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ROYAL OAK NIINES INC. (NWT Division) 
GIANT NIINE 

Memo To: P. Bengts, T. Canam, S. Piercey 
cc. L. Flewelling, D. Anthony 

From: M. Hoffman 

Date: May 25, 1995 

Subject: Storage of Arsenic Trioxide Underground Study 

Attached is a letter from the NWT Water Board describing deficiencies in Royal Oak’s studies on the 
Underground Storage of Arsenic Trioxide. I have also attached a scope of work that has been 
submitted by Royal Oak. You will note that some of you have been assigned some of these items for 
completion. Please proceed with this work and use the noted completion dates as targets. We will 
meet in the near future to discuss this. Please contact me if you have any questions or concerns. 

M. Ho . 

Superintendent Technical Services
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Nr. Larry conneTI 
Manager Env1ronmenta] Services 
RoyaI oak. Mines Inc. 
5501.Lakev1ew Dr1ve 
KIRKLNNU. NASH. 98033 
U,S.Ae 
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."1 'Deatr13tonne11: 

Nhe Northwest Terr1tor1es Water Board has compIeted its revjew of the . 

aforemenuoned report dated January 25,1995 and is concerned that RbyaI 101111 
had hot com Netely fqiTled their oigation in regards to the approved” 

2 -f::f; Terms of he erence for this study. 

. 
, 

There are numerous deficiencies wh1ch were. to have been 1n1t1ated or 
'_1,® comp1éted 1h the 1994 season'. Specific deficiencies are as foNTows'
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l 1 
n V 
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g 
.11)., "11551531111115 or 9111311311. smut“ or THE 51011111: CHAMBERS 

"Engineering assessments were not in.c1uded for rock competency or. 
, 

, khead competency.Histor1ca1 data assembIed to date. was not . 

..SUmmarized; the report shoq have indicated what informatfdn exists 
(for the storage chambers, and assessed data gaps as weTI as identif1ed1f 
Lend initiated actions to be taken to address information deficiencies 

this section d1d not identify which chambers are currently not 
H {access-jole, their Iocation, and the company' 5 proposed means- to coTTeet 

g'1nfprmat1on. 

1‘11"- 721111115151: or THE TECHNICAL omens son PERMANENT 11311100111281 
This section shouid have described in détaiT the var1ous- options for 

. abandonment, identified 1nformat1on required for an Engineer1ng 
-‘feas1bi1ity study, and initiated co11ection of data. Overa11; .the work“ 
on.1h1s section appears to have been deTayed or omitted altogether 

1“. 11/2. 

' 

'.. 1313. No1: 1501:, ‘r’eilowknife..N.w.T., XiA 21713. 9111 F100! Precambrian 8121mm. 
‘Phone: (403) 320-8191 Fax2140318713 957:2
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-2, 0 
7""c3__ "Masts or THE PERMAFROST mum THE AREAS or tn: stone's-mains 

"jh trooort states that only sin thermistors were tnstallad to mondtor 
‘

. 

“the; IA 'Chambers. A‘ more defined .monitoring .program‘ should rbe 
-;ostabllshed to provide data for the remainder of the ohambersn 

a) f‘mtvsrs N THE HYDROGEQLOGY Ill THE AREA or me 'Anseriic‘ 5mm: ‘ 

...¢F‘F'.‘PF“ 
‘ 

. 
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- 5 ‘ 

, I"i£i appoars,.that the data collection program was not adasignéd, 1. 

. 
“gallocted; analyzed, nor implemented. ,fi ', 

N 
‘!z , 

’ 
- 

$.16 gélfi';‘ji}iln§:nhnouno' «some stoma - RISK assassnam 
f'flihé dork scheduled for the 1994 season under this section has béén” 

delayed or.neglected altogether. - 

.

' 

fi“. Tho Board considers this.ontire study very important'lh'determinjng thef 
' ;fina1 abandonment of this hazardous material. It appears that Royal Oak has” 
.oonsjdored this study low key;and has not allocated the required.per$unnel' . 

5 and_effort to undertake it. The Board strongly suggests that,your company, 
~= Sgeh.agprof§ssional consulting firm with appropriate expertise to unofirtake 

the.ramainder of this study by follohtng the approved Terms of Raferanognand= 
n 5 

- . ‘ 

gr. tfl d Sohédules. 

‘ 

Iion‘reqdire'further asststaooe,'plcasa do not hesitate7to.oohtaotmthtsft 
‘4 .ofqon' If your inquiry is of a technioal nature, please\feelfifr€a“tb ' 

‘ :tontact Hr. Erik Madaen at (403) 920-8141 or Mr. John Hittomaniat (4033'92n7 
1 jf saga of the water Resources Division. - 
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Chairman .. 
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N.N.Tl Water BOard“m;dswow’ ,
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Head Office Tel: (ml-l) (whit-S320 
2nd Flour - 3425 W. l‘ende; S: Fax: (mm «ma-42m. 
Van-:uuvcr BL . m; '53 

Mr. Gordon Wray, Chairman , January 25th, 1995 
Northwest Territories Water Board, ' 

PO. Box 1500, 
Yellowknife, NT XlA 2R3 
Dear Mr. Wray, 

Re: Storage of Arsenic Trioxide Underground at the Giant Mine - Water License NlL2-0043 

Please find enclosed, two copies of the annual report on the study of scientific data relating to the 
permanent storage of arsenic trioxide in the underground mine workings at the Giant Mine. 

This years activities were primarily that of researching historic data. In addition, a series of drill 
holes have been completed, and installed with thermistors, to collect data on the rock 
temperature. 

In 1995 data collection continues and analysis of the stability of the chambers and the bulkheads 
begins. An updated schedule of events and completion dates for this project is also included. 

This study is being conducted in accordance with Part G: Item 6 of the Giant Mine Water Use 
License. 

If additional information is required please contact the undersigned at your earliest convenience 

Regards, 

Manage of Environmental Services 

cc; K. Weston 
D. Anthony

_ 

M, Hoffman \/ ' 

R. Allan
'
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1994 Annual Report 

Assessment of Scientific Data Relating to 
Permanent Storage of Arsenic Trioxide 

in the Underground Workings 
at the Giant Mine 

Introduction: 

This annual report describes the activities in 1994 towards the 5 year study to collect and assess 
scientific data relating to the permanent storage of arsenic trioxide in the underground mine 
workings at the Giant Mine. 

The study is multi-disciplinary, involving geologists, mining and civil engineers, hydrologists and 
chemists. The study will consist of both the collection and assessment of existing data as well as 
new data to specifically address areas of concern. 

The areas of investigation are as follows: 

A) Assessment of the Physical Stability of the Storage Chambers. 

~

~ 

This includes the following: "’v 

7244 u m An analysis of the rock type and competency surrounding 
p 3 An analysis of the competency of the concrete bulkheads isolatin_ eac of 

0 e113 +§ 
' the storage chambers. 

R Bang +3 An analysrs of the forced ventilation in the Vlcmlty of these storage 
chambers. 
Preparation of plan and section views through each storage chamber 5. P I 8/ . . . . . . 

(\‘m M indicating access drlfts, raises, bulkheads etc. that have an impact on the S ( conditions in and around these storage chambers. 

35W ‘14 $10 3‘“ + 5 Preparation of a written engineering standard for the development of future 
5MlzeG-4‘ 

' 7 arsenic storage chambers. 

s a (tsp g“? *s/H. #n“ A Tievelopmhentbof a written monitoring program for both active and inactive 
s orage c am ers. 

B) Analysis of the Technical Options for Permanent Abandonment 
The intent of this portion of the study is to fiirther develop the engineering 

fl 3“,? 4.5 /M' 4‘,m feasibility of options to close out the storage chambers in a permanently 
rozen state. The technical review will include the potential impact on the 
groundwater regime in the area of each stopet 

C) Analysis ofthe Permafrost Regime in the area of the Storage Chambers. 
This portion of the study will lead to a more complete understanding of 

(6/15 u I 1%. n 'l‘) - how zones of discontinuous permafrost behave, in the area of the storage 
chambers. The goal would be to provide a mapping of rock temperatures in 
both the horizontal and vertical dimensions.
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D) Analysis of the Hydrogeology in the area of the Arsenic Storage Chambers. 
- Data will be generated/collected that would lead to an‘understanding of the 

CD ”\n bk ’7 risks associated with large volumes of water coming into contact with 
(‘5 stored arsenic trioxide. 

E) Risk Assessment Related to Underground Arsenic Storage. 
, {r ‘ A qualitative risk assessment is to be conducted in order to assist in 

CO (‘3‘) 
i’u " managing possible risks that have both a high degree of hazard and a high ~ 

probability of occurrence. 

Discussion: 

The following itemizes the work completed in 1994 in a format that compares to the items listed 
in the Introduction. This way it is possible to identify directly the progress on individual topics. 

A) Assessment of the Physical Stability of the Storage Chambers: 

U Data files have been prepared for each of the storage chambers. Work 
S V\L< j concentrated on assembling available data on each chamber through a thorough 

V7¢ n51 
search of data on and off site. This included plans, sections, design criteria and as- 

? 
’(X "266 

built drawings where possible. 
\0,(

‘ 

(”m Q“ As part of the requirement for studying the pennafrost regime, 6 drill holes were 
1 drilled in the mine area surrounding the storage chambers. The core was 

/ LAM m - geotechnically logged and has been saved for filture reference. This data will help 
' with future stability and hydrogeological analyses where data has been found to be 

insufficient. 

The majority, of the chambers are currently not accessible, the old drifts and raises 
being cut-off or bypassed over years of mining. Only the active storage chamber is 
routinely monitored by mine personnel. The majority of the arsenic storage areas 
are located in the 'B' shaft area. This area includes both the main downcast 
ventilation system (B shaft) and the main exhaust (B ramp). The mine air is not 
allowed to drop below freezing and as such the local underground rock 
temperatures are nominally +1 to +2 degrees Celsius. 

Written engineering standards are being prepared for future storage chambers at 

of this time. The bulkhead design is being prepared by mine staff and will be 
(0.? “ix reviewed by a co suiting structural engineer (Ferguson, Simek and Clark in 

gov» Wax" Yellowknife) as well as the Mines Inspection Branch. Construction standards are 
~ also being dra 

completed and ill form the basis of designs in the future. The construction of 
#14 storage ch ber will be complete in the first quarter of 1995. Following the 

~~~~ 
up. The chamber design cf the next storage area (#14) has been ,

,
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D) 

commissioning of this chamber a report will be prepared outlining standards to be 
used in fiiture 

Analysis of the Technical Options for Permanent Abandonment: 

RS“ 
No formalized work has been completed on this portion of the study. 

Analysis of the Permafrost Regime in the area of the Storage Chambers: 

nfi‘é 

Historical data on the permafrost regime is extremely limited. As such it was 
determined that a program to install thermistors in the area of the storage 
chambers was required. 

In total six holes were drilled in June of 1994. Five of the holes are in the vicinity 
of activefinactive storage areas and one hole was drilled between the "C" and "A" 
shafts, in an area not influenced by active mining conditions. 

In each of the holes a string of thermistors were installed. Each of the strings 
reads temperatures starting 20' below surface and then at 55' intervals down to the 
bottom of the hole. A summary of the data fi‘om 1994 has been attached as 
Appendix 1, and a location map has been attached as Appendix 2. The holes were 
drilled to 350' below surface which is below the lowest point of any of the storage 
chambers. Hole A-4 was only drilled to 240' due to the proximity of underground. 
workings. 

The instrumentation was read once a week in 1994, and has proved to be very 
consistent week to week. As such the readings for 1994 have been presented as

\ 

monthly averages, and readings in 1995 will be taken only once a month. 

Mine air is heated in winter, and as such is not allowed to fall below +2 degrees 
Celcius at any time of the year. The area where the storage chambers exist is also 
the area where the mine ventilation air enters the mine. It is also the area where 
the major portion of the mine air exhausts from the mine. Exhaust air generally is 

not less than +10 degrees Celcius The ventilation conditions and the effect this 
heat source\ has on the rock temperatures will require fiirther data collection and 
review \LJMJL MW UN’J‘ m m [996, 

“Analysis of the Hydrogeology in the area of the Arsenic Storage Chambers: 

The core from the diamond drilling completed in 1994 has been saved for fiirther 
analysis under this portion of the study. No formalized work has otherwise been 
completed.
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E) Risk Assessment Related to Underground Arsenic Storage: 

(p 
o‘a"\ 

_ 

Due to the lack of basic data at this stage of the project, there has not been any 
W. t/ W M)‘ formalized work completed on this particular portion of [the study. W a” - 

0 U- 
Work Schedule by Study Area: 

The following outlines the projected schedule of work up to completion of this project. 

A) Assessment of the Physical Stability of the Storage Chambers: 

Q d “:1 1995 - Complete the compilation of data for each individual storage area, including 
6. preparat1on of plans and cross-sections. «V7 

9/ V7912” r“ [333“ Provide engineering assessments of rock competency and the com etency of 
{1 W‘fl concrete bulkheads related to each storage fla 

9 fit; 
N‘ future storage chambers 

' “\Loé Formalize a monitoring program for active and inactive storage chambers. 
“w . 

Fix 1997 - Preparation of a final study report complete with stability assessments and 
drawings, and including engineering standards and monitoring programs. 

B) Analysis of the Technical Options for Permanent Abandonment: 

W“ N 1995- Develop a list of options to be investigated and additional data required 1n order to 
“v “99‘8“ develop the technical feasibility of the options. Results from 1995 research for 
/i,o"‘Q\ :6 Study A will form a basis for this work 

1,1 1996 - Update results and data collection for a presentation of the feasibility of the 
options. Each of the options will be presented for discussion and consideration. 5.157» W 1997- Further updating of results, together with a final study report outlining conclusions 

M4124. and recommendations for permanent abandonment of the arsenic storage Am “1 chambers. 

C) Analysis of the Permafrost Regime in the Areas of the Storage Chambers: 

1995- Continue monitoring rock temperatures from thermistor installations 1n 1994 WW Include the data 1n the annual progress report 
M\ 

Provide a preliminary report concerning the state of the permafrost regime, by 2 
Qh’wflkfi by} and 3 dimensional analyses. Modify the monitoring program as required for better

\ (’50 
coverage and consistency. 

Uh WW 

y J996- Complete the preparation of written engineering standards for the development of



1996 - Continue monitoring rock temperatures from thermistor installations in 1994. 
Include the data in the annual progress report. 
Update the analyses of the permafi'ost regime. 

1997 - Continue monitoring rock temperatures and update theanalyses of the permafrost 
regime. Prepare and submit the final study report. 

D) Analysis of the Hydrogeology in the Area of the Arsenic Storage Chambers:~ Mir 1 5 - Design and implement a data collection program with input from a hydrologist and 
’K (1* \ mine geologists. Prepare a report regarding predictions of possible groundwater 

J flows and the im lications of mine floodin . 
(\L, _ p g r v b \v 5 

.F ' 

. 
Haw J11» flaw 

(/1 
M «7199 - Continue data collection and assessment of same. , M ‘ 

1997 - Prepare a final study report. 0 Na?) PI 5 
_ 

bf 

E) Underground Arsenic Storage - Risk Assessment

% 
\Wf 1995 - Establish the technique to be used in preparing the risk assessment. Complete the 

(A X ’1 Hazard, Exposure, and Consequence portion of the risk assessment. Initiate 
\ 

0t" ‘ 
programs to collect data and missing information as required.

' 

1996 - Update the risk characterization portion of the risk assessment if required. 

bib" 1997 - Update the risk assessment to include all data collected by other portions of the 
study. Complete a risk management plan based on the risk assessment. 

(32 Mr 
Richard Allan, P.Eng. 
Technical Services Manager - NWT Division
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Royal Oak Mines Inc. - NWT Division 
Giant Mine 

Arsenic Storage Study - Thermistor Data - Monthly Average (weekly readings) in Degree Celcius 

Hole # Location 

A-1 Collar 
Pin 1 

11198.57 N Pin 2 
6262.97 E Pin 3 

Pin 4 
Pin 5 
Pin 6 
Pin 7 

Hole # 

A-2 Collar 
Pin 1 

10930.74 N Pin 2 
6298.76 E Pin 3 

Pin 4 
Pin 5 
Pin 6 
Pin 7 

Hole # 

A-3 Collar 
Pin 1 

11462.13 N Pin 2 
7831.88 E Pin 3 

Pin 4 
Pin 5 
Pin 6 
Pin 7 

Locafion 

Locafion 

Depth

0 
20 
75 

1 30 
185 
240 
295 
350 

Depth
.

0 
20 
75 

1 30 
1 85 
240 
295 
350 

Depth

0 
20 
75 
130 
185 
240 
295 
350 

Elevation 

6023.43 
6003.43 
5948.43 
5893.43 
5838.43 
5783.43 
5728.43 
5673.43 

Elevation 

6047.96 
6027.96 
5972.96 
591 7.96 
5862.96 
5807.96 
5752.96 
5697.96 

Elevation 

6040.09 
6020.09 
5965.09 
5910.09 
5855.09 
5800.09 
5745.09 
5690.09 

June 

0.0 
0.5 
0.5 
0.5 
0.6 
0.7 
0.8 

June 

0.1 
2.0 
1.4 
1.1 
0.9 
0.9 
0.9 

June 

0.4 
1.3 
1.0 
0.9 
0.8 
0.9 
1.0 

July 

0.0 
0.4 
0.4 
0.5 
0.6 
0.7 
0.9 

1.5 
1.2 
1.0 
0.9 
0.8 
0.9 
.1 .0 

Aug. 

0.0 
0.4 
0.4 
0.5 
0.6 
0.7 
0.9 

Aug. 

3.4 
1.9 
1.4 
1.1 

y 
0.9 
0.9 
0.9 

Aug. 

2.9 
1.9 

. 1.4 
' 

1.1 
0.9 
0.9 
0.9 

Sept. 

-O.1 
0.3 
0,4 
0.5 
0.6 
0.7 
0.8 

Sept. 

5.1 
1.8 
1.4 
1.1 
0.9 
0.8 
0.8 

Sept. 

4.1 
1.2 
1.0 
0.9 
0.8 
0.9 
1.0 

Oct. 

0.1 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 

Oct. 

5.5 
1.0 
1.4 
1.1 
0.9 
0.9 
0.8 

Oct. 

4.1 
1.2 
1.0 
0.9 
0.8 
0.9 
1.0 

Nov. 

0.6 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 

Nov. 

4.9 
1.7 
1.3 
1.1 
0.9 
0.8 
0.8 

Nov. 

3.6 
1.2 
1.0 
0.8 
0.8 
0.8 
1.0 

Dec. 

0.5 
0.3 
0.4 
0.5 
0.6 
0.7 
08 

Dec. 

4.0 
1.7 
1.3 
1.1 
0.9 

”0.8 
0.8 

Dec. 

2.8 
1.2 
1.0 
0.8 
0.8 
0.8 
1.0



Hole # Location 

A—4 Collar 
Pin 1 

12719.98 N Pin 2 
7234.30 E Pin 3 

Pin 4 

Hole # Location 

A-5 Collar 
Pin 1 

12133.84 'N Pin 2 
7614.36 E Pin-3 

Pin 4 
Pin 5 
Pin 6 
Pin 7 

Hole # Location 

A-6 Collar‘ 
Pin 1 

8442.86 N Pin 2 
6837.13 E Pin 3 

Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 

Depth 

_

0 
1 5 
90 

165 
240 

‘ 

Depth

0 
20 
75 
130 
185 
240 
295 
350 

Depth 

15 
70 
125 
180 
235 
290 
345 
400 

Elevation 

6028.51 
6013.51 
5938.51 
5863.51 
5788.51 

Elevation 

6023.42 
6003.42 
5948.42 
5893.42 
5838.42 
5783.42 
5728.42 
5673.42 

Elevation 

6062.41 
6047.41 
5992.41 
5937.41 
5882.41“ 
5827.41 
5772.41 
5717.41 
5662.41 

June 

1.8 
2.1

' 

2.7 
3.8 

June 

June 

9%.;AA—xéo 

(AN—300N010 

July 

4.5 
1.9 
2.7 
3.8 

-- 

-- 

-- 

<.. S.< 

Ad-Ld-A—k—xm 
A-A—xoomo-ilb 

Aug. 

, 

7.2 
1.8 
2.8 
3.8 

Aug. 

3.5 
0.4 
0.4 
0.6 
0.8 
1.1 
1.4 

Sept. 

7.6 
1.7 , 

2.8 
3.9 

Sept.» 

4.2 
0.3 
0.4 
0.5 
0.8 
1.1 
1.4 

Sept. 

eeeOOAém 

03,4400t 

Oct. 

6.1 
1.7 
2.8 
3.9 

Oct. 

4.0 
0.3 
0.4 
0.5 
0.8 
1.1 
1.4 

Oct. 

5.3 
1.3 
1.2 
0.9 
0.9 
1.1 
1.1 
1.3 

Nov. 

3.9 
1.6 
2.8 
3.9 

Nov. 

- 3.5 
0.3 
0.3 
0.5 
0.8 
1.1 
1.4 

Nov. 

4.1 
1.3 
1.2 
0.9 
0.9 
1.0 
1.1 
1.3 

Dec. 

26' 
1.6 
2.8 
3.9 

Dec. \ 

Dec. 

31 
1.3 
1.2 
0.9 
0.9 
1.0 
1.1 
1.3
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, NORTHWEST M 
TERRITORIES WATER BOARD 

HATER REGISTER no. nus-0043
, 

April 30, 1993
~ 

Mr. Larry Connell 
Manager of Environmental 
and Metallurgical Services 
Royal Oak Mines Inc. 
2nd Floor - 1425 Rest Pender Street 
VANCOUVER, BC V66 253 

Dear Mr. Connell: 

RE:~ GUIDELINES FOR DEVELOPING TERMS OF REFERENCE FOR 
0 O 

In your presentation to the Technical Advisory Committee, dated February 18, 
1993, you made reference to a number of environmental studies to be 
conducted by Royal Oak Hines Inc. These studies are also identified in the 
your Licence Renewal. A Terms of Reference for each of these'studies will 
be required to be-submitted to the Board for approval. 

To allow you as much lead time as possible to prepare the Terms of Reference 
for these studies, the Board and it’s Technical Advisory Committee have 
prepared some obJectives/guidelines for your consideration. They are as 
o ows: 

1. Arsegjc Stogagg yaults 

a) a review of all records on bulkheads to ensure they were 
constructed to acceptable engineered standards and that they will 
isolate the arsenic wastes from the water that will infill the 
mine following abandonment; 

b) an assessment of the competency of the rock surrounding each stope 
including groundwater movement now and when the mine is flooded; 

c) an assessment of the status of permafrost in the stopes and an 
estimation of the length of time it will take for the stapes to 
freeze; 

d) an assessment of the geochemical properties of the arsenic waste 
including it’s solubility and its potential for and predicted 
extent of mobilization if it were to thaw and become exposed to 
water in the flooded mine; 

..... 2 

3 O. BOX l500. Yellowxnn‘e. N.W.T.. XlA 293. 9th Floor. Precambrian Buxidlng 
Dhone: (403) 920-8191 Fax: (403) 873-5763



e) 

f) 

9) 

h) 

- 2 - 

plans for future arsenic disposal. including a description of the 
factors considered when selecting stopes for disposal of arsenic 
wastes; 

reconmendations for future monitoring of existing and active 
stopes, including but not limited to water quality, bulkhead 
stability, and freezing; 

risk assessments of the potential impacts and associated health 
risks after abandonment; and 

the studies should be conducted by experts who are fully qualified 
in the area being assessed. 

The above noted objectives were' also sent to HBT AGRA Limited- 
Engineering & Environmental Services for their review. Their comments 
are attached. 

Assessment of Acid Generation Potential and Leachability of Old and
U 

a) 

13) 

in developing the Terms of Reference, Royal Oak should consider 
the procedures developed by the British Columbia Acid Mine 
Drainage Task Force in the report entitled, I'Draft Acid Rock 
Drainage Technical Guide Vol. 1'; 

a sufficient number of samples should be collected and analyzed to 
adequately represent heterogenity of the waste rock and tailings; 

the type of predictive test (static) that will be conducted on 
each representative sample; 

any further tests that may be initiated to confirm the results of 
the static tests; and 

as a result of this study, identify ongoing monitoring that will 
be implemented. 

Evaluate the oposed Concept 9: Egyenjng I§j|1n3§ 
a) 

b) 

C) 

the use of on-site experimental test plots is recommended to 
evaluate several types of covers; 

various thicknesses should be evaluated; and
_ 

a monitoring program should be identified which will provide hard 
data such as thermistors readings and results of runoff leachate 
quality analyses. '- 
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