
MUNICIPAL WATER SUPPLY INVESTIGATION 
GROUNDWATER SOURCE 

MAPLE RIDGE AQUIFER COMPLEX 

PREPARED FOR 

THE ONTARIO MINISTRY OF THE ENVIRONMENT 

AND 

VILLAGE OF CHESTERVILLE 

BY 
WATER AND EARTH SCIENCE ASSOCIATES LIMITED 

REVISED MARCH 1988 



TABLE OF CONTENTS 

. . . . . . . . . . . . . . . . . . . . .  1.0 INTRODUCTION 1 

2.0 BACKGROUND INFORMATION . . . . . . . . . . . . . . . .  1 

3.0 METHODOFSTUDY. . . . . . . . . . . . . . . . . . . .  3 
3.1 Terms of Reference . . . . . . . . . . . . . . . .  3 
3.2 TheWorkProgram. . . . . . . . . . . . . . . . .  3 

. . . . . . . . . . . . . . . . . . . . . . . .  4.0 RESULTS 6 
4.1 Geology and Hydrogeology . . . . . . . . . . . . .  6 
4.2 AquiferTestResults . . . . . . . . . . . . . . .  6 
4.3 Well Efficiency . . . . . . . . . . . . . . . . .  7 
4.4 Water Quality Results . . . . . . . . . . . . . .  8 

5.0 INTERPRETATIONOFRESULTS. . . . . . . . . . . . . . .  10 
5.1 Physical Hydrogeology . . . . . . . . . . . . . .  10 
5.2 Well Interference . . . . . . . . . . . . . . . .  11 
5.3 Groundwater Quality . . . . . . . . . . . . . . .  11 . . .  5.4 Aggregate Extraction from Adjacent Property. 13 
5.5 Production Well Design . . . . . . . . . . . . . .  14 

. . . . . . . . . . . . . . . . . . . . .  6.0 CONCLUSIONS. 15 

7.0 RECOMMENDATIONS. . . . . . . . . . . . . . . . . . . .  16 

. . . . . . . . . . . . . . . . . . . . . .  8.0 REFERENCES 18 

LIST OF FIGURES 

Figure 1 Drill Hole Location Map 
Figure 2 Test Well Log 
Figure 3 Detailed Well Site Map 
Figure 4 Production Well Design 

LIST OF APPENDICES 

Appendix A MOE Well Logs (Locations on Figure 1) 
WESA Test Holes 

Appendix B MNR Borehole Logs 
Appendix C Step-Drawdown Data and Calculations 
Appendix D Aquifer Test Data and Calculations 
Appendix E Groundwater Quality Data 
Appendix F Theoretical Aquifer Yield and Well Interference 

Calculations 



1.0 INTRODUCTION 

Water and Earth Science Associates Ltd.(WESA) was 
retained by Totten Sims Hubicki Associates Ltd. on behalf of the 
Ontario Ministry of the Environment (MOE) and the Village of 
Chesterville to conduct a review of groundwater supply alterna- 
tives for the Village of Chesterville. 

Chesterville is located in the United Counties of 
Stormont, Dundas and Glengarry, in the Township of Winchester at 
the intersection of Highway 43 and the South Nation River. 

Three previous studies (McLaren Engine'ering Ltd, 1981; 
WESA, 1982; WESA, 1986) have been undertaken to search for new 
groundwater supplies in the area. For economic reasons this 
initial work concentrated on finding a new supply in the 
immediate vicinity of the Village. This work was not successful. 
Consequently, the present study expands the target area to a 5 km 
radius of the Village. A brief summary of the previous work is 
outlined in Section 2.0 of this report. 

2.0 BACKGROUND INFORMATION 

Three previous groundwater studies have been completed 
in the Chesterville area. The initial study was undertaken by 
McLaren Engineering Ltd.(1981) and focused on the existing 
groundwater development and well field. The existing two-well 
system is completed in a river connected gravel aquifer located 
in a bedrock depression west of the village. Little reliable 
information was available on the construction of the wells, their 
efficiency, or the aquifer into which they were developed. 

The drilling program conducted by WESA (1982) indicated 
that significant thicknesses of sand and gravel existed in the 
area of the well field, however the effect of the South Nation 
River on recharge or the limits of the sand and gravel deposit 
were poorly defined. The study also investigated the potential 
of bedrock aquifers in the immediate vicinity of the village core 
and determined that bedrock derived groundwater was observed to 
be of relatively poor quality and in most cases aquifers were not 
well defined or showed poor continuity. The study concluded that 
the bedrock aquifer is an unreliable source of groundwater at the 
scale proposed for municipal water supply expansion. 

WESA (1986) reported the findings of a test drilling 
and aquifer testing program implemented to test the hydraulic 
continuity of the sand and gravel aquifer in the vicinity of Well 
#1 and the degree to which well interference would affect a 
proposed well field. This program was designed to assess the 
feasibility of further expanding production in the existing well 
field and aquifer. Recharge from the South Nation River was also 



to be evaluated. Results of this testing showed that the sand 
and gravel aquifer was already pumped at very nearly its maximum 
yield, and that the expansion of the existing system was not 
feasible. The report also pointed out that there were colour, 
odour and turbidity problems with groundwater in the existing 
aquifer . 

The WESA (1986) study also indicated that a yield 
on the order of 15.15 l/sec (200 IGPM) is required for the 
existing commercial and residential population base. It was 
projected that additional supplies would be required for the 
continued industrial and residential development of the municipa- 
lity. A freeze on development had been placed on the community. 

Background information prepared by Totten Sims Hubicki 
Associates prior to this present investigation indicated that a 
production yield on the order of 22.73 l/sec (300 IGPM) would be 
appropriate to meet the long term supply requirements for 
Chesterville as well as provide for an adequate supply to 
accommodate development over the foreseeable future. 

The successful development of municipal water supplies 
from glaciofluvial complexes in Eastern Ontario is well docu- 
mented. Unconfined sand and gravel aquifers have large storage 
capacities and, in areas where the materials are permeable, are 
capable of yielding in excess of 500 IGPM to a single screened 
gravel packed well. Water quality in these complexes is usually 
excellent with the only treatment required being chlorination. A 
number of glaciofluvial complexes are shown on base mapping of 
the region (Richard, 1982). The municipality of Embrun is 
currently using one such deposit with great success. Investi- 
gations are currently underway in Vars and Crysler on similar 
deposits with both showing significant potential. Given the 
success of these other programs and the failure of other less 
expensive closer alternatives, it was deemed appropriate that the 
search for communal water supply sources for Chesterville be 
expanded to include outlying areas within a 5 km radius of the 
village including one part of the Maple Ridge glaciofluvial 
complex lying northwest of the village. 

There is some development of bedrock supplies in 
eastern Ontario. Winchester and Manotick obtain groundwater from 
bedrock wells. The Winchester system however does have certain 
quality problems. These problems are treatable however, but 
require constant attention. The Manotick supply is obtained from 
a much more transmissive bedrock unit brought closer to surface - 
by faulting. 



3.0 METHOD OF STUDY 

3.1 Terms of Reference 

The Terms of Reference for this type of study has been 
established by the Ontario Ministry of the Environment Land Use 
and Planning Branch and the Water Resources Branch. This work 
program was designed to fulfill the following objectives: 

- Define the stratigraphy, extent, andconfigurationofthe 
aquifer(s) present. 

- Provide detailed quantitative information regarding the 
aquifer parameters of transmissivity, storativity, basin 
yield, and the safe perennial yield. 

- Provide projections of the long term water quality expected 
from a pumping system developed into the aquifer. These 
projections would be submitted with a detailed list of site 
specific natural and anthropogenic influences. 

- Provide the design information for the construction of one 
or several production wells. 

3.2 The Work Program 

The study area has been limited to a 5 kilometre ,radius 
of the village of Chesterville. One hundred and forty one well 
records were compiled and plotted (Figure 1 and Appendix A). 
Working plots of bedrock topography and overburden thickness were 
produced. Recently published surficial geology maps (Richard, 
1982) were examined and well record stratigraphy was studied to 
identify all areas where thick granular deposits, whether 
confined or unconfined, are present. This investigation also 
included the location and characteristics of any high producing 
(greater than 3.78 l/sec (50 IGPM)) bedrock wells that were 
located in the study area. work included preliminary field 
visits to high yielding wells. Exposures in gravel pits, 
roadside ditches and fields were also examined during our 
appraisal of the surficial geology. 

Drilling in the identified target areas was phased. 
The descriptions of the two phases follows. 

Phase I - Hollowstem Drilling 
The background information was used to site locations 

for the hollowstem drilling program. These sites are shown on 
Figure 1. In total, 20 holes were drilled in an effort to 
determine the lateral distribution and vertical thickness of the 
buried sand and gravel aquifer(s). In all but two of the 
boreholes piezometers were installed and used to monitor water 





levels and to obtain water samples. (Geological conditions were 
not favourable in those two holes). Detailed well logs are 
included in Appendix A. 

Further hollowstem drilling was carried out by the 
Ministry of Natural Resources (MNR) as part of their study of 
buried aggregate of Eastern Ontario. Although the focus of the 
MNR drilling was different than this study, the geological 
information obtained assisted in determining shallow sand and 
gravel thicknesses and continuity. Well logs from the MNR study 
(Gorrell, in prep.) are included in Appendix B. 

The above drilling programs, MOE well records, air 
photo interpretation, and all pertinent background information 
were used to site locations for Phase I1 test well drilling. 

Phase IIa - Test Well Drilling 
Three site locations were chosen for Phase I1 dril- 

ling. Sites 1 and 2 located north and south of one another are 
separated by the Canadian Pacific Rail right-of-way and are part 
of the Maple Ridge glaciofluvial complex. Both exhibited the 
three hydrogeological conditions necessary to meet the supply 
demands of Chesterville: 

- There is sufficient sand and gravel deposit to afford 
storage and transmission to a well. 

- Water can be extracted by conventional well design. 

- There is a large recharge area to keep the well in opera- 
t ion. 

Site 1 was the preferred site since it is located south 
of the railway tracks and closer to Highway 43. Site 3 is 
located on the Boyne Road north of Chesterville but was con- 
sidered a secondary site for reasons of supply accessibility. 

A 20 cm (8") test well (TW4) was drilled at Site 1 to a 
depth of 15.2 m (50 ft.). Four metres (13 ft.) of saturated 
gravel found at the bottom of the well allowed for the installa- 
tion of 3 m (10 ft.) 50 slot screen. However, a step-drawdown 
test performed on the well indicated a maximum yield of 6.06 to 
7.5 l/sec (80 to 100 IGPM). Since this yield did not meet the 
required yield, a second test well (TW5) was drilled at Site 2. 

At TW5 4.3 m (14 ft.) of saturated sand and gravel 
material was intersected. The gravel was much coarser at TW5 
than at TW4, thus enabling more than 6.06 l/sec (80 IGPM) to be 
bailed from the then undeveloped, unscreened borehole. The well 
design is shown in Figure 2 with the screen consisting of 1.2 m 
(4 ft.) of 100 slot screen above 2.7 m (9 ft.) of 80 slot screen. 
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Johnson, stainless steel wire wrap screen was used. Following 
screen installation, the well was developed for 16 hours with 
compressed air surging techniques. 

Phase IIb - Aquifer and Well Testing 
In order to determine the long range yield of the 

aquifer, a 72 hour constant discharge test followed by a 24 hour 
recovery test was performed. The pumping rate for the 72 hour 
test was determined by first conducting a step-drawdown test. In 
the step-drawdown test the well was pumped in incremental 
discharges of 9.47, 15.15, 22.72, 30.3 and 34.39 l/sec (125, 200, 
300, 400, and 452 IGPM). Near steady state drawdown conditions 
in the pumping wells were attained within 5 minutes for each step 
and maintained for the 30 minutes of pumping at each step. Data 
and calculations are shown in Appendix C, but the result of the 
test showed that TW5 could be pumped at a constant discharge rate 
of greater than 22.72 l/sec (300 IGPM) for 72 hours. 

Well efficiency was calculated by drawdown/recovery 
comparisons of transmissivity in the pumping well and by the 
Jacob/Rorabaugh method. 

The 72 hour aquifer test was performed from May 4 to 
May 7 with the recovery test immediately following. Drawdown and 
recovery was monitored in the pumping well (TW5), 3 shallow MNR 
mini-piezometers (MI-3), 8 piezometers (P1,2,5,6,7,13,19,20) and 
the test well at Site 1 (TW4). All the piezometers were develop- 
ed prior to the test using a surge block and pumping technique to 
ensure connection to the aquifer. An additional piezometer, P18, 
could not be developed. All monitoring points are shown in 
Figure 3. 

During the test, water samples were collected every 12 
hours for major ion and trace metal analyses and every 24 hours 
for pesticide, volatile and non-volatile organic, radionuclide, 
phenol, and bacterial analyses. Water temperature, conductivity, 
and ambient air pressure measurements were taken every hour, and 
Eh and pH measurements were taken at intervals throughout the 
test. 

Discharge from the aquifer tests was carried by 
pipeline 200 metres to the south, where it emptied into a ditch 
which drains to the South Nation River. Test pits dug into the 
ditch bottom revealed that it lies in silty clay and that no 
significant infiltration of pumped water would occur. 



4.0 RESULTS 

4.1 Geology and Hydrogeology 

The Maple Ridge glaciofluvial complex consists of a 
band of sands and gravels that run from south of Highway 43 near 
Maple Ridge and trend north/northeast towards Morewood. South of 
Highway 43, the deposit is comprised largely of fine to medium 
grained sand. The complex narrows northward through Sites 1 and 
2 and also increases in gravel content. North of Site 2 the 
complex can be traced north of the Boyne Road, although the 
detailed drilling performed near the test well has not been 
carried out in this area. It is believed that the complex can be 
traced further north to connect with the Morewood complex. In 
the vicinity of the test well the aquifer is flanked on both 
sides by a clay/till unit that is approximately 12 m thick. 
South of the test well the till unit is also present between the 
underlying bedrock and the overlying sands and gravel. 

TW5 intersects 12.8 m (42 ft.) of overburden material 
with the bottom 3.7 m (12 ft.) consisting of coarse sand to 
boulder gravel that yields in excess of 22.73 l/sec (300 IGPM) of 
groundwater to a properly constructed well. The aquifer was 
originally thought to be confined due to the presence of a silty 
clay layer at the test drilling locations but, as shown below, 
the aquifer responds hydraulically in an unconfined manner. The 
water table is 0.5 to 1.0 m (1.6 to 3 ft.) below ground surface 
in the vicinity of the test wells. 

4.2 Aquifer T e s t  R e s u l t s  

Steady state conditions were obtained in the pumping 
well (TWS) almost immediately after pump start up. After three 
minutes of pumping a drawdown of 2.71 m (8.9 ft.) occurred. By 
the end of the test only an additional 0.26 m (0.85 ft.) of 
drawdown was observed. 

Four monitoring points (MltP19,P5,TW4) within 255 m of 
the pumping well showed a consistent total drawdown of 0.43 - 
0.49 m, indicating good hydraulic connection. M2 is located 105 
m away from TW5 but the drawdown of 0.055 m reflects its location 
within the clay/till unit that flanks the aquifer. P20, 270 m 
radial distance, is hydraulically connected to the aquifer but is 
located at the transition between the sand and gravel material 
and the clay/till unit. P7 and P13 also show hydraulic con- 
nection to the aquifer, but their radial distances, 728 m and 690 
m respectively, account for the slight drawdown observed (<lo 
cm). Finally, the last four monitoring points, Pl,P2, P3,P6, 
show fluctuations in water levels that are not due to the test 
well pumping. Only P6 appears to be hydraulically affected by 
the test but all seem to be affected by the pumping of private 





wells along Highway 43. The water level in P2 fluctuates 
throughout the test and there is no apparent recovery. 

The recovery in the pumping well occurred 
instantaneously with 90% recovery observed within the first 
minute after the pump was turned off. Water levels in TW5 
continued to rise very slowly with 95% recovery attained at the 
end of the 24 hour test. Recovery was not as rapid in the five 
closest hydraulically connected monitoring points 
(Ml,P5,Pl9,P20,TW4) with a final recovery of 35 to 51% observed. 
Recovery was observed to continue well after the formal 
conclusion of the test. 

The data was analyzed using the methods of Neuman and 
Jacob for drawdown and Theis for recovery. The calculated 
transmissivities and storativities (Appendix D) are summarized 
below. 

TABLE .1 CALCULATED AQUIFER PARAMETERS 

Transmissivities 
( m2/day ) 

Stora- 
Monitoring Radial tivities Jacob Neuman Theis 
Point Distance(m) (unitless) 

The drawdown data cannot be analyzed using the Theis/- 
Neuman method at any location other than M1. An early time 
transmissivity of 1116 m2/day and a late time transmissivity of 
244 m2/day was calculated. 

4.3 Well Efficiency 

The Jacob/Rorabough method yielded an efficiency of 89% by 
comparing the calculated theoretical drawdown in the pumping well 
with the actual drawdown observed during the aquifer test. This 
method assumes that the aquifer has reached steady-state 
conditions at the time of maximum actual drawdown. 



4 .4  Water Quality Results 

The following water samples were sent to the indicated 
labs for analysis. 

Bondar Cleaa and Company Ltd., Ottawa 

- major ions: 12,24,48,72 hour 
- trace metals: 24,72 hour 
- phenols: 12,24,48,72 hour 
- radionuclides: 72 hour 
KOPP Clinical Laboratories. Ottawa 

- bacteria: 12,36,48,72 hour 

Zenon Environmental Inc., Burlinaton 

- volatile and non-volatile organics, pesticides, USEPA 
624,625 priority pollutants: 72 hour 

Ministrv of Environment, Kingston 

- nuisance bacteria (Fe, SO4 reducing bacteria): 48 hour 

Groundwater chemistry results are shown below. 

TABLE 2: GROUNDWATER CHEMISTRY RESULTS 

Bacteria 
12 hour 3 6 hour 48 hour 72 hour 

Total Count 0 col/ml 0 col/ml 0 col/ml 0 col/ml 
Total Coliform 0 co1/100ml 0 co1/100ml 0 co1/100ml 0 co1/100ml 
Faecal Coliform absent absent absent absent 
Faecal Strept absent absent absent absent 

Nuisance Bacteria 
Fe bacteria absent 
SO4 reducers <9.0 MPN/~OO ml 

Radionuclides 72 hour 
137~s ~0.5 Bq/L 
1311 C1.0 Bq/L 
226~a 0.1 Bq/L 
3~ <I00 Bq/L 
9 0 ~ r  ~1.0 BQ/L 
Pesticides, Volatile and Non-volatile Organics 



All of these parameters were at concentrations less than 
detectable limits with the exception of bis(2- 
ethylhexy1)phthalate which was present at a typical background 
concentration of 1.7 ug/L. The complete Zenon report is in 
Appendix E. 

Major Ions and Trace Metals 

Parameter 
Ca 
Mg 
Na 
K 
C1 
so4 
Alk 

N- NO^ 
N-NO2 

t3t 
H S  

Fe tot 
Mn 
As 
Ba 
B 
Cd 
Cr 
CN' 
F 
Pb 
H9 
Se 
A9 
u 
Cu 
Zn 

phenol 
TDS 

turbidity(JCU) 
colour(UNT) 

12 hour 
6 4 
19 
6 
2 
7 
5 4 
192 

<o. 10 

24 hour 
6 5 
19 
4 
2 
7 
54 
186 

<o. 10 
<o. 10 
<o, 10 
0.13 

<o. 01 
<o. 01 
<o. 01 
0.03 

<o. 001 
<o. 01 
0.09 
qo.01 
<0.1 
<0.01 
0.01 

<o. 01 
<o. 01 
0.01 

<o .002 
14 1 
1.0 
6.0 

4 8 hour 
5 9 
18 
4 
2 
6 
5 2 
185 

< o .  10 

0.13 

<o. 002 

7 2 hour 
5 9 
19 
3 
2 
6 
5 2 
186 

<o. 10 
<o. 10 
<o. 10 
<o. 10 
0.13 

<o. 01 
<o. 01 
<o. 01 
<0.01 
<o. 001 
<o. 01 
<o. 10 
0.09 
XO.01 
co.1 
eo.01 
0.08 

<o. 01 
<o. 01 
0.11 

<o. 002 
2 18 
1.0 
6.0 

Field conductivity measurements remained constant 
throughout the test at 175 to 210 umhos. Temperature varied from 
10 to 12.5~ C, pH from 7.3 to 8.1, and Eh between -1 and +20 mV. 



5.0 INTERPRETATION OF RESULTS 

5.1 Physical Hydrogeology 

The Maple Ridge glaciofluvial complex forms a narrow 
northeast and southwest trending aquifer that can be traced from 
south of Highway 43 to west of Morewood. The aquifer exhibits 
the three hydrogeological conditions necessary to meet the water 
supply demands of Chesterville. 

- there is sufficient local transmissivity to provide 
sufficient flow of groundwater to a well. 

- water can be extracted by conventional well design 

- there is sufficient recharge area to prevent mining of 
the aquifer over the long term. 

i(-Y Given that the annual recharge rate is estimated at 
H-.+mm/a (Charron, 1978), an area of 650 Ha (1620 acres) would 
be required to support a perennial yield of 300 IGPM without 
groundwater mining. The dimensions of the esker complex are such 
that adequate recharge to the aquifer is ensured, particularly 
since infiltration in this granular body is almost certainly more 
than two times higher than Charron's average of 10.9 mm/a. 

The deposit is capable of producing a short term yield 
in excess of 34.09 l/sec (450 IGPM) as demonstrated by the step 
discharge test. Although boundary effects were observed during 
testing, the available drawdown in the pumping well and the 
minimal effects on monitoring points greater than 700 m from the 
pumping well indicates that a safe basin yield in excess of 22.73 
l/sec (300 IGPM) is possible. 

Theoretical calculations on long term aquifer yields 
(Appendix F) reveal that greater than 22.73 l/sec (300 IGPM) 
could be produced. Given the representative aquifer parameters 
transmissivity of 1000 m2/day and a storativity of 0.009, the 20 
year predicted yield with available drawdown to the top of the 
screen in TW5 is approximately 52.27 l/sec (690 IGPM). This 
would result in a drawdown of 8.5 m in the pumping well. This 
valued is theoretical and should not be used for design purposes. 
For full utilization up to this level it would be recommended 
that additional testing and aquifer definition work be conducted. 
Observation of the water levels in the aquifer to longer term 
pumping at a rate of 22.73 l/sec (300 IGPM) could also provide an 
indication of the long term ultimate basis yield of the aquifer. 



5.2 Well Interference 

Long term drawdown effects at any radial distance away 
from the pumping well can be calculated (Appendix F). The 
aquifer appears to be capable of theoretically producing a 
maximum design yield of 52.27 l/sec (690 IGPM) for 20 years, 
which is more than double the required yield. Pumping at 22.73 
l/sec (300 IGPM) would produce less than 3 m of drawdown in the 
pumping well, 1.78 m at a distance of 100 m, and 1.14 m at 800 m. 
If the discharge rate was increased to 37.89 l/sec (500 IGPM) a 
drawdown of 1.89 m would occur at 800 m distance. 

The Theis equation used to derive these figures assumes 
that the aquifer is homogeneous and isotropic; however, these 
assumptions cannot be made in this case since, during the pump 
test, the effect of the aquifer boundaries was felt. To 
accommodate this fact, the transmissivity values used were 
calculated using the late-time data and reflect the presence of 
these negative boundaries. 

The calculated drawdowns are not foreseen to be a 
significant problem to those households that are located along 
Highway 43 and therefore within an 800 m radius of the final 
production well. Minor well interference problems do sometimes 
accentuate existing problems in substandard wells. These 
problems can not be forecast and guarantees cannot be given that 
they will not occur since they are as much a function of the well 
design as the interference problem itself. They are however 
easily corrected. The above calculations assume that the 
production well is pumped continuously, which is unlikely, and 
more importantly, that homogeneous, isotropic hydrogeologic 
conditions exist everywhere. The main core of the aquifer is not 
thought to be present along Highway 43 and, therefore, any 
hydraulic connection would be reduced. This hypothesis is 
substantiated by 72 hour pump test data. Also, local recharge 
will occur between the production well and the points of possible 
interference in question. Recharge will greatly reduce the impact 
of interference, damping out effects on a seasonal basis. 

5.3 Groundwater Quality 

The geochemical data listed in Table 2 are all well 
within MOE drinking water standards, except for the elevated 
colour readings of 6.0 UNT and the turbidity value of 1 JCU. 
These are not unusual readings for a newly completed well: the 
elevated turbidity is a result of high fluid entrance velocities 
through naturally developed coarse material in TW5. These 
velocities will be reduced when a specially sized, artificial 
gravel pack is used in the production well construction. The 
high colour values are probably created by interference from the 
sample's turbidity. 



Results in   able 2 indicate that the water is very 
hard. This is characteristic of groundwaters obtained from this 
type of glaciofluvial deposit. The use of domestic water 
softeners for wash water is not out of the ordinary in Ontario 
and is an option that the individual home owner or end point user 
may wish to consider. From an operational perspective, the 
calcium and magnesium hardness must be considered in the maint- 
enance program for the well. Calcium and magnesium carbonate 
scales that form on the well screen will result in an eventual 
slow plugging of the screen. An adaption of a equilibrium based 
groundwater speciation model was used to determine the 
corrosivity or scale potential of the pumped waters based on the 
72 hour data. The results of the run are contained in Appendix E. 
A run of this computer model indicates that the water is mildly 
corrosive with a Ryznar Index of 7.3. The model also indicates 
that pumped waters are slightly supersaturated in calcium 
carbonate and that scale formation on the well screen over the 
long term is probable. 

It is not likely that the water is both corrosive and 
capable of producing scale. Scale production is not out of the 
ordinary for similar wells and groundwaters. Screen material and 
the installation of an artificial gravel pack must therefore be 
considered in the final well design in order that periodic 
acidification of the well will not adversely affect the con- 
struction. These points are discussed in greater detail in the 
next section. 

A review of potential conflicting land uses was under- 
taken during the course of the investigation. Features such as 
landfills, sewage lagoons and major transportation routes were 
identified as potential contaminant sources. 

Some concern has been voiced by Chesterville Council 
concerning the apparent proximity of the Winchester Township 
landfill, which is located a little over 3 km from the proposed 
production site. This landfill is also presently considering 
accepting fill (non-hazardous industrial waste classification) 
from a site on Lees Avenue in Ottawa (Interra, 1988). 

An examination of the geology of the area shows that 
the landfill is situated on a low-permeability clay till plain in 
a separate drainage basin from the proposed production site. The 
landfill does not lie on or close to the recharge area of the 
aquifer complex. 

The presence of two major transportation corridors, the 
rail line and Highway 43, do not pose an immediate contamination 
problem; however, it is imperative that if a spill occurs along 
these routes where they intersect the recharge area of the 
aquifer (a distance of approximately some 200 to 500 metres 
either side of the crest of the ridge) that they are immediately 



reported, contained and groundwater contamination prevented at 
all costs. The risks of such contamination are small and the lag 
times for entry of a contaminant into the water supply would be 
measured in years. Interception and removal of such a 
contaminant is technically feasible and most easily accomplished 
in the early stages of migration. 

5.4  Aggregate Extraction from Adjacent Property 

A gravel pit is located in the esker complex near the 
proposed production well site. This operation is currently only 
licensed to extract granular materials from above the water table 
(MNR, 1988), but may at a later date apply for a license to 
excavate below the water table in the future. 

WESA foresees no difficulty in operating a municipal 
water supply well in the vicinity of such an operation, provided 
that the guidelines outlined in The Pits and Quarries Control 
Act. 1971, along with the following special conditions, are 
followed. Three main areas of concern exist: water quality 
degradation; lowering of the groundwater table; and slope 
stability. 

Water quality degradation might be caused by refueling 
or dust control. Refuelling of equipment should on no account 
take place on the pit floor, and should be restricted to areas 
underlain by clays, to the west of the pit. Dust control 
compounds such as waste oil contain hazardous components which 
are mobile in this geologic media, and may even include highly 
toxic contaminants such as PCB's. Lowering of the water table by 
draining of surficial water or groundwater pumping will 
significantly reduce the supply potential of the municipal well. 
Such a draining operation is in contravention of The Pits and 
Quarries Act and the Ontario Water Resources Act unless special 
provision has been made. 

Lastly, drag line operations may be expected to induce 
a significant amount of turbidity in water close to the quarry. 
The Ontario Pits and Quarries Act states that "no pit or quarry 
excavation shall be closer than 50 feet from any property 
boundary". If this setback distance were to be doubled to 30 
metres (100 feet), a minimum separation distance of 75 metres 
between the production well and quarry activities would be 
achieved. No turbidity problems are foreseen given this 
separation: further, the pit bank should not encroach onto the 
neighbouring property, given a setback distance of 30 metres and 
an angle of repose of less than 42O for the unconsolidated 
material. 
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5 . 5  Production Well Design 

The drilling and testing of the test well has provided 
information that may be applied to the final production well 
design . 

The test well was a naturally developed well and 
required 16 hours of developing to obtain a well efficiency of 
89% at a pumping rate of 22.73 l/sec (300 IGPM). However, for 
the production well a large diameter (500 x 250 mm) artificial 
gravel pack well is preferred. Such a design incorporates a 
rounded silica gravel pack, sized to the formation, between the 
500 mm hole and the 250 mm stainless steel screen. Such a design 
would be capable of producing in excess of 22.73 l/sec (300 IGPM) 
and at a lower operation and maintenance costs than a natural 
gravel pack well. The higher cost of installation is also offset 
by lower well development costs. 

The proposed well design is included on Figure 4. Note 
that the well design may be encorporated into a pump house with a 
shaft line turbine pump and surface motor or used as a stand 
alone facility if completed with electrical submersible pump, 
pitless adapter and above ground vented well head. Baker 
manufactures such a protective well cap. The latter option will 
allow the well to be completed outside of the pump house, an 
advantage from a maintenance point of view (especially for 
acidification), but a disadvantage operationally. The use of an 
airline water level measurement system is more difficult in this 
type of design and winter access to the well head for electric 
tape measurement (a preferred and more accurate method) somewhat 
restricted. The 250 mm well casing diameter will allow for both 
pump options and is the norm for production well design at this 
scale. Aquifer materials are such that a 200 mm diameter well 
would be possible but the cost increase with the increased 
diameter, especially in gravel packed designs, is marginal. 

Design of the gravel pack and well screen is dependent 
on the geology of the production site. This information is only 
available at the time of drilling. 

Water chemistry and bacteriology results indicate that 
in-well chlorination or treatment will not be necessary. 
Chlorination, if recommended, may be undertaken in the pump 
house. 

Maintenance for the production well will most likely 
include the periodic acidification of the screen and gravel pack 
to remove calcium and magnesium scale or other mineral 
precipitates. These precipitates will, with time, accumulate and 
reduce overall performance and efficiency of the well. 
Maintenance should be undertaken by a qualified well driller/pump 
installer and the schedule based on records of well efficiency 
and specific capacity obtained during the weekly record of 



drawdown in the production well and proximinal piezometers. 
Examination of the groundwater chemistry speciation model 
indicates that scale formation will not be rapid and that 
maintenance on a yearly or less frequent schedule may be all that 
is required. The production of a maintenance schedule will be 
more possible at the conclusion of the first year of operation. 
Measurement of well drawdown should ideally be conducted at the 
same time of the day and on the same day, preferably on a Friday, 
in order that pumping induced fluctuations of water level may be 
minimized. 

The test well should be modified for use as a standby 
production well. 

6.0 CONCLUSIONS 

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

1. An unconfined sand and gravel aquifer is present 4 Ian west 
of the Village of Chesterville. A successfully completed 
test well is located north of Highway 43 and the CPR line 
and east of the high school. 

2. The aquifer consists of a narrow band of glaciofluvial sands 
and gravels that run from south of Highway 43  to north of 
the Boyne Road. A clay/till unit flanks both sides of the 
aquifer. Recharge occurs mainly along the length of the 
aquifer. 

3 .  The aquifer has demonstrated an ability to produce in excess 
of 300  IGPM to a test well screened over 4 . 0  m (13 ft.) of 
its thickness. A theoretical safe perennial yield of 550- 
600 IGPM is possible. 

4 .  Minor well interference occurs at the site of any major 
groundwater withdrawal scheme. The interference at the 
Maple Ridge site will be small, seasonal and will most 
likely be unmeasurable at a discharge of 22.7 l/sec over the 
long term. The low levels of interference anticipated will 
not result in a "no water" situation at the domestic or 
school water production sites. If well and aquifer factors 
combine to drop water levels below pump efficiencies or 
intakes the condition may be easily corrected with the 
installation of a submersible or positive displacement pump, 
or by deepening the well. 



5 .  Water quality in the aquifer is very good. MOE drinking 
water standards are met for all parameters. 

6. Any continued gravel pit operations outside of a reasonable 
buffer (on the order of 75 metres) should not interfere with 
aquifer yield and water quality as long as those operations 
are in accordance with the Pits and Quarries Control Act and 
do not involve the draining or the addition of contaminants 
to the groundwater regime. If saturated materials are 
sought after, a drag line operation conforming to the 
Ontario Pits and Quarries Act should pose no problems. Water 
contamination from an operating pit is unlikely if the pit 
is operated in a manner conforming with the Ontario Pits and 
Quarries Act. 

7. There does not appear to be any potential groundwater 
contamination sources in the immediate vicinity of the 
proposed production site. The municipal landfill site 
located on the Boyne Road, 3 km west of the site, should not 
pose any problem given its hydrogeologic situation and its 
position outside of the recharge area. This status should 
be monitored in the future and any spills or potential 
conflicts reported immediately. Highway 43 most likely forms 
the single largest potential spill source. A provincial 
system for the immediate reporting of spills already exists 
and should serve as an early warning system for the well 
field. 

7 . 0  RECOMMENDATIONS 

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

1. The aquifer should be used to meet the long term needs for 
the Village of Chesterville. 

2. A 500 x 250 mm artificial gravel pack production well should 
be installed close to the test well. The well could produce 
the required 300 IGPM and if necessary produce more if the 
need arises. The test well should be modified for use as a 
standby production facility. 



3. In the event of any perceived interference problem, the 
situation should be dealt with immediately and the situation 
rectified. Rural based water supplies in other municip- 
alities have been subjected to substantial criticism and 
their ultimate potential reduced due to public opposition 
and perceived conflicts. The cost of repairing and even 
replacing allegedly affected water supplies is small in 
comparison to operating in a disruptive atmosphere of 
mistrust. 

Respectfully submitted, 

Ian Macdonald M.Sc. 
Hydrogeologist 

Roger M. Woeller M.Sc. 
Hydrogeologist 
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APPENDIX A 

MOE WELL LOGS ( L o c a t i o n s  o n  F i g u r e  1 )  

WESA T E S T  HOLES 



WELL CON Lur LAS-I ING SURFACE DRILL CSG KIND OF WATER STATIC PUMPED TESI TES'T WATE:F~ 
NORTt i ING E L E V  D(4'TE D L A  WATEFi FOUND L.EVEL L E V E L  R A T E  T I M E  USE 

Gk~OL-OLil C LOG 

1 2  65 10 1 DO ti0OGEVEtrl\ l, tiEl\lt<Y 

15 - - . 6 1 DC1 HOOGEVKEN, I - I tNKY 

20 20 10 5 ST SIiORT , b 

9 25 10 1 S'T UO t iOOGEVEtN, t.1 

1 5  35 5 1 DO S U L L I V A N ,  JAPIES 

1 5  15 2 1 DO GHAtiAM,A. 

5 12 2 2 s'r R A C I N E ,  A 

1 6  20 1 5  2 S T  DO SYEcREW DE JONG 

20 20 8 1 S T  MOORE, E.B. 

213 180 5 1. 5 DO JCI~~NSON, ti. 

1 8  ,365 2 1 JOHNSON, LjORDUN 

12 18 20 1 ST DO DWAYNE HUNROE 

1 5  1 5  9 1 0 D O  MUNROE,H.  

1 2 18 20 1 DO MUNNOE, D. 

9 30 10 1 S T  DO SHFiY, A. 

8 30 2 2 S T  DO MERI:::LEY, J. ti. 

7 15 1 5  2 S T  MERh:LE:'Y ,G. 
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MNR BOREHOLE LOGS 
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APPENDIX C 

STEP-DRAWDOWN DATA AND CALCULATIONS 



I AQUIFER TEST DATA WELL#: TW5 

I 
Type of aquifer test: step drawdown Well type: pumping 
How Q Measured: orifice weir Data type: pumping 
Distance from pumping well: 0.10 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 1.07 m Pump on: 12: 30 30-04-87 
Elevation of Measuring Pt.: Pump off:15:00 30-04-87 I Static Water Level: 1.58 Discharge rate: various 

Time 
minutes 

for each step 

Q=125 IGPM 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
2 0 
2 5 
3 0 

Q=200 IGPM 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
2 5 
30 

Q=300 IGPM 1 
2 
3 
4 
5 
6 

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



I AQUIFER TEST DATA WELL#: 'TW~ 

Type of aquifer test: step drawdown Well type: pumping 
How Q Measured: orifice weir Data type: pumping 
Distance from pumping well: 0.10 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 1.07 m Pump on: 12:30 30-04-87 

I Elevation of Measuring Pt.: Pump off:15:00 30-04-87 
Static Water Level: 1.58 Discharge rate: various 

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

for each step total 

Q=400 IGPM 

Q=452 IGPM 



I AQUIFER TEST DATA WELL#: TW5 

I Type of aquifer test: step drawdown Well type: pumping 
How Q Measured: orifice weir Data type: pumping 
Distance from pumping well: 0.10 m Depth pump: 9.1 m 

t 
Meas. point for w. 1.'~: 1.07 m Pump on: 12:30 30-04-87 
Elevation of Measuring Pt.: Pump off:15:00 30-04-87 
Static Water Level: 1.58 Discharge rate: various 

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

for each step total 



TW5 Step- Drawdown 

(2 = 300 IGPM = 1964 ms/dav 
n = 2.5 
B = 1 . 2 2 ~ 1 0 - ~  

- Sw = 1 . 2 2 9 ~ 1 0 ' ~ 0 + 6 . 1 8 ~ 1 0 - ~ ~ ~  
s l o ~ e  = 6,1x10'8 

- 

- 

- 

I I I 1 I I I I I I 

IGPM (.'/day) -- (m) Sw S W / Q ( X ~ O - ~ )  

Tlmt (minutes) 



Sw ( t h e o r i r i c a l )  = 1.229 x lom3 Q + 6.18 x 10 -8 Q 2  

a t  Q = 300 IGPM 

= 1964 m3/day 

= 1.229 x (1964) * 6.18 x loe8  ( 1 9 6 4 ) ~  

Sw a c t u a l )  = 2.97 m (from t h e  7 2  hour  t e s t )  

w .E .  = Sw ( t h e o r i t i c a l )  

Sw ( a c t u a l )  



4 AQUIFER TEST DATA JOB#1500 WELLS: P2 

Type of aquifer test: COST. Q Well type: OBSERVAT . 
How Q Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping well:900 m Depth pump: 9.1 m 
Meas. point for w .  1.'~: 0.54 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13: : 1 -  I Static Water Level: 9 . 2 8  Discharge rate: 300 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdom 



I AQUIFER TEST DATA JOB#1500 WELL#: P I 3  

P Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMP I NG 
Distance from pumping well:690 m Depth pump: 9 . 1  m 
Meas. point for w. 1.' ~ :  1 . 2 9  m Pump on: 04-05-87 13:  30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13 :30  1 Static Water Level: 2.47  Discharge rate: 300 IGPM 

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

108 2 .47  0  
168 2 .47  0  
291 2 .47  0  
40 5  2 . 4 9  0 . 0 2  
535 2 .48  0 . 0 1  
645 2 . 4 8  0 . 0 1  
823 2.48 0 . 0 1  
891 2 .48  0 . 0 1  

1021 2 .51  0 . 0 4  
1178 2 . 5  0 . 0 3  
1283 2 .49  0 . 0 2  
1406 2 . 4 9  0 . 0 2  
1522 2 .49  0 . 0 2  
1663 2 .6  0 .03  
1722 2 .5  0 . 0 3  
1842 2 . 5  0 . 0 3  
1965 2 .51  0 .04  
2085 2 . 5 3  0 .06  
2204 2 . 5 3  0 .06  
2315 2 . 5 3  0 . 0 6  
2445 2 .53  0 . 0 6  
2561 2 .52  0 . 0 5  
2673 2 .52  0 . 0 5  
2791 2 . 5 2  0 . 0 5  
290 1 2 .52  0 .05  
3030 2 . 5 3  0 . 0 6  
3171 2 .53  0 .06  
3299 2 . 5 3  0 . 0 6  
3540 2 . 5 3  0 . 0 6  
3784 2 .54  0 . 0 7  
40 1 2  2.56 0 .09  
4230 2 . 5 6  0 . 0 9  



1 AQUIFER TEST DATA JOBtt1500 WELL#: P I8  

I Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: ORIF-WEIRData type: PUMPING 
Distance from pumping well: Depth pump: 9 . 1  m 
Meas. point for w .  1.'~: 0 Pump on: 04-05-87 13:30 
Elevation of Measuring Pt. : Pump off: 07-05-87 13:30 1 Static Water Level: 4.03 Discharge rate: 300 IGPM 

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



P AQUIFER TEST DATA JOB#1500 WELL#: PI9 

Type of aquifer test: CONST. Q Well type: OBSERV . 4 How Q Measured: 0RIF.WEIRData type: PUMP1 NG 
Distance from pumping well:210 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.95 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13: 30 8 Static Water Level: 3.09 Discharge rate: 300 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



I AQUIFER TEST DATA JOBtt1500 WELL#: PI9 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping well:210 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.95 m Pump on: 04-05-87 13:30 

I Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 
Static Water Level: 3.09 Discharge rate: 300 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



1 AQUIFER TEST DATA JOB#1500 mLL#: P20 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping well : 270 m Depth pump: 9.1 m 
Meas. pointforw. 1,'s: 0.6m Pumpon: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13:30 8 Static Water Level: 2.61 Discharge rate: 300 IGPM 

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



I AQUIFER TEST DATA JOB#1500 WELL#: P20 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMP I NG 
Distance from pumping well : 270 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.6 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13: 30 I Static Water Level: 2.61 Discharge rate: 300 IGPM 

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



AQUIFER TEST DATA JOB#1500 WELL#: MI 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMP1 NG 
Distance from pumping wel1:lO m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0 . 1 0  m Pump on: 04-05-87 1 3 : 3 0  
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 
Static Water Level: 0 . 5 9  Discharge rate: 300 IGPM 

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

0 . 5  0 . 6  0 . 0 1  
1  0 . 6  0 . 0 1  
2 .  0 . 6 0 5  0 . 0 1 5  
3  0 . 6 2  0 . 0 3  
4  0 . 6 3  0 . 0 4  
5  0 . 6 4  0 . 0 5  
6  0 . 6 5  0 . 0 6  
7  0 . 6 5  0 . 0 6  
8  0 . 6 6  0 . 0 7  
9 0 . 6 6  0 . 0 7  

10 0 . 6 7  0 . 0 8  
12  0 . 6 8  0 . 0 9  



AQUIFER TEST DATA JOB#1500 WELL#: MI 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping wel1:lO m Depth pump: 9.1 m 
Meas. point forw. 1.'~: 0.10m Pumpon: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 
Static Water Level: 0.59 Discharge rate: 300 IGPM 

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

1640 0.905 0.315 
1726 0.92 0.33 
1800 0.925 0.335 
1882 0.925 0.335 
2005 0.925 0.335 
2049 0.925 0.335 
2125 0.93 0.34 
2228 0.94 0.35 
2355 0.95 0.36 
2485 0.95 0.36 
2530 0.955 0.365 
2595 0.955 0.365 
2723 0.96 0.37 
2826 0.96 0.37 
2931 0.965 0.375 
3070 0.97 0.38 
3191 0.98 0.39 
3328 0.99 0.4 
3420 0.995 0.405 
3565 1 0.41 
3807 1.01 0.42 
3916 1.015 0.425 
4097 1.03 0 -44 
4212 1.04 0.45 
4329 1.04 0.45 



AQUIFER TEST DATA JOB#1500 WELL#: M2 

Type of aquifer test: CONST. 8 Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMP1 NG 
Distance from pumping well:105 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.11 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 
Static Water Level: 0.47 Discharge rate: 300 IGPM 

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



AQUIFER TEST DATA JOBlt1500 WELL#: M3 

Type of aquifer test: COST. Q Well type: OBSERVAT . 
How Q Measured: 0RIF.WEIRData type: PUMP1 NG 
Distance from pumping well:728 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.10 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13:30 
Static Water Level: 1.89 Discharge rate: 300 IGPM 

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

96 1.89 0 
178 1.89 0 
30 1 1.89 0 
423 1.88 -0.01 
5 50 1.88 -0.01 
660 1.88 -0.01 
840 1.88 -0 .O1 
887 1.88 -0.01 
10 15 1.88 -0.01 
1184 1.88 -0.01 
1289 1.88 -0.01 
1410 1.88 -0.01 
1527 1.88 -0.01 
1667 1.88 ' -0.01 
1735 1.88 -0.01 
18 5 5 1.88 -0.01 
1978 1.88 -0.01 
2097 1.88 -0.01 
2341 1.88 -0.01 
2455 1.88 -0.01 
2570 1.88 -0.01 
2692 1.845 -0.045 
2804 1.845 -0.045 
2913 1.865 -0.025 
3040 1.845 -0.045 
3180 1.845 -0.045 
3307 1.885 -0.005 



I ' AQUIFER TEST DATA 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping well:255 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.40 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 
Static Water Level: 1.25 Discharge rate: 300 IGPM 

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

16.5 1.3 0.05 
29 1.3 0.05 
52 1.31 0.06 
73 1.31 0.06 
142 1.33 0.08 
18 1 1.33 0.08 
233 1.34 0.09 
308 1.35 0.1 
355 1.36 0.11 
423 1.37 0.12 
477 1.38 0.13 
556 1.38 0.13 
593 1.39 0.14 
668 1.39 0.14 
770 1.41 0.16 
833 1.42 0.17 
899 1.42 0.17 
958 1.43 0.18 
1027 1.43 0.18 
1099 1.44 0.19 
1169 1.45 0.2 
1203 1.45 0.2 
1274 1.45 0.2 
1332 1.46 0.21 
1399 1.47 0.22 
1512 1.48 0.23 
1654 1.49 0.24 
1745 1.5 0.25 
1792 1.51 0.26 
1865 1.51 0.26 
1990 1.53 0.28 
20 38 1.54 0.29 
2107 1.54 0.29 
2215 1.55 0.3 
2338 1.56 0.31 
2470 1.56 0.31 
2520 1.57 0.32 
2580 1.57 0.32 
2699 1.58 0.33 
2812 1.59 0.34 
2922 1.59 0.34 
3049 1.6 0.35 
3184 1.61 0.36 



( AQUIFER TBST DATA JOB#1500 WELL#: TW4 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: PUMP I NG 8 Distance from pumping well: 255 rn Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.40 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13:30 I Static Water Level: 1.25 Discharge rate: 300 IGPM 

Time 
minutes 

Water Level Data 
w.1. (m) Drawdown 



' I AQUIFERTESTDATA 

Type of aquifer test: CONST. Q Well type: PUMPING I How Q Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping well: 0 Depth pump: 9.1 m 
Meas. point for w. 1.'~: 1.07 m Pump on: 04-05-87 13:30 I Elevation of Measuring Pt . : Pump off: 07-05-87 13:30 
Static Water Level: 1.63 Discharge rate: 300 IGPM 

Time 
minutes 

0.25 
0.5 

1 
1.5 
2 

2.5 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
2 0 
2 5 
30 
3 5 
40 
45 
50 
55 
60 
70 
80 
9 0 
100 
120 
150 
180 
210 
240 
300 
360 
420 
480 
540 
600 
660 

Water Level Data 
w.1. (m) Drawdown 



AQUIFER TEST DATA JOBtt1500 WELL#: TW5 

Type of aquifer test: CONST. Q Well type: PUMPING 
How Q Measured: 0RIF.WEIRData type: PUMP1 NG 
Distance from pumping well: 0 Depth pump: 9 . 1  m 
Meas. point for w. 1.'~: 1 . 0 7  m Pump on: 04-05-87 1 3 : 3 0  
Elevation of Measuring Pt.: Pump off : 07-05-87 13:30  
Static Water Level: 1 . 6 3  Discharge rate: 300 IGPM 

Time 
minutes 

720 
780 
840 
900 
960 

1020 
10 80 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 

Water Level Data 
w.1. (m) Drawdown 

4 . 3 8  2 . 7 5  
4 . 3 9  2 .76  
4 . 3 9  2 . 7 6  
4 . 3 9  2 . 7 6  

4 . 4  2 . 7 7  
4 .41  2 .78  
4 . 4 5  2 . 8 2  
4 .46  2 . 8 3  
4 . 4 6  2 . 8 3  
4.46 2 . 8 3  
4 . 4 3  2 . 8  
4 .44  2 .81  
4 .44  2 . 8 1  
4.44 2 . 8 1  
4 . 4 4  2 . 8 1  
4 .44  2 .81  
4 . 4 8  2 . 8 5  
4 . 4 6  2 . 8 3  
4 . 4 6  2 . 8 3  
4 . 4 6  2 . 8 3  
4 . 4 6  2 . 8 3  
4 .47  2 .84  
4 . 4 7  2 .84  
4 .47  2.84 
4 . 4 7  2 . 8 4  
4 .46  2 . 8 3  
4 . 4 7  2 . 8 4  
4 .48  2 . 8 5  
4 . 4 9  2 . 8 6  

4 . 5  2 .87  
4 .51  2 . 8 8  
4 .51  2 .88  
4 . 5 2  2 . 8 9  
4 .53  2 . 9  
4 . 5 3  2 . 9  
4 .54  2 . 9 1  
4 . 5 5  2 .92  
4 .55  2 .92  
4 . 5 6  2 . 9 3  
4 .56  2 . 9 3  
4 . 5 6  2 . 9 3  
4 . 6 1  2 .98  
4 .56  2 . 9 3  



I AQUIFER TEST DATA JOBt11500 WELL#: TW5 

Type of aquifer test: CONST. Q Well type: PUMP1 NG 1 How B Measured: 0RIF.WEIRData type: PUMPING 
Distance from pumping well: 0 Depth pump: 9.1 m 
Meas. point for w. 1.'~: 1.07 rn Pump on: 04-05-87 13: 30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13:30 I Static Water Level: 1.63 Discharge rate: 300 IGPM 

Time 
minutes 

Water Level Data 
w . 1 .  (m) Drawdown 



- 
- 
- 
- 

- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Time (minutes) 

- --- - 

P 19 

/ ++B 
++++* 

+ + + +  
+ + + +  

no curve match 

I I I I I I I 

Thais Curve Amlysis 
1.00 , 

Neuman - e a r l y  time 
$= 0 . 1  
matchpoint  1,1 
Q = 300 IGPM = 1964 m3/day 
AS = 0.14 m 
T = (jVlY:)= 1164.4 m2/day 

m 

matchpoint  1,1 
0 

m Q = 300 IGPM 
m = 1964 m3/day 

a As = 0.64 m 

10000.00 

Thsi Curve A- 
1 .mo 
0.794 

0.631 

0.501 

0.388 

0.31 6 

0.251 

0.200 

0.158 

0.126 

0.100 

0.079 

0.063 

0.060 

0.040 

o m 2  

0.025 

0.020 

0.01 6 

0.01 3 
0.01 0 

1 -00 10.00 100.43 1000.60 



no curve match 

TW4 
MIS Curve Amty6is 

no curve match 



l w 5  
Jocob Curve 

10.60 

%me (minutes) 

Q = 300 IGPM = 1964 m3/day 
- ? = = i 1 ~ ~ = m 2 9 9 1  .6  m2 /day  

- 
+ + + 

+ +++ +++twttw++-* 
- 

- 

- 

- 

- 

1 I I I 

l w 4  
Jocob C u m  

L 

- 

- 

- 

- 

- 

- 

- 

4 

a 
Q = 300 IGPM = 1964 m3/day 
As = 0 . 4 4 5  m 
r = 255 m 
T = 2.& = 8 0 7 . 8  mz/day 

S = 2.25TtQ = 0 . 0 0 9 2  
r 

000 
0 a 0 0  

d 
@' 
t, = 480  min. 

I I 1 I 



Q = 300 IGPM = 1964 ms/day 
AS = 0.44 m 
r = 250 m - T = 2.;; = 817 m2/day 

S = 2.25Tta = 0.0091 
r ' - 

- 

- 
+ 

+ + + +  

I I I I 

. 
Q = 300 IGPM = 1964 mS/day - 
AS = 0.086 m 

- :I?{= 4179 ../day 

- S = 2.25Tto = 0.018 
r2 

- 

- 

- 

- 

I I 



Jowb C u e  

Time (minutea) 

0.30 

0'28 - 
0.26 - 
0.24 - 
0.22 - 
0.20 - 

0.12 - 
0.10 - 
0.08 - 
0.06 - 
0.04 - 
0.02 - 
0.00 

Q = 300 IGPM = 1964 ms/day 
As = 0.38 m 

- r = 210 m 
T = 2.2.: = 946 m2/day 

S = 2.2STt~ 0.0082 - 
r 

- 

- 
+ + 

+ + + + + +  - 

= 240 min. 

1 I I I 

Q = 300 IGPM = 1964 ms/day 
AS = 0.26 m 
r = 690 m 

= gz = 1382.6 m2/day 

S = 2.25Tto = 0.0095 

r 

to = 2100 min. + 
I I I. ' ' 1 

0.1 0 10.00 1043.00 



i 

Q = 300 IGPM = 1964 mS/day 
As = 0 . 3 3  m 
r = 270 m - T=s! = 1089.3 mz/day  

S = 2.25Tt;  0 . 0 1 2  

r - 

- 

- 
+ + 

+ + 
I I I I I I I I 



10.00 

Tlme (minutes) 

M 2 
Jacob c m  



I AQUIFER TEST DATA JOB#1500 WELL#: TW4 

Type of a q u i f e r  test :  CONST. Q Well type :  OBSERV . 
How Q Measured: 0RIF.WEIRData type :  RECOVERY I Distance from pumping w e l l  : 255 m Depth pump: 9 . 1  m 
Meas. p o i n t  f o r  w .  1 . ' ~ :  0.40 m Pump on: 04-05-87 13:30 
E leva t ion  of Measuring P t . :  Pump o f f :  07-05-87 13:30 1 S t a t i c W a t e r L e v e l :  1.25 Discharge r a t e :  300 IGPM 

A t  t '  = 0,  t = 4320 Water Level Data 
T i m e  Residual  

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



AQUIFER TEST DATA JOB11500 WELL#: TW5 

Type of aquifer test: CONST. Q Well type: PUMPING 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping wel1:O.l m Depth pump: 9 . 1  m 
Meas. point for w. 1.'~: 1.07 m Pump on: 04-05-87 
Elevation of Measuring Pt.: Pump off: 07-05-87 
Static Water Level: 1.63 Discharge rate: 300 IGPM 

At t' = 0 ,  t = 4320 Water Level Data 
Time Residual 

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

0 . 5  8641 2.22 0.59 
1 4321 2 .1  0.47 
2  2161 2.04 0.41 

2 .5  1729 2 .03 0.4 
3  1441 2.02 0.39 

3 .5  1235.285 2.02 0.39 
4  1081 2.01 0.38 

4 . 5  96 1 2 0.37 
5  865 2 0.37 
6  721 1 .99 0.36 
7  618.1428 1.98 0.35 
8  54 1 1.98 0 .35 
9  481 1 .97 0.34 

10 433 1 .95 0 .32 
12 361 1 .95  0.32 
14 309.5714 1 .95  0.32 
16 271 1 .97 0.34 
18 24 1 1.97 0.34 
2  0  217 1.96 0.33 
25 173.8 1 .95  0.32 
3  0  145 1 .95 0.32 
35 124.4285 1 .95  0 .32 
40 109 1 .95  0.32 
45 97 1 .94 0 .31  
5  0  87.4 1.94 0.31 
55 79.54545 1.94 0.31 
6  0  7  3  1.93 0 .3  
70 62.71428 1 .93  0 .3  
80 55 1 .92 0.29 
90 49 1 .91  0.28 

100 44.2 1 . 9 1  0.28 
110 40.27272 1 . 9 1  0.28 
120 3 7  1 .91  0.28 
150 29.8 1 .91  0.28 
180 2  5  1 .91 0.28 
210 21.57142 1 . 9  0.27 
240 19 1 . 9  0.27 



8 AQUIFER TEST DATA JOB#I~OO WELL#: T W ~  

Type of aquifer test: CONST. Q Well type: PUMP I NG ) How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping wel1:O.l m Depth pump: 9.1 m 
Meas. point for w .  1.'~: 1.07 m Pump on: 04-05-87 
Elevation of Measuring Pt.: Pump off: 07-05-87 I Static Water Level: 1.63 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

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



8 AQUIFER TEST DATA JOB#1500 WELL#: PI 

Type of aquifer test: CONST. Q Well type: OBSERV . I How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:728 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.65 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13: 30 I Static Water Level: 9.84 Discharge rate: 300 IGPM 
- 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

minutes t/tJ w.1. (m) Drawdown 



1 AQUIFER TEST DATA JOB#1500 WELL#: P2 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:900 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.54 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off : 07-05-87 13: 30 
Static Water Level: 9.28 Discharge rate: 300 IGPM 

A t  t' = 0, t = 4320 Water Level Data 
Time Residual 

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



I AQUIFER TEST DATA JOB11500 WELL#: P5 

Type of aquifer test: CONST. Q Well type: OBSERV . I How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:250 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.58 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 ) Static Water Level: 1.55 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 

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



I AQUIFER TEST DATA WELL#: P6 

Type of aquifer test: C0NST.Q Well type: OBSERV . I How Q Measured: 0RIF.WEIRIlata type: RECOV . 
Distance from pumping well:458 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.93 m Pump on: 04-05-87 13:30:00 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30:00 ( Static Water Level: 2.06 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 

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



I AQUIFER TEST DATA WELL#: P7 

Type of aquifer test: C0NST.Q Well type: OBSERV . ( How Q Measured: 0RIF.WEIRData type: RECOV . 
Distance from pumping well:728 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.35 m Pump on: 04-05-87 13:30:00 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30:00 ( Static Water Level: 10.32 Discharge rate: 300 IGPM 

A t  t' = 0, t = 4320 Water Level Data 

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



AQUIFER TEST DATA WELL#: PI3 

Type of aquifer test: C0NST.Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: RECOV . 
Distance from pumping well:690 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 1.29 m Pump on: 04-05-87 13:30:00 
Elevation of Measuring Pt. : Pump off: 07-05-87 13:30:00 
Static Water Level: 2.47 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

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

130 34.23076 2.53 0.06 
191 23.61780 2.56 0.09 
280 16.42857 2.56 0.09 
370 12.67567 2.56 0.09 
543 8.955801 2.55 0.08 
815 6.300613 2.55 0.08 
1017 5.247787 2.55 0.08 
1231 4.509341 2.56 0.09 
1453 3.973158 2.56 0.09 



AQUIFER TEST DATA JOB111500 wllLL#: PI8 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well: Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt. : Pump off: 07-05-87 13:30 
Static Water Level: 4.03 Discharge rate: 300 IGPM 

A t  t' = 0, t = 4320 Water Level Data 
Time Residual 

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



I AQUIFER TEST DATA JOB#1500 WELL#: PI9 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:210 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.95 m Pump on: 04-05-87 13:30 
Elevation of Measuring Pt.: Pump off: 07-05-87 13:30 
Static Water Level: 3.09 Discharge rate: 300 IGPM 
- 

I 
At t' = 0, t = 4320 Water Level Data 

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



AQUIFER TEST DATA JOB#1500 WELL#: P20 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:270 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.60 m Pump on: 04-05-87 
Elevation of Measuring Pt.: Pump off: 07-05-87 
Static Water Level: 2.61 Discharge rate: 300 IGPM 
-- 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

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



AQUIFER TEST DATA JOB11 500 WELL#: M1 

Type of aquifer test: CONST. Q Well type: OBSERV . 
How Q Measured: ORIF-WEIRData type: RECOVERY 
Distance from pumping wel1:lO m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.1 m Pump on: 04-05-87 
Elevation of Measuring Pt.: Pump off: 07-05-87 
Static Water Level: 0.59 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

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



1 AQUIFER TEST DATA JOB#1500 WELL#: M2 

Type of aquifer test: CONST. Q Well type: OBSERV . ( How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:105 m Depth pump: 9.1 m 
'Meas. point forw. 1.'~: 0.11 m Pumpon: 04-05-87 

I Elevation of Measuring Pt.: Pump off : 07-05-87 
Static Water Level: 0.47 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

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



' I AQUIFERTESTDATA JOB#1500 WELL#: M3 

Type of aquifer test: CONST. Q Well type: OBSERV . 1 How Q Measured: 0RIF.WEIRData type: RECOVERY 
Distance from pumping well:728 m Depth pump: 9.1 m 
Meas. point for w. 1.'~: 0.10 m Pump on: 04-05-87 
Elevation of Measuring Pt. : Pump off : 07-05-87 ) Static Water Level: 1.89 Discharge rate: 300 IGPM 

At t' = 0, t = 4320 Water Level Data 
Time Residual 

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



RECOVERY DATA FOR TW4 

TW 5 

R a K m y  c u m  
0.50 

Q = 300 IGPM = 1964 mJ / d a y  
A S  = 0.175 m 

0.70 

0.60 - 

0.50 - 

0.40 - 

0.30 - 

0.20 - 

0.10 - 

0.00 1 

Rbowcry cunre 

Q = 300 IGPM = 1964 m3/dav 
As = 0.10 
T = 2 . 3 4  = 3594.7 m2/day 

T 3 - F  + 

***+ +* 
-++w' 

+ 
+* + 

/ 
I I I I I I I 

1.00 10.00 100.00 1om.m 10(300.00 



KLC/VVLK I unln run ra 

RecDvuy c- 
% 

Q = 300 IGPM = 1964 m3 /day 
As = 0.122 m - 
T = 2.2.: = 2946 m2/day 

- 

- / 
- 

0 
0 

a 
0 

- 

- 

- 

4 I I I I 

ReomeIy c u m  
0.40 . 

Q = 300 IGPM = 1964 m3/day 
0n3' - As = 0.112 
0.36 - T = = 3209.5 m2/day 

0.34 - 
0.32 - 
0.30 - 



0.30 

0.29 - 
o.ae - 
0.27 - 
0.26 - 
0.25 - 
0.24 - 
0.23 - 
0.22 - 
0.21 - 
0.20 - 
0.19 - 
0.18 - 
0.17 - 
0.16 - 
0.15 - 
0.14 - 
0.13 - 
0.12 - 
0.1 1 - 
0.10 

Recovtry CUM 

Q = 300 IGPM = 1964 mZ/dav 
't 

A S  = 0.055 

= 2&! = 6535.8 m2/day 

/ 

/'/ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 \  

1.00 1.58 2.51 3.98 6.31 10.00 15.85 25.12 39.81 63.10 100.M 

Rc<ouuy C U M  

- 

- 

Q = 300 IGPM = 1964 m3/day 
As = 0.5 m 
T = ; ;  = 718.9  m2/day 

+* + + 



APPENDIX E 

GROUNDWATER QUALITY DATA 



Am: (6131 749-2220 
Tekx: 053-3233 

of Analysis 

t --a-. - . - - . - - I _ _ -  -- -- -----.-- - -- - - .- I :  -- - -- - -- .- .. . . 
YATER t EARTH SCIEiCES 
RU, R06fR YOfLlEU 
P.O. BOX 430 
CARP, OWTARIO. 
KOL 110 



-up r w m p q  ua. 
5420 CMaeC Rd.. 
Otuwr Onurn* Certificate 
C ~ d l  KIJ 8XJ 
Arne: (613) 749-2220 

of Analysis 
Tekr 053-3233 

i - - - "  I I 

- ---lmm-mr-15 * r-.----.-.---.p.--. 
REPORT: 417-1961 ( COIPLETE 1 i a 

i -- - i - - - - - . .-.. . . .. . 
C i . l l t 'NWT: -PKtEC T.TIIRTlxIEW cE 

' 

S.lllwB'rrS;SZOJKfi-" 
.. . 

1; .- PROJECT: NONE DATE PRINTED: I--...-. 1-JUN-87 _ 
r - - - - - . - - I  

IRIIIIr-Im---'-- -- - . 

ORDER ELEREWT ANALYSES DETECTION LIRIT EXTRACTION RETHOD i 
! 

1 Phen Phenols -Assay 4 0.001 PPR 
(- 2 SPEC TYPED ASSAY REPORTS 0 

- --I----~'75.iPm-.....-.--. -- -- # [ - 3 As A r s e n i A ~ s a y  
-. -. . - 

I 

I 4 I a  Bariur -Assay 2 0.1 PPI 
5 1 loron -Assay 2 0.01 PPR 
6 C l  Calr iur  1, 2 0.001 PPR 
7 Cr Chroriur -Assay 2 0.01 PPR 

- 
, --------..i---3-lT-nr---...-...--...-.-.-.-- - .. . . . 0 CN- Cyanide -Assay 1 . 

[ 9 
F Fluorine-Assay 2 0.01 PPI 

10 Pb Leal -Assay 2 4.01 PPI 
11 Hg Rercury -Assay 2 8.1 PPt j 
12 N-i03 N i t r a te  Nitrogen 4 0.01 PPI 

I - ---- _ _ _ - - - - - I - - - _ _ . -  1: - - I - - - . - - -  

13 N-NO2 N i t r i t e  n i t rogen 2 . 
i 14 SPEC TYPED ASSAY REPORTS 4 

1; 15 Se Seleniua -Assay 2 0.01 PPR 
16 Ag S i lver  -Assay 2 0.01 PPI 

L 
17 Turb Turbidi ty 2 0.1 JCR 

-.-- 
2 0.01 PPll 11 10 1 Uraniur-Assay 

19 C l  Chloride -Assay 4 1 PPR 
! 20 Color Colour -Assay 2 0.1 UWT 
I 21 Cu Co))er -Assay 2 0.01 PPR 

I I 22 Fc t o t  I r on  { t o ta l )  4 0.01 PPR 
-- -- 

-- . . 

2 0.01 B P g - - - - - -  ! 23 Rn laaganese -Assap 
24 N t o t  l i t r o g t n  ( t o ta l )  2 0.01 PPI 
25 SO4 Sulflbate -Assag 4 1 PPI 
26 H2S Hylrogen Su\phiJc 1 0.01 PPI 
27 TDS Tot,Diss.Sol i ls  2 1 PPI , 2 . 0.01 PPI 

- 
28 Zn Zinc-Assay 
29 Ca Ca l t iu r  -Assau 4 1 PPI 

1 30 19 Rainesiur -As;ay 4 1 PPR 

8 '  31 K Potassiur -Assay 4 1 PPR 
32 Na Sol iur  -Assay t- 4 1 PPI 

r 3 3  I l k  A l ka l i n i t y  4 1 PPI I I 
I 



I -4- r c a p n )  ua. 
5420 Cmmk Rd. 
~ l u w r  On- Certifica!e 
cmada K I J  sxs of Analysis 
h- (611) 749-2220 
Trlrc 053-3233 

- - - - - .  ...... - ..... 
REPORT: 417-1964 ( COiPLETE 1 

L ................................... .... - 

- .... . ....................................... ...... 
i REFERERCE IRFO: 1 5 0 0  

.-....... ........-.. 
.... . .......... " .......... 

CLIENT: UATER I EARTH SCIENCES SUlRITTED BY: S.SnJKA 
PROJECT: WOKE DATE PRINTED: 1-JUH-87 

I. - -- - ---- - - - - -. . -. . -. --- -- -- 
........ 

SARPLE TYPES IIURBER S I Z E  FRACTIONS RURBER SARPLE PREPARATIOIIS NUBBER .............................. .............................. -----------------em-------- 

UITER 4 AS RECEIVED 4 AS RECEIVED, NO SP 4 

- ; ---. 
---. - .- ---A" *-. 

REURKS: RADIORUCLIDES: 
! CS-117 (0.5 l q n  
i 1 -131  (1.0 l q 1 1  

R r 2 2 6  0.1 B q l l  

- 
...... 

1 / REPORT COPIES TO: BR. ROGER UOELLER InvoIcf TO: BR. ROGER UOELLER 



I ~WUUII a LI*IW) ua. 

5420 C-k 90. 
Otuvr Onuna Certificate 
Canada K I J  8x5 of Analysls 
Phar (611) 14P.2220 
Tekl: 053-1231 

. .. . . . 7: -Pi----.ai-.-- .- - r SARPLE ELEREIT Phen SPEC as - f 

WURBlR U)IITS PPR PPR PPR PPR PPR PP I  PPR PPR PPR PPB 
- 

r ----------- 
1500-12 (0.002 
1500-24 (0.002 (O.ol (0.1 0.03 (0.001 (0.01 I S  0.09 (0.01 (0.1 
1500-48 (0.002 
1500-72 (0.002 (0.01 (0.1 (0.01 (0,001 (0.01 (0.14 4.09 (0.01 (0.1 
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Dear M s .  Szojka: 

P l e a s e  f i n d  e n c l o s e d ,  our  r e p o r t  e n t i t l e d ,  " A n a l y s i s  o f  Organic  
Parameters i n  Water Sample 72hr 1500-08-04-87". 

should any questions a r i s e ,  please do not h e s i t a t e  to contact  me. 

Yours t r u l y ,  

Ronald A. McLeod 
Senior Chemist 





1.0 JNnummTON 

one water sample was submitted t o  ZENON Environmental Inc. 

f o r  a n a l y s i s  of EPA p r i o r i t y  p o l l u t a n t  lists 624 and 625, s e l e c t e d  

chlor inated organic pes t i c ides ,  se lected herbicides and PCB. 

  his repor t  d e t a i l s  the  methodologies, the  a n a l y t i c a l  

r e s u l t s  and the  qua1 i t y  assurance procedures of these analyses. 





2.0 METBQX3IM;Y 

2.1 Volatiles Analysis 

The v o l a t i l e s  were analysed by a purge and t r a p  technique 

using an ~ n v i r o c l e a n  UNICON s e r i e s  810 sample concentrator system 

coupled with a H e w l e t t  ~ a c k a r d  MSD GC/MS. An a l i q u o t  of the sample 

(5 mC) was placed i n  the sparging vesse l  along with 1 ut of a 

methanol ic s o l u t i o n  of surrogate standards of toluene - ZH*, 
dichloroethane - 2 ~ 4 ,  chlorobenzene - 2 ~ 5  and 4-branfluorobenzene. 

Instrument condit ions a r e  given i n  Sections 2.1.1 and 2.1.2 below. A 

standard o f  EPA v o l a t i l e  organics was analysed i n  the same manner as 

the  sample and indicated a detect ion l i m i t  of 1.0 ug/L for most of 

the  components. 



2.1.2 GC/MS Analysis of Volatiles 

A Hewlett Packard MSD was used for the analysis of voltile 

organics. 

The gas chranatographic conditions are listed below: 

Column Head Pressure: 7 psi 

Column : 30M DB-5 x 0.25 mn ID 

Temp. Program: -40°C for 2 minutes 

-40°C for 120°C at lS°C/min. 

120°C to 200°C at 20°C/min. 

Injection Mode: Direct column injection 

The mass spectruneter conditions used in the analysis are 

as follows: 

Electron I m p a c t  n'cde, scanning 45-300 a.m.u. each second 

Electron Energy 70 eV 

EM Voltage 2000 ev 

Emission Current 0.5 A 

The U.S. EPA standard mixture prepared by Radian 

Corporation was used for quantification and confirmation of the 

presence of volatile organics. The GC/MS was calibrated with P ~ A  

(FC-43). 



2.1.1 ~nviroclean Unicon Series 810 

The Enviroclean instrument conditions are listed belaw: 

Sparge Flow: 45 mj.,/min He 

Trap to Trap   low: 60 W m i n  He 

sparge Time: 10 min 

Secondary Carrier 

Flow Time: 5 min. 

Trap to Trap 

Transfer Time: 2 min. 

Primary Trap ~emp. 

(cool) : SO°C 

Primary Trap Temp. 

(heat) : 210°C 

Secondary Trap Temp 

(cool) : 50°C 

Secondary Trap Temp 

(heat) : 200°C 

Transfer Line Temp: 220°C 



Quantification was performed using the  ex te rna l  standard 

method, as d e t a i l e d  i n  the  ~ e d e r a l  Register ,  on peak a reas  frm 

reconstructed ion p l o t s  fo r  the  quan t i f i ca t ion  ions l i s t e d  i n  the  EPA 

Federal  ~ e g i s t e r .  Assurance of c o r r e c t  iden t i f i ca t ion  was performed 

uisng the  secondary ions and the case  of higher l e v e l  determination, 

using the  f u l l  scan spectra .  

2.2 Bt t rac t ion  f o r  EPA 625 P r i o r i t y  Pollutants 

The volume of t h e  sample was measured i n  a 1L graduated 

cy l inder  and poured i n t o  a 2L separatory funnel. lOmL of methylene 

c h l o r i d e  was used to r i n s e  t h e  cy l inder  and t h i s  was t rans fe r red  into 

the  funnel,  together with an add i t iona l  100 mt of methylene chlor ide .  

The pH of the  aqueous portion was adjusted to 12 with 6 N  KOH and it 

was spiked with a deuterated surrogate standard, 2~10 anthracene, 2 H3 

dichlorophenol and 2 ~ 1 2  benm(a)pyrene to monitor recovery i n  the  

procedure. 

The sample was shaken vigorously f o r  1 minute and when the  

phases had separated t h e  methy l ene  c h l o r i d e  e x t r a c t  was drained 

through a 1.5 inch anhydrous Na2s04 column i n  an ~ l l i h n  f i l t e r .  The 

aqueous por t ion was reextracted twice a s  above with 75 mL o f  methylene 

chlor ide .  After the  th i rd  extract ion,  the  pH of the sample was 

adjusted to approximately 2 with 6 N  H2S04 and Was extracted a s  above 3 

times with 75 methylene chloride.  20mL of methylene c h l o r i d e  was 

used to wash t h e  w a l l s  of the  A l l i h n  f i l t e r  and suct ion was app l ied  to 

recover a l l  t r a c e s  of the  extract .  The e x t r a c t  was then ro ta ry  

evaporated to approximately 2mL and q u a n t i t a t i v e l y  t ransferred t o  a 

c a l i b r a t e d  cen t r i fuge  tube and concentrated to a f i n a l  volume of 1.0 



analysis. ~mmediately prior to instrumental analysis, the sample is 

spiked with a deuterated internal standard 2~10 phenanthrene to 

compensate for variations in injection volume, instrument conditions 

etc . 

2.2.1 OC/MS Analysis of Extractables 

A Fimigan 4510 GC/MS system was used for gas 

chromatographic/mass spectrometric analysis. The EPA consent decree 

base/neutral and acid extractable standards were used to establish 

instrumental sensitivity and to provide identification criteria for 

sample analysis. The conditions employed were as follows. 

Gas Chromatography 

Injection Mode - On-column 
Column - 30 m DB5 X 0.32 ID 

Column Flow - He @ 20dsec. 

Oven Temperature Profile 

60°C - 2 min. -- 
60°C - 270°C @ 10°/min. hold 15 min. 

GC& Interface - Direct Couple 
Transfer Area - 270' 



Mass Spectrometry 

~onization Mode - Electron Impact 
Electron energy - 70 eV 
Filament Emission - 0.5A 
Electron Multiplier - 120011 @ 1 x 106 Gain 

Ionizer Temperature - 170°C 
Scan 45-550 a.m.u. @ .95S-.05S Bottom Hold 

Quantification was carried out by canparing mass 

spectrometric responses of selected ions to those of external 

standards. Calculations were based on 1 liter samples and no 

correction has been made for recovery of deuterated surrogate spikes. 

The criteria used for the identification of the organics 

required: 

a) the presence of appropriate secondary ions in the mass spectrum 

b) signal to noise of at least 3 to 1 

C) retention time within 2% of reference standard 

2.3 Herbicide Analysis 

The volume of the sample was measured in a 1L graduated 

cylinder and poured into a 21-1 separatory funnel. lOmL of methylene 

chloride was used to rinse the cylinder and this was transferred into 

the funnel, together with an additional 100 mL of methylene chloride. 

The sample was spiked with deuterated surrogate standard. 

2 ~ 1 2  benzo(a) pyrene to monitor recovery in the procedure. 



The sample was shaken vigorously fo r  1 minute and when the  

phases had separated the methylene c h l o r i d e  ex t rac t  was drained 

through a 1.5 inch anhydrous Na2s04 column i n  an Al l ihn  f i l t e r .  The 

aqueous por t ion was reextracted twice a s  above with 75 mL of methylene 

chloride.  20mL of methylene ch lo r ide  was used t o  wash the  w a l l s  of 

t h e  A l l i h n  f i l t e r  and suction was appl ied t o  recover a l l  t r aces  of the  

extract .  The e x t r a c t  was then rotary  evaporated t o  approximately 2 m ~  

and q u a n t i t a t i v e l y  transferred t o  a c a l i b r a t e d  centr i fuge tube. The 

e x t r a c t  was c a r e f u l l y  evaporated to dryness under a g e n t l e  stream of 

nitrogen and redissolved in  approximately 3 mL of ether. The 

s o l u t i o n  was t reated with excess diazomethane and a f t e r  standing f o r  

30 min, t h e  e ther  and excess diazomethane were removed during a 

s o l v e n t  exchange t o  1.0 mL of isooctane. I n e d i a t e l y  p r io r  t o  GC/MS 

ana lys i s ,  the  sample is spiked with a deuterated i n t e r n a l  standard 

2 H10 phenanthrene t o  compensate fo r  va r ia t ions  i n  in jec t ion  volume, 

instrument condit ions etc. 



2.3.1 C;C/PCS Analysis 

The extracts were analysed on a Fi~igan 4510 GC/MS with 

Incos data system. Instrumental conditions are listed below: 

G C / S  Analysis 

Gas Chromatoqraphy 

~njection Mode CRI Column 

Column 30 m DB5 x 0.25 mn ID 

Column Flow He @ 20 cm/sec. 

Oven Temp. Profile 

100°C - 2 min,; 
80°C - 210°C 12O/min; 210°C - 290°C @ 20°C/min, 

hold 3 min. 

Mass Spectrcmetry 

Ionization M e  Electron Impact 

Electron Energy 70 eV 

Filament Emission 0.5 A 

Electron Multiplier 1600 V 

Scan stepped ion MID 



2.3.2 Quantification 

The canpounds of interest and the quantification ions used 

are presented below with the secondary ion given in brackets. 

Canpound Quantification Ion Secondary Ion 

2,4-D 199 234,236 

silvex 196 284 

Diazinon 179 304 

Methyl Parathion 263 

Carbaryl 144 

parathion 291 97,137 

Quantification was carried out by canparing mass 

spectrometric responses of selected ions to those of external 

standards. Calculations were based on a final volume of 1 mL and no 

correction has been made for recovery of deuterated surrogate spikes. 

The criteria used for the identification of the organics 

required: 

a) the presence of appropriate secondary ions in the mass spectrum 

b) signal to noise of at least 3 to 1 

c) retention time within 2% of reference standard 



2.4  organochlorine Analysis 

The volume of a the  sample was measured i n  a 1 L graduated 

cy l inder  and poured i n t o  a 2 L separatory  f ~ m I e l .  10 mL of methylene 

ch lo r ide  was used to r i n s e  the  cy l inder  and t h i s  was t ransferred i n t o  

the  funnel,  together with an add i t iona l  100 mL of methylene chloride.  

The sample was shaken vigorously f o r  1 minute and when the  phases had 

separated the  methy l ene  c h l o r i d e  e x t r a c t  was drained through a 1.5 

inch anhydrous Na2S04 column i n  an A l l i h n  f i l t e r .  The aqueous por t ion 

was re-extracted twice a s  above with 75 mL methylene chloride.  After 

the  t h i r d  ex t rac t ion  20 mL of  methylene c h l o r i d e  was used t o  wash the  

w a l l s  of the  ~ l l i h n  f i l t e r  and suct ion was appl ied to recover a l l  

t r a c e s  of the  extract .  The e x t r a c t  was ro ta ry  evaporated and s o l v e n t  

exchanged i n t o  isooctane to a f i n a l  volume of 1 m ~ .  

The 1 mL e x t r a c t  o f  i~00~tatIe was placed onto  a 1.5 an ID x 

40 an chrana tq raphy  column packed with 10 an of 3% water deact ivated 

s i l i c a  gel .  The centr i fuge tube was rinsed s e v e r a l  times with 2 mL of 

hexane. These r i n s e s  were a l s o  appl ied to the  column. The column was 

e l u t e d  with 60 mL of hexane.  his e l u a n t  is f r a c t i o n  R An 

add i t iona l  50 mL of benzene was c o l l e c t e d  i n  a separate  f l a s k  a s  

f r a c t i o n  B. The cleaned up e x t r a c t  was ro ta ry  evaporated to 1 mL 

isooctane, q u a n t i t a t i v e l y  t ransferred to a c a l i b r a t e d  centr i fgue tube 

and volume adjusted to 1.0 rnL f o r  GC/EQ) analys is .  A method blank and 

spike of organochlorines and PCB were a l s o  ca r r i ed  o u t  to avoid 

mis ident i f ica t ion and to ensure PCB and organochlorines n a t i v e  to the  

sample would be recovered through the  methodology employed. 



2.4.1 Instrumental Conditions - PCB/OC Analysis 

2.4.1.1 High Resolution Gas Chranatography 

Column 30 M x .25 mn ID DB5; 

30 M x .25 mn ID W 1701 

Injector Temp. 250°C 

Carrier He @ 30 an/sec. 

Injection Mode Splitless 30 sec. 

Split 30 ml/min. 

Septum Flush 4 ml/min. 

oven ~emp. 80°C - 2 min. - 160°C @ 10°/min. 

- 260°C @ 4O/min, Hold 

Detector m p .  3OO0C 

Detector Makeup 30 Wmin. Argon/Methane 95/5 





The da ta  for the a n a l y s i s  of EPA 624 and 625 p r i o r i t y  

p o l l u t a n t s ,  herbicides and chlor inated organics a r e  presented i n  

Tables 3.1 through 3.4 respectively.  The on ly  determined contaminant 

was bis(2-ethylhexy1)phthalate a t  a t y p i c a l  background leve l .  



PARAMETER 

TABLE 3.1: EPA624 Priority Polutants (pg/L) 

Benzene 
B romodichlorome thane 
B romofonn 
Bromoethane 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinylether 
Chlorofonn 
Chlorometham 
Dibromachloromethane 
1,l-Dichloroethanc 
1,2-Dichloroethane 
1 ,l -Dichloroethylene 
trans- l,2-Dichloroethylene 
cis- 1,3-Dichloropropylene 
1,2-Dichloropropane 
trans- 1,3-Dichloropropylene 
Ethylbenzene 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
1 , 1 , 1 -Trichlbroethane 
1,1,2-Trichloroethane 
Tnchloroethylene 
Tnchlorofluoromethane 
Vinyl chloride 

SURROGATE RECOVERY % 

ND = Not Detected 

ZENON ENVIRONMENTAL XNC. 

Detection Method 72 hr 150608-04-87 
Limit Blank Zenon ID#: 872755 



PARAMETER 

TABLE 3.2 EPA 625 Priority Pollutants (pg/L) 

Acenaphthylene 
Acenaphthene 
Anthracene 
Aldrin 
Benzidine 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benm(k)fluoranthene 
Benzo(a)pyrene 
Benzo(ghi)perylene 
Benzylbutyl phthalate 
alpha-BHC 
beta-BHC 
gamma-BHC 
Bis(2-chloroethy1)ether 
Bis(2-chloromethy1)methane 
Bis(2ethylhexyl)phthalate 
B is(2-chloroisopropy1)ether 
4-Bromodiphenylether 
Chlordane 
4-Chlorodiphenylether 
Chrysene 
p,p'-DDD 
p,p'-DDE 
p,p'-DDT 
Dibenzo(a,h)anthracene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1 ,CDichlorobenzene 
3,3'-Dichlorobenzidine 
Dieldrin 
Diethyl phthalak 
Dimethyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin aldehyde 
Fluoranthene 
Fluorene 
Heptachlor 

Detection Method 72hr 1500-08-04-87 
Limit Blank ZeM>n ID#:872755 
(P~/L) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
1.7 
ND 
ND 
ND 
ND 
N-D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Zenon Environmental Inc. 6/16/87 AN878093 



Heptachlor epoxide 
Hexachlorobenzene 
Hexachlorobu tadiene 
Hexachlomcyclopentadiene 
Hexachloroethane 
Indeno(l,2,3 td)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
N-Nitrosodi-N-Propy lamine 
N-Nitrosodimethy lamine 
N-Nitrosodipheny lamine 
PCB-1016 
PCB-1221 
PCB- 1232 
PCB- 1242 
PCB- 1248 
PCB- 1254 
PCB- 1260 
Phenanthrene 
Pyrene 
Toxaphene 
1,2,4-Trichlorobenzene 
4-Chloro-3-methylphenol 
2-Chlorophenol 
24-Dichlorophenol 
24-Dimethylphenol 
2,CDinitrophenol 
2-Methyl-4,6dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 

2,4-D 
Silvex 

SURROGATE RECOVERY % 

TABLE 3.2 EPA 

ND =Not Detected 

Detection 
Limit 

625 Priority Pollutants (pg/L) 

Method 72hr 1500-08-04-87 
Blank Zenon ID#:872755 

Zenon Environmental Inc. 611 6/87 AN878093 



~ - - m m m m m n ~  

TABLE 3.3: HERBICIDE ANALYSIS (pg/L) 

Herbicides 

2,4-D 
2,4,5-TP(Si1vex) 
Diazinon 
Methyl Parathion 
Parathion 
Carbql 

SURROGATE RECOVERY % 

d- 12 Benzo (a)pyrene 

Detection 
Limit 
(CLgJL) 

Method 
Blank 

72hr 1500-08-04-87 
Zenon lDk872755 

ZENON ENVIRONMENTAL INC. 611 8/87 AN878093 



Table 3.4: Chlorinated Organlcs (&glL) 

CHLORINATED Detection Method 72hr 1500-08-04-87 
ORGANICS Limits Blank Zenon 10#:872755 

(&!3/L) 

TOTAL PCB M NO 

ND x Not detected 

Zenon Environmental Inc. 

Spike 
Recoveries 

(%I 





4.0 QUALITY AsSFWCE 

~uality control measures were taken in the work for organic 

parameters for the sample preparation, gas chranatographic and mass 

spectrometric areas and are as follows: 

i) Samples were received and immediately refrigerated to 

preserve sample integrity. 

i i) Mass assignments for ions generated by WMS were determined 

from a calibration of an EC43 perfluorohydrocarbon mixture. 

iii) The analysis of volatile organics was performed within t w  

weeks in order to ensure sample integrity. 

iv) Purge and trap performance was monitored on each sample by 

the addition of a deuterated internal standards (dB 

toluene, d4-d ichloroethane, d5 chl~robenzene and 4- 

bromofluorobenzene) into each sample just prior to 

analysis. 

V) False or high biased positive identifications due to 

internal contamination were avoided by performing a purge 

and trap system blank prior to analysis. 

vi) Surrogate spikes were added for base/neutral/acid 

extractables analysis prior to extraction. 

Extractables - anthracene *~10 

- benzo (a) pyrene 2~12 

- dichlorophenol * H ~  



vii) Mdition of internal standards to samples or sample extracts 

just prior to GC/Ms analysis. 

eg . extractables - phenanthrene - 2~10 
volatiles - d8 toluene 

- d4 dichloroethane 
- d5 chlorobenzene 
- 4-bromofluorobenzene 

viii) Method blank performed for all analyses to correct for 

laboratory contamination. 



3 Parutttr q1L rolrlity Activity Cotf. Z I 3 
4 -- .................................................................... I 5 P  

3 
3 1.30E-04 0.908 +1 3 

6 K 2 5.11E-6 0.905 +1 3 
7 CA 59 1.47E-03 0.684 +2 3 

19 7.82E-04 0.687 +2 3 
0.13 2.33E-06 0.688 +2 3 

10 )111 0 0.00EW 0.644 +2 0.0076 3 
11 a 6 1.69E-04 0.905 -1 3 

52 5.41E-04 0.681 +2 3 
13 HS 0 O.OOE+oO 0.905 -1 3 
14 N-1103 0 0.00EtOO 0.904 -1 3 
15 W-NO2 0 0 . W M  0.8% -1 3 

0 O.OOE+OO 0.903 +1 3 
17 ALK. (CaCO3) 186 3.72E-03 0.910 -1 3 
18 PH 7.7 ................................. 3 
19 CMID.(UM#IS) 190 
20 TEl.lC) 

: Debye Huckel A + 0.5461 3 
11 : Parartttrs 8 = 0.3364 3 

1NNNINIllINNlNllNluIINIaNHauIHIHISIINII~IIIIIIIIIIIIHIHINIIIIIIIIIIIIIIIIIII1U1r~ 
Circ 

i I 01s !cnMtE BALM CALrn.1.. SHEET 

7 CA 59 2.94 3 
8 116 19 1.56 3 

0.13 *00 3 
0 0.00 3 

11 a 6 0.17 3 
12 SO4 52 1.08 3 I 13 MC. tCaC031, tHCR3-1 186 226.92 Corrccttd HC03 -) 3.46 3 
14 NO3 0 0.00 3 
15 NO2 0 0.00 3 

0 6.00 3 
17 HS 0 0.00 3 
18 pH 7.1 0.02 3 
19 #URGEBAUllCEERRM -2.67Z 3 
20 (based on correction to HC03) -6.952 3 

01-501-87 10:24 M Circ 



Y1: (F2) 'CALCULATION O f  THE RYZNAR STABILITY INDEX AND rH M E T  

Z1l1Q1ll1lltYl#DQDb1~lODlb2DIIOllDIM1I1~l1DABlDDIJIPMI1IbI~1AU1DlIOIIAEi#bIii? 
1 CALCULATION OF ME RYZWAR STMILITV IIDEI AND rH 3 
2 Adapted f ror  Persons and Hart (1380) and Hasselbarth and Ludeaan (1972) 3 
3 ------------ ----- -- -------- -- ------------------------------------ 1 
4 Ryznar 3 
5 Parameter Value Parameter Value PHs 3 
6 --- -------------- - ----------------- - .................................... 3 
7 TDS (mg/L) 123.50 A 0.10 3 
8 Hardness (CaC03) 225.36 C 1.96 7.52 3 
9 Alk. (CaC03) 106.00 D 2.28 3 
10 Ttmperature (C) 11.00 0 B 2.35 3 
11 PH 7.70 3 
12 FE 0.13 3 
13 nn 0. M) 3 
14 EH o t ttttnttttntntttttttttnttttnttt 3 
15 scale 6(R. I. )7 corrosion ------- ) 1 Ryznar Index = 7.3 $ 3  
16 t  t 3  
17 Biological Incrus. i f :  1 rH = 15.10 $ 3  
18 1) FE) 0.3 YIL, t ttttttttttntttt~tuttttunn~m 3 
19 2) M)-1hV +I- ZOaV, 3 
20 3) rH) 14.5 +I-  1 These conditions apply t o  a well being pulped 3 
l~N~IHNNNN11NININ~NNNINNNNI~NNNNNIININININNINN#NINNNNININNINNNIINNNIIN~I#NNmAIN~ 
07-Jul-87 lo:# An Circ 

Aflr tCALCUUTIOII OF THE CARMIME EPUILIBRIUH SHEET 

ZJll1lllAFPl9~lBlAG1bilDl~AHP#ll1AIOl~IlAJI1lDl1AY~1lOIMl1l1I1lM~1~~#81All~~~~? 
1 CMCUATION O f  THE CAREONATE EOUILIBRIM a 3 
2 : mass 3 
3 Parameter Act iv i t ies  After do1 After c l  : Precip. 3 
4 t =  calctd p r u i p .  prtcip. : mglL 3 
5 ------------ ----- - ---------- - ----------------------- - ------- 3 
6 CA 1.01E-03 1.01E-03 8.6OE-04 1 3 
7 116 5.37E-04 5.37E-04 5.37E-01 : Dolomite 3 
8 PCOZ(atm)t 3.8OE-03 3.80E-03 3.80E-03 I 0 3 
9 ALK.(HC031 3.38E-03 3.38543 3.19E-03 * 3 
10 pH 7.70 7.70 7.67 I Calcite 3 
11 TUIP.(K) 284 W -1.32 .OZ I 21 3 
I 2  -C@(Kl)t 7.75 I 3 

15 PCM(rtr)=3.16€-4 :ad). PCOZ= 0.00EtOO 3 
16 Hodel good for 6.4(pH(10.3 I e------~------------------ 3 
'7 ---- --------------------- ----------- ---- :SI(WL) = -5.3E-02 3 
18 CO2(9) t HM H+ + HC03-: K1 IpH(s) = 7.73 1 
19 CaC03(s) t P = Cat+ t HC03-: K2 :SI(CM) = 1.2E-01 3 
20 Callg(C03)2(s) t 2H+ = Cat+ + Ng++ + 2HCW-t K3 :pH(r) = 7.58 3 

Circ 



MI: 'CALCULATION Of THE SULFATE MID fLUORIDE SOLUBILITY EWlL18RIA SWET 

ZlIEI#IDMID##D)D#APII)#Dl#iIAOD~lQl#l~#~lIARJI#DilD#lDlDASD~DRiDlDDATlDDDl~DIDQ? 
1 CALCULATION OF THE SULFATE AM FLWlRIDE SOLUBILITY EWILIBRIA 3 
2 3 
3 Parareter rglL lolalitier Activity Activities Ionic 3 
4 Coefficients Strength 3 

13 SI(Caf21= ERR 3 
I4 SI(Wpf2): ERR krs gypsur precipitate 0.0 3 
IS SI(gyps)= -1.8 3 
16 .............................................................. -- 3 
17 3 
18 W2 = Ca2t t 2F- Kt -l06(K1)= 10.3 Source: S t m  & 3 
19 bF2 = lg2t + 2F- K2 -lI(K2)= 8.1 Morgan, pg.232 3 
20 CaSO4(s) = Ca2+ + Id-- K3 -LI(K3)= 4.6 3 
lNNNN~nnnnnnnnXNNnN~NnndNIInnNinInInninnn~nnnnInnnnIn~~~~nnI~nInINnnn~~nnImIH> 
07-Jul-87 lor26 An Circ 



APPENDIX F 

THEORETICAL AQUIFER YIELD AND 

WELL INTERFERENCE CALCULATIONS 



THEORETICAL AQUIFER YIELD AND WELL INTERFERENCE CALCULATIONS 

T h e o r e t i c a l  Aquifer  Y i e l d s  

The t h e o r e t i c a l  a q u i f e r  y i e l d  can  be c a l c u l a t e d  u s i n g  
t h e  fo l lowing  formula:  

Qmax = ~ I T T  Asmax where Qmax = maximum d i s c h a r g e  [ms /day]  
W (u)  

T  = t r a n s m i s s i v i t y  [m2/day] 

Asmax = maximum a l lowable  drawdown [m] 

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

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

where r = r a d i a l  d i s t a n c e  from pumping w e l l  [ m ]  

S = s t o r a t i v i t y  [\] 

t = t ime s i n c e  pumping began [days ]  

T e s t s  done on the  t e s t  w e l l  r e v e a l e d  t h e  f o l l o w i n g  
a q u i f e r  pa ramete r s :  

T = 1000 m2/day S = 0.009 Asnax = 8 . 5  m 

For a  10 yea r  d e s i g n  p e r i o d  t h e  c a l c u l a t i o n s  a r e :  

Qmax = 4 1~(1000)(8 .5)  = 4 . 6 5 8  ms/day = 712 IGPM 
22.93 

For a  20 y e a r  d e s i g n  p e r i o d  t h e  c a l c u l a t i o n s  a r e :  



Qmax = 4~r (1000)  (8.5) 
23.625 

= 4521 rn=/day 

= 691 IGPM 

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

The same e q u a t i o n s  used  t o  c a l c u l a t e  a q u i f e r  y i e l d  can  
a l s o  be  u s e d  t o  d e t e r m i n e  t h e o r e t i c a l  w e l l  i n t e r f e r e n c e  d a t a .  
Here ,  however ,  Q i s  k e p t  c o n s t a n t  and  t h e  drawdown is  c a l c u l a t e d .  

example c a l c u l a t i o n :  

r = l m  Q = 300 IGPM T = 1000 m2/day S = 0.009 
= 1964 m3 /day  

t = 10 y e a r s  
= 3650 days  

The f o l l o w i n g  t a b l e  shows t h e  drawdown d a t a  f o r  v a r i o u s  
r a d i a l  d i s t a n c e s  and  pumping r a t e s .  

r a d i u s  u W(u) W m )  
(m) 300 IGPM 400 IGPM 500 IGPM 

I X I O - ~  - 7  20.146 3.15 4.20 5.25 
2  0  2 . 4 7 ~ 1 0 - ~  14 -63  2.29 3.05 3.81 
5  0  1 . 5 4 ~ 1 0 ~ ~  12.80 2 .oo 2.67 3 . 3 3  

6 . 1 6 ~ 1 0 - ~  11.40 1.78 2.38 2.97 
200 2 . 4 7 ~ 1 0 - ~  10.03 1.57 2.09 
500 1  .54x1g4 8.20 1.28 1.71 

- - u 1  
2.14 

3 . 9 ~ 1 0  7.27 1.14 1.51 1.89 


