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& AssocJia ites 

Consulting Engineers 
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Arctic Environmental Strategy 
Indian and Northern Affairs Canada 
345-300 Main Street 
Whitehorse, Yukon 
YlA2B5 

Attention: Mr. Brett Hartshorne 
Manager, Action on Waste 

Re: Haines-Fairbanks Pipeline 
Environmental Site Assessments and Field Investigations: 
Beaver Creek, Donjek and Destruction Bay Pump Stations 
Final Report - Contract# 95-0037 

Dear Mr. Hartshorne: 

20 December 1995 

Lorimer & Associates, in association with Hemmera Resource Consultants Ltd., is pleased to submit the 
attached final report concerning environmental site assessments and field investigations of pump station 
sites at Beaver Creek, Donjek and Destruction Bay on the former Haines-Fairbanks Pipeline. 

The report documents work carried out during the assigrunent, including field and laboratory programs, 
findings, interpretations, risk assessments and recommendations. 

Thank you for the opportunity to carry out this assigrunent on your behalf. Should you have any 
que'stions regarding the report or its conclusions, please feel free to contact either of the undersigned. 

LORIMER & AS SOCIA TES 

«-
Robert J. Lorimer, P.Eng. 

RJL/ 
encl. 

Yours very truly, 

Bruce Willmer, M.Sc., P.Geo. 

3-602 Cook Street, Whitehorse, Yukon YlA 2R6 Tel/Fax: (403) 667-4146 
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1,0 INTRODUCTION 

Lorimer & Associates (Lorimer) in association with Hemmera Resource Consultants Ltd. 
(Hemmera) were retained by Indian and Northern Affairs Canada (INAC), Arctic 
Environmental Strategy (AES) under contract no. 95-0037 to carry out Environmental 
Site Assessments and Field Investigations of the Beaver Creek, Donjek and 
Destruction Bay Pump Stations on the former Haines-Fairbanks Pipeline (Figure 1). 

This report documents the work carried out during the assignment, including a review 
of existing information, field and laboratory programs, findings, interpretations, 
risk assessments and recommendations. The report follows the format established by 
INAC in the Terms of Reference for the work. 

1,1 Background 

In the 1950's, the United States government constructed the Haines - Fairbanks 
Pipeline to supply fuels to its military installations in Alaska. The pipeline 
consisted of an eight inch multi - product line with six pumping stations along the 
Canadian section. Fuels transported through the lines included: diesel fuel; 
aircraft turbine and jet engine fuel (JP-4); automotive combat gasoline (grade 95C); 
and aviation gasoline (Rickard, W.E. Denecke, F. 1972; 172D Infantry Brigade Alaska 
1982). A significant portion of the line was installed above ground. The pipeline 
was decommissioned in 1972, with the majority of the pipe and one pumping station 
removed in 1990 - 1991. 

In 1994, the Arctic Environmental Strategy (AES) - Action on Waste program conducted 
a preliminary environmental investigation of four of the pumping stations. Later 
in the same year, DDT canisters were found buried near a pumping station in Northern 
B. C. by the British Columbia Ministry of Environment, Lands and Parks. As a result 
of the preliminary investigations and the discovery of the DDT canisters, AES 
concluded that additional information relating to activities associated with the 
pumping stations was required to determine the environmental status of the sites. 
This report documents those additional investigations. The information collected 
during the assessments and the preliminary investigations will be used to develop 
remediation strategies. 

1,2 Project objectives and scope 

The overall objective of the program was to carry out preliminary environmental 
assessments based on a cursory inspection and sampling of the three pumping stations 
and to develop recommendations for future assessments and/or remediation of the 
three sites as appropriate. 

The specific scope of work for the assignment included the following tasks: 

• 
• 
• 
• 
• 

Completion of a Phase I assessment of the sites; 
Preparation and implementation of a Response/Operation/Health & Safety Plan; 
Completion of a visual reconnaissance of the sites; 
Completion of INAC-approved Phase II investigations; and 
Completion of a report on the work . 



2.0 METHODOLOGY 

2. l. Phase I Assessment 

Lorimer completed a review of all relevant information for each site. ~his 
included: historical review of site maps and aerial photos; review of recc 3 to 
determine previous owners, uses and tenants; review of maintained lists or nown 
hazardous/toxic substance sites and emergency response/remediation actir sites 
within an applicable distance of the pumping stations; search and revi. other 
local, territorial, federal and international files, lists and documents as 
appropriate; interview of past and present on-site and neighbouring parties to 
determine the past history of the site, the status of the permits, waste water 
disposal practices, the location of on-site wells and the management of other waste; 
description of existing and intended land use of the site and surrounding areas; and 
determination of the hydrogeological regime both on-site and in the area. 

A list of documents reviewed and sources of information is provided in Appendix A. 

2.2 Response/Operation/Health & Safety Plan 

A preliminary Health, Safety and Contingency Plan was developed prior to initiating 
the field work (Appendix B). 

2.3 Visual Reconnaissance of the Site 

Lorimer conducted a site inspection of each pumping site in order to determine the 
logistical constraints to be addressed in the Phase II component of the 
investigation; to undertake a preliminary assessment of the environmental status of 
the sites; to identify specific areas to be targeted; and to ascertain the 
appropriateness of the scope of the work in the context of the stated objectives. 
The visual reconnaissance was completed on June 18, 1995. 

2.4 Phase II Investigation Plan 

Based on the results of the Phase I tasks detailed above, Lorimer prepared a Phase 
II investigation plan for each site. These plans outlined the surface soil sampling 
program; surface water sampling program; building surface swab sampling program; 
a soil vapour probe survey; and geophysical survey to delineate and identify 
disposal areas (Appendix C). 

Site visits to complete the aforementioned sampling occurred on the following dates: 

Beaver Creek - July 23rd and 24th, 1995; 
Donjek - July 25th and 26th, 1995; and 
Destruction Bay - July 27th and 28th, 1995. 
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General Considerations 

The method of sample collection in the field is the responsibility of the individual involved. The 
following points should be observed. 

• the sample must be truly representative of the whole; 

• all possible sources of sample contamination(sampling devices, motor exhausts, disturbing of 
bottom sediments, use of inappropriate containers, etc.) should be eliminated or reduced to 
a minimal level; 

• for certain parameters sample composition will change with time and temperature therefore 
rapid transportation to the laboratory is desirable. For some parameters, use of a 
preservative is recommended. Theoretically, this should fix the concentration of the 
parameter of interest and reduce the need for rapid transport and analysis. However, in 
practice this only delays the perishability of the parameter and the sample should still be 
transported as quickly as possible; and 

• for samples which do not have a preservative already in the collection bottle, rinsing both the 
bottle and cap with sample (two or three times) is strongly recommended. This procedure, 
while reducing any contamination that may be present, also tends to equilibrate the sample 
with the container walls and hence II Container effects 11 (leaching, adsorption, etc.) are 
minimized. Sampling for organic compounds is an exception since repeated rinsing may 
concentrate the compounds on the walls of the container. 

Sample Containers 

In general, surface water samples are collected in 1 litre glass bottles, but some analyses require 
special plastic containers of glass tubes. The selection of containers is also determined by sample 
volume required. Special studies may require a certain container type sample pretreatment during 
sample collection. It is the responsibility of the sampler to obtain the proper sample container for 
special studies. Sludge samples are collected in wide mouth glass or plastic bottles and extra space 
is required as an expansion zone for gaseous products that may be formed. Failure to submit samples 
in this manner may result in container explosion during transit or at the laboratory. Sludge samples 
for trace organic contaminant analysis must have a foil lined cap. 

For trace level metal analysis on surface and domestic waters, special acid washed polyethylene or 
new (unwashed) polystyrene containers are required. Standard glass containers with non-metal cap 
liners should be utilized for all routine water samples requiring metal determinations. 

Aqueous samples for the analysis of organic contaminants should be submitted in new 1 litre glass 
bottles with foil of Teflon lined caps. Generally, the sample should have no head space and should 
be refrigerated. Care should be taken to avoid freezing the sample. If analysis of hydrocarbon gases 
is required approximately 20 % head space should be provided. The sample should not contact 
anything but Teflon, glass, aluminum foil, or stainless steel. Avoid contact and contamination of 
sample with rubber or latex gloves. 



Polychlorinated biphenyls (PCB) and pesticide samples must be collected in new l litre glass bottles 
that have been previously rinsed with methylene chloride followed by acetone and baked at 300°C. 
These specialized containers are prepared and marked at the laboratory. Do not fill these containers 
above the indicated level. 

Preservation Techniques 

The function of a preservative is to stabilize the parameter of interest so that changes in composition 
during transit and the time prior to analysis are minimized. Several different preservation methods 
are recommended and these are outlined by parameter in Table 1. 

Preservation techniques usually involve the addition of a chemical which binds the parameter in a form 
which is unaffected by sample aging or else provides conditions unsuitable for a further reaction to 
occur. In some cases, refrigeration or freezing to reduce reaction rates provides the best preservation, 
particularly for those parameters which have a direct biological relationship (i.e., with respect to 
growth or decline, for example, nutrients). Preservation of some parameters is effective, for others 
it serves only as a technique to marginally reduce the decay of conversion rate. Therefore it is 
imperative for such parameters as phenol, chlorophyll, etc., that every effort be made to submit the 
samples to the appropriate laboratory as quickly as possible to avoid or reduce loss. 

The sampler should be aware that the use of the recommended preservative for one parameter may 
negate the possible analyses of another. For example, heavy metal samples preserved with nitric acid 
are unsuitable for nutrient analyses. It is the sampler's responsibility to determine whether use of a 
certain preservative will eliminate the possibility of analysis of another requested parameter, and 
provide suitable replicates samples to avoid the problem. If in doubt, consultation with laboratory 
staff is advised. Each replicate should have the preservative used clearly marked on the bottle label. 

Sample Volume 

The analytical method used to determine parameter concentrations require a certain minimum volume 
of sample in each case, as outlined in Table 1. The field sampler is expected to calculate the total 
volume of sample required by summing the specified individual volumes (Table 1) for all the analyses 
requested and submit the appropriate quantity. In addition, samplers are asked to submit at 10 % of 
sample in excess of their original total estimate,if available, to allow for possible repeat analysis. 

In most cases, the volume required for analysis depends on parameter concentration.with "clean" 
samples (i.e. low concentrations) needing the largest amounts. Domestic water supplies, well waters, 
and unpolluted surface waters fall in this category. Tests for these sample types require the largest 
practical volume in order to provide a sufficient quantity of the substance of interest for reliable 
detection. Samples of high concentration(effluent, sewage, etc.) require a much smaller amount, and 
even a dilution may be employed. Submission of excessive quantities of noxious, toxic or hazardous 
wastes create serious safety and disposal problems at the laboratory. If in doubt, contact laboratory 
personnel. 

In certain cases where the sampler is unable to obtain sufficient sample volume or when resampling 
is impossible, analysis may still be obtained if special care and analytical techniques are used in the 
laboratory. This can only be achieved after consultation with laboratory personnel has been initiated 
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by the sampler and before sample submission. This technique may have impact on the detection limits 
of the analysis. 

PARAMETERS 

most metals 

arsenic, selenium 

mercury 

cadmium, lead 

general qualitative scan 

polyaromatic hydrocarbons 

volatile organic compounds 

total petroleum hydrocarbons 

Oil and Grease 

PCB 

TABLE D-1 
ANALYTICAL METHODS 

METHODS 

inductively coupled plasma (ICP) spectroscopy 
/Graphite Furnace 

hydride vapour generation atomic absorption 
spectroscopy 

cold vapour generation/mercury monitor 

flame atomic absorption analysis spectroscopy 

gas chromatography with mass spectroscopy 
detection 

gas chromatography with mass spectroscopic or 
EPA method 625 

purge and trap or EPA method 624 

gas chromotography with flame ionization detection 

Infra-red Spectroscopy 

gas chromatography with electron capture detection 



Constituent 

Bacteriological Coliform 

Physical Properties 
Colour 
Hardness 
Odour 
pH 
Taste 
Solids: 
-total 
-dissolved 
-volatile 
-suspended 
Temperature 
Turbidity 

lnorganics: 
Acidity 
Alkalinity 
Carbon Dioxide 
Chloride 
Chorine, residual 
Conductivity 
Cyanide - total 
Fluoride 
Oil and Grease 
Iodine 
Nitrogen: 

-arrunonia 
-nitrate 

-nitrate 
-total Kjeldahl 
-organic 
Phosphorus 
Sulphate 

Sulphide 
Silicia 

Organics 

BOD 
Carbon: 
-organic 
-total 

COD 
Pesticides 

Phenols 

Polynuclear Aromatic Hydrocarbons 
Polychlorinated Biphenyls 
Trihalomethanes 

TABLE 1 
SAMPLING PROTOCOLS 

Volume 
Required Container 

100 P,G 

100 P,G 
100 P,G 
500 Gonly 
25 P,G 
500 G only 

100 P,G 
100 P,G 
100 P,G 
100 P,G 
1()()() P,G 
100 P,G 

100 P,G 
200 P,G 
100 P,G 
50 P,G 
500 P,G 
500 P,G 
500 P,G 
300 p 
1000 G 
500 P,G 

500 P,G 
100 P,G 

100 P,G 
500 P,G 
500 P,G 
100 Gonly 
100 P,G 

100 P,G 
100 Gonly 

1000 P,G 

100 G 
100 G 

100 P,G 
500 G,TFE cap 

500 P,G 

1000 G only 
1000 Gonly 
250 P,G 

I 
I 
I 

Preservative H~Tm:: I 
cool, 4C 3llllyz.eASAP 

cool, 4C 24hours I 
cool, 4C 6months 
cool, 4C 24hours 

I do on-site 2hours 
cool, 4C 24hours 

cool,4C ?days 
cool,4C ?days I cool,4C ?days 
cool,4C ?days 
do on-site no holding 
cool, 4C, store in dark 24hours 

I 
cool, 4C 14days 
cool, 4C 14days 
analyze immediately no holding I cool, 4C ?days 
analyze immediately 2hours 
cool, 4C 28days 
NaOH to pH> 12, cool in dark 14days I none 28days 
H2S04 to pH <2,cool, 4C 28days 
analyze immediately no holding 

analyze immediately, or H2S04 to pH< 2 28days I 
H2S04 to pH <2, cool, 4C 28hours 

analyze immediately, or H2S04 to pH <2 28days I cool,4C, H2S04 to pH<2 28days 
cool,4C, H2S04 to pH <2 28days 
H2S04 to pH <2,cool,4C 48hours 
cool,4C 28days 

I cool,4C,add 2 drops 2N Zinc acetate/100ml28days 
none ?days 

cool,4C 48hours I 
analyze immediately 28days 

I analyze immediately 28days 

analyze immediately ,H2S04 to pH< 2 28days 
cool, 4C, add 100 mg Ha2S203 if ?days 

residual chlorine is present I 
cool, 4C store in dark,CUS04,H3P04 28days 

to pH<2 I cool, 4C 
cool, 4C 
analyze immediately no holding 

I 
I 



I 

I 

I 
I 
I Metals: 

Total 100 ea P,G HN03 to pH<2 6months 

Total mercury 500 G only HN03 + K2Cr207 28days 

I P = plastic G = glass 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

11 
I --- -



I 
I 
I 
I 
I 
I 
1· 
I 
I 
I APPBND:IX B 

QA/QC 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
1· 

I 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
I 
I 

These field QA/QC procedures include replicates, blanks and background samples. 

Replicates 

Replicates are a check on laboratory and field procedures. Replicates will be collected from sampling 
points which are known or suspected to be contaminated. A minimum of 1 sample or 
5 %/parameter/matrix/site whichever is greater will be collected. 

Replicates will be collected for samples which will be submitted for a complete parameter suite. 
Identify the sampling point, if known, which will have replicate samples. The replicate will be 
collected, numbered, packaged, and sealed in the same manner as the other samples. The replicate 
sample sets will be filled in parallel by matched parameter. Samples from surface waters will be filled 
from a composite vessel, not sequentially from the surface water body(except for volatile parameters). 

Blank and Background Samples: 1/day/shipment/lab 

Blank samples are a check for cross-contamination during sample collection and shipment and the 
laboratory. Analytically-certified organic-free water for organic parameters will be used. Deionized 
water will be used for metal parameters. 

Blank samples will be analyzed for the completer parameter suite. The blank is collected, numbered, 
packaged and sealed in the same manner as the other samples .. 

Only one type of blank need be collected. Blanks are listed below in order of collection preference. 

• Equipment Blank-Collected after the last rinse of the equipment decontamination process. 
Use the appropriate "blank water" identified above to fill equipment and then pour it into the 
appropriate containers. 

• Field Bottle Blank - Collect when decontamination of equipment is not necessary or possible. 
The field bottle blank will be poured at a sampling point. 

• Volatile Organic (VOA) Travel Blank - Collect when there is no other type of VOA blank. 
All of the VOA vials should be shipped in the same container as the VOA blank. 

Background Samples (Soil and Surface Water) 

Background samples will be analyzed for the complete parameter suite. The background sample is 
collected, numbered, packaged, and sealed in the same manner as the other samples. Approximately 
5 % or l in 20 samples will be collected as a background. 



As part of the Quality Assurance Plan, the chain-of-custody protocol must be described. A chain-of­
custody provided defensible proof of the sample and data integrity. Toe less rigorous sample 
traceability documentation merely provides a record of when operations were performed and by 
whom. Sample traceability is not acceptable for enforcement activities nor is it acceptable in a court 
of a law. 

Chain-of-custody is required for analysis which may result in legal proceedings and where the data 
may be subject to legal scrutiny. Chain-of-custody provides conclusive written proof that samples are 
taken, transferred, prepared and analyzed in an unbroken line as a means to maintain sample integrity. 
A sample is in custody if: 

• it is in the possession of an authorized individual; 
• it is in the field of vision of an authorized individual; 
• it is in a designated secure area; or 
• it has been placed in a locked container by an authorized individual. 

A typical chain-of-custody protocol contains the following elements: 

• unique sample identification numbers; 
• records of sample container preparation and integrity prior to sampling; 
• records of the sample collection such as; 

-specific location of sampling, 
-date of collection 
-type of sample taken (e.g. air, water, soil), 
-initialling each entry, 
-entering pertinent information on chain-of-custody record, 
-maintaining the samples in one's possession or under lock and key, 
-filling out the chain-of-custody records, and 
-the chain-of custody records must accompany the samples; 

• assigning a sample custodian who will be responsible for maintaining chain-of-custody; 

• laboratory will inform field sample (or office) that samples have arrive and are in good 
condition; 

• for unbroken custody during shipping. Completer shipping records must be retained; samples 
must be shipped in locked or sealed (evidence tape) containers; and 

• the field sampler( or delegated personnel) is to inform appropriate laboratory that samples will 
be arriving and will supply name of transporter, depot location, waybill number, and if they 
will be delivered or held for pick-up. The field sampler will ask laboratory for verification 
of received samples. · 

Laboratory chain-of-custody procedures consist of: 

• receiving the samples; 
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• 
• 
• 

checking each sample for tampering; 

checking each sample against the chain-of-custody records; and 

checking each sample and noting its condition . 
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1. INTRODUCTION 

In the period July 23 to July 28, 1995, Frontier Geosciences Inc. conducted a terrain 

conductivity and magnetometer survey for Lorimer and Associates in association with 

Hemmera Resource Consultants Ltd. at the Donjek Pumping Station, Destruction Bay 

Pumping Station, and Beaver Creek Pumping Station. The purposes of the investigation 

were to locate buried metallic objects, and if detectable, delineate conductive leachate in the 

soils arising from buried metal objects, or from dissolved metals in the groundwater. 

The investigation consisted of terrain conductivity and magnetometer surveying on grids 

with 5 m line spacing and 2 m station intervals established at the site through open areas and 

thick bush. In all, a total of approximately 8.1 km of combined terrain conductivity and 

magnetometer surveying was completed on the grids. The survey locations (Destruction 

Bay Station, Donjek Station and Beaver Creek Station) are illustrated in Fig. 1. 

2. THE ELECROMAGNETIC TERRAIN CONDUCTIVITY METHOD 

2.1 Equipment 

The electromagnetic terrain resistivity investigation was carried out using a Geonics Ltd. 

Model EM-31 terrain conductivity meter. This unit is an electromagnetic instrument 

consisting of a transmitter coil and a receiver coil at opposing ends of a 3.66 metre boom. 

The unit is one man portable and does not require ground contact. The effective 

penetration of the instrument under usual conditions is six metres. 

In operation, the transmitter coil induces circular eddy current loops in the earth. Under 

certain conditions fulfilled in the design of the EM-31, the magnitude of any of these current 

loops is directly proportional to the terrain conductivity in the vicinity of that loop. Each of 

the current loops generates a magnetic field which is proportional to the value of the current 

flowing within that loop. A part of the magnetic field from each loop is· intercepted by the 

receiver coil and results in an output voltage which is linearly related to the terrain 

conductivity. 

-------- Frontier Geasciences Inc.-----------
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the instrumentis:calibr~ted to read'the ·correct conductivity when the earth is uniform. In 

the event that the earth is layered, with each layer of different conductivity, the instrument 

will read an intermediate value and a simple layered earth model may be derived. 

2.2 Field Procedure 

At a survey station, the instrument was held parallel to the ground surface and the reading 

Tecorded and stored in a field book.·· R:eadings'-were made at a constant terrain clearance 

and at 2 m intervals throughout the survey:,Eifects of metallic objects on·the body as well 

"as any coupling effect due to other surveying equipment were tested for and were found to 
be negligible. ·' ·,: , ~ 

',,, . 
3. THE MAGNETOMETER SURVEY 

3 .1 · Equipment · 

The magnetometer survey was carried out ·\¥ith··a:iGem Systems Inc. GSM-19 Overhauser 

i. Memory Magnetometer. The GSM~ 19' is 'ir portable, mgh sensitivity unit which measures 

'the absolute total intensity of the geomagnetic: field·t6··a precision· ofthe order of 0.1 nT, 
·without the need foro·rienting· devices. ·;· · ,,. 
'l' 

·Tlie magnetometer measures·-'the precessidn' frequency: of protons in a hydrogen-rich 

medium. Excited'·by radio frequency'energy; the protons emit a signal with a precessional 

frequency related to the earth's field through a well known constant, the gyromagnetic ratio. 
..... , 1, .•• 

f, I , , ~ ; : I ',,_ • 

3.2 Field Procedure . 
--::,. 

..... ••• < 

• . ,~ ·,_. I I ·••' .: 

. This magnetometer was used 1n mobile:mooe-Whete ·the,unit cycles every time a reading is 

... taken. · A single sensor was' used, -thus giving the valu.e of the total magnetic ·field. Readings 

. were made at 2 m'intervals and a constant forrain·clearance was maintained throughout the 

: ·survey· vfa the usage 'df 'ai back-pa'.ck-attachmertf on· which the sensor was placed. The 
. "-~ .. ,• 

---------· Frontier Geasciences Inc.----._.,.-~-
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precaution of re-occupation of stations obtained earlier to detect the presence of instrument 

.drift·ordiurnal .affecls ,was foH~. uNQ;§i~~p;tnt; ~ff~ts v.,;ere-:t;P~4. duri}\i.:the}:9~~~g 

4. GEOPHYSICAL RESULTS 

4 .l General . 
.... , ::· ~ ' 

-:The. survey;data, _after, 4ownJ,~g-. .fr.o~~m,.c)nstI'\l1ll~µt~:Y".~S 8P~?ed, .. : ~~;o~~4c.li°"d 

:plotted at ,a ·scale 0f.·l,:500 (~tti~),. 2:JJJ~re,~lt_$•:ofr$~;~oj}.,.cop~µctiv.i~y mapping :.~d 

·.magnetometersurveying are inelutied,atJli~Q9i{m~tjcJ~·Ssale,;in .. fi@r~s':.2~,.,2b, 3a, 40, ~~ 
;. ._ . ., . . -, ~·-

and 4b in Appendix A. Figures 2a and 2b are the soil conductivity and magnetomet~r plans 

respectively for the Beaver Creek Pumping Station, figures 3a and 3b are the soil 

conductivity and magnetometer plans for the Donjek Pumping Station and figures 4a and 4b 

are the soil conductivity and magnetometer plans for the Destruction Bay Pumping Station. 

.. . ' ~ 

Background values for magnetic data is in the range of 57000 nT and less. Electromagnetic 

background is in the range of O to 2 millimhos/m, with negativ~r:Yal~eS:;present -in 

anomalous areas. The units of conductivity in Figures 2a, 3a, and 4a are millimhos per 

1:metre with a contour ipterval, ef hmtllimlt~ti)c;r_. ~~tre . ( I 09.0. o~-~i'. re~~stj~ty )~;J'pe urtjts 

: ofmagnetic:fotensi~iin figure~ab, ~J!+.:~ 4:btar.e,in_paJloT,eslas or g~ oft~ ~3:fth's 

, total field.· .The spread) of ma~Qti~.irtt~n:siWJ~lle,s,bare;:\>een l_<>g~t~Y~.4i~,!i}?ute4: in 

order to highlight subtle features in areas of low ma,gnetiq ~~f:,JheJii!~..1weJe,cgn#_n4ed 

past the dumpsite and into the forest, as well extra lines were added to either side of the 

:: dumpsite .. \in 1order,;to differenti1~ .. ~~\i~:~~S:,.ffo!IJ,-;#le-;.pa4~~u11d ~Ja. good 

4.2 Beaver Creek Pumping Station 

The conductivity map is characterized by strong anomalies within the dumpsite area. 

Anomaly A-locatectalong line ~S. at:J1ta.tionJr-3:+.3§ .i~Jike~y !~tke ,:~1.Je t9i~ butj~gtetaj ,tank 

(:; because of.its· amplitude. An~y::;,C\)e~tef~o~g,_line_::~.O: a~~tat~~~J:61: l~.-As ~~o '-;,~ely 

, :candidate as the site for a burieg-1~!a,l~1 1J;,~~;~ei.9_\h~rr~9~~i~s;:_a; t~~;p,te,,,~l\ich 

:- ,;tnay be ;irdicative::ofsmaller b,u(ie~.~lll~~lr:~9j§~s:,;~91_,ajy p,-:,µn~~_r9J>., ~t,ation~ 22 )YN.ch 

can be seen in both the conductivity as well as magnetometer data, is possibly due to buried 

metal debris. 

Frontier Geasciences Inc. --------
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Excellent correlation exists between the soil conductivity and magnetometer data at this 

site. Some examples of this are anomalies A, B, C and D, with magnetic, ~plitu9e& of 
,, ' ', ' 

59427 nT, 58951 nT, 58597 nT respectively which are likely to be due to buried metal 

Q,bj~~~ ... pue t,o)he Jpw f!ensi!)' _qfgridlin~~df)d.i t~,~,;1eJ~,iyely .high v~1:1e~ separating Fhe .. . ~ ' .... ~ ,,, ·,' . "' ~ \ 

~nomal~~s-~. Q, C it_js 4if?FuJt. to. asc~~;ai.~, ~h~~~:~¥ ;µ-e .caused by}h~, sam~; ?J>t~jt. 

D® to; th9.,d~~~~ .~Ma~jeg ~~~-~o_rp~~~s:.~dj?,~9~;~ tr~ magnepc ~e~dings dr~1P:?tf .~? 
effe.¢tiv~y low~~alu~% (574q_9,!}T).anowa;ly,~j~ l*~l)I to::.~t!~caused by a sf;parate ~p.t,ity. ~ . 

\, • ... ' ' ' I ' ' a •M~, '• '.,, • • ~ ~ • • • :, •..;' ~ • 

.'i·--.c-.r- ~ ~:1~. }-"'·":·! J ::-~1.~t;•3 (£1/i t·~"?~ ~:;···.J :· ;.: ~.1r;:.t~i::t ·:i~."l.L ~>rtS1 s,':, 

4.:3 ,m•PQnjelc ~i,ng ~i~tipp: !'}:; {::· • .c:,~t::.,te1c :-·· 

In contrast to the conductivity map of the Beaver Creek Pumping Station, the Donjek 

.~umpi11g ".Statj~ll ,:~it~ sh0\:1fS ihisl!~En~~n41:ft~yi~ ~v~~,,~ ;ir re~Qrs,, :1fhe!~, no, . T,~gn~~c 

anoruaijes ~~s~, · :Th~~f~~ ~~ng. ~~de11Ge Jf?b ,p_o~ibl~::P,resenc~,.Qf 8ond~~iy.~, l:a~~~J~s. 

There is excellent correlation between the magnetometer and the soil con~,~xjty <;i~ta .. J]l~ 
... • •' .. ,.._ ...... '~ J, ~:.. . .. ' 

anomalies of interest on this site are those labelled A, B and C on figures 3a and 3b. two 

anomalies were defined in this area along line-5, labelled A and B. Due to their relative 

proximity to each other,, an:~tiheir large amplitudes it is difficult ,Q .~!eq~, W,hetper:; tll~~e 
' • '' .. ·, "4." ' • ..,.. ·- . ·~ . ' • ' .... 

are two different sources oi: iftn:ey, are due to the same buried metal object. Both of these 

may be buried metallic dbj'etts'.~Anbm~y C on line 0, stn-4, is also of interest because ofiis ·· 
~ . ~'- ,· .. '. r. : ~ ·1 \. _. \ "'" ; 

high magnetic ampi'itu~""·mliQugh~th the grid density it is difficult''to :·'ifetemime-. the ' 
• ' • ~-'>/':! .... ~~-/, .• :"'//'... .·· ~ ·\.. ,,. ' 

obJect s size. .c.:-: '· . . i l , ,i , ,, , :.,·: , ;.rJ:.1t ... t./· 

4.4 Destruction Bay Pumping Station 

Several anomalies were delineated in area 1, labelled A to S on figures 4a and 4b, due to 

their excellent correlation between the soil conductivity and magnetic data. The 

background magnetic readings were in the 5700 nT and less range. The linear ridge as seen 

in figure 4b which essentially parallels the baseline could possibly be due to buried metal 

objects which have subsequently contaminated. the surrounding areas as seen by the large 

conductivity values to the north and south of the topographic feature. Anomaly A, B, C, E 

with maximum magnetic amplitudes of 58943 nT, 57340 nT, 57435 nT, 58500 nT 

respectively are easily correlated between the two data sets, but due to the density of the 

gridlines, it is difficult to determine their sizes. 
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T~~ EMHi'~rn~istireltJrraih -~te61ti&ar J<Slfdu~; ~d 'ii"suetc!Ssful':only if. the desired' 
p'~artiet~i; ~xfiibit~ .~ a lif gnificant ttJ1idacrivrtf cafitfast 'wiih7te~peet to= thd oackgreum:L' C; In 

!dditfofi,' the notmfial' peiietratit>H ~epi}f afi:tlfe2ttt~trument :is ipp~mately"SHC: metres. The 
.~-..r· .~ .. ,~. ·~"'!'"· -: •· . .... . .. ·,, -:-1.J ·· ,, · ~'-':! ' f , . ·•··" ·, , •···· . · · ,. 

OVerhauS~t I111lgITefomefeT ·meisU'I'es·· fOt~' friagnefiC: field, ari(i,·has; !ffLeifedl'\'e ·t1eptk'1)f 

several meters. The relatively coarse line spacing of 5 metres may cause the response from 

a buried object to be under-represented, or to be missed eiftirelf if"tlie,obj~ ·ts-· small. ;As 

well, due to this lo~ density the possibility arises of merging multiple sources together. 
) ";~.~: ,··, ,,::"'-~,_1 .. _,' '.· .. ·.·. \ ·_J.~(-tfh,.··'.'~ ·,~tt·.,-J:·.',,,1,Jl',. ',,~~""',1.~ -~-' .. ,' "'t ..... l,.. 

----~ - , • - ,_..,.,.-~ f"·,t,., t:.:l ~!-!~ ,,. ,.11,.,.;~,r....:.~'!(/ :;;i~;~ t;. ):;.z-T:"\ ,. " 

:Tffe'~fe~llltt ir~ ihtefptetive in 11~re 'ftficf11lt'~1 edn$i'd~ 1tc,Ol)e t:J1reasooab1y :~CCUf8te 

~f~~~6titi6ri' ~of'subs~rface coli~itf6ins'"°Witnih ~ihe'tlimitifio~ ~Y.'the electri:)ffiagnetio 1 and 
,,;rri~~~tic rne"thodf j ·, L :,,!, l~Jtlf'),::J!:- ':~,;;;r; ~i;· J f: ::, JF;:d (; r:, ;'; 'f:: '• ~·,' : ,, ~/;" /'. 

( :., :. ; ) t (tE tj .. /~) t,,!}!f.lej,;l .:-i.~~,.).i.\ ,·:;;.. 

:'"'.· ... ,· :~· ,·, .:1'~ .·· .. ·.,"' ,'lo )·":1' · · - . ,, ,, ,,,· ' ~ 

.. ·;. 
:J' .. :~ .. ' 

,:··· ... 

· ·"'· ._ .... ,,__ ... _._ ·-··· -- ....... --........ · ·-__... .. - ~ ........ -··-· -- -· ··-· __ -:_·) t lr6ntie'f il!riterces l·n-c. ·'---"-------
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2.4.1 Soil Sampling 

Soil samples were collected at each site using stainless steel trowels and a hand­
held auger. Soil samples were procured from within the upper 0.75 metres. Latex 
gloves were worn during sampling to prevent any cross contamination. Gloves were 
changed between sampling events. Cleaning of the sampling implements was completed 
on clean plastic sheeting to avoid contamination of implements through contact with 
the ground surface. Each trowel was cleaned with Alconox soap and water and then 
rinsed with distilled water between sampling events. The trowels were air dried 
prior to use. 

Sampling protocol for soil samples are contained in Appendix D. A discussion of 
sampling duplicates and replicates and QA/QC is included in Appendix E. 

Soil samples were screened in the field for hydrocarbons using a Photovac MicroTip 
organic vapour analyser (OVA) with a Oto 2000 ppm (parts per million) range and 
equipped with a 10.6 eV UHF excited electrodless discharge tube. All measurements 
were noted in the field book. Soil samples were placed in a mason jar with 2.5 
centimetres of head space remaining above the sample, sealed with aluminum foil and 
a lid, shaken, and allowed to stand for 0.5 hours to allow the soil temperature to 
rise to ambient temperatures then shaken once again. The OVA intake was pushed 
through the aluminium foil after the 0.5 hour period and measurements of head space 
vapours taken (noted on borehole logs) . Environment Canada, Jar Head space 
Analytical Screening Procedures were used. 

Soil samples were placed in precleaned glass jars with TEFLON coated lids. Care was 
taken to ensure the jars were filled completely and the lids screwed on to form a 
seal to prevent volatilization of the potential contaminant. Sample numbers were 
clearly marked on both the lid and jar label as per the Terms of Reference (TOR). 
Soil samples were then placed in plastic bags and placed in ice-filled coolers for 
transport to the project laboratory. Soil samples were analysed for compounds 
listed in the TOR. 

2.4.2 Surface Water 

Samples were obtained from surface water if present downstream and upstream of 
potentially contaminated areas. Water contained in sumps, presumed to be indicative 
of groundwater conditions, was also sampled. All waters were analysed in the field 
for pH, conductivity, and temperature. The samples were analysed in the project 
laboratory for the compounds defined in the TOR. Depending upon analytical 
requirements, up to approximately three litres of sample was placed in the 
appropriate containers in order to accommodate laboratory analysis requirements. 
All samples were accompanied by a Chain of Custody form Appendix E). 

2.4.3 Soil Vapour Probe Survey 

A survey of volatile hydrocarbons in near surface soil at each site was completed 
using the OVA. Slotted polyvinyl chloride (PVC), 1.25 cm diameter pipe in 
approximately 0.45 m lengths was driven into the subsurface to depths ranging from 
0.3 metres to 0.4 metres. Each pipe was sealed with plastic wrap and left for at 
least 4 hours. The OVA intake was then be pushed through the plastic seal on each 
pipe and a measurement of head space vapours was taken. 



2.5 Geophysical Prog_ram 

Frontier Geosciences Inc. of North Vancouver, B.C. completed a ground conductivity 
and total magnetic survey at the Donjek, Destruction Bay and Beaver Creek Pump 
Station sites. Each site survey comprised one 100 metre by 100 metre area withs 
metre line spacings and with readings compiled at 2 metre intervals. Geophysical 
surveys were oriented to incorporate areas where suspected dump sites may be 
located. The Frontier final report is contained in Appendix F. 

2.5.1 Electromagnetic Conductivity Survey 

Rapid acquisition of ground resistivity (conductivity) information is an important 
part of environmental site assessment studies. The Geonics EM-31 terrain 
conductivity meter is very effective in the depth range of 1-6 metres. The unit is 
a one person, portable, electromagnetic survey instrument. The device does not 
require ground contact and is very cost effective under a variety of field 
conditions. 

In operation, a transmitter coil located at one end of the instrument induces 
circular eddy current loops in the earth. Under certain conditions accommodated in 
the design of the EM-31, the magnitude of any of these current loops is directly 
proportional to the terrain conductivity in the vicinity of that loop. Each of the 
current loops generates a magnetic field which is proportional to the value of the 
current flowing within that loop. A part of the magnetic field from each loop is 
intercepted by the receiver coil and results in an output voltage which is linearly 
related to the terrain conductivity. 

The instrument is calibrated to read the correct conductivity when the earth is 
uniform; In the event that the earth is layered, with each layer of different 
conductivity, the instrument will read an intermediate value and a simple layered 
earth model may be derived. 

The unit of conductivity recorded is the millimho per metre. To obtain resistivity 
in ohm-metres the instrument reading is divided into 1000 - i.e., a reading of four 
millimhos per metre yields a value of two hundred and fifty ohm-metres. 

There are two components of the induced magnetic field measured by the EM-31. The 
first is the quadrature-phase component which gives the ground conductivity 
measurement as described. The second is the in-phase component used primarily in 
the EM-31 for calibration purposes. The in-phase component, however, is 
significantly more sensitive to large metallic objects and is very effective for 
buried metal drum surveys. Although this component has been available in the 
standard EM-31 by operation in the compensation mode, both components are available 
in the EM-31-D when operating with a data logger. The data logger was used in this 
survey to facilitate contour plotting of data points using standard surfer plotting 
routines (Appendix F). 

2.5.2 Magnetometer Survey 

To differentiate conductors identified in the EM-31 surveying, a fluxgate 
magnetometer survey was completed to detect ferromagnetic metals. Buried metal, if 
unweathered, yields excellent, high amplitude magnetic anomalies when measured 
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against background values. 

The advantage of the additional magnetometer surveying is the ability to select 
conductors that are related to buried, large metallic objects versus smaller 
conductors, electrical wiring, buried fence wires, pipes, and numerous additional 
"noise" sources. The fluxgate magnetometer is superior to other magnetometers in 
such environments due to the high gradients and ambient electrical noise generally 
encountered in old waste piles. 

Data from the surveys were plotted in contour form and anomalies were assessed for 
the likelihood of buried metallic objects or contaminants (Appendix Fl. 

2.6 Analytical Program 

The analytical program followed the required analyses stipulated in the TOR. 
Lorimer was responsible for sample collection, packaging and shipping and chain-of­
custody protocol. Final laboratory reports are contained in Appendix G. 

2.6.1 Regulatory Context 

Analytical results from this study were compared to the Alberta Tier I Criteria for 
Contaminated Soil Assessment and Remediation, the Remediation Guidelines for 
Petroleum Storage Tank Sites (Alberta Environmental Protection, 1994) and the 
Canadian Council of Ministers of the Environment Interim Canadian Environmental 
Quality Criteria for Contaminated Sites. 

2.6.1.1 Tier I Criteria for Contaminated Soil Assessment and Remediation 

Alberta Environmental Protection has developed a two tier system for the assessment 
of potentially contaminated soil. Tier I criteria are generic and have been 
developed to represent acceptable concentrations of contaminants for all site land 
uses and site conditions without defining the actual risk. Tier II criteria are 
site specific criteria developed for the protection of human health and the 
environment. Tier II criteria are based on acceptable risk specific to the site 
such as: soil type; geology; surface and groundwater; climate; and present and 
future land use. 

Tier I criteria were developed by Alberta Environmental Protection through a review 
of the scientific literature and from existing guidelines and practices in Alberta 
and across Canada. 

2.6.1.2 Remediation Guidelines for Petroleum Storage Tank Sites 

The Draft Alberta remediation guidelines have been developed through the use of a 
risk-based approach to remediation which ensures the protection of human health, 
safety and the environment. The guidelines, although not adopted yet, will provide 
a uniform standard for the remediation of petroleum storage tank sites in Alberta. 
The guidelines refer to both underground and above ground storage tanks containing 
gasoline, diesel, heating oil, aviation fuel, used oil or related petroleum products 
(Alberta Environmental Protection, 1994). 



The draft guidelines are based on the role of risk assessment and risk management 
in the remediation of.sites containing both underground storage tanks (USTs) and 
aboveground storage tanks (ASTs). Numerical criteria, above which either 
remediation or a risk assessment must be completed to address the potential risk to 
human health and safety or to the environment, are provided in the draft guideline 
documents (Alberta Environmental Protection, 1994). 

The remediation guidelines outline the process to be followed by the owner or 
operator in remediating or managing a contaminated site. Numerical risk management 
criteria are provided for soil and groundwater along with a recommended approach for 
the determination of the applicable remediation levels based on site sensitivity. 
The owner or operator may use the numerical criteria directly for remediation and 
risk-management decisions, or may choose to complete a detailed risk assessment to 
define site-specific remediation or risk management criteria (Alberta Environmental 
Protection, 1994). 

The numerical criteria are based on a site sensitivity assessment. The site 
sensitivity assessment considers both the sensitivity of the potential human and 
environmental receptors and the likelihood of human impact of those receptors. The 
sensitivity system classifies a site according to its sensitivity (high - Level I, 
medium - Level II or low - Level III). A separate classification system is in place 
for each of the two major routes of impact, inhalation and ingestion. Soil and 
groundwater at a particular site would normally be remediated to the lowest risk 
management criteria indicated by the site sensitivity assessment and the main 
exposure pathways. 

Two soil types have been considered for the Alberta risk management criteria, 
coarse-grained soil and fi.ne-grained soil. Classification of the soil is based on 
gradation. Coarse-grained soil is defined as soil with a median grain size greater 
than 75 microns. Fine-grained soil is classified as soil with a median grain size 
less than 75 microns. 

2.6.l.3 Interim Canadian Environmental Quality Criteria for Contaminated Sites 

In response to the growing public concern over the potential environmental and human 
health effects associated with contaminated sites, the CCME has developed Interim 
Canadian Environmental Quality Criteria for Contaminated Sites (CCME criteria) 
(CCME, 1991). These interim criteria have been adopted from existing guidelines and 
criteria currently in use in various jurisdictions across Canada. They are 
currently being assessed and will be modified, as required, to reflect the emerging 
body of scientific information relevant to contaminant effects on the environment 
and human health. 

The CCME criteria include two levels or concentrations for soil and water quality: 
namely, assessment and remediation criteria. Assessment criteria are the 
approximate background concentrations or approximate analytical detection limits for 
contaminants in soil and water. Background concentration refers to a representative 
ambient concentration for a contaminant in soil or water. Analytical detection 
limits are the lowest concentrations that can be routinely measured within an 
acceptable level of accuracy and reproducibility. Remediation criteria are 
generally considered protective of human and environmental health for specific uses 
of soil or water at contaminated sites. 

If concentrations of a substance in water or soil at a site do not exceed the 
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assessment criteria, further action is not usually required. When concentrations 
exceed assessment crite!ia, further investigation is required to assess the nature 
and extent of any contamination at the site. If contaminant concentrations exceed 
the remediation criteria for a current or proposed future land use for the site, 
then remediation of the site to meet the current or proposed land use criteria is 
or will be required. 

Soil remediation criteria have been developed for three land uses: agricultural; 
residential/parklands; and commercial/industrial. Water remediation criteria are 
based on CCME Water Quality Guidelines and Health and Welfare Canada's Drinking 
Water Quality Guidelines. 

Although the CCME criteria are not considered to be applicable to all contaminated 
site investigations, they are currently applied in a blanket fashion. The CCME is 
developing guidance documents for the development of site-specific assessment and 
remediation objectives. Until these are available, the CCME criteria are generally 
being applied directly to individual site assessments on Federal lands. 

2.6.2 Applicable Criteria for Comparison 

Lorimer compared the analytical results from the pumping stations with the Alberta 
Tier I Criteria for Contaminated Soil Assessment and Remediation and the draft 
Remediation Guidelines for Petroleum Storage Tank Sites as well as the CCME Interim 
Canadian Environmental Quality Criteria for Contaminated Sites. These guidelines 
and criteria have been followed during the completion of this field work at all 
sites. 



3.0 RESULTS OF THE STUDY 

The following sections summarize the results of the study. 

3.1 Description of the Sites 

The following sections describe the sites. Photographs of each site are contained 
in Appendix H. 

3.1.1 Beaver Creek Pump Station 

The Beaver Creek Pump Station is located at mile 324 on the pipe line at coordinates 
62°24.46N (6919400m N) and 140°50.99 W (508000m E). The site is located some 2.5 
km north of the community of Beaver Creek and approximately 1 km east of the 
airport. It is accessed via a gravel road which leaves the east side of the Alaska 
Highway approximately 1.5 km north of the Canada Customs Station and then follows 
the old pipeline right-of-way to the south. 

The site originally consisted of a combination building and family housing. The 
housing units have been removed (Petroleum Distribution OFFICE USARAL Support 
Command 1966). The site is fairly heavily overgrown with aspen and some spruce. 
There has been some vandalism. Two aboveground storage tanks (ASTs) used for bulk 
storage of fuel are located at the south end of the pump station complex. These 
ASTs are surrounded by an earth berm and are standing on a gravel base. A former 
landfill is loc.ated approximately 250 m north of the site. A logging operation is 
situated immediately on the north side of the pump station compound. A residential 
trailer unit is located on the same site (Figure 2). 

The area is generally flat and low lying with no well-defined drainage courses in 
the immediate vicinity. Beaver Creek, which is located approximately 1 km to the 
east, f_lows to the north. Surface and groundwater flow is believed to be generally 
to the east or northeast, however, no confirmatory data is available. 

Soils in the area consist of glaciofluvial gravels overlain by surficial silts. 

One water well is located on-site adjacent to the main building. The well is 
located in a small enclosed structure attached to west side of the building 
(immediately northeast of sample location 9 in Figure 2). No information on the 
depth or construction of the well or the quality of groundwater is available. 

3.1.2 Donjek Pump Station 

The Donjek Pump Station is located at mile 248 of the pipe line at coordinates 
61°37.03N. and 139°33.09W (6832300m N and 577000m E) which is some 14.5 km southeast 
of the Donjek River Bridge along the Alaska Highway. The site is approximately 300 
m north of the highway along a gravel road. 

The site consists of a mainline pump building, a utility building (generators and 
garage), a single family residence and a multi-family dwelling (Petroleum 
Distribution Office USARAL Support Command 1988). The station has been vandalized. 
Two large ASTs used for storage of fuel are located at the east end of the complex. 
The pump station is surrounded by a firebreak. The pump station landfill is located 
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at the end of a trail approximately 500 m to the north (Figure 3). 

The pump station compound is moderately overgrown with aspen, willows and small 
spruce. Vegetation outside of the compound consists of boreal spruce forest. The 
area is generally wet, indicating a shallow or perched water table. A small, 
intermittent creek flows from east to west along the southern boundary of the site. 

Soils in the area consist of undifferentiated glacial drift. 

One water well is located at the Donjek Pump Station site (Figure 3). The water 
well is located in a self-contained shed approximately 100 metres east of the main 
building (Figure 3). Anecdotal information provided by Mr. Darrell Duensing 
(maintenance man on the Haines-Fairbanks pipe line) indicated that this well was 
never used due to poor water quality and objectionable odours ("swampy") (K. Bisset 
& Associates 1995) . The static water level in the water well was located at 
approximately 1.8 metres depth below the floor of the shed at the time of our 
investigations. 

3.1.3 Destruction Bay Pump Station 

The Destruction Bay Pump Station is located at mile 209 of the pipe line at 
coordinates 61°13.65N and 138°45.43W (6790000m N and 620500 m E), which is some 4.5 
km southeast of the community of Destruction Bay along the Alaska Highway. The pump 
station compound is located approximately 200 m west of the highway at the end of 
a gravel driveway. 

The 9. 9 acre site originally consisted of a main building (identified as a 
"Combination Building") and family housing which comprised six trailer units 
(Petroleum Distribution Office USARAL Support Command 1966). The housing units have 
since been removed. There has been some vandalism. The site is moderately 
overgrown with a mixture of aspen, spruce and willows (Figure 4). Two ASTs used for 
fuel storage are located in the southeast corner of the complex. There are several 
abandoned landfills in the Destruction Bay area. The landfill identified with the 
pump station is located on the immediately opposite side of the Alaska Highway 
(Figure 5) from the pump station. 

The site is generally well drained, with the direction of surface and groundwater 
flow inferred to the east towards nearby Kluane Lake. No defined water courses flow 
through the site. No data on groundwater hydrology in the immediate area is 
available. The depth to groundwater is believed to be greater than 30 m, based on 
measurements at one of two on-site wells. 

The first well is located in a small enclosed structure on the west side of the main 
building (west of sample location 5 in Figure 4). The second well is located in the 
small garage along the Alaska Highway at the north eastern corner of the site. An 
attempt to ascertain the depth to the static water level was made in the well 
attached to the main building. The depth exceeded the length of the water level 
tape (>30 metres depth). The second well had the associated pumps and electrical 
wiring still attached to the well head preventing the measurement of water levels. 
No other information of well depth, or construction, or water quality was available. 

Available geological mapping identifies soils in the area as glacial drift. 
However, on-site observations indicate the presence of fluvial sands and gravels, 
probably either representing beach deposits along a formerly higher lake level or 
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glacial outwash. 

3.2 sampling 

The following sections summarize the number of samples collected at each site, the 
type of samples and the requested analyses. Sample locations for each site are 
indicated in Figures 1 to 3. Sample numbering followed the protocol specified in 
the TOR (Appendix D) 

3.2.1 Soil Samples 

A total of 14 soil samples were collected from the three sites. Table 1 summarizes 
the number of soil samples collected at each site. 

TABLE 1 
NUMBER OF SOIL SAMPLES COLLECTED PER SITE 

SITE NUMBER OF SAMPLES 

Beaver Creek 5 

Donjek 5 

Destruction Bay 4 

3.2.2 Surface Water and Groundwater 

Samples were obtained from surface water if found on-site. In addition, samples of 
groundwater were taken from sumps and/or wells, where possible. All water samples 
were analysed in the field for pH, conductivity, and temperature. The sample of 
water collected from the sump at Beaver Creek was assumed to be representative of 
the local groundwater, based on the swampy setting of the site and an inferred 
shallow water table. Water in the sump at Beaver Creek enters through holes in the 
concrete at the sump base. Groundwater collected at Donjek was also assumed to be 
representative of the local groundwater. However, water collected from a sump at 
Destruction Bay is assumed to be from rainwater and surface water run-off through 
an unprotected entrance into the sump at the ground surface. 

Table 2 summarizes the number of water samples collected at each site. Figures 2 to 
4 indicate the sample locations. 
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TABLE 2 
NUMBER OF WATER SAMPLES COLLECTED PER SITE 

SITE NUMBER OF WATER NUMBER OF Sample Location 
SAMPLES GROUNDWATER 

SAMPLES 

Beaver Creek 0 1 BClGWOOl - collected 
from small shed east 
of main building. 

Donjek 1 1 DOlWOOl - end of 
entrance road at 
highway, south side 
of entrance. 

DOlGWOOl - water well 

Destruction Bay 0 1 DBlGWOOl - concrete 
sump around pipes 
next to AST west of 
main building. 

3.2.3 Soil Vapour Probe Survey 

A survey of volatile hydrocarbons in near surface soils (<0.75 metres) in areas ·of 
fuel storage and pumping was completed using the OVA. Table 3 summarizes the number 
of soil vapour readings collected per site. 

TABLE 3 
SOIL VAPOUR READINGS COLLECTED PER SITE 

SITE NUMBER OF READINGS 

Beaver Creek 18 

Donjek 17 

Destruction Bay 14 

A summary of the headspace readings collected at each site follows. 
Figures 2 to 4 for sample locations. 

Refer to 



TABLE 4 
HEADSPACE READINGS MEASURED AT BEAVER CREEK PUMP STATION 

LOCATJ:ON READINGS (ppm) 

Large AST (sample location 4) 0 t 0, 0, 0 

Small AST (sample location 5) 0 t 0, 0, 0 

Underground Storage Tanks (USTs) o, 0 t 0 

Small AST (sample location 9) 0 I 0, 7.1 

Valve on pipe line (sample location 6) 0 t 0 t 0 

Valve north of large tank (sample location 4) 0 

TABLES 
HEADSPACE READJ:NGS MEASURED AT DONJEK PUMP STATION 

LOCATJ:ON READINGS (ppm) 

Large AST (sample location 6) 28.3, 81.3, 92, 10.4, 6.1, 0 t 0 

Small AST (sample location 6) o, 0, 0 

Underground Storage Tank 0, 0 

AST (sample location 9) 2.6 

Pump Room (sample location 10) 0, 0 

AST - Apartments (sample location 8) 0, 0 

TABLE 6 
HEADSPACE READJ:NGS MEASURED AT DESTRUCTJ:ON BAY PUMP STATION 

LOCATJ:ON READINGS(ppm) 

Large AST (sample location 1) 0, 11.2, 12.5, 0, 0, 2. 5, 0 

Small AST (sample location 1) 145, 30.2, 0, 0 

Small AST (sample location 2) • 0, 0 

Valves in pipeline (south of sample location 0 
2) 

3.2.4 Building Swabs 

Swabs were collected from areas considered to have a high risk of polychlorinated 
biphenyl (PCB) contamination. Each swab was completed using a sterilized glass 
fibre filter soaked in acetone. An area measuring 10 centimetres by 10 centimetres 
was swabbed with the filter until the acetone had predominantly volatilized. Each 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

glass fibre filter was folded and placed within a glass jar with Teflon coated lid 
for transport to the p~oject laboratory. Table 7 summarizes the number of building 
swabs collected per site and Figures 2 to 4 indicate the general location of each 
sample. 

3.3 

TABLE 7 
BUILDING SWABS COLLECTED PER SITE 

SITE NUMBER OF SAMPLES 

Beaver Creek 3 

Donjek 3 

Destruction Bay 3 

Analytical Program 

SAMPLE LOCATION 

BClBSOOl - east side of 
building, below run-off 
from former exhaust out of 
generator room. 

BC1BS002 - southeast end 
of building. 

BC1BS003 - west side of 
building below exhaust 
from kitchen. 

D01BS00l - main pump 
building - east wall. 

D01BS002 - main building, 
generator room, inside of 
door on left side looking 
south. 

D01BS003 - generator room 
in apartment complex, 
north wall. 

DB1BS00l - main building, 
boiler room, south wall 
next to light switch. 

DB1BS002 - Diesel engine 
room, south east corner of 
building, above light 
switch just inside the 
room. 

DB1BS003 - generator room, 
centre of building next to 
door leading south. 

The analytical program followed the analyses stipulated in the TOR. A summary of 
the analyses is contained in Table 8. 



TABLE 8 
SUMMARY OF SAMPLE ANALYSES 

Soil Surface Ground Swab Misc. 
Water water 

BETX/LH (benzene, ethylbenzene, - 1 3 - -
toluene, xylenes I light 
hydrocarbons) 

TEH (total extractable 8 - - - -
hydrocarbons) 

PAH (polycyclic aromatic 5 1 3 - -
hydrocarbons) 

Total Metals 11 1 3 - -

Dissolved Metals - 1 3 - -

PCBs and Pesticides 3 - - - -

PCBs (polychlorinated - - - 6 -
biphenyls) 

Phenoxy Herbicides 2 - - - -

Asbestos - - - - 1 

The following sections summarize the results of the laboratory analyses of 
construction materials, soil samples, surface water and groundwater samples and 
building swabs collected from Beaver Creek, Donjek and Destruction Bay pump 
stations. Sample locations are indicated in Figures 2 to 4. 

3.3.1 Building Materials 

A building material sample, collected from boiler wrap located at the west end of 
the apartment complex at the Donjek pumping station, was submitted to the project 
laboratory for the analysis of concentrations of asbestos (Table 9). Analysis of 
this sample (DOlASOOl)indicated concentrations of amosite (10 to 30%) and chrysotile 
(1 to 10%) in the sample. The remainder of the sample was composed of glass fibre 
(10 to 30 %) and cellulose (1 to 20%) . 

3. 3 .2 Soil 

The following sections summarize the results of the analyses of soil samples. 
Figures 2 to 4 indicate the sample locations. 

3.3.2.1 BTEX/LR 

One soil sample was submitted to 
concentrations of BTEX/LH (Table 10). 

the project laboratory for analysis of 
Sample DBlSOOl collec):ed at the Destruction 
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Bay pump station contained no detectable concentrations of BTEX/LH. 

3. 3. 2. 2 PAH 

Six soil samples were submitted to the project laboratory for analyses of 
concentrations of PAHs (Table 11). Trace concentrations of PAHs were indicated in 
all samples collected. However, none of the indicated concentrations exceed the 
CCME residential or commercial criteria. 

3.3.2.3 TEH 

Eight soil samples were submitted to the project laboratory for analyses of 
concentrations of TEH (Table 12). The analyses indicated trace concentrations of 
TEH in samples procured from Beaver Creek, (sample BClSOOl (450 ug/g) and sample 
BC1S002 (75 ug/g)); and samples procured from Donjek, (DOlSOOl (3100 ug/g), sample 
D01S003 (140 ug/g) and sample D01S004 (130 ug/g)). The indicated concentration of 
3100 ug/g in sample DOlSOOl does not exceed the Alberta Level III soil risk 
management criteria for TPH (total petroleum hydrocarbons) for both coarse and fine­
grained soil in the Remediation Guidelines for Petroleum Storage Tank Sites. No 
detectable concentrations of TEH were indicated in samples procured from the 
Destruction Bay site. 

3.3.2.4 Pesticides and PCBs 

Five soil samples were submitted to the project laboratory for analyses of 
concentrations of pesticides and PCBs (Table 13) Trace concentrations of 
pesticides and PCBs were indicated in all samples submitted to the project 
laboratory. However, none of the indicated concentrations exceed the CCME 
residential or commercial criteria. 

3. 3 .2 .s Herbicides 

Two samples were submitted to the project laboratory for analyses of concentrations 
of herbicides (Table 14) . The analyses of these two soil samples indicated no 
detectable concentrations of herbicides in soil. 

3.3.2.6 Metals 

Eleven soil samples were submitted to the project laboratory for analyses of 
concentrations of metals (Table 15). The analyses of two soil samples collected 
from the Beaver Creek site indicated concentrations of lead in excess of the Alberta 
Tier 1 criteria for lead but not the CCME residential or commercial criteria. 
Sample BClSOOl contained 115 ug/g of lead and sample BC1S002 showed 158 ug/g of 
lead. The analyses of two samples procured at the Donjek Pump Station contained 
concentrations of nickel in excess of the Alberta Tier 1 criterion, but not the CCME 
residential or commercial criteria. The analyses of three samples collected at the 
Destruction Bay site indicated concentrations of nickel in excess of the Alberta 
Tier 1 criterion but not the CCME residential or commercial criteria. In addition, 
sample DB1S002 contained a concentration of zinc (163 ug/g) in excess of the Alberta 
Tier 1 criteria. No other concentrations of metals in excess of the applicable 



criteria were noted. 

3.3.3 Surface and Groundwater 

The following sections summarize the results of the analyses of surface and 
groundwater samples. Sample locations are indicated in Figures 2 to 4. 

3.3.3.1 BTEX/LH 

Four water samples were submitted to the project laboratory for analyses of 
concentrations of BTEX/LH (Table 16). The analyses of the water samples indicated 
no detectable concentrations of BTEX/LH in any of the samples or the duplicate 
samples. The analysis of a trip blank submitted to the project laboratory did not 
indicate any detectable concentrations of BTEX/LH. 

3.3.3.2 PAB 

Four water samples were submitted to the project laboratory for analyses of 
concentrations of PAHs (Table 17). The analyses of groundwater samples indicated 
trace concentrations of PAHs in sample BClGWOOl (sump), D01GW00l (water well) and 
DBlGWOOl (sump). The analysis of sample D01W001 (surface water sample) collected 
at the Donjek pump station indicated no detectable concentrations of PAHs. 

3.3.3.3 Metals 

Four water samples were submitted to the project laboratory for analyses of 
concentrations of metals (Table 18). The analysis of a water sample collected from 
Beaver Creek indicated concentrations of iron (380 ug/g), lead (13 ug/g) and 
manganese (85 ug/g), all in excess of the CCME drinking water criteria. The 
analysis of a groundwater sample collected at the Donjek Pump Station indicated 
concentrations of manganese (95 ug/g) in excess of the CCME drinking water criteria. 
The analysis of a groundwater sample collected from the Destruction Bay Pump Station 
indicated cadmium (8 ug/g) and manganese (110 ug/g) in excess of the CCME drinking 
water criteria .. No other concentrations in excess of the applicable criteria were 
indicated by the analyses. 

3,3,4 Building Swabs 

Six building swab samples were submitted to the project laboratory for analyses of 
concentrations of PCBs (Table 19). The analyses of the six samples indicated trace 
concentrations of PCBs in five of the buildings. The analysis of sample BClBSOOl, 
collected at the Beaver Creek pump station, did not contain any detectable 
concentrations of PCBs. 

3,4 Geophysical Program 

Results of the geophysical survey at all three pumping station sites suggest good 
to excellent correlation between the soil conductivity and magnetic data. Magnetic 
and conductive anomalies were found at all three sites, suggesting buried metallic 
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objects. The survey results indicate that both magnetic and conductive values drop 
off to low values once putside the target areas, supporting the hypothesis of buried 
metal. The geophysical survey at Beaver Creek and Donjek indicated a concentration 
of metallic targets within the areas thought to be waste disposal sites. In 
contrast, the survey completed at Destruction Bay suggests a more wide-spread 
sporadic pattern to the anomalies, suggesting random or patchy disposal patterns 
(Appendix F) . 

Confirmation of the presence of buried waste at Donjek was completed through the 
advancement of hand-dug testpits into the subsurface. Waste, consisting of rubber 
belts and miscellaneous metal pieces, was found at a depth of approximately 0.45 
metres. No evidence of buried waste could be found at Beaver Creek or Destruction 
Bay during the excavations due to the bouldery nature of the soil encountered. 



TABLE 9 
PERCENTAGE OF ASBESTOS IN BUILDING MATERIAL 

INDIAN AND NORTHERN AFFAIRS CANADA 
HAINES - FAIRBANKS PIPELINE 

File: 281-02 

Sample 
D01AS001 

amosite 10 - 30 

chrysotile 1 - 10 

glass fiber 10 - 30 

cellulose 1 - 20 

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



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

TABLE 10 

CONCENTRATIONS OF BTBX AND LIGHT HYDROCARBONS IN SOIL 

INDIAN AND NORTHERN AFFAIRS CANADA 

HAINBS - FAIRBANKS PIPBLINB 
File: 281-02 

ug/g (ppm) 

-

Benzene Ethylbenzene 

~ample No. I Date Sampled I Location 

I DB1S001 I 7/27/95 I 

All sample numbers preceded by 162-95 

<=Less than detection limit 

AST 

Tier I 

Alberta PST coarse 

Alberta PST fine 

Detection Limit 

0.05 0.5 

0.02 0.1 

0.07 0.41 

0.0001 0.0002 

< < 

- - - -

Toluene Xylenes 

1 1 

0.36 3.5 

0.22 11. 9 

0.004 0.0004 

< < 

Tier l - Alberta Environmental Protection Tier I Criteria for Contaminated Soil Assessment and Remediation, March, 1994. 

'-

Alberta PST coarse - Remediation Guidelines for Petroleum Storage Tank Sites, 1994 - Soil Criteria for Groundwater Ingestion Pathway 

Alberta PST fine - Remediation Guidelines for Petroleum Storage Tank Sites, 1994 - Soil Criteria for Groundwater Ingestion Pathway -



-

TABLE 11 
CONCENTRATIONS OF POLYCY'CLIC AROMATIC HYDROCARBONS IN SOIL 

INDIAN AND NORTHERN AFFAIRS CANADA 
HAINES - FAIRBANKS PIPELINE 

Sample No. BClSOOl 

Pate sampled 7/24/95 

!Location IA.lberta Tier I CCME Large Tank 

Depth (m) Rea/ Park Com/Ind 0.3 m 

t,laphthalene 5 50 0.047 

~cenaphthylene - - 0.0056 

~cenaphthene - - 0.00092 

Fluorene - - 0.0031 

Phenanthrene 5 50 0.012 

Mthracene - - 0.0048 

Fluoranthene - - 0.00064 

Pyrene 10 100 0.034 

Benzo(a)anthracene 1 10 0.00082 

Chryaene - - 0.016 

Benzo(b)fluoranthene * 1 10 0.0076 

Benzo(k)fluoranthene * 
Benzo(e)pyrene - - 0.01 

Benzo(a)pyrene 1 10 0.0017 

Perylene - - 0.0069 

Dibenzo(a,h)anthracene 1 10 0.0012 

Indeno(l,2,3-c,d)pyrene 1 10 0. 0045 

Benzo(g,h,i)perylene - - 0.0063 

<=Leas than detection limit 
* = Benzo(a}fluoranthene and Benzo(k}fluoranthene reported as total 
CCME - Canadian Council of Ministers of the Environment - Interim Canadian 
Environmental Quality Criteria for Contaminated Sites, Sept. 1991 
Res/Park - CCME remediation criteria for Residential Parkland use 
Com/Ind. - CCME remedition criteria for Commercial Industrial land use 

-

File: 281-02 

ug/g (ppm) 

BC1S002 D01S001 
7/24/95 26-Jul-95 

Small Tank Large Tank 
0.3 m 0.4 m 

0.033 0.037 
0.00048 0.038 
0.001 0.0049 

0.0021 0.0049 
0.017 0.011 

0.0021 0.0034 

0.0082 0.0021 
0.032 0.018 
0.004 0. 0014 
0.014 0.0087 
0.015 0.0062 

0.026 0.0078 
0.0089 0.00094 
0.015 0.0069 

0.0023 0. 0011 
0.0073 0.0032 
0.056 0.0071 

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

DB1S00l 
27-Jul-95 

Large Tank 
0.3 m 

0.011 
0.042 
0.03 

0.0024 
0.0033 
0.0012 

0.00022 
0.0031 

< 
0.00079 
0.00023 

0.00057 

< 
< 

< 

< 

< 

- -

DB1S005 DB1S005 
27-Jul-95 27-Jul-95 

Garage Dupl. 
0.3 m o. 3 m 

0. 0016 0.0016 
0.0001 < 

< < 
0.00015 0.00017 
0. 00096 0.00082 

< < 

0.0007 0.00084 
0.00095 0.00086 
0.0002 0.00024 

0.00062 0.00055 
0.0002 0.00033 

< 0.00036 

< < 
< < 

< < 

< < 

< 0.00024 

a - -



--------- - ---- .. -

TABLE 12 

CONCENTRATIONS OF TOTAL EXTRACTABLE HYDROCARBONS (TEH) IN SOIL 

INDIAN AND NORTHERN AFFAIRS CANADA 
HAINES - FAIRBANKS PIPELINE 

File: 281-02 
ug/g (ppm) 

Detection 

Sample No. Location Sample Date Result Limit 

BClSOOl Large Fuel Tank 24-Jul-95 450 20 

BC1S002 Small Fuel Tank 24-Jul-95 75 20 

BC1S003 AST east of building 24-Jul-95 < 20 

DOlSOOl Large Fuel Tank 26-Jul-95 3100 20 

D01S003 North of apartment AST 26-Jul-95 140 20 

D01S004 Tower tank - south 26-Jul-95 130 20 

DB1S002 AST west of building 27-Jul-95 < 20 

DB1S005 Small garage@ highway 27-Jul-95 < 20 

<=Less than detection limit 
Remediation Guidelines for Petroleum Storage Tank Sites, 1994 

Soil Criteria for Ground water Ingestion Pathway - Coarse-Grained and Fine-Grained 5000 ug/g 

- -



TABLE 13 
CONCENTRATION OP PESTICIDES AND POLYCBLORINATED BIPBENYLS IN SOIL 

INDIAN AND NORTHERN AFFAIRS CANADA 
RAINES - FAIRBANKS PIPELINE 

Pile: 281-02 
ug/g (ppm) 

Sample No. BClS004 D01S002 D01SOOS 
Date Sampled Criteria 24-Jul-95 26-Jul-95 26-Jul-95 

Location CCME West side Incinerator Pump 
Residential Commercial building . building 

Hexachlorobenzene < 0.00002 0.00001 
alpha HCH < < < 
beta HCH < < < 
gamma HCH < < < 
Heptachlor < < < 

Aldrin 0.00015 0.00006 0.00006 
Oxychlordane < < < 

trans-Chlordane < < < 

cis-Chlordane < < < 

o,p' -DOE < < < 

p,p' -ODE 0.01 0.00005 0. 00002 
trans-Nonachlor < < < 

cis-Nonachlor < < < 

o,p' -DOD < < < 

p,p' -DOD < < 0.00007 

p,p' -DOT 0.03 0.00042 0. 0014 

Mirex < < < 

Heptachlor Epoxide < < < 

alpha-Endosulphan < < < 

Dieldrin 0.00012 < 0.00002 

Endrin < < < 

Methoxychlor < < < 

Aroclor 1242* 5 so < < < 

Aroclor 1254* 0.039 0.00057 < 

Aroclor 1260* 0.047 0.00006 0.00057 

* Includes Aroclor 1242,1254 and 1260 
CCME - Canadian Council of Ministers of the Environment - Interim Canadian 

Environmental Quality Criteria for Contaminated Sites, Sept. 1991 
Res/Park - CCME remediation criteria for Residential Parkland use 
Com/Ind. - CCME remedition criteria for Commercial Industrial land use 

D01S006 

26-Jul-95 
Landfill 

0.000006 

< 

< 

< 

< 

0.00006 
0.00004 

0.00002 
0.00003 

< 

0.00005 

< 

< 

< 

0.00003 
0.00042 

< 

< 

< 

< 

< 

< 

< 

0.00066 
0.0006 

1: 

-
I 
I 
I 

DB1S003 
27-Jul-95 

Pump 

building 
0.00006 I 

< 

< 

< -1 
< 

0.00006 

< 

0.0009 
0.00011 

< 

0.00004 
0.00004 I 

< 

< 

< 

0.00091 I 
0.00003 

< 

< 

0.00003 I 
< 

< 

< 

0.0063 I 
0.035 

I 
I 
I 
I 
I 
I 



.. - _ ....... - -- - -------

TABLE 14 
CONCENTRATION OF PHENOXY HERBICIDES IN SOIL 

INDIAN AND NORTHERN AFFAIRS CANADA 
HAINES - FAIRBANKS PIPELINE 

File: 281-02 
ug/g (ppm) 

Detection Sample No. 

Parameter Limit D01S002 D01S006 

Dicamba 0.005 < < 

2,4-D 0.005 < < 

2,4-DB 0.005 < < 

MCPA 0.005 < < 

MCPP 0.005 < < 

Picloram 0.1 < < 

2,4,5-T 0.005 < < 

2,4,5-TP 0.005 < < 

- - -



.. -

TABLE 15 
CONCENTRATION OP METALS IN SOIL 

INDIAN AND NORTHERN APPAIRS CANADA 

HAINES - PAIRBANKS PIPELINE 
Pila: 281-02 

ug/g (ppm) 

CCME Det.ection Sample Numbers 

Parameter Tier I PST Res/Park Com/Ind Limit BC1S00l BC1S002 BC1S005 D01S00l D01S002 D01S003 D<HS004 D01S006 I DB1S00l I DB15002 I DB1S005 

t.imony 20 40 10 < < < < < < < < 

10 30 50 0.05 2.3 1.2 2.6 l. 8 l. 8 2.7 l. 3 2.1 3 I 5 I 3.5 

600 500 2000 0.1 48 24 105 54 39 122 4l 62 166 55 63 

5 4 8 l < < < < < < < < < 

0.5 19 17 23 20 21 24 20 16 32 28 I 25 

l 5 20 0.25 < 0.53 < < < 0.28 < < 0.28 0.8 

(~otall 100 250 800 2 21 48 29 44 40 53 39 25 80 62 49 

20 50 300 l 7 6 10 12 12 12 10 9 18 16 13 

'opper 80 100 500 l 26 26 43 31 49 34 28 27 61 41 39 

r 
50 50 500 1000 l }#'if !M 3 15 22 25 6 2 52 82 6 

ercury 0.2 2 10 0.001 0.01 0.008 0.013 0.013 0.019 0.042 0.019 0.013 0.049 0.07 0.04 

olybdenum 4 10 40 4 < < < < < < < < < < < 

ickel 40 100 500 2 17 16 22 ??JK@t 32 37 24 

elenium 2 3 10 0.5 < < < < < < < < < < < 

ilver 20 40 2 < < < < < < < < < < 

'hallium l 

in so 50 

I 
300 

I 
5 

I 
5 

I 
< 

I 
< 

J _ _;:_J < 

J_ 
< L_:~~ L~~_J _t:3_ l(.;~.<1 ~~nadium 100 200 0.5 56 30 65 57 70 54 

inc 120 500 1500 l s0 96 47 60 61 51 

<=Less than detection limit 
>Tier I - Alberta Environmental Protection Tier I Criteria for contaminated Soil Assessment and Remediation 
PST - Remediation Guidelines for Petroleum Storage Tank Sites, 1994 - Soil Criteria for Groundwater Ingestion Pathway - Coarse 
C0'1E - Canadian council of Ministers of the Environment - Interim Canadian 
Environmental Quality criteria for contaminated Sites, Sept. 1991 
Reef.Park - CCME remediation criteria for Residential Parkland use 
com/Ind. - CCME remedition criteria for commercial Industrial land use 

- 1111111 411111 - .. - - - - - - 111111 -

grained soil 

- ,~ 



- - - - - - - - - -

Criteria 
Alberta PST 

Parameter ~AL 

Benzene 5 300 

llthylben:zene 2.4 700 

Toluene 24 300 

Xylenes 300 -

<=Less than detection limit 

TABLE 16 
CONCENTRATIONS OF BTBX IN SURFACE~ GROUNDWATER 

INDIAN AND NORTHERN AFFAIRS CANADA 

BAINES - FAIRBANJCS PIPELINE 
File: 281-02 

ug/g (ppm) 

Sample Numbers 

CCMB BClGWOOl DWlWOOl D01BS003 

DW 24-Jul-95 26-Jul-95 26-Jul-95 

5 ND ND ND 

<=2.4 ND ND ND 

<::a:24 ND ND ND 

<=300 ND ND ND 

.. .. - ... -

D01BS003 DBlGWOOl DBlGWOOl Trip 
Dupl. 28-Jul-95 Dupl. Blank 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

Alberta PST - Remediation Guidelines for Petroleum Storage Tank Sites, 1994 - Groundwater Criteria for Groundwater Ingestion Pathway 

-

CCMB - Canadian council of Ministers of the Bnvironment - Interim Canadian Bnvironmental Quality Criteria for Contaminated Sites, Sept. 1991 

A - Assessment Criteria 

PAL - Freshwater Aquatic Life Criteria 

>DW - Drinking Water Criteria 

- - -

.. 



.. .. 

TABLE 17 

CONCENTRATION OF POLYCYCLIC AROMATIC HYDROCARBONS IN SURFACE AND GROUNDWATER 
INDIAN AND·NORTHERN AFFAIRS CANADA 

HAINES - FAIRBANKS PIPELINE 
File: 281-02 

ug/g (ppm) 

CCME 

Sample No. DW FAL BClGWOOl DOlWOOl DOlGWOOl 

Date sampled 7/24/95 7/26/95 7/26/95 

Location Concrete Entrance Water Well 

sump off highway 

Naphthalene - - ND ND 0.006 

Acenaphthylene - - ND ND ND 
Acenaphthene - - ND ND ND 

Fluorene - - ND ND ND 

Phenanthrene - - ND ND 0.0065 

Anthracene - - ND ND ND 

Fluoranthene - - ND ND 0.0024 

Pyrene - - 0.004 ND 0.0019 

Benzo(a)anthracene - - ND ND ND 

Chrysene - - 0.0042 ND ND 

Benzo(b)fluoranthene * - - ND ND ND 

Benzo(k)fluoranthene * - - ND ND ND 

Benzo(e)pyrene - - ND ND ND 

Benzo(a)pyrene 0.01 - ND ND ND 

Perylene - - ND ND ND 

Dibenzo(a,h)anthracene - - ND ND ND 

Indeno(l,2,3-c,d)pyrene - - ND ND ND 

Benzo(g,h,i)perylene - - ND ND ND 

Total PAH's - - 0.0082 ND 0.0168 

ND= Less than detection limit 

* = Benzo(a)fluoranthene and Benzo(k)fluoranthene reported as total 

CCME - Canadian Council of Ministers of the Environment - Interim Canadian 

Environmental Quality Criteria for Contaminated Sites, Sept. 1991 

DW - Drinking Water Criteria 

FAL - Freshwater Aquatic Life Criteria - ... - - - - - -· .. .. -

DBlGWOOl 

28-Jul-95 

Concrete 

sump 

0.044 

0.023 

0.0087 

ND 

0.016 

0.0036 

0.001 

0.021 

0.0024 

0. 0092 

0.0028 

0.0026 

ND 

ND 
ND 

ND 

ND 

ND 

0.1343 

.. .. - - - .. 



.. - .. ,- - - - - - - - .. .. - ... 
TABLB 18 

CONCBNTRATION OP MBTALS IN OROtJNDWATBR 
INDIAN AND NORTHBRN AFFAIRS CANADA 

HAINBS - FAIRBANKS PIPBLINB 
Pile: 281-02 

ug/L (ppb) 

Sample Numbers 

Criteria BClGWOOl DOlGWOOl DOlWOOl DB1GW00l 

CCME Alberta Detection 7/24/95 7/26/95 7/26/95 28-Jul-95 

Parameter DW PST Limit Sump Well Stream 

uminum 150 ND ND ND 

timony - 150 ND ND ND 

senic 25 1 ND 7 ND 

1000 1 16 12 42 

3 ND ND ND 

oron (total) I 5000 I I 10 ND 30 120 

5 0.2 0.7 ND ND 

10 36200 45200 139000 

(total I 50 I I 1 ND ND ND 

1 ND ND ND 

<~1000 1 5 1 2 

<=300 30 30 ND 

10 10 1 ND 1 

anganese* 

I 
<•50 3 3 

ercury 1 - 0.05 ND ND ND 

olybdenum 1 ND ND ND 

1 2 ND 3 

10 - 1 ND ND ND 

1 ND ND ND 

<=200rng/L 100 13600 25100 21800 

1 ND ND 3 

100 
10 I ND I ND I ND I (total) 1<-sooo I I 10 450 ND ND 

ND• Less than detection limit 
PST - Remediation Guidelines for Petroleum Storage TanJc Sites, 1994 - Groundwater 

Criteria for Ground Water Ingestion Pathway 
CCME - Canadian Council of Ministers of the Environment - Interim Canadian 
Environmental Quality Criteria for Contaminated Sites, Sept. 1991 

>DW - DrinJcing Water Criteria 

FAL - Freshwater Aquatic Life criteria 

* - Aesthetic Objectives Not Health-Based 

Sump 

ND 

ND 

ND 
6 

ND 

ND 

20500 

ND 

ND 

ND 

130 

7 

ND 

ND 
3 

ND 

ND 

4300 

ND 

ND 
ND 

- ... .. .. 



TABLE 19 
CONCENTRATION OF POLYCHLORINATED BIPHENYLS IN BUILDING SWABS 

INDIAN AND NORTHERN AFFAIRS CANADA 

HAINES - FAIRBANKS PIPELINE 
File: 281-02 

ug/filter 

Sample Numbers 

Parameter BC1BS001 BC1BS003 D01BS001 D01BS002 DB1BS002 DB1BS003 

Aroclor 1242 ND ND 0.047 0.029 0.01 0.0098 

Aroclor 1254 ND ND 0.074 0.19 0.058 0 .11 

Aroclor 1260 ND 0.0029 0.058 0.29 0.012 0.03 

.. - .. ,. - - - - - - --- - - - - .... 
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4.0 INTERPRETATION 

4.1 

Based on a review of the field notes and the analytical data, there is evidence to 
suggest the existence of hydrocarbon contamination in the upper soil stratigraphy 
(0.75 m) surrounding the fuel storage tanks at each site. However, the indicated 
concentrations of hydrocarbons in soil suggest no restrictions on future site uses. 
Trace concentrations of pesticides and metals were indicated at all three sites; 
however, the indicated concentrations did not suggest widespread contamination. 
Indicated concentrations of lead in soil samples collected at the Beaver Creek site 
suggest some contamination of soil possibly associated with the use of leaded fuels. 
However, the indicated concentrations do not exceed the residential or commercial 
CCME criteria for lead concentrations in soil. The analyses of soil samples also 
indicated concentrations of nickel in excess of the Alberta Tier I criterion but not 
the CCME residential or commercial criteria. The indicated concentrations of nickel 
suggest that they may be indicative of the regional geological mineralization in the 
area. In general, none of the indicated concentrations of potential contaminants 
contained in near surface soil preclude the use of the three pump station sites for 
any future site use. However, caution should be exercised when interpreting the 
results, as these conclusions are only based on a cursory sampling of the surface 
and near surface soil at all sites. In areas of hydrocarbon storage there is 
evidence to suggest past spills of hydrocarbons at all three sites. Based on the 
length of time these sites have been inactive, it is possible that the hydrocarbon 
concentrations in near surface soils have decreased due to natural biodegradation 
and aeration of the soil. Therefore, the migration of hydrocarbons in the 
subsurface could potentially have impacted the groundwater (as indicated at the 
Donjek pumping station). 

4.2 

Analytical results collected from surface and groundwater at each site suggest some 
minor impact to groundwater. However, the sampling of groundwater was limited to 
sumps at two of the sites and should therefore not be considered representative of 
ambient groundwater conditions. The trace concentrations of hydrocarbons and metals 
in the groundwater samples are likely a result of spills and/or leaks from the pipe 
line and valves contained in the sumps, and corrosion of the pipes and valves. 
However, analysis of the sample collected from the former water well located at 
Donjek indicates trace concentrations of polycyclic aromatic hydrocarbons in the 
water. The water well at Donjek is located downgradient of the fuel storage tanks 
(ASTs). The analytical results suggest that the groundwater has been impacted at 
this site. 

4.3 ~ 

A review of the analytical data suggests that trace concentrations of PCBs are found 
on walls within the pumping stations at each of the three inspected sites. This may 
be due to transformers connected to the powerplants at each pumping station. 



4.4 Landfills 

Results of the geophysical survey indicated buried metallic anomalies at all three 
sites. However, only the Beaver Creek and Donjek Pump station sites appeared to 
have organized landfills. The geophysical survey completed at the Destruction Bay 
site indicated widespread, scattered, metallic objects with no definite 
concentration of waste. Beaver Creek and Donjek Pump stations had waste disposal 
areas defined by clearings in the surrounding forest and evidence of an organized 
deposition of waste. Hand-advanced test pits at the Donj ek site confirmed the 
presence of waste overlain with at least 0.3 metres of clayey silt. Excavations at 
Beaver Creek did not confirm the presence of waste; however, the cover at this site 
was gravel-rich with an abundance of boulders, making the excavation difficult. 

The waste area at Beaver Creek is located 200 metres north northeast of the main 
compound. It measures approximately 50 metres in length (east west) by 25 metres. 
The waste area at Donjek is located 500 metres north northeast of the main compound 
and measures approximately 75 metres (east west) by 40 metres. 

The analysis of building materials at the Donjek pumping station confirmed the 
presence of asbestos in tank and pipe wrapping within the apartment complex. Future 
demolition activities should utilize personal protection during decommissioning 
activities and when handling potentially asbestos containing material (ACM). All 
potential ACM should be disposed of and handled in a manner acceptable to the 
Workers Compensation Board. 
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5.0 SITE SENSITIVITY ANALYSIS (ANALYSIS OF RISK) 

The site sensitivity analysis established by the Province of Alberta classifies a 
site according to its sensitivity (high, moderate or low) based on a number of 
factors governing the likelihood of impact and the receptor sensitivity (Alberta 
Environmental Protection, 1994). This process is defined in the Alberta Remediation 
Guidelines for Petroleum Storage Sites. Based on the guidelines, a site's 
sensitivity for ingestion and/or inhalation by humans may be ascertained. 

Appendix I contains the flow charts used to ascertain the site sensitivity and the 
level of risk management to be used at each site. Table 9 summarizes the analysis 
of each site's sensitivity and the resulting level of risk management. 

TABLE 20 
SUMMARY OF SITE SENSITIVITY AND RISK ANALYSIS 

BEAVER CREEK, DONJEK AND DESTRUCTION BAY P'OHP STATIONS 

FACTOR STATION 

BEAVER CREEK DONJEK DESTRUCTION 
BAY 

Ingestion Sensitivity 
Assessment 

Receptor Sensitivity low low low 

Likelihood of Impact medium/low medium/low medium/low 

Site Sensitivity NR NR NR 
Ranking 

Inhalation Sensitivity 
Assessment 

Receptor Sensitivity low low low 

Likelihood of Impact low low low 

Site Sensitivity low low low 
Ranking 

RISK MANAGEMENT Coarse-grained Fine-grained Coarse-grained 
CRITERIA soil: soil: soils 

Low (Level Low (Level Low (Level 
III) III) III) 

NR - No Response Required 



5.1 Risk Relating to Ingestion of Water 

Following the guidelines defined in the Alberta Remediation Guidelines for Petroleum 
Storage Sites, the likelihood of human ingestion of water is low at all three sites. 
The water sources are downgradient and have no present or potential future usage. 
The likelihood of impact on downgradient water sources, using the definitions 
contained within the Guidelines, (i.e. > 500 metres downgradient) , is "low". Based 
on the overall site sensitivity ranking, no response may be required for the three 
sites. 

5.2 Risk Relating to Inhalation of Vapours Prom Soil and Groundwater 

Based on the guidelines established by the Alberta Environmental Protection, the 
site sensitivity for inhalation by humans is low and the likelihood of impact is 
low. 

5.3 Required Leyel of Risk Management 

Based on the aforementioned analyses of site sensitivity and receptors, and based 
on the sites' physical parameters (coarse-grained soil at Beaver Creek and 
Destruction Bay, and fine-grained soil at Donjek), the Level III criteria for 
coarse-grained soil should be used to manage the risk associated with the remaining 
hydrocarbon contamination at the Beaver Creek and Destruction Bay sites. The Level 
III criteria for fine-grained soil should be used at the Donjek site (Table 9). 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 

' I 



I 
I 
I 
I 
I 
I 

I 
I 
~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6.0 RECOMMENDATIONS 

Based on the preceding results and interpretations, Lorimer and Associates recommend 
further exploratory work at all three former pumping station sites. Exploratory 
work should consist of the installation of at least two monitoring wells 
downgradient of the suspected landfills and one upgradient. Groundwater should be 
analysed for concentrations of suspected contaminants such as phenoxy herbicides, 
hydrocarbons, metals and PCBs. In addition, some limited testpit excavations may 
be considered at Beaver Creek and Destruction Bay in order to confirm the presence 
of buried waste. This confirmation has already been carried out at Donjek. 

Further groundwater monitoring should be considered at all three sites in the areas 
immediately surrounding the fuel storage sites. At the Donjek pumping station, 
groundwater collected from the water well contained trace concentrations of 
hydrocarbons. The potential for impact of hydrocarbons on the groundwater should be 
considered. The water well at Donjek should be capped to prevent future use as a 

drinking water supply. 

Any future decommissioning activities should include provisions for the protection 
of workers from friable Asbestos Containing Material (ACM). Disposal of potential 
ACM should follow the recommendations of the Workers Compensation Board. 



7.0 STANDARD LIMITATIONS 

This report was prepared by Lorimer and Associates in association with Hemmera 
Resource Consultants Ltd. for the account of Indian and Northern Affairs Canada. 
The material in it reflects Lorimer and Associates and Hemmera Resource Consultants 
Ltd. judgment in light of the information available to them at the time of 
preparation. Any use which a Third Party makes of this report, including any 
reliance on decisions based on it, are the responsibility of such Third Parties. 
Lorimer and Associates and Hemmera Resource Consultants accept no responsibility for 
damages, if any, suffered by any Third Party as a result of decisions made or 
actions based on this report. 
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INFORMATION SOURCES 

The following sources of information were utilized during the development of the 
history of each of the pumping station sites. 

Airphotos 

Flight Line Frames Year Comments 

Donjek 

AllOOO 299-300 1947 Prior to Construction 
A15278 90-91 1957 
A18396 155-157 1964 
A22997 60-61 1972 High Level 
A24176 178-179 1975 

Beaver creek 

A18476 8 1964 Infrared 
A18535 41-42 1964 High Level 
A18395 122-123 1967 
A24208 75-76 1975 
A25288 50-51 1979 High Level 

Destruction Bay 

Al1068 92-93 1947 Prior to construction 
A14960 1-2 1955 High Level 
A15739 37-38 1957 High Level 
Al8396 61-62 1964 
A23000 74-75 1972 High Level 
A24208 182-183 1975 

Referenc;ea 

K. Bisset & Associates. 1995. Report to Arctic Environmental Strategy, Indian 
and Northern Affairs Canada. Research of Former Military Sites and 
Activities in the Yukon. July 8, 1995. 

(Used to obtain information from former employ••• and local residents) 

Garfield, D.E. et. al. 1977. Haines-Fairbanks Pipeline, Design, Construction 
and Operation. Special Report 77-4. February 1977. 

Petroleum Distribution Office USARAL Support Command. 1966. General Description 
of Facilities USARAL Support Command Petroleum Distribution Office. 
Prepared for Headquarters United States Army, Alaska Support Command 
Petroleum Distribution Office APO Seattle 98749. January 1, 1966. 

Rickard, W.E. Deneke, F. 1972. Preliminary Investigation of Petroleum Spillage, 
Haines-Fairbanks Military Pipeline, Alaska. Prepared for Army Research 
Office, Life Sciences Division DA Project 2N06l102B71D by Corps of 
Engineers, U.S. Army Cold Regions Research and Engineering Laboratory. 
Hanover, New Hampshire. April 1972 . 



172D Infantry Brigade (Alaska). 1982. Pamphlet 360-1. Description of Alaskan 
Military Petroleum Facilities. January 15, 1982 
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3.0 HEAL TH AND SAFETY 

The purpose of the Safety Execution Plan (SEP) is to establish requirements for protecting the 
health and safety of field personnel during the activities conducted on the site. The SEP has been 
prepared to ensure that the consulting and geophysical personnel are suitably protected during 
drilling and sampling operations until such time as the soils have been confirmed to be at non­
hazardous levels. The plan contains safety information, instruction and procedures. 

3.1 Scope and Objectives 

The objectives of the SEP are to protect the health and ensure the safety of personnel on the site by 
specifying standard safety procedures; outlining the types of personal protection and safety 
equipment which will be required on this site; describing clean up procedures; and providing 
emergency procedures should they be needed. The guidelines issued by the U.S. National Institute 
for Occupational Safety and Health (NIOSH) were used as a reference to develop this plan. 
Normal OH&S requirements for field personnel will apply. The enforcement of the plan will 

. . include the following: 

• 
• 
• 
• 
• 
• • • 

Site reconnaissance and the identification of known hazards and evaluation of the risks 
associated with the site activities. 
List of key personnel responsible for site safety, response operatives and the protection of 
team members. 
Description of the levels of protection required . 
Delineation of the work areas . 
Description of decontamination procedures for personnel and equipment. 
Establishment of emergency procedures . 
Emergency medical aid for injuries and toxicological problems. 
Establishment of procedures for protection of the field teams from weather . 

If it becomes necessary to vary the procedures described in this SEP, INAC will be immediately 
notified in writing by the Consultant. Any subcontractors involved in the activities will be made 
aware of the procedures and will be responsible for ensuring their staff conform to the most recent 
version of the SEP. 

3.2 Site Characterization 

The NIOSH guidelines for assessing chemical and physical hazards will be used by the Consultant 
to determine the level of worker protection required when working around excavated soils. The 
type and level of worker protection will be reviewed after receipt of testing results, and will be 
further reviewed as the amount of information on the chemical and physical nature of the soils 
increases. The level of worker protection may be adjusted as the site characterization becomes 
more refined. Adjustments to the level of protection will be determined by the Consultant and will 
be supplied immediately to any contractors and subcontractors involved in the activities in the 
program. 
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3.3 Standard Safety Procedures 
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The health and safety officer (HSO) designated for this program will be the team leader, Mr. 
Bruce Willmer. The HSO will have the responsibility of ensuring that the appropriate safety 
procedures, as outlined in this document, are followed with regard to the site activities. The 
fundamental safety guidelines for which the HSO will be responsible in overseeing are described in 
the following sections. 

Under normal circumstances, NIOSH Level D protective gear will be adequate for all personnel 
on-site. 

The first day procedure at each site will be for the HSO to inspect the soil and ascertain whether 
organic vapours are at concentrations of concern prior to sampling. Based on previous 
investigations of the sites, and on our initial reconnaissance, we have no reason to believe that this 
will be the case. The HSO may monitor the air quality during sampling to confirm that the safety 
precautions are appropriate. The air quality may be monitored on a regular basis by the HSO for 
comparison to earlier findings. The air quality monitoring program may be increased or reduced 
depending on results of initial test results. 

If any suspicious material is encountered a site safety meeting will be held to review this plan. 

3.4 Site Personnel Requirements 

Site personnel must: 

· • be aware of the potential hazards which they may encounter on the site and follow set 
procedures in the event of emergency; 

• avoid unprotected contact with any contaminated soil or moisture from the soil due to 
walking through the soil, kneeling or sitting in the sampling area, or from equipment 
which may have come in contact with the soil; 

• remove contact lenses if they begin to create irritation due to dust or organic vapours; 
• wear required protective equipment at all times while in the sampling area. If vapours are 

encountered personnel having any facial hair or jewellery which would interfere with the 
proper functioning of the safety equipment should retreat from the site; and 

• all personnel should shower at the end of each day. 

Site personnel must NOT: 

• consume any food or drink, chew gum or tobacco, or smoke while sampling; 
• consume any alcoholic beverages, or prescription drugs which may have a deleterious 

effect on their abilities to perform their tasks during the day in which they are sampling; 
and 

• act in any way which is less than completely professional and safe. 
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3.5 NIOSH Level D Protective Equipment 
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NIOSH Level D protection is expected to provide a proper level of protection for personnel in 
direct contact with soils at these sites. The characteristics of NIOSH Level D protective 
equipment include: 

Required: 

• work coveralls; 
• safety glasses and/or goggles; 
• safety boots with steel toe and shank; and 
• hard hat. 

Contingency: 

• sunscreen; 
• MSHA/NIOSH approved filter-type respirators with OV/AG/Hepa filter cartridges; 
• tear resistant tape to repair small rips in tyvek coveralls; 
• if handling potentially sharp objects (glass, metallic objects, etc.) then a suitable protective 

outer glove must be worn; 
• disposable outer boots; and 
• hearing protection if working around machinery for any length of time. 

3.6 Safety and Emergency Equipment 

The following equipment should always be within close proximity of workers on the site: 

• first aid kit with wool and reflective blankets; 
• eyewash. 

3. 7 Wildlife Concerns 

Field team members will attempt to avoid dangerous contact with wildlife. All field team 
members will carry pepper spray canisters with them in the event of contact with bears. Team 
members will always be in visual contact with each other. All personnel will be familiar with safe 
acceptable practices for working in the wilderness. 
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3.8 Emergency Contact Numbers 
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Project Manager and Client Contact (Whitehorse), Bob Lorimer 
INAC 
Yukon Government Renewable Resources 
Wildlife Management 
Beaver Creek Nursing Station 
Beaver Creek Ambulance Service 
Burwash Landing Nursing Station 
Burwash Landing Ambulance Service 
Destruction Bay Nursing Station 
Destruction Bay Ambulance Service 

(403) 667-4146 
(403) 667-3268 
(403) 667-5683 
(403) 667-5721 
(403) 862-4444 
(403) 862-3333 
(403) 841-5401 
(403) 841-3333 
( 403) 841-4444 
(403) 841-3333 
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1.0 INTRODUCTION 

- 1 -

Lorimer and Associates in association with Hemmera Resource Consultants (Hemmera) are 
pleased to submit the following work program for the Phase II Environmental Site Assessments 
and Field Investigations of: the Donjek, Destruction Bay and Beaver Creek Pump Station sites on 
the Haines Fairbanks Pipeline. 

This work program is based on the details outlined in the RFP and information obtained through a 
review of background documents provided to Lorimer and Associates by INAC (Indian and 
Northern Affairs Canada), a preliminary site reconnaissance and an airphoto review. 

1.1 Background 

In the 1950's, the United States government constructed the Haines - Fairbanks Pipeline in order 
to supply fuels to their military installations in Alaska. This pipeline consisted of an eight inch 
multi - product line with six pumping stations located along the Canadian section. A significant 
portion of the line was installed above ground. The pipeline was decommissioned in 1972, with 
the majority of the pipe and one pumping station removed in 1990 - 1991. 

In 1994, the Arctic Environmental Strategy (AES) -Action on Waste program conducted a 
preliminary environmental investigation of four of the pumping stations. Later in the same year, 
DDT canisters were found buried near a pumping station in Northern B. C. by the British 
Columbia Ministry of Environment, Lands and Parks. As a result of these preliminary 
investigations and the discovery of the DDT canisters, the AES -Action on Waste program 
requires further information related to activities associated on and near these pumping stations in 
order to determine the environmental status of the sites. The information collected during these 
assessments and the preliminary investigations will be used to develop remediation strategies. 

The Donjek Pump Station is located at mile 248 of the pipe line at coordinates 61 °37.03N and 
139°33.09 W. The site consisted of a mainline pump building, a utility building and family 
housing. The station has been vandalized. There is at least one suspected disposal area at this site 

The Destruction Bay Pump Station is located at mile 209 of the pipe line at coordinates 
61 ° 13.65N and 138 °45.43W. The site consisted of a combination building and family housing. 
The housing units have been removed. There has been some vandalism at the site. There is at 
least one suspected disposal site in the area. 

The Beaver Creek Pump Station is located at mile 3 24 on the pipe line at coordinates 62 °24.46N 
and 140°50.99 W. The site consisted of a combination building and family housing. The housing 
units have been removed. There has been some vandalism at the site. There is at least one 
suspected disposal area at the site. 
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1.2 Scope and Objectives 
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Based on the aforementioned background information, the following tasks will be completed to 
ascertain the environmental status of these sites: 

• Prepare and implement a Response/Operation/Health & Safety Plan (included in this work 
plan); 

• Conduct a visual reconnaissance of the site; 
• Complete Phase II Sampling: 

• surface soil sampling program; 
• surface water sampling program; 
• building surface swab sampling program; 
• a soil vapour probe survey; 
• a geophysical survey to delineate and identify disposal areas, with test pitting to 

verify; 

The following sections summarize the details and methodologies for the work program. 
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2.0 WORK PROGRAM 
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The following sections summarize our proposed approach to field work at the three sites. A 
description of the proposed work, field personnel, field equipment and schedule follows. 

2.1 Personnel 

Bob Lorimer, P .Eng. - Project Manager Client Contact - Bob Lorimer will provide support 
services out of Whitehorse and will also be responsible for backup field support. 

Bruce Willmer, M.Sc., P.Geo.: Team Leader and field coordinator will be responsible for all 
data collection and ensuring that each site work plan is complete. 

Mr. Steve Wittchen - Geophysical Crew Chief will coordinate and conduct the collection of 
geophysical data. 

Mr. Paul McGee - Geophysical Assistant will assist in the collection of geophysical data. 

2.2 Field Reporting 

All field notes will be compiled in water resistant field books. All pages will be labelled with the 
date, and applicable site. Field notes will be transcribed at the project completion for insertion in 
the final report as an appendix. 

Field notes will detail all sample locations with sketch maps and coordinates of the sample 
location, suggested analyses for any samples collected based on suspected contaminant types, 

· records of photographs including the roll and picture number and details of any incidents such as 
accidents that may occur on-site. 

2.3 Field Equipment 

A list of equipment proposed for the field program follows: 

General Materials 

Field books 
Lap top 
Camera 
Maps, scales, check lists 
Video camera 

Sampling Equipment 

Power auger 
Hand auger 
Shovel and pick 
Plastic slotted PVC 0.25" 
Sample bottles 
Latex gloves 
DI water and alconox 
Photoionization detector 
Sample bags 
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Survey Equipment 

Level and rod 
30 metre tape 
Flagging tape 
Hip chain 
Clinometer 
Compass 

Geophysical Equipment 

Geonics EM-31 terrain conductivity meter 

- 4 -

Safety Equipment 

Insect repellent 
Pepper spray 
First aid kit 
Eye wash 
Organic vapour respirators 
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3.0 HEAL TH AND SAFETY 
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The purpose of the Safety Execution Plan (SEP) is to establish requirements for protecting the 
health and safety of field personnel during the activities conducted on the site. The SEP has been 
prepared to ensure that the consulting and geophysical personnel are suitably protected during 
drilling and sampling operations until such time as the soils have been confirmed to be at non­
hazardous levels. The plan contains safety information, instruction and procedures. 

3.1 Scope and Objectives 

The objectives of the SEP are to protect the health and ensure the safety of personnel on the site by 
specifying standard safety procedures; outlining the types of personal protection and safety 
equipment which will be required on this site; describing clean up procedures; and providing 
emergency procedures should they be needed. The guidelines issued by the U.S. National Institute 
for Occupational Safety and Health (NIOSH) were used as a reference to develop this plan. 
Normal OH&S requirements for field personnel will apply. The enforcement of the plan will 
include the following: 

• Site reconnaissance and the identification of known hazards and evaluation of the risks 
associated with the site activities. 

• List of key personnel responsible for site safety, response operatives and the protection of 
team members. 

• Description of the levels of protection required. 
• Delineation of the work areas. 
• Description of decontamination procedures for personnel and equipment. 
• Establishment of emergency procedures. 
• Emergency medical aid for injuries and toxicological problems. 
• Establishment of procedures for protection of the field teams from weather. 

If it becomes necessary to vary the procedures described in this SEP, INAC will be immediately 
notified in writing by the Consultant. Any subcontractors involved in the activities will be made 
aware of the procedures and will be responsible for ensuring their staff conform to the most recent 
version of the SEP. 

3.2 Site Characterization 

The NIOSH guidelines for assessing chemical and physical hazards will be used by the Consultant 
to determine the level of worker protection required when working around excavated soils. The 
type and level of worker protection will be reviewed after receipt of testing results, and will be 
further reviewed as the amount of information on the chemical and physical nature of the soils 
increases. The level of worker protection may be adjusted as the site characterization becomes 
more refined. Adjustments to the level of protection will be determined by the Consultant and will 
be supplied immediately to any contractors and subcontractors involved in the activities in the 
program. 
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3.3 Standard Safety Procedures 
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The health and safety officer (HSO) designated for this program will be the team leader, Mr. 
Bruce Willmer. The HSO will have the responsibility of ensuring that the appropriate safety 
procedures, as outlined in this document, are followed with regard to the site activities. The 
fundamental safety guidelines for which the HSO will be responsible in overseeing are described in 
the following sections. 

Under normal circumstances, NIOSH Level D protective gear will be adequate for all personnel 
on-site. 

The first day procedure at each site will be for the HSO to inspect the soil and ascertain whether 
organic vapours are at concentrations of concern prior to sampling. Based on previous 
investigations of the sites, and on our initial reconnaissance, we have no reason to believe that this 
will be the case. The HSO may monitor the air quality during sampling to confirm that the safety 
precautions are appropriate. The air quality may be monitored on a regular basis by the HSO for 
comparison to earlier findings. The air quality monitoring program may be increased or reduced 
depending on results of initial test results. 

If any suspicious material is encountered a site safety meeting will be held to review this plan. 

3.4 Site Personnel Requirements 

Site personnel must: 

• be aware of the potential hazards which they may encounter on the site and follow set 
procedures in the event of emergency; 

• avoid unprotected contact with any contaminated soil or moisture from the soil due to 
walking through the soil, kneeling or sitting in the sampling area, or from equipment 
which may have come in contact with the soil; 

• remove contact lenses if they begin to create irritation due to dust or organic vapours; 
• wear required protective equipment at all times while in the sampling area. If vapours are 

encountered personnel having any facial hair or jewellery which would interfere with the 
proper functioning of the safety equipment should retreat from the site; and 

• all personnel should shower at the end of each day. 

Site personnel must NOT: 

• consume any food or drink, chew gum or tobacco, or smoke while sampling; 
• consume any alcoholic beverages, or prescription drugs which may have a deleterious 

effect on their abilities to perform their tasks during the day in which they are sampling; 
and 

• act in any way which is less than completely professional and safe. 
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3.5 NIOSH Level D Protective Equipment 
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NIOSH Level D protection is expected to provide a proper level of protection for personnel in 
direct contact with soils at these sites. The characteristics of NIOSH Level D protective 
equipment include: 

Required: 

• work coveralls; 
• safety glasses and/or goggles; 
• safety boots with steel toe and shank; and 
• hard hat. 

Contingency: 

• sunscreen; 
• MSHA/NIOSH approved filter-type respirators with OV / AG/Hepa filter cartridges; 
• tear resistant tape to repair small rips in tyvek coveralls; 
• - if handling potentially sharp objects (glass, metallic objects, etc.) then a suitable protective 

outer glove must be worn; 
• disposable outer boots; and 
• hearing protection if working around machinery for any length of time. 

3.6 Safety and Emergency Equipment 

The following equipment should always be within close proximity of workers on the site: 

• first aid kit with wool and reflective blankets; 
• eyewash. 

3.7 Wildlife Concerns 

Field team members will attempt to avoid dangerous contact with wildlife. All field team 
members will carry pepper spray canisters with them in the event of contact with bears. Team 
members will always be in visual contact with each other. All personnel will be familiar with safe 
acceptable practices for working in the wilderness. 
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Project Manager and Client Contact (Whitehorse), Bob Lorimer 
INAC 
Yukon Government Renewable Resources 
Wildlife Management 
Beaver Creek Nursing Station 
Beaver Creek Ambulance Service 
Burwash Landing Nursing Station 
Burwash Landing Ambulance Service 
Destruction Bay Nursing Station 
Destruction Bay Ambulance Service 

(403) 667-4146 
(403) 667-3268 
(403) 667-5683 
(403) 667-5721 
(403) 862-4444 
(403) 862-3333 
( 403) 841-5401 
(403) 841-3333 
(403) 841-4444 
(403) 841-3333 
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4.0 WORK PROGRAM AND SITE CHECK LISTS 

The following sections will summarize in table format the proposed field program for each of the 
three sites. Sampling protocol for both soil and surface water will follow the QA/QC protocol 
described in our proposal dated May 26, 1995. Soil samples will be screened in the field using a 
PIO in order to detect volatile contaminant concentrations. Surface water will be screened in the 
field for the parameters of pH, conductivity and temperature. 

Samples will be submitted to Axys Analytical Services Ltd. of Sidney, B.C. The requested 
analyses will be as per the Terms of Reference provided to Lorimer and Associates. Copies of the 
sample Chain of Custody forms will be forwarded to INAC for its use in tracking the laboratory 
testing program. 

Sample locations for each site will expand upon the preliminary sampling completed for INAC in 
June 1994. 
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4.1 Beaver Creek 

Date of Investigation: 
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July 23 and 24th, 1995 
Comments: 
Objective: 

One suspected landfill site (possible additional landfill) 
Delineate potential hydrocarbon contamination and 
lateral/vertical extent of landfill 

4.1.1 Investigation Program 

July 23, 1995 

• Install vapour monitoring points. 
• Install geophysical grid. 

July 24, 1995 

• Complete the geophysical survey. 
• Completion of soil vapour survey. 
• Sample soil and surface water. 
• Excavate test holes in areas of high risk and downslope oflandfills. 
• Obtain soil samples for laboratory analyses. 
• Obtain surf ace swab samples. 

4.1.2 Laboratory Program 

Soil and Swab Samples 
* Sample collected for potential future analyses 

# of Samples Analyses Cost Total Cost 

4 TEH $125 $500 

4 BTEX $150 $600 

4 PAH $345 $1,380 

4 Metals $105 $420 

4 Phenoxy Herbicides $350 $1,400 

4 Fenuron $250 $1,000 

4 PCBs and pesticides $485 $1,940 

4 Dioxins/Furans* 

4 PCBs (swabs) $285 $1,140 

TOTAL $8,380 
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Water Samples 

# of Samples Analyses 

4 Phenoxy Herbicides 

4 Fenuron 

4 BTEX 

4 Metals (Total and 
dissolved) 

4 PCBs and Pesticides 

4 PAH 

Total 

Cost Total Cost 

$350 $1,400 

$250 $1000 

$150 $600 

$240 $960 

$485 $1,940 

$345 $1,380 

$7,280 

Two to three shallow, hand augered boreholes will be advanced in areas of fuel storage and former 
work/ garage areas. Profiles ofheadspace will be collected for each borehole to an approximate 
depth of 1 metre. Worst case samples, as indicated by headspace, will be submitted to the project 
laboratory for testing. 

Two hand augered borehole / excavations will be advanced downslope of the landfill area and one 
upslope of the landfill area. Soil samples will be collected for submission to the project 
laboratory. 

In addition, at least one or two hand augered borehole / excavations will be advanced over the 
waste piles where the geophysical survey indicates anomalies. These will be advanced with 
extreme caution in order to confirm the presence of waste and to avoid puncturing any potentially 
buried drums. Suspect soil will be procured for submission to the project laboratory. 

A soil vapour survey will be completed at a minimum of ten sample points. The vapour survey 
will focus on the former fuel storage areas and garage / work areas of the pump stations. If the 
borehole / excavations within the landfill areas indicate potential fuel disposal, then the soil 
vapour survey will be extended to include the landfills. 



Indian and Northern Affairs Canada 
Field Program - Phase II Assessment 

4.1.3 Check List 

Item 

Survey grid with references to landmarks 
for geophysical data collection. Mark on 
site plan and airphotos. 

Completion of geophysical survey and 
identification of anomalies. 

Completion of vapour survey 

Location of soil sampling sites. Mark on 
site plan and airphotos. 

Soil descriptions 

Photographic documentation 

Analytical results 

-12-

Personnel Completed 
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4.2 Donjek 

Date of Investigation: 
Comments: 

- 13 -

July 25 and 26th, 1995 
One suspected landfill site 

Objective: Delineate potential hydrocarbon contamination and 
lateral/vertical extent of landfill 

4.2.1 Investigation Program 

July 25, 1995 

• Install vapour monitoring points. 
• Install geophysical grid. 

July 26, 1995 

• Completion of geophysical survey. 
• Completion of vapour survey. 
• Sample soil, surface water and asbestos wrapping on old boiler. 
• Excavate test holes in areas of high risk and downslope oflandfill. 
• Obtain soil samples for laboratory analyses. 
• Obtain surface swab samples. 

4.2.2 Laboratory Program 

Soil and Swab Samples 
* Sample collected for potential future analyses 

# of Samples Analyses Cost Total Cost 

4 TEH $125 $500 

4 BTEX $150 $600 

4 PAH $345 $1,380 

4 Metals $105 $420 

4 Phenoxy Herbicides $350 $1,400 

4 Fenuron $250 $1,000 

4 PCBs and pesticides $485 $1,940 

4 Dioxins/Furans* 

4 PCBs (swabs) $285 $1,140 

TOTAL $8,380 
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Water Samples 

# of Samples Analyses 

4 Phenoxy Herbicides 

4 Fenuron 

4 BTEX 

4 Metals (Total and 
dissolved) 

4 PCBs and Pesticides 

4 PAH 

Total 

Asbestos Samples 

# of Samples Analyses 

2 Asbestos 

Total 

Cost Total Cost 

$350 $1,400 

$250 $1000 

$150 $600 

$240 $960 

$485 $1,940 

$345 $1,380 

$7,280 

Cost Total Cost 

· Two to three shallow, hand augered boreholes will be advanced in areas of fuel storage and former 
work/ garage areas. Profiles ofheadspace will be collected for each borehole to an approximate 
depth of 1 metre. Worst case samples, as indicated by headspace, will be submitted to the project 
laboratory for testing. 

Two hand augered borehole/ excavations will be advanced downslope of the landfill area and one 
upslope of the landfill area. Soil samples will be collected for submission to the project 
laboratory. 

In addition, at least one or two hand augered borehole / excavations will be advanced over the 
waste piles where the geophysical survey indicates anomalies. These will be advanced with 
extreme caution in order to confirm the presence of waste and to avoid puncturing any potentially 
buried drums. Suspect soil will be procured for submission to the project laboratory. 

A soil vapour survey will be completed at a minimum of ten sample points. The vapour survey 
will focus on the former fuel storage areas and garage / work areas of the pump stations. If the 
borehole / excavations within the landfill areas indicate potential fuel disposal, then the soil 
vapour survey will be extended to include the landfills. 
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4.2.3 Check List 

Item 

Survey grid with references to landmarks 
for geophysical data collection. Mark on 
site plan and airphotos. 

Completion of geophysical survey and 
identification of anomalies. 

Completion of soil vapour survey 

Location of soil sampling sites. Mark on 
site plan and airphotos. 

Soil descriptions 

Photographic documentation 

Analytical results 

-15 -

Personnel Completed 
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4.3 Destruction Bay 

Date of Investigation: July 27 and 28th, 1995 
Comments: 

Objective: 

One suspected landfill site (potentially 2 to 3 additional landfills 
which may or may not be related to the pipeline) 
Delineate potential hydrocarbon contamination and 
lateral/vertical extent of landfill 

4.3.1 Investigation Program 

4.3.2 

July 27, 1995 

• Install vapour monitoring points. 
• Install geophysical grid. 

July 28, 1995 

• Completion of the geophysical survey. 
• Completion of soil vapour survey. 
• Sample soil and surface water. 
• Excavate test holes in areas of high risk and downslope oflandfill. 
• Obtain soil samples for laboratory analyses. 
• Obtain surface swab samples. 

Laboratory Program 

Soil and Swab Samples 
* Sample collected for potential future analyses 

# of Samples Analyses Cost Total Cost 

4 TEH $125 $500 

4 BTEX $150 $600 

4 PAH $345 $1,380 

4 Metals $105 $420 

4 Phenoxy Herbicides $350 $1,400 

4 Fenuron $250 $1,000 

4 PCBs and pesticides $485 $1,940 

4 Dioxins/Furans* 

4 PCBs (swabs) $285 $1,140 

TOTAL $8,380 
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Water Samples 

# of Samples Analyses 

4 Phenoxy Herbicides 

4 Fenuron 

4 BTEX 

4 Metals (Total and 
dissolved) 

4 PCBs and Pesticides 

4 PAH 

Total 

Cost Total Cost 

$350 $1,400 

$250 $1000 

$150 $600 

$240 $960 

$485 $1,940 

$345 $1,380 

$7,280 

Two to three shallow, hand augered boreholes will be advanced in areas of fuel storage and former 
work / garage areas. Profiles of headspace will be collected for each borehole to an approximate 
depth of 1 metre. Worst case samples, as indicated by headspace, will be submitted to the project 
laboratory for testing. 

Two hand augered borehole/ excavations will be advanced downslope of the landfill area and one 
upslope of the landfill area. Soil samples will be collected for submission to the project 
laboratory. 

In addition, at least one or two hand augered borehole / excavations will be advanced over the 
waste piles where the geophysical survey indicates anomalies. These will be advanced "ith 
extreme caution in order to confirm the presence of waste and to avoid puncturing any potentially 
buried drums. Suspect soil will be procured for submission to the project laboratory. 

A soil vapour survey will be completed at a minimum often sample points. The vapour survey 
will focus on the former fuel storage areas and garage / work areas of the pump stations. If the 
borehole / excavations within the landfill areas indicate potential fuel disposal, then the soil 
vapour survey will be extended to include the landfills. 
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4.3.3 Check List 

Item 

Survey grid with references to landmarks 
for geophysical data collection. Mark on 
site plan and airphotos. 

Completion of geophysical survey and 
identification of anomalies. 

Completion of soil vapour survey 

Location of soil sampling sites. Mark on 
site plan and airphotos. 

Soil descriptions 

Photographic documentation 

Analytical results 

- 18 -

Personnel Completed 
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5.0 WORK PROGRAM COSTS AND SCHEDULING 

5.1 

Lorimer & Associates anticipate completing the aforementioned field work within the budget 
contained in our May 26, 1995 proposal to Indian and Northern Affairs Canada. This budgeting 
assumes that only one landfill at each site will be assessed using the geophysical survey. Our 
preliminary site visit and airphoto review indicated the potential for additional landfills, 
particularly at the Destruction Bay site. However, based on our discussions with INAC, Lorimer 
and Associates intend to assess the landfill most likely associated with the operation of the pump 
stations. Therefore, the landfill closest to each pump station will be included in this Phase II 
assessment. 

Scheduling 

Based on a completion date for the field work of July 28, 1995, Lorimer and Associates anticipate 
completing the Draft report on schedule or prior to the August 18th, 1995 deadline. 
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6.0 CONCLUSIONS 

- 20-

We look forward to completing the following Work Program in an expeditious manner. If you 
should have any comments, questions or concerns please contact the undersigned at (403) 667-
4146. 

Yours truly, 

LORIMER & ASSOCIATES 

Bob Lorimer, P.Eng. 
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LORIMER AND ASSOCIATES 

DONJEK PUMP STATION 

TOTAL MAGNETIC FIELD CONTOUR PLAN 

AMPLITUDE IN NANOMETRES 

INSTRUMENT: GEM OVERHAUSER MAGNETOMETER 

FRONTIER GEOSCIENCES INC. 

Date: July 1995 Fig. 3b 
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20 

LORIMER AND ASSOCIATES 

DONJEK PUMP STATION 

-----

ELECTROMAGNETIC CONDUCTIVITY CONTOUR PLAN 

AMPLITUDE IN MILLIMHOS PER METRE 

INSTRUMENT: GEONICS EM-31 

FRONTIER GEOSCIENCES INC. 

Date: July 1995 Fig. 3a 
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AUG-25-1995 1~=51 ~:·rs At,11'.;L YT I CAL 

PCB/PESTICIDE ANAL Y&IS REPORT 

CLIENT SAMPLE 1.0: ProceduTal Blank 

CLIENT: Hemn-a RNourca Co~ultanlll 

SAMPLE TYPE: Blank 

SAMPLE SIZE: 1.Q Swab 

Aroclor 1242 

Aroolor 1254 

Aroclor 1280 

1. SOL = Sample Deteclon Liml 
2, ND = Net Detec18d 

83 
120 

Concantntion 

ND 

NO 

NO 

3, NOA • Peale da'9ctltd bul did not mHt quantification cr119rla 

4. Concanttatlons ara racovery corractlld 

(SOL) 

4.8 

2.9 

2.0 

P. 04/10 

AXYS ID: CL-PF-BLK &12 12 

DATE: ~/Aug,'95 

METHOD NO.: CL-PF-01/Var.2 

INSTRUMENT: Ge.ECO 

CONCENTRATION IN: ng/swab 



AUG-25-1995 14:5,a w:'r'S ANAL YT [ CAL 

CUatT 8AMi'LE 1.p;Jlplkec:I Matrix 

CLIENT: ttepmera Reoourge Comiuttants 

Aroclor1M2 

Atoclar 1214 .t 

Al'Oelor 1280 C,.:--, 

80 

82 

600 

370 

440 

.e'11,,,. 
'"' 

;JI~ 

,-,,4 
....,,,lr 

450 

P. 0:3/10 

~S,10; (;,L-P.~~M,450 , 
, ·~ ... , ., '· Q ·, • : , ~~· 

MElrlPD *H ~~~-e.1aer.2 
lNSTRUIIENT; GC·~D 

'. , .. 'I ' . -,,., .~. :;,:~ ;. '_'. ;.t; ,·?, ,/ 

CONCENTRATION IN: ng/fllter 

111 

BO 

96 

-~-,,~ <' •• 
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AlJf'.r-25-1995 14=51 ~YS A~,lALYT !CAL 

PCB,i1'Effl1C1DE ANALYSIS REPORT 

CLIENT SAMPLE 1.0: ec,esoo, 

CL.MNT: H_,.,.,a RecoUT"ce CcnsJ,lltalft 

SAMPLE TYPE: Swab 

SAMPLE SIZE: 1,0 $Wab 

Compo&ald9 

Aroclor 1242 

.Aroclor 1254 

Aroclor 1260 

1. SOL '"" Sample Detection Limil 
2. NO • Not Detected 

75 
110 

Concentraticrt ., ' ·, · · ' 

NO '~- ~· 

ND 

ND 

3. NOA • Peak delect9d but did nol fflHt qi,,antiUcallon Cffteria 
4. Oa1a l'laVe nat bean blank COl1llded 
5. Conean1rattons ant recovery c;cinected 

,n,"1 ($DL) 

e.e 

3.7 

2.9 

•,.; ..... 

AJCYS ID: 9514-307 12 

DATE: 25/AUg/85 

METI'iOD NO.: CiL.PF-01/\'ar.2 

COI\ICENlllATION IN: ng/wwa 

_.,,; .. ..·' 

·,."' .... , .. >' 



AUG-25-1995 14:52 AXYS ANALYTICAL 

.... . . P<:B/PEST1CU>E ANAL YS($ R!PORT 

cuarr SAMPLE!. I.D: BC1BSCJCS 

CLIENT: H811111\et'8 Resoura, Consultants 

SAMPLE TYPE:· &Web 

SAMPLE81ZE: 1.oawab 

Aroclor 1254 _ 

Aroclor 1290 

1. SDL - Sample Detec1on Umil 
2. ND • Not Oelecl9d 

70 
100 

c~.i,· 

ND 

NO 

NOR 2.9 

\ ... 

a. NOR - PMk ~d but aid not meet ~11on erifeda'r • · · :·'" ·· ·. ·1, .. 
4. Data have not been blank oorrRtllcl 
5. Ccncentrationt ar• recow,y COff'eOled 

(SDL) 

12 

7.0 

2.4 

AXYS ID: 9914-30812 

DATE: 25/Aug.195 

METI-400 NO.: CL.PF-01.N•.2 

lNSTRUMENT: GC-ECD 

CONCENTR/1.TION IN: ng/swab 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·-' ' 1 ~. ,' :'•\l', .i· : . ~:·- ~- """:.' • ~ . ' .< ,, 

~· AXVS ANALYTICA.L SERVICES LTD ,.o.ecizm.20.,IMILUD.SbfY,I.C..O..ll#D.\ ¥13SI lfl16Q,4)b.Si>:811 fAXl60l165~11 

I 
I 

TClTAL P.10 
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ALJ&-25-1995 14:51 ~YS f'.:ll'JAL YT r CAL 

PCB/PESTICIDE AN...._ YSIS REPORT 

CLl&NT SAMPLE 1.0: D01BS001 

CLIENT: Hemmera RNourc. Co~ulbants 

SAMPLE lYPE: swab 

SAMPLE SIZE: 1.0 swab 

Al'OCfor 1242 

Al'QCIOr 1254 

Aroctor 1280 

SUnogata Standard• ._Recovery 

1 . SOL = Sampla Detection Limit 

2. ND - Not O.U.c1iad 

73 
120 

47 

74 

58 

3. NCA • P•Ak ~d but did riot 1114tet quantification crit.arj.a , ,_,. _ 
4, Data have not been blank conactad · · '" 

5. ~1Adions ar9 recovery comaded 

(SOL) 

4.C 

2,5 

1.0· 

AXVS 10: 9514-212 I 

DATE: 25/Aug/95 

METHOD NO.: Cl-PF-G1Ner.2 

INSTRUMENT: GC..£CD 

CONCENTRATIONIN: ng/Swab 



AUG-25-1995 14=51 R><~l'S ANAL YT I CAL 

PCB/PESTICIDE ANAL YS1$ REPORT 

CLIENT SAMP\.E I.D: D01BS002 

CLIENT: Hemmera R•ource c~ultants 

SAMPLE lYPE: Swab 

SAMPLE SIZE: 1.0 swab 

Compounds 

Atoctor 1242 

Aroclor 1254 

Aroclor1280 

Surrople Standarck 

1. SOL = Sample DetecUan Limit 

71 
93 

29 

100 

2. ND .,.. Not Detected . 
,-<\< t•f. 

3. NDA • P.ak d•t.eclad but did nat meet quenlffi:aticn critaria · ·· 

4. Data hav. not been blank correoted 
5. Ccincen1ra'lfons ara naccwary corract8d 

-----------··· .... 

(SOL) 

'4-.a 

4.7 

1.9 

AXYS ID: 9514-283 I 

OAlE: '2J5/Aug/9o 

METI-100 NO.: CL-PF-o1Ner.2 

INSTRUMENT: Ge-ECO 

CONCENTRATION IN; ng/SWllb 

Approved 

,:<"',1"'1;-· t 

c~ AXYS ANAL VTIC.A.L SERVICES LTD ,:o. iox 2219, 200 Mll1.S ID .. Sll.'NT. I.C. CAN.-ICA Vl lSI ru (!iGJI ~-0111 FAX [~Al 656,~ l i 
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W.YS ANALYT[CAL 

PCB/PESTICIDE ANALYSIS REPORT 

CLIENT SAMPLE I.D: DB1BS002 

CLIENT: Hommeta Reeouroe Con1u11tan1s 

SAMPLE TYPE: Swab 

SAMPLE EllZE: 1.0 .wab 

AXYS ID: 9514-294 I 

DATE: 25/Aug/'95 

IIETHOD NO.: CL~-01/Var.2 

INSTRUMENT: Ge-ECO 

CONCENTRATION IN: ng/•wab 

---------------~----··-·····----·--------------------

Aroclor 1242 

Aroclor 1254 

.ArOClor 1280 

Surrogat• Standards 

1. SOL = Sample Detection Urnlt 
2. NO .. Not DetBcted 

fI7 

110 

NOA 10 

58 

12 

3. NOR = Peak detected but did not meat quanlffication crbria 
. 4. Dafa haw not b"n blank cGrrected 

5. Concentrations are recOvetV correc18d 

(SDL) 

5.8 

1.7 

O.N 

t)i{(t .AXVS ANAL YTtCAL SERVICES LTD ~ 0 IOX 2219, 20tHlll1S 11>., Sll'lY, 9.C., GU~DA¥8l l5I Ta i'°'l 6$b-G9&1 FAX~) b~J5H 



i=LG--25-1995 14:51 ~S ANALYTICAL 

PCB/PESTICIDE ANAL VSIS REPORT 

CUEN'T SAUPLE. I.D: DB1BS003 

CLIENT: Hemmera Resource cansClftants 

SAMPLE lYPE: Swab 

SAIIPLE SJZE: 1,0 swab 

Compounds 

Aroclor 1242 

Aroclor 1254 

Afoctor 1290 

Concentration 

NDf\ B.8 

. 110 

30 

,.Aaca••'I 

1 . SOL .,. Sample Detection Limit 
2. ND -NotOellllctad 

71 
110 

3. NOR - Peak d•taotad but did not mut quanlilioa1ion crflltrta 
'4. Data haw nat been blank oorreowd 
5. Concantrationa ara recowry oorrected 

(SOL) 

4..6 

2.2 

1.S 

P. 08..'10 

AXYS ID: 8514-298 i 

DATE: 25/AUg,.-.S 

IIETHOD NO.: CL-f:IF~t/Yer.2 

IN9TRUMEMT: GC-ECD 

I 
I 
I 

CONCENTRATION IN: ng/swab I 
I 

IL;v· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

··-1 
C~ AX.VS ANAL VTICA.L SERVICES LTD P.O. IOl 2219. llW MlliS ID .• SIIJNEV, IC.. CAN.~:::A 'ffl 3Sa ~~~SI f'-X l6DAl 65US1 I 

I 
I 
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OO'd "J:1101 

VOCR'T'!X ANALYSIS REPORT 

CLIENT SAMPLE 1.0: Procedund Blank 

CUE.NJ: AIIBIO "-arch A..aclatea Inc. 

"$AIIPI.E TYPl:2 Blank 

SAMPLE SIZE: 5.0 mL 

Conapaundt Cancanlratlon 

1, 1-0lc:hlondha- ND 

1-1,>0lc:hlol'Dpropane ND 

1,1-0~ ND 

o-1~roelllene ND 
Chlorofonn NO 
10101-Trlc:hloroalhM8 ND 
1µ1cllloraathaM ND 

1~1cllloropnpan9 ND 
llnMnoclall~ ND 

Trlcllloroalhylane ND 

1, 1,2• TrtchlonNlthala ND 

1,1,,2,Z,T~aM ND 

Bromol0ffl'I ND 

Ba1za11e 0..-

Toluene 1.4 

El~ ND 
p/m-X,.... ND 

~x,i.n. ND 

Surragata st:andards ~bc:oftfy 

Bl'OIIIOfluorobenzene 100 

1, 9DL c Sample Dlllectlon Limit 

2. ND • NOt Clet4ICCed 
3. NDR • P•k dalai:bld INt dld nat l'1INI quantification criteria 
4. Data have not been blank correokd. 
IS. Concenlratlona are hOl 1'9COY.-Y COffect~. 

(SDL) 

0.11 
o.n 
G.21 

0.18 

O.ff 
0.16 
0.11 
0.21 
0.25 
0.22 
Q.24 

Q.37 

o.oe 

O.OI 
O.OI 
0.02 
0.03 
o.os 

AXYS FILE; VO•W-BLK 11 

DATE: 21/Aug/86 

MlilHOD NO.: VO-W~1/V~S-1.0 

INSTRUMENT: GC-MS 

CONC~TION IN; naJmL 

. ···--· ··------------------------------
«t, AXYS AAIAL VTICA.L SERVICES LTD P.o. aat 2219, 200 M111s to., SEN'f. a.c .. ~ '8l lSi 1R 1604J 6~~aa1 FAX (ovli b.!o-1.:" 1 



YOC/BTEX.ANAL YSIS REPORT 

. CLIENT SAMPLE (.D: Trip Blank 

CLIENT: H.-nraara Rascxirce Comlultanb Ud. 

SAMPLE TIPE: Water 

SAMPLE SIZE: 5,0 mL 

~· 
1.1-0lchlonlNM 
M,3-Dlohloroprop,ne 
1,1-D~ 
c-1,2.olotllo~ 
Chlotofonn 
1,1,1-Trtc~ 
1 ,2-Dtchlorollthano 
1,2•D1ehlofopfopane 
Bromodlchlot'Offlethene 

~ 
1, 1,2wTrlchloroeChane 
1, 1,2,2-TldNIChtoroethane 

Bromc:rform 

Benz4ne 
Toluene 
Elhyl~M 
p/m-Xylene 
o-Xylem, 

Surrogal• Slandards 

Bromafluorobenzene 

1. SDL ;a Sample Detection Limit 
2. NO "'" Not detoctllCI 

concen1ra11on 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 

i,r.~ 

110 

a. NDR - Peak d«Nled but did not IINHII quancHieatlon crflerla 

4. Data haft nol been blant ooneotecl. 
5. ConoGntratlons ara not ncovwy COl'HC141Cf. 

($DL) 

0.47 
o.w 
0.18 
o.ae 
0.18 
o..s 
0.42 
O.tt 
Q.2 

0.1 
0,24 

0.2& 
0.1 

o.oa 
0.5 
0.02 
o.os 
0.02 

AXYS ALE: 9S14-302A 

DATE: 21/Aug/95 

METHOD NO.: VO-W-01/VO.OUS·1.0 

INSTRUMENT: GC-MS 

CONCENTRATION IN: ng/mL 

-------------------· . ----·- - .. 
Cl[{t AXYS ANAL"Y'rlCAL SERVIC..cS LTD P.O BCl2219,2US/,lll.i.Satl.,S:C.\EY,l.::.,e,w.ll, YlllS8 TElf~65~.QGI F~l(6C~~5~:1: 

80/lO'd 
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I 
I 
I 
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I 
I 
I 
I 
I 
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I 
I 
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BlEX ANAL 'r"S18 REPORT 

CLIENT SAMPLE I.D.: Travelllng Blank A 

CLll!NT: Hemmer• l'lasouree Consultants Lid. 

SAMPLE TYPE: Water 

SAMPLE SIZE: 5.0 llll. 

Compound• ~lion 

Benzene ND 

Toluene ND 

Elhylbe11z•• ND 

p/m -XVler1e HD 

o-Xylene ND 

Surrogate Standmds 

97 

1. SDL • SUIPI• Delecllc)n Ulldl 
2. ND .., Not detacted 
a. NDR = Pall: d41tactad but did not naet quarttiricatlcn crll«ta 
4. Da&a have rk1t bMn blat* corrected. 

5. ConcefltratlOM ar. not NCOVery corrected. 

(&DL) 

0.01 

0,2 

0.01 

0.02 

0.01 

AX'fS FILE: 9$1~ I 

DATE: 23/Aug/95 

METHOD NO.: VO-W~1/VO-OMS-1.0 

INSTRUMENT: GC-IIS 

CONCENTRATION IN; ng/ml 



.l.0 • d ltl10.l 

BTEX ANALYSIS REPORT 

CLIENT SAMPLE I.D.: BC1GW001 

CLIENT: H•mman n.ource Cons~lanta Ltd. 

SAMP\.E lYPE: Water 

SAMPLE SIZE: 5.0 mL 

Compound9 

Tokiwne 

Bramafluarobenzene 

1. SOL ,. Sample DeNctlon Umlt 

2. NO = Nol clelected 

Concentnitron 

ND 

ND 

ND 

ND 

ND 

,. Recovery 

95 

3. NDR • Peak dlllel:led but 61 not maat quanllflcallon crttwla 

4. Data llaYe not been blanll: corrected. 
5. CcmceritratlOrw .,. not recovery con.cted.. 

(8DL) 

0.01 

0.2 

0.01 

0..05 

0.02 

AXY8 ALE: 9514-308A I 

DATE: 23/Aug"5 

METHOD NO.: VO.W-01No-aMS-1.0 

INSTRUMENT; Qc,.rn 

CONCENTRATION IN: ng{mL 

~[~ AXYS ANALYTICAL SERVICES LTD W ~X22l9,200:¥ll1Sl!>.UIUC..~ mm fEl.160.1)~6"1nl F4~16041~~5'1 

ll:7l S66l-£c~n~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1)0 
CUl!HT SAMPLE 1.0.: DW1W001 

BTEX ANALYSIS REPORT 

CLIENT: Hemm~ RMource Consuttanls Ltd. 

SAMPLE TYPE: Watm 

SAMPLE SIZE: 5.0 mL 

CO,npot.nt,1 

Benzene 

Toluana 

Elhylllenz9ne 

p/m-~lana 

o-Xytene 

Bromoffuorobenzene 

1. SDL • Sample DetlJc:Uon Limit 

2. ND • Not detected 

Concentralion 

ND 

ND 

ND 

ND 

ND 

3. NDR • Peak delectlld but did ~t "'"'quantlfiation crlt:.rl~ 

4. Dat;i ti.Ive nol been blank cornic:ted. 
6. Cancentratlone are not NcOwry DDrNCted. 

(SOL) 

0.1 

u 

0.05 

0.2 

0.01 

AXYS FILE: 1514-2888 I 

DATE: 2S/Aug/95 

METHOD MO.: VO-W-01/VO-OMS..1.0 

INSTRUMENT; GC-MS 

CONCENTRATION IN: ng/111L 

(1~ AXYS ANAL YTICA.L SEJ.?VICES LTD P.O. IC.X 2219, l04S M111SIO., SCNEY, &.C., C.WDA ~a, m rEqc0') 6»DSli f.\X (1.-)4 6j~;\I 

.-' 0/t-0 'd 



BTEX ANALYSIS REPORT 

CLIENT SAMPLE 1.0.: ~ t)c \ (:,'v,./ eo, 

CLIENT: Henunera R•ourca COMUltama LICI. 

SAMPLE TYP~. Waler 

SAMPLli SIZE: 5.0 mL 

Concantration 

Tatu.le 

Pim -:xytene 

Sunogate Standards 

Bromofluorabenzane 

1. SOL .., Sampt• DablcUon Limit 

2. NC • Not dalechid 

ND 

ND 

ND 

ND 

ND 

3. NOR = Peak ~.cf ~ did na1 mat quantllicatie11 crilerta 
4. Dal& have ndl bNn blank corrlldacl. 
s. ~Ions •• not l"8CD¥GI')' eorreeted. 

(SOL) 

0.02 

0.15 

0.02 

AXYS ALE: 15'14-28$A 

DATE: 18/Aug/'95 

IIElllOD NO.: VO-W..o1JVC)-QMS-1.0 

INSTRUMENT: GC-119 

CONCENTRATION IN: ng/mL 

•IO A.XYS AN.A.1..VTICA.L SERVICES LTD ,.o.lOX221't,~WISIC.,SENEY,LC..~\1l3SI m{60,41UouUI FMt404J¢S~..SI: 
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. CLIENT SAMPLE 1.D.: ~ 

BTEX ANAL Y81S REPORT 

Cc, Cs- W col 

CLIENT: Hemmera Raaaurce coneuttam. Ltd. 

SAMPLE TYPE: Wat• 

SAMPLE $12.f!! 5.0 mL 

Conlpaunds 

Bennne 

Toluera 

Elhylbe•-

p/m-XY*M 

o-Xylena 

Bl'OIIIOftuorabenzena 

1. SOL• Sampl• Detection Limit 
2. ND • Not Nlacted 

Corantntlan 

ND 

ND 

ND 

ND 

ND 

94 

3. NOR • P•k CHilllGteCI but did no\ ffllNt q~ifiealion ~ 
4. Data h«M nol been blank c:amaclad. 
5. ConcentratloM are not I eca rifflf corrected. 

(SOL) 

O.G1 

0.1 

D.01 

0.01 

0.01 

(".",. 
··~·' 

AXYS FJLE: 9514•296B 
DUPLICATE 

DATE: 18/Aug/95 

METliOO NC.: V0°W.01NO.OM8•1.0 

INSTRUMENT: Ge-MS 

CONCENTRATION IN: l'lg/m\. 

f}J:C. AXYS ANALYTICAL SERVICES LTD t0.90ll2219,2UHl.1Hll .. 5KJNl:Y,lC..~ YlllSi lfl!Wl6.io-0Ul IAX(604!6.SUm 



BTEXANAL.YSIS Rl!PORT 

CLIENT SAMPLE 1.0.: DB1GW001 

CLIENT: Hemmera Raource Consultants Ud. 

SAMPLE. lYPE: Water 

SAMPLE SIZE: s.o 1111. 

EthylbenZena 

p/111 -Xylene 

1. SDL • Sa111P1e D.taetion Umil 
z. ND = Nol detecMd 

concentration 

HD 

ND 

ND 

ND 

NO 

"Recow,y 

97 

3. NDR • Peak d~ but did not meet quantifkaliGn crilert• 
4. Deta have not been blank cGITadad.. 
5. CORC*llratlona are nat NC:OYWJ corrected. 

(SOL) 

0.01 

0.1 

o.os 

0.05 

"11::0 I 1.J.. 11::JNtl S,I.:~ 

AXYS FlLE: 9514401A 

DATE: 18/AUg/95 

lll!1'H0D NO.: VO-W.01/VO-QMS•1.0 

IN$ffNMl!NT: GC-MS 

COMCENTRATION lN: ng/mL 
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BTEX ANALYSIS REPORT 

CLIENT SAMPLE 1.0.: DB1GW001 

CLIENT: Hemmera R4*>urce Coneultants Ltd. 

SAMPLE TYPE: Watar 

SAMPLE SIZE: S.O nt. 

Benzene 

Bhytbenzene 

1, 8DL • hmple D«edicm Llmft 
Z. ND = Not detected 

Concentration 

ND 

ND 

ND 

ND 

ND 

~Recovery 

100 

3. NDR = Peek detected but did nol meet quanUflctltlon crtterta 
4. Data hav• not bMl'I b!Mk corr.ct.t. 
5. Concentration• af'9 not reconry Q«rec:ted. 

(SOL) 

0.02 

0.15 

0.03 

0.08 

0.02 

AXYS FILE: 9514-3018 

DUPLICATE 

DATE: 18/Aug/'96 

METHOD NO.: YG,W-01/VO-OMS-1.0 

INSTRUMENT: GC-MS 

CONCENTRATION IN: ng/mL 

ex, A.XYS ANALYTICAL SER.VICES LTD f.0.Y.lll21~.2G.UMIIISIO.,SIDNEV,I.C.CWOA "'™ TR(A0.11~; f.lJ~l65US•1 



· CLIENT SAMPLE I.D,: Procedural Blank 

SAMPLE TYPE: BI.M\k 

SAMPLE SIZE: 1.0 L 

Compounds 

~ 
Acenlphthylene 
AcenaphthMa 
Auotene 
Ptwnanchrene 
Aldhracene 
~ 

PJrena 
Bata(a}anlhracene 
Chry9W 

Banzolluoranlhenee 
Banm(e)pyrena 
8enm(a)pyNn8 
Pety .... 
Dlbenz(ah)anthracene 
tncteno(1.2.kd)p,rene 
Banao(ghl)perytane 

Naptdhalene-de 
Acenapilthtlne,10 
PtMnaudhrane d-10 
Pyl'Wl9d-10 
ChryHne d-12 
Beazo(a)pynine d-12 

Pet t1ane d-12 
Dbn{.i.)~l'lcena d-14 
IIMZO{glll}fMtrytene d•12 

1. SOL • Samj:H O..clion L.hnh 
2. NO = Not de11adad 

PAH ANAL YBIS REPORT 

concentration 

NOR 4.0 
NO 
ND 
NO 
ND 
NO 
ND 
NO 
NO 
NO 
ND 
ND 
ND 
ND 
NO 
ND 
NO 

76 

n 
74 
80 
80 
,n 
91 
ea 
84 

3. NOR = Peak de1actad but did not meet quanti1tca1ion crttaria 

AXY9 FILE. PH-W-BLK 7U 

DATE: 18/Aug/95 

METHOD NO.: ~W-04Ner.2 

IN91RUIIENT: GC-MS 

CONCENTRATION IN: ng/L 

(SDL) 

1.0 

1.1 
1.9 
1.6 
2.S 
2.4 
0.91 
0.69 
1.4 
1.3 
1.9 
1.9 
2.3 
2.4 
3.8 
3.5 
2.9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~tO AX.VS AN.AL YTICA.L SERVICES L TO P 0. aoum, 2Q.4.5 ~ID ID. Sietlft, !.C., c»t.lDII. V1l3S! TELt6~16.l~om f>.t !¢i).IJ o!~-45: .·-- , 
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PAH ANALYSIS REPORT 

C:UEHT SAMPLE 1.0.: b81GW001 

CLIENT: HEMMERA RNOurce Consultants Ltd. 

SAMPLE TYPE: Watw 

SAMPLE SIZE: 1.0 L 

Compound9 

Naphthahm• 
Acenapllthyl•n. 
Acanapllth-
Pluorana 

~ 
Anlhracen• 
FWOrancbene 
Pyrww 
8-z(a)anth,-
CllryMne 

a.monuoranltlenee 
Bllnza(•)pyraM 
a.r.o(a)pyrene 
Perylene 
Dlb.nzfal'l)anlhraoene 
lnuno(1,2,S.Cd)pyl'8M 
llamo(ghl)pe,ylene 

NaphthaMnMIB 
Acwnaph11Mne-d10 
Pflam,tflnne ,1-10 
Pyrened-10 
ChryUnecl-o12 
a--(a)pyNla cl-12 

Perylenect-12 
Dlbenz(afl)anthracwa d-14 
aenzo(ghl),-y!Sl9 d-12 

1. SOL = Sampla DatDction limit 
2. ND • Not del9ct9d 

Concaninlllan 

NCR 44 
NDFI 23 

NOFI 8.7 
ND 

18 
NOR 3.8 
NOR 1.0 

21 
NOA 2.4 

8.2 
NDf\ 2.8 
NOR 2.6 

NO 

NO 
NO 
ND 
NO 

59 

130 
100 
75 
66 

72 

70 
48 
83 

3. NOR • Peak dmctad but did not mfft quamlfloatiOn crl1Bria 
4. Da28 have not bun blank eor1'9Ctad. 

l0/90'd 

(SOL) 

0.71 
0.35 
0.81 
0.54 
0.9 
0.95 
0.38 
o..se 
0.91 
0.88 
1.3 
1.4 
1.9 
1.9 

4.7 
2.4 
2.0 

AXV9 FlLE: 9514401 

DATE: 18/AUg/85 

METHOD NO.: PH-W-04Ner.2 

INSTRUMENT: GC-MS 

CONCENTRATION IN: ng/L 



PAH ANALYSIS REPORT 

CLl!NT SAMPLE I.D.: 001GWgQ1 AXVS FILE: tsf-4-186 

CLIENT: HEMMERA Re8Gurce ConsulLants Lid. DAlE: 11/Aug/95 

SAMPLE TYP£: Walllr METHOD NO.: PH.W-'M/V•r.2 

SAMPLE SIZE: 1.0 L INS111UMENT: GC-MS 

Compounds 

Naphlhateno 
Ac1111aphthyle1111 
AcenaPhlhene 
F1UONIIB 
PMnllntbrene 
AnZllnlcan• 
FIUoranthena 
~ 
a .... {a)anthfaoena 
civy... 
Bem:Dfluoranth.,.. 
s.rrz»(a)PJ"ffl8 
a.ao(a)pyrene 
Perylene 
~ah)anthracane 
lndeno(1,Z,kd)py...ne 
8ama(ghl)pery141n• 

SLDTapte Standard• 

Naph1ha1enHB 
Acataphth.....«11D 
Phaanlhrene cl-10 

Pvrenecl-10 
Chryaena d•12 
a.nato(a)P¥fana d-12 
Parylene d-12 
DIINlnZ(ah)anthracane d·14 

Benzo(ghl)peryleM d·1Z 

1. SOL .. Sample Det)!lction Limi1 

2. ND = Not deteatad 

Conc•nlratlon 

NOR e.o 
ND 
NO 
NO 
6.5 

NO 
:u-
1.i 
NO 

ND 

ND 
NO 
ND 
NO 
ND 
NO 

ND 

s; 
&4 

ee 
so 
&4 

94 

98 
79 
90 

3. NOR ... Puk ct.tected but dlcl not meet quari11flcation criteria 

4. Oata ha\/9 net be•n bla.nl< earrectecl. 

(SOL) 

0.94 
1.8 
1.6 

1.5 
, .8 

u 
0.7 
0.68 
0.95 
o.SG 
1.1 
1.1 
1.3 
1.4 
2.2 
2.5 
2.1 

CONCENTRATION IN: ~ 

~l(<t AXYS ANAL YTl~L SERVICES LTD F.O. !KiX 2m. 2(Ll5 /Ill.IS IO., 5ltMY. a.c., CH®A ijll JS8 TElj604, 65oCa8! F,U 16l-!I 056 JS'. I 
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l.0'd "'"'P:llOl 

PAH ANALY818 REPORT 

CLIENT SAUPLE I.D.: BCIGW001 

C:UENT: HEMMERA R•ourc• Conaultanta Ltd. 

SAMPLE TYPE: Wat. 

SAMPLE SIZE: 1.0 L 

Compounds 

Naphthalene 
Acanaphthy( ... 

Acanaphttlene 
FluoNne 
Pllenanthnne 
Anthraaane 
Fluanmthaft• 
Pynina 

a.nz(aJ•ntllncene 
ChryHM 
Bemolluof'anthenee 
IJeDZO(e)py...,. 
11-.zo(a)lsYnnt 
Perylaw 
DlNc,z(ah)anthracena 

lndana(1,2..kd)pyNM 
Banzo(ghl)perylene 

Surrogate Stadards 

Naphtllalene-d8 
Aanaphthana-d1D 
Phananlhrena d-10 
Pynned-10 
Chrywana d-12 
Elenlo(lll)pynine d-12 

P~d-12 
Dlbenz(ah)anthracene d•14 
Benro(ghl)pe,ylene d-12 

1. SOL= Sample Detadion Limit 
2. ND • Not detected 

Concenlrallon 

NO 
ND 

NO 
NC 
ND 
NO 
ND 

, 4.0 
NO 

NOR 4.2 
ND 
ND 
ND 
ND 
ND 
NO 
ND 

78 
83 
78 
ao 
75 
go 

93 
64 
88 

3. NOA = PNk detecad but cid not mNI quantilc:alion c:ri1Bria 

4. Cata haw not bNn blank corrected. 

l0/~0'd 

(SOL) 

3.7 
1.8 
0.94 
t.5 
1.8 

1.t 
1.2 
1.2 
1.4 
1.S 

1.7 
2.0 

1..3 
VII 

2.2 
2.2 
1.8 

AXV9 FILE: 161~0G 

DATE: 18/Aug.Jl5 

METHOO NO.: PH•W-G41Ver.2 

INSTIIUlll!NT: GC.-S 

CONCENTIIATIONIN: ng/L 



PAH ANALYSIS REPORT 

CLIENT SAMPLE 1,D,; D01W001 AX'/9 FILE: tS14-2M 

CLIENT: HEMMERA RNource Coneultantl Lid. DATE: 18/Aug/95 

SAMPLE TYPE: Waler ME.11-IOD NO.: PH•W44/V•r.2 

SAMPLE SIZE: 1.D L INSTRUMENT: GC-M8 

CONCENTRATION IN: nail 

Campound• 

Naphthalene 
AcenaplllhyhN1e 
Acanaphlhane 
FIUONM 
Phenanlhrene 
Anlluaetne 
Fluoranlhma 
Pyr-
Banz(a)anlhnlc:me 
Cl\ryl .. 
Benzofluonnlhenee 
Berao(•)pyrene 
Banza(a)pyrme p.,... 
D1benE(ah)anlhno4.r,e 
lncleno(1~)pyr•n• 
Benm(ghl)perylene 

Sun'ogata Standards 

Naphlhlllen-.48 
Acenaphlhma,,cl10 
Phaanlhl'WI• d•10 

Pyrianed-10 

c1u19ene d-12 
Btlnlo(a}pyrene d-12 
Paylana d-12 
Dlbenz(atl)anttncena d•14 
Benzo(ghl)pe,ylene d-12 

1. SOL = Sample Da1Bclon Limit 
2. NO = Not ~ttcted 

Conaenlratlon 

NO 
NO 
NO 
ND 

ND 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
ND 
1'10 

57 
61 
64 
71 
58 
63 

57 
53 
f!i1 

3. NOR = PMk dotacfad but did not moat quantification criteria 

4. Data have not been blank eorree1ed. 

----------·-··--··· ·----------

(SDI.) 

3.3 

2.2 
1.7 
1.9 
2.3 
1.7 

0.9.1 
2.0 
1.3 
1.2 
1.e 
UI 

2.0 
2.4 

3.3 
3.e 
3.S 

€][) AXYS ANAL YTICA.L SERVICES LTD P.O. !Cl 'l219, 2045 ill!JS ID, s1et-m.1c.. CA.WA '111 lSi iEl {60(; 6.!6-Jail FAX :~f 656-J:i; 
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AUG Z4 '95 16:~e FROM TO 16048564511- PAGE.001/013 

Analysis Report 

Resa.ft8 QI T8$ting 

Axi/SAnalybl SeMC8& Ud. 
P.O. Bcm2219 
2CMS MIia Road 
SidnGV, B.C. 
WLl&8 

A1fn; NI: l«lodo PYoo 

PROJECT NUIIBEI: 9514 

NUMBER OF SAldLES: 16 

DAT1·SU8MITTED: August 4, 1995 

SAMPLE TYPE: Paper, Sal and War 

11ST METHODS: 

IEPORT DATl:--11. 1• 

GROUP NUMBER: 50f5040tl 

AINslN Abar lcl8lllilcdan .. An1lya by Pdarizad lJgt't Mtuoscopw/l)lai;ae.aion 8lalnng In wotdance 
wllhWlnln" Compen&atlon 8oard lWCB) Melhad No. 0205. 

..._, 111 Wnw • Acid pennanganm dtgNtiOI\ wtylll8 by Cdd Vapow Atomic Abwpllon. 

....... 1ft Wal• -Anllya by lnducllwlly Coupled Pl8lnlll ~ (lCP). or~ Furnace A1amlc 
~ 

21ao 1n war -Anal)'IIII by Atomic "1l,to;a;illan ~ (AA). 

AnNlc In toa-Artfl,-by Znrnan~ GfapNII AnwMomlcAbaorpllcn 
~.way. 

C.clflliuna In Sflil-Analyll8 IP/ ~~•t18d fllml Atomk: MD•• SpadrophatamallY. 

....., In Soll - ...,.. by Cold Vapour AIOmlcAbiiollllDI SpednJphatamllr. 

Pu:i~I 
Analyk,11 
So~ 

Lad In Soll ·Anllysls "'1 ~ fllrM Alalnlc Haioi.-on 8pedroph•11•y. 

lletall lift Soll-Undried rapreae, ... ample& wwadigeelad wlha mllcnn ~nbicadd and 
tr;cm,cHolic aold rAqua RIQlai. Analyala"' perfomld uslna ~ Coe ... Argon Plaln Spac:t,olcqri tc») 
e, by speca,c technilJm • d'*"*1 Mailbn wu detlrmlned grawnaalcllly ar 106 Cena Mparabt aampla 
portion. 

~ In Son. AaaJysla bi/ Zaenlan back;~ Gnlgtll8 Fun'ace NcMcAblcxpdon 
Spac:SrqJha&Dniet,y. 

lUT RE.SIA.TS: . 
(Saa fabllng p&QN) 

~TESTLTD. 

• .. _.....,.., , ... r-..aau ,-_...._ 
,to I lA ,1::Jt-ltl s,,.:<ti 

Paga1 ol 8 



Aug 18, 15:59 PDT by: Richard Jornitz 

REPORTED TO: kt.J• AMlytieal S.rvlces Ltd. 

REPORT DATE: August 18, 1986 

GROUPNUMBER: 5080«>4 

lleta18 Analysis in Watar 

CLIENT SAMPl£ !1&14-301 1514-286 

IDENTIFICATION: 013 \ fi; LIJ()o,i. 001..woo~ 

SAMPLE PREPARATION: DISSOLVED ptSSOLVED 

CAN TEST ID: 50l040020 808040021 

Aluminum Al < < 
Antimony Sb < < 
Anenic: Aa < 0.007 
Barium Ba 0.016 0.12 
Beryllium a. < < 
8Gran B < 0.03 
Cadrmam Cd 0.0007 < 
Calcium ca 38.2 45.2 
C1H'OffliUffl Cr < < 
Cobalt co < < 
eopp.r cu 0.005 o.ocn 
Iron Fe 0.31 0.03 
I.Nd Pb 0.013 < 
Magnesium Mg 1.4& 103 
MU\glU'lese Mn 0.085 0.095 
Mercury Hg < < 
Molybdenum Mo < < 
NiGMI Ni o.cm < 
Photphoru• P04 < < 
PCMMium K 3.14 12.9 
Salehium Se < < 
Siliic:on Si02 t.2 2.0 
Silwr Ag < < 
Sodium Na 13..6 25.1 
SlrontiLlfft Sr o.oao 0.73 
Tin Sn < < 
Titanium Tl < < 
Vanadiurn V < < 
Zlne Zn D.45 < 
Zirconium zr < < 

'11g/L = rnHligrama par 1hr 
< = Las than datec:tlOn limb 

1514-215 

O~Cl,wal;d 

DISSOLVED 

50804(J022 

< 
< 
< 
o.042 
< 
0.12 
< 
139 
< 
< 
0.002 
< 
0.001 
93.& 
0.0§ 
< 
< 
o.ooi 
< 
8.71 
< 
17.7 
< 
21.8 
o.55 
0.003 
< 
< 
< 
< 

(16:00) Pg 2 of 7 

ibll-306 

t3 C. I (g WOC!:1. 

PISSOLVED 
t'UffcnON !UNITS 

50I04CI023 

< 0.15 mg,'L 
< 0.15 ffl9'l 
< 0.001 mgL 
O.OOI 0.001 mg'L 
< o.om tngl 
< 0.01 ma'L 
0.009 o.oam l'AQIL 
20.5 0.01 lll9'l 
< 0.001 l'A9'-
< ·0.001 mg/L 
< 0.001 mwL 
0.13 om mg'L 
0.007 0.001 mgll 
0.51 0.01 mg'l. o.,, 0.003 mg/I.. 
< 0.1)$ fl9/l 
< 0.001 mg'L 
0,U03 0.001 mgl\. 
< 0.4 rng,'L 
1,5& 0.01 mg.IL 
< 0.001 "'9/1.. 
3.4 0.08 mg/L 
< 0.001 rng/L 
4.3 0.1 mg/L 
0.0401 0.001 nag/L 
< 0.001 l'llg/L 
< 0.006 mg/I. 
< 0.01 mct'L 
< 0.01 ffll¥l.. 
< 0.015 mg/L 

- -
cS:60 S66t-sc-sr~ 

I 

I 
I 
I 
I 
I 
I 
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I 
I 
I 
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I 
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I 
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Aug 18, 15:59 PDT by: Richard Jornitz 

REPORTED TO: Axya Analytieal services Ud. 

REPORT DATE: August 1S.1995 

GROUP NUMBER; SOI0404 

t.t.lals Analysis in Soil 

CLIENT SAMPLE i514-310 ilbl4-311 

IDENTIFICATION: ac,soo, BC.. I Suo;\.. 

1::1~ Is:- 1-· &.28 
lllelals Analysis 
Arsenic As 2.3 1.2 
Barium Ba 41 2111 
Cadmium Cd < 0.53 
Chl'Ql'llium Cr 21 41 
Cobaft Co 7 6 
Copper Cu 21 21 
Lead Pb 115 158 
Meroury Hg omo 0.008 
Molybdenum Ma < < 
NiokeJ Ni 17 18 
S.lanium s. < < 
SlhW Ag < < 
Tin Sn s < 
Zinc Zn 68 98 
Alllminunl Al 14800 12500 
Antimony Sb < < 
Bcnylllum Be < < 
Borvn B 11 17 
calcium c. $540 4NO 
Iron Fe 27000 2'J700 
Magne.tium Mg 8110 8270 
ManganNe Un 386 346 
PhoaphOIUa P04 1220 1390 
SOdlum Na 378 zn 
Strontium Sr 41 'ZI 
Tilan™m n 111 198 
Vanadium V 50 3D 

it51,4.281 
8C.1$00S 

1s:-· 
2.6 
105 
< 
29 
10 
43 
3 
0,013 
< 
22 
< 
< 
< 
47 
18900 
< 
< 
23 
8'90 
32100 
10000 
524 
2420 
537 
44 
47~ 
G8 

(16:01) Pg 4 of 7 

11514-287 

Oo ISOO!,. 

,ETECTION UNITS 1-12 
6.SI l1~: 1% 
1.8 0.05 199 
54 0.1 JIG/0 
< 0.25 µgig 
44 2 11919 
12 1 11919 
31 1 119/g 
15 1 J99 
D,013 0.001 "9/g 
< 4 pg/g 
14 2 pg/g 
< a.5 Jlg/g 
< 2 pg/g 
< s 119/9 
34 1 119/9 
12800 10 "919 
< 10 119/g 
< 1 119/9 
20 0.$ "919 
14800 1 "919 
2eooo 2 pg/g 
17DOO 0.1 "9/g 
412 0.2 pg/9 
11!i0 20 pg/9 
171 5 11919 
29 0.1 1'9/g 
353 0.3 1,1g/g 
44 0.5 fl'J/g 

% = percent pg/g = miGrograra per gram. on a dry weight ba41i8. 
< = Les• thin dlleGtion limit 

I 



1/l' 

Aug 18, 15:59 PDT by: Richard Jornitz (16:02) Pg 5 of 7 

REPORTED TO: Axys AnalytlAI Servk:N Ltd. 

REPORT DATE: August 11, 1995 

GROUPNUMBER: 5080404 

Melall Analysis in Soil 

CLIENT SAMPLE lil514-281 •14-289 li514-2IO ,014-292 

IDENTIFICATION: Oo\Soa~ DOl.S oc:)'l oo,.soc>'i Co\ SCIO'=, 

~~CTION UNITS 
CANTESTID~ 5Glll040013 508040014 508040015 508CM001& MIT 

Moisture 13.5 24.4 10.7 10-2 0.01 % 
Metals AnalYsis 
A,_.,lc As 1.8 2.7 1.3 2., 0.05 11919 
BarlUm Ba 39 122 41 12 0.1 "919 
cadl'Ailn Cd < 0..28 < < o.z, "9/9 
ChromlUm Cr 40 53 39 25 2 l'v/9 
Cabatt Co 12 12 10 t 1 JIV/9 
COpper Cu 49 34 21 27 1 MJ/9 
Lead Pb 22 2$ 6 2 1 1'919 
Ueraary Hg 0.01, 0.042 0.019 0.013 0.001 Jl9lv 
Moly'bdrNllam Mo < < < < 4 .. 9 
NicMI Ni 32 37 44 24 2 pg/9 
Selltniurn s. < < < < 0.5 11919 
SilWr Ag < < < < 2 199 
Ttn Sn < < < < 5 l'SJ/9 
Zinc Zn &O 11 39 37 1 fl9/g 
Alunlinum Al 1S7UO 17800 12700 11300 10 pg/g 
AAlitnany Sb < < < < 10 199 
Befyllium Be < < < < 1 pt/g 
Boron B 21 24 20 16 o.5 pg/g 
ca&cium ca 50IOO 33600 17700 2l2GO 1 119/9 
Iron Fcl 3CMOO 30500 25300 22100 2 11919 
Magnesium MV ,...., 13800 13800 8880 0.1 ,rg/g 
Mangan••• Mn 559 548 - 405 D.2 "919 
Pllosphoru, P04 1290 11SOO 1140 IOO 20 pg/g 
SOdiUm Na 171 '57 179 219 $ 11919 
SIIOnth.an Sr 133 75 30 &2 0.1 pg/g 
Tllanlum 1i 348 S04 215 273 o.i µgig 
Vanadium V 57 70 S1 45 o.s pt/g 

%=pet"Wnt pgig a mien,grams per gram, on a *Y W9ight a.sil. 
< = L .. a than det4ildion limlt 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Aug 18, 15:59 PDT by: Richard Jornitz (16:02) Pg 6 of 7 

REPORTED TO; M/1 Antlyt(eal Sen,icN Ud. 

REPORT DATE: Augusa 1a, 1995 

GROUPNUMBER: 5080404 

Metals Analyals In Soil 

aJENT SAMPLE lil514-297 9514-298 1514-300 

IDENTF1CATION: Ptl,soo\ oa,soo~ OfJISoo.S 

r!rrON I UIITTS I ! CAN TEST ID: 1-·1-· I IIGe040019 l MIT 
; 17.0 ; 1.47 ; 1U ; U1 % Moisture 

Mallda Analvala 
ArMnic As 3.0 5.0 3.5 0.05 119/9 . 
Bariu"' Ba 166 S5 63 0.1 11919 
Cacblum Cd 0.21 0.80 < 0.25 Jqg 
ChRN"niUfll Cr 80 G 4t 2 199 
Cot.It Co 18 1& 13 1 J,rg/g 
Copper Cu 61 41 39 1 pg/g 
Lead Pb 52 82 6 , µg/g 
Men:ury Hg 0.041 0.070 O.G40 0.001 llfllg 
Molybde111.1m. Mo < < < 4 pg/g 
Nicbl Ni 91 93 50 2 pg/g 
selenium Sa < < < o.5 "919 
SIMM' Ag < < < 2 l"Jlg 
Tin Sn < < < 5 199 
Zing Zn 113 18a 51 1 fl9/g 
Aluminum Al 21200 15000 17&JO 10 l'W9 
Antimony Sb < < < 10 l'fJ/g 
Beryllium a. < < < 1 "919 
Boron B 32 28 2$ 0.5 IIW9 
Calcium ca 5WOO 24000 31300 1 fl9'g 
Iron Fe 40800 32000 34100 2 "9/g 
Magnesium Mg zaaoo 21200 19700 0.1 f/WO .......... Mn 707 &57 695 0.2 IIV/g 
Pho~ P04 2000 1020 2520 20 pg/g 
Sodium Na 271 81 103 5 1'919 
Strontium Sr 11G 39 75 0.1 pg/g 
Tilariurn Ti 233 2N 297 Q.3 "919 
Vanadium V 63 55 54 CL5 1191g 

% = pan::ent 11919 = micrograms per gram, on ii dry weight basis. 
< = Lass than d8tedlon II mil 

-
ZS:60 S66t-Sc-[n~ 



I 
AUG a4 "95 17:05 FROM TO 16046564511- PAGE.007/013 I 

QUALITY ASSURANCE I QUALITY CONTROL DATA 

::s:E8 s66t sc rno:1 
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I 
I RUG 24 '95 17:05 FROM TO 16la4S564'j 11- PAGE.009/013 

I CANr::Sr 
I Clianl: Arts~ Seriicas Ud. 

Fila: 5080404, 

Dale: Auguat 8, 199S 

I 
I 

SMlplALD. SGll040010 5G81M0010. smcMG010 
9514-3\\ 8514-3\°\ 8514-3'\ 

ac..,soo-... DMpliCm Aftlage RPO 

I . %Mais1ure H20 8.2n, 8.21% 

I 
Alwnic AA 1A 1.0 1.2 84% o.G6 

Barium Ba 26 22 14 ""' 0.1 

Qadmiurn CCI 0.69 0.47 o.ss ~ 0,25 

avomun Cr 20 17 18 19% 2 

I CabaJI Co 7 & 6 '1ft 1 

Copper Cu 21 2!;I 215 18% 1 

I.Md Pb 184 182 158 ... 1 

Mercury Ha O.cJ07 0,009 o.oas 1-n. o.acn 

I M~nurn Mo < < < 4 

Nclcai Ni 18 15 18 21" 2 

Sallnlum Se < < < 0.$ 

I 
.... Ag < < < 2 

T11 Sn < < < s 
Zinc Zn 1'11 ea • 191ft 1 

I Aluminum IJ 14000 10800 126DO 2Sff. 10 
Antimony Sb < < < 10 

Betyffium Be < < < 1 

Boron B 18 17 17 9-2" 0.5 

I Calcium ca 5690 4320 488D .25" 1 

Iran Fe aeooo 21800 23700 2()1' 2 

Magnatillm M9 82..o noo 827D ~ 0.1 

I 
Manganese Mn 387 306 S46 aft 0.2 

Pholphorus P04 1500 1270 1380 17% to 

Sodium Na - 248 27.1 17" 5.0 

snctun Sr 31 24 ~ M,,C. 0.1 

I Ttanium Ti - 191 191 7.e,<. o.s 
Vllft&dNM V • 32 30 '10,. o.s 

I Al results up1'11811Sd ~ micragrame per gram (µgig) on a dty waight basis. 

<. \.MS than 

I 
% == pen:eni 

~~Wll(I 

I 
I 

&b 
';',:/qt;\ ',-1 11:011 . .1., lljt,-ltf sx~ti £S:Ei3 S66l-:Sc~tl 

- - - --



I 
AUG 24 '95 1 7: B':5 FROM TO I Sel4e:564!5 l l- PFlGE.f2189/B13 I 

O\Nr::Sr I 
Clieftt: ktt:/1 Analytical S..Vices Lid. 

I File: SOl!I0404 
l>tda:: Augusta, 1995 

~Sl'-i-300 I 
SampleLD. 508040011 608lM0019' 508040019 Dilllll allall 

0131 Soo.S D..UC- Avlmlav RPD Unlit I 
%Moisue H20 ,ea 19.51' 

I At.nic As. 4.4 2.8 3.S 61% O.o& 
Barium ... • ea GS 1°" 0.1 
Cadmiwn Cd < < < O.IS I ChnnnitMn Cr 54 -43 48 141' 2 
Cobalt Co 13 1S 13 -7.1~ 1 ~, cu 4e 86 • 14,r. 1 
la&d Pb 7 s 6 81" 1 I Mercu,y Hg 0.04.2 0.()37 o.asa 12% 0.001 
~ Mt:11 < < < 4 
'*kal Ni 50 49 50 o.s,c. 2 

I Selenium Se < < < 0.5 
Silwr AG < < < 2 
Td\ Sn < < < s 
Zi1c: Zn 55 47 sf 18" 1 I 
Aluminum H 18200 17000 mm 8.8'JCt 10 
Anlimany Sb < < < 10 

I 8eryQium Be < < < 1 
BONJn B r, • a 16" O.& 
Calcium ca 81200 81SJO 31900 Q.41' 1 
Iran F• 36100 82600 34100 9.8'4 2 I MaQnMium Mg 19900 19GOO 19700 13 0.1 
Manganeee Mn 611 m 58& ~ G..2 
Phoaphona p(M. 1880 SS80 2520 en 20 
Pdaawm K - 1 I Sadium Na 107 99 ,os II.A,~ 5.0 
Slranllum Sr 74 76 75 SAY. 0.1 
T1llmJUm TI ao 145 211 10fft 0.3 

I Vanaclum V eo -49 54 201' G.5 

Al resufl& mpressed as micn:Jgrams per gram (µg/g) on a dty Wltightbasis. I 
< c; i..c than 

"""''"*nt I 
I 
I 

= 
ri;/~ .... 1t:O I 1 . .1.. ll::!Mt! 3,1.:,-,'lj G:60 S66t-S2-£lltl 



I 
I RUG Z4 •95 17105 FROM TO l 604656451 1- PRGE.518/013 

I CJl.Nr:ST 
I Client: Axys Analydcal Serv1ca Ud. 

Re: 5080404 
Data: August a, 1ffl 

I 
CentMtLD. DigH:c.on Digastian Diltdon .,...._ 

I Clilmt 1.D. Blllnk#1 9"'nkft Blutft limit 

I ~ Al < .< < 0.15 

Antit1uxly Sb < < < 0.15 
Arsenic As < < < O.G1 
Barium Ba 0.001 o..oaa < G.001 

I BeJylUUm Be < < < Q.006 

IGron B 0.04 O.Q1 O.G4 O.G10 

I 
Cadmbn Cd < < < o.ons 
Clllcun 0a 0.1 cu 0.D7 o.o1 

Chromium Cr < < < a..oa 
Cobal Co < < < 0,,02 

I Ccppar Cu < < < 0.0115 
1ron Fe o.oe D.G4 < 0.030 

I 
l..ad Pb < < < O.OI 

~ Mg O.OR 0.02 0..0, 0.801 
Manp,Ne Mn < < < o.oos 

I 
Meca,gy H9 < < < o..~ 
~ Mo < < < G.04 
Niok8I Ni < < < o.oa 
Phosphorus ,.04 < < < 0.4 

I PGIIIS$iwn K < < < 1 

Selenium Ge a.as < < < 

I 
Silwr Ag < < < o.m 
Sodium Na < < < 0.1 
8'ranlum Sr < < < G.001 
Tn Sn < < < Q.09 

I Titanium Ti O.o&7 < < D.DO& 
vanadium V < < < 0.()10 

ZlnC Zn O.D1S O.Q2 < O.G'l5 

I 
Resuas e,cpraeeed as mUligrame per 11111 (mg,\.). 

I < 1111: Len then 

D... QCVll,-,Oa'WIQ 

I 
I .,.,., 

£1'./fft 'd 1t:OllA ltltltl S,,:,c~ t>S:E0 S66 i:-sc-rim:;1 



I 
AUG 24 •95 17:~6 FROM TO 160465645 l 1- P~GE.011/013 I 

CAJ\Jr ::Sr I 
C&ant: ~ Analylical SeMctl Ud 
FIie: &080404 I Dm: AUgustS, 1995 

Nalianal Resmn:h Counall Canada (NRC) I CerUftacl Jle1al'IIIICl9 ......... 

PACS-1 I 
RESULT PERCENT CERTIP'IID 

RECOVERY VAUJE 

I 
~CampalllnlS (%) 

Sica Si02 &e.7 :tO.S I 
AMnina Al20S 5.03 41" 12.23 ::t0.22 
lran Fe20I ts.39 92"- 6.88 :!:0.12 
Catcium c.o 1.57 54" 2.12 :tO.o& I Magnaaum MgO 1.78 74~ . ~1~.oa 
8oclfum Na20 2.39 54% 4.40~.11 
Pallssium t<20 . a.a 11% 1Ji0 ~.oe 

I LO.I. 

Tsace ~ (11ft) 

Antnony • 11G 7K m.~1-t. I 
Anlenio Jis 166 ~ 211. ::1:11. 
Barium Ba as 
Beryllium a. <S.0 I Benn B 145 
CadmNm Cd 2.50 1051J(. ·ua~.20 
Ch~ Cr 65.0 SK 113. :ta. 

I cabal Co 14J> ~ 17.5 ::t:1.1 
OOpper Cu .tW6 an. 452.~18. 
lMd Pb 410 101,C. 404. ::t21). 
Manga,en Mn 115 6744 470. z12. I Merouvy Hg 4.5C) 9K 4ST:0.1G 
Malybdenum Mo 7.0 541. 12.8~.9 
Nick9I N S'I.D 841' 44.1 :t2.0 
Phomphon:lu:s po, 2800 909' $110. *240. I SeleniUm Se o.25 2'% 1.oe ~~11 
Slwr ~ <16 
Strontium Sr 95.0 34" 2'17. :&:11. 

I Ten Sn $0.0 122% 41.1 ±S.1 
Titanium 1i 1700 40% 4210. %68. 
Vanaclurn V 90 71% 127 • .t:5. 
2ft zn 806 sa,r. 824.~ I 

< - Nat dat8clad 
%- Percent I llfl/9 • micrograms per gram 

~l'.IQ'l ...... ~1 I 
J::Z;.. 

£t/n·c ltO 11,, 11:lt-llJ S.~XIJ :;,S:60 S66t-Sc-Sntt 
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AUG 24 •3~ 17:06 FROM 

~ 
File: 
Date: 

~ Analytil;al Sarvic" ltd. 
5080404, 

Aa.,g.at a, 1995 

flaults of Dup'lcate ~ 

CUENT SMIPLE 
IDENTIFl~TION: 

·······-- ·-· 

TO 1612146~645 l 1-

.O\NT:.ST 

QUAl.llTY CONfflOL N!PORT 
fOR WATER ANALYSIS 

-~~.0.1 .. 

as.a 

----~ ...•. '• ··-· ~~. . - - .......... oe;o.D01 
... - Fe ... _.o» ... 

1.48 1.48 _.....,. ,,...... .. .., ........... --····-· 
...... Ha° ...... .,_ . . .. <ciii--

Niclati'""-··· .. -- N 0002 -···-· ·-~. ··--······ . 

~--............ , 

~ ·-- ····-· 

< = Less lhan ttte daldcrl limit 
mg/L ... mlligr.ams per lilre. 
µg1L - mmrasnuns per Ille. 

PAGE.0121'013 

NC • Nat Calculable. Oupbte s.unpta rNUb Wet8 1M1 than the dale l:tial &ml. RPO calCuatian ii nat 
ncia dfttiMd 1Dr analyta lrMtls of Ian \1ian dalacliol'l lml. 

PASS • Duplicat& sampla msub waftl in the sange ot ane ta lw• fnl8S the dellc:tion Int. Rf'D ca_..._ is not 
Mt appficab(a In this tange. Aoceptance crleria ii a madmum diffel'ef1Q9 bftwen Iha cq,icalw41Cf\M)1nt 
to the Value af the dee8cdon limit. 



£l"d ltl!Ol 
AUG 24 '95 17:07 FROM TO l 6046564~ 1 1-

QUALTIIY CONtROL REPORT 
FOR WATER ANALYSIS 

, ... ~ .•• ,.wu, 

Benn .... B .............. -·-··"•.....,.~· 

Co 

tn,n ................... - ... ~ .... .E! .. ··---~o.os 

M <0.01 <0.01 

.~ .... 

~ ...... j,1-iii,"ii';.lsr. .• 

.. --·- . -~-0~ - . 

::S:60 S66t-Sc-£ntt 
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£rd 1t1101 
AUG 24 •95 17:0? FROM 

Axys Anaa,tieQI SeNicOI Ud. 
5080404 
Augu1t S. 1995 

TO l 612146S64:i l I -

QUALTITY CONIROL REPORT 
fQR WATER ANAlYSIS 

llWI .. ············-·- ........ fe 
M "' 

............... :TI ..... 

< ::!: t..ss than 1ha dafadiQI\ 1iml 
rng/1.. • miligruns per 11:m. 
"911- • mictogiams per nw. 

,~-
" > .-

•• ••••••••,ONOOOH0• .. 00 0 

Zn 

' <0.l)01 -·· 

P.FH;;il:. ti l iS/'11 .J 

E~): 0t S66 t-Sc-::nti 



RUG 21 •95 16:30 FROM TO l 604656451 l 

REPORTED 10: N:/8 Ana~ StrJlcas Lid. 

REPORT DATI:: Augua 21, 1S95 

GROUP NUMUR: 5080813 

1514111 
ec:.. 1se1oa.... 

Ra* tDq:SW,8d a m1cn:ag•ns per r,arn. on a di"/ welg._ bllll. fl,g/g) 
< ,. ...... thin dMKtlan Omit 

H1487 

PAGE. 11lB,U004 

llll1ipll# !5DI08DCM4-The prvaerioe d ~carnpD111111B w1lh ballng pgllD ~thin lhlt d CIO M119 · 
Ned8d 
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AUG 21 '95 16:~0 FROM 

R!PORI ED 10: t«ya ~ Semcee Ud. 

RIPORT DATE: AUgUll!.'1, 1996 

GROUP NUU86R: &OIG813 

Total...._..H,dlo~1 ...... lnSol 

cuarr SAMP1.E 1114• 
1oetfTFICATION: Po IS oo :S 

TO l 6045::IIS45 I I 

N14- N1C- N1&­
oo I :Soo~ Or.J ,soc:... oa I .SOOS 

'-'* 8lql'8l8lld • INCIQgrlrnl pa, gnm. an a dly'Wefdt .... (pg(gl 
< • 1.-IIWI CillCIIIGClon llmlt 
~ 5G8080047-1l'l8 psaance d hydlocaft)on m,ipUI ... .., bolrv pcll'III ~thin WWdcao-... 
dM8Cl8d 

PIG•3 

11:0 11).. lt:lf-lj 5,',XI; E£:60 S66t-Sc-~flti 



S0"d 1tHOl 

Aug 18, lS:59 PDT by! Richard Jornitz 

· REPORTED TO: Arts Analytical S•rvices Ltd. 

REPORT DATE: August 18, 1995 

GROUP NUMBER: 5080404 

Asbealoe Aber lantificatlon in Bulk Marial 

CLIENT SAMPLE ID CANTES1 ASBESTOS ASBESTOS 
ID TYPE CONTENT 

9614-a:IJ, 50ID40007 amoslta 10-30 
00~~~00'.1.. chrydle 1•10 

RMults expr-.SNCI as% vokarM ftbro touncll.submlled (% vol/VOi) 
< • LN• than 1 percent ('Jf, Vol/VOi) 

(16:01) Pg J or 1 

OTHER OTHER FIBER FILLER 
FIBER ID ~NTENT 

glusfiber 10-30 35-55 
.:.nuloH 1·20 

-
E£ :60 S66 t-£c-£Ttd 
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PAH ANALYSIS REPORT 

CLIENT SAMPLE I.D.: Procedural Blank 

CLIENT: HEIIMERA Resourc. Consultants Lid, 

SAMPLE TYPE: Blank 

SAMPLE SJZE: 10,0 

Compoan,a 

Naphthalene 
AcanaphlhJlene 
Acenaphlhene 
Fluonane 
Ptt.mnthnne 
Anlhr.cene 
Fluam1tMM 
Pyrane 
Benz{a)andlracene 
Chry•-
841MOfluorenth4111N 
B•nzo{•)PYl'9fl9 
Benzo(a)P,Nn9 
Pwylena 
Dlbanz(ah).mlbrac.ne 
lndeno(1,2,9-Cd)pyra,nt 
Banzo(ghl)perylane 

NaphD1alenH8 

Acenaptrttlen8-Cl10 
Phenanlhrene d-10 
Pyrened~10 
C::hry9ene d-12 

Senm(a)pyn,ne d-1.2 

Perylenad-12 
D1benz(ah)4lnthracene cl-14 
a.t,m(pl)peryl«1e.d-1Z 

1. SOL "" Sample D•tec.tion Limit 
2. ND "' Not dete~d 

con~lon 

NOR o.e 
ND 
NO 

0.1 
0.21 
ND 
ND 
ND 

ND 
ND 
ND 

NO 
ND 
NO 
NO 
ND 

NO 

83 

84 
eo 

' S4 

88 

88 
91 
70 
66 

3. NOR • Peak de1Bd8d but did not m•et quanlillcation Qrl~eria 
4. Cencentralons ara recovery correoted 

(SDL) 

0.03 
O.fll 
0.08 

Q.04 
0.02 
0.0!5 
0.10 
0.10 

0.04 
0.10 

0.08 
0.09 

0.11 
0.11 
0.19 
0.12 
0.08 

AXYS A LE: PH-S-BLK 783 

DATE: f8/AUG/ff 

METHOD NO.: PH-S-01Ner.2 

INSTRUMENT: GC-MS 

CONCENTRATION IN: na/sa 

C[<t AX'YS ANALYrlCAL SERVICES LTD ,.oOOX2219, 1045Ml1lSlD,SOOY,I.C.,CA~>J)~ WIJSa T!ll6CA1mos11 fAi160A165&15il 

_ 61:J/£0 · d 11:011 . .t.. 11Jt~tt SA:<:tt t> l : Sl S66 l-0£~nti 



PAH ANALYSIS REPORT 

CLIENT SAMPLE 1.D.: D01S001 

CLIENT: HEMMERA Resource Con.ultanla Ltd. 

SAMPLE TYPE: SOIL 

SAMPLE SIZE: 9.79 g dry 

Compauncls Concentration 

Naphthalene NOA 37 

AC11Mph1hylene NOR 38 

Acawphthene NOR {4.9) 

Fluorene NOR 4.9 

Phenlnthrene NOA 11 
Anlhracene NOA 3.4 
Ruoranthene NOFI 2.1 

Pyrene 18 
Banz(a)anlhracana NOR 1.4 

Chry•..,. 8.7 
BenzolluaranlhenN 6.2 

Benzo(e)pyrene 7.8 
BenzaCa)pyrene 0.94 
Perylene 6.9 
Dlbanz(ah)anthracene 1.1 

&nd.no(1,2,3-0d)pyrene S.2 
Benzo(ghl)paryfan• 7.1 

Sunag.tte Standard• %Recovery 

Naphthalene-d~ 94 

Acanaphlh~10 • 
Phenanthrene d-10 110 

PyranacHO SQ 

ChryHne d-12 81 

Ben:za(a)pfNtM d-12 100 
Peryfene d•12 100 
Olbenz(ah)anlhracene d-14 92 
Benzo(ghl)perytena d-12 9S 

1. SOL '"' Sampkt Oat9Ctlon Umb 

2. NC = Not dete~d 
3. NOR = Peale datactad b&.t clld not meet quantification o,itarla 

4. Data have not bHn b:ank oonacted. 
5. Concentl'ations ara recc,v111y corrected 

* Unknown du. to lrli.tfvrences: aconaphtnylane. aeenaphthene •. and flu:irene 

results WBre catculated wttn respecno phe.nanthrsne ::1-10. 

(BDL) 

OA1 

1.5 
o.~1 
0.36 
12 
12 

0.01 

0.01 

0.04 
0.03 
0.07 

0.07 

o.oe 
0.09 

0.54 
. 0.06 

0.05 

AX:fS ALE: 9514-287 

DATE: 29/AUG/96 

METHOD NO.: PH-S..fl1Ner.2 

INSTRUMENT: QC.US 

CONCEHTRATICN IN: ngJg 

p~b-2 -
fAppravad 

-·- ------------------
~,, AXYS ANALYTIC:A.L SERVICES LTD P.O.eCXl219,21:..!5M::UtD,S1DM~,!C.,C>Sm V!,lS& 'lll(&Ol)o»m: fA.l:6~4;6i~.!5"1 

~ - F. . -r1, -IiGt:l 
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PAH ANALYSIS REPORl 

CLIENT SAMPLE 1.D.: D81S001 

CUl!NT: Hl!MMl!RA Reeource Coneultante Ltd. 

SAMPLE TYPE: SOIL 

SAMPLE SIZE: IU2 dry 

Compaunda Col!Olntratlon 

Naphthalene NOR 11 
Acenaphtllylene NOR 42 

ACGnallhtlMM NOR 30 

FluoNne NOR 2.4 

Ph.-.nthnn• 3.3 
Anlhrae..,. NOR 1.2 

Fluoranthana NOR 0.22 
Py,- 3.1 
B~(•)anthraoene ND 
Chrp•• 0.79 
eenzonuoranttienes NCR Cl.23 

Benzo(e)pyrene NOR 0.57 

Benzo(a)pJl'WMI ND 
Perylene ND 
Dlbanz(ah)anthracane ND 
lnclena(1,2,a-cd)pyrana NO 
Benza(ghl)perylene ND 

Surrogate Standards ~Recovery 

N&phthalene-da 94 

AC.naphlh•IW-cl10 * 
Phenanlhrene d-10 86 

Py,- d-10 B4 

ChryMM d·12 74 
Benzo{a)pyr911e d·12 76 
Parylene d-12 84 

DIIMlnz(ah)anthracana d,.14 60 
88nzo(ghJ)~M d-12 76 

1. SDl = Samplo Datactlon Umit 
2. ND = Not detoctad 
3. NOA = PMk delractad but did not meet quantibtion crtt.ria 
4. Ofrta have not bean blank corr.d8d. 

5. C0r\C(ln11'alions are r11COY411Y carre~d 
• UnknCIWl"I due 10 intert.renoes: ac•11aphthylene, ao.naphthene, 

and fluorene reaults werw calculated wittl re~ct ~ pnenanihr.ne d0 10. 

(SDL) 

0.5 

2.8 
0.78 
0.6 

0.01 
0.01 

0,03 

0.03 
0.2 

0.2 

OZ! 
0.24 

0.3 

0.29 

0.43 
OA6 
0.6 

AXYS FILE: 9514497 

DATE: 29/AUG,'95 

METHOD NO.: PH4~1/Ver.2 

INSTRUMENT: GC..US 

CONCENTRATION IN: ng/g 

I ~l(t AXYS ANALYTICAL SERVICES LTD PO !Ol 2219, :ZOLHIJI.JS IC. SIDNEY, lC •• CANADA ¥il ]SI [!l (6~1 M60881 W (60Ji 65t.!511 
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PAH ANALYSIS REPORT 

CLll!NT SAMPU! LD.: 0815005 

CLIENT: HEMMERA R .. oure.eon.ultanl• Ud. 

SAMPLE TYPE: &OIL 

SAMPLE SIZE: 1o.H g *r 

Compound• 

~ ... 
Acanaphthylena 
AcenaphlMne 
RQo,.,,. 

Phaanthnne 
Anthra~ 
FluonlnttMM 
Pyr.,. 
Benl(a)anlhtaeena 
Ct'lryMne 

BenmfluorantheMS 
ISMRo(e)py,ene 
Bann(a)pyr.,.. p....,..,. 
Dlbenz(ah)antllrac..,. 
lndElno(1~yrene 
~ghl)perylene 

Hapbthalene-da 
Acenapbthene-d1o 
Phenanlhrene d,.10 
Pynned-10 
Chrysene d-12 
Benia(a)py~ d-12 
P.rylene cl-12 
Dlbanz(llh)anthracaM d-14 
Benzo(ghl)perytene d-12 

1. SOL • Sample Detee1lon Umlt 
2. NC - Not deC.ated 

C0ttcemat1on 

,.e 
NOR O.l 

NO 
0.15 

o.ae 
ND 
0.7 
0.95 
0.2 

0.82 
NOR 0.2 

ND 
ND 
ND 
NO 
NO 
NO 

75 
80 
76 
75 
73 
60 
71 
42 
~ 

3. NCR • Peak deteo11ad b\.lt dkl not m .. 1 quan1ilication Grimria 
4. Data haw noc bMn blank c:ortected.. 
5. Con~ationa are ntc:Qv.r)' correoted 

(SDL). 

0.04 
0.01 

o.oe 
0.05 

0.02 
O.O'l 
o.os 
0,04 
0.05 
0.05 
0.2 

0.21 
0.26 
0.24 
0.81 

0.3CI 
0.32 

AXY9 FILE: 9S14-300A 

DATE: 29/AUG/95 

METHOD NO.: PH-S-01/Vw.2 

INSTRUMENT: GCaMS 

CONCENTRATION IN: ng/g 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--c-r-,.-~~ ANAL VTICA.L SERVIC..cS LTD ,o. 30X221~~~-MIUS-I0-~-5111N-EY-. a-.c.-. C\:-~->(J-~-V91._3_Sl_m_~-~-(~-0-118-1 FAX [/J04i /a.5:·~-s,-1 - I 
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I 
I 
I 
I 
I 
I 
1· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAH ANALYSIS REPORT 

CLIENT SAMPLE I.D.: DB1SOOS 

CLIENT: HEMIIERA ~ourc• Consultants Ud. 

SAMPLE TYPE; SOIL 

SAMPLE SIZE: 10.17 g dry 

NaphtM!ene 
Aoenaphthytene 
Acenaph1llene 
FluoreM 
PhenanthNM 
AnlhraGetW 
Fluor.l""'--
Py,.... 
Bffll(a)anthrac:ene 
Chryuna 
a.nzonuor•nlhenaa 
Banzo(e)pynM 
BeniO(a)VtfeM 
p9ry19ne 
Dlbenz(ah)arctlracene 
lllffn0(1,2,!Mdlpyrene 
Senla(ghl)perylene 

Surrogate Standard• 

Naphtha~8 
AcenaplltheM-d'IO 
Phehanlhnane d-10 
p,.._,. d-10 
Cluyune d-12 
SenzO(a)pyrene d-12 
Psylene d-12 
DIIMnz(all~ d-14 
Benzo(ghl)perylene d-12 

1. SOL = Sample Detection Limit 

2. NO "" Not clob:oilld 

Concemallon 

1.6 
NO 

ND 
0.17 
0.82 

NO 
0.84 
0.86 
0.24 
0.55 

NDR 0.33 

NOR 0.38 
ND 
ND 
ND 
MO 

NOA 0.24 

'3' Reoowery 

77 

86 
64 
85 

86 
69 
81 
.cs 
60 

3. NDA - Pnk d~d but cfld not meet qt.ianlffication oriteria 
4. Data have not been blank ccrree1ed. 
5. Concontratlona a19 reoc,yery oorr.oliad 

(SOL) 

0.04 
0.06 
0.07 
0.06 

0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.1G 

0.17 
0.2 
0.19 
0.35 
0.23 
0.21 

AXY5 l"ILI:! 951W<JOe 
DUPLICATE 

DAl"E: 19/AUW9S 

METHOD NO.: PH-8-01/Ver.2 

INSTRUMENT: GC-IIS 

CONCENTRATION IN: ng/g 

~, AXYS ANALYTICAL SERVICES LTD P.0.~2219,2C~~:.Sl0.,SIDNE~.lC.CANAO" 't1L358 m1eo41C6-0ISI ,Aj,~Al~ll 
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PAH ANALYSIS REPORT 

CLIENT SAMPLE 1.0.: BC1S001 

CLIENT: HEMMERA Rvsource Consultants Ud. 

SAMPLE TYPE: SOIL 

SAMPLE SIZE: 10.15 g dry 

Compaund• 

Naphthal«Mt 
Acalapltthylan• 
Aealaphthen• 
Fluonne 
Phenanlhrene 
.AnthnlC9ne 
Fluonnthene 
Pynna 
Benz(a)anthnc«MI 
Ch'Jffl .. 
B«wofluorantheMII 
El«lzo<•)PYNM 
B-,zo(a)p)'IW!e 
Perylene 
Dl!Mm( .. )anlhfaceho 
lndeno(1.2,3-4:d)pyNll'le 
Benzo(ghl)p.ryleM 

Napt,tllalene-cle 
AMMphth~O 
Phenanthrene cMO 
Pyrened-10 
Chrys,ene d-12 
Semo(a)pyrene d•12 
PeryMne d•12 
01'*-(ah)anlhne.ne cJ-14 
Benao(ghl)pwylene d-12 

1. SOL• S..mple Detection limit 
.2. ND • Notdetlleled 

Conoenlntlon 

47 
NCR 5.e 
NOA 0.92 
NOR 3.1 

12 
4.8 

NOR 0.fM 
34 

NOR 0.82 
16 
7.6 
10 
1.7 
6.9 

NOR 1.2 
NCR 4.5 

6.S 

43 
140 
140 
78 
35 
85 
93 
100 
110 

3. l'IIOR = Peak detactad but did not moot quantlffcation criteria 
4. Data have not been blank correcta<t. 
5. Concentrations ara racovary corrected 

(SOL) 

0.04 
0.02 
0.81 
0.80 
0.01 
0.01 
C.02 
0.02 
0.00 
0.06 
0.15 
0.16 
~.19 
0.10 
o.ea 
0,14 

0.13 

AXVS FILE! 9514-310 

DATE: 29/AUG,'9S 

METHOD NO.: PH-S.o1/V•.2 

INSTRUMENT: 00-MS 

CONCENTRATION IN: ng/g 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t;J[~ AX"YS ANAL VTICAL SERVICES LTD P.O. IIO~ l2'9, 2045 Mill! ID, SiONfY, &.C., C.INCA •t lS8 TEI(~) 656-0881 FAX !60l} ;~~-11 - I 
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I 
I 60 ' d 11:HO.l 

I 
I 
I 
I 

PAH ANALYSIS REPORT 

CLIENT SAMPLE 1.D.: BC1S002 

CLIENT: HEMMEFIA Resource co ... ultant• Lid. 

SAMPLE TYPE: SOIL 

SAMPLE SIZE: t. 70 g dry 

COfflpoundl 

Naphthal4ne 
AcenaphthyteM 
Acenllphthene 
FluoNM 
Phenanthrene 
Anlhr-
Fluofanthane 
Pyr'ww 
Benz(a)anlhracene 
Cllrysaw 

Benzalluoranthenee 
Benzo(e)pyrene 
BenzO(a)pyrene 
Perytene 
D1b9nz(ah)anthracana 
tnd.no(1 ,2iS-cd)pyrene 
Benzo(ghl)perylene 

Surrogate Standarda 

Naphthal•Mo-d8 
Acenaphthene-d10 
Phananthrene d-10 
PJnlM d-10 
Chfysene d•12 
Benzo(a)pyntne d-12 
P9rytena d-12 
Dlbam(-'1}anthracll'le d·14 
Benzo(ghl)pery14n9 d•12 

1. SOL= SampleOeleQt/on Limit 
2. NO • NOC de~d 

ConcltlllraUon 

83 
0.48 

NOR 1.0 
2.1 
17 
2.1 
8.2 

32 
4.0 
14 
15 
26 
8.9 
15 

NCR 2.3 
7.3 
56 

se 
79 
a3 
85 
78 
92 

9e 
110 
110 

3. NOR • Peak <M~cted but cld not meet quan1ification criteria 
4. Data have net been blank ~d. 
5. Conoenh'llons are ,.covery c;iorr.t.tad 

(SOL) 

0.04 
0.07 
O.S2 

0.29 
o.oe 
0.02 
o.os 
o.os 
0.04 
0.04 
0.08 
0.08 
0.1 
0.1 

0.84 
0.08 
0.07 

ArfS FILE: 8S14-311 

DATE: 28/AUCi/95 

METHOD NO.: ~-01/Ver.2 

INS"TRUMENT: BC~S 

CONCENTRATION IN: na/a 

/Apprw~ 

----------· - ·- - -··· ... -- --

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I c:r@ AX.VS ANAL YrlCA.L SERV"I CES LTD P.O. 5CX 22i9. 2CJ5 t.llll.5l0, SiDNEY, a.::_ C.1.~.,\ ~cl ~a TEI r~o•J 65'>4a!l FAl ~Q,i) d5Wl 1 
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c0'd "l;:;1101 

PCMe&TICIDE ANALYSIS REPORT 

Ct.JENT SAMPLE I.D: D81SOCIG 

SAMPLE T'Yfll!: 8CIII 

.. M01$"1'\n1E: 7 J> 

Hmchlal'ol:.-. .. 
alphaHCH 
MIIHCH 
llftlMIIHCH 
H.,-ohlor 
Aldrfn 
OJ!yehloran. 
..... chlordane 
ca-Chlorcl-
...... DOE 
p.p10DOE 
tran.,Nonaot1111r 
ci.Nanaohlcar 
e.p'·DDD 
p,p•.DDD 
p,p'-DDT 
MIi-. 
Haplachlcar Epcndd• 
alphll-l!nd4*dphlln (I} 
Dflll*ln 
b1drtfl 

MllthCIXyc:hlor 

1. 8DL • s.,,,pi. ~ Limit 

2. ND • Not Dlleetld 

0,08 

NO 
N1) 

ND 
ND 

NDR o.oe 
NJ 
0.08 
0.11 

ND 

NOR 0.04 
0.04 
NO 
ND 
ND 

0.111 

o.oa 
ND 
NO 
o.m 
NO 
NO 

NO 
u 
35 

!. NOR • halt detected but dil nat lll88t qumtllcalon crit.fia 
... Data hlMI nae Dl91 bhu1k vorrac:twd 
~. Conollfllrlliion& are "9COY!lry ~ 

(tol) 

0.01 

0.01 

IUM 

0.02 
o.oa 
Q.D1 

o.m 
Q.02 

o.oa 
0.114 
0.01 
O.OI 
D.02 

0.1>' 
0.04 

0.<19 
o.ooe 
o.ot 
0.02 
0.01 
o.os 
0.08 

O.N 
0.43 
O.DI 

11::0 I lA ltjt.'l:l S,1,~· 

AXY9 ID: t514oH9 

-.1&1140D NO.: C~S.01/Yer.2 

INST,ttJMEHT': QC.ECO 

S0:S1 S661-l0-d3S 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CLIENT SAMJILE IJ): Procedural Blllnll 

llAIIPLI!. SIZE.; 10..0 SI 

Compau11dll 

Ha~i,e 
alph&HCH 
betaHCH 
pcniMHCH 
Haptacfllcr 
Aldrin 

~ 
1r-CNorclan• 
c:la-CNllrd41n• 
o,p'-DDE 
p.p'-001!. 

1r'-Na11an1Gr 
et.Nanacl'llo, 

o.p'•DDD 
p.p'•DDD 
p.p'•ODT 
111r­
H..,..hlar~ 
alptle,Elldcatlphan {I) 
DMildrtn 

Enclrln 
M«hoxvehlor 

Aroelor 1242 
Aroclor 1154 
Arae!Clf 13'0 

Tlllnchlcn-M-xyltn• 
PC8~ 
d4-11ptm-!!ndoaulpMn 

1. SCL • Sarntll• o.taotion Limit 
2. NC> = Not 0..cted 

D2 

11D 

100 

FICB/PESTIOtDE ANAl. YSIS REPORT 

Conca,tratian 

ND 
ND 
ND 
ND 
ND 

NOR O.IM 

NO 

NO 

ND 
NO 
ND 
NO 

NO 
ND 
AD 
ND 
ND 
ND 

NO 
ND 
ND 

NO 

NO 
NC 

NO 

(SOL) 

0.002 

0.008 
,;i..oa 
Q.1)1 
o.aos 
0.002 
0.04 
0.01 

0.01 

0.02 
0.003 
0.01 
0.02 
0.02 
0.02 

O.IXI 
o.oos 
0..01 

0.01 
0.01 
0.02 

Q.08 

0.1• 
0.12 
o.oe 

3. NOA • PMk dollec:ted but did nat meot qu.n1fflcation cribma 
4. Concentrations are r-wy corr~ 

AXVS ID: CL-9-BU< •1:, 

~TE: 31/AYQ,'95 

INSTRUMENT. QC-ECO 

CONCENTRATION IN: ns,/g 



CLIENT SAMPLE 1.0: &piked Matrix 

SAIIIPI.E nP£: SoH 

GAMPLE ~ to.a 9 

Hm,hklroll•­
alpha HCH 

INtaHCH 
9llfflfflA HCH 
l'MpCacNor 
Al*ln 
OJI~· 
~~ 

~ 

o,p'-DDE 
p,p'-DDI. .. .......,.chi« 
ofe..NwcNllr 
a,p'-DDD 
p,p'-DDD 
P,P'•DDT 

Mnx 
H~l!poxkl9 
alpha-1:ndautpt,.n (J) 

Ct.la.Ill 
Efoldm 
r..tt1m:,~ 

Aroclor 1242 
Nodor12S4 
Afoalor1no 

Tetractdor~-11ylene 

PC8aoo 
d,i.alftha .ndo.utph.ln 

78 

110 

M 

PCB/PEBTICIOE. ANAL '\'SIS REPORT 

0.lamdnad E..-=tad 

4.4 5.11 
5.0 5.8 

&.2 .. a 
.s.o 6.4 
a.I 5.1 
u 3.8 
4,Q ,.a 
1.2 u 
4.S 4.8 
s., 5.7 

3.0 5.4 

~ 4.1 
4.3 4.2 

3.7 lUS 

:u u 
s.e e.a 
S.3 5.4 
3.8 4.0 

3.7 4,Q 

4.IS 5.2 

12 11 

28 25 

st 45 

28 48 
S9 40 

AX"t'S IO: CL,,S,&PM 491 

OA.-m: 31/AUOJ9G 

METHOC NO.: Cl.·G-Gf IV•.2. 

INSTRUMENT: GC-ECD 

CONCENTRATION IN: ng/g 

%11!eoonry 

71 

• 
a 
72 .. 
81 

IO 
100 

96 
60 ,. 
73 

100 
GO 

58 
90 
61 

95 

es 
88 

110 

100 

17 

81 

70 

C;[(t AX'VS .ANAL VTICAL SeRVICES LTD , 0. iOJ 2219, :ints tmlS m., SiCNFr, I.C .. CA'OOA Vil JS! IQ [6C4! 656-013! F.U fo~l i!6-lj i I 

ltOI l.J, 11:JNtf S,\;<r.l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PCI/P£STIC1DE ANALY818 REPORT 

a.Jl!NT SAMPLE I.Di BC11SD04 

SAMPt.E T'f PE: &all 

91, IIOIST\IRE! S.O 

HaNhlarahe!WM• 
alplaHCH 
bGHCH 
pmmaHOff 
H....,.., 
Mclrln 
Ollydlkrd1M 
1r-.c111antan. 
d..Chla' ... 
o,p'-DDll 
p,P'•DDE 
tr_.. ... c:Nor ....... _hi_ 
o,p'-DDD 
p,p••DDD 
p,p'-ODT --tt.plachlor Epc,.ldd• 
........ ~lphul(J) 
DW*1n 
an•1n 
U.choaychlor 

Aroclor ta42 
.Aroclor 12M 
~-tao 

1. SOL • Sample Delaetio11 Linlt 
2. NO • Nat o..cted 

DO 

49 

71 

Con~llllon 

ND 
NO 
ND 
ND 
Nl'J 

NOA 0.1S 

ND 
toll 

HD 
ND 

10 

tel 
ND 
NO 
ND 
so 
ND 
ND 
ND 
0.12 

NO 
NO 

NO 
30 
47 

3. NDR • f'Nk delllc1ad but diet not tnut ciuantiric:alon crltaria 
. 4.. D11111,-,. not .bNn bfMk ~ 

5. Conantndiora ant ,--,y cof'NC'llld 

(90l.) 

0.04 
O.o:I 
o..oa 
0.04 
o.os 
0.03 
o.oa 
O.QO 

4.07 
0.1S 
0.04 
0.09 
1,, 
0.1 

1.0 
0..12 

0.04 
0.02 
0.02 
0.02 

0.04 
0.11 

0.81 
1.5 

0.915 

DATE: a1/A&a9/9S 

METHOD NO.: CL·S-01/Ver..2 

IN&TMIMENT: QC.fOD 

CONc.E.N'l'RATION IN: n91'9 

Cit AXYS ANALYTICAL SERVICES LTD P.o.aox221;,200Nt1HD. Sl)Nf'Y,8.C .• CA.~ .am TB~)~D81i FAl16Q.116Sl>-ll'.I 



CLIENT: Hemmttra R•~• Consultanw 

SAMPLE TVPE! Sall 

• MOISTURE: 9.0 

Compoun4e 

NaaehlorONtlaal• 
alplulHCH 
NIIIHCH 

flllWNI HCH 
HeplacNor 
Aldrin 
~ 
tr-c~ci­
cll,.Chlardlln• 
o,rl-ODE. 

i,,p'•DDE . 
nne-NcinacNar 
cle-Nonaehlor 
o.p'..OOC, 
p,ai'-000 
p,p'..OOT 
Mins 

Hapa.Dttlof~ 
··~ptwl(I) 
oi.ldrin 
l!lndrln 
M.U.OJ!Yehlor 

Aniclor 1142 
Aroolor t 254 

AN!olor 1290 

Tetrec~-~ 
PCB 20lil 

de...ipha-Endcsulphan 

1 . SOl = Sample o.tiacticin Limit 

2. NO • Not Dec.etad 

7'9 
07 
·50 

PCB/J'ESTICIDE ANALYSIS AIPORT 

0.02 

ND 
ND 
ND 
NO 
0.118 

NO 

NO 
N) 

ND 
o.os 
ND 
ND 
ND 
ND 
0.42 

ND 
NO 

NO 
ND 
ND 
ND 

NO 
0.!1' 

o.e 

(SDI.J 

O.OOI 
0.01 

0.04 
Q.02 

o.ooe 
o.oos 
Q.02 

Q.D2 

O.Q2 

o.as 
a.ooe 
0.03 
0,02 

0.03 
o.oz 
O.G2 

0.007 
0.02 
0.02 
0.02 

D.o.1 
0.08 

0.34 
o.a1 
0. t4 

S. NDR • ....,. detactad but did not fflee1 quantfflcalion crileria 
4. DIM haw not bN11 blank COffllCted 
5. ~entl'dona ar• r--r cOl'l'IICtllCI 

AXVS ,o; N1+aee 1 

DATe: 31/Aug/95 

METHOD No.: C~1/Y•.2 

INSTRUMENT: GC•l!CD 

CONCENTFIATION IN: h9/9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

S66 l- i £...Z:::int:.i ______ _ 



I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CLIENT SAMPLE LD: D01900C 

8AMP1.E TYPE: Soll 

SAMPLE SIZE: 11.39 g dry 

Heaac:hlof•__,. 
elpheHCH 
~tteli 
9M"MHCH 
Heptactib 
Aldrin 
Oqlehlord.,. 
trana-Chlordan• 
4*-Chl«'dene 
o,p"-OC>e 
p.p'-DDE 
tr~NClflMNor 
ct..Non1chlar 
o.p'.ODD 
p,p'•DCO 

P•P'·DCT 
Mira 
Heptllchlcr Epmtlde 
..,_.endftu1pm111 ro 
Dleklm 
EMlrtn 
u.ttwlllyel\lGr 

Tetrachfo~-xyltne 
PCB209 
d4-lllpha-Endcaulptuu, 

1. SOL = sample Detaction Umit 
2. ND • Not Decectad 

74 
85 

e1 

PCB/PESTICIC'E: ANALYSIS RSIORT 

Ccn:anfntian 

0.01 

ND 

ND 
ND 
NO 

NDR o.ae 
N:J 
ND 
ND 
ND 
0.02 
ND 
ND 
ND 
O,Q7 

1,4 

ND 
ND 
ND 
0.02 
ND 
ND 

ND 
ND 
0.57 

0.004 
0.000 

0.02 

0.01 
0.01 
D.007 

0.03 

0.01 
o.a, 
0.02 
o.om 
0.01 
0.02 

Q.Q2 

0.01 

0.0!5 
0.004 
0.01 

o.ot 
o.a1 
0.02 
0.06 

0.24 
Q.19 

0.1 

3. NDR • P• tMtiactad bllt did nat meet quantiftcation criteria 

4. Oct. t1IIW ntrt ~n blan~ ccmw::tied 
S. Concentmions ere feccMK'f conec:ted 

All'YSI ID, N14,Bt 

CA"re: 31/Al.lg/96 

METHOD NO.: C~1/Ver.Z 

INSTRUMENT: GC-ECO 

. CONCCMTRATION IN: 11919 

@J~ AXVS A.NA.L YTIGA..L SERVICES LTD P 0. &Ol l1l9, 10', lill,I.S 10 .• su:r-m. I.C .• CANADA ~" 3S2 m :~l ~,6-098! FAl t/JC-11 65! ~!I: 

H/J 0 'd ll:011).. ltH:l S,l,:<;tf c~ :9i: £66 i:-t[--":Jntl 



CLIENT aAMPLE I.D: D0t500f; 

9AMPLS 'TYPE• Sall 

GAMPLE SIZE: 9.De g clf'y 

,., lt018TURE: 1a 

W..Chforw-• 
alphaMCH 
.._.HCH 
..-.HCH .. .,......., 
Aklrtn 
Oxycllladan• 
Ir~ 
oi.Ctllord.,,. 
D#-DDE 
p,p .. 001! 

1ran~chtcs 
e..,Nonachkr 
o.p'-000 
pJ,'-DDb 
P.P'•DD't ...... .... ,_hfor EpGald9 

•lp"-"&ldoeulphan (I) 
Di.tctm 
11:ndrfn 
M411holcychla' 

.NOOlar 12'2 

Araclor 1251 
ArGCIGr1280 

Tetr-.ht~ 
PCBtoO 

ck~-EndoaulphM 

1, SDL = Sample o.tection Limit 
2. ND • flilot Dlllllctad 

112 .,. 
78 

PCBJPUTIQICI! ANALYSIS REPORT 

Cani:emratlon 

0.008 
ND 
MD 
NO 
NO 

NOR 0.0& 

O.CM 

0.02 
0.03 
ND 
c.os 
ND 

NO 
NO 
0.03 
0,4:Z 
ND 

NO 
NO 

ND 
ND 

ND 

NO 
0.85 

0.6 

(SOL) 

0.007 
0.000 
o.os 
0.02 
0.01 

o.oos 
0,02 

11.02 
D.02 

o.os 
0,007 

0.02 
0.02 

0.02 

0.02 
o.oe 
0.008 
0.0!2 
0.02 

0.02 
a.os 
o.oe 

0.441 

0..34 

0.22 

3. NCR• Pak dfllact.ed bui clld not ~quant.'lcdoncritarfa 
4. Cata have not beat blank comlet«f 
$, CoMwitrat\ana - rec~ comicted 

AXV$ ID: Mt+-2112 I 

DATE: ~1/A&lsl/95 

METHOD NO.: Ci..s-01/V•.2 

IHSTRUMENT: GC-1:CD 

CONCENTJIATION IN: f19/a 

Cl) AXYS ANAL 'Y'TICAL SE~ICES LTD P.O. SOX 221,. ml llllllS RD .. SWY. a.c., (.l)..ln,\ m ~ m ~I o~at: Ml~~; 6S,5-J5) I 
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I 
I 
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BTEX ANALYSIS REPORT 

CLIENT SAMPLE l,D,: OB1S001 

CLIENT: ttenvn.ra Resource Coneultara Ltd. 

SAMPLE TYPE: SoU 

SAIIPI..E SIZE: 1.19 g dry 

Compawtds --
Toi._. 

Elbylhnzene 

p/m-Xylena 

o-Jtytene 

Surrogate Standarct. 

1. SDL "" Sample D-.ction Limit 
2. ND .,. Not -.cted 

concena;a11on 

ND 

ND 

ND 

ND 

ND 

90 

3. NDR • PMk dete.:led but dki not rnNl quantification crtt«la 
4. Data have not been blank correctad. 
-5. Concentntlone are not r.cov.ry comact41d. 

(SOL) 

0.1 

4.0 

0.2 

0A 

CJ.3 

AXY$ FILE: 9514-217A I 

DATE: 2'3/Aug/95 

METHOD NO.: Vo-s41JVO..QMS•1.0 

INSTRUMENT: GC-MS 

CONCENTRATION IN: ng/g 

CXt AX.VS ANALYTICAL Sl=RVICES LTD P.:J.ICX22lUM5MJ!Sl!l.,S1ClEY,lC.,CANADAVilm !B.'6o.ll6!6-081: f.U(cCA).~l>Jll 

-, 'i I 1.l.,ltjNtl S.~:,.,:i 



PHENOXYACfD HERBICIDE ANALYSIS REPORT 

CUENT SAMPLE I.D.: D01SOOZ 

SAMPLE TYPE; Soll 

COIIIPOWICfa Conoenlrallon (8DL) 

Dlcamba ND 0.006 

2,4-0 Nt) 0.006 

2,4-0B ND 0.006 

lfCPA NO 0,005 

McPP ND 0.005 

Plcfonlm 
ND 0.1 

2.4,S.T NO 0.005 

2.4,~TP 
NO 0.006 

1_ SOL• Sample Detection Umll 
2. ND .. Not detected 

3. ug/g = micrograma per gr..m, on a dry Wl!lght basis 

AXYS FILE: 9514-288 

CONCENTFIATION IN! ur,Jg 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PHENOXYACID HERBICIDE ANALYSIS REPORT 

CLIENT SAMPLE f.D.: D01S008 AXYS FILE: 9£14-292 

CLIENT: .....,,n.ra Resource Coneultanls DATE: 24/Aug/9S 

SAMPLE TYPE: Soll 
CONCEN'mATION IN: U9/g 

COmpound9 Concentration (SOL) 

Dlcamba NC 0-005 

2,4-0 NO 0,005 

2-4-DB ND c.ooe 
MCPA ND 0.005 

MCPP ND 0,QOS 

Plcforam ND 0.1 

2,4-45-T ND 0.005 

2,4,5-TP NO 0.005 

1. SOL = Sample Dataction Umit 
2. NO e NQt ~1ected 

3. ug/g .. miorcgnims per gram, on a dry .. ight bais 

-- . ---- ·--· -- ---- ---- -- -- ---- --------·---- --I l@l) AX vs ANAL YTIC-..A.L SERVICES LTD ,.o. sorn,v, :icmms t,., SIONEV, a~ CA.~AlA vs( JSa w. i'04l cSo.Ci81 1,u iti!') dj6-l5', 

~l-SC:-rr;tl 



Sla'd "1;;1101 

CLIENT SAMPLE r.o.: Spike Recovery 

Cll!HT: Manm.-ra R•ource Consultant• 

SAMPU! TYPE: SGil 

SAMPLE SIZE: 1.o g 

PHENOXYACIO HERBICIDE ANALY8'S REPORT 

AXYS FILE: Spite #1 

DATE: 10/AUQ/95 

CONCENTRATION IN: ug/g 

Conlpound• DetarlmMcl &peQted '% Haaavwy 

DlcallllJ• 

2.4-0 

2,4-DB 

MCPA 

MCPP 

Plcloram 

2,4,S-T 

2,4,.5-TP 

1. SOL .. Sample Dot.don Umil 

. 2. NO "' Not d.teol&d 

0.027 

ome 

0.37 

s.a 

45 

0.024 

Q.013 

0.03 

0.04 68 

0.15 11 

0.4 93 

8.6 ,56 

42 107 

0.074 32 

0.044 ee 

0.034 88 

~[t AXYS ANAL YT I CAL SERVICES LTD ?.O. ilCI 27\9, 2C'5 MIUS ll. Si!IN:', lC., CA.~.!o;JA til m :E":.(A~l 6.i408Bl f.U i~C.q ~S6~1: 

11:0I!)..lt;Nt! s.,:•:tt "t(!:9"t S66"t-Sc--1Jrll:l 
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CLIENT $AMPLE 1.D.: Mathod Blank 

CLIENT; Hemmena ReaourQJ Contubnh 

SAMPLE TYPE: Sarr 

Compo1a1ds 

Olcafflbl 

2.,4-D 

2,4-09 

IICPA 

MCPP 

PlcJotMI 

2,4,5-T 

·2,4,S•TP 

1. SOL = Sample o.t&ction Umit 
2. ND .. Not dafQeted 

S8/~0'd 

PHENOXYACID H£RSICIDE ANALYSIS REPORT 

COlloanlrallon (SDL) 

ND 0.005 

ND 0.005 

NO 0.01 

ND 0.005 

NO 0.005 

ND 0.1 

ND 0.005 

NO o.oa; 

AXYS FIL£: Blank n 

DATE: 21/Aug/95 

CONCENTRATION IN: IJWg 
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SITE PHOTOGRAPHS 
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Photo 1: 

Photo 2: 

Entrance to Beaver Creek pumping station. Logging operation occurs 
outside the pumping station compound. 

Logging operation outside Beaver Creek compound. 
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Photo 3: 

Photo 4: 

Main building at Beaver Creek looking north . 

Main building, east side, looking south. Maintenance garage in the 
foreground. 
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Photo 5: 

Photo 6: 

Above ground storage tanks at the south end of Beaver Creek compound. 

Berm around large above 
ground storage tank, south end 
of Beaver Creek compound. 
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Photo 7: 

Photo 8: 

Base ofbermed area around AST's. Gravelly base with no liner. 

Smaller of the two AST's at Beaver Creek. 
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Photo 9: 

Photo 10: 

Old underground storage tanks - well overgrown by trees at Beaver Creek. 

Above ground storage tank with 
sump (shed) for accessing under­
ground pipes on west side of the 
main building at Beaver Creek. 
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Photo 11: 

Photo 12: 

Valves along pipeline at Beaver Creek pumping station. 

Road into the inferred former 
landfill to the north of the pump 
station. Red marks denote the 
geophysical survey grid. 
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Photo 13: 

Photo 15: 

Inferred former landfill site north of the Beaver Creek pump station. 

Entrance to Donjek pumping station looking east. 
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Photo 16: 

Photo 17: 

Old gasoline pump. The 
underground storage tank 
is located behind and above 

the gasoline pump. 

\ 
\ 
\ 

Pump building at Donjek. Various associated valves .along the pipeline are in the foreground. 
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Photo 18: 

Photo 19: 

Above ground storage tank to the south of the main building at Donjek. 

Housing complex at Donjek looking east. Single family dwelling in the 
foreground and an apartment complex in the backgrow1d. Note the former 
incinerator stack to the left of the apartment complex. 
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Photo 20: 

Photo 21: 

Trail leading into the inferred landfill north of the Donjek site. 

Inferred former landfill at Donjek. 
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Photo 22: 

Photo 24: 

Hand dug excavation into the former landfill exposing waste. 

Main building at Destruction Bay. The maintenance garage is at the far 
end of the building. 
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South 

Northeast 

Photo 23: Panorama of the Destruction Bay site. Picture is taken from the large AST looking 
west and north. 
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Photo 25 : 

Photo 26: 

Former water well located on the west side of the main building. The well is in 
excess of 100 feet deep. 

Above ground storage tank to the 
west of the main building. 
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Photo 27: 

Photo 28: 

Two AST's on the east side of the main building near the compound 
entrance. 

Small AST. 
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Photo 29: 

Photo 30: 

Granular material on the base of the bermed area surrounding the AST's. 

Old foundations located northwest of the former garage along the highway 
at Destruction Bay. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Photo 31: 

Photo 32: 

Old foundations to the west of the former garage along the highway at 
Destruction Bay. 

Former garage along the highway at Destruction Bay. 
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APPENDIX I 
SITE SENSITIVITY ANALYSIS AND RISK MANAGEMENT 



- - - - -

Vapour 
Inhalation 

Impact 

Receptor 
Sensitivity 

Likelihood 
of Impact 

Site 
Sensitivity 

- - - - - - - -
SITE SENSITIVITY ASSESSMENT PROCESS 

PHYSICAL 
FACTORS 

Water 
Ingestion 
Impact 

Receptor 
Sensitivity 

Likelihood 
of Impact 

Site 
Sensitivity 

LAND USE 
CONSIDERATIONS 

Aquatic 
Concerns 

-

other 
Impacts 

- -

J ... 

Terrestrial 
Concerns 

{agricultural, 
ecological) 

- -

Soil 11 Groundwater 
Risk Management Risk Management 

Criteria Criteria 

Groundwater II Soil 
Risk Management Risk Management 

Criteria Criteria 

Appropriate 
Risk Management 

Criteria 

II 

Ill 

* 

-risk monogemenl~rilerio for sites of high sensitivity OW -risk management criteria based on relevant drinking water quality guidelines 
-risk management criteria for sites of moderate sensitivity AT -aquatic toxicity criteria {where available) 

-risk management criteria for sites of low sensitivity PT -phytotoxicity criteria (where available) 

-soil risk management criteria for soil to groundwater SS -site-specific risk management criteria may be necessary 
ingestion pathway NR -no response may be necessary 

Site Sensitivity Assessment Process 
DATE: 94/05/16 

DRAWN BY: MG DWG. NO.: 8-2 

-



't"- - ...-,.=-=-..-. 

., "' 

RECEPTOR SENSITIVITY 

Ingestion of Water 

RECEPTOR -· .<. SENSITIVITY 

Use, or potential use, of groundwater -or 
surface water for domestic supply 

high 

Groundwater or surface .water with no low 
current or potential usage 

' . ., .-· ~ 
~ 

...r 

4' 

Receptor Sensitivity 
DATE: 94/05/13 

Ingestion of Water DRAWN BY: MG DWG. NO.: 8-3 

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



-------------------
LIKELIHOOD OF IMPACT 

Ingestion of Water 
(complete for each receptor) 

Surface water or 
water well located 

~ 

<500m downgrodient 1-I N_O ___________ ..., 
of contamination or 

• r 

< 1 OOm upgradient of 
contamination 

YES 

Permeable aquifer 
AND natural or 

man-mode hydraulic 
connection 

YES 

High 
Likelihood 
of Impact 

Likelihood of Impact 

Ingestion of Water 

·- .... ··-----.e~-..... 

NO 

DRAWN BY: 

Medium/Low 
Likelihood 
of Impact 

DATE: 94/05/13 

MG DWG. NO.: B-4 

·~ 



~,: .. =co•c C sC''t.,•c.z C: C c: c:a C:· 

4't 

Likelihood ----of Impact 

HIGH 

MEDIUM/LOW 

SITE SENSITIVITY RANKING 

Ingestion of Water 

Receptor 
Sensitivity I HIGH 

I 
H 

ss 

I LOW 

I 
NR 

NR 

H - high sensitivity ranking (remediate to ingestion-based criteria) 
SS - site-specific remediation criteria may be necessary 
NR - no response may be necessary 

Site Sensitivity Ranking 

Ingestion of Water 
DRAWN BY: MG 

., ... 

DATE: 94/05/13 

DWG. NO.: B-5 

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



. - ------ -- --------------------

., ... 

RECEPTOR SENSITIVITY 

Inhalation of Vapours from Soil and Groundwater 

RECEPTOR 

RESIDENTIAL / INSTITUTIONAL (indoor) 

COMMERCIAL / INDUSTRIAL / PUBLIC (indoor) 

OUTDOOR 

+\ 

Receptor Sensitivity 

Inhalation of Vapours from 
Soil and Groundwater 

- -

SENSITIVITY 

high 

medium 

low 

DRAWN BY: MG 

DATE: 94/05/13 

DWG. NO.: B-6 



,. ,.. .. .. .. ... - ------
LIKELIHOOD OF IMPACT 

Inhalation of Vapours from Soil and Groundwater 
(complete for each receptor) 

YES Depth or Distance NO .J ... 

from Contamination 
to Receptor<30m 

I I 

YES 
Soil Dso >75µm 

YES 
Soil 0 50 > 75µm 

- at Minimum or - at Minimum or - Average Depth 
,.. 

Average Depth 
to Contamination to Contamination 

~o tNO 

_YES 
Downgrodient 

YES Groundwater YES 
Downgradient 

YES Groundwater 

- Receptor AND 
~ within 10m ,.. Receptor AND 

~ within 10m 
Permeable below grade Permeable below grade 

Aquifer Aquifer 

INO _ NO INO _ NO 
-~ ~{, 

Other factors Other factors 
,- YES contributing to ~ YES contributing to - -

vapour impact vapour impact 
,, 1/ 

Indoor ReceptorlNO JNO Indoor Receptor! NO JNO 

~YES -ii JtYES ~,I, 

High Medium Medium Low 
Likelihood of Likelihood of Likelihood of Likelihood of 

Impact Impact Impact Impact 

~ 

Likelihood of Impact 

Inhalation of Vapours from 
Soil and Groundwater DATE: 94/05/13 

DRAWN BY: MG DWG. NO.: 8-7 

-------------------: 



-------------------
SITE SENSITIVITY RANKING 

"" 
Inhalation of Vapours from Soil and Groundwater 

~ HIGH MEDIUM LOW 
t 

y 

HIGH H M M 

MEDIUM M M L 

LOW M L L 

H - high sensitivity site 
M - moderate sensitivity site 
L - low sensitivity site 

.., r 

Site Sensitivity Ranking 

Inhalation of Vapours from 
Soil and Groundwater DATE: 94/05/13 

DRAWN BY: MG DWG. NO.: 8-8 

- - - - - - - - -



RELATIONSHIP OF SITE SENSITIVITY TO. REQUIRED LEVEL OF RISK MANAGEMENT CRITERIA 

Inhalation of Vapours from Soil and Groundwater 

Use Risk Management 
Criteria for 

Coarse-groined Soil 

Site Sensitivity 
Ranking 

YES 

Vapour Migration 
Through at Least 

One Laterally 
Continuous Soil 1-ayer 

With 050 > 75µm 

I High I I Moderate I I Low I 
I I I 

1 · Level 1 1 , . Level if] 1 Level 111 1 

.., r 

NO 
\t 

Use Risk Management 
Criteria for 

Fine-grained Soil 

Site Sensitivity 
Ranking 

I High I I Moderate I f Low J 
I I I 

I Level I I I Level II I I Level III I 

Relationship of Site Sensitivity 
to Required Level of Risk Management Criteria.----------------------ti 

Inhalation of Vapours from 
Soil and Groundwater DRAWN BY: MG 

DATE: 94/05/13 

DWG. NO.: 8-9 

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


