492A) 

-ype of aquifer test: Constant Q Well type: Pumping 
4ow Q Measured: Orifice Weir Data type: Pumping 
>is. from pumping well (m): 0 rn ~ e p t h  well: 22.86 m 
Aeas, point for w. 1,'s: T.O.C. Pump on: 8:00 am 10-29-1 991 
Iepth of Pump (m): 18.6 m from TOC Pump off: 8:30am 11-01-1991 

Static Water Level (m): 5.41 Discharge rate: 400 IGPM 

Time Water Levei Drawdown Discharge Comments 
(rnin.) (m> (m) (i.g.p.m.) 

780.00 8.89 3.48 400 



QUIFER TEST DATA OctlNov. 91 WELL#: PPW1 (2492A) 

me of aquifer test: Constant Q Well type: Pumping 
ow Q Measured: Orifice Weir Data type: Pumping 
ist. from pumping well (m): 0 m Depth well: 22.86 m 
eas. point for w. I.'s: T.O.C. Pump on: 8:00 am 10-29- 1991 
epth of Pump (m): 18.6 m from TOC Pump off: 8:30 am 11-01-1991 

tatic Water Level (m): 5.41 Discharge rate: 400 lGPM 

Time Water Level Drawdown Discharge Comments 
(min.) (m) (m) (i.g.p.m.) 

3240.00 9.68 4.27 400 



APPENDIX E 

Theoretical Aquifer Yield 
and 

Well Interference Calculations 



THEORETICAL AQUIFER YIELD CALCULATIONS 

T = 732 m2/day 
so-s = 1 5 metres 
S =  8.0 X lo'* 
r =  ,127 

Well Efficiency, Theoretical Aquifer Yields and Well Interference Calculations 

(a) Theoretical Aquifer Yields : 

(1) 10  year design yield: 

for t = 3650 days 

Q(max) = 6198 m3/day (947 igpm) 

(2) 20  year design yield: 

for t = 7305 days 



(3) Safe perennial yield: 

Q = 3606 m3/day (551 igprn) 

Theoretical Aquifer Yield (10 years): 61 98 m21day 

Theoretical Aquifer Yield (20 years): 6009 m2/day 

Safe Perennial Yield (10 years) : 3506 m2/day 

(b) Well Interference Calculations: 

Calculations based on a 10 year period (3650 days). 
T = 732 m21day 
S = 8x1 0-2 

The Table following shows drawdown for various radial distances from PPWl in 1 
year of pumping at a discharge rate of 400 IGPM (2624 m3lday). 

Drawdown of Observation Wells (one year period) 

RADIUS (m) u W(u) 

0.1 27 (PPW1) 1 . 2 ~ 1  o - ~  19.96 

19.22 (TW1) 2 . 7 ~ 1  9.94 

22.03 (OW811 3.6x105 9.66 

126 (OW851 1 . 2 ~ 1  o - ~  6.1 5 

184 (OW841 2 . 5 ~ 1  0-3 5.41 

435 (OW891 1 . 4 ~ 1  OV2 3.7 

500 1 . 9 ~ 1  0-2 3.4 

1000 7 . 4 ~ 1  2.1 



Well interference results 

Radius (m) 400 JGPM (2624 rn2lday) 
(m) 

CALCULATIONS FOR THEORETICAL DRAWDOWN 
(Well Interference) 

Calculations based on a 10 year period: 

t = 3650 days 

W(u) = values taken from table 


