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A Merger o f  
Klohn-Cr~ppen, Klohn Leonoff, Crlppen D ~ v ~ s ~ o n  of S~rnons, Toronto D ~ v ~ s ~ o n  of S ~ m o n s  

Our File: PB 5395 0801 
MIN 94 

Gaigmont Mines 
320 - 1639 West 2nd Ave. 
Vancouver, B.C. 
V6J 1H3 

Mr. W.F. Moore, P.Eng. 
Director 

Assessemt Report 

Dear Sir: 

November 26, 1993 

H 
A S S E S S  T 

This letter outlines work done for Gaigmont Mines by Klohn-Gippen Consultants Ltd. 
(formerly Klohn Leonoff Ltd.) on the Craigmont Mine site near Memtt. The information 
contained herein is intended to assist with reporting of assessment work in accordance 
with the Province of British Columbia, Ministry of Energy, Mines and Petroleum 
Resources, Mineral Tenure Act, Sections 25,26 & 27. 

BACKGROUND 
Location 
The Craigmont Mine is located in the Interior Plateau Region of south-central British 
Columbia approximately 13 km northwest of Merritt (see Drawing A-5001). The mine 
site is located on the lower slopes of the Promontory Hills which rise to the west of the 
Stumbles Geek Valley. The tailings impoundment is situated in the Stumbles Geek 
Valley. A narrow ridge separates the Stumbles Geek Valley from the Guichon Geek 
Valley to the east. 

History 
The Gaigmont Mine was in operation from 1962 to 1982. The Craigmont orebody was 
originally mined for its copper values. However, the ore also contained sigruficant 
grades of magnetite and hematite. For approximately the first eight years of mine 
operation, the magnetite was deposited with the tailings until a magnetite recovery 
circuit was installed in the mill. Recovery of magnetite from the ore started in about 
1970. 

The recovered raw magnetite was stockpiled at the minesite. Following closure of the 
mine, the magnetite was processed in the mill to produce media-grade magnetite for 
sale to the coal mining industry for use in the flotation process. The processed media- 
grade magnetite was stored in stockpiles at the minesite. Since closure, the stockpiled 
magnetite has been sold, recently at a rate of about 60 000 tomes per year, and is now 
nearly depleted. 

Klohn-Crippen Consultants Ltd., 10200 Shellbr~dge Way, R~chrnond, B C , Canada, V6X 2W7 Tel. (604) 273-0311 Fax (604) 279-4300 Tlx 04-355520 @ 
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New Magnetite Recovery Operation 
As the magnetile stockpiles are virtually depleted, Gaigmont is planning to supplement 
this magnetite supply by recovering magnetite from tailings deposited during the 
operational life of the Gaigmont Mine. Klohn Leonoff Ltd. was retained by Gaigmont 
to prepare a mine development plan. This was presented in the report entitled Wine 
Plan', dated September 12, 1991. Based on that and other studies, Craigmont has 
developed the site and built new tailings storage dykes and a processing plarlt which 
began preliminary operation in 1993. 

2. WORK Doh= IN 1993 
The 1993 wo& includes groundwater quality monitoring on the Craigmont Mine site. 
The work included: 

development of wells on the property to collect information about the 
state of groundwater quality; 

determination of background levels of groundwater quality prior to 
commencement of the new tailings mining and processing project; 

ongoing monitoring to determine any changes in groundwater quality; 
and 

preparation of an engineering report (Klohn Leonoff, 1993), drawings and 
letters to document the above. 

Well locations are shown on the attached Drawing B5002. One of the wells will also 
serve as a water supply well for the plant. The wells have been sampled several times 
since development and the samples tested for a standard suite of water quality 
parameters. More extensive descriptions of the work carried out are included in the 
referenced reports. 

The total amounts billed by Klohn-Crippen on various aspects of the project to 
October 1, 1993 are summarized in Table 1. 

Table 1 - Summary of Expenditures 

Klohn-Crippen 

Subproject Desaiption 

Groundwater Sampling 
Well Installations 

Groundwater Monitoring 

Total 

Total Billed 

$14,683.75 

$6,833.80 

$21,517.55 
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We note that other costs, including those incurred by the well drilling and well 
developement contractors, were paid directly by Craigmont Mines, and were not billed 
through Klohn-Crippen. Consequently, those costs are not reflected in the above totals. 

We trust that the information included herein is sufficient. If you have any further 
questions, please do not hesitate to call. 

, Yours very truly, 

KLOHN-CRIPPEN CONSULTANTS LTD. 

Blair S. Trenholme, P.Eng. 
Project Engineer 

BST1SR:lp 
Attach. 

LIST OF REFERENCES 

Klohn Leonoff, 1992, "Mine Plan", September. Consultant's report to Craigmont Mines. 

Klohn Leonoff, 1993, "Groundwater Monitoring and Supply", August 3. Consultant's 
report to Craigmont Mines. 

Klohn-Crippen 
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1. INTRODUCI'ION 

Craigmont Mine, located near Memtt, British Columbia (Drawing A-5001), was in 

operation from 1962 to 1982. The orebody was o r i m y  mined for copper but the ore 

also contained s i e c a n t  grades of magnetite and hematite. The magnetite was 

discarded with the tailings until a magnetite recovery circuit was installed in a h &  1970. 

Craigmont is currently mining an existing media-grade magnetite stockpile d d  also 

plans to recover magnetite from the existing tailings impoundment. 

Klohn Leonoff Ltd. was retained by Gaigmont in 1991 to prepare a development plan 

for its magnetite recovery project, which is detailed in Klohn Leonoff's report titled 

"Mine Plan" (1991). After the development plan was submitted, Klohn Leonoff was 

retained to install a groundwater supply well and a groundwater monitoring well. The 

groundwater supply well, which will be used as part of the mill water supply, will 

intercept some of the seepage from the new tailings impoundment. Water samples will 

be collected from the monitoring well. These water samples will be analyzed at a 

commercial laboratory to monitor the water quality downstream of the new failings 

impoundment. 

This report documents the installation of one groundwater supply well w d  one 

groundwater monitoring well in March 1993. The scope of work comprised: 

installation, development and test pumping of a water supply 
well: 

installation, development and response testing of a monitoring, 
well: and 

collection and analysis of one water quality sample from each of 
the wells. 
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PROJECT DESCRPTION 
Exploration programs commissioned by Gaigmont Mines have identified the lower 

portion of the south end of the impoundment as being rich in magnetite (Klohn Leonoff, 

1991). This recent exploration has revealed that the magnetite-rich tailings, covered by 

up to 12 m of magnetite-poor tailings, extend upstream from the toe of the embankment 

for a distance of at least 250 m. 

Gaigmont plans to recover the magnetite from the tailings with a wet extraction 

process. The wet process tailings will be stored in the area south of the existing 

impoundment toe and north of the southern property boundary (Drawing B-5002). 

Only water will be added to the mined tailings during the recovery process. The waste 

material (tailings low in magnetite) will be disposed of on top of the existing 

impoundment in areas not intended for mining. 

KLOHN LEONOFF 
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SUE CONDITIONS 

General 
The Gaigmont Mine is located in the Interior Plateau Region of south-central British 

Columbia approximately 13 km northwest of Memtt. Access to the minesite is via 

Highway 8 west from Memtt to the community of Lower Nicola and north via a paved 

access road (Drawing A-5001). 

The minesite is located on the lower slopes of the Promontory Hills which rise 10 the 

west of the Stumbles Geek Valley. The tailings impoundment is situated in the 

Stumbles Creek Valley. A narrow ridge separates the Stumbles Geek Valley frdm the 

Guichon Creek Valley to the east. 

Surficial Geology 
The topography of the site is generally controlled by bedrock but has been m q e d  by 

glaciation and subsequent erosion and deposition by post-glaaal streams. The floor of 

the Stumbles Geek Valley is flat and sparsely vegetated. The valley slopes are kgely 

covered with a thin veneer of glacial till and colluvium. The valley is infilled pdnady  

with glacio-fluvial outwash, which is overlain with small quantities of recent alluvium. 

The geotechnical driU hole logs for holes in the vicinity of the tailings impoundment 

(Golder Brawner, 1971) indicate that the soils underlying the tailings impoundment and 

overlying the bedrock consist of compact to dense sand and gravel with occasional 

of silt. The drill holes penetrated natural ground to a maximum depth of about 

Some pockets of firm silt and clay were encountered at depths greater than about 12 rn 

below ground surface. Recent drilling for the monitoring well and water supply well 

confirms these conditions to a depth of 30 m. 

KLOHN LEONOFF 
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Climate and Hydrology 
The dimate at the site is typical of the semi-arid Interior Plateau Region. A review of 

the hydrology of the Gaigmont minesite was carried out by studying published 

hydrologic and meteorologic information for the area. 

Three Atmospheric Environment Services (AES) Climate Stations are operated near the 

minesite as summarized in Table 3.1. 

Climate normals calculated by AES for the Merritt Gaigmont Mines gauge show average 

daily temperatures between -7.5"C in January and 17.5OC in July, with an annual mean 

of 6OC. Total precipitation at the site averages 330 mrn per year of which approximately 

60% falls as rain and 40% as snow. Measurable preapitation occurs on an average of 

89 days per year. 

Table 3.1 - Atmospheric Environment W c e s  Climate Stations 

The minesite area drains into Stumbles Creek, which in turn flows into the Nicola River. 

The catchment area for Stumbles Creek upstream of the mine is about 44 km2. Shlmbles 

Creek originates as the confluence of several small streams which have their headwaters 

in the Promontory Hills to the west of the mine. The area contains several swampy 

areas but no sigruficant lake. 

A preliminary estimate of streamflow at the minesite was obtained from a regional flood 

frequency study prepared in 1985 for the Ministry of Transportation and Highways for 

the Clapperton Creek to Karnloops area. The area is north of the minesite, and the 

NO. NAME --- 

KLOHN LEONOFF 

ELEV. (m) PERIOD OF RECORD 

ll.25075 

ll.25070 

1125079 

732 

591 

588 

Memtt Gaigmont Mines 

Memtt 

Memtt STP 

1962-1972, 1972-1976 

1918-1952,1962-1966 

1968-present 
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focus of the study was to determine peak streamflows for highway crossings, but the 
m 
IJ 

results were extrapolated to provide a preliminary estimate of flows at the site. 

Table 3.2 summarizes the estimated peak daily discharges for the 44-km2 basin for four 

i"i return periods. 
Id 

' r"9 Table 3.2 - Stream Flow Estimates - Stumbles Creek 

I RETURN PERIOD I PEAK DAILY DISCHARGE'') I 

I Mean Annual I 1.3 I 

(1) Estimates based on 1985 MOTH study. 
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4. MARCH 1993 FIELD PROGRAM 

4.1 Monitoring Well 
A two-inch (50 mm) diameter monitoring well was installed dose to the downstream toe 

of the starter dyke alignment (see Drawing B-5002). A six-inch (150 mm) hole was 

drilled and cased to 15.2 m with a Cyclone air rotary drill rig. Samples were collected 

from the drill return ;very 5 A. The casing was pulled back to 9.1 m, and 3.0 m of 

10-slot PVC well saeen were installed from 9.1 m to 6.1 m. This depth was selected so 

that exfiltration from the new tailings impoundment would be intercepted. The 

monitoring well was installed to intercept the seepage from the new tailings 

impoundment and may not be deep enough to intercept the most concentrated seepage 

from the existing tailings area, particularly when the new impoundment is holding 

water. 

The annular space around the saeen was backfilled with silica sand to form a filter and 

stabilize the formation. Bentonite chips and cement were placed above the silica sand 

to seal the monitoring zone. The casing was pulled back concurrently with backfilling 

to a depth of 3.3 m. The drill hole log, backfill record and completion detail are 

included in Appendix I. 

After the monitoring well was installed, the filter pack was developed with surging, 

jetting and pumping tools to remove the fines and stabilize the filter pack. The well was 

also response tested. The results of the well development and response test are 

included in Appendix I. 

One water sample was collected from the well in March 1993 and another in May 1993. 

An equipment blank was also analyzed. The quality control forms for the water samples 

and the water sample results are included in Appendix 11. The water sample from the 

monitoring well was analyzed for: 

physical parameters; 
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dissolved anions; 

nutrients; 

total metals; and 

dissolved metals. 

Temperature, conductivity and pH were measured in the field at the time of sampling 

and the results are included in Appendix 11. An equipment blank and a sample of the 

distilled water that was used for decontaminating the equipment were also analyzed. 

The water sample testing results are discussed in Section 5. 

4.2 Water Supply Well 
An 8-inch (200 mm) diameter hole was drilled and cased to 29.9 m with a Cyclone air 

rotary drill rig. A 3.0 m length of 120-slot (0.120 inchl3.0 mm slot width), telescoping, 

stainless steel saeen was installed with a K-packer from 29.9 m to 26.8 m. The casing 

was pulled back to a depth of 26.2 m. The drill hole log and well completion debails are 

included in Appendix I. 

The well was developed by air-lifting water out of the well with the driU rig's air 

compressor. The well was developed for a total of six hours, part of the time with the 

air outlet below the top of the screen and part of the time with the air outlet at a depth 

of 18.3 m. Most of the sand flushed from the well was collected in a 45-gallon (200 4') 

drum during development and sand volumes were monitored. The sand re& at the 

end of development was about one cup per 200 US gallons. 

A three-step pumping test was conducted at rates of about 100 USgpm (23 m31h), 

400 USgpm (91 m31h) and 550 USgpm (125 m31h). The test duration for each step 

ranged from about one hour to two hours. The well was allowed to recover Between 

each step. Water levels were recorded in the water supply well during drawdown and 
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recovery with a water level meter. Flows were monitored with a flow meter at the well 

head and an orifice meter at the end of the discharge hose. 

One water sample was collected from the well after the pumping test was complete. 

The water sample results are included in Appendix I1 and discussed in Sectioq 5. As 

with the monitoring well, the water sample from the pumping well was analyded for: 

physical parameters; 

dissolved anions; 

nutrients; 

total metals; and 

dissolved metals. 

Temperature, conductivity and pH were measured in the field at the time of sampling 

and the results are included in Appendix 11. 
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RESULTS 

Water Chemistry 

As discussed in Section 4, water samples were collected shortly after well installation 

in March 1993 and analyzed for physical parameters, major ions, nutrients and heavy 

metals. The monitoring well only was sampled in May 1993. Both wells were sampled 

in July 1993 but the results are not available for this report. The heavy metals analysis 

for the first round was by the relatively inexpensive inductively coupled plasma (IW) 

method, which is appropriate for a first analysis. The advantage of the ICP method is 

that a complete suite of metals can be analyzed quickly and inexpensively. However, 

the ICF detection limits for a few of the heavy metals are higher than the Canadian 

Drinking Water Quality Guidelines. These heavy metals were analyzed by more 

sensitive methods for the second sampling round. 

Results of the analyses are included in Appendix 11. The water analysis results show 

that none of the individual constituents exceeds the Canadian Drinking Water 

Guidelines. However, the total dissolved solids (about 900 mg14) are sigruficantly over 

the drinking water guideline of 500 mglQ, which is based primarily on palatability. The 

high dissolved solids may cause corrosion and the manganese may cause plpe 

encrustation. The results from subsequent sampling rounds will be useful for further 

evaluation of water quality. 

Sulphate concentrations for the March 1993 sample from both the monitoring well and 

water supply well are close to 300 mgiQ. These sulphate concentrations are signtficantly 

above expected background concentrations and are, therefore, indicative of tailimgs 

water. However, the metal concentrations are all low indicating that sigruficant heavy 

metal concentrations have not reached the southern property boundary, except in the 

unlikely event that the metals are following a flowpath deeper in the aquifer. 
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Although heavy metals have not been detected in the March 1993 groundwater sam~les 

at the southern property boundary, periodic sampling of water from wells downstream 

of the mine is advisable to document the water quality. An additional four monitoring 

wells are recommended for monitoring the groundwater quality across the width of b e  

valley, as first recommended in Klohn Leonoff's proposal dated November 28,199i. 

Klohn Leonoff personnel will sample the water supply well and monitoring well in 

accordance with Klohn Leonoff's groundwater sampling and handling guidelines, wych 

are included as Appendix IV. The samples will be collected monthly for one year d e s s  

the data indicate that the sampling frequency can be decreased. A quarterly samphg 

schedule will probably be established after one year. Frequent sampling pried to 

impounding the tailings storage area will help to establish the pre-pond groundwdter 
- 

chemistry with reasonable confidence. 

5.2 Water Supply 
The drawdown and recovery plots are included in Appendix 111. These plots indicate 

that the aquifer transmissivity is about 3 x loJ m21s. All of the time-drawdown plots 

flattened within 20 minutes, which could indicate either a recharge boundary or delayed 

yield from the aquifer. A one-day to three-day constant rate pumping test is reqdred 

to determine the cause of the flattening with more confidence. Such a pumping test can 

be conducted after the water supply pump is installed, and could be carried out 

concurrently with other field work. 

Prehmmary calculations indicate that the current (no tailings pond) transmission capacity 

of the aquifer is about USgpm (91 m31h) or 1 million m3 per year. This transmission 9 
capacity is based on: \ 

?'-"' 
a calculated transmissivity of 3 x lo3 m21s; 

a regional hydraulic gradient equal to the topographic gradient 
(about 0.02); and 
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an aquifer width that is about equal to the valley width (800 m). 

The preliminary estimate is based on very little data and could be in error by as much 

as plus or minus a factor of ten. A constant rate pumping test wiU increase the 

confidence in the transmissivity estimate. The confidence in the groundwater gradient 

estimate could be increased by recording water levels at three locations along the leg@ 

of the aquifer. 

Preliminary calculations also indicate that the natural recharge to the aquifer is in the 

same order as the transmission capaaty. These calculations are based on: 

average annual precipitation of 330 mmlyr; 

catchment of 44 km2; and 

infiltration of 10%. 

Given the high permeability of the surficial sands and rate could 

be as high as 30%. However, the calculated recharge 

the calculated aquifer transmission capacity. 

table and reduce the aquifer yield. 

approximate safe yield for all groundwater users in the valley. Extended purnpqg in 

excess of 400 USgpm (91 m31h) under natural recharge conditions could lower the water 

During operation of the magnetite recovery project, much of the recharge to the water 

supply well will likely come from seepage losses from the new tailings impoundment. 

Therefore, high pumping rates will probably be more sustainable after a pond has been 

established in the new storage area. Monitoring of pre-pond and pre-pumping 

groundwater levels are required for evaluation of safe yields after the tailings pond is 

established. 

KLOHN LEONOFF 
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Periodic water level monitoring in the water supply well during operation will be 

required to guard against aquifer over-extraction, particularly if the aquifer safe yield is 

not evaluated. Klohn Leonoff will monitor the groundwater levels concurrently with 

the monthly groundwater sampling. Periodic monitoring of water levels in wells 

downstream of the mine may also be advisable to detect any possible impacts of the 

water supply well operation. Monitoring of water levels in the tailings pond and 

pumping volumes to the tailings is also recommended to provide correlative data. 

A 20 hp to 25 hp pump (requiring 575 V) could provide flows of up to 400 USgpm 

(91 m31h) against 55 m total dynamic head, which would be the approximate total head 

to the water storage tanks. Even though the aquifer may not be able to sustain this flow 

rate over an extended period, this size of pump would facilitate a proper constant gate 

pump test and could be useful for obtaining large volumes of water in a relatively short 

time. A heated pump shack that allows the pump to be removed for maintenance is 

required around the well head. High and low limit switches in the well will help 

prevent aquifer over-extraction, re-start the pump at high water and prevent pump 

damage. A 1.5-inch (38 nun) diameter PVC drop tube in the water supply well will 

allow monitoring of the water level in the pumping well. The final details of the pump 

installation will be determined in consultation with a pump supplier. Two quotes, one 

from North Central Pump of Prince George and one from Lingo Pumps of Vernon, are 

included in Appendix 111. 

Because the weekly pumping volumes will be limited by the available aquifer recharge 

and the impacts on downstream groundwater users, a constant rate pumping test is 

warranted. This pumping test can be conducted after the pump is installed, which will 

minimize the testing costs. An observation well that is installed to a depth of 30 m 

within 15 m of the well is required for a proper estimate of long term safe yield. The 

pumping test would last for one day to three days. If more monitoring wells are 

installed, the pumping test could be conducted concurrently with the well installations. 
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A 29.9 m deep, 8-inch (200 mm) diameter water well was installed with 3.0 m of 

120-slot screen at the bottom. The well was sited dose to the toe of the new 

dyke in the centre of the valley. 

A 9.1 m deep, Zinch (50 nun) diameter monitoring well was installed close to 

the downstream toe of the new dyke. Water samples from the monitoring well 

can be analyzed for potential contamination. The monitoring well will interc~pt 

exfiltration from the new tailings impoundment. The monitoring well may ~ o t  

be deep enough to intercept the most concentrated seepage from the existing 

tailings area, particularly when the new impoundment is holding water. 

The water well was developed by the air lift method until the sand return in the 

water totalled less than one cup in about 200 gallons. The water was sand-free 

during test pumping and will likely remain sand-free during production 

P-ping. 

The water quality from the water supply well is within the specifications of the 

Canadian Drinking Water Guidelines except for total dissolved solids. The water 

quality guideline for total dissolved solids is based on palatability. The 

manganese in the water, although within the drinking water guideline, may 

cause pipe encrustation. 

The pumping test data indicate that the aquifer is very permeable. However, the 

weekly pumping volume will likely be limited by recharge and consideration of 

downstream groundwater users. The safe yield from the well will likely be 

controlled by the quantity of seepage from the new tailings impoundment. 
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6. The safe yield of the aquifer under natural recharge conditions can be estimated 
.m 

I 

/J 
with data from a one day to three day constant rate pumping test. A new 

observation well would be required to record water levels away from the 

pumping well. 



August 3,1993 

RECOMMENDATIONS 
Sample the monitoring well according to Klohn Leonoff's Sampling and 

Handling Guidelines in Appendix IV. The Sampling and Handling Guidelines 

are designed to make the data quality suffiaent for meaningful interpretation. 

Sample the monitoring well monthly for the next year, unless the data indicate 

that less frequent sampling is appropriate. These samples will help to establish 

the groundwater chemistry prior to impoundment of new tailings. A quarterly 

sampling schedule will probably be established after one year. 

Monitor the water levels in the monitoring well and the pumping well. Also 

monitor the water levels in the new tailings pond and record the volumes of 

water transferred to and removed from the tailings pond. 

Install a 20 hp requires (575 V) pump in the water supply well, which will 

produce about 400 USgpm (91 m3/h). Construct a heated pump house that will 

allow the pump to be removed from the well for maintenance. Install a 1.5-inch 

(38 mrn) diameter, Schedule 80, flush-threaded PVC drop tube in the water 

supply well for monitoring water levels. 

Survey the elevations of wells and the pond staff gauge. 



-1 

!-I 
/- -\ PB 5395 0501 - 16 - August 3,1993 

- WP 650 

I 
L J  

6. Install an additional four monitoring wells, as outlined in Klohn Leonoff's 
m 
I I 

'd 
proposal dated November 28,1991. 

KLOHN LEONOFF LTD. 

I 

[[; 
Hugh McCreadie, P.Eng. I P7 

i IJ 
r"l 
la 

rl Project Engineer 
d - 
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Gaigmont Copper Mine. 

Task Force on Water Quality Guidelines of the Canadian Coundl of Ministers of the 
Environment (April, 1992). "Canadian Drinking Water Quality Guidelines". 



APPENDIX I 

DRILL HOLE LOGS AND COMPLETION DETAILS 



TEST HOLE LOG 
i STARTED: 21 103193 FINISHED: 21 /03/93 ' - G / 1 DRILLING METHOD: AIR ROTARY w/CASINO 

Lj $ 1  $ I GROUND ELEV(m): * COORDINATES(m): 

DESCRIPTION OF MATERIALS 
SAND and GRAVEL b-; *-; * 

-fine to coarse sand 
- fine gravel 
-trace to some silt 
- moist 
-brown 

-fine sand 

13.7 

SAND and GRAVEL 
- coarse sand 
-fine to coarse gravel ....... ....... - rounded to sub-rounded 

RTN (i:::::: . trace silt ...... 
- moist 
- grey 

SlLT and SAND , 
-wet 

SAND and GRAVEL 
-fine to coarse 
- trace silt 

rounded to sub-angular 

SAND and GRAVEL Continued 

I PROJECT NO.: PB 5395 05 01 

LOGGED BY: HMCC CHECKED BY: 



TEST HOLE LOG 

z :  : STARTED: 21 103193 FINISHED: 21 103193 
W 
4 1 DRILLING METHOD: AIR ROTARY w/CASING 
5 i -1 GROUND ELEV(~) :  
Z I  0 

COORDINATES(m): 
DESCRIPTION OF MATERIALS 

-fine to coarse sand ,Ti! 3 
b: *: -fine to coarse gravel 
w' T - rounded to sub-angular .:.* 1 -wet .., .I ., : 
. . . . . . . 

+:*: - grey 

b: *: 
U' .w :*,* 
I:?:! :? :t 
b:*: 

1 
b: *: 
1 - i  .w *.* In :! :. : 
b: *: 
<*i .w *.*- 
,:, :! :. i :I 

END OF TESTHOLE = 30.5 metres 
NOTES: 
1. Well completion detail shown separately. 
2. Sample type "RTN' is a sample from the drdl return. 

I 

5 P PEN12 
@ SPT N 

PROJECT NO.: PB 5395 05 01 

PROJECT: CRAIGMONT GROUNDWATER 

I LOCATION: MERRITT B.C. I 
I 

FORM: SIO1 9 3 / 0 4 / 1 2  

LOGGED BY: HMCC CHECKED BY: 1 
SHEET OF HOLE NO.: WW93-1 I 



1. SCREEN I.D. AND K-PACKER 
RISER I.D. = 6 l/r = 1 6 5 m m  

2. TOTAL SCREEN LENGTH 
= 10'6" = 3.20m 

3. K-PACKER AND RISER LENGTH 
= 2'G = 0.76m 

PRaaCT 

GROUNDWATER SUPPLY AND MONITORING 
mLT 

I WATER SUPPLY WELL DETAIL (Hm93-1) 
UM: 

"W;b{73 -Ib m A W a  

CRAIGMONT MINES ~ T M L L -  ~ ~ 5 3 9 5  05 FIG. I 
rat 



DRILLING NOTES 

KLOHN LEONOFF 



DRILLING NOTES 

H LEONOFF 

PROJ. NO. 3 55 ENG. - *'=' 
1 



DRILLING NOTES 
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NOR-WEST WATER WELL DRILLING LTD. 
1_1 P.O. Box 3446 23191 Fraser Highway. Langley Depth - 

r/ \ Langley 534-41 08 Evenings: Langley 534-4222 
i' / - 
; I 

... .......-- ........... Date Begun ..?~.7CH..21./.93 Completed MA3CH. 231.95 

.................. .................. Yield !est. .~p !~~ .~ . r !~ . . .~ . .C !~ . .+  Gallons per minute 

......................... Static Water Level 3 feet from surface 

................... ........................ Pumping Water Level P.5 feet from surface 

9aFT 1 0  INCHES CF 9 INC.u-.... ................................. Casing Used I:: 

......................... Bottom of Casing ??F.T . . . . . .P.. .~.Y .C.r!.F:. Yeet from surface 

.................... ..................... ..... Stick-up above ground 2.E.T 3.. iNf HES feet 

2 r ~ x  ................................................................................ ;LOT STAINLESS STEEL S C ~ E E C S  z / + v  Screen Used ...-.. 
?FT ' ? I S f -  ? :  

.. ................................ .......... Top of Screen 3.7.E.T. I.... 1.K feet from surface 

........................... ........ Bot~om of Screen !?7,FFT...7-..1"I feet from surface 

..................... ........ Sources of Water g.p.m. a t  feet 

................................... Sources oi Water g.p.m. at  ..................... feel 

.............................. Sources of Water g.p.m. a t  ..................... feel 

............................. Sources of Water g.p.m. at  .................... feei 

RECOMMENDED PUMP SET AT ............ FT. RATE ............. G.P.M 

NOTE: i lTM!i  :tELL SYOULD 3E PUMP TESTC3 T O  ESTASL ISH  
AN ACCWATE \: IELD." 

Material 

'. . 
AND 57hYEL 

YET S I L T  AN3 F I N E  SA%D 

VET S I L T Y  SllND AND WAVE 

MET S I L T Y  SAND A,rD G?AV! 

NATE? BEARING S I L T Y  S A k i  
(G?AVEL LAYEqSI  

TIGHT 'UATEQ J E A q I N G  SANl 
AND G?AVEL 

VIATE? 5EAQIYG G'7AVEL 



TEST HOLE LOG 

-fine to coarse sand 
-trace fine gravel 
-rounded to sub-angular 
- brown to 9 m, increasingly grey to 15 m 
- moist from 4.5 rn on 

PROJECT NO.: PI3 5395 05 01 

PROJECT: CRAIGMONT GROUND\NATER 1 
I LOCATION: MERRIll B.C. I 
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MONITORING WELL BACKFILL RECORD 

r<LOW.EONOFF 

PROJECT NUMBER: ?$ 4 3 4 5  6 ENG: m c  C 
PROJECT: C RA( 6MOIUT G W I V P U A ~ ,  
LOCATION: M W ~ ,  sc 
DETAILS: w4J 93- 1 
DATE: 22 /q? PAGE I OF I 



MONITORING WELL CONSTRUCTION DETAIL 

NOT TO SCALE 

Protective Casing with Locking Cap 
and Drain Hole 6 " C- 1 

1 
I 

Redi-Mix Cement Pad 

I Cement-Bentonite Grout I 

1 ----I Silica Sand Backfill 
+ d l =  LO&€ 5TPK (1054) 

- 
- 

20 -slot wc screen S A d -  @ - 
, Machine-Cut Slots, 5' length cap on the bt to  - 

- 

KLUiN LEONOFF 
PRoJECT c & ~ I ~ N N  G P O V @ ~ / ~  

LOCA~ON rw!&fi, 
DRILL HOLE fVlwq3- I 
DATE f w k ~ 2 / m  SHEET / OF / 



MONITORING WELL DEVELOPMENT RECORD 
DEVELOPMENT METH0D;DEVELOPING TOOL(see detailed description) 
WATER TANK MATERIAL; NONE USED 
WELL DEVELOPMENT PARAMETERS 

WATER AND SEDIMENT VOLUME RECORD 

I ISTARTlFINISHlCOMMENTS 
10.16115.16 1 

I 
J TIME 
I pH 8.5 1 7.8 I 

I TDS 460 1 440 
I 

I 

COMMENTS : 
PHOT0GRAPAS:See photos of water, sediment and filter residue 

- 

[NORTH CENTRAL PUMP LTD. I PROJ.NO. ENG.H.MCC I 
1 I PROJECT: CRAIGMONT MINE - I 

TEMP I 10 1 10 

I I LOCATIONMERRIT I 
I I DRILL H0LE:MONITOR WELL-MW93-1-1 
I I DATE 26/03/93 SHEET 1 OF 1 L 

I 

- 

I 
DEPTH TO WATER 13.747513.74751 

I 
FILTRATION TIME I 2MINS I 

,WATER COLOUR 1BROWNlCLEAR 
START-2 MINS to 100 ML I 

JDEPTH OF WELL 1 9.601 9.64 
I 
I 











RESPONSE TEST 

W G  CONDITION: 6 d  (-AH)- 

WELL NO.: I~ bd93~ / - 
PROJ. NO.: 5395 05 
LOCATION: r23ft6MWT 
DATE: 

I M W  2&?3 PAGE OF 
WELL INNER DIA. (mm): jYg ' 
PVC STICKUP (mrn): 24' 
TOTAL DEPTH (m): 
AIR TEMP.: 
PROBE SERIAL NO.: 
TESTED BY: 

m N D  COMMENTS 

Mi#! LEONOFF All depths measured from top of PVC monitoring well riser 



APPENDIX I1 

WATER CHEMISTRY 



CHEMICAL ANALYSIS REPORT 

Date: 

ASL File No. 

Report On: 

Report To: 

Attention: 

Received: 

April 21, 1993 

9664C 

Water Analysis (PB53950501) 

glohn Leonoff Ltd. 
10200 Shellbridge Way 
Richmond, BC 
V6X 2W7 

Mr. Hugh McCreadie 

April 5, 1993 

ASL ANALYTICAL SERVICE LABORATORIES LTD. 
per: 

-. . ' C r ,  :a * 
&tma ~zczachbr, BSC. 
M-, Water Quality Lab Project Chemist 

Specialists in Environmental Chemisq 



RgSULTS OP ANALYSIS File No. 9664C 

8"  Well MW93-1 Equip. Distilld 
Blank Water 

Phveical Teeta 
Colour CU 
Conductivity umhos /cm 
Total Dissolved Solids 
Hardness CaC03 
PH 

Total Suspended Solids 
Turbidity NTU 

Dissolved Anion8 
Alkalinity - Total 
Chloride C 1 
Fluoride F 
Sulphate SO4 

Nutrients 
Amonia Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 

c = Less than the detection limit indicated. 
Results are expressed as milligrams per litre except fcr pH, 
Conductivity (umhos/cm), Turbidity ,NTU), and Colour (cU). 

Page 1 



LA RESULTS OF ANALYSIS Pile No. 9664C 

8" Well MW93-1 E q u i p .  D i s t i l l d  
Blank water 

1 Total Metals 
.Alummum T-A1 
.Antimony T-Sb 
Arsenlc T-As 
Barlum T-Ba 
Beryllium T-Be 

Bismuth 
Cadmium 
Calcium 
Chromium 
Cobalt 

copper 
Iron 
Lead 
Lithium 
Magnesium 

Manganese 
Molybdenum 
Nickel 
Phosphorus 
Potassium 

T-Mn 
T-Mo 
T-Ni 
T-P 
T -K 

Selenium 
Silver 
Sodium 
Strcntium 
Thai lium 

Tin 
Titanium 
Tungsten 
Vanadium 
Zinc 

T-Sn 
T-Ti 
T-W 
T -V 
T- Zn 

= Less than che detection limit indicated. 
%suits are expressed as milligrams per litre except fzr pH, 
Conductivity (umhos/cm), Turbidity (NTU), and Cclour .CU). 

Page 2 



RESULTS OF ANALYSIS Pile No. 9664C 

8"  Well MW93-1 E q u i p .  
Blank 

Dissolved Metals 
A1umin.m D-A1 
Ant ixr.ony D-Sb 
Arsenlc D-As 
Bar iurn D-Ba 
Beryilium D-Be 

Bismuth D-Bi 
Cadmium D-Cd 
Calcium D-Ca 
Chromlum D-Cr 
Cobalc 3-Co 

Copper D-Cu 
Iron D-Fe 
Lead D-Pb 
Lithium D-Li 
Magnesium D-Mg 

Manganese D-Mn 
Molybdenum D-Mo 
Nickel D-Ni 
Phosphorus D-P 
Potassium D-K 

Selenium D-Se 
Silver 3-Ag 
Sodiun D-Na 
Stronciqm D-Sr 
1 1  D-T1 

Tin 3-Sn 
Titanlm D-Ti 
'i'ungscen D-W 
Vanadium D-V 
Zinc 3-Zn 

< = Less than the detection limit indicated. 
Results are expressed as milligrams per litre except for pH, 
Conauccivity (umhos/cm), Turbidity (NTU) , and Colour (CU) . 
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METHODOLOGY File No. 9664C 

Samples were anal zed by methods acceptable to the a propriate regulatory Y e agency. Outlines o the methodologies utilized are as fo ows: 

Conventional Parameters in Water 

These analyses are carried out in accordance with procedures described in 
"Standard Methods for the Examination of Water and Wastewater" 18th Ed. 
published by the American Public Health Association. 1992. Further details 
are available on request. 

Metals in Water 

These analyses are carried out in accordance with procedures described in 
"Standard Methods for the Examination of Water and Wastewater" 18th Edition 
published by the American Public Health Association, 1992. The procedures 
involve a variety of instrumental analyses including atomic emission 
s ectro hotometry (ICP) and atomic absorption spectrophotometry (AA) to 
o g tain 81 e required detection limit for each element. Specific details are 
available on request. 

End of Report 
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s e r v i c e  

l a b o r a t o r i e s  

CHEMICAL ANALYSIS REPORT 

Date: May 18, 1993 

ASL File No. Dl234 

Report On: Water Analysis (PB5395070 1) 

Report To: Klohn Leonoff Ltd. 
10200 Shellbridge Way 
Richmond. BC 
v6X 2W7 

Attention: Mr. Hugh McCreadie 

Received: May 5, 1993 

ASL ANALYTICAL SERVICE LABORATORIES LTD. 
per: 

-A@ 
Frederick Chen, B.Sc. \ Ln Ur$, Susan Kessler 
Project Chemist Project Chemist 

Soecialistr in Environmental Cheminrv 



W 
'? RESULTS OF ANALYSIS - Water Fi le  NO. Dl234 

! 

I 

Id 

MW93-1 MaUrY Luke BK Blank 
m Gran t  Grant 
I 

L Phvs ica l  Testa 
Colour CU 

r' Conductivity umhos/cm 
Tota l  Dissolved S o l i d s  h Hardness CaC03 
PH 

n Tota l  Suspended S o l i d s  
crd Turbid i ty  NTU 

(7 Dissolved A n i 0 n ~  

I, Alka l in i t y  - T o t a l  
Chloride C 1  
Fluoride F 

TI Sulphate so 4 

LJ -?imzima 
A m n i a  Nitrogen 

il N i t r a t e  Nitrogen 

1-i 
Nitrite Nitrogen 
ortho-Phosphate 
Tota l  Dissolved Phosphate 

r? 
I To ta l  Phosphorus 
Ld 

L! Resul ts  a r e  expressed a s  mi l l ig rams  p e r  l i t re  excep t  where noted.  
< = Less than t h e  d e t e c t i o n  limit i n d i c a t e d .  



RESULTS OF ANALYSIS - Water File No.  Dl234 

MW93-1 murY Luke Vacuum 
G r a n t  G r a n t  B l a n k  

93 05 03 93 05 03 93 05 03 93 05 03 

Total Metalg 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Bismuth 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Lithium 
Magnesium 

Manganese 
Molybdenum 
Nickel 
Phosphorus 
Potassium 

Selenium 
Silver 
Sodium 
Strontium 
Thallium 

Tin 
Titanium 
Tungsten 
Vanadium 
Zinc 

T-Mn 
T-MO 
T-Ni 
T-P 
T-K 

T-Sn 
T-Ti 
T-W 
T-V 
T-Zn 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 



RESULTS OF ANALYSIS - Water File No. Dl234 

mury 
Grant 

Luke 
Grant 

Dissolved Metalg 
Aluminum D-A1 
Antimony D-Sb 
Arsenic D-As 
Barium D-Ba 
Beryllium D-Be 

Bismuth D-Bi 
Cadmium D-Cd 
Calcium D-Ca 
Chromium D-Cr 
Cobalt D-Co 

Copper D-Cu 
Iron D-Fe 
Lead D-Pb 
Lithium D-Li 
Magnesium D-Mg 

Manganese D-Mn 
Molybdenum D-Mo 
Nickel D-Ni 
Phosphorus D-P 
Potassium D-K 

Selenium D-Se 
Silver D-Ag 
Sodium D-Na 
Strontium D-Sr 
Thallium D-Tl 

Tin D-Sn 
Titanium D-Ti 
Tungsten D-W 
Vanadium D-V 
Zinc D-Zn 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 

Page 3 
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RESULTS OF ANALYSIS - Water 
I 

D i s t i l .  
Water 

F i l e  N o .  D l 2 3 4  

P h v s i c a l  T e s t a  
Colour CU 
Conduct ivi ty  umhos/cm 
Tota l  Dissolved S o l i d s  
Hardness CaC03 
PH 

Tota l  Suspended S o l i d s  - 
Turbid i ty  NTU - 

D i s s o l v e d  Anions 
A l k a l i n i t y  - T o t a l  
Chlor ide C 1  
F luor ide  F  
Sulphate  SO4 

Resu l t s  a r e  expressed  a s  mi l l i g r ams  p e r  l i t r e  except  where no t ed .  
< = L e s s  than  t h e  d e t e c t i o n  limit i n d i c a t e d .  
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RESULTS OF ANALYSIS - Water F i l e  No. D l 2 3 4  

D i s t i l .  
Water 

T o t a l a  ' 
Aluminum T-A1 
Antimony T-Sb 
Arsenic T-As 
Barium T-Ba 
Beryllium T-Be 

Bismuth T-Bi 
Cadmium T-Cd 
Calcium T-Ca 
Chromium T-Cr 
Cobalt T-Co 

Copper T-Cu 
Iron T-Fe 
Lead . T-Pb 
Lithium T-Li 
Magnesium T-Mg 

Manganese T-Mn 
Molybdenum T-Mo 
Nickel T-Ni 
Phosphorus T-P 
Potassium T-K 

Selenium T-Se 
Silver T-Ag 
Sodium T-Na 
Strontium T-Sr 
Thallium T-T1 

Tin T-Sn 
Titanium T-Ti 
Tungsten T-W 
Vanadium T-V 
Zinc T-Zn 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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METHODOLOGY File No. Dl234 

Samples were anal ed by methods acceptable to the a propriate regulatory r" e agency. Outlines o the methodologies utilized are as fo ows: 

Conventional Parameters in Water 

These analyses are carried out in accordance with procedures described in 
"Standard Methods for the Examination of Water and Wastewater" 18th Ed. 
published by the American Public Health Association, 1992. Further details 
are available on request. 

Metals in Water 

These analyses are carried out in accordance with procedures described in 
"Standard Methods for the Examination of Water and Wastewater" 18th Edition 
published by the American Public Health Association. 1992. The procedures 
involve a variety of instrumental analyses including atomic emission 
s ectro hotometry (ICP) and atomic absorption spectrophotometry (AA) to 
o ! tai. fh e required detection limit for each element. Specific details are 
available on request. 

End of Report 
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GROUNDWATER S A M P L I N G  R E C O R D  

I 
EQUIPMENT DECONTAMINATED AND CHECKED (Y/N): 

J Sampling ~ p p a r a t u c  Water Level Probe , Field Parameter Meters: 1 
I 
I 

DEPTH TO WATER I 
Pro be: 1 

WEU 

4JL31&/ SIGNATURE I KLOHN L E O N O F F  
-" 

* .411 depths rnesureci !ran top of mon~toring wet PVC 



GROUNDWATER SAMPLING R E C O R D  

COMMENTS: WELL NO.: LO& 6 @ W r  
w 3/93 

'" h-; a - 1  
/ / 

I - 
WEATHER r d .  /vu, 

1 
! 

EQUIPMENT DECONTAMINATED AND CHECKED (Y/N): 
Samplhg Apparatusx Water Level Probe: - Field Parameter Meters: 

DEPTH TO WATER 
Probe: 
.Item %me headina bmments 
D m *  lo Water (m) - - 

,D@*m Bottom (m) / - - 
W E U  PURGING 

Volune of Standing Water Column = Purge Volume = 

1 I I I I 

D PARAMETERS 1 
! 

SAMPLING I 
I 

~ e t h a d  6 4  

.OHN LEONOFF All depths measured from top of monitoring well PVC 



GROUNDWATER SAMPLING RECORD 

COMME 

EQUIPMENT DECONTAMINATED AND CHECKED (Y/N): 
Sampling Apparatus: Water Level Probe: Field ~aran&r Meters: 

DEPTH TO WATER 

. PURGING 
Volume of Standing Water Column = hlA Purge Volume = U A  
Pumping Method ~ d l w  
Measumg Device 0 & Well yield (High, Low): I, 

J 
Time Volume Description of WaterICornments -1 =ram To 

I 
- I ..c. 

6 $  (0 6: 25 I 99 cad Y2)ed/20b = b 4 a r ~  
I I I I P 

FIELG PAWMETERS 

I 
Faraneter ?me -- Calibrat~on Standard broundwate~mments 

S!aied ! Measured iSarnDle 
TemperzIuie VG a 6 -40 X. 5. 0 i 7 
pH I 1 . -7,O .7-0 i 7-2, '  I 

Con-w LXS v rm r q c ~  o I I 

Sample T y p  Fme Fikration - Drese~a!ion bntainer I 
I WIN) Method 

I I 
(Y/M Tvoe Tv- 1 i 

Total Metals (T.M.) j 6 27-63 1 N A y - I  

Tctd Mercdry @.HQ) 1 .>c F x K I 

Dimbed Metals (9 .M.j  1 6 LC -69 I Y I/- (72 1 p / ~ i & ,  - Y I W  
, Major Anions (MA.) I~zsWI 1\/. N I - 1 ' 

r J 
I - 

I KLOHN LEONOFF All depths measured from top of monitoring well PVC i 



APPENDIX 111 

PUMPING TEST DATA 



380 USgpm 
DRAWDOWN 

1E-02 
1E-01 1E+00 1E+01 1E+02 1E+03 

r- t (min) 
Ti 1.7E-03 mL/5 



380 USgpm 
RECOVERY 

d 1E+01 

l"i 
1 I 
1l 

1 2  -- 1E+00 
2 
0 > 
S 
2 

P m  
.-i 2 

CJ - 
3 

1 lE-O1 L d  

3 - 

r1 
I 
~d 1E-02 

1E-01 1E+00 1E+01 1E+02 1E+03 
n t' (min) ,, TZ- 3.4E-03 h2!f 

7.9E-02 



550 USgpm 
RECOVERY 

1E+02 

2. 
0 > 
I? 
2 1E+01 
3 
0 
4 

m - 
3 
0 - m 
0- 

t' (min) 









APPENDIX IV 

GROUNDWATER SAMPLING AND HANDLING GUIDELINES 



July 28. 1993 
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INTRODUCTI.ON 
This document constitutes the groundwater sampling procedures recommended by 

Klohn Leonoff Ltd. for sampling monitoring wells at the Placer Dome Inc. Campbell 

Mine for the parameters presently chosen for analysis. The plan presents only general 

procedures and techniques for sample collection, sample preservation and shipment, 

field analytical procedures, and chain-of-custody control. In addition, specific 

procedures, data sheets and management techniques should be developed by the staff 

members responsible for sampling. 

Some common problems noted by U.S. EPA for groundwater sampling are: 

i: 
LJ - 
2 

r-? 

LJ 

Ownersloperators have not prepared sampling and analysis ( S U )  
plans or do not keep plans on site. 

Plans contain very little information or do not adequately describe the 
S&A program that the ownerloperator is employing at his facility. 

Field sampling personnel are not following the written plan or are not 
aware that it exists. 

Improper well evacuation techniques are used. 

Sampling equipment is used that may alter chemical constituents in 
groundwater. 

Sampling techniques are used that may alter chemical composition of 
samples. 

Facility personnel are not using field blanks, chemical standards, and 
chemically spiked samples to identrfy changes in sample quality after 
collection. 

Field personnel do not properly clean non-dedicated sampling 
equipment after use. 

Field personnel place sampling equipment (rope, bailer, tubing) on 
the ground where it can become contaminated prior to use. 

Field personnel do not document their field activities adequately (e-g. 
keep sampling logs). 

Field personnel are not following proper chain-of-custody procedures. 
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Little attention is paid to reporting data errors or anomalies. 

Quality AssuranceiQuality Control (QAIQC) protocol is inadequate 
(field andlor laboratory). 

The purpose of these guidelines is to avoid these problems. 
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Maintenance and Storage 
Procedures for handling and storing sampling equipment should be consistent with 

those for analytical laboratory equipment, since the sampling equipment will be 

included in the process of analyzing parameters at very low concentrations. For 

example: 

equipment should be stored in sealed containers in a dean room 
dedicated to water sampling; 

equipment should be repaired or replaced if it is malfunctioning; 

equipment should be transported to the sampling site in sealed 
containers; and 

equipment should be cleaned with deionized water between each 
sample. 

List 
Equipment for sampling includes: 

plastic-coated water level probe with incremental depth makings of 
0.01 m; 

wash bath of about 10 L size for decontaminating the water level 
probe; 

disposable surgical latex gloves; 

deionized water; 

well log and monitoring well completion diagram with surveyed 
reference elevation; 

data forms for documenting the sampling details; 

discharge line to volumetric measurement device; 

in-line filter holder (Milli-pore or equivalent); 
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0.45 miaon filter papers; 

appropriate sample bottles; 

pH meter, conductivity meter, and thermometer; 

Brainard-Khan pump; 

commercially purchased bailer for 2-inch monitoring wells, which can 
be disassembled for decontamination and is fitted for in-line pressure 
filtering; 

non-contaminating bailer line (e.g. fishing line, teflon-coated stainless 
steel) of sufficient strength to prevent breakage; 

volumetric measurement devices (e.g. 10-L pail and 1-L graduated 
cylinder); 

tweezers (for filter paper); 

indelible marker; 

wash bottle(s); 

large bottle-type brush for cleaning bailer andlor sampling pump if 
necessary; 

large bottle-type brush and threaded 19-mm (3IPinch) diameter PVC 
pipe for cleaning the monitoring well if necessary; 

hangman and pdeylreel assembly for lowering and raising the 
bailer; 

clean rags; 

paper towels; 

tape for sealing sample bottles; 

small saewdriver for calibrating field pH and conductivity meters; 

container(s) for field parameter measurements; 

clipboard or binder for sampling forms; and 

sampling van. 
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SAMPLE C O ~ C T I O N  

Step 1 - Prepare for Sampling 
Wear a fresh pair of disposable latex gloves throughout the sampling process. 

Prior to taking any measuzements or samples, prepare and test: 

sample bottles; 

sampling pump; 

- in-line filtration apparatus; 

field parameter standard solutions; 

field parameter sample container; 

field parameter meters; and 

water level probe. 

Also start the field sampling form, which documents: 

well number; 

well depth; 

water level depth; 

well yield - high, medium or low; 

purge volume and pumping rate; 

time well purged; 

collection method; 



field analysis data and method(s); 

field observations of sampling event; 

name of sample collector; and 

climatic conditions including air temperature. 

An example of a sampling record is included. 
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Step 2 - Measure Static Water Level and Total Depth 
Dip the water level probe in water to confirm that it is operating. 

Check that the tape length is correct. 

Decontaminate the water level probe by rinsing it in a deionized water bath. 

Measure the depth to water from the top of the PVC to within at least 0.01 m. 

Measure the total depth of the well from the top of the PVC to within at least 
0.01 m. 

Calculate the volume of the water column in the well. 
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Step 3 - Purge Well 
The water standing in a well prior to sampling is not representative of in situ 

groundwater quality and must be removed so that formation water can replace the 

stagnant water. Table 3.1 summarizes the recommended pumping methods. 

Table 3.1 - Recommended Pumping Method 

Can be extended to 30 m 

Rinse al l  tubes, pump parts, bailer line and anything else to be 
lowered into the well with deionized water to prevent aoss 
contamination. 

High Water Level (<I5  m)' 

Low Water Level (> 15 m) 

If a pump is used, lower the pump intake to a point just below the 
standing water level in the well; ensure that the well water is not 
agitated. The intake should be maintained near the water svxface to 
maximize the purging action. Deeper submergence will result in 
ineffective purging because the flow into the pump will come from 
the screen. 

Brainard-Kilman 

Bailer 

Gently pump or bail three well volumes from the well. Lower the 
intake during pumping, if necessary. 

Dispose of the purged water in an environmentally acceptable 
manner. 

KLOYN LEONOFF 
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Step 4 - Measure Field Parameters 

Near the end of well purging, the field parameters (temperature, conductivity, and pH) 

should be measured because they are subject to change once the groundwater is 

removed from the well. To measure: 

a) Rinse the meters with deionized water and blot dry with dean paper 
towels. 

b) Rinse the field parameter sample container and blot dry with dean 
paper towels. 

c) Calibrate the field parameter meters in the standard solutions (the 
standard solutions should be comparable to the values expected in 
the field). 

d) Rinse the meters with deionized water and blot dry with dean paper 
towels. 

e) Fill the field sample container immediately after the water has been 
extracted from the well. 

f )  Immediately measure the parameters in order: . 
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Step 5 - Withdraw Sample 
The sample withdrawal method is dependent on the well characteristics, and the 

method used for purging. Since the purging will assist in "re-cleaning", this same 

equipment, where possible, should be utilized for sampling. The sampling should be 

carried out in order: 

total metals (T.M.); 

dissolved metals (D.M.); and, 

- majoranions(h4.A.). 

To sample: 

Take precautions to prevent dirt and dust from contaminating the 
samples. 

Filter the dissolved metals sample as a pressure filtering operation in 
the discharge line. Samples transferred directly from the sampling 
equipment through the filter to the sample bottle have less 
opportunity to become contaminated. If a bailer is used for sampling; 
it should have fittings appropriate for in-line pressure filtering. 

Before filling, rinse the sample bottles out twice with the water being 
collected (unless the preservative is already in the container). 

Fill the containers almost full but leave room to add the preservative 
and allow shaking. 

Add preservative according to Step 6. Shake the container to 
dissolve andlor mix the preservative. 

Cap the sample containers tightly. 

Complete the sample label before moving to the next sampling site. 
Ensure that the dissolved metals and total metals samples are not 
mixed up. 

Store the sample in its shipping container (typically a cooler). Tape 
for keeping dust out of the cooler and ice-packs for keeping the 
samples cool will probably be necessary during the summer months. 
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Step 6 - Preserve Samples 
Many of the chemical constituents and physicochemical parameters that are to be 

measured or evaluated in groundwater monitoring programs are not chemically stable. 

Sample preservation mitigates the effects of sample degradation. 

Preservation methods are generally limited to pH control, chemical addition, 

refrigeration, and protection from light, and are intended to: 

1) retard biological action; 

2) retard hydrolysis; and 

3) reduce sorption effects. 

Table 3.2 summarizes the appropriate sample bottle types and sample preservation 

measures. 
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Table 3.2 - Sampling and Preservation Procedures for Groundwater Monitoring'') 

Physical 
Parameters 

BOlTLE TYPE PARAMETER 
GROUP 

Major Anions L 

SPECIFIC ANALYSIS 

Suspended Solids, Turbidity, 
Conducttvfty, pH, Colour, 
Dissolved Solids, Hardness 

Bicarbonate, Sulphate, 

I-L plastica' 

Nutrients 

2 mL HNO, 
4'C 

0-Phosphate, D-Phosphorous, 
T-Phosphomus, Nitrate, 
Nitrite. Ammonla. I 
Al, Sb, AS, Ba, Be, BL Bo, Cd, 
Ca, G, Co, Cu. Fe, Pb, Mg, 
MR Mo, NL Se, SL Ag, Sr, 
u, v, zn 

Al, Sb, As, Ba, Be, Bf. Bo, Cd, 
Ca. Cr, Co, Cu. Fe, Pb, Mg, 
MR Mo, Nf. K, Se, SL Ag, 
Na, Sr, U, V, Zn 

Field filtration 
(0.45 micron). 
2 rnL HNO, 
4'C 

250-mL plastic 

250-mL plastic 

MAXIMUM 
HOLDING TIME 1 

Conductivity and 
pH are field- 
determined but 
samples should be 
shipped ASAP to 
minimize pH shift 

28 days 

48 hours 1 
6 months I 
6 months 

1. References: Test Methods for Evaluatina Solid Waste - PhvsicallChemical Methods, U.S. EPA SW-846 
[ h d  edition 1982). 
Methods for ~ h e n k a i  Analvds of Water and Wastes, U.S. EPA-60014-79-020. 
Standard Methods for the Examination of Water and Wastewater, 16th Edition (1985). 
Collection and Prese~vaHon of Environmental Sam~les, Analytical Service Laboratories, 
December 1986. 

2. Plastic = Polyethylene 

The nitric acid and sodium hydroxide used for preserving the samples can cause severe 

burns and should be handled with care. 



Metallic ions that migrate through the unsaturated (vadose) and saturated zones and 
17 , 
LJT 

arrive at a groundwater monitoring well may be present in the well. Particles (e.g. silt, 

I 
day), which may be present in the well even after well evacuation procedures, may 

absorb or adsorb various ionic species which would lower the dissolved metal content 

in the well water. Groundwater samples on which metals analysis will be conducted 

should be split into two portions. One portion should be filtered through a 0.45-micron 

membrane filter, transferred to the sample bottle, preserved with nitric add, and 

analyzed for dissolved metals. The remaining portion should be transferred to a bottle, 

preserved with nitric acid, and analyzed for total metals. Any difference in 

concentration between the total and dissolved fractions may be attributed to the original 

metallic ion content of the particles and any sorption of ions to the particles. 



July 28,1993 

include: 

Packing 

Step 7 - Ship Samples to Laboratory 
Sample Labels 

The labels should be suffiaently durable to remain legible even when wet and should 

sample identification number; 

name of collector; 

date and time of collection; 

place of collection; 

parameter(s) requested i.e. Total Metals, Total Mercury, Dissolved 
Metals, Total Cyanide or Major Anions. 

Seal and carefully pack the sample bottles in an upright position to 
ensure that they are not disturbed during shipping. 

Pack ice in properly sealed, water-tight plastic bags around the 
sample bottles. 

Position the shipping thermometer so that it is not against the ice. 

Use newspaper or equivalent as a packing material. The analytical 
laboratory requests that styrofoam chips not be used since the 
styrofoam is messy and can possibly contaminate the samples. 

Seal the shipping container. 

Chain-ofCustody Record 

A chain-of-custody record should be filled out and should accompany every shipping 

container sent to the laboratory. The record should include: 

sample number; 

signature of collector; 

date and time of collection; 

sample type; 
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identification of well; 

number of sample bottles; 

signature of person(s) involved in the chain of possession; 

inclusive dates of possession; 

internal temperature of shipping container when samples were sealed 
into the shipping container; 

maximum temperature recorded during shipment; 

minimum temperature recorded during shipment; and 

internal temperature of shipping (refrigerated) container upon 
opening in the laboratory. 

An example of a chain-of-custody record is included. 
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FlELD QUALITY CONTROL (QC) 

Introduction 
The field quality control program should document the condition of the monitoring well 

and venfy the adequacy of the sampling and handling program. If the QC program 

identifies a source of error, the QC should not be used to coned the groundwdter data. 

Instead, the source of the error should be identified and documented, and corrective 

action, including resampling, should be initiated. 

The QC steps can be divided into four categories: 

- field parameters; 

blanks and spikes; 

preliminary data review; and 

annual well tests. 

Field Parameters 
All field measurement equipment must be calibrated prior to field use and recaliirated 

in the field before measuring each sample. This includes temperature, pH, and EC 

measurement systems. 

Blanks and Spikes 
Trip Blank 

Have the laboratory fill one of each type of sample bottle with deionized water, 

transport it to the site, handle it like a sample (except for running it through the 

sampling equipment), and return it to the laboratory for analysis for dissolved metals. 

A sampling record with a dummy sample number should be completed. One trip blank 

per sampling round is recommended. 

YLOYN LEONOFF 
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4.3.2 Equipment Blank 

To ensure that non-dedicated sampling devices have been effectively cleaned (in the 

laboratory and field), have the laboratory provide one equipment blank (deionized 

water) for each piece of equipment (e.g. Brainard Kilman pump, bailer). All qampling 

and handling steps must be followed to ensure that procedures and equipbent are 

tested by this blank. A sampling record with a dummy sample number sFu ld  be 

completed. One equipment blank for each sampling round is recommendedfor each 

set of equipment. The blank should be analyzed for dissolved metals. 

4.3.3 Field Spike 

To ensure that the field and transportation procedures are not cleating changes in water 

chemistry, have the laboratory provide two unaadified samples with known 

concentrations of metals comparable to the expected field conditions (field spilke). Two 

spikes are recommended so that the difference between natural sample degradation and 

sample degradation due to the sampling and handling procedures can be documented. 

Follow a l l  sampling and handling steps with one of the spikes to ensure that procedures 
l 

and equipment are tested. With the other spike, simply transfer the contents to another 

bottle and acidify. Sampling records with dummy sample numbers should be 

completed. The analytical chemist should retain a sample of the spike in the l4boratory 

and analyze for dissolved metals at the same time as the field sample for codparison. 

4.4 Preliminary Data Review 
On receipt of the laboratory data, all results should be compared with previous data 

from the well and with data from adjacent wells to iden* anomalous data. Possible 

reasons for identified anomalies should be assessed and resampling initiated to verify 

any anomalies. 

KLOHN LEONOFF 
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Annual Well Tests 
General 

Annual well tests provide documentation of the well condition and, therefore, the 

quality of the data. Complete records of the tests should be filed. 

Sedimentation 

The quantity of sediment in each well should be documented by measuring h e  total 

depth of the monitoring well. Any sediment should be bailed or educted out of the 

well, described (sand, silt, organic matter, etc.), and documented. 

Hydraulic Integrity 

The hydraulic integrity of the well should be hedced by establishing a packer 

immediately above the well saeen and filling the well with dean water. On 

completion, the test water must be removed from the system. This test should follow 

sampling. 

Rising Head Test 

An annual rising head test is required to verify the performance of each well. Following 

a similar procedure every year, data should be collected from 5% recovery to 95'30 

recovery. The rising head test data collection form included in these guidelines should 

be completed in full. The time data should be measured to the second for wells which 

recover 95% in less than an hour. The data should be analyzed by qualified personnel 

and compared to earlier results to determine whether or not the well response has 

changed. 

The steps to complete the test are: 

1. The day before the test, record: 
well no.; 
date; 
time; 
water level in the standpipe. 
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The day of the test, record: 
date; 
page number; 
well inner diameter (nearest mm); 
PVC stidcup; 
total depth; 
air temperature; 
probe serial number; 
initials. 

Just prior to inserting the Waterra pump on the day of the test, record: 
date; 
time; 
water level in the standpipe 

Insert the Waterra pump into the standpipe and position the intake about 3 m 
below the water surface. 

Just before pumping is started, record: 
date; 
time; 
water level in the standpipe. 

Record the pumping method, decide the time pumping is to start and record that 
time to the nearest second. 

Starting at the predetermined time, pump 4.0 L (for a 2-in standpipe) out of the 
standpipe into a bucket with volume markings on the side. Adjust thevolume 
for different sizes of standpipe pipe to give about 2 m of d r awdo4  in the 
standpipe. 

Leave the Waterra in the well (perhaps damp with vice-grips) and immediately 
start to record the recovery readings. Readings should be taken for 95,90,85,80, 
75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20, 17, 14, 12, 10, 9, 8, 7, 6, 5 percent 
difference. Percent difference is the current difference in water level divided by 
the original difference in water level. 

Example: depth to water before pumping: 1.00 m 
depth to water immediately after pumping: 3.00 m 
original difference = 3.00-1.00 = 2.00 m 
one of the recovery readings: 1.80 m 
current difference = 1.80-1.00 = 0.80 m 

percent difference = 0.8012.00 = 0.40 or 40% 
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The time for successive readings can be approhately predicted by plotting 
percent difference vs. time on semi-logarithmic graph paper with hercent 
difference plotted vertically on the logarithmic scale. A straight line drawn 
through the first few data points will approximate the trend. As successive points 
are plotted, adjustments can be made. If the well recovers very quiqy, two 
people may be required to collect enough data. 

Record the time that pumping stopped as soon as time permits. 

Document the quantity of water lost out of the Waterra by measuring how far the 
water level inside the Waterra tubing has fallen since pumping stopped. 

Document the time when the Waterra was removed from the standpiqe. The 
Waterra should remain in the standpipe until the percent difference has dqaeased 
to at least 20%. If the test is less than, say, two hours, the Waterra should 
remain in the standpipe for the whole test. 

Pour the pumped water into a graduated cylinder or equivalent to determine the 
quantity of water pumped to the nearest tenth of a litre. 

Comment on the well condition (e.g. PVC riser broken, cap missing, water 
ponded around standpipe collar, everything fine) and on noteworthy oca$-rences 
during the test. 

Comment on the colour and sediment content of the water pumped &om the 
well. 

If readings are not being taken at least every two weeks in the standpipes, return 
within a few days to record the water level. Continue to return until t$e water 
has returned to static or until the data indicates that the water level will dot reach 
the original static reading. 

Include al l  barometric data from the site meteorlogical station for the duration of 
the test. 
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Craigmont Mines Ltd. 
320-1639 West Second Avenue 
Vancouver, British Columbia 
V6J 1H3 

Mr. R.C. Hennann, P.Eng. 
Director 

Magnetite Recovery Project 
Groundwater Monitorine and Suv~ly  

May 25,1993 

Dear Sir: 

As requested by Bryan Quinlan on May 21, 1993, this letter sxmmwkes the 
groundwater sample water results for the samples that have been collected so far from 
the monitoring well and water supply well that have been installed at Craigmont Mine. 

As discussed in our draft report dated April 29, 1993, the water samples that were 
collected shortly after well installation in March 1993 were analyzed for physical 
parameters, major ions, nutrients and heavy metals. The heavy metals analysiswas by 
the relatively inexpensive inductively coupled plasma (ICP) method, which is 
appropriate for a first analysis. The advantage of the ICP method is that the majority of 
the metals are analyzed quickly and inexpensively as a group. However, h e  ICP 
detection limits for a few of the heavy metals are higher than the Canadian I$inking 
Water Quality Guidelines. The second sampling round in May used more sensitive 
methods for these parameters. Cyanide was not analyzed because we understand that 
cyanide has not been used in the milling process at this site. Uranium was judged as 
unnecessary and was therefore not analyzed. The need for a mercury analysis will be 
reviewed prior to the next sampling round. 

The water analysis results (attached) show that none of the individual constituents 
exceeds the Canadian Drinking Water Guidelines (also attached). However, the total 
dissolved solids (900 mglQ are sigruficantly over the drinking water guideline of 
500 mglP, which is based primarily on palatability. The high dissolved solids may cause 
corrosion and the manganese may lead to pipe encrustation. 

Sulphate concentrations from both the monitoring well and water supply well are close 

C )  to 300 mglQ, which are sigruficantly above expected background concentrations and 
therefore are indicative of tailings water. However, the metal concentrations are all low 

Klohn Leonoff Ltd.. 10200 Shellbridge Way. Richmond, B.C.. Canada V6X 2W7 Telephone: (604) 2734311 Telex: 04-355520 Fax: (604) 279-4300 

m ~ e m b e r ,  Consulting Engineers of British Columbia sh ember. Association of Consulting ~ngineek  of Canada f i  
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and indicate that no sigruficant heavy metal concentrations have reached the southern 
property boundary, except in the unlikely event that the metals are following a flowpath 
deeper in the aquifer. 

Although heavy metals have not been detected in the groundwater samples, qeriodic 
sampling of water from wells downstream of the mine is advisable to document the 
water quality. An additional four monitoring wells are recommended for monitoring the 
groundwater quality across the width of the valley, as first recommended id Klohn 
Leonoff's proposal dated November 28,1991. 

Klohn Leonoff personnel wdl sample the monitoring well in accordance with Klohn 
Leonoff's groundwater sampling and handling guidelines. The water supply well will 
be sampled after the pump has been installed. The samples will be collected monthly 
for one year unless the data indicate that the sampling frequency can be deaeased. A 
quarterly sampling schedule will probably be established after one year of data have 
been collected. Frequent sampling prior to start-up of the tailings facility will help to 
establish the pre-pond groundwater chemistry with reasonable confidence. The analysis 

- of the next round of water samples will include total and faecal coliform bacteria. 

We trust that this letter meets your current needs. Please call if you have any questions 
or require further information. 

Yours very truly, 

KLOHN LEONOFF LTD. 

Steve Rice, P.Eng. 
Project Manager 



>ports total exposure from all sources to be only 0 1 mg.d - c"J AS 1982) Drmk~ng water IS cons~dered to be a negl~g~ble 
source of anttmony Intake compared w~th other foods (Health 
and Welfare Canada 1980) 

Data on antmony concentratlons In Canad~an drmkmg 
water are not read~ly ava~iable. Antmony concentratlons 
In Canad~an surface water range from 0 001 to 9 1 mg.L-l 
(NAQUADAT 1980). Under certaln soft-water cond~t~ons, anti- 
mony may be leached from plumb~ng mater~als (Health and 
Welfare Canada 1980). 

1.3.1.1.3 Water Treatment 

Little documented information is available on antimony re- 
moval by water treatment processes. Because antimony has 
chemical and biological characteristics similar to those of ar- 
senic (NAS 1980a), treatment processes suitable for arsenic 
may be applicable. It is anticipated that alum or ferric sulphate 
coagulation-flocculation in the presence of turbidity and acti- 
vated carbon adsorption may have some potential for decreas- 
ing the concentration ofantimony in raw waters. 

1.3.1.2 Arsenic 

1.3.1.2.1 Existing Drinking Water Guideline 

The Guidelines for Canadian Drinking Water Quality 1978 
ilst tFe max~mum acceptable concentration of arsenic in drink- 
Ing water as 0.05 mg.L-' (Health and Welfare Canada 

,-1?79a). 

u 
1.3.1.2.2 Canadian Exposure 

In general, Canadian surface waters contain less than 
0.05 mg.L-1 of total dissolved arsenic. Concentrations 
greater than 0.05 mg.L-1 have been found in groundwater in 
some parts of Canada (Health and Welfare Canada 1980). 

1.3.1.2.3 Water Treatment 

The effect~veness of water treatment for arsenlc removal IS 

dependent on the valence state of the arsenlc In the raw water 
supply Convent~onal coagulatron or softenmg processes have 
been ~nvest~gated it has been generally ~nd~cated that the 
converslon from As(l1l) to As(V) IS des~rable and can be ac- 
compllshed by ox~dat~on uslng e~ther chiorme or potasscum 
perrnanganate (Shen 1973. Sorg and Logsdon 1978: U S EPA 
1978a) Of the common metal coagulants, ferr~c sulphate was 
:ound to be superlor to alum for removal However, both coag- 
ulants could reduce concentratlonsof As(V) in raw waters from 
fa~rly h~gh levels to less than 0 05 mg.L- 1 Llme soften~ng IS 

qu~te effectwe for arsenlc removal from hard waters Th~s re- 
moval 1s dependent on the pH and the arsenlc valence At h~gh 
oH obtamed through the lhme treatment process, raw waters 
contalnlng up to 0 35 mg.L- As could be eHect~vely treated 
(Sorg and Logsdon 1978) 

In terms of speclal treatment. 11 has been found that actl- 
vated alurnlna could be effective for arsenic removal (Sorg and 

'logsdon 1978) Th~s IS not a common treatment for surface 
c j a t e r s  

For pr~vate groundwater suppl~es, a spec~al process has 
oeen developed In Nova Scotia, using chlor~nat~on followed by 

Table 1.1. Summary - Guidelines for CanadIan Drinking \taler 
Quality 1978 

\fax~mum acceptable 
concentrationl In 
drinking uater 

Parameter crng L-')z ' 

Itrorgu~rrc Parameters 

Antimony 
4rsenic 
Asbestos 
Bdrlum 
Boron 
Cadm~um 
Chlorlde 
Chrom~um 
Copper 
Cyan~de 
Fluor~de 
Hardness4 
Iron 
Lead 
hlanganese 
hlercury 
N~trate (as N)5 
Nitnte (as N) 
pH 
Seien~um 
Sliver 
Sulphate 
Sulph~de (as H?S) 
Total dissolved sol~ds 
Uranlum 
Z~nc 

Organic Para~nerers 

Aldnn + dleldnn 
Carbary14 
Chlordane (total isomers) 
2.4-D 
DDT (total Isomers) 
Dlaz~non 
Dleldnn + aldrtn 
Endrln 
Heptachior + heptacqlor epoxlde 
Lindane 
Methox\chlor 
hlethbl pdrathlon 
Ultrllolnacet~c acld INTAI 
Pdralhlon 
P c ~ t ~ c ~ d c s  I total 1' 
Phenols 
? 4 5-TP 
Td\~phsne 
Trlhdiornsthdnrr 

Coluur 
Odour 
Ta& 
Tr.rnpsrature4 
Turb~d~r?. 



I 

Table 1-1. (Cont'd) 
I 

r\ Max~mum acceptable 
, concentrat~on~ ~n 

i 
/ I dnnk~ng uater 

hrameter Img.L-I)' ' 

Mrcrobrologrcul Pururncfers 

M~croorgan~sms a No sample should contaln more'than 10 total col~form 
organlsms per 100 mL. 

b not more than 10% of the sadples taken In a 30-d 
' period should show the presence of cohform orga- 

nlsms: 
c. not more than tu~oconsecutive samples from the same 

site should shou the presence of col~form organlsms: 
and 

d. none of the cohform organls& detected should be 
fecal colifomis. I 

I Maximum Acceptable Concentration (MAC): 
Drinking water that contains substances in concentrations greater than 
these limits is either capable of pmducing deleterious health effects or is 
aesthetically objectionable (Health and Welfare Canada 1979a). 

2 Unless otherwise indicated. 
3 Total unless otherwise indicated. 

Not discussed in Chapter I .  
5 Where both nitrate and nitrite are present the total nitrate- plus niuite- 

nimgen should not exceed 10 mg.L-I. 
6 Logarithmic scale, no units 
7 The '"total pesticide" limit applies to water in which more than one of the 

pesticides mentioned in Chapter I are present. The sumof their concentra- 
- tions should not exceed 0.1 mgL-1 

8 True colour units 
9 Nephelometric turbidity units. 
'0  Becquerel. 

Source: Health and Welfare Canada 1979a. 

an exchange medium containing ferric hydroxide. This pro- 
cess can attain high removals at low water flows (Lutwick 
1980). 

1.3.1.3 Asbestos 

1.3.1.3.1 Existing Drinking Water Guideline 

No maximum acceptable concentration of asbestos in drink- 
ing water was established in tne Guidelines for Canadian 
Drinking Water Quality 1978 as it is believed that the ingestion 
of asbestos at the concentrations found in drinking water do 
not constitute a health hazard (Health and Welfare Canada 
1979a; NRCC 1982). 

1.3.1.3.2 Canadian Exposure 

Based on assumed asbestos concentrations and respira- 
tory volumes, the daily intake of asbestos from air has been 
suggested to be less than 0.6 pg. Because of the paucity of 
data on asbestos in food and water, dietary intakescan only be 
approximated. An asbestos intake from water has been calcu- 
lated at 1.88 ng (2 L.d - of water containing approximately 
1.9 x 106 fibres per litre), considerably less than that from air 
(Health and Welfare Canada 1980). 

A study of selected Canadian drinking water supplies indi- 
cated concentrations of asbestos ranging from less than 105 to 

Table 1-2. Water 'Rcatment Processes 

Rocess Purposes 

Aerat~on Removal of volat~le taste and d o u r  c o m p w n ~  
and other d~srol\ed paws k g .  HzS, CHI) 
Oxygenat~on and deoxygenat~on 
Ox~dat~on (iron) 

Resedimentation Removal of readily settleable parnculale matter 

Chem~cal ox~dat~on D~smfect~on. b~ologtcal conml 
Taste and odour conml 
Ox~dat~on of d~ssohed metals (won. manganese) 
Ox~dat~on of some organrc chemeals. colwr 
removal enhancement 

Coagulat~on- Destab~l~zatton of colloidal matenal and macro- 
Rocculat~on molecules and agglomerat~on of settleable or 

filterable pamcuiarer for the removal of turbidity 
and colour 

Sed~mentation Removal of settleable flocculated paniculates 
prior to filtration 

Rltrat~on Removal of pamculates, polrshrng of water 
b u g h  phys~cal md chemrcaVb~olog~cal pro- 
cesses 
Dual chemical-physical filters (imn and man- 
ganese removal) 

Softening Reduct~on in hardness b u g h  the removal of 
calcium and magnesturn by preclpttation or Ion 
exchange 

Carbon Taste and odow conml 
adsorpt~on Colour reduct~on asststance 

Removal of some organ% chemicals including 
tnhalometham proemon 

2 x 109 (chrysotile! fibres per litre in raw Water and maximum 
concentrations of 9.5 x 106fibres per litre in water treated by 
filtration (Health and Welfare Canada 1979b; Toft et a/. 1981). 

1.3.1.3.3 Water Treatment 

Of the two primary asbestos groups, y e  amphibole forms 
are more amenable to treatment than is chrysotile asbestos, 
which is more prevalent in Canada (NAS 1977; Health and 
Welfare Canada 1979b). Both conventional and special 
coagulation-flocculation-filtration treatmerpt process trains are 
reasonably effective for removal of chrys4tile fibres from raw 
water. Data from existing Canadianfacilities have indicated 18- 
to 300-fold reductions, whereas other pilot and full-scale stud- 
ies have suggested removals by factors of YO-50 000 (Watkins 
et at. 1978; Toft et al. 1981; Hayward 1984). 

Because of the measurement technique used, electron mi- 
croscopy fibre counting, the large number's generated are not 
precise, and removal rates should be vie9ed with some cau- 
tion. However, with good process control, it is anticipated that 
target fibre counts in finished water in the '(0.1-1) x 106 fibres 
per litre range could be obtained (Logsdon et at. 1983). 

Under certain water quality conditions, release of fibres from 
the erosion of asbestos-cement pipes usgd in water distribu- 
tion systems may occur. Water-wnditi$ning measures to 
make the distributed water less corrosive is a potential mitiga- 
tion option where problems have been identified (NAS 1982). 



Pathogens 
Coliphages 
Entcmcocci 
E.  coli 
P. oeruginosa 
G. lamblia 

Clarity 

The geometric mean of not less than 5 samples 
taken over a 30-d penod should be less than 200 
fecal co l i fom per 100 mL. Resampling should be 
performed when any sample exceeds 400 fecal 
coliforms per 100 mL. 

) 
) 
) see text 
) 
) 
) 

The water should be sufficiently clear that a Secchi 
disc is visible at a minimum of 1.2 m. 

pH 

Turbidity' , 

I 
-, I 

I 

Tabk 2-2. Sumnury - Guidelines for Recreational Water Quality 

5.0-9.0, provided that when the pH is near the 
extremes of this range. the buffering capacity of 
the wdvr is wry low. 

Parameter Gu'del~ne 

The turbidity of water should not be increased 
more than 5.0 NTLI over natural turbidity when 
this is low. ( 4 0  NTU) 

1 Singleton 1986. 

source: Health and Welfare Canada 1983. 

- 

'sed as a fecal pollution indicator for many years because of 
G a s e  of measurement. but counfs do not correlate well with the 

incidence of gastrointestinal (GI) illness and use of this group 
is being phased out. Recent improvements In detection and 
measurement techniques enable the use of organisms which 
give a more reliable indication of health risk. These organisms 
include enterowmi, the fecal coliform Escherichia coliand the 
pathogen Pseudomonas aeruginosa, which causes ear infec- 

Parameter Gu~delme 

1 All uavr  should be free from: 
- materials that -111 settle to form obplonable 

( 

1 

tions (otitis extema). Pseudomonas aeruginosa, as an oppor- 
tunistic pathogen, strictly should not be classified as an indica- 
tor organism:-however, ;t is utilized in this manner. 

Some Canadian provinces, the International Joint Commis- 
sion, the US. Environmental Protection Agency and some 
US.  states have recommended or are in the process of rewm- 
mending the use of one or more of the following micro- 
organisms - E. coli, enterococci and P: aeruginosa - as indica- 
tor organisms for health risk assessment at swimming 
beaches. Recent studies using these organisms allow a more 
accurate assessment to be made of the risk of becoming ill 
from exposure to pathogens at bathing beaches. Dufour 
(1984) showed that there was a direct linear relationship be- 
tween the rate of swimming-associated gastrointestinal illness 
and the densities of both E. coli and enterococci. Either orga- 
nism could be used as a reliable indicator of fecal con- 
tamination. The current Guidelines for Canadian Recreational 
Water Quality (Health and Welfare Canada 1983) have the 
flexibility to take these developments into account and the 

/,phasing in of measurements of these organisms will be wn-  
' 'sidered when their assessment as indicators is completed. 

,A,// 

\esthetus 

111 and g r e w  

9quatr plants 

deposits: 
- floating debris. oil. wum and other mancr: 
- rubstances pduc ing  objectionabk colour. odour, 

tare or ~fbidify:  and 
- substames ud conditions or combinations thereof in 

concentrations which produce undesinble aquatic life. 

Oil or pemhemicals should not be present in 
concentrations that: 
- can be detected a a visible film. sheen or 

discolouration on the. surface: 
- can be detected by odour: or 
- can form deposits on shorelines and bmom deposits 

that M detectabk by sight and odour. 

Rooted or floating plants which could entangle bathers 
should be absent; wry dense growths could affect other 
activities such as boating and fishing. 

The following text discusses the guidelines for micro- 
biological characteristics of bathing beaches. found in the 
Guidelines for Canadian Recreational Water Quality (Health 
and Welfare Canada 1983). These recognize that some provin- 
ces have more restrictive requirements which relate directly to 
local conditions. Brief discussions on the more recent guide- 
lines from other agencies can also be found below. 

A number of procedures for use in assessing recreational 
water quality have been reviewed by a cornmitree responsible 
for watershed management in the Toronto area: (1) develop- 
ment of a methodology to evaluate the effect of wet-weather 
bacterial densities in interpreting water quality objectives; 

I 

(2) selection of sampling stations by considering the water 
source and water-use locations and factors affecting bacterial 
transporl in streams and rivers: (3) sediment phase monitoring 
to permit detailed mass balance computations; (4) estimation 
of bacterial growlh and die-off rates; and (5) bacterial inputs 
from other sources such as waterfowl, mammals. etc. (Toronto 
Area Watershed Management Strategy Steering Cornminee 
1985). 

2.3.1.1 Fecal Coliforms I 
2.3;l.l.l Guideline 

Untd the Federal-Prov~naal Adv~sory Comm~ttee on Enw- 
ronmental and Occupat~onal Health revtses the gu~del~ne, the 
followmg recommendat~on 1s made. ,- 

The geometric mean of not less than flve samples taken { 
over a 30-d perlod should be less than 200 fecal col~foms per - 


