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1.0 INTRODUCTION 

This report presents the results of the 2004 groundwater monitoring program undertaken by 
Golder Associates Ltd. (Golder Associates) at the St. Bernardin Communal Sewage System. The 
sewage system is located on part of Lot 12, Concession VI, in the geographic Township of 
Caledonia, near the Hamlet of St. Bernardin, in the Nation Municipality, Ontario (Figure 1). It is 
understood that the sewage system became operational in 1997. Groundwater monitoring and 
annual reporting were required as a condition of approval for the sewage system. Groundwater 
sampling was completed in the spring and fall of 2004. 

1.1 Certificate of Approval 

The St. Bemardin Sewage System is operating under a Certificate of Approval ("C of A") issued for 
the tank and tile bed system (Class 4 system) by the Eastern Ontario Health Unit on March 25, 
1996. Conditions of approval required the preparation of a maintenance program (as outlined by 
Lascelles Engineering Ltd.) and fulfillment of conditions of approval set out by the Ministry of the 
Environment in a letter dated February 20, 1996. In terms of groundwater monitoring, the 
conditions set by the MOE are as follows: 

= The two year time frame for sampling be removed while maintaining the option of changing 
the requirements of the program following review of the data acquired during the first two 
years of operation. This ensures that monitoring continues and any changes to the monitoring 
program would have to be specifically approved; and, 

The analytical parameter list be expanded to include nitrite and ammonia; 

A Use Permit was issued for the original septic tank and tile bed installation by the Eastern 
Ontario Health Unit in January 1997. See Appendix B for copies of the C of A including the 
MOE conditions for approval and the Use Permit. 

1.2 Site Description 

The St. Bernardin Sewage System site consists of land owned by The Nation Municipality ("Nation") 
and land leased by Nation which is used as a groundwater contaminant attenuation zone ("CAZ"). 
Caledonia Creek runs fkom south to north, east of the St. Bernardin Sewage System site (Figure 2). A 
ditch\creek runs along the south eastern border of the CAZ. The pumping station, septic tank, and 
pump chamber are located off of County Road 22 near the western edge of the property owned by 
Nation. The leaching beds are located approximately 120 metres east of County Road 22 on the land 
owned by Nation. The area around the St. Bernardin Sewage system consists of agricultural fields 

(corn) west and south of the leaching bed, residential housing and businesses north of the leaching 
bed, and agricultural fields (hay) east of the leaching bed on the CAZ. 

Golder Associates 
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2.0 GROUNDWATER SAMPLING 

Groundwater samples were collected fiom all groundwater monitors on May 19, 2004 and 
October 21, 2004. Groundwater was sampled using the dedicated samplers that were installed 
during monitor installation (in 2003). A minimum of three standing volumes of groundwater was 
purged fiom each monitor prior to the collection of groundwater samples. Groundwater levels 
were measured prior to purging. Piezometer tests were conducted in each groundwater monitor 
during sampling on May 19,2004. 

Temperature, pH, dissolved oxygen and conductivity of the groundwater samples were measured 
in the field at the time of sampling. The field conductivity, pH, temperature, and dissolved 
oxygen measurements were obtained using meters calibrated in the field prior to use. All sample 
IDS were entered on a Chain of Custody Form and the samples were placed in coolers with ice 
packs until they were delivered in person to PSC Analytical Services in Mississauga, Ontario for 
analysis of chloride, dissolved organic carbon (DOC), ammonia, nitrate, nitrite, total phosphorus, 
and sodium. Groundwater samples were collected, prepared, and preserved in the field using the 
following protocols: 

Golder Associates 

Analytical Parametem 
General chemistry 
DOC 

total phosphorous, ammonia 

Preparatfon and Preseflatian Protocob - 
Plastic bottle, unfiltered, unpreserved 
Amber glass bottle preserved to pH<4 with H,S04 
Plastic bottle, unfiltered, preserved to pH<2 with H2S04 
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3.0 SUBSURFACE CONDITIONS 

3.1 Geology 

The geological conditions encountered during borehole drilling and groundwater monitor 
installation program carried out by Golder Associates in 2003 are shown on the Record of 
Boreholes in Appendix C. Details of the groundwater monitor installations for each of the 
boreholes are also included in the Record of Boreholes in Appendix C. It should be noted that the 
boundaries between strata on the Record of Borehole Sheets have been inferred from 
observations during drilling and non-continuous sampling and, as such their positions should be 
considered as transitional in nature rather than as an exact plane of geological change. Natural 
variations other than those encountered in the boreholes should also be expected to exist. 

In general, the geological conditions at the site consist of a surficial topsoil layer underlain by a 
brownlgrey fine sand to sandy silt (sand) unit with depths ranging from 0.1 5 to 0.40 m. The sand 
unit ranged in thickness from 0.67 to 1.07 m. The sand unit is underlain by a silty (clay) unit. 
None of the boreholes at the site encountered bedrock to a maximum depth of investigation of 4.6 
metres below ground surface. 

Previous studies and MOE water well records suggest that the clay unit is typically 30 to 40 m 
thick and is underlain by roughly 3 m of gravel overlying shale (Geo-analysis, 1992). 

3.2 Hydraulic Conductivity 

Piezometer test hydraulic conductivities for the sand unit were calculated using the method of 
Hvorslev (1 95 I), according to the following expression: 

where: r = monitor riser radius 
L = screen length 
R = radius of borehole 
To = basic time lag 

The hydraulic conductivities that were calculated from the rising head tests completed in 
September 2003, November 2003 and May 2004 are summarized in Table 1. Note that unit 
conversion errors were found in the data presented in the 2003 annual report (Golder, 2004); the 
2003 hydraulic conductivity values have been revised and are shown in Table 1. 

Golder Associates 
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The 2004 rising head data indicates that hydraulic conductivities for the sand unit below the St. 
Bernardin Sewage System average 1.6~104 centimetres per second (cmls) in the area 
immediately around the leaching beds. These K values are in the range of historical values 
determined by Guelph permeameter ( 1 . 3 ~  10-5 to 2 . 9 ~  1 0-4 c d s  Geo-Analysis, 1992). The Guelph 

permearneter tests were completed in the area north east of the St. Bernardin Sewage System, 
close to groundwater monitor BH03-6. 

The 2004 rising head data from BH03-6 indicates that the hydraulic conductivity for the clay unit 
below the St. Bernardin Sewage system is on the order of 1 . 9 ~ 1 0 ~  cmls. This estimated K value 
is relatively high for a clay, possibly reflecting the effects of interbedded sand and silty seams. 

3.3 Groundwater Flow 

Groundwater level measurements in 2004 are presented in Table 2. Elevations were referenced to 
a geodetic datum located at the flagpole in front of the old school on County Road 22, north of 
the site. 

Shallow groundwater (water table) elevations and interpreted groundwater elevation contours 
from May and October 2004 are presented on Figure 2. The range in groundwater elevations 
measured during 2003-2004 compared with rainfall data for the same period indicates that the 
shallow groundwater flow system is influenced by infiltration (Figure 3). 

The groundwater elevations in May and October 2004 suggest that there is a groundwater mound 
in the sand unit below the St. Bernardin leaching beds, however, the groundwater elevations also 
suggest that the natural groundwater flow direction is towards the east. This is consistent with the 
estimated groundwater flow direction determined previously (Geo-analysis, 1992). Due to the 
contrast between the hydraulic conductivity of the sand and the clay units, horizontal groundwater 
flow would be expected to occur primarily in the higher hydraulic conductivity sand unit. 
Groundwater flow within the clay would occur primarily in fractures and the sandtsilt seams in 
the clay; and the amount of flow would be dependent on the connectivity of the sand and silt 
layers. 

Using groundwater elevations at BH03-2, BH03-3 and BH03-4, the horizontal hydraulic gradient 
in the vicinity of the groundwater mound below the leaching beds was calculated. The horizontal 
hydraulic gradient was also calculated using groundwater elevations at BH03-3, BH03-4 and 
BH03-6, in order to estimate the gradient away from the influence of the groundwater mound. 
The horizontal gradient in the vicinity of the groundwater mound was approximately 0.016 in 
May 2004 and 0.009 in October 2004, while east of the groundwater mound (on the CAZ), the 
horizontal hydraulic gradient was approximately 0.01 1 in May 2004 and 0.017 in October 2004. 

Golder Associates 
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An estimate of average linear groundwater flow velocity can be calculated using the following 
equation: 

Where v is the average linear groundwater velocity, K is the hydraulic conductivity, i is the 
horizontal hydraulic gradient and n is porosity. Using the 2004 average piezometer test hydraulic 
conductivity for the sand unit ( 1 . 6 ~ 1 0 ~  cmls), and assuming a porosity for the sand of 35% 
(Freeze and Cherry, 1979), the calculated groundwater flow velocity is estimated to range from 
1.4 to 2.3 metres per year in the area close to the leaching beds in the sand unit. Using the 2004 
piezorneter test, hydraulic conductivity for the clay unit (1 .9~10-~ cmls) and assuming an 
effective porosity of the clay of 1 percent (representative of hctures and sandhilt seams), the 
calculated flow velocity is estimated to be approximately 0.6 to 1.0 metres per year in the clay 
unit (east of the leaching beds in the CAZ). 

3.4 Groundwater Quality 

Results of field and laboratory chemical and physical analyses conducted on groundwater 
samples, along with relevant Ontario Drinking Water Standards, Objectives, and Guidelines 
(MOE, 2003), are presented in Appendix E. Copies of the report of analysis sheets from Accutest 
Laboratories Ltd. are provided in Appendix F. 

3.4.1 Background Groundwater Quality 

A review of historical documents regarding this site and other sites within the Nation 
Municipality suggests that the overburden groundwater in the area has naturally elevated 
concentrations of chloride (200 to 1400 mg/L; Golder, 2003). Nitrate concentrations ranging from 
0.6 mg/L to 9.0 mg/L have also been documented (Geoanalysis, 1992) in the area around the St. 
Bernardin Sewage System site. The elevated nitrate concentrations were attributed to agricultural 
activities. There are no historical data for any other parameters. 

Groundwater monitor BH03-1 is located approximately 30 metres west of leaching beds and is 
likely upgradient from the leaching beds. BH03-5 is located approximately 40 metres north of the 
leaching beds and is likely cross-gradient of the leaching beds (see Figure 2). Therefore, the 
groundwater quality at BH03-1 and BH03-5 may be used to represent on-site background 
groundwater quality. The groundwater quality at BH03-1 and BH03-5 in May and October 2004 
is summarized in Table 3. 

Golder Associates 
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Groundwater concentrations of chloride, DOC, and sodium exceeded the applicable ODWQS 
criteria at the background monitors in 2004, as was the case in 2003. The maximum concentration 
of nitrate was 0.8 mg/L and the maximum concentration of chloride was 1350 mg/L. In general, 
the concentrations of groundwater quality parameters in the background monitors were similar in 
2003 and 2004. 

3.4.2 Downgradient Groundwater Quality 

Groundwater monitors BH03-2, BH03-3, BH03-4 and BH03-6 are interpreted to be downgradient 
of the leaching beds, therefore the groundwater quality at these monitors is interpreted to be 
representative of downgradient groundwater quality. 

In 2004, groundwater concentrations of nitrate at the downgradient groundwater monitors ranged 
from less than 0.2 mg/L (BH03-6) to 16.70 mg/L (nearest downgradient monitor; BH03-3). The 
nitrate concentrations at BH03-2 and BH03-3 were much greater than background in the fall of 
2004, but were similar to background in the spring of 2004. The nitrate concentrations at BH03-4 
and BH03-6 were similar to background in both the spring and fall of 2004. 

Groundwater concentrations of chloride at the downgradient groundwater monitors ranged from 
2.9 to 1360 mg/L. The highest chloride concentration was found at BH03-3, immediately 
downgradient of the leaching beds, also the location of the highest nitrate concentration. The 
chloride concentrations at BH03-3 are similar to the highest background groundwater 
concentration. The lowest chloride concentrations were found at BH03-6, and were much lower 
than concentrations at the background wells. 

The downgradient groundwater quality in 2004 is summarized as follows: 

Groundwater nitrate concentrations exceeded the ODWQS and background concentrations at 
BH03-2 and BH03-3 in the fall of 2004; 

Groundwater concentrations of sodium exceeded ODWQS at all locations with the exception 
of BH03-6 and exceeded the background concentrations at BH03-3 and BH03-2 (spring 

only); 

Groundwater concentrations of DOC exceeded ODWQS at all locations with the exception of 
BH03-5 and exceeded historical background concentrations at BH03-2; and 

Groundwater concentrations of chloride exceeded ODWQS at all locations with the exception 
of BH03-6 and did not exceed historical background concentrations at any locations. 

Golder Associates 
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4.0 INTERPRETATION OF GROUNDWATER QUALITY 

For comparison of groundwater quality results and drinking water standards, ODWQS (MOE, 
2003) non-health related objectives (i.e., aesthetic parameters) and health related parameters for 
which a Maximum Acceptable Concentration (MAC) or Interim Maximum Acceptable 
Concentration (IMAC) has been established are used. 

Nitrate is commonly used as a sewage indicator parameter and since the background nitrate 
groundwater concentration is low (maximum historical concentration of 0.8 mg/L at BH03-1) at 
the St. Bernardin Sewage System site, nitrate is used as the prime indicator of sewage impact. 
Other parameters (e.g. chloride, DOC and phosphorus) are at elevated concentrations in 
background groundwater, and are therefore not as use l l  as nitrate as an indicator of sewage 
impact. 

Based on 2004 reported nitrate concentrations, groundwater at BH03-2 and BH03-3 is interpreted 
to be impacted by effluent fkom the St. Bernardin Sewage System. Groundwater at the 
downgradient monitoring locations BH03-4 and BH03-6 (the Reasonable Use assessment 
location) is interpreted not to be impacted by the sewage system effluent (see Table 4). 

The calculated groundwater velocity based on 2004 hydrogeological data indicates that the 
groundwater velocity in close proximity to the St. Bemardin Sewage System is approximately 1.4 
to 2.3 metres per year. Considering that BH03-4 is approximately 40 metres downgradient of the 
leaching beds, no groundwater impacts at BH03-4 should be expected until 2014. Groundwater 
quality data for BH03-4 suggests that groundwater at this location is likely not impacted by 
effluent. It is also possible that the relatively thin sand unit over the clay unit results in significant 
changes in the saturated thickness of the sand, due to infiltration and evaporation, thus slowing 
the movement of effluent impacted groundwater away from the sewage system. 

Since it is expected that active groundwater flow is limited mainly to the sand unit and in the 
upper portion of the clay unit, and since groundwater impacts are interpreted not to be occurring 
40 metres downgradient of the leaching beds (the approximate distance to BH03-4), it is 
concluded that the St. Bemardin Sewage System is not impacting local water supply wells or 
watercourses beyond the CAZ. 

4.1 Groundwater Compliance 

MOE Guideline B-7 WOE, 1994), "Incorporation of the Reasonable Use Concept into MOE 
Groundwater Management", addresses the levels of off-site impact on groundwater considered 
acceptable by the MOE and defines the level of impact on groundwater beyond which some form 
of mitigation measure(s) would be warranted. 

Golder Associates 
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Under MOE Guideline B-7, a change in the quality of groundwater on adjacent properties will 
only be acceptable if the quality is not degraded in excess of fifty percent of the difference 
between background concentration and established water quality criteria for aesthetic related 
parameters, and twenty-five percent of the difference between background conditions and 
established water quality criteria for health related parameters, If the background concentrations 
of a particular parameter exceeds a given criteria, the quality of the groundwater should not be 
degraded further. The acceptable groundwater concentrations for the site based on the Reasonable 
Use Concept set forwards within MOE Guideline B-7 are known as the Reasonable Use 
Performance Objectives (RUPO). 

At the St. Bernardin Sewage System Site, BH03-6 is used for Reasonable Use Assessment. 
Results for 2004 indicate that the St. Bernardin Sewage System Site has not caused ground 
impact at downgradient monitors BH03-4 (40 metres downgradient) or BH03-6 (the Reasonable 
Use Assessment monitor, 145 metres downgradient of the sewage system). Therefore, the St. 
Bemardin Sewage System site is in compliance with the Reasonable Use Policy. 

Golder Associates 
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5.0 PROPOSED 2005 MONITORING PROGRAM 

The proposed 2005 monitoring program for the St. Bemardin Sewage System is based on the 
results of the 2004 monitoring program and the sewage system C of A. The purpose of the 
monitoring program will be to document groundwater impact by the St. Bernardin Sewage 
System. The monitoring program involves the collection of groundwater samples and 
measurement of groundwater levels at background and downgradient monitoring locations in the 
spring (April-May) and fall (September-October). The following summarizes the sampling 
locations, frequency, and parameters to be sampled for: 

DO, nitrate, nitrite, pH, 
phosphorus, sodium 

The results of the future groundwater monitoring programs will be documented in a yearly report. 
Future reports may include recommended changes to the monitoring program and updated 
interpretations of groundwater impact by the St. Bernardin Sewage System. 

I Golder Associates 
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6.0 LIMITATIONS AND USE OF REPORT 

This report was prepared for the exclusive use of Eastern Ontario Health Unit and The Nation 
Municipality. The report, which especially includes all tables, figures, and appendices, is based 
on data and information collected by Golder Associates and is based solely on the conditions of 
the site at the time of the work, supplemented by historical information and data obtained by 
Golder Associates as described in this report, and in the previous reports prepared by Golder 
Associates (see References for list of previous reports). Each of these reports must be read and 
understood collectively, and can only relied upon in their totality. 

The assessment of environmental conditions and possible hazards at this site has been made using 
the results of physical measurements and chemical analyses of liquids from a number of 
locations. The site conditions between sampling locations have been inferred based on conditions 
observed at borehole and monitoring well locations. Subsurface conditions may vary from these 
sampled locations. 

The services performed, as described in this report, were conducted in a manner consistent with 
that level of care and skill normally exercised by other members of the engineering and science 
professions currently practicing under similar conditions, subject to limits and financial and 
physical constraints applicable to the services. 

Any use which a third party makes of this report, or any reliance on, or decisions to be made 
based on it, are the responsibilities of such third parties. Golder Associates accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or 
actions based on this report. 

The findings and conclusions of this report are valid only as of the date of this report. If new 
information is discovered in future work, including excavations, borings, or other studies, Golder 
should be requested to re-evaluate the conclusions of this report, and to provide amendments as 
required. 

LDER ASSOTCPTES L p  
/ I j / L  

t n M z &  I 

Environmental Scientist 
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TABLE 1 

SUMMARY OF RISING HEAD DATA RESULTS (cmls) 

Notes 

nla - data not available 

September 2003 and November 2003 results have been revised from the previous report. 
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TABLE 2 

2004 GROUNDWATER ELEVATIONS 

ores 

nla - data not available 
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TABLE 3 
BACKGROUND GROUNDWATER QUALITY 

Notes: 

Results in mgL except for pH and conductivity 

ODWQS = Ontario Drinking Water Quality Standards, Objectives and Guidelines, June 2003 
(AO) - Aesthetic objective 
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TABLE 4 

INTERPRETATION OF GROUNDWATER QUALITY DATA 

FROM DOWNGRADIENT GROUNDWATER MONITORS 
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val is hereby issued for the installation of a sewage disposal system with the requirements and conditions 
here approved. Requirements and conditions of the sewage System installation are appended. 
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Conditions of approval CAL-94-07 

1. The sewage disposal system must be constructed in accordance 
with plans L85-1, L85-2, DC493-1, DC493-2 and DC493-3 
revised Febryary 14, 1996 as prepared by Lascelles 
Engineering Limted and the Groundwaer Impact Assessment 
Report dated August 1995 as [re[ared by ~auriol~nvironmental 
Incorporated and all addendums. 

2 .  ~ h w  maintenace program for the sewage disposal system must 
be submitted to the Eastern Ontario Health Unit for review 
and comment. 

3 .  The conditions of approval set out in the MOEE letter, dated 
February 20, 1996, to Lascelles Engineering Limited must be 
fulfilled. 

Owner/Agent 

Date 



MEMORANDUM 

Project: 2151 phase: 100 Date: Feb.23196 Page 1 of 1 

From: Stephen Babb To: E.0.H.U Attn: Sylvain Dlotte I 
-- Subject: Communal Sewage System Proposal 

Hamlet of St. Bernardin 
u 

Township of Caladonia 
- CAL-94-07 I 

We have reviewed the above noted proposal and have the following comments: I -- 
1. We find the proposal to be satisfactory subject to the following conditions: 

i) The sewage disposal system must be constructed in accordance with plans L85- 
1, L85-2, L85-3, DL493-1, DL493-2, and DL493-3 revised February 14, 1996 as 

I 
prepared by Lascelles Engineering Limited, and the Groundwater Impact 
Assessment Report dated August 1995 as prepared by Sauriol Environmental 
Incorporated. 

I 
ii) The maintenance program for the sewage disposal system must be submitted to 

the Eastern Ontario Health Unit for review and comment. 
I 

iii) The conditions of approval set out in the MOEE letter, dated February 20, 1996, 
to Lascelles Engineering Limited must be fulfilled. 



Post-il ' Faz Nctp 
February 20, 1996 

=-.. -. -..--. .- 
LasceIlcs Engircring Idnrited 
$70. James Street 
HAWKESBURY, Ontario 
K6A 2W8 

- 

B 
DePr hb Radrlgue: 

Re: ~VVNSIXIP m S f . L F : W Y Y 1  !..fr_?ULT~S'rBE.-X 

I Yout most recent submission dated February 5 ,  i996 lias beer1 tevie\ved by ReginnaI staff, 
and ;he fo~1owing comments arc offexcd fcv your consideration. 

( imundwatcr monitoring program that you lave prupc~ed edcl Jr r  the in5tRUation of five 
new piczometets and twlce ycnrly (June Pr ~~glenlher) sampling for sodium, nitrate, 
phosphs,  W C ,  pli and __ DO for a period of two years. in  addition to what is being 1 proposed, the Mtcctrtry has the following rydrtrnents: 

the proposed locations for the ~~~e7 .0n1er t~x  (ilduding d~pihlhydrostratigrd(1t1ic unit) 
. n ~ t  be finalized atid prc.smted on a suikble &gram fur a p p ~ ~ i t l  

the two year tii~re frarnc for sa~npling be remowd while ~naindning thc option of 1 .hanging the qtllmemcnu o t  the program f'ollawi~~g review of O r  c l a h  acquired 

I 
during l e  first two years of opentian. This ensures that inonitorltlg coatinua and 
any changes to the mmitorinp program would Inw to be specifically approved 

. tlie analytical pararnetcr list 1bc exlanded to inclrlrlr. nitrite and ammonia 

I b my prevlovr letter of Novcnlber 24, 1995, t i n d i n i d  the ibnd to address poto,tid n u k c  
wakt impacts from tl~c septic systan's grc~ut~dwa~er discharge ott the "no name" creek. 

) This hformacipn is not contained in your niest recent suhrnirrion, nor is tlrre n proposed 
sclmpiing progrjln for tlto no niuilc crak.  



Thc Rcglon will agree to the creation of a ChZ thmugh the acquisition of grormdwater - right9. It i s  felt that the proposeci systmn is  the hest ueatnmnt that cca be provided wl!l~in 
I 

tlrt available economic means to coxrcct an cxisrlng ~ntarnhation ~)r&lem, a~d has the 
support of both the lna l  Wealth Vdt arid tiv Township Ca~ncil. As the p l u m  develops. the 
monitoring pmlrorn will demonstrate the rdcquacy of the C A ~ .  The available contingency 

I 
optiuna h l u k  e x p ~ d i n ~  the gtntmndmtm c?scmen t or providing additional effluent 
trcatmcat to maintailr compliance with tllc Rca..onable Use G'uidelinc. I 
AS eondldon~ of our approval of chis approach ho\cwer. tln following additiot~al informatiacl 
must be provided prior lo operatim of the sewage works: . 

I 
- (he y o u n d w ~ m  monitorit~p program alttendul as outlined in the first pasf of this 

. . letter 
I 

. - impacts uf ttlc groundwater dlsclrarplc on *no time" creek nrust be bedtessed and b 

- submitlcd for micw 

w a surface water monitoring proBram be devdqrcrd and submitted fox approval 
-- 

I 
- a legal description of the lmlds affecld, and a definition of the tcgal means Ipy wldch 

the easement will be established and rliaintained 1 
If you have my further qltestinns or rotndents, p l a v  focl free to contact me. I I 

-. ~ 9 n y  D. Arns. ~ . ~ n g .  
RaonaI Approvals Eogint~t 
TtcWal Support Stetion 

-- Easm Rqlon 
BDBluh 
cc: Sylvain Diocte, Eastern Ontario I lecrlth Udl - a Xvan Lee, OCWA 
- Ocny Murphy, CornwaU Disfsict Office 



L'ingBnierie 

C ' L*A*&-C=E*L*L*E*& 
engineering limited 

CONSULTING-ENGINEER INGENIEUR-CONSEIL 

GAETAN H. L A S C E L L E S  

I 

L89- 103 
December 6, 1996 

Eastern Ontario Health Unit 
P.O. Box 338 
41 Racine Street 
Casselman ON KOA 1MO 

Attention: MG Sylvain Diotte, Prut VIII Director 

Dear Sir: 

Re: Communal Sewage Collection and Disposal System 
Hamlet of St-Benrardin, Township of Caledonia 
Pmvincial Direct Glant Sewaee System Pmiect No. 52-0018-01 

Enclosed please fmd a maintenance program for the above referenced project. This 
is resubmitted with revision as per memo fiom Stephen Babb,P.Eng. of DS-Lea 
Associates Ltd dated November 13,1996. 

Operation and Maintenance 

1. The sewage disposal system will be maintained and operated by the Township 
of Caledonia for the residents now being connected to it. A copy of the brochure 
entitled "Care and Feeding of your Septic System" will be distributed to all 
residences connected to the communal sewage disposal system. 

2. The electrical panels for the pumping station and dosing chamber will be 
visually inspected weekly. 

I 0 JAMES ST.. HAWKEfjBURY, ONTARIO K 6 A  2W8 bus. (613) 6 3 2 - 0 2 4 1  res. (613) 6 3 2 - 3 0 6 9  fax. (613) 6 3 2 - 1 6 6 9  



-- 
L89- 103 cont'd 
December 6, 1996 

-- 
I 

3. The septic tanks will be pumped out once every year. The sewage pumps will 
be visually inspected every year. I 
4. The sewer lines will be cleaned out every second year. The manholes will be 
visually inspected once a month for a period of one year to confm the satisfactory 

I 
finctioning of the sewers. I 
5. The grass over the septic tile beds will be maintained during the growing season 
by mowing once per week. 

-- 
I 

6. The access road will be kept clear of snow during the winter time in order to 
-- provide access to the sewage disposal system and to the pumping station, dosing 

I 
chamber and septic tanks. I 
7. As per conditional approval fiom the MOEE, 5 piezorneters will. be sampled 
twice per year and analyzed for sodium, nitrate, phosphorus, dissolved organic 
carbon, pH, nitrite, ammonia and dissolved oxygen. 

I 
8. As per conditional approval from the MOEE, the no-name creek will be sampled 
twice per year at the downgradient location and the Caledonia Creek will be 

m 
sampled at the upstream side of the box culvert crossing Concession 6 road. The 
samples collected will be analyzed for total phosphorus, nitrogen nutrients, -un- 
ionized ammonia, pH, chlorides, conductivity and temperature. 

11, 
I 

9. A yearly letter report will be prepared and submitted to the EOHU and MOEE. 

Final Inspection 
I 

The fmal inspection of the sewage disposal ystem was performed by Pierre Savard 
of DS-Lea Associates Ltd on October 30, 1996. We are also responding to his 

I 
comments. I 
1. Padlocks were installed on all the covers to the septic tanks, pumping station and 
dosing chamber. I 

I L'inginierie LASCELLES eagineering limited 2 870 James St., Hawkesbury ON K6A 2 W 8  I 



L89- 103 cont'd 
December 6, 1996 

2. Bug screens were installed on the vents to the pumping station and dosing 
chamber. 

3. We have enclosed a copy of the "As-built" plans for the sewage disposal system. 

4. The extent of the mantle was verified and was built as shown on the "As-built" 
plans. 

5. A swale will be constructed in the spring when the site.work continues. The 
grass seeding will also be performed in the spring. 

These comments complement your fmd inspection and the use permit can now be 
issued. 

We trust you will fmd this information to your satisfaction and we remain, 

I a Yours truly, 

L'ingenierie 
LASCELLES I i -- engineering limiteq 

B 
encl. 

cc: Joanne Bougie-Normand, Clerk-Treasurer, Township of Caledonia 

I Nitti Subramaniam, P.Eng., Project Engineer, OCWA 
Piem Savard, Inspector, DS-Lea Associates Ltd, Casselman 

I 
Stephen Babb, P-Eng., DS-Lea Associates Ltd, Ottawa 

'inginierie LASCELLES qngineering limited 3 870 James St., Hawkesbury ON K6A 2 W 8  









LIST OF ABBREVIATIONS 

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows: 

SAM$LE TYPE 

Auger sample 
Block sample 
Chunk sample 
Drive open 
Denison type sample 
Foil sample 
Rock core 
Soil core 
Slotted tube 
Thin-walled, open 
Thin-walled, piston 
Wash sample 

PENETRATION RESISTANCE 

Standard Penetration Resistance (SPT), N: 
The number of blows by a 63.5 kg. (140 Ib.) 
hammer dropped 760 mm (30 in.) required 
to drive a 50 mm (2 in.) drive open 
Sampler for a distance of 300 mm (1 2 in.) 

Dynamic Penetration Resistance; Nd: 
The number of blows by a 63.5 kg (140 Ib.) 
hammer dropped 760 mm (30 in.) to drive 
Uncased a 50 mm (2 in.) diameter, 60' cone 
attached to "A" size drill rods for a distance 
of 300 mm (12 in.). 

PH: Sampler advanced by hydraulic pressure 
PM: Sampler advanced by manual pressure 
WH: Sampler advanced by static weight of hammer 
WR: Sampler advanced by weight of sampler and 

rod 

Peizo-Cone Penetration Test (CPT): 
An electronic cone penetrometer with 
a 60' conical tip and a projected end area 
of 10 cm2 pushed through ground 
at a penetration rate of 2 crnls. Measurements 
of tip resistance (Q,), porewater pressure 
(PWP) and friction along a sleeve are recorded 
Electronically at 25 mm penetration intervals. 

111. SOIL DESCRIPTION 

Density Index 
(Relative Density) 

Very loose 
Loose 
Compact 
Dense 
Very dense 

(b) 
Consistency 

Very soft 
Soft 
Firm 
Stiff 
Very stiff 
Hard 

IV. SOIL TESTS 

Cohesionless Soils 

N 
Blows/300 mm 

Or Blows/ft. 
0 to 4 

4 to  10 
l o  to 30 
30 to SO 
over 50 

Cohesive Soils 
CU2SU 

KlB Psf 
ot012 0 to250 
12 to25 250 to 500 
25 to 50 500 to 1,000 
50 to 100 1,000 to 2,000 
I00 to 200 2,000 to 4,000 
Over 200 Over 4,000 

W 

W~ 
w1 
C 
CHEM 
CID 
CIU 

DR 
DS 
M 
MH 
MPC 
SPC 
OC 
so4 
UC 
uu 
v 
Y 

water content 
plastic limited 
liquid limit 
consolidaiton (odometer) test 
chemical analysis (refer to text) 
consolidated isotropically drained maxial test' 
consolidated isotropically undrained triaxial test 
with porewater pressure measurement' 
relative density (specific gravity, G3 
direct shear test 
sieve analysis for particle size ' 

combined sieve and hydrometer (H) analysis 
modified Proctor compaction test 
standard Proctor compaction test 
organic content test 
concentration of water-soluble sulphates 
unconfined compression test 
unconsolidated undrained triaxial test 
field vane test (LV-laboratory vane test) 
unit weight 

Note: 
1. Tests which are anisotropically consolidated prior 

shear are shown as CAD, CAU. 

Golder Associates 



LIST OF SYMBOLS 

Unless otherwise stated, the symbols employed in the report are as follows: 

I. GENERAL (a) Index Properties (cont'd.) 

L = 3.1416 
In x, natural logarithm of x 
loglo x or log x, logarithm of x to base 10 
g Acceleration due to gravity 
t time 
F factor of safety 
V volume 
W weight 

11. STRESS AND STRAIN 

shear strain 
change in, e.g. in stress: A d 
linear strain 
volumetric strain 
coefficient of viscosity 
Poisson's ratio 
total stress 
effective stress ( 6  = d(-U) 
initial effective overburden stress 
principal stresses (major, intermediate, 
minor) 
mean stress or octahedral stress 
= (o1+O2+O3)/3 
shear stress 
porewater pressure 
modulus of deformation 
shear modulus of deformation 
bulk modulus of compressibility 

111. SOIL PROPERTIES 

(a) Index Properties 

bulk density (bulk unit weight*) 
dry density (dry unit weight) 
density (unit weight) of water 
density (unit weight) of solid particles 
unit weight of submerged soil (Y=y-yw) 
relative density (specific gravity) of 
solid particles (DR= p$pw) formerly (G,) 
void ratio 
porosity 
degree of saturation 

Density symbol is p. Unit weight 
symbol is y where y=pg(i.e. mass 
density x acceleration due to gravity) 

W 

WI 

w~ 
1, 
w s 
11 
1, 
&ur 
&in 
ID 

h 
9 
v 
1 

k 
j 

cc 
Cr 
c, 
c, 
m, 
cv 
T v  
u 
*P 
OCR 

TP7r 

9' 
6 
P 
C' 

cu,su 
P 
P' 
4 
qu 
St 

water content 
liquid limit 
plastic limit 
plasticity Index=(wl-wp) 
shrinkage limit 
liquidity index=(w-wp)np 
consistency index=(wl-w)np 
void ratio in loosest state 
void ratio in densest state 
density index-(k-e)/(b+) 
(formerly relative density) 

(b) Hydraulic Properties 

hydraulic head or potential 
rate of flow 
velocity of flow 
hydraulic gradient 
hydraulic conductivity (coefficient of permeability) 
seepage force per unit volume 

(c) Consolidation (one-dimensional) 

compression index (normally consolidated range) 
recompression index (overconsolidated range) 
swelling index 
coefficient of secondary consolidation 
coefficient of volume change 
coefficient of consolidation 
time factor (vertical direction) 
degree of consolidation 
pre-consolidation pressure 
Overconsolidation r a t i d d d ,  

(d) Shear Strength 

peak and residual shear strength 
effective angle of internal friction 
angle of interface friction 
coefficient of friction=tan 6 
effective cohesion 
undrained shear strength (90 analysis) 
mean total stress (ol+q)/2 
mean effective stress (dl+d3)/2 
(01-03)/2 or (dl+3)/2 
compressive strength ((31%) 
sensitivity 

Notes: 1. ='d tan D 
2. Shear strength=(Compressive strength)/2 

Golder Associates I 



SHEET 1 OF 1 

LOCATION: See Site Plan BORING DATE: August 6.2003 

DESCRIPTION 

-------- 
ILTY SANDISANDY SIL 

--------- 
grey brown SILTY SAND 

LOGGED: P.A.H. 

CHECKED: C.D.V. 





PROJECT: 03-1 120-71 7 RECORD OF BOREHOLE: BH 03-3 SHEET 1 OF 1 

LOCATION: See Site Plan BORING DATE: August 6.2003 DATUM: 

SAMPLER HAMMER, 6)kg; DROP. 7Mhnrn PENETRATION TEST HAMMER, 64kg; DROP, 780mm 



PROJECT: 031 120-71 7 RECORD OF BOREHOLE: BH 03-4 SHEET I OF I 

LOCATION See Site Plan BORING DATE: August 7,2003 DATUM: 

I 
SAMPLER HAMMER. 64kg; DROP, 7B(hrn PENETRATION TEST HAMMER. 64kg; DROP. 760mrn 











Jan. 2005 

ANALYSIS OF PUMPING1 
RECOVERY TEST DATA 

NOTE: ENTER DATA FOR 90% of RECOVERY 92% 1796 Cour twdCr .  

[I" Ottawa, Ontario 
Canada K2C 2B5 
Tel: (61 3) 224-5 864 

PROJECT INFORMATION 
Proiect Name: 

St. Bernardin Sewage Works 
Proiect Number: 

04- 1 120-708 
Site Location: 

St. Bernardin 
Date of Test: 

19-May-04 

WELL INFORMATION 
Well ID: 
Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 0.0 

ANALYTICAL METHOD 
Method: Hvorslev (195 1) 
Reference: Freeze & Cherry, 1979 
Calculations: 

2 dh ('1 dt) = ~r - = F N H - ~ )  
dt  

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

z r  (2) T o  = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - - e- l /  r. 
H - H ,  

where: Ho = hydraulic head at t = 0 

For L/R > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r 2  I ~ ( L  1 R) 

2 LT, 
where: L = screen length 

R = radius of filter pack 
* 

ANALYTICAL RESULTS I 

0.01 

0 5 loT0 15 

Time (min) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.6 metres 

I Basic Lag Time (T 3 = 10.96 minutes I 
I Hvdraulic Conductivitv: I 

K Results 

N:\ActiveK004\1120\ENVIRONMENTAL\04-I 120-708 St BemardinKO04 report\St Bernardin May 2004 Hvorskv95Golder-metric.xls 



Jan. 2005 

PROJECT INFORMATION 
Proiect Name: 

NOTE: ENTER DATA FOR 90% of RECOVERY 97% 1796 Courtwood Cr. rl 
St. Bemardin Sewage Works 

Proiect Number: 
04-1 120-708 

Site Location: 
St. Bernardii 

Date of Test: 
19-May-04 

ANALYSIS OF PUMPING1 
RECOVERY TEST DATA 

WELL INFORMATION 
Well ID: 
Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 

0.2 

Ottawa, Ontario 
Canada K2C 2B5 G01& 
Tel: (613) 224-5864 - &&e~ 

ANALYTICAL METHOD 
Method: Hvorslev (1951) 
Reference: Freeze & Cheny, 1979 
Calculations: 

dt) = x 2  fi = FNH-h) 
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

z r  (2) T o = -  
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - e-f/ r. 
H - H ,  

where: Ho = hydraulic head at t = 0 

For UR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) ,q = r 2  I ~ ( L /  R) 

2 LT, 
where: L = screen length 

R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 1.95 
30 1.82 
60 1.74 
120 1.54 
180 1.33 
240 1.23 
300 1.185 
360 1.16 
480 1.140 
600 1.135 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

* 
* 

ANALYTICAL RESULTS 

1 

0.37 

- 
i g 0.1 
4 

0.01 
0 5 10 15 

~~ (mh) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.4 metres 

Basic Lag Time (TJ = 2.48 minutes 

Hvdraulic Conductivitv: 

K =  
r 2  h ( ~  I R )  

2LT0 

K Results 

2.99E-06 d s  
0.25807 d d a y  
94.2 d y r  
0.0003 cmis 

N:\Active\2004\1120\ENVIRO~~~~~~~04-i  120-708 St Bemardin\2004 report\St Bemardin May 2004 Hvorslev95-Gdder-maMe.xis 



i Jan. 2005 

NOTE: ENTER DATA FOR 90% of RECOVERY 95% 1796 Courtwood Cr. rI 
Ottawa, Ontario 

ANALYSIS OF PUMPING/ Canada K2C 2B5 - Goldel! 
RECOVERY TEST DATA Tel: (613) 224-5864 - AS&t(?s 

Fx: (613) 224-9928 

PROJECT INFORMATION 
Proiect Name: 

St. Bernardin Sewage Works 
Proiect Number: 

04-1 120-708 
Site Location: 

St. Bernardin 
Date of Test: 

19-May-04 

Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 0.0 

ANALYTICAL METHOD 
Method: Hvorslev (195 1) 
Reference: Freeze & Cheny, 1979 
Calculations: 

dh (') dt) = zr2  - = F ~ H - ~ I  
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

nr * (2) T o  = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - .-I/ T, 

H - H ,  
where: Ho = hydraulic head at t = 0 

For UR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r Z  I ~ ( L  I R) 

2LT0 
where: L = screen length 

R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 2.44 
15 2.29 
30 2.20 
60 2.14 
120 1.98 
240 1.66 
300 1.56 
360 1.54 
420 1.51 
480 1.495 
600 1.48 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

* 
* 

ANALYTICAL RESULTS 

1 

0.37 

A 

4 
$ 0.1 
4 
E. 

0.01 
0 To 5 10 I5 

Time (mh) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.6 metres 

Basic Lag Time (To) = 2.77 minutes 

Hydraulic Conductivitv: 

K = 
r Z  ~ ( L I R )  

2 LT, 

K Results 

2.308-06 d s  
0.19859 mlday 
72 d ~ r  
0.00023 c d s  



Jan. 2005 

NOTE: ENTER DATA FOR 90% of RECOVERY 95% 1796 Courtwood Cr. 
Ottawa, Ontario 

ANALYSIS OF PUMPING1 Canada K2C 2B5 
RECOVERY TEST DATA Tel: (61 3) 224-5864 

Fx: (6 13) 224-9928 

PROJECT INFORMATION 
Proiect Name: 

St. Bemardin Sewage Works 
Proiect Number: 

04-1 120-708 
Site Location: 

St. Bemardin 
Date of Test: 

19-May-04 - 

WELL INFORMATION 
Well ID: 
Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 0.0 

ANALYTICAL METHOD 
Method: Hvorslev (195 1) 
Reference: Freeze & Cheny, 1979 
Calculations: 

('1 d j )  = xrz dh = F4H-h) 
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

nr (2) T o  = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) , =-I/  T, 
H - H ,  

where: H, = hydraulic head at t = 0 

For L/R > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r Z  I ~ ( L  I R)  

2 LT, 
where: L = screen length 

R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 2.00 
30 1.90 
60 1.86 
120 1.79 
180 1.715 
240 1.67 
300 1.625 
480 1.42 
600 1.25 
720 1.20 
900 1.175 
1200 1.160 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

* 
* * 

ANALYTICAL RESULTS 

1 

0.37 

- 
4 
E 0.1 
3 
& 

0.01 
0 ST" 10 15 20 25 

Time (min) 

Casing Radius (r) - 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.35 metres 

Basic Lag Time (T ,) = 6.96 minutes 

Hvdraulic Conductivitv: 

K =  
r 2  l n ( ~  I R )  

2LT0 

K Results 

l.lOE-06 d s  
0.09478 m/day 
35 d y r  
0.00011 c d s  

N : \ A ~ ~ ~ ~ ~ \ ~ ~ ~ ~ \ ~ ~ ~ o \ E N v I R o N M E N T A L ~ w I  12&708 St Bemardin\2004 report\St Bemardin May 2004 Hvorslev95Gdder-mtric.xl9 



I 
Jan. 2005 

NOTE: ENTER DATA FOR 90% of RECOVERY 91% 1796 Courtwood Cr. 
Ottawa, Ontario 

ANALYSIS OF PUMPING1 Canada K2C 295 
RECOVERY TEST DATA Tel: (61 3) 224-5864 

Fx: (613) 224-9928 

PROJECT INFORMATION 
Proiect Name: 

St. Bemardin Sewage Works 
Proiect Number: 

04-1 120-708 
Site Location: 

St. Bemardim 
Date of Test: 

19-May-04 

WELL INFORMATION 
Well ID: 
Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 
Filter Pack Diameter (m): 0.2 

ANALYTICAL METHOD 
Method: Hvorslev (1 95 1) 
Reference: Freeze & Cheny, 1979 
Calculations: 

dh ('1 4) = Z ~ Z  - = FNH-h) 
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

z r  (2) To = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - =-I/  T. 

H - H ,  
where: Ho = hydraulic head at t = 0 

For UR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r Z  l n ( ~  / R) 

2 LT, 
where: L = screen length 

R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 2.16 
15 2.09 
30 2.06 
60 2.02 
120 1.94 
180 1.85 
240 1.77 
300 1.68 
360 1.45 
420 1.30 
480 1.22 
600 1.14 
720 1.11 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

* 

ANALYTICAL RESULTS 

1 

0.37 

- s 
0.1 

g 

0.01 

0 5 10 15 

Time (min) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.4 metres 

Basic Lag Time (T 3 = 6.1 1 minutes 

Hvdraulic Conductivitv: 

K = r 2  l n ( ~  I R )  
2LT0 

K Results 

1.21E-06 m / ~  
0.10461 &day 
38.2 m/yr 
0.00012 c&s 

I N:\Active\2004\1120\ENVIRONMEMAL\04-i 120-708 St Bemardin\2004 report\St Bemardin May 2004 HvorslevgSGolder-rnetric.xls 



Jan. 2005 

NOTE: ENTER DATA FOR 90% of RECOVERY 

I 3 
ANALYSIS OF  PUMPING/ 
RECOVERY TEST DATA 

PROJECT INFORMATION I 
St. Bernardin Sewage Works 

Proiect Number: 
03-1 120-717 

Site Location; 
St. Bernardin 

Date of Test: 
19-May-04 

53% 1796 Courtwood Cr. 
Ottawa, Ontario 
Canada K2C 2B5 
Tel: (613) 224-5864 
Fx: (613) 224-9928 

WELL INFORMATION 
Well ID: 
Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 
Filter Pack Diameter m : 

ANALYTICAL METHOD 
Method: Hvorslev (195 1) 
Reference: Freeze & Cherry, 1979 
Calculations: 

(') d t ) = x r z d h = F q H - h )  
dt 

whm: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

nr (2) T o  = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - =- I /  T. 
H - H ,  

where: H, = hydraulic head at t = 0 

For UR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 

(4) K = r 2  I ~ ( L I R )  
2 LT, 

where: L = screen length 
R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 3.48 
30 3.43 
60 3.41 
120 3.40 
180 3.39 
300 3.38 
600 3.35 
900 3.32 
1200 3.30 
1800 3.255 
3000 3.16 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

ANALYTICAL RESULTS 

1 

0.37 

h + g 0.1 
4 
E 

0.01 
0 50 100 150 288 250 300 

Time (mia) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 1.5 metres 

Basic Lag Time (TJ = 207.34 minutes 

Hvdraulic Conductivitv: 

K =  
r 2  l n ( ~  I R )  

2 LT, 

K Results 

1.86s-08 m / ~  
0.0016 mlday 
1 d y r  
1.9E-06 C ~ S  

N:\Active\2004\1120\EN~I~O~~~NT~~~04-1120-7~8 st Bemardin\2004 report\St Bemardin May 2004 Hvorslave5Goldermetric.xls 



April 2004 

NOTE: ENTER DATA FOR 90% of RECOVERY 
I 1 

ANALYSIS OF PUMPING1 
RECOVERY TEST DATA 

- - 

PROJECT INFORMATION 
Proiect Name: 

St. Bemardin Sewage Works 
Proiect Number: 

03-1 120-717 
Site Location: 

St. Bemardm 
Date of Test: 

12-Sep-03 

WELL INFORMATION 
Well ID: 03-2 
Static Depth to Water (m): 1.7 
Screen Length (m): 0.2 
Well Diameter (m): 0.0 
Filter Pack Diameter (m): 0.2 

ANALYTICAL METHOD 
Method: Hvorslev (1 95 1) 
Reference: Freeze & Cheny, 1979 
Calculations: 

dh ('1 4 )  = nrZ - = F ~ H - h )  
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

z r  (2) To = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - = - I /  r., 
H - H ,  

where: Ho = hydraulic head at t = 0 

For WR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r 2  I ~ ( L  I R) 

2 LT, 
where: L = screen length 

R = radius of filter pack 

1796 courtwood cr. I 
Ottawa, Ontario 
Canada K2C 2B5 - ((501&r 
Tel: (6 13) 224-5864 - ht3oci&?~ 

1 

L ANALYTICAL RESULTS 1 RAW DATA 
Depth to 

Time (s) Water (m) 
0 2.15 
10 2.147 
20 2.145 
30 2.14 

: 2.138 
2.137 

60 2.136 
70 2.136 
80 2.135 
90 2.135 
100 2.134 
110 2.133 
120 2.133 
140 2.132 
160 2.13 
180 2.126 
210 2.124 
240 2.122 
270 2.12 
300 2.118 
360 2.12 
420 2.1 1 
480 2.1 1 
540 2.1 
600 2.1 
720 2.09 
840 2.08 
960 2.07 
1080 2.06 
1200 2.05 
1500 2.03 
1800 2.01 

0.01 
0 20 40 60 80 Te 100 

Time (min) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.2 metres 

Basic Lag Time (T ,) = 90.97 minutes 

Hvdraulic Conductivitv: 

K Results 

Golder Associates 
N:\Active\2004\1120\ENVIRONMENTAL\O4-l120-708 St Bernardin\2004 report\REVISED St Bemardin Oct 2003 Hvorslev95-Golder-metric.xls 



April 2004 

NOTE: ENTER DATA FOR 90% of RECOVERY 

ANALYSIS OF PUMPING1 
RECOVERY TEST DATA 

Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 0.0 

PROJECT INFORMATION 
Proiect Name: 

St. Bernardin Sewage Works 
Proiect Number: 

03-1 120-717 
Site Location: 

St. Bemardin 
Date of Test: 

12-Sep-03 

ANALYTICAL METHOD 
Method: Hvorslev (1 95 1) 
Reference: Freeze & Cheny, 1979 
Calculations: 

2 dh ('1 42) = xr - = F ~ H - h )  
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

Ar (2) To = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - ,-I/ T, 

H - H ,  
where: H, = hydraulic head at t = 0 

For UR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r Z  I ~ ( L  I R )  

2 LT, 
whm: L = screen length 

R = radius of filter pack 

A 

Depth to m 1 Tim; (s) Water (m) 
2.605 I 

1796 Courtwood Cr. 
Ottawa, Ontario 
Canada K2C 2B5 
Tel: (613) 224-5864 
Fx: (6 13) 224-9928 

ANALYTICAL RESULTS 

1 Time (rnln) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.2 metres 

1 Basic Lag Time (TJ = 8.15 minutes I 
Hydraulic Conductivitv: 

K =  
r 2  l n ( ~  I R )  

2 LT, 

K Results 

9.078-07 mls 
7.848-02 d d a y  
29 m/yr 
9.1E-05 C ~ S  

Golder Associates 

N: \A~~~v~\~OO~\~ I~~ \ENVIRONMENTAL\O~-~  120-708 St BemardinE004 report\REVISED St Bernardin Oct 2003 Hvorslev95Golderm~.xls 



NOTE: ENTER DATA FOR 90% of RECOVERY 1796 Courtwood Cr. rl 
Ottawa, Ontario 

ANALYSIS OF PUMPING1 Canada K2C 285 ; Gold9 
RECOVERY TEST DATA Tel: (6 13) 224-5864 f4sSOCmtles 

Fx: (613) 224-9928 

- - - - -  

( St. Bernardin Sewage Works I 
I PROJECT INFORMATION 

Proiect Name: 

St. Bernardin 

I I Date of Test: 
1 1 -Nov-03 

I 

WELL INFORMATION 
Well ID: 
Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 

Proiect Number: 
03-1 120-717 

Site Location: 

ANALYTICAL METHOD 
Method: Hvorslev (1951) 
Reference: Freeze & Cheny, 1979 
Calculations: 

dh ''I dt) = z r2  - = ~14W-h) 
dt 

where: q = rate of inflow 
r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

z r  (2) To = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - e - l / T e  

H - H ,  
where: Ho = hydraulic head at t = 0 

For L/R > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) , = r 2  I ~ ( L  / R )  

2 LT, 
where: L = screen length 

R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 1.82 
5 1.81 
10 1.8 
15 1.795 
20 1.795 
25 1.7904 
30 1.785 
35 1.78 
40 1.78 
45 1.775 
50 1.77 
55 1.765 
60 1.76 
70 1.755 
80 1.75 
90 1.74 
100 1.73 
110 1.725 
120 1.72 
140 1.71 
160 1.695 
180 1.68 
210 1.67 
240 1.65 
270 1.635 
300 1.62 
360 1.595 
420 1.565 
480 1.54 
540 1.52 
600 1.495 
900 1.405 
1200 1.29 

* * 
* * 
* * 
* * 
* * 
* * 

* * 
* 

ANALYTICAL RESULTS 

1 

0.37 

h 

8 
& 0.1 
3 
& 

--a- 

- 

0.01 --7--7--- 

0 5  1 0 T 0 1 5  20 25 

Time (min) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.6 metres 

Basic Lag Time (To) = 13.03 minutes 

Hvdraulic Conductivity: 

K = 
r Z  l n ( ~  I R )  

2LT0 

K Results 

4.898-07 mls 
0.04224 mtday 
15 &Y 
4.9E-05 cmls 

Golder Associates 

B 
N:\Active\2004\112O\ENVIRONMENTAL\04-1120-708 St Bernardin\2004 report\REVISED St Bemardin Nov 2003 Hvorslev95-Gdder-metric.xls 



April 2004 

NOTE: ENTER DATA FOR 90% of RECOVERY 
I 1 

ANALYSIS OF PUMPING1 
RECOVERY TEST DATA 

PROJECT INFORMATION 
Proiect Name: 

St. Bemardim Sewage Works 
Proiect Number: 

03-1120-717 
Site Location: 

St. Bemardin 
Date of Test: 

1 1-NOV-03 

WELL INFORMATION 

Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 

0.2 

1796 Courtwood Cr. r l  
Ottawa, Ontario 

- Goliler Canada K2C 2B5 
1 Tel: (61 3) 224-5864 - ~~~ 
1 Fx: (6 13) 224-9928 

Golder Associates 
N : \ A C ~ ~ V ~ ~ ~ ~ ~ ~ \ ~ ~ ~ ~ \ E N V I R O N M E N T A L \ W I  120-708 St Bemardin\2004 repat\REVISED St Bernardin Nov 2003 Hvorslev95-G~metric.xk I 



I 
April 2004 

NOTE: ENTER DATA FOR 90% of RECOVERY 
I 

ANALYSIS OF PUMPING1 
RECOVERY TEST DATA 

- 
PROJECT INFORMATION 

Proiect Name: 
St. Bemardin Sewage Works 

Proiect Number: 
03-1120-717 

Site Location: 
St. Bemardin 

Date of Test: 
1 1 -N0v-03 

WELL INFORMATION 

ANALYTICAL METHOD 
Method: Hvorslev (1 951) 
Reference: Freeze & Cherry, 1979 
Calculations: "' 4) = zr2 2, j7@-3 

dt 
where: q = rate of inflow 

r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

xr (2) To = - 
FK 

where: To = basic time lag 

Whm (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  &?-,/T, (3) - - 
H - H ,  

where: H, = hydraulic head at t = 0 

For LIR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting ' 

expression for K is: 
(4) K = r 2  I ~ ( L  / R) 

ZLT, 
where: L = screen length 

R = radius of filter pack 

RAW DATA 
Depth to 

Time (s) Water (m) 
0 1.9 
5 1.88 
10 1.86 
15 1.85 
20 1.84 
25 1.83 
30 1.825 
35 1.82 
40 1.81 
45 1.8 
50 1.8 
55 1.79 
60 1.79 
70 1.775 
80 1.765 
90 1.755 
100 1.75 
110 1.745 
120 1.73 
140 1.705 
160 1.69 
180 1.675 
210 1.66 
240 1.64 
270 1.625 
300 1.565 
360 1.44 
390 1.375 
420 1.34 
450 1.31 
480 1.29 
510 1.275 
540 1.25 
* * 
* * 
* * 
* * 
* * 

* 
* 

1796 ~ourtwood Cr. rl 
Ottawa, Ontario 
Canada K2C 2B5 - Goliler 
Tel: (6 13) 224-5864 - ~ & C S  

ANALYTICAL RESULTS 

I 

0.37 

h s 
a 0.1 3 a 

0.01 -TC--, 

0 2 4 % 8 10 I2 

Time (min) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 0.35 metres 

Basic Lag Time (T,) = 5.83 minutes 

Hvdraulic Conductivitv: 

K =  r Z  I ~ ( L  I R )  
2LT0 

K Results 

1.31E-06 mls 
0.11321 &day 
41 & ~ r  
0.00013 c d s  

Golder Associates 
N:\Active\2004\i120\ENVIRONMEMAL\04-1120-708 St BernardinW004 report\REVISED St Bemardin Nov 2003 Hvonlea5-Golder-metric.xls 



April 2004 

Static Depth to Water (m): 
Screen Length (m): 
Well Diameter (m): 0.0 

ANALYTICAL METHOD 
Method: Hvorslev (195 1) 
Reference: Freeze & Cheny, 1979 
Calculations: 

dh 
g(t)=*rZ--=F@-h) 

dt 
where: q = rate of inflow 

r = casing radius 
h = hydraulic head 
t = time 
F = shape factor 
K = hydraulic conductivity 
H = static hydraulic head 

z r  ' (2) T o  = - 
FK 

where: To = basic time lag 

When (2) is substituted into (I), the 
solution to the resulting ordinary 
differential equation is: 

H - h  (3) - e- l /  r. 
H - H ,  

where: Ho = hydraulic head at t = 0 

For UR > 8, Hvorslev has evaluated 
the shape factor, F. The resulting 
expression for K is: 
(4) K = r 2  I ~ ( L  I R)  

2 LT, 
where: L = screen length 

R = radius of filter pack 
: 

Golder Associates 

N:\Active\2004\1120\ENVlRONMENTAL\M-i120-708 St Bernardin\2004 repoft\REVISED St Bemardin Nov 2003 HvorslevQ5-G~-metric.xls 

NOTE: ENTER DATA FOR 90% of RECOVERY 1796 Courtwood Cr. 
Ottawa, Ontario 

ANALYSIS OF PUMPING1 Canada K2C 285 

RECOVERY TEST DATA Te1: (61 3) 224-5864 
Fx: (6 13) 224-9928 

PROJECT INFORMATION 
Proiect Name: 

St. Bernardin Sewage Works 
Proiect Number: 

03-1 120-717 
Site Location: 

St. Bernardin 
Date of Test: 

1 1 -Nov-03 

RAWDATA , 
Depth to 

Time (s) Water (m) 
0 3.32 
5 3.32 
10 3.3305 
15 3.295 
20 3.3305 
25 3.3 

ANALYTICAL RESULTS 

35 3.295 
45 3.29 
50 3.285 

3.29 45 
50 3.285 
60 3.285 
70 3.28 
80 3.27 
90 3.27 
100 3.26 
110 3.26 
120 3.26 
140 3.255 
160 3.245 
180 3.245 
210 3.235 
240 3.23 
270 3.225 
300 3.22 
360 3.2 
420 3.19 
480 3.18 
540 3.17 
600 3.17 
900 3.15 
1200 3.13 
1800 3.1 

3 3600 
7200 2.87 * * 

* * 
* * 

0 50 100 150 200 2% 300 

Time (mln) 

Casing Radius (r) = 0.016 metres 
Filter Pack Radius (R) = 0.100 metres 

Screen Length (L) = 1.5 metres 

Basic Lag Time (I3 = 256.34 minutes 

Hvdraulic Conductivitv: 

K = 
r Z  ~ ( L I R )  

2LT0 

K Results 

1.50E-08 m/s 

* 
* * 
* 

1.30E-03 &day 
0.5 m / ~ r  
1.5E-06 cmls 







Golder Associates 

ST. BERNARDIN - REPORT OF MONITORING RESULTS Project: 031120717 

Sample Source: BHOSi 
Sheet: 1 

Date Sampled: 12-Sep-2003 27-0ct-2003 27-Oct-2003(2 ) 19-May-2004 21-Oct-2004 

Parameter ODWQS 

1 Comment 
Ammonia (as N) dry 0.05 0.34 0.03 
Chloride 0.05 

250 1390.0 1400.0 1330.0 1350.0 
Conductivity (uSlcm) 4300 
Dissolved Oxygen 4600 4900 

DOC 5 
4.0 

20.2 18.1 15.3 6.6 34.7 
10 Nitrate (as N) 0.10 co.10 

Nitrite (as N) 1 
0.80 

co. 10 
0.40 

co.10 <1 .oo 
pH (pH units) 6.1 

c2.00 
6.5-8.5 

Phosphorus (total) 4.850 6.8 6.8 
Sodium 

4.330 
200 

5.460 
874.0 

8.360 
861 .O 

15 
767.0 

10.3 
850.0 Temperature (C) 10.0 
10.3 

All values reported in mglL unless otherwise noted. 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 



Golder Associates 

ST. BERNARDlN - REPORT OF MONITORING RESULTS Project: 031120717 

Sample Source: BH03-2 Sheet: 1 

Date Sampled: 12-Sep-2003 27-Oct-2003 19-May-2004 21 -0ct-2004 

Param ter -- 

Ammonia (as N) ~0.02 0.03 0.09 0.68 
Chloride 250 1370.0 1060.0 1 130.0 11 30.0 
Conductivity (uSlcm) > 1990 4000 4040 4500 
Dissolved Oxygen 6.8 5.4 5.6 
DOC 5 31.5 32.2 104.3 54.2 
Nitrate (as N) 10 4.17 5.95 1.20 12.70 
Nitrite (as N) 1 c0.10 c0.10 < I  .00 ~ 2 . 0 0  
pH (pH units) 6.5-8.5 7.1 6.5 7.1 7.1 
Phosphorus (total) 1.010 4.130 3.660 2.300 
Sodium 200 1140.0 955.0 886.0 872.0 
Temperature (C) 15 18.7 9.7 10.5 9.8 

All values reported in mg/L unless otherwise noted. 



I 
I Golder Associates 

ST. BERNARDlN - REPORT OF MONITORING RESULTS Project: 031120717 

I Sample Source: BH03-3 Sheet: 1 

Date Sampled: 12-Sep-2003 12-Sep2003(2) 27-Oct-2003 19-May-2004 21 -013-2004 

I Parameter ODWQS 

Ammonia (as N) 0.04 0.03 ~0.02 <0.03 e0.03 

I Chloride 250 1450.0 1510.0 171 0.0 1 190.0 1360.0 
Conductivity (uSlcm) >I990 >5000 4430 >5000 
Dissolved Oxygen 4.6 3.8 4.6 
DOC 5 19.9 17.9 12.7 16.0 21.5 
Nitrate (as N) 10 2.24 2.72 16.80 1.20 16.40 ( ;,y;;"u'nJ$)) 1 co.10 co.10 co.10 <1 .oo c2.00 

6.5-8.5 7.1 6.4 7.2 7.3 
Phosphorus (total) 1.960 2.780 1.960 1.410 2.050 
Sodium 200 1 130.0 1410.0 1310.0 937.0 960.0 

I Temperature (C) 15 16.4 10.2 7.5 9.4 

I All values reported in mgiL unless otherwise noted. 
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Golder Associates 

ST. BERNARDIN - REPORT OF MONITORING RESULTS Project: 031120717 

Sample Source: BH03-3 

Date Sampled: 2 1 -0ct-2004(2 ) 

Parameter ODWQS 

Sheet: 2 

Ammonia (as N) 
Chloride 
Conductivity (uS/cm) 
Dissolved 0&en ' 
DOC 
~ i t i t e  (as N) 
Nitrite (as N) 
pH (pH units) 
Phosphorus (total) 
Sodium 
Temperature (C) 

All values reported in mg/L unless otherwise noted. 



Golder Associates 

ST. BERNARDIN - REPORT OF MONITORING RESULTS Project: 031120717 

Sample Source: BH03-4 Sheet: I 

Date Sampled: 12-Sep-2003 27-Oct-2003 19-May-2004 19-May-2004(2 ) 21 -0ct-2004 

Parameter ODWQS 

1 Comment 
Ammonia (as N) 
Chloride 
Conductivity (uS/cm) 
Dissolved Oxygen 
DOC 
Nitrate (as N) 
Nitrite (as N) 
pH (pH units) 
Phosphorus (total) 
Sodium 
Temperature (C) 

I All values reported in mg/L unless otherwise noted. 
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Golder Associates 

ST. BERNARDIN - REPORT OF MONITORING RESULTS Project: 031120717 

Sample Source: BH03-5 Sheet: 1 

Date Sampled: 12-Sep-2003 27-Oct-2003 19-May-2004 21 -0ct-2004 

Parameter ODWQS 

1 Comment 
Ammonia (as N) 
Chloride 
Conductivity (uSlcm) 
Dissolved Oxygen 
DOC 
Nitrate (as N) 
Nitrite (as N) 
pH (pH units) 
Phosphorus (total) 
Sodium 
Temperature (C) 

All values reported in mglL unless otherwise noted. 



Sample Source: BH03-6 

Date Sampled: 

Golder Associates 

ST. BERNARDIN - REPORT OF MONITORING RESULTS Project: 031120717 

Sheet: I 

12-Sep-2003 27-Oct-2003 19-May-2004 21 -0ct-2004 

Parameter ODWQS 

I Comment dry dry 
Ammonia (as N) ~0.03 <0.03 
Chloride 250 2.0 2.9 
Conductivity (uSIcm) 220 31 0 
Dissolved Oxygen 7.4 10.6 
DOC 5 16.7 21.2 
Nitrate (as N) 10 <0.20 <0.20 
Nitrite (as N) 1 c0.20 <0.20 
pH (pH units) 6.5-8.5 7.2 7.8 
Phosphorus (total) 1.880 1.770 
Sodium 200 12.6 11.7 
Temperature (C) 15 8.0 8.6 

All values reported in mglL unless otherwise noted. 









ANALYTICAL SERVICES 

GOLDER ASSOCIATES LTD. 
1796 Courtwood Crescent 
Ottawa, ON 
K2C 2B5 

Page : 1 
Copy: 1 of 2 

/ 

Attn: Carolyn Van Delste/Caitlin Martin Received: 
Project: 04-1120-708 T-5000 PO #: 

Job: 2461117 Status: Final 

Ground Water Samples 

C1- NO2 -N NO3 -N NH3 -N Total P DOC DO Na 
SM 4110B SM 4110B SM 4110B SM 4500H SM 4500-P F SM 5310C SM 4500G ICAP 

Sample Id ms/L mq/L mq/L mq/L mq/L mq/L mq/L mq/L 

MWO3-1 
MW03-2 
MW03-3 
MW03-4 
MWO3-5 
MW03-6 
MW03-8 
Blank 
QC Standard 
QC Standard 
Repeat MW03- 

1350. 
1130. 
1360. 
1080. 
906. 

2.9 
1450. 

c0.5 
( found) 25.4 
(expected) 25.0 
1 1380. 

8.36 
2.30 
2.05 
4.05 
3.62 
1.77 
2.11 

co. 002 
0.143 
0.140 
8.52 

5735 MLADAM ROAD,  LiIS!,l' ,AUGP,, ( I N T A R I O ,  CANADA L 4 Z  1N9 T 905 8 9 0  8566  F 905  8 9 0  8575  W www.pscana ly t ica l  corn 



ANALYTICAL SERVICES 

GOLDER ASSOCIATES LTD. 
1796 Courtwood Crescent 
Ottawa, ON 

Page : 2 
Copy: 1 of 2 

Attn: Carolyn Van Delste/Caitlin Martin Received: 23-Oct-2004 09:45 
Project: 04-1120-708 T-5000 PO #: 

Job: 2461117 Status: Final 

All work recorded herein has been done in accordance with normal 
professional standards using accepted testing methodologies and QA/QC 
procedures. PSC Analytical is limited in liability to the actual cost 
of the pertinent analyses done unless otherwise agreed upon by 
contractual arrangement. Your samples will be retained by PSC 
Analytical for a period of 30 days following reporting or as per 
specific contractual arrangements. 

Job approved by: 

Signed : ........................ 
cziger 

Pro j ec t Manager 

5735 MckDAM ROAD hl~S;i ,.?UGA DNTARIO CP,NADA L 4 Z  1N9 T 905 890 8566 F 905 890 8575 W www sconal t ~ c a l  corn ~ - r = - - - ~ = r = - r = & h = = m  



ANALYTICAL SERVICES 

GOLDER ASSOCIATES LTD. 
1796 Courtwood Crescent 
Ottawa, ON 
K2C 2B5 

Attn: Carolyn VanDelet 
Project: 04-1120-708 

Page : 1 
Copy: 1 of 2 

Job: 2454545 Status: Final 

Water Samples 

C1- NO2 -N NO3 -N DOC NH3 -N Total P Na 
SM 4110B SM 4110B SM 4110B SM 5310C SM 4500H SM 4500-P F ICAP 

Sample Id mq/L ms/L ms/L mq/L mq/L mu/L ms/L 

s-1 
5-2 
S-3 
S-4 
S-5 
S-6 
5-7 
Blank 
QC Standard 
QC Standard 
Repeat S-1 

1330. 
1130. 
1190. 
977. 
826. 
2.0 

956. 
c0. 5 

( found) 2.0 
(expected) 2.0 

1330. 

5.46 
3.66 
1.41 
2.79 
2.61 
1.88 
2.47 

co. 002 
0.133 
0.144 
5.29 

5 7 3 5  McADAI\4 ROAD, MISSI'8:AUG/~, ONTARIO, C.ANADA L 4 Z  1 N9 T 905 890  8566  F 905  8 9 0  8575  W www.psconaly t ica~.com 



ANALYTICAL SERVICES 

GOLDER ASSOCIATES LTD. 
1796 Courtwood Crescent 
Ottawa, ON 
K2C 2B5 

Attn: Carolyn VanDelst 
Project: 04-1120-708 

Page : 2 
Copy: 1 of 2 

Received: 21-May-2004 09:30 
PO #: 04-1120-708 

Job: 2454545 Status: Final 

IC Analysis of Water: 
Some samples for N02-N were analyzed at an extra dilution due to matrix 
interference. EQLs were adjusted accordingly. 

All work recorded herein has been done in accordance with normal 
professional standards using accepted testing methodologies and QA/QC 
procedures. Philip Analytical is limited in liability to the actual 
cost of the pertinent analyses done unless otherwise agreed upon by 
contractual arrangement. Your samples will be retained by PASC for a 
period of 30 days following reporting or as per specific contractual 
arrangements. 

Job approved by: 

Signed : ........................ 

ROAD MISSI:l'lAUGA ONTARIO CANADA L 4 Z  1N9 r 905 890 8566 F 905 890 8575 W www. scanal ticai.com = = U M c W r = - = - ~ = = - 1 5 . = = ~  


