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ABSTRACT 

During 1972, a study was c a r r i e d  o u t  on the  nature  and acute 

t o x i c i t y  of petrochemical d r i l l i n g  f l u i d s  , cons t i tuen t  chemicals and 

wastes. A f i e l d  program, conducted i n  the  Mackenzie d e l t a  a r e a ,  N.W.T., 

was designed t o  acquire information on t h e  nature  and amounts of d r i l l -  

ing  f l u i d  compounds used, the  e f f i c i ency  o f  waste containment f a c i l i t i e s  

and on the  t o x i c i t i e s  o f  d r i l l i n g  and sumps f l u i d s .  A labora tory  program 

determined acute t o x i c i t i e s  of  d r i l l i n g  f l u i d s  and t h e i r  cons t i tuen t  

chemicals through a con t rac t  i s sued  t o  D r .  J. Sprague, Universi ty of 

Guelph. D r i l l i n g  f l u i d s  were acute ly  tox ic  with 96 hour LC50's of  0.83 

t o  1 2 . 0  percent  using lake  chub and rainbow t r o u t .  Sump f l u i d s  were 

comparatively l e s s  t o x i c  with one sump y ie ld ing  96 hour LC50's of  22.5 

and 81.0 percent  f o r  composite and su r face  sump f l u i d s ,  respect ive ly .  

Out o f  27 common components of  d r i l l i n g  f l u i d s ,  seven were t o x i c  and s i x  

were moderately tox ic .  Recommendations on waste containment, t reatment 

and fu tu re  s t u d i e s  a r e  given. A b r i e f  desc r ip t ion  of the  na ture  and 

function of  d r i l l i n g  f l u i d s  and t h e i r  cons t i tuen t  chemicals i s  a l s o  

included. 



INTRODUCTION 

With the recent increase of petrochemical drilling operations 

in the Mackenzie River delta area, the possibility of pollution arising 

from chemicals used in drilling has become important. The current prac- 

tice of drilling waste disposal in the Northwest Territories is contain- 

ment within an excavated pit (sump). Upon completion of a drilling opera- 

tion, the sump is backfilled and incorporated into the permafrost. Since 

the Mackenzie delta is subject to flooding and erosion, there exists the 

possibility of contamination of adjacent water bodies by chemicals con- 

tained in the sump. Further, with the advent of artificial islands and 

vessels serving as drilling platforms in the Beaufort Sea, widespread 

contamination may result. 

In order to determine if a pollution problem exists, a study 

was undertaken from June to August, 1972, by Fisheries Service, in co- 

operation with the Arctic Petroleum operators Association ( A . P . O . A . ) .  

The intent of this study was to assess the nature of drilling fluid com- 

ponents and wastes as well as their acute toxicity to fish. 



NATURE AND FUNCTION OF DRILLING FLUIDS 

Modern drilling operations employ a rotary system which requires 

circulation of a drilling fluid or mud (Fig. 1) to remove cuttings from the 

hole. This fluid is pumped from the surface through the drill pipe and bit, 

then returned to the surface through the drill pipe annulus. Flow of forma- 

tion gas, oil and brine into the drill hole is blocked by a fluid column 

that produces a hydrostatic pressure which counter balances or exceeds for- 

mation pressure. Drilled cuttings, after being brought to the surface, are 

screened from the drilling fluid by shakers located on the drilling platform 

(Fig. 1) and directed towards a sump. In the Mackenzie delta area sumps are 

excavated by means of explosives and/or heavy machinery. In addition to 

cuttings and associated drilling fluid, other substances may be directed to- 

wards the sump; these include rig washing compounds, waste lubricants and 

oils, coolants and domestic waste. 

Drilling fluids include liquids, solids and gases suspended in 

liquids. Most common fluids include suspensions of clays and other solids 

in water (water base muds), suspension of solids in oil (oil base muds), 

oil in water clay emulsions (oil emulsion muds), and water in oil emulsions 

(inverted emulsion muds). Following are descriptions of the more popular 

mud system classifications in use: 

A. Water Base Systems 

Low pH: 

Fresh water - These have the liquid phase of water containing only 

small concentrations of salt, and with a pH in the area of 7.0 to 9.5. In- 

cluded are speed muds, bentonite treated muds, red muds and organic colloid 

treatments. 
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Figure  1. Schematic r e p r e s e n t a t i o n  of  a  d r i l l i n g  r i g  modified t o  
i l l u s t r a t e  t he  d r i l l i n g  f l u i d  and waste  d i s p o s a l  systems. 



Brackish water  - These inc lude  7.0 t o  9.5 pH s e a  and b rack i sh ,  

o r  hard water muds. Source water  he re  may be from open seas  o r  bays. 

Sa tura ted  s a l t  water  - The l i q u i d  phase of t h e s e  muds i s  s a t u r -  

a t e d  w i t h  sodium c h l o r i d e ,  a l though o t h e r  s a l t s  may be p re sen t .  

Gyp t r e a t e d  - These gypsum-treated o r  gyp-based muds a r e  formula- 

t e d  by condi t ion ing  t h e  mud wi th  p l a s t e r  (calcium su lpha te ) .  

High pH: 

Lime t r e a t e d  - These c o n s i s t  of adding organic  c a u s t i c  soda, 

l ime and c l a y ,  and o rgan ic  t h inne r  and normally have a  pH g r e a t e r  than  11.0.  

Fresh water  - In t h i s  system, muds have a  l i q u i d  phase of f r e s h  

water  bu t  have been t r e a t e d  wi th  products  which b r ing  t h e  pH l e v e l  above 

9.0. These would inc lude  most a l k a l i n e  t r e a t e d  muds. 

B. Low So l id s  Systems 

This  i s  a d r i l l i n g  f l u i d  where s o l i d s  conten t  i s  l e s s  than  10 

percent  by weight ,  o r  a  weight l e s s  than  9.5 pounds per  ga l lon .  A low 

s o l i d  mud may have e i t h e r  a  water  o r  o i l  base.  

C.  O i l  Base Systems 

Inver ted  Emulsion M L ~ S  - These water- in-oi l  muds have water  as 

t h e  d i spe r sed  phase and o i l  a s  t h e  continuous phase and may con ta in  up t o  

50 percent  by volume of water  i n  t h e  l i q u i d  phase. 

O i l  Base Muds - Usually t h i s  is  a mixture of d i e s e l  f u e l  and a s p h a l t  

and is  no t  an emulsion a t  t h e  s t a r t  of i t s  use  i n  d r i l l i n g .  V i scos i ty  i s  

c o n t r o l l e d  by t h e  a d d i t i o n  of d i e s e l  f u e l  t o  t h i n  and a spha l t  compounds o r  

o rgan ic  f u e l  t o  th icken .  Weight is  increased  by t h e  a d d i t i o n  of b a r i t e s .  

A s  a  r u l e ,  o i l  muds w i l l  e i t h e r  form emulsions wi th  formation water  o r  from 

o t h e r  sources  of water contamination. 



Drilling fluid~components are too numerous to describe individu- 

ally here. Further, the same components may have different brand names ac- 

cording to the company it is produced by. Following are definitions and 

examples of the major categories of these components which reflect general 

industry practice and terminology: 

Alkalinity and pH Control - These products are designed to control 

the degree of acidity or alkalinity of a drilling fluid and include lime, 

caustic soda and bicarbonate of soda. 

Bactericides - Function is to reduce bacterial count and include 

paraformaldehyde, caustic soda, lime and dowcide. 

Calcium Removers - Caustic soda, soda ash, bicarbonate of soda 
and certain polyphosphates make up the majority of chemicals designed to 

prevent and overcome the contaminating effects of gypsum. Forms of calcium 

sulphates can reduce the effectiveness of nearly any chemically treated mud 

not employing calcium removers. 

Corrosion Inhibitors - Hydrated lime and amine salts are often 
added in mud systems to check corrosion. A good mud, containing an ade- 

quate percentage of colloids, certain emulsion muds and oil muds exhibits 

excellent corrosion inhibiting properties. 

Defoamers - These are products designed to reduce foaming action, 

particularly that occurring in brackish water and saturated salt water muds. 

Emulsifiers - These function by creating a heterogeneous mixture 

of two liquids. Included are modified lignosulfonates, certain surface ac- 

tive agents, anionic and nonionic products. 

Filter Reducers - Included are bentonite clays, sodium carboxy- 

methyl cellulose and pregelatinized starch. They serve to cut filter loss. 

Flocculants - These are used to give increased in gel strength. 



Salt, hydrated lime, gypsum and sodium tetraphosphates may be used to cause 

colloidal particles of a suspension to group, causing solids to settle out. 

Foaming Agents - These are most often chemicals which also act as 

surfactants (surface active agents) to foam in the presence of water. These 

foams permit air or gas drilling through water making formations. 

Lost Circulation Materials - The primary function of lost circula- 

tion additives is to plug the zone of fluid loss, back in the formation away 

from the face of the hole, so that subsequent drilling operations will not 

disturb the plug. 

Lubricants - Extreme pressure lubricants are designed to reduce 

torque to increase horsepower at the bit by reducing the co-efficient of 

friction. Certain oils, graphite powder and soaps are used for this purpose. 

Shale Control Inhibitors - Gypsum, sodium silicate, calcium ligno- 

sulfonates, as well as lime and salt, are products used to control caving by 

swelling or hydrous disintegration of shales. 

Surface Active Agents - Surfactants reduce the interfacial tension 

between contacting surfaces. These may sometimes be emulsifiers, de-emulsifiers 

and flocculants. 

Thinners, Dispersants - These chemicals modify the relationship be- 

tween viscosity and percentage of solids in a drilling mud and may further be 

used to vary the gel strength and increase a mud's pumpability. Tannins, 

various polyphosphates and lignitic materials are chosen as dispersants, 

since most of these chemicals also remove solids. Principle purpose of a 

thinner is to function as a de-flocculant to combat random association of 

clay particles. 

Viscosifiers - Bentonite, sodium carboxymethyl cellulose, attapul- 

gite clays and sub-bentonites are employed as viscosity builders for drilling 



f l u i d s  t o  a s s u r e  a  h igh  v i s c o s i t y  s o l i d s  r e l a t i o n s h i p .  

Weighting M a t e r i a l s  - Bar i te , ,  l e ad  compounds, i r o n  oxides  and 

s i m i l a r  p roducts  possess ing  h igh  s p e c i f i c  g r a v i t y  a r e  used t o  c o n t r o l  

formation p r e s s u r e s ,  check cav ing ,  f a c i l i t a t e  p u l l i n g  d ry  d r i l l - p i p e  on 

t h e  round t r i p  and a s  an a i d  i n  combating c i r c u l a t i o n  l o s s .  



DESCRIPTION OF THE STUDY AREA 

Study locations were selected basically by the presence of an 

active drilling operation at an advanced stage of drilling. Other con- 

siderations were proximity to water bodies and cooperation with the com- 

pany involved. Primary drilling operations studied were: Imperial Oil 

Ltd. (IOL) Rig 51 on Richards Island (69' 21'N; 134' 52'W) and Gulf Oil 

Ltd. Rig 15 north of Parsons Lake (69' 51'N; 133' 40'W) (Fig. 2). Samples 

and supplementary information were also obtained from IOL Rig 49, an active 

rig north of Rig 51, and IOL Taglu G-33, an abandoned location east of Rig 

51. 

Richards Island is largely composed of Pleistocene sediments 

which include stone-free sands, silts and clays. On the north side of 

the island are Pleistocene remnant hills, ranging in height from 50 to 

100 feet. The sediment sequence generally consists of a layer of clay 

to a depth of 10 feet underlaid by gravel and sand. The north and north- 

east coasts of Richards Island are receding. This process is enhanced by 

fall storms with strong N-NW winds. Permafrost underlies most of Richards 

Island to a depth of approximately 1,200 feet. The active layer fluctu- 

ates greatly depending on the proximity of the delta channels. Most of 

Richards Island is of a very low relief with most of it less than 6 feet 

above sea level. As a result, flooding in these low-lying areas is an an- 

nual event. Peak water levels for the East Channel of the Mackenzie delta 

(Table 1) illustrate those which may be encountered in the Richards Island 

area. It should be noted that the 1972 height of 23 feet 5 inches is the 

greatest in recorded history and caused extensive flooding in the delta 

area. 
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F i g u r e  2.  Loca t ions  of Mackenzie d e l t a  area d r i l l i n g  o p e r a t i o n s  
s t u d i e d  d u r i n g  1972. 



Table 1. Eas t  Channel i c e  break-up t imes and peak water  l e v e l s  a t  t h e  
Inuvik town dock, 1964-72. 

Break-up Date Peak Water Level 
Date F i r s t  Movement Running Clear  Date Height* 

* I n  f e e t  and inches above 1965 win te r  low datum p o i n t .  

The a r e a  n o r t h  of Parsons Lake i s  t y p i c a l l y  tundra wi th  undulat-  

ing  h i l l s  and many smal l  i r r e g u l a r  thermocarst  l akes .  Since t h e  e l e v a t i o n  

a t  Rig 15 i s  approximately 200 f e e t  above s e a  l e v e l  t h e r e  was no danger of 

f looding .  Permafrost i n  t h i s  a r e a  i s  usua l ly  w i t h i n  one f o o t  of t h e  s u r f a c e ,  

depending on overburden. De ta i l ed  d e s c r i p t i o n s  of t h e  above a r e a s  have 

been given by Mackay (1963). F i s h  spec i e s  i n  t h e s e  a r e a s  may be found i n  

McPhail and Lindsey (1970) and H a t f i e l d  e t  a l .  (1972). 



METHODS AND MATERIALS 

Field and laboratory investigations were made into the acute 

toxicity of petrochemical drilling and waste fluids. The field program 

was designed primarily to assess the acute toxicity of these fluids uti- 

lizing ambient water temperatures, representative diluting water and lo- 

cal fish species. This afforded an opportunity to observe the nature 

and efficiency of waste containment facilities currently in use. Infor- 

mation on the nature and amounts of drilling fluid components could also 

be obtained from the drilling supervisors. Another part of the field la- 

boratory program involved chemical analyses carried out on drilling wastes 

and water samples collected from several Mackenzie delta drilling operations. 

The laboratory program was largely designed to assess the acute 

toxicity of fluid components and other substances used in conjunction with 

a drilling operation as well as the drilling fluids. This was accomplished 

through a contract issued to Dr. J. B. Sprague, Department of Zoology, Uni- 

versity of Guelph, by Fisheries Service in Winnipeg. The intent of this 

program was to obtain valid results through experiments carried out under 

controlled laboratory conditions. 

FIELD STUDY: 

Bioassays - Static acute toxicity bioassays were carried out at 

Rigs 51 and 15, using drilling and sump fluids as the test materials. At 

Rig 51 two single concentration (100%) bioassays were run using surface and 

composite sump fluid samples. Composite samples were obtained by combining 

surface and deep aliquots from several locations in the sump. One multiple 

concentration bioassay was also conducted at Rig 51 using drilling fluid. 

At Rig 15 three multiple concentration bioassays were carried out using 

surface sump, composite sump and drilling fluids. 



The f i e l d  b ioassay  appara tus  cons i s t ed  of s i x  aluminum angle  

frame cages,  each measuring 61  x 30.5 x 30.5 cm, a s  descr ibed  by Falk 

(1973). A 0.64 cm nylon mesh bag w a s  suspended wi th in  each cage t o  

suppor t  a  4  ml p l a s t i c  bag. The s i x  cages were lashed  toge the r  i n  a 

2 x 3 con f igu ra t ion .  Tes t  s o l u t i o n s  and a  c o n t r o l  were made up t o  20 

l i t e r s  us ing  nearby water  bodies  a s  a  source  of d i l u t i n g  water .  These 

were the  Mackenzie River  f o r  Rig 5 1  and a  nearby l a k e  f o r  Rig 15. Lake 

chub (Couesius pZumbius) were used as the  t e s t  spec i e s  f o r  on-s i te  bio-  

assays .  They were c o l l e c t e d  i n  t he  Mackenzie River  n e a r  t he  town of 

A r c t i c  Red River  us ing  a beach s e i n e  and were flown t o  the  t e s t  loca-  

t i o n s  i n  a  cooler .  F ish  were then h e l d  i n  nearby water  bodies  f o r  a  

minimum of 48 hours p r i o r  t o  an experiment and allowed t o  f eed  on n a t u r a l  

food organisms. 

Tes t  s o l u t i o n s  and the  c o n t r o l  were a e r a t e d  p r i o r  t o  and 

dur ing  each experiment.  F ish  were n o t  in t roduced  t o  t he  t e s t  s o l u t i o n s  

u n t i l  d i s so lved  oxygen l e v e l s  were above 5 mg/l. Bioassays were run 

f o r  96 hours w i th  checks on f i s h  s u r v i v a l ,  d i s so lved  oxygen and pH, 

made a t  1, 6 ,  12 ,  24, 48 and 96 hour  i n t e r v a l s .  Concentrated t e s t  solu-  

t i o n s  were s u f f i c i e n t l y  t u r b i d  t o  cause d i f f i c u l t y  i n  ob ta in ing  v a l i d  

d i s so lved  oxygen and pH readings  i n  t h e  f i e l d  us ing  a Hach K i t .  On-site 

b ioassays  were run a t  ambient a i r  temperatures.  

I n  a d d i t i o n  t o  t he  on-s i te  b ioassays ,  a  sample of d r i l l i n g  f l u i d  

from Rig 51  was t e s t e d  i n  Yellowknife us ing  n inesp ine  s t i c k l e b a c k s  (Pungi- 

t i u s  pungitiusl. This experiment was run a t  t h e  ambient wa te r  temperature 

of a l a k e  n e a r  Yellowknife by p a r t l y  immersing t h e  appara tus  along the  l a k e  

shore .  0 therwise , experimental  condi t ions  were s i m i l a r .  A por t ion  of t he  



above sample from Rig 5 1  was forwarded t o  Winnipeg f o r  supplementary t e s t -  

i n g ,  us ing  rainbow t r o u t  (SaZmo gairdner i ) .  This experiment was run a t  a 

0 cons tan t  temperature of 15  C. 

For each m u l t i p l e  concent ra t ion  b ioassay  o u t l i n e d  above 96 hour 

LC50's and 95% confidence l i m i t s ,  were determined by t h e  method o u t l i n e d  by 

L i t c h f i e l d  and Wilcoxon (1949). The 96 hour LC50 i s  the  concent ra t ion  of 

t e s t  m a t e r i a l  which causes 50% m o r t a l i t y  t o  t he  t e s t  f i s h  a f t e r  96 hours .  

Caged Fish  Experiments - I n  an e f f o r t  t o  determine the  s u r v i v a l  

time of f i s h  i n  sump f l u i d  under ambient condi t ions ,  caged l a k e  chub were 

immersed i n  the  Rig 51  and Rig 1 5  sumps n e a r  t h e  su r f ace .  Cages w e r e  gal- 

vanized minnow t r a p s  (0.64 cm mesh) wi th  the  e n t r y  h o l e s  plugged t o  prevent  

the  escape of f i s h .  F ish  were checked a t  r e g u l a r  i n t e r v a l s  u n t i l  they were 

a l l  dead. Ten l a k e  chub were placed i n  each of two cages.  

LABORATORY STUDY : 

Bioassays - P r i o r  t o  commencement of t h e  s tudy ,  samples of  

d r i l l i n g  f l u i d  components used i n  Mackenzie d e l t a  ope ra t ions  were obtained 

from the  companies involved. These samples were subsequent ly forwarded t o  

D r .  J. Sprague. While the f i e l d  program was underway, "grab" whole d r i l l -  

i n g  f l u i d  samples from Rigs 51  and 15 were a l s o  s e n t  t o  D r .  Sprague f o r  

s i m i l a r  t e s t i n g .  Methodology p e r t a i n i n g  t o  t hese  experiments is  o u t l i n e d  

i n  the  appendix. 

Chemical Analyses - Composite sump f l u i d  samples were c o l l e c t e d  

from each l o c a t i o n  and ad jacent  wa te r  bodies  and s e n t  by a i r c r a f t  f o r  

ana lyses  t o  t h e  Water Qual i ty  Div is ion ,  Environment Canada, Calgary . 
Analyses performed inc luded  a f u l l  range of water  q u a l i t y  parameters  and 

heavy meta l  determinat ions.  Ana ly t i ca l  methods were those o u t l i n e d  by 



Traversy (1971). Bottom samples were c o l l e c t e d  from Rig 51  sump by an Ekmann 

dredge and l i kewise  s e n t  t o  Calgary l abo ra to ry  f o r  analyses .  Analysis  w a s  

performed f o r  major elements by two methods: (1) l eech ing  wi th  1 N  ammonium 

a c e t a t e  t o  determine the  l e v e l  of exchangeable i o n s ,  and (2)  d i g e s t i o n  wi th  

Aqua Regia t o  determine the  t o t a l  l e v e l  of each ion  p r e s e n t ,  r e g a r d l e s s  of 

form. 

Composite sump f l u i d  samples were a l s o  s e n t  t o  M r .  D. Shaw, Energy 

Resources Conservation Board (ERCB>, Edmonton, f o r  b a s i c  chemical ana lyses .  

Toxic i ty  of t h e s e  samples w a s  a l s o  eva lua ted  by p l ac ing  two rainbow t r o u t  

( 4  - 6 cm) i n  one l i t e r  of c l a r i f i e d  f l u i d  a f t e r  f l o c c u l a t i o n  and f i l t r a t i o n .  

0 
Tes t s  were run a t  9 C and the  s o l u t i o n s  were ae ra t ed .  

A composite sump f l u i d  sample from Rig 1 5  was s e n t  t o  t he  Environ- 

mental P r o t e c t i o n  Se rv i ce ,  (EPS), Winnipeg. Analyses performed on t h e  sample 

inc luded  suspended s o l i d s  (SS) and chemical oxygen demand (COD). 
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RESULTS 

FIELD STUDY: 

From information gathered p r i o r  t o  the  study and t h a t  gained 

on-s i t e ,  a l i s t  of d r i l l i n g  f l u i d  components and o t h e r  substances used 

during Mackenzie d e l t a  a rea  d r i l l i n g  opera t ions  was compiled. These, 

together  with a descr ip t ion  and functions of  the  major components, a r e  

given i n  Table 2.  Information pe r t a in ing  t o  the  amount o f  each cons t i t -  

uent  chemical used a t  Rigs 51, 15 and 49 was obtained from the  mud logs.  

A t  Rig 51 (Table 3 )  records a r e  not  ava i l ab le  from l a t e  June t o  l a t e  

Ju ly .  However, the  components used i n  the  g r e a t e s t  amounts may be noted. 

These were barium sulphate ,  bentoni te  and c a u s t i c  potash. Large amounts 

of o i l w e l l  and permafrost cement were used during the  i n i t i a l  s t ages  of  

d r i l l i n g  t o  cement i n  the  surface  casings.  Also of i n t e r e s t  i s  a change 

i n  the  amounts o f  chemicals used with r e spec t  t o  time. This w i l l  have a 

s u b s t a n t i a l  e f f e c t  i n  a l t e r i n g  t h e  chemical and physica l  na ture  o f  the  

d r i l l i n g  f l u i d  upon successive sampling. A more complete record of  the  

amounts of the  various d r i l l i n g  f l u i d  components used was obtained from 

Rig 15 (Table 4 ) .  Bentonite ,  o i l w e l l  cement, potassium chlor ide  and 

barium sulphate  were the  major cons t i tuen t  chemicals. Changes i n  the  

amounts of components used with r e spec t  t o  time was a l s o  noted. Tota l  

amounts of  the  d r i l l i n g  f l u i d  components used a t  Rig 49 from May t o  

August a r e  given i n  Table 5. Major chemicals again were bentoni te ,  

barium sulphate  and potassium chlor ide .  From Tables 3 ,  4 and 5 a 

s i m i l a r i t y  i n  the  major components used f o r  each d r i l l i n g  opera t ion  i s  

evident .  This i s  t o  be expected s ince  it may be assumed t h a t  subterranean 

fea tu res  i n  the  general  a rea  would be f a i r l y  uniform. A change i n  d r i l l i n g  



Table 2. Nature and function of drilling fluid components used in Mackenzie delta drilling 
operations. 

Name Description Function 

Gel 

Oilwell cement 

Permafrost cement 

Kelzan XC 

Caustic (Celanese) 

Caustic potash 

Potassium chrome alum 

Peltex or Q-Broxin 

Plaster of paris 

Weight material 

Dowcide 

Potassium chloride 

Sodium bicarbonate 

CMC 

Bentonite clay (Wyoming) 

- 

Gypsum, Portland cement, NaCl 
CFR2 

Long chain organic polymer 

NaOH 

KOH 

Ferrochrome Lignosulfonate 

CaS04 Gypsum 

Bas04 Barium Sulphate 

Bactericide 

KC1 

NaHC03 

Sodium carboxymethylcellu- 
lose 

- 

Viscosifier, fluid loss reducer 

Seal casing 

Seal casing 

Viscosifier, lubricant 

pH control 

Fluid loss control, pH control, 
swelling inhibitor 

Viscosifier, XC Polymer 
extender 

Thinner, dispersant 

Precipitate soluble calcium 
Shale control inhibitor 

Increase mud density 

Prevent growth of bacteria 

Flocculant 

Precipitate soluble calcium 
pH control 

Fluid loss control 



Name Description Function 

Super-Coll 

Uni-Cal 

Ben-Ex 

SAPP 

Calcium chloride 

Skot-Free 

Torq-Trim 

Tricron 

B-Free 

5s-100 

Sawdust 

FLR-100 

Staf lo 

Metso beads 

Paraf ormaldehyde 

Treated bentonite 

Chrome modified sodium- 
lignosulfonate 

Polyvinyl acetate, maleic 
anhydride 

Sodium acid pyrophosphate 
(Na4P207 . 10H20) 

Mixed alcohols 

Sulfonated triglycerides, 
aliphatic alcohols, isopropyl 
alcohol 

Dihydroxypropane, inorganic 
salt, tall oil soaps, alkyl 
aryl sulfonates 

Organic polymer 

Viscosif ier 

Dispersant, fluid loss control 

Increase yield of bentonite 

Treating cement contamination 

Flocculant, shale control 
inhibitor 

Latent liquid solvent 

Surface wetting agent 

Surface wetting agent 

Lubricant 

Shale inhibitor, mud stabilizer 

Fluid loss control 

Fluid loss reducer 

Filter loss reducer 

Corrosion control 

Prevent fermentation 

Aluminum stearate (CCH3 (CH2) 1 6 ~ ~ ~ 1 3 ~ 1 )  D e f  oamer 



Table 3.  Summary of  d r i l l i n g  f l u i d  components and amounts used a t  IOL Rig 
51 from Apri l  t o  August, 1972. 

Component Date Amount ( l b )  Date Amount ( l b )  

Bentonite 

Oilwell  Cement 

Caust ic  Soda 

Permafrost Cement 

Kelzan XC 

Potash 

Chrome Alum 

Pe l t ex  

Gypsum 

Barium Sulphate 

Bicarbonate of Soda 



Table 4. Summary of drilling fluid components and amounts used at Gulf Rig 51 
from May to August, 1972. 

Component 

Date 

115-2915 3016-2216 2316-16/7 1717-818 Total (lb) 

Bentonite 

Caustic Soda 

CMC 

Calcium Chloride 

Oilwell Cement 

Potassium Chloride 

Kelzan XC 

Super-Coll 

Bicarbonate of Soda 

Benex Extender 

Ferrochrome Lignosulfonate - - 4,350 - 4,350 

Unical Thinner - - - 4,855 4,855 

Barium Sulphate - - - 371,700 371,700 

Table 5. Summary of drilling fluid components and the amounts used at IOL Rig 
49 from May to August, 1972. 

Component Amount (lb) 
-- 

Bentonite 

Caustic Soda 

Peltex 

Barium Sulphate 

Kelzan XC 

Chrome Alum 

Dowcide B 

Potassium chloride 

Bicarbonate of Soda 



f l u id  composition with respect t o  time may a l so  be expected since as well 

depth increases d i f fe r ing  subterranean features and pressures w i l l  be 

encountered, requiring change i n  f l u id  composition. 

Observations on waste containment f a c i l i t i e s  a t  each of the 

active and abandoned d r i l l i n g  operations v i s i t ed  are  summarized i n  Table 6 .  

Sump volumes were calculated using the surface dimensions and average 

depth. They do not represent the capacity of the sump since maximum sump 

f lu id  levels  were not encountered. Liners r e f e r  t o  p l a s t i c  sheets which 

have been employed i n  de l ta  operations i n  an attempt t o  prevent seepage 

from the sump. Elevations and distances from adjacent water bodies were 

estimated from topographical maps. I t  became evident t ha t  the sumps a t  

Rigs 51, 49 and 15 were of adequate s i ze  t o  contain a l l  d r i l l i n g  wastes. 

However, excavated material which was used as a dyke was generally in- 

adequate t o  prevent spring floods from washing out the sumps. This was 

noted a t  Rigs 51 and 49 which were located about 20 f e e t  above sea-level. 

Also noted were o i l  s l i cks  on the surface of the sump as well as strong 

gasoline o r  diesel  odors. 



Table 6 .  Observat ions made on d r i l l i n g  waste containment i n  t he  Mackenzie 
d e l t a  a r e a .  

Location 

Observat ion IOL Rig 51  Gulf Rig 15 IOL Rig 49 IOL Taglu G-33 

Sump : 

- length  ( f t )  200 300 200 200 

-width ( f t )  190 150 200 100 

-depth ( f  t )  10 8 10 6 

-volume (cu f t )  380,000 360,000 400,000 180,000 

-odor Gasoline Diese l  Diese l  Diese l  

-co lor  Grey-brown Amber-brown Grey-brown Amber-brown 

Emb an kmen t : 

-he ight  ( f  t )  0.5-3 1-6 0.5-3 0-2 

-ma te r i a l  S i l t - c l a y  Sandy-clay S i l t - c l a y  S i l t - c l a y  

- l i n e r  Present  Absent P re sen t  P re sen t  

Te r ra in  F l a t  Rol l ing  h i l l s  F l a t  F l a t  

E leva t ion  ( f t )  20 200 2 0 2 0 

Adjacent water  body River Lake River River 

and d i s t a n c e  ( f t )  650 1,500 5,000 2 00 

Bioassays - Resul t s  from bioassays  c a r r i e d  out  a t  Rigs 5 1  and 15 ,  

Yellowknife and Winnipeg, on d r i l l i n g  and sump f l u i d s  a r e  summarized i n  

Table 7 .  Included wi th  these  r e s u l t s  a r e  t h e  average f i s h  l eng th ,  l i t e r s  

p e r  gram of f i s h  pe r  day i n  test s o l u t i o n s ,  95% confidence l i m i t s  f o r  t he  

LC50 and s lope  (S) of t he  p r o b i t  l i n e  f o r  each experiment. The 96 hour 



LC5O's c a l c u l a t e d  f o r  d r i l l i n g  f l u i d s  were 10.3 - 12.0 and 3.55 pe rcen t  

f o r  Rigs 51  and 1 5 ,  r e s p e c t i v e l y .  Those f o r  sump f l u i d s  from Rig 15 were 

81 pe rcen t  f o r  a s u r f a c e  sample and 22.5 f o r  a composite sample. Percent  

s u r v i v a l s  from s i n g l e  concen t r a t i on  (100 percent )  b ioas says  c a r r i e d  ou t  a t  

Rig 5 1  were 90 pe rcen t  a f t e r  74 hours and 80 p e r c e n t  a f t e r  96 hours  f o r  

s u r f a c e  and composite sump f l u i d  samples,  r e spec t ive ly .  

Caged F i sh  Experiments - Caged f i s h  p laced  i n  Rig 51  sump w e r e  

a l l  dead a f t e r  50 hou r s ,  wh i l e  those  p laced  i n  t he  Rig 15 sump were dead 

a f t e r  4 hours .  Dissolved oxygen l e v e l s  ranged from 4 t o  5 and 2 t o  3 mg/l 

f o r  Rig 51  and 1 5  sumps, r e s p e c t i v e l y .  

LAB0 RAT0 RY STUDY : 

Bioassays - Acute l e t h a l  t o x i c i t i e s  of  d r i l l i n g  f l u i d s  and t h e i r  

c o n s t i t u e n t  chemicals are covered i n  t h e  appendix. These r e s u l t s  were 

submi t ted  i n  a r e p o r t  by D r .  Sprague. The 96 hour LC50's f o r  d r i l l i n g  

f l u i d s  were 5 .3  and 0.83 pe rcen t  from Rig 51  and 4.2 pe rcen t  from Rig 15. 

Out of  27 d r i l l i n g  f l u i d  components t e s t e d  7 w e r e  cons idered  t o  b e  t o x i c  

and 6 were moderately t ox i c .  It should be  no ted  h e r e  t h a t  t he  l e v e l s  of 

t o x i c i t y  o u t l i n e d  i n  t h e  appendix do n o t  conform t o  those  adopted by 

Environment Canada. 

Chemical Analyses - Resu l t s  from ana lyses  performed on wa te r  and 

sump f l u i d s  a r e  summarized i n  Table 8. Sump f l u i d  samples c o l l e c t e d  from Rig 

51  on June 10  r ep re sen t  cond i t i ons  i n  the  sump j u s t  a . f t e r  f l ood ing ,  and those 

c o l l e c t e d  on June 26 r ep re sen t  those  c o l l e c t e d  16  days l a t e r ,  when d r i l l i n g  

wastes  would be  more concentrated.  Analyses performed on bottom samples 

w e r e  c o l l e c t e d  j u s t  a f t e r  f l ood ing  and 16 days l a t e r .  



Resu l t s  from l abo ra to ry  examination of composite sump f l u i d  

samples c a r r i e d  o u t  by t h e  ERCB a r e  summarized i n  Table 10.  U l t r a -v io l e t  

f luorescence  was used by t h i s  agency a s  an i n d i c a t i o n  of l a t e n t  t o x i c i t y .  

It has  been found t h a t  dark  blue-green f l uo re scence  of f i l t e r e d  sump 

f l u i d  u sua l ly  s i g n i f i e s  t h a t  i t  i s  non-toxic.  However, t h i s  proved t o  be  

an i n v a l i d  assessment i n  t h e  c a s e  of  t h e  sump f l u i d  sample from Rig 15. 

The t o x i c  n a t u r e  of  t h i s  sump was demonstrated p rev ious ly  (Table 7) .  It 

is  of i n t e r e s t  t o  n o t e  t h a t  t o x i c i t y  occurred only i n  t he  sample w i th  a 

c h l o r i d e  i on  concen t r a t i on  of  879 ppm. M r .  Shaw (pers .  corn.  1972) has  

found t h a t  sump f l u i d  samples w i th  a c h l o r i d e  concen t r a t i on  g r e a t e r  than 

500 ppm a r e  u s u a l l y  l e t h a l  t o  t r o u t .  



Table 7. Summary of s t a t i c  a c u t e  t o x i c i t y  b i o a s s a y s  c a r r i e d  o u t  on d r i l l i n g  and sump f l u i d s .  

Date o f :  Confidence 
c o l l e c t i o n  Mean Fork Temperature L i t r e s l g r a m  96 hour L i m i t s  (P=.95) 

Tes t  M a t e r i a l  of Bioassay T e s t  F i s h  Length (m) OC of f i s h l d a y  LC50 % % S 

Rig 51  
1 - D r i l l i n g  f l u i d  

Rig 5 1  
2 - D r i l l i n g  f l u i d  

Rig 51  
3 - D r i l l i n g  f l u i d  

Rig 15 
4 - D r i l l i n g  f l u i d  

Rig 15 
5 - Composite sump 

f l u i d  

Rig 15 
6 - Surface  sump 

f l u i d  

Lake chub 40.6 8-11 0.62 12.0 7 .3  - 19.6  2.17 
(29 - 48)* 

Ninespine  33.8 11-13 1 .25 1 0 . 3  10.2  - 10.4  1.07 
s t i c k l e b a c k s  (30 - 49) 

Rainbow t r o u t  67.2 15 
(51 - 73) 

Lake chub 52.6 10-16 0.31 3.55 2 .6  - 4 .8  1 .84 
(42 - 62) 

h, 
Ln 

Lake chub 41.2 13-17 0.62 22.5 18 .5  - 27.4 1 .38  
(43 - 56) 

Lake chub 52.2 10-17 0 .31  81.0 75.6 - 86.6 1 .08  
(37 - 59) 

* () = Range 



Table 8. Summary of water quality parameters determined by the Calgary Water Quality Laboratory for samples 
collected from sumps and adjacent water bodies during 1972. 

Mackenz ie Rig 51 Parsons Rig 49 
Parameter Rig 51 Sump River s-P Lake SUP Taglu G-33 

Sampling date 
Turbidity JTU 
pH 
C1 PPm 
Cu 
Fe 
Pb 
Mn 
K 
Ca 

so4 
Na 
Zn 
As 
N-Kj eldahl 
N-NO2 & NO3 
P-Total 
P-Ortho 
P-Inorganic 
C-Inorganic 
C-Organic 
Alkalinity - CaC03 
Hardness - CaC03 
Si02 React. 
Conductance 
umho / cm 

Tr = Trace. 



Table 9.  Resu l t s  from ana lyses  c a r r i e d  o u t  on bottom samples c o l l e c t e d  
from t h e  IOL Rig 51  sump 

Parameter 
(ppm d r i e d )  

June 10 June 20 

Leached Digested Leached Diges tec 

0.10 

0.13 

0.25 

4.10 

7.90 

130.0 

0 . 8  

1,550.0 

.,244 .O 

4,100.0 

585.0 

0 . 3  

1 .0  

N.D.  

N . D .  Not d e t e c t a b l e .  

Supplementary ana lyses  performed on a Rig 15 composite sump f i e l d  

sample by EPS, Winnipeg a r e  given below: 

Parameter mg/l 

Chemical oxygen demand 2,622 

To ta l  s o l i d s  11,583 

Suspended s o l i d s  7,533 

Dissolved s o l i d s  4,050 



Table 10. Summary of results from laboratory examination of composite sump 
fluid samples carried out by E.R.C.B. 

Location 
1 

Determination 
IOL Rig 51 IOL Rig 49 IOL Taglu G-33 Gulf Rig 15 

Appearance 

U. V. Fluorescence 

C1 PPm 

HC03 

co3 

so4 

Ca + Mg 

Total Solids 

pH 

Toxicity 

Cloudy amber Slightly cloudy Slightly cloudy Cloudy amber 

Dark green Dark green Green Dark green 

19 9 177 32 879 

380 328 246 522 

Alive at Alive at Alive at Dead at 
96 hours 9 6 hours 96 hours 6 7 hours 



DISCUSSION 

The Canada F i she r i e s  Act s p e c i f i c a l l y  p r o h i b i t s  " the  depos i t  

of a  de le te r ious  substance of  any type i n  water frequented by f i s h  o r  

i n  any p lace  under any condit ions where such de le te r ious  substance o r  

any o t h e r  de le te r ious  substance t h a t  r e s u l t s  from the  deposi t  o f  such 

de le te r ious  substance may e n t e r  any such water". Therefore it has been 

the  pol icy  of the  Canada Department o f  the  Environment t o  l i m i t  t h e  

deposi t  o f  de le te r ious  substances a t  source and not  a f t e r  d i l u t i o n  i n  

the  rece iv ing waters .  

Petrochemical d r i l l i n g  wastes, whether d r i l l i n g  o r  sump f l u i d s ,  

a r e  categorized as  i n d u s t r i a l  e f f l u e n t s .  I n  t h i s  regard , the  approach 

taken by the  Canada Department of the  Environment f o r  e f f l u e n t  regula t ions  

involves compliance t o  a  prescr ibed l e v e l  of t o x i c i t y  f o r  each c l a s s  of 

indust ry .  This l e v e l  i s  being s e t  i n  view of the  b e s t  p r a c t i c a l  waste 

treatment methods a t t a i n a b l e  by indust ry .  Current suggested l e v e l s  include 

no s i g n i f i c a n t  mor ta l i ty  i n  65% e f f l u e n t  f o r  the  Pulp and Paper Regulations 

and no l e s s  than 50% surv iva l  i n  100% e f f l u e n t  f o r  the  O i l  Refinery Regula- 

t i o n s  over a  96 hour durat ion.  

In  addi t ion  t o  these acute t o x i c i t y  cons idera t ions  , it i s  apparent 

t h a t  no t  enough is  known about the  sub- le tha l ,  long term and i n d i r e c t  e f f e c t s  

o f  the  various c l a s ses  of e f f l u e n t s .  These e f f e c t s  may be manifested through 

chronic t o x i c i t y  t o  aquat ic  b i o t a ,  accumulation of tox ican t s  i n  f i s h ,  de- 

s t r u c t i o n  of  food suppl ies  and spawning grounds, and avoidance reac t ions .  

A l l  a r e  of  g r e a t  concern t o  F i she r i e s  Service and a r e  l a r g e l y  unknown without  

f u r t h e r  research.  



D R I L L I N G  F L U I D S  : 

I n  view of t he  above d i scuss ion  and r e s u l t s  from both the  f i e l d  

and l abo ra to ry  programs, d r i l l i n g  f l u i d s  must be  considered t o  be  acu te ly  

t o x i c  t o  f i s h .  The c u r r e n t  method of waste  f l u i d  d i s p o s a l  i n  an excavated 

sump f o r  land-based d r i l l i n g  opera t ions  v i r t u a l l y  prec ludes  d ischarge  of  

d r i l l i n g  f l u i d s  d i r e c t l y  i n t o  water  bodies  of the  Northwest T e r r i t o r i e s .  

Only i n  t he  event  of f looding  of a  Rig may these  f l u i d s  e n t e r  water  bodies  

d i r e c t l y .  However, w i th  proposed 0.f f sho re  d r i l l i n g  ope ra t ions  i n  t he  

Beaufort  Sea and poss ib ly  o t h e r  a r e a s ,  containment of wastes  f l u i d s  may n o t  

be poss ib l e .  In  o r d e r  t o  comply wi th  pending r egu la t ions  o r  gu ide l ines ,  

waste  t rea tment  o r  removal of t hese  wastes  may be requi red .  

I t  w a s  n o t  t he  i n t e n t  of t h i s  s tudy  t o  determine t h e  mechanism 

of t o x i c i t y  o r  determine s p e c i f i c  chemical o r  phys i ca l  parameters of t h e  

f l u i d s  which caused f i s h  m o r t a l i t y .  However, t h e r e  were c e r t a i n  parameters 

o r  c h a r a c t e r i s t i c s  which dev ia t ed  from normal and should be discussed.  

F i r s t  a r e  v a r i a t i o n s  i n  t he  degree of t o x i c i t y  w i t h  r e spec t  t o  time. A 

change of the  96 hour LC50 from 0.83 i n  J u l y  t o  5.3 pe rcen t  i n  September 

f o r  d r i l l i n g  f l u i d  from Rig 51  may be expla ined  i n  p a r t  by d i f f e r e n c e s  i n  

mud composition a t  a  more advanced s t a g e  of d r i l l i n g .  Comparisons between 

f i e l d  and l abo ra to ry  b ioassays  a r e  n o t  p r a c t i c a l  s i n c e  experimental  condi- 

t i o n s  and sampling times were d i f f e r e n t .  Suspended s o l i d s  i n  d r i l l i n g  f l u i d s  

were found t o  be very h igh  b u t  s e t t l e d  r ap id ly .  They may account f o r  some 

of the d i r e c t  l e t h a l  ac t ion  of d r i l l i n g  f l u i d s  a t  h igh  concent ra t ions .  

Such l e v e l s  of suspended s o l i d s  r e l e a s e d  i n t o  ad j acen t  water  bodies  could 

s u f f o c a t e  b e n t h i c  f ish-food organisms o r  b l anke t  f i s h  spawning grounds. 

A t  lower concent ra t ions  poisonous compounds a r e  probably t h e  main a c t i v e  



agents .  Parameters n o t  determined i n  t h e  p r e s e n t  s tudy  such a s  de t e rgen t s  

and b a c t e r i c i d e s  may c o n t r i b u t e  t o  t h i s  t o x i c i t y .  High pH va lues  encoun- 

t e r e d  f o r  d r i l l i n g  f l u i d s  may f u r t h e r  t h e  l e t h a l  a c t i o n  o f  d r i l l i n g  f l u i d s  

on f i s h .  

DRILLING FLUID COMPONENTS: 

From t h e  r e s u l t s  and d iscuss ion  presented  i n  t h e  appendix it 

became ev iden t  t h a t  c e r t a i n  c o n s t i t u e n t  chemicals of  d r i l l i n g  f l u i d s  were 

" p r a c t i c a l l y  non-toxic" while  o t h e r s  were " t o x i c "  t o  f i s h .  Most of  t he  

components used i n  t he  d r i l l i n g  ope ra t ion  and recorded i n  t h e  mud logs  f e l l  

i n  t h e  " p r a c t i c a l l y  non-toxic" ,  " s l i g h t l y  t o x i c "  and "moderately t o x i c "  

c a t e g o r i e s .  F u r t h e r ,  t hese  components tended t o  be used i n  t h e  g r e a t e s t  

amounts. A p o s s i b l e  means o f  reducing d r i l l i n g  f l u i d  t o x i c i t y ,  i f  tech- 

n i c a l l y  f e a s i b l e ,  may be t o  s u b s t i t u t e  "non-toxic" chemicals f o r  " t o x i c "  

ones ,  r e g a r d l e s s  o f  t h e  amounts used. I n  a d d i t i o n  t o  t h e  f l u i d  compon- 

e n t s ,  o t h e r  subs tances  used i n  conjunct ion wi th  a  d r i l l i n g  ope ra t ion  f e l l  

i n  t h e  " tox ic"  category.  They were n o t  recorded i n  t h e  mud logs  and there-  

f o r e  t h e  amounts used a r e  n o t  known. I n  any event  t h e i r  use should be 

d iscont inued  and non-toxic subs tances  should be s u b s t i t u t e d .  I t  i s  f e l t  

t h a t  t h i s  would a s s i s t  i n  reducing t h e  t o x i c i t y  problem n o t  only o f  t he  

d r i l l i n g  f l u i d  b u t  a l s o  t h a t  o f  sump f l u i d s  and p reven t  ad j acen t  water  

bodies  from be ing  a f f e c t e d  through s u r f a c e  runoff .  

There is  l i t t l e  l i t e r a t u r e  p e r t a i n i n g  t o  t h e  t o x i c i t y  and e f f e c t  

o f  d r i l l i n g  f l u i d  components. Daughterty (1951),  i n  experiments us ing  

marine i n v e r t e b r a t e  and f i s h ,  found ben ton i t e  c l ay  t o  be non-toxic. Sodium 

a c i d  pyrophosphate and sodium polyphosphate were l e t h a l  t o  t e s t  animals i n  

concen t r a t ions  ranging  from 500 t o  7500 ppm. Caus t i c  soda,  o i l w e l l  cement 



32 

and white lime were f a t a l  t o  many t e s t  animals from 70 t o  450 ppm. M r .  D. 

Shaw (ECRB, pers .  comm) found Pe l t ex  t o  be l e t h a l  t o  t r o u t  a t  1000 ppm. 

Kelzan XC Polymer was non-toxic a t  500 ppm, while Kelzan polymer A 1  was 

l e t h a l  a t  5 ppm. There appears t o  be a lack of  s p e c i f i c  information on the  

tox ic  na ture  of  many chemicals on the  market.which may be used i n  d r i l l i n g  

f l u i d s .  In  many cases the  t o x i c i t y  s p e c i f i e d  by the  manufacturer i s  o f  

quest ionable v a l i d i t y  and does not  account f o r  s y n e r g i s t i c  e f f e c t s  when 

used i n  combination with o t h e r  chemicals. 

SUMP FLUIDS: 

A s  expected, sump f l u i d s  were comparatively l e s s  tox ic  than 

d r i l l i n g  f l u i d s .  The apparent non-toxic na ture  of  the  Rig 51 sump should 

n o t  be taken as  an ind ica t ion  of  sump f l u i d s  i n  general .  This  sump was 

flooded previous ly ,  causing the  contents  t o  be f lushed i n t o  d e l t a  channels. 

In c o n t r a s t ,  the  Rig 15 sump which was not  flooded proved t o  be acute ly  

toxic .  There was a d i f ference  i n  t o x i c i t y  wi th in  the  sump with surface  

f l u i d s  being l e s s  tox ic  than deeper f l u i d s .  This i s  bel ieved t o  be caused 

by s e t t l i n g  of the  more t o x i c  agents .  Lower t o x i c i t y  f o r  su r face  sump 

f l u i d s  a t  Rig 15 i n d i c a t e s  t h a t  t h e r e  i s  a p o t e n t i a l  f o r  treatment. By 

hastening the  s e t t l i n g  process through f loccu la t ing  agents ,  sump f l u i d  

t o x i c i t y  may be f u r t h e r  reduced. This i s  an a r e a  t h a t  should be f u r t h e r  

researched. In  addi t ion  t o  acute t o x i c i t y  o t h e r  chemical and physica l  

c h a r a c t e r i s t i c s  a r e  of  concern. A s  demonstrated i n  t h i s  s tudy,  chemical 

oxygen demand, suspended s o l i d s  and pH were very high. These parameters 

should be within acceptable l i m i t s  a s  s e t  f o r t h  i n  pending regula t ions  o r  

guidel ines  before sump f l u i d  r e l ease  would be permit ted.  A high chemical 

oxygen demand is  of concern s ince  re l ease  of  sump f l u i d s  i n t o  adjacent  



water  bodies  may cause oxygen t o  be deple ted .  This would r e s u l t  i n  death 

of a q u a t i c  organisms i n  t h i s  a r e a  through su f foca t ion .  Other than  h igh  

c h l o r i d e  l e v e l s  s p e c i f i c  l e t h a l  agents  of sump f l u i d s  cannot b e  defined.  

A t  t h i s  time l e t h a l i t y  of sump f l u i d s  is be l i eved  t o  be  due t o  s e v e r a l  

f a c t o r s  each a c t i n g  i n d i v i d u a l l y  o r  i n  combination w i t h  each o t h e r .  

I n  a d d i t i o n  t o  d r i l l e d  c u t t i n g s  and a s s o c i a t e d  d r i l l i n g  f l u i d s ,  

o t h e r  substances a r e  d i r e c t e d  towards the  sump. Included among these  a r e  

r i g  washing compounds which, a s  shown i n  t h e  appendix, were tox ic .  Sub- 

s t i t u t i o n  of non-toxic compounds f o r  t h i s  purpose would a s s i s t  i n  reducing 

sump f l u i d  t o x i c i t y .  Substances such a s  waste  f u e l s ,  l u b r i c a n t s ,  o i l s  and 

cool ing  f l u i d s  may be  proper ly  i n c i n e r a t e d  o r  contained t o  prevent  contarni- 

na t ion  of  ad j acen t  water  bodies .  



CONCLUSIONS 

1. Petrochemical d r i l l i n g  f l u i d s  t e s t e d  during t h i s  s tudy were acute ly  

t o x i c  t o  both l o c a l  f i s h  i n  the  Mackenzie River d e l t a  and Canada's 

s tandard  bioassay f i s h ,  rainbow t r o u t  (LC50 ' s<5%) . 
2. Suspended s o l i d s  may account f o r  some of the  d i r e c t  l e t h a l  ac t ion  of  

d r i l l i n g  f l u i d s  a t  high concentrat ions.  However, poisonous compon- 

e n t s  such a s  chlor ide  a r e  probably the main a c t i v e  agents  a t  lower 

concentrat ions.  

3 .  Using the  c l a s s i f i c a t i o n  adopted by Logan e t  a l .  (Appendix), o u t  of 

2 7  common components of d r i l l i n g  f l u i d s  t e s t e d ,  7 were " t o x i c " ,  

6 were "moderately toxic" ,  5 were " s l i g h t l y  toxic"  and 6 were "p rac t i -  

c a l l y  non-toxic". 

4 .  Toxic substances t e s t e d  were those comprising minor f r a c t i o n s  of  the  

t o t a l  d r i l l i n g  f l u i d  o r  those not  used i n  the  f l u i d  b u t  f o r  o t h e r  

purposes. 

5. Sump f l u i d s  a r e  comparatively l e s s  tox ic  than d r i l l i n g  f l u i d s  

(LC5OVs 22-80%) . 
6. Much of the  sump f l u i d  t o x i c i t y  i s  concentrated i n  deeper regions of 

the  sump through s e t t l i n g  of tox ic  agents.  This may provide a f u t u r e  

means of  t r e a t i n g  sump f l u i d s  . 



RECOMMENDATIONS 

1. From obse rva t ions  made i n  the  f i e l d  i t  was noted t h a t  sumps were 

gene ra l ly  provided wi th  inadequate  dyking. To i n s u r e  t h a t  sump 

f l u i d s  do n o t  e n t e r  water  bodies ,  dykes should be e r e c t e d  t o  con ta in  

a l l  d r i l l i n g  was tes ,  p revent  seepage and preclude f looding .  

2 .  Based on t h i s  s t u d y ' s  f i n d i n g s ,  sump and d r i l l i n g  f l u i d s  should n o t  

be r e l e a s e d  i n t o  water  bodies  wi thout  meeting a p re sc r ibed  t o x i c i t y  

l i m i t .  This l e v e l  should be s e t  i n  r e g u l a t i o n s  o r  gu ide l ines  t o  

govern d r i l l i n g  waste  d i sposa l  and should inc lude  limits on hydro- 

carbons,  chemical and b i o l o g i c a l  oxygen demand, suspended s o l i d s  

and pH. 

3 .  Waste f u e l s ,  l u b r i c a n t s ,  de t e rgen t s  and o t h e r  subs tances  used dur ing  

a  d r i l l i n g  ope ra t ion  which a r e  t o x i c  t o  f i s h  should be  contained and 

disposed of by means o t h e r  than d ischarge  i n t o  a  sump. 

4 .  Since many of t h e  d r i l l i n g  f l u i d  components and o t h e r  subs tances  

t e s t e d  were acu te ly  t o x i c  t o  f i s h  an e f f o r t  should be made t o  sub- 

s t i t u t e  non-toxic chemicals i f  t e c h n i c a l l y  f e a s i b l e .  

5. Future s t u d i e s  should be c a r r i e d  o u t  t o  d e f i n e  t h e  magnitude of  t he  

problem of d r i l l i n g  waste  d i s p o s a l  i n  Canada's n o r t h  and determine 

the  long  term e f f e c t s  on f i s h  and ben th i c  f ish-food organisms. 

S tud ie s  should a l s o  be d i r e c t e d  towards e f f e c t i v e  and p r a c t i c a l  

waste  t reatment .  



Photo 1. Apparatus used f o r  conducting f i e l d  b ioassays .  

Photo 2.  Imperial  O i l  Rig 51 l o c a t i o n  on Richards I s l and  
a f t e r  f looding .  



Photo 3.  Imperial O i l  Rig 51 locat ion during spring flood. 

Photo 4. Imperial O i l  Rig 51 sump. 



Photo 5. Gulf O i l  Rig 15 l o c a t i o n  n o r t h  of Parsons Lake. 

Photo 6 .  Aer ia l  view of Gulf O i l  Rig 15 sump. 



Photo 7 .  Example of a scar l e f t  on the tundra upon 
completion of a dr i l l ing  operation. 
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PART I 

General  Conclusions  and Recommendations 

(1) Three d r i l l i n g  f l u i d s  w e r e  t e s t e d .  They 
k i l l e d  f i s h  i n  a  few days  a t  c o n c e n t r a t i o n s  from 0 . 8 3 %  
t o  5.3%. I t  i s  p o s s i b l e  t h a t  o t h e r  d r i l l i n g  f l u i d s  
might c o n t a i n  h i g h e r  c o n c e n t r a t i o n s  of  a c u t e l y  t o x i c  
components. 

( 2 )  I n  t h i s  r e p o r t  w e  d e a l  on ly  w i t h  t h e  a c u t e  
t o x i c i t y  of  m a t e r i a l s  d i s s o l v e d  o r  d i s p e r s e d  i n  t h e  
t e s t w a t e r .  The s e t t l i n g  of  suspended s o l i d s  could  
f u r t h e r  damage a q u a t i c  organisms i n  t h e i r  n a t u r a l  
h a b i t a t s .  I f  d r i l l i n g  f l u i d s  were s p i l l e d ,  s e t t l i n g  

w s o l i d s  could  " b l a n k e t  o u t "  t h e  i n v e r t e b r a t e  food 
organisms,  o r  c l o g  spawning grounds o f  f i s h .  These 
e f f e c t s  should  be  e v a l u a t e d  i n  l a b o r a t o r y  and f i e l d  
tests . 

( 3 )  P o s s i b l e  e f f e c t s  on a q u a t i c  b i r d s ,  of 
s p i l l e d  d r i l l i n g  f l u i d s  and t h e i r  components, are n o t  
covered i n  t h i s  s tudy .  They should  be g iven  a t  l e a s t  
p r e l i m i n a r y  e v a l u a t i o n .  

( 4 )  Twenty-seven common components of  d r i l l i n g  
f l u i d s  w e r e  t e s t e d  f o r  t h e i r  i n d i v i d u a l  t o x i c i t y .  T h e i r  
lethal c o n c e n t r a t i o n s  ranged over  f o u r  o r d e r s  of  magnitude 
(see i t em 11). The use  o f  t h e  more danserous  ones  should 

< 

d e s i r a b l y  be  d i s c o n t i n u e d  and non-toxic  s u b s t i t u t e s  should 
be found: 

(5 )  The t o x i c i t y  of s imu la t ed  whale d r i l l i n g  
f l u i d s ,  made up i n  t h e  l a b o r a t o r y ,  should be  t e s t e d .  
The o b j e c t i v e s  would be t o  de te rmine  whether t h e  t o x i c i t y  
of  t h e  more dangerous components would come through 
undiminished i n  t h e  mix tu re ,  and whether i n d i v i d u a l  
t o x i c i t i e s  would add on t o  each o t h e r .  I t  would seem 
t h a t  t hey  might ;  s e e  i t em (13 ) .  

Summarv o f  S p e c i f i c  F i n d i n s s  

( 6 )  Most of  t h e  r e s u l t s  g iven  i n  t h i s  r e p o r t  a r e  
based on s t a t i c  b ioas says  w i t h  s m a l l  rainbow t r o u h ,  c a r g i e d  
o u t  i n  o u r  l a b o r a t o r y .  T e s t  t empera ture  was 10.5 C (51 F) 
and t h e  wa te r  was hard.  I n  a few cases of common o r  
well-known m a t e r i a l s ,  t h e  infornia t ion on t o x i c i t y  h a s  been 
d e r i v e d  from a review of  t h e  l i t e r a t u r e ,  and t h e s e  cases 
are i n d i c a t e d  i n  t h e  body of t h i s  r e p o r t .  



(7)  Three whole d r i l l i n g  f l u i d s ,  shipped from 
s i tes  i n  t h e  N.W.T., w e r e  t e s t e d .  A sample from 
Imper i a l  Rig 51 had a t h r e s h o l d  l e t h a l  concen t ra t ion  
(LC50) of 0.83% (with 95% confidence l i m i t s  of  0.71% 
and 0.96%).  A l a t e r  sample from Imper ia l  Rig 51 had 
a t h r e s h o l d  LC50 of 5.3% (3.7 and 7.6% l i m i t s ) ,  and 
one from Gulf Rig 15 had a t h r e s h o l d  LC50 between 3.2% 
and 5.6% wi th  an informal  e s t ima ted  LC50 of 4 . 2 % .  

(8)  D r i l l i n g  f l u i d s  may change t h e i r  cha rac te r -  
is t ics  cons ide rab ly ,  a s  might be expected.  The LC50 
f o r  f l u i d  from Rig 51  changed by a f a c t o r  of  s i x  from 
J u l y  t o  September. Suspended s o l i d s  s e t t l e d  much more 
q u i c k l y  i n  t h e  J u l y  sample. I t  a l s o  had a high pH, 
which was less extreme i n  t h e  September sample. 

( 9 )  Suspended s o l i d s  (S.S.) i n  d r i l l i n g  f l u i d s  
s e t t l e d  r a p i d l y .  I n  one f l u i d ,  S.S. were about 130% 
on a weight/volume (kg/ l )  b a s i s ,  a t  ze ro  t i m e  a f t e r  
thorough mixing. However, s e t t l i n g  reduced t h i s  t o  an 
e s t ima ted  33% i n  about  2 minutes.  Two o t h e r  f l u i d s  
had s i m i l a r  S.S. of 38% and 43% a f t e r  about  2 minutes 
s e t t l i n g .  S.S. f u r t h e r  decreased by one o r d e r  of  
magnitude dur ing  p e r i o d s  ranging  from half-a-day t o  
10 days ,  depending on t h e  f l u i d ,  even though t h e  t anks  
conta ined  a submerged mixing pump. 

(10) Suspended s o l i d s  may account  f o r  some of  
t h e  d i r e c t  l e t h a l  a c t i o n  o f  d r i l l i n g  f l u i d s  a t  h ighe r  
concen t ra t ions .  However poisonous components a r e  
probably t h e  main a c t i v e  agen t s  a t  concen t ra t ions  n e a r  
t h e  96-hour LC50. Fur the r  spec i f i ca l ly -des igned  ex- 
per iments  a r e  needed t o  determine t h i s  w i th  c e r t a i n t y .  

(11) For  t h e  i n d i v i d u a l  chemical  c o n s t i t u t e n t s ,  
t h e  t a b l e  below g i v e s  96-hour LC50's i n  mi l l ig rams p e r  
l i t r e  o r  m i c r o l i t r e s  p e r  l i t r e  (=approximately p.p.m.) - - - 

according t o  whether t h e  m a t e r i a l  i s  s o l i d  o r  l i q u i d .  
The o r d e r  o f  l i s t i n g  i s  from l e a s t  t o x i c  t o  most t o x i c .  
The 9 5 %  confidence l i m i t s  a r e  given i n  parentheses .  

Threshold LC50 above 10,000 p.p.m. = approximately 1% o r  more. 

Gypsum ( P l a s t e r  o f  P a r i s )  >56,000 
Bentoni te  > l o ,  000 
CMC - Regular >10,000 
CMC - H i  V i s  > l o ,  000 
Calcium c h l o r i d e  > l o ,  500 
Aluminum s t e a r a t e  (Not t e s t e d .  Inso lub le .  Tox ic i ty  from 

suspended s o l i d s  might be s i m i l a r  t o  
Bentoni te  o r  B a r i t e )  



Thresho ld  LC50 between 1 ,000 and 10,000 p.p.m. 

B a r i t e  >7,500 
Sodium b i c a r b o n a t e  7,550 
Torq-Trim 2,270 (1580,3250) 
Potass ium c h l o r i d e  (Mur ia te  of  p o t a s h )  2,020 (1920,2090) 
Ferrochrome l i g n o s u l f o n a t e  1,530 (1140,2050) 

Thresho ld  LC50 between 100 and 1 ,000 p.p.m. 

Sodium a c i d  pyrophosphate  ( S . A . P . P . )  
Potass ium chromium s u l p h a t e  (Chromal i t )  
Ben-Ex 
Kelzan - XC 
Metso Beads 
C a u s t i c  (Ce lanese)  

Thresho ld  LC50 less t h a n  100 p.p.m. 

Capry l  a l c o h o l  
T r i c r o n  
Paraformaldehyde 
Skot-Free 
S w i f t ' s  Rig Wash 
B-Free (10-day LC50) 
Dominion Rig Wash 

The f o l l o w i n g  chemica l s  had p r e l i m i n a r y  b i o a s s a y s  
r u n ,  b u t  because  o f  an  i n s u f f i c i e n t  supp ly  o f  t e s t - m a t e r i a l ,  
a d e f i n i t i v e  LC50 canno t  be  s t a t e d .  

SS-100 
FLR-100 
S t a f  l o  

* I n  t h e s e  cases, a fo rmal  p r o b i t  a n a l y s i s  cou ld  n o t  be  r u n ,  
because  o n l y  0 %  and 100% re sponses  w e r e  o b t a i n e d .  The t r u e  
v a l u e  o f  t h e  LC50 l i e s  between t h e  v a l u e s  g iven  i n  p a r e n t h e s e s ,  
which i n  t h e s e  c a s e s  a r e  ext reme l i m i t s ,  n o t  95% con f idence  
l i m i t s .  The e s t i m a t e  g iven  of t h e  LC50 i s  an  i n fo rma l  one ,  
based on approximate  methods. 



( 1 2 )  The standard dilution water was very hard, 
However, toxicity of a drilling fluid was not much 
different in a "medium-hard" dilution water, i.e. having 
one-third the total hardness of the standard water. 

(13) An estimate of theoretical toxicity was made, 
for the drilling fluids of Imperial Rig 51 and Gulf Rig 
15, based on the total materials used according to the 
drilling logs. The theoretical toxicities, based on in- 
dividual components, were 0.92% and 2.0%. These are 
surprisingly close to the actual measured toxicities of 
the fluids, 0.83% to 5.3%. Therefore, as an initial 
working hypothesis, it might be assumed that toxicity of 
the total fluid can be predicted by adding up the 
toxicities of the individual components. Further research 
might disprove this hypothesis, but for the moment it is 
convenient for assessing potential danger of pollution by 
drilling fluids. Total toxicity of a whole fluid could 
be estimated from the components listed in the drilling 
log. Highly toxic components could be considered to 
retain their toxicity in the whole fluid. 



PART I1 

MATERIALS AND METHODS 

Whole D r i l l i n a  F l u i d s .  

Three "grab"  samples of  d r i l l i n g  f l u i d s  w e r e  t aken  
from sumps o f  e x p l o r a t o r y  Rigs i n  t h e  Northwest  
~ e r r i t o r i e s  and sh ipped  t o  Guelph. Two samples came 
from I m p e r i a l  O i l ' s  Rig 51  and a n o t h e r  sample from 
Gulf  O i l ' s  Rig 15.  

Upon r e c e i p t ,  c o n t a i n e r s  w e r e  s t o r e d  i n  a  c o l d  
0 room a t  1 C .  P r e l i m i n a r y  tests w e r e  s t a r t e d  w i t h i n  a  

day o r  two, and f u l l - s c a l e  t es t s  w e r e  done a s  soon 
t h e r e a f t e r  a s  p o s s i b l e ,  u s u a l l y  w i t h i n  a  few days .  

To make up t e s t - s o l u t i o n s ,  t h e  c o n t a i n e r s  w e r e  
opened and t h e  c o n t e n t s  a g i t a t e d  t o  re-homogenize t h e  
l i q u i d .  The r e q u i r e d  amount o f  d r i l l i n g  f l u i d  was 
measured o u t  v o l u m e t r i c a l l y  and poured i n t o  t h e  t e s t  
t a n k .  D i l u t i o n  w a t e r  was added t o  make up t h e  t o t a l  
volume f o r  t h e  p a r t i c u l a r  c o n c e n t r a t i o n  d e s i r e d .  The 
t e s t - s o l u t i o n  w a s  t h e n  s t i r r e d  u n t i l  homogeneous. 

C o n s t i t u e n t  Chemical Com~onen t s .  

A l l  o f  t h e  chemica l s  t e s t e d  a r e  used i n  water-based 
d r i l l i . n g  mud sys tems.  These a r e  su spens ions  o f  c l a y s  
and o t h e r  s o l i d s  i n  w a t e r  ( C o l l i n s  1971 ) .  The f u n c t i o n s  
o f  t h e  chemica l s  a r e  d e s c r i b e d  i n  t h e  t a b l e  below 
accord ing  t o  a  c l a s s i f i c a t i o n  accep t ed  by t h e  Subcommittee 
on D r i l l i n g  F l u i d s ,  American A s s o c i a t i o n  of  O i l w e l l  
D r i l l i n g  C o n t r a c t o r s .  The l i s t  g i v e s  on ly  t h e  p r imary  
use of  t h e  m a t e r i a l ,  and many o f  them have o t h e r  u s e s .  
For s i m p l i c i t y ,  t h e  f u l l  d e s c r i p t i o n  o f  a l l  u s e s  o f  a  
component i s  g i v e n  i n  t h e  RESULTS, i n  t h e  s e c t i o n  
devo ted  t o  t h a t  m a t e r i a l .  



pH Control Weighting Material 

Barite 

Viscosifiers - 

Wyoming Bentonite 
Ben-EX 
Kelzan-XC 

Fluid Loss or Filtrate Reducers 

Sodium carboxymethylcellulose (CMC) 
FLR-100* 
Staf lo* 

Thinner 

Ferrochrome lignosulfonate 
(Q-Broxin and Peltex) 

Def oamer 

Aluminum stearate 

Calcium Remover 

Sodium bicarbonate 

Shale Control ~nhibitor' 

Gyp:;i;m (Plaster of Paris) 
SS-130* 

Corrosion Control 

Calcium chloride 
Caustic (Celanese) 

Bactericide 

Paraformaldehyde 

Dispersants and Surface-active 
Agents 

Sodium acid pyrophosphate 
(S.A.P.P.) 

Torq-Trim 
Skot-Free 
Tricron 
B-Free* 
Swift's Rig Wash 
Dominion Rig Wash 

Function not known by us 

Capryl alcohol 
Potassium chromium sulphate 

(Chromalit) 
Potassium chloride 

(Muriate of potash) 

Metso Beads* 

*The components marked by an asterisk were donated by Shell Canada 
Limited and supplied by International Drilling Fluids. In addition 
to these chemicals, Shell indicated that it was planning to employ 
Potassium chloride, Sodium hydroxide, Sodium carbonate, Bentonite 
and Barite. All other components were donated by Imperial Oil 
Limited and supplied by Baroid of Canada Limited. 



P r e p a r a t i o n  o f  Component Chemicals f o r  T e s t i n g .  

A s m a l l  amount o f  t h e  chemical  t o  be  t e s t e d  w a s  
p l aced  i n  a  1 - l i t r e  Erlenmeyer f l a s k  which had been 
f i l l e d  p r e v i o u s l y  w i th  wate r .  The f l a s k  w a s  shaken then  
set a s i d e  f o r  an hour.  This  i n d i c a t e d  t h e  p h y s i c a l  
r e a c t i o n  o f  t h e  chemical  i n  water .  Depending on t h a t  
r e a c t i o n ,  t h e  chemical  was then  prepared  f o r  b ioas say  
by one o r  o t h e r  of  t h e  fo l lowing  methods: 

For l i q u i d s  m i s c i b l e  i n  w a t e r ,  t h e  chemical  was 
measured o u t  by volume and added t o  t h e  r e q u i r e d  amount 
of d i l u t i o n  w a t e r .  The t e s t  s o l u t i o n  was g e n t l y  s t i r r e d  
t o  mix it thoroughly.  

For s o l i d s  which were s o l u b l e  i n  w a t e r ,  t h e  chemical  
was weighed o u t ,  added t o  t h e  d i l u t i o n  w a t e r ,  and t h e  
t e s t  s o l u t i o n  s t i r r e d  t o  m i x  thoroughly .  

For  s o l i d s  forming c o l l o i d s  o r  suspens ions  i n  w a t e r ,  
t h e  r e q u i r e d  amount o f  chemical  was weighed o u t  and then  
added s lowly  t o  a  running b l ende r  which had been f i l l e d  
p r e v i o u s l y  w i t h  d i l u t i o n  wate r .  The b l ende r  was run  f o r  
2 t o  3 minutes  a f t e r  t h e  l a s t  of  t h e  chemical  had been 
added. The r e s u l t i n g  emulsion was poured i n t o  d i l u t i o n  
wa te r  i n  t h e  test  t a n k ,  and g e n t l y  s t i r r e d  t o  mix. 

T e s t  F i s h  and Holding Condi t ions .  

Rainbow t r o u t  ( S a  Zmo g a i r d n e r i  Richardson) w e r e  
used i n  t h e s e  t e s t s .  They were a  s p e c i f i c  pathogen 
f r e e  s t r a i n  o b t a i n e d  from Shamrock Spr ings  Hatchery,  E r i n ,  
On ta r io .*  T h e i r  i n i t i a l  l e n g t h  was 2 .5  t o  4 . 0  c m s ,  and 
e x a c t  s i z e s  of t h e  qroups used i n  t h e  t e s t s  a r e  g iven  i n  
Appendix B. The f i s h  were s u b j e c t e d  t o  a t  l e a s t  t e n  days  
o f  ho ld ing  and a c c l i m a t i o n  b e f o r e  be ing  used i n  t e s t s ,  
and u s u a l l y  much longe r  t han  t h a t .  An o v e r a l l  m o r t a l i t y  
o f  8.7% was r eco rded ,  most ly  d u r i n g  t h e  i n i t i a l  phases  of  
a c c l i m a t i o n ,  and m o r t a l i t y  was s a t i s f a c t o r i l y  low b e f o r e  
t h e  t e s t s  w e r e  s t a r t e d ,  by t h e  u s u a l  c r i t e r i a  (Sprague , l969) .  

The f i s h  were h e l d  i n  c y l i n d r i c a l  dark green  f i b e r g l a s s  
t anks  w i t h  smooth i n t e r i o r s  and a  c e n t r a l  bot tom-draining 
s t andp ipe  o u t l e t .  Tanks w e r e  f i l l e d  t o  a  dep th  of  about  
2 0  cm. A cont inuous  in f low of new water  gave a  9 0 %  r ep l ace -  
ment t ime of  about  1% h o u r s ,  f o r  wate r  i n  t h e  tank .  F i s h  
were fed a  maintenance d i e t  of 1% of body weight  p e r  day 
of  commercial fish food g ranu le s .  They were he ld  under a 
photoper iod  of 1 4  hours  of  " d a y l i g h t "  provided by incan-  
d e s c e n t  bu lbs ,  wl th  a  ha l f -hour  of  g radua l  i n c r e a s e  o r  
dec rease  of  l i g h t  i n t e n s i t y  a t  e i t h e r '  end. 

*Mail ing add res s :  E r i n  Conserva t ion  Holdings ,  Box 1021, 
Guelph, On ta r io .  



The wa te r  supply  used f o r  ho ld ing  and t e s t i n g  w a s  
n a t u r a l  water from a d r i l l e d  w e l l .  I t  was thoroughly  
a e r a t e d  b e f o r e  u se ,  and brought  t o  t h e  c o r r e c t  t empera ture  
a s  neces sa ry ,  w i t h  non- toxic  heat-exchange e lements .  The 
wa te r  used f o r  ho ld ing  w a s  ha rd ,  w i t h  a hardness  of  
353 f 10 mg/l a, CaCQ,. Temperatures i n  t h e  ho ld ing  t a n k s  
were 10 . 5  + 1.0 C ,  d i s s o l v e d  oxygen was always w i t h i n  5% o f  
s a t u r a t i o n ,  and t h e  average o f  a l l  pH read ings  was pH8, 
w i t h  a range of  7.6 t o  8.5.  

T e s t  Cond i t i ons  and Procedures  

The g e n e r a l  methods, p rocedures  and c a l c u l a t i o n s  
fol lowed f o r  measuring t h e  t o x i c i t y  o f  t h e  chemicals  w a s  
t h a t  o u t l i n e d  by Sprague ( 1 9 6 9 )  and subsequent ly  r e f i n e d  
i n  a l a t e r  p u b l i c a t i o n  (Sprague,  I n  p r e s s ) .  S t a t i c  tests 
were done. Tha t  i s ,  a g iven  c o n c e n t r a t i o n  o f  t e s t -mix tu re  
w a s  made up and n o t  renewed du r ing  t h e  4-day t e s t .  (Some 
d r i l l i n g  f l u i d s  w e r e  renewed a t  2 and 4 days.)  

Tes t - tanks  were c i r c u l a r  enamelled washing machine 
t u b s  c o n t a i n i n g  from 30 t o  60 l i t res  o f  wate r  depending 
on t h e  s i z e  o f  t h e  f i s h ,  The average weight  of  t h e  f i s h  
i n  t h e  p r e l i m i n a r y  b i o a s s a y  w a s  used i n  c a l c u l a t i n g  t h e  
r e q u i r e d  t e s t  volumes. Based upon t h i s  weight  it was 
endeavoured t o  have a volume of  3 l i t res,  and i n  a l l  c a s e s  
a t  least  2 l i t r e s ,  p e r  gram of f i s h  p e r  t e s t -day .  The 
e x a c t  amounts of  w a t e r ,  and r e l a t i o n  t o  weights  of  f i s h ,  
a r e  g iven  i n  Appendix B. 

To p r e v e n t  a ca r ry-over  of  chemical  from one tes t  
t o  a n o t h e r ,  t h e  t e s t  t a n k s  were washed between tests u s i n g  
Wescodyne, 37% Formal in ,  and t h e n  r i n s e d  s e v e r a l  t i m e s  
w i t h  c l e a n  wate r .  

I f  f o r  r ea sons  o f  t u r b i d i t y  o r  opaqueness,  t h e  f i s h  
could  n o t  be  observed i n  t h e  t a n k ,  a "baske t"  of  s t i f f  
nylon s c r e e n i n g  was p l aced  i n  t h e  t.ank. The b a s k e t  w a s  
r a i s e d  t o  observe  t h e  f i s h  a t  t h e  o b s e r v a t i o n  t i m e s .  I f  
t h e  waste  con ta ined  s e t t l i n g  s o l i d s ,  a n e t  b a s k e t  and a 
submers ib le  c i r c u l a t i n g  pump w e r e  added t o  each  tank .  
This  he lped  p reven t  t h e  s o l i d s  from s e t t l i n g  and moved t h e  
water around t h e  tank .  The s u r f a c e  v e l o c i t i e s  o f  water 
measured i n  t a n k s  w i t h  pumps was 6 cm/sec. a t  a d i s t a n c e  
of 1 0  c m  from t h e  s i d e  of t h e  t a n k ,  t h e  normal l o c a t i o n  
s e l e c t e d  by t h e  f i s h .  

Incandescen t  l i g h t s  were i n s t a l l e d  50 cm above t h e  
wa te r  l e v e l  i n  t h e  t e s t  t a n k  and t h e  l i g h t  i n t e n s i t y  a t  
t h e  wa te r  s u r f a c e  w a s  about  180  lux .  



Test-water was the same well-water as used for holding 
the fish. In one case this was softened by using de- 
ionized water to see if this made any difference in the 
results. 

Detailed chemical analyses during the tests are re- 
ported in Appendix B, but some general statements may be 
made here. Water hardness was measured prior to the 
introduction of the chemical, one hour after initiation 
of the test and daily thereafter by the Hach method. In 
general it was found to be 300 to 360 mg/L. 

Temperature was kept constant in the test tanks 
by immersing them in a constant-temperature water bath, 
the water of which was recirculated through a cooling 
apparatus. Temperatures of the bath and test tanks were 
taken prior to the introduction of the chemical, one 
hour after initiation of the test and daily thereafter, 
using a standardized mercury thermometer. 

Test temperatures were in the range 10.5O~ + 1 and 
the average for each material tested is given in Appendix 
B. Detailed reporting of temperatures seems unnecessary 
and has not been done. However, as a typical example, 
one set of tests for a drilling fluid had an average of 
10.2~ for all observed temperatures. The range of indi- 
vidual temperatures was from 9.4 to 10.8. Average temp- 
eratures in the five test-tanks were 10.5, 10.3, 10.4, 
9.6, and 10.4O. 

The dilution water in each test tank was aerated 
for 12 hours before the introduction of the chemical and 
the fish. Dissolved oxygen was measured prior to the 
introduction of the chemical, one hour after initiation 
of the test and daily thereafter by the Winkler method. 
The initial values were 85% of saturation or more. 

The hydrogen-i.on concentration was measured on 
the same schedule as temperature and oxygen, using a 
Fisher pH meter and the Hach method. 

Suspended solids were measured in the tests with 
whole drilling fluids. This was done by passing a 
representative aliquot through a 0.45~ Millipore filter. 
The results were expressed in the standard way, as mg. 
of dried solids per litre of sample. 

Preliminarv or ranaina bioassavs. 

These were done at concentrations ra'nging over three 
orders of magnitude (at 10, 100, 1000 and 10,000 or at 
1, 10, 100 and 1000 mq/l or ul/L). These tests were not 



done in enamelled tubs but In polyvinyl tanks containing 
15 litres of water. After aeration and the addition of 
the chemical under test, two rainbow trout were added to 
initiate the bioassay. Observations were made at 
appropriate time intervals. These preliminary tests 
were merely to orientate the following definitive bioassays, 
and the results (with four exceptions) were not used in 
this report. 

Definitive b'ioas'savs. 

Upon completion of the preliminary bioassays, the 
definitive bioassays were run. The concentrations to be 
tested were between the concentration which gave 100% 
survival and the concentration which gave 100% mortality. 
The concentrations were selected from the logarithmic 
series of 1.0, 1.8, 3.2, 5.6, and 10, or multiples of ten 
thereof. After aeration and the addition of the chemical 
under test, five rainbow trout were added to initiate the 
bioassay. Exposures were continuous for at least 96 hours, 
and were as long as ten days for some tests with whole 
drilling fluids. Observations of mortality were at 15 
minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 8 hours, 
14 hours and twice daily thereafter. 

Calculations of Results 

The median effective time (ET50) was estimated for 
each concentration, as the tests were underway. This was 
done by plotting on log-probit paper according to the 
methods of Litchfield (1949). The 95% confidence limits 
of the ET50 were also estimated by these methods. 

A toxicity curve was constructed as the tests pro- 
ceeded, using the ET501s. These are shown for each chemical 
or fluid in the Results. In most cases the toxicity curve 
showed that the tests could be stopped at 96 hours, since 
this seemed equivalent to the threshold LC50 (i.e. 
additional mortality had stopped by 96 hours). 

The 96-hour LC50 and its confidence limits was 
estimated by use of the computer and checked for reason- 
ableness by- plotting on logLprobit paper. The computer 
program was PROBITANAL, program 199 PROBIT of the Institute 
of Computer Science, University of Guelph. It is based 
on the standard iterative method of Finney (1952). 



An in formal  estimate of  t h e  LC50 w a s  necessary  
i n  some c a s e s  where t h e  f i s h  gave very  s h a r p  "al l -or-none" 
responses .  No p a r t i a l  m o r t a l i t i e s  w e r e  o b t a i n e d  i n  t h e  
v a r i o u s  t e s t - c o n c e n t r a t i o n s ,  on ly  0% and 100% m o r t a l i t i e s .  
F inney ' s  method of  p r o b i t  a n a l y s i s  does  n o t  apply i n  such 
a s i t u a t i o n  and t h e r e f o r e  t h e r e  could  be no formal  
e s t i m a t e  of  t h e  LC50 and i t s  conf idence  l i m i t s .  The 
on ly  t h i n g  which was known wi th  exac tnes s  was t h a t  t h e  
t r u e  va lue  o f  t h e  LC50 was between t h e  h i g h e s t  concentra-  
t i o n  which caused no m o r t a l i t y ,  and t h e  lowes t  concent ra -  
t i o n  which caused complete m o r t a l i t y .  ( I n  most such 
cases  i n  t h i s  s t a d y ,  t h e s e  two c o n c e n t r a t i o n s  were c l o s e  
and there was l i t t l e  doubt  about  t h e  approximate va lue  
of t h e  LC50.) Informal  e s t i m a t e s  o f  t h e  LC50 have been 
provided i n  t h e s e  ca ses  by an approximate method. The 
va lue  o f  2 %  m o r t a l i t y  w a s  s u b s t i t u t e d  f o r  t h e  0 % ,  and 
98% was s u b s t i t u t e d  f o r  t h e  100%. T h i s  w a s  done i n  t h e  
computer program and i n  t h e  graph used f o r  checking 
reasonableness .  Th i s  s i t u a t i o n  a p p l i e d  f o r  Rig 15 
d r i l l i n g  f l u i d ,  and f o r  s i x  components a s  i n d i c a t e d  i n  
t h e  Summary and i n  t h e  Resu l t s .  



RESULTS FOR WHOLE DRILLING FLUIDS 

The main results are given here in the body of the 
report. Details have been given in the appendices. 
Appendix A gives for each concentration tested, the per- 
centage mortality, and the median survival-time with the 
slope factor for its associated probit line. Appendix B 
gives various background information such as when the 
test was done, temperature and pH, size of fish and volume 
of testwater. 

Imperial Oil Rig 51 (July) 

The 96-hour LC50 was 0.83% by volume (8,300 p l / l ) .  
The 95% confidence limits were 0.71 and 0.96% and the 
slope of the probit line was 13.80. The toxicity curve 
was a very standard and uncomplicated one (Fig.1 1 .  
The lethal threshold concentration was evident in about 15 
hours, andwasthe same as the 96-hour LC50. The 8-day 
LC50 was 0.80, not significantly different from the 
96-hour value. 

This samplewas alkaline, causing a maximum of pH 
9.95 in very strong mixtures (Fig.2). It is possible 
that values above pH 9.5 would cause direct acute toxicity 
to the trout, given fairly long exposure, but it is 
unlikely that lower values would do so. 

It seems that lethal effects are not only from pH, 
nor only from suspended solids (see below) but are also from 
one or more poisonous compounds present in this waste. For 
example, it is clear that pH 8.85 is not lethal to fish, 
since this pH would prevail (Fig. 2 ) at a non-lethal con- 
centration of 0.6% of the waste. Yet in hard water, at the 
same pH, caused by 3.2% concentration of waste, fish died 
quickly, in 6 hours. It is doubtful if suspended solids 
er se were lethal (Fig. 3 ) .  It seems to have been a toxic 
c emzal causing the rapid death. 5- 



Fig.  1. The t o x i c i t y  curve f o r  d r i l l i n g  f l u i d  from Rig 51,  
c o l l e c t e d  i n  J u l y ,  and t e s t e d  a g a i n s t  rainbow 
t r o u t .  Mast of t h e  tes ts  w e r e  run  i n  medium-hard 
wa te r  ( 1 2 0  mg/L a s  CaC0 ) . Two va lues  w e r e  
ob ta ined  wi th  very  hard  d i l u t i o n  water  3 5 3  mg/L 
a s  CaC03),  which was s t a n d a r d  i n  o t h e r  t e s t s  w i t h  
d r i l l i n y  f l u i d s  and components. The LC50 i s  t h e  
one described i n  t h e  t e x t ,  a s  c a l c u l a t e d  by t h e  
standard procedure.  



Fig. 6. Rise in pH of testwater caused by drilling fluid from 
Imperial Rig 51 in July. Round points are initial 
concentrations, arrows indicate final concentration 
at the end of the test, which was 4 days after the 
last change of test-water for the lower concentrations. 
Square points are two tests in very hard water 
(353 mg/l hardness) compared to the usual medium-hard 
water (120 mg/R) used in most tests with this 
particular fluid. 



D A Y S  
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Fig. 3. Decline in suspended solids in test tanks, for 
sample of waste from Imperial Oil Rig 51 in July. 



Water hardness has only a very small effect on 
toxicity. Most of the tests were done using medium-hard 
dilution water (120 mg/C as CaC03) made up by diluting 
the standard very hard (353 mg/C). ground water with 
de-ionized water. In very hard water fish survived 
somewhat longer than in the medium-hard dilution water 
(Fig. 11, but the differences were not statistically 
significant. Probably the effect on lethal threshold 
would be very small or none. 

The very hard water buffered the pH effect of 
the wastes, and this may account for the small 
differences in survival-times. 

Suspended solids in raw waste at zero time were 
1,300,000 mg/l, (130% on a weight/volurne basis) which 
is a specific gravity of 1.3. An estimate of S.S. in 
raw waste after 2 minutes settling, based on 2-minute 
value of S.S. in a test-tank of 3.2% concentration, 
showed 330,000 mg/C or 33% weight/volume. This is 
similar to the 38% and 43% estimated for the other two 
drilling fluids describedbelow. It is evident that 
a lot of heavy particles settle out immediately in 
the test-tanks, despite the presence of a circulating 
pump. S.S. settled to about one-twentieth of the 2-minute 
value, in a 3-day period, and had decreased by a factor of 
10, in half a day. 

There is a discrepancy in the amounts of S.S. 
found in the test-tanks and shown in Fig. 3. The 
higher concentration has at least ten times more S.S. 
than the lower one, whereas we would expect only 2.7 
times as much, This is no doubt because of difficulty 
in sampling these wastes. The lighter particles, and 
the active toxicants, seem to have been adequately 
sampled because of the regular relations in the toxicity 
curve. These estimates were made at an early stage in 
the summer program, and may not be as accurate as later 
estimates of S.S. 

The S.S. may have been a partial cause of mortality 
at concentrations greater than 3.2 mg/L of waste, but 
was probably a negligible factor at concentrations down 
around the threshold. In 3.2% concentration there was 
probably about 1500 mg/L S.S. at the time of death of 
the median fish (4 to 5 hours). This is one to two orders 
of magnitude less than the usual concentrations causing 
acute lethality, unless the S.S. are of special shape 
such as extremely sharp, or fibrous. 



Other details include dissolved oxygen concentra- 
tions of 6.0 to 6.2 mg/l in test concentrations of 10 
and 32 mg/L; 8.0 to 10.4 mg/L in test concentrations from 
1.0 to 3.2 mg/L; and 9.5 to 11 mg/L in test concentrations 
below 1.0 mg/l and in the control. It seems likely that 
the waste interfered with the chemical determination of 
oxygen, and that oxygen values were higher than measured, 
in the stronger dilutions of waste. Test-volumes were 
i.6 litres/gram of fish per day for the first four days, 
which is not quite adequate. However, mortality generally 
occurred in the first day or not at all, so test-volume 
was more than adequate during the important early parts 
of the test. All test concentrations were. renewed at 
96 hours, and the experiments then ran for a further four 
days for a total of 8 days. 

Imperial Oil Rig 51 (September) 
. - .  

 he-96-hour LC50 was 5.3% by volume (53,000 pe/L). 
The 95% confidence limits were 3.7 and 7.6%. The slope 
of the probit line was 4.97. Only the critical concen- 
trations near the threshold were tested, resulting in an 
apparently simple toxicity curve (Fig.4 ) .  The lethal 
threshold concentration was almost certainly the same as 
the 96-hour LC50, since no additional fish died during 
the subsequent exposure of 10 days in 5.66% fluid. 

Suspended Solids (S.S.) themselves might be respon- 
sible for mortality but this cannot be decided without 
further tests. There are several thousand mg/L of S.S. 
in dilutions near the lethal threshold, and this much 
could be acutely toxic. However, it is not warranted to 
make too much speculation on this point, since toxicity 
of S.S. depends so much on size and shape of the particles. 
Experiments could be devised to determine if mortality is 
caused by poisonous materials or simply by the physical 
effect of S.S. 

Suspended solids were measured frequently as shown 
i n  Fig. 5. The S.S. in raw drilling fluid may be estimated 
by back-calculation from the initial solids content of the 
five test-concentrations, 4 of which were renewed once, 
thus giving a total of 9 estimates. The estimates, in 
thousands of mg/L, are 479, 332 and 563, 579 and 498, 271 
and 236, and 478 and 462. The average of these is 
433,000 mg/L or 43.3% as weight/volume. This figure, after 
two minutes settling, could be compared with field values. 

Overall, the picture in Figure 5 is reasonably 
consistent. A dilution of 1% had about 5,000 mg/C S.S. 
at the start, and by five to ten days had declined to 
about 500 mq/L. A dilution of 10% was initially just one 
order of magnitude higher, as it should be, and the decline 
was parallel on the logarithmic plot. Other concentrations 
were in between in a fairly regular pattern. The only 



Fig. 4. Toxicity curve for drilling fluid from Imperial 
Oil Rig 51,in September, tested against rainbow 
trout. 



- F i g .  5.  Dec l ine  i n  suspended s o l i d s  i n  test  t anks  c o n t a i n i n g  
v a r i o u s  d i l u t i o n s  o f  d r i l l i n g  f l u i d  from I m p e r i a l  O i l  
Rig 5 1  i n  September. I n i t i a l  sampling was a t tempted  
immediately a f t e r  t h e  t e s t -mix tu re  ( o r  renewal of t h e  - t e s t - m i x t u r e )  was made up, b u t  has  been a r b i t r a r i l y  
p l aced  a t  2 minutes  on t h e  t i m e  scale. A submerged 
pump i n  t h e  tank a g i t a t e d  t h e  test  mix ture  a s  

.. d e s c r i b e d  i n  t e x t .  



e x c e p t i o n  i s  t h a t  S.S. a r e  somewhat h i g h e r  t h a n  might 
be expec ted  i n  t h e  3.2% d i l u t i o n  of  Rig 51 (no mis take  i n  
c a l c u l a t i o n s  w a s  e v i d e n t ) .  There are, of  courhe ,  
d i f f i c u l t i e s  i n  sampling such a  heavy suspens ion  o f  
p a r t i c l e s ,  many of  which are r a p i d l y  s i n k i n g  wh i l e  one 
a t t e m p t s  t o  sample. 

Other  d e t a i l s  of t h e  t e s t s  w e r e  r e g u l a r .  There 
was no problem o f  h i g h  p H .  Average pH v a l u e s  i n  t h e  
f i v e  t a n k s ,  from s t r o n g  t o  weak c o n c e n t r a t i o n ,  were 
8.95, 8 .6 ,  8 . 7 ,  8.5,  and 8.6. The p r o b i t  l i n e s  w e r e  n o t  
unusual  i n  any r e s p e c t .  A t  f i r s t  g l ance  it may s e e m  
p e c u l i a r  t h a t  t h e  l e t h a l  t h r e s h o l d  i s  a t  a  s l i g h t l y  lower 
c o n c e n t r a t i o n  t h a n  one which k i l l e d  on ly  40% of  t h e  f i s h .  
However t h i s  i s  merely an a r t i f a c t  of  t h e  few t e s t s  and 
s m a l l  number o f  f i s h  i n  each.  The e s t i m a t e  o f  t h e  LC50 
i s  t h e  b e s t  one,  as determined by bo th  t h e  computer 
program and t h e  p r o b i t  g raph ,  and t h i s  i s  shown by t h e  
r ea sonab le  conf idence  l i m i t s .  I n  f a c t ,  s i n c e  t h e  tes t  
c o n c e n t r a t i o n  o f  5.66% i s  ex t remely  c l o s e  t o  t h e  LC50 
of  5 .3%, it i s  r e a s s u r i n g  t h a t  about  h a l f  t h e  f i s h  d i e d  
a t  t h a t  c o n c e n t r a t i o n .  Test -water  was changed a t  48 
hours  and n o t  a f t e r  t h a t .  Up u n t i l  5 days  of  t o t a l  ex- 
posu re ,  c o n d i t i o n s  i n  t h e  t e s t  t ank  w e r e  adequa te  o r  
b e t t e r ,  and t h e  t e s t  was cons ide red  t e rmina t ed  a t  t h a t  t i m e .  
The 96-hour LC50 i s  a  dependable c r i t e r i o n  of a c u t e  t o x i c i t y ,  
and t h e  t h r e s h o l d  LC50 is almost  c e r t a i n l y  t h e  same. This  
f l u i d  was sh ipped  from Inuvik  on September 6  o r  e a r l i e r  and 
r e c e i v e d  September 1 0 .  

Comparison o f  J u l y  and September samples. 

The c h a r a c t e r i s t i c s  of t h e  f l u i d  changed cons ide rab ly  
i n  t h e  two months between r e c e i p t  of t h e  J u l y  sample and 
r e c e i p t  of  t h e  September sample from Rig 51. T o x i c i t y  de- 
c r e a s e d  from 0.83% t o  5 .3%. The e a r l i e r  sample r a i s e d  pH 
of t h e  t e s t w a t e r  b u t  t h e  l a t e r  sample d i d  no t .  The suspended 
s o l i d s  were a l s o  d i f f e r e n t .  A t  3.2% c o n c e n t r a t i o n ,  t h e  amount 
of S.S- i n  t h e  ear l ier  sample was s i m i l a r  t o  amounts i n  t h e  
two o t h e r  f l u i d s ,  b u t  t hey  dropped o u t  much more q u i c k l y ,  
down t o  about  500 mg/L i n  3 days ,  compared t o  3500 mg/e 
i n  Rig 51 i n  September. 

The major l e s s o n  h e r e  i s  t h a t  g rab  samples of  d r i l l i n g  
f l u i d s  may d i f f e r  i n  t o x i c i t y .  This  might be expec ted  from 
t h e  day-to-day v a r i a t i o n  i n  use  of components. The g r e a t e r  
t o x i c i t y  of  t h e  J u l y  sample i s  wi thou t  much doubt ,  caused by 
t h e  added t o x i c  a c t i o n  of  p H  r e s u l t i n g  from t h e  c a u s t i c  soda 
n o t  b e i n g  n e u t r a l i z e d .  C a u s t i c  c o n t r i b u t e s  a  h igh  p r o p o r t i o n  
of  t h e  t h e o r e t i c a l  t o x i c i t y  i f  n o t  n e u t r a l i z e d  ( s e e  D i s c u s s i o n ) .  



Gulf O i l  Rig 15 

The 96-hour LC50 l ies between 3.2% and 5.6%. 
An in fo rma l  estimate of  t h e  LC50 i s  4 .2% and t h i s  must be 
c l o s e  t o  i t s  t r u e  v a l u e ,  because o f  t h e  narrow l i m i t s .  
'rne t o x i c i t y  curve (Fig .  6 )  appea r s  t o  be r e g u l a r  w i t h  
a s h a r p  cu t -of f  a t  t h e  96-hour LC50 below which t h e  f i s h  
s u r v i v e d  f o r  t h e  7-day exper imenta l  pe r iod .  Therefore  
t h e  l e t h a l  t h r e s h o l d  c o n c e n t r a t i o n  w a s  t h e  same a s  t h e  
96-hour LC50. 

I t  i s  p o s s i b l e  t h a t  i n  t h i s  f l u i d  a l s o ,  an  
a p p r e c i a b l e  p a r t  of t h e  t o x i c i t y  r e s u l t e d  from suspended 
s o l i d s  r a t h e r  t han  d i s s o l v e d  t o x i c a n t s .  The S.S. i n  
Rig 15 f l u i d  w e r e  s u p e r f i c i a l l y  s i m i l a r  t o  t h o s e  of  Rig 
51. Es t imated  S.S. i n  r a w  f l u i d  a t  2  min, averaged 0.375 kg/L 
or 37.5%. S.S. i n  t h e  t e s t  t a n k s  w e r e  i n i t i a l l y  9,000 t o  
40,000 mg/L, and ended i n  t h e  range 1,000 t o  10,000 mg/L 
i n  1 t o  4 days (Fig .  7 ) .  These d i l u t i o n s  show a  very  
s i m i l a r  p a t t e r n  t o  t h e  S.S. i n  s imilar  d i l u t i o n s  o f  Rig 51, 
and a s i m i l a r  rate  of  s e t t l i n g .  

Other  d e t a i l s  o f  t h e  exper iment  were f a i r l y  
s t a n d a r d .  The p r o b i t  l i n e s  w e r e  s t r a i s h t ,  r e s u l a r .  and 
t h e r e  w a s  l i t t l e  scat ter  o f  t h e  po in t s :  ~ e s t ~ v o l u m e s  
w e r e  2.3 l i t res p e r  gram o f  f i s h  p e r  day which i s  
f avourab le .  Tes twa te r  w a s  renewed a t  96 hour s ,  t h e n  
not. changed u n t i l  t h e  tests ended a t  168 hours .  S ince  
t!iat i s  on ly  3  days  beyond t h e  change, c o n d i t i o n s  were 
adequa te  , throughout t h e  test.  Hydrogen-ion c o n c e n t r a t i o n s  
were s a t i s f a c t o r y .  The i n i t i a l  and f i n a l  v a l u e s  w e r e  
p H  8.75 and 8.7 i n  t h e  1 0 %  mix tu re ,  and p H  8.5 and 8.4 
i n  bo th  t h e  5.6% and 3 . 2 %  mix tu re s ,  The s t r o n g  testwater 
was somewhat e l e v a t e d  above t h e  n a t u r a l  pH of t h e  

.-- wate r ,  b u t  n o t  enough t o  cause  any d i r e c t  harm t o  t h e  
f i s h .  I n i t i a l  and f i n a l  v a l u e s  o f  d i s s o l v e d  oxygen w e r e  
7.2 and 7 . 1  mg/L i n  t h e  s t r o n g e s t  t e s t - c o n c e n t r a t i o n ,  and 

- 9 . 0  t o  7.4 mg/l i n  t h e  o t h e r  t e s t s .  These l e v e l s  are 
q u i t e  adequa te ,  b u t  n e v e r t h e l e s s  it i s  d i f f i c u l t  t o  see 
why they  were s o  much lower t han  t h e  s a t u r a t i o n  va lue  o f  

- 11.3  mg/L. Probably t h e  d r i l l i n g  f l u i d  i n t e r f e r e d  w i t h  
t h e  chemical  test  f o r  oxygen, and l e v e l s  w e r e  r e a l l y  
h i g h e r  t h a n  t h i s .  The f l u i d  was sh ipped  from Inuvik i n  
e a r l y  August and r e c e i v e d  on August 15.  



Fig. 6 . Toxicity curve for drilling fluid from Gulf Oil 
Rig 15, tested against rainbow trout. 



Fiq. 7 . Decline in suspended.solids in test tanks containing 
various concentrations of drilling fluid from Gulf Oil 
Rig 15. Other information as in Fig. DF 2. 



RESULTS FOR COMPONENTS OF DRILLING FLUIDS 

Gypsum (Plaster of Paris) 

Gypsum is used primarily as a shale contra1 
inhibitor and also as a flocculant and calcium source. 

This chemical is known generically as calcium 
sulphate (CaS0,+.2H20). When it is partially dehydrated 
it forms Plaster of Paris (2CaS04.H20) which reverts to 
Gypsum in the presence of water. 

It was received but not tested because its low 
toxicity is well documented. Wallen (1957) used 
~ambusia affinis as a test animal. wdter Lsed as the 
te t solubion had a pH of 7.8 to 8.3, a temperature of 8 20 to 22 C and a hardness of 100 expressed as mg/l 
CaC03. He found after 96 hours that the LC50 was greater 
than 56,000 mg/L. 

Wyoming Bentonite 

This material is used primarily as a viscosifier or 
gel, secondarily as a filtrate or fluid loss reducer. 

Neither a lethal threshold concentration nor a 
96-hour LC50 was established. The clay was tested at 
10,000 mg/l without lethality. A blender, a circulating 
pump and a screen were used as described in the methods. 
The clay remained completely in suspension. A literature 
review showed no mortality of Garnbusia at 100,000 mg/& 
in seven days (Wallen 1951). 

Sodium Carboxymethylcellulose (CMC) 

This chemical, in both Regular and Hi-Vis forms, 
is used primarily as a filtrate reducer, and secondarily 
as a viscosifier. Its formula is RnOCH2COONa. 

Neither toxicity curve, lethal threshold concentra- 
tion, nor 96-hour LC50 was established, since there was 
no mortality at any of the concentrations tested, even 
though these spanned three orders of magnitude (10, 100, 
1000, and 10,000 mg/L). This applied to both forms of 
the material, tested at these concentrations. The chemical 
was blended with test water before its introduction into 
the tank. During the test, a clear viscous layer settled 
on the tank bottom. The fish appeared to have no problem 
in sensing the presence of this dense layer. None of them 
swam into the layer, but all of them swam just above it. 



Calcium Chloride 

This chemical is used as a pH controlling addi- 
ti.ve, a shale control inhibitor and a weighting material. 
Tt may also be used as a flocculant. 

A sample of the chemical, CaC12 was received but 
not tested. Instead the following information has been 
adapted from Trama (1953). The test animal was the 
common bluegill ( L e p o m i s  macrochirus Raf.). The 96-hour 
LC50 was 10,500 mg/l. The 95% confidence limits were 
3,650 and 11,300 mg/l. The slope of the probit line 
was 13.86. As observations were taken at 24 hour inter- 
vals it was not possible to ascertain when mortality 
ceased. Therefore, no conclusions regarding the lethal 
threshold concentration can be made. In Trama's tests, 
a soft synthetic water Cha14 , was mixed with distilled 
water and used as the test solution. Hardness increased 
with each increase in chemical concentration from 6,500 
to 11,900 mg/L as CaC03. The pH depended on the test 
concentration and varied initially from 7 . 8  to 7 . 3 .  
Since the tanks were aerated, it is assumed that the 
water was near saturation with oxygen. 

As Trama gave observations only at 24 hour inter- 
vals, probit lines for all concentrations could not be 
established. The median effective time and other related 
data that could be ascertained was: 

ET50 % Mort. 
C o l ~ c .  (hours) (96 hrs.) S No. of Fish 

12,500 22.5 100 - 10 
12,000 ? 85 - 10 
10, R O O  84 60 - 10 
10,500 - 40 - 10 
8,700 - 20 - 10 
6,500 - 0 - 10 

Control - 0 - 10 

Aluminum Stearate 

- This chemical is used as a defoamer. 

A sample of aluminum stearate ( [CH3 (CH2 ) 16C00] 3A1) 
- was received but not tested. According to the Merck Index, 

8th ed., it is completely insoluble in water. Therefore, 
it would act like a suspended or settling solid much the 

- same as bentonite, barite and gypsum. 



Barite 

This is used as a weighting material. 

Barite is known generically as barium sulphate, 
BaSOt,. It was not tested. 

Daugherty (1951) tested barite and 
found it non-toxic up to 7,500 ppm. 

Sodium Bicarbonate 

This chemical is used primarily as a calcium 
remover,and secondarily as a means of pH control. 

Sodium bicarbonate (NaHC03) was received but not 
tested. Wallen (1957) reported testing sodium bicarbonate 
(NaHCO,) with Gambusia affinig in a test solution of pH 
7.8 to 8.3, temperature 20-22 C and a hardness of 100 mg/L 
as CaC03. The 96-hour LC50 was found to be 7,550 mg/l. 
This figure also appeared to be the threshold lethal 
concentration since mortality remained unchanged after 
24 hours. 

Torq-Trim 

Torq-Trim is a surface wetting agent, It is com- 
posed of sulfated triglycerides plus aliphatic alcohols 
plus isopropyl alcohol. 

The 96-hour LC50was 2270ul/l. The 95% confidence 
limitswere 1580 and 3250pL/l. The slope of the probit 
linewas3.99. A simple toxicity curve (Fig. 8) was 
produced as only concentrations near the threshold 
were tested. The lethal threshold concentration was not 
established as mortality continued up to 93 hours, All 
of the chemical dissolved in water. 



Fig. 8. Toxicity curve f o r  Torq-Trim t e s t e d  a g a i n s t  
rainbow t r o u t .  



Potassium Chlor ide  

This  chemica l ' s  f u n c t i o n  i s  n o t  known t o  us. 

Potassium c h l o r i d e  was rece ived  b u t  n o t  t e s t e d .  
I n s t e a d  t h e  fo l lowing  informat ion  has  been adapted 
from Trama (1953) ,  who d i d  tests us ing  t h e  common 
b l u e g i l l .  A s o f t  s y n t h e t i c  wa te r ,  Chals was mixed wi th  
d i s t i l l e d  water  a s  t h e  tes t  s o l u t i o n .  Hardness was 
40 mg/l a s  CaC03. I n i t i a l  pH v a r i e d  from 9.37 t o  8.20 
then  decreased t o  7.25 and 7.59 by t h e  end of  t h e  tests. 

The 96-hour LC50 was 2020 mg/L ,. The 95% con- 
f i d e n c e  l i m i t s  w e r e  1920 and 2090 mg/l. The s l o p e  o f  
t h e  p r o b i t  l i n e  w a s  53.9. A s  obse rva t ions  w e r e  t aken  by 
Trama a t  2 4  hour i n t e r v a l s  it was n o t  p o s s i b l e  t o  
a s c e r t a i n  when m o r t a l i t y  ceased ,  nor  could meaningful 
p r o b i t  l i n e s  be e s t a b l i s h e d .  The d a t a  t h a t  could be 
a s c e r t a i n e d  i s  given i n  t h e  t a b l e  below. 

ET5 0 % Mort. No. of  
Conc. (hours)  (96 h r s .  ) S f i s h  

Cont ro l  - 0 - 10 

Ferrochrome Lignosul fona te  ( P e l t e x  o r  Q-Broxin) 

P e l t e x  i s  used a s  a f i l t r a t e  r educe r ,  s h a l e  c o n t r o l  
i n h i b i t o r ,  and a s  a t h i n n e r .  I t  may a l s o  be used a s  an 
i n h i b i t o r .  Q-Broxin i s  used p r i m a r i l y  a s  a t h i n n e r  and 
dispersant, b u t  can be used i n  t h e  same ways a s  Pe l t ex .  

Th i s  chemical was rece ived  under i t s  g e n e r i c  o r  
chemical  name and a l s o  under t h e  brand names P e l t e x  and 
Q-Broxin. A l l  t h r e e  samples w e r e  t e s t e d  and a l l  t h r e e  
followed t h e  same p a t t e r n  i n  t h e  b ioassays .  



Fig. 9. Toxicity curve for Ferrochrome lignosulfonate 
tested against rainbow trout. This material 
is also known by. the trade names Peltex and 
Q-Broxin. 



The 96-hour LC50 was 1530 mg/l. The 95% confidence 
limits were 1140 and 2050 mg/l. The slope of the probit line 
was 8.439. The lethal threshold concentration was 
1530 mg/L. The toxicity curve (Fig. 9) is a simple one 
because only concentrations near the threshold were 
tested. Tests at higher concentration would have 
established better the right hand side of the curve. 
The lethal threshold concentration is almost certainly 
the same as the 96-hour LC50, since no fish died at 
1000 mg/L, during the following 10-day period when they 
were inadvertently left in solution. 

All of the chemical dissolved in the test water, 
colouring the water a dark brown. There was a decrease 
in pH at higher concentrations. Prior to introduction 
of chemical, pH of the water was 8.5. After the intro- 
duction, pH dropped and then remained constant at pH 
7.7, 7.5, 7.2, and 6.7, going from weak to strong con- 
centration. 

Sodium Acid Pyrophosphate (S.A.P.P.) (Na4P207*10H20) 

This chemical is also known as tetrasodium 
pyrophosphate decahydrate (Merck). It is a dispersant 
for treating cement contamination, and it can be used as 
a rust inhibitor and remover (Merck Index). 

The 96-hour LC50 was 870 mg/l. The 95% confidence 
limits were 662 and 1140 mg/L, and the slope of the 
probit line was 10.27. Concentrations near the threshold 
were tested resulting in a simple toxicity curve. The 
lethal threshold concentration was probably the same as 
the 96-hour LC50 since all mortality took place within 
the first 31 hours (Fig. 10) . 

The pH was 8.5 before the introduction of the 
chemical. After the introduction of S.A.P.P. the pH 
dropped and then remained constant at the new levels for 
the remainder of the test period. The ' p ~  values in the 
test tanks were 6.5, 6.25, 6.0, and 5.5, going from weak 
to strong concentrations. The pH values of 6.0 and above 
would not be acutely toxic to fish, so the LC50 would 
represent the toxicity of the S.A.P.P., not of pH. 
Water hardness followed a corresponding pattern. The 
hardness values expressed as CaC03 were 220, 65, 35 and 
0, again going from weak to strong concentrations. It 
looks like S.A.P.P. was acting as a chelating agent for 
the calcium and magnesium ions in the water. 



Fig.  1 0 .  T o x i c i t y  curve  f o r  sodium a c i d  pyrophosphate 
t e s t e d  a g a i n s t  rainbow t r o u t .  



C O N C  E N I R A ~ / O / V ,  

Fig .  11. T o x i c i t y  curve  f o r  ~ o t a s s i 6 ~ h r o r n e  Alum 
(Chromal i t )  tested a g a i n s t  rainbow t r o u t .  



Potassium Chrome Alum (Chromalit) 

This chemical is an alum and is known generically 
as potassium chromium sulfate (K Cr (S04)2.12H20). 
Its function is not known to us, 

The 96-hour LC50 was between the limits of 569 
and 1000 mg/L. An informal estimate of the LC50 
would be 730 mg/l. Only the concentrations near 
the threshold were tested resulting in an apparently 
simple toxicity curve (Fig. 11). To establish the 
right-hand side of the curve 3200 mg/L was tested, 
but death was instantaneous, almost certainly because of 
pH below 5.5. The lethal threshold concentration was 
the same as the 96-hour LC50 since all mortality took 
place within the first six hours. This is probably 
a result of the toxicity being caused by low pH. All of 
the chemical dissolved initially, colouring the test 
water a blue-grey,then a precipitate formed on the 
tank bottom. Immediately after the introduction of the 
chemical, pH dropped, then rose within 24 hours and 
remained constant for the remainder of the test. The 
initial pH values in the test tanks, going from weak to 
strong, were 7.5, 7.0, 6.5, 6.0 and 5.5. The lowest 
pH may have been the primary cause of toxicity, but values 
of 6.0 and greater would not cause acute mortality. 
After 24 hours the pH stabilized at 7.7 to 7.5. Water 
hardness followed the same trend witd initial readings 
from weak to strong of 325, 310, 285, 270 and 250 all 
expressed as CaC03. At 24 hours, hardness had returned 
in all tanks to 330-320 mg/L. Chemical reactions within 
the water are unknown. 

Ben-Ex 

Den-Ex is a copolymer of polyvinyl acetate and 
ma1ei.c anhydride (ratio not published). It is used 
primarily as a viscosifier, and as an extender for ben- 
tonite. 

The 96-hour LC50 was 664 mg/l. The 95% confidence 
limits were 527 and 836 mg/L. The slope of the probit 
line was 11.4. As mortality continued up to the 89th 
hour it is suspected that the lethal threshold concen- 
tration would be lower than the 96-hour LC50. A simple 
toxicity curve was evident (Fig. 12) . 



Fig. 12. Toxicity curve for Ben-EX tested against 
rainbow trout. 



U 
Fig. 13. Toxicity curve for Kelzan-XC t e s t e d  against 

rainbow trout. 



The chemical  was blended w i t h  t h e  test  wa te r  
p r i o r  t o  i t s  i n t r o d u c t i o n  i n t o  t h e  tes t  tank .  Th i s  
c r e a t e d  a l i g h t  p ink  v i scous  l a y e r  which s lowly  sank 
t o  t h e  bottom o f  t h e  tank .  A f t e r  12 hours  t h e  c o l o u r  
d i sappeared .  For  t h e  f i r s t  few hours  of  t h e  t e s t ,  
t h e  test  s o l u t i o n  gave o f f  a s t r awber ry - l i ke  odour. 

T h i s  i s  an  i n d u s t r i a l  g r ade  Xanthan gum. ~t i s  
a v i s c o s i f i e r  and f l u i d  l o s s  c o n t r o l  a d d i t i v e .  

The 96-hour LC50 w a s  between t h e  : l i m i t s  o f  320 
and 560 mg/L.  An in fo rma l  estimate o f  t h e  LC50 
would b e  440  mg/L. The l e t h a l  t h r e s h o l d  c o n c e n t r a t i o n  
w a s  p robably  t h e  same a s  t h e  96-hour LC50 s i n c e  a l l  
m o r t a l i t y  took  p l a c e  w i t h i n  68  hours  (Fig .  1 3 ) .  

P r i o r  t o  i t s  i n t r o d u c t i o n  i n t o  t h e  t e s t  t a n k s  
t h e  chemical  w a s  b lended wi th  t e s t  wate r .  I n  t h e  tes t  
t a n k s ,  t h e  chemical  f l o a t e d  on t h e  s u r f a c e  g i v i n g  t h e  
appearance of  f l o a t i n g  b a l l s  o f  c o t t o n  wool. 

Metso Beads 

T h i s  chemical  i s  used f o r  c o r r o s i o n  c o n t r o l .  
I ts chemical  composi t ion is  unknown, b u t  it w a s  s o l u b l e .  

T e s t s  w e r e  n o t  q u i t e  completed,  because a r a t h e r  
s m a l l  sample o f  m a t e r i a l  was r ece ived .  The LC50 and 
t o x i c i t y  cu rve  w e r e  n o t  e s t a b l i s h e d  w i t h  c e r t a i n t y .  
However, t h e  96-hour LC50 would be between 100 and 560 
mg/l, p robably  i n  t h e  v i c i n i t y  of  300 mg/l. 

C a u s t i c  (Ce lanese)  

Th i s  chemical  was r ece ived  as a f l a k e .  I t s  g e n e r i c  
name i s  sodium hydroxide ( N a O H ) .  I t  i s  used p r i m a r i l y  
a s  an  a c i d i t y  c o n t r o l  a d d i t i v e  and s e c o n d a r i l y  a s  a 
b a c t e r i c i d e  o r  a s  a calc ium remover. 

The 96-hour LC50 w a s  105 mg/C. The 95% conf idence  
l i m i t s  w e r e  81  and 136  mg/L. The s l o p e  of  t h e  p r o b i t  
l i n e  w a s  6.34. The l e t h a l  t h r e s h o l d  c o n c e n t r a t i o n  i s  t h e  
same a s  t h e  96-hour LC50 s i n c e  a l l  m o r t a l i t y  took p l a c e  
w i t h i n  t h e  f i r s t  40 hour s  (Fig .  1 4 ) .  



F i g .  1 4 .  T o x i c i t y  cu rve  f o r  Caus t i c (Sod ium h y d r o x i d e ) ,  
t e s t e d  a g a i n s t  rainbow t r o u t .  
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F i g .  1 5 .  T o x i c i t y  curve f o r  Capryl Alcohol t e s t e d  
a g a i n s t  rainbow t r o u t .  
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Fig. 16. Toxicity curve for Tricron tested against 

rainbow trout. 



All of the chemical dissolved initially but then 
an off-white coloured precipitate formed on the tank 
bottom, no doubt calcium carbonate. Water hardness 
was decreased to 340, 300, 220, 190, 170, 120, and 
50 mg/l, going from weak to strong concentrations. 
The pH was raised as would be expected,'to levels of 
8.5, 9.0, 10.0, and greater th.an 10, again going from 
weak to strong concentrations. 

Fish died at concentrations causing pH above 10 
which is exactly what would be expected from the 
literature. 

Ca~rvl Alcohol 

This material was completely soluble. We do 
not know its function. 

The 96-hour LC50 was between the limits of 56 and 
100 pe/l. An informal estimate of the LC50 would be 
83 u l  l. The toxicity curve was straightforward 
(Fig. 15). Mortality was very rapid, and none occurred 
after an hour. The threshold LC50 is therefore the 
same as the 96-hour LC50. 

Tricron 

Tricron is a surface wetting agent composed of 
30% dihydroxypropane, 2% inorganic salts, 15% surfactant 
blend (mixture of tall oil soaps and alkyl aryl sulfonates) 
and 53% water. All of this material dissolved in water. 

The 96-hour LC50 was 63pL/L, with confidence limits 
of 46 and 87pL/t. The slope of the probit lines was 5.87. 
The toxicity curve (Fig. 16) was a simple one, with all 
mortality occurring within the first 17 hours. The 
threshold LC50 is accordingly the same as the one given 
above. 

Paraformaldehvde 

Paraformaldehyde (CH20) was received as a powder. It 
had been formed from a concentrated formaldehyde solution. 
It is used as a bactericide. 

The 96-hour LC50 was 60 mg/L. The 95%. confidence 
limits were 46 and 78 m g / L ,  and the slope of the probit 
line was 6.02. The right-hand side of the toxicity curve 
was straight and well documented (Fig. 17). Since 40% 



Fiq. 17. Toxicity curve for paraformaldehyde tested 
against rainbow trout. 
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Fig. 18 .  Toxic i ty  curve f o r  Skot-Free t e s t e d  
a g a i n s t  rainbow t r o u t .  



mortality of the test fish occurred at 85 hours in the 
56 mg/l test solution, it is suspected that the 
threshold lethal concentration would be somewhat lower 
than the 96-hour LC50 given above. 

Skot-Free 

Skot-Free is a surface active agent composed of 
latent liquid solvent, mixed alcohols, and still bottoms 
of indeterminate chemical composition. It is used as a 
surface active agent. All of this material was soluble 
in water. 

The 96-hour LC50 was 52uL/L. The 95% confidence 
limits were 36 and 76uL/L, and the slope of the probit 
line was 4.54. The toxicity curve is a simple one. 
The lethal threshold concentration is the same as the 
96-hour LC50 since all mortality took place within the 
first 25 hours (Fig. 18). 

Swift's Rig Wash 

This was obtained as a granular material. Its 
composition is unknown, hut it dissolved in water. It 
is presumably a surface active agent, for washing 
equipment. 

The 96-hour LC50 was 22 mg/L. The 95% confidence 
limits were 11 and 42 mg/L, and the slope of the probit 
line was 3.31. As mortality continued up to 96 hours 
the lethal threshold concentration may not have been 
established, but the toxicity curve is a simple one (Fig. 19). 

B-Free, a surface active agent of unknown com- 
position, was completely soluble in water. 

The 96-hour LC50 was 19.2pL/L. The 95% confidence 
limits are 14.8 and 24.9pl/L. The slope of the probit 
line is 6.18. 

B-Free is relatively slow in causing mortality 
(Piq. 20). A concentration three times the LC50 did not 
result in 50% mortality until 60 hours of exposure. Since 
mortality was continuing at 96 hours, tests were,run for 
10 days. The threshold LC50 was between the limits of 
5.6 and 10 pl/L. An informal estimate of the LC50 would 
be 7.5 pl/L Aside from the long exposure times, the 
toxicity curve was normal. 



Fig. 1 9 .  T o x i c i t y  c u r v e  f o r  S w i f t ' s  R i g  Wash 
t e s t e d  a g a i n s t  rainbow t r o u t .  



F i q .  2 0 .  T o x i c i t y  cu rve  f o r  R-Free t e s t e d  
a g a i n s t  rainhow t r o u t .  'J?he lower  ~ ~ 5 0  is a 
ten-day v a l u e  and i s  t h e  t h r e s h o l d  LC50. 



Dominion Rig Wash 

This was obtained as a granular material of 
unknown composition. It dissolved in water. It is 
no doubt a surface active agent used for washing 
equipment. 

The 96-hour LC50 was between the limits of 10 
and 18 mg/L. An informal estimate of the LC50 would 
be 14 mg/&. . As mortality continued up to 
the 84th hour it is suspected that the lethal threshold 
concentration was not determined. The toxicity curve 
(Fig. 21) is a straightforward one. 

FLR-100, Staflo, and SS-100 

The first two of these chemicals are fluid loss 
reducers, and the third is a shale stabilizer. We do 
not know their chemical compositions. 

From the preliminary results, it may be 
stated that all three materials failed to cause 
mortality at 1000 mg/l. It was not possible to 
establish toxicity curves, nor LC5OVs, because of the 
small amounts of material supplied. 

Prior to their introduction into the test tanks, 
the chemicals were blended with test water. After 
being introduced, they each formed a transparent viscous 
layer on the tank bottom. 



Fig. 21. ~oxicity curve for Dominion Rig Wash 
tested against rainbow trout. 



DISCUSSION 

About half of the components of drilling 
fluids which were evaluated (13 out of 27) were lethal 
at concentrations below 1000 p.p.m., and the remainder 
at higher concentrations. Of the more toxic half, 
the majority were surfactants of one kind or another, 
or obvious poisons such as paraformaldehyde. It seems 
pointless in this day and age to use poisonous chemicals 
in situations where they might eventually contaminate 
the environment. Their use should be discontinued and 
non-toxic materials substituted as necessary. This 
approach seems feasible. For example, oil dispersant 
manufacturers came up with less toxic dispersants, 
rather soon after the damage done by toxic ones at the 
time of the Torrey Canyon oil spill. 

Kelzan-XC had an LC50 of 440 mg/l. However, 
the material called Kelzan XC Polymer A1 is more toxic 
by an order of magnitude, according to preliminary 
tests by the Alberta Energy Resources Conservation 
Board (D.R. Shaw, indirect personal communication). 

It is interesting that general opinion within 
the drilling industry is that Kelzan-XC (and sister 
materials under other trade names) should be perfectly 
safe as far as toxicity is concerned. It is a bacterial 
product of sugar beets, a complex organic polymer. 
The food grade of this xanthan gum is considered per- 
fectly safe and is used in foods such as salad dressing. 
Yet it is obvious that the material kills at fairly low 
levels. Such an example shows that there is some 
benefit in actually testing these potential pollutants, 
rather than assuming too much from previous "general 
knowledge". 

In some of the surfactants, (Swift's Rig Wash, 
B-Free, and Dominion Rig Wash) mortality continued beyond 
96 hours, or almost up to that time. B-Free was tested 
for 10 days, at which time the LC50 was lowered to half 
of the 96-hour value. Possibly the other two might have 
had similarly lower values for longer tests. 



The use of pumps to agitate the testwater was 
partially successful in keeping solids suspended. The 
rationale may not immediately be apparent to those 
thinking about what happens in the field. However, 
the objective is the same as in most other laboratory 
bioassays--to expose groups of test-organisms to a 
series of constant levels of the stressing-factor. 
From the reactions to the constant levels, one may 
predict the reactions in a field situation in which 
the levels may he changing all the time. In this case, 
a spill of drilling fluid' into natural waters would 
result in high concentrations of suspended solids at 
first, then lower and lower concentrations as the 
solids settled out. There is reasonable hope of pre- 
dicting the effects of such a changing situation, on 
the basis of time-concentration summations from 
laboratory work at constant concentrations. However 
the opposite approach is not very profitable--it is 
almost impossible to analyse experiments with continually 
changing parameters, let alone predict from such 
experiments to a real situation. 

Theoretical toxicity of drilling fluids compared with 
actual toxicity. 

It seems worthwhile to make a comparison 
between the theoretical and actual toxicity of 
drilling fluids, however rough and approximate the 
exercise may be. Tables I and I1 list the total 
components used in the drilling fluids tested, 
Imperial Oil's Rig 51 and Gulf's Riq 15. These 
tot.als have been put together from logs of these 
rigs. They are listed in order from most toxic 
to least toxic. 

The second column gives the number of pounds 
of the material used, during the drilling operation. 
It is assumed that the drilling fluid is half water 
by weight, an assumption that is probably reasonably 
close to the truth. 

The third column results from a simple calcula- 
tion to express each component as a concentration, in 
parts per million by weight, in the total fluid. 

The fourth column states the LC50 of each com- 
ponent as qiven in the Results section of this report. 
It has been necessary to neglect the components at the 
bottom, for which we do not know the LC50'st but these 
seem relatively unimportant. 



Table I. List of components used in drilling fluid system of 
Imperial Oil Limited Rig 51, from April 30 to June 30 
and July 20 to August 17, 1972* 

No. of Parts per 
lbs . million in LC50, Toxic 
used whole fluid** p.p.m. units 

Caustic soda 
Kelzan 
Chrome alum 

Ferrochrome 
11,890 lignosulfonate 4,380 . 1,530 

Potash (KCl?) 58,000 21,400 2,020 
Sodium bicarbonate 800 295 7,550 
Barite 861,850 318,000 >7,500 

Bentonite 204,400 75,300 >lo, 000 

Toxicity Not Known 

Plaster 3,050 1,120 - 
Oil well cement 3,000 1,100 - 
Pern~afros t cement 198,000 73,000 - 

Sub-totals 1,356,886 501,000 

Water 

Totals 

*data for about 3 weeks i n  July n o t  available at time of writing. 

**does not add exactly because of rounding to three significant 
figures . 



The fifth column merely expresses the toxic 
contribution of each component in the fluid, according 

the actual concentration in the fluid, p.p.m. 
lethal concentration, p.p.m. 

This measuring-unit of toxic concentration has been 
called the "toxic unit" (Sprague, 1969). On this scale, 
1.0 toxic units will just kill fish, while anything 
less than 1.0 toxic units will not. 

Adding up toxic units, we have a total of <I09 
toxic units for drilling fluid from Imperial Oil Rig 51. 
Neglecting the "less than", which is admittedly a large 
omission, we may now make a prediction of the toxicity 
of the fluid. The total toxic units is actually the 
numerical value of the dilution required to arrive at 
exactly the threshold LC50. Thus the LC50 = 1 = 0.0092, rn or expressed as a percentage = 0.92%. This 1s reasonably 
close to the value of 0.83% which was obtained on the 
first estimate of LC50 from Rig 51. 

It will be noted that almost half of the toxic 
units (42) come from the caustic soda. If this were 
neutralized, as would often be the case, and was the case 
in the second sample from Rig. 51, it would lose its 
toxicity which is almost all because of pH. Therefore 
if we assume neutralization, total theoretical toxic 
units become 109 -42 = 67. Accordingly, the LC50 
would be estimated as 1.0 = 0.015 or 1.5%. This is - 
getting closer to the 821ue of 5.3% obtained for the 
LC50 of the second sample of waste from Rig 51, which 
was more nearly neutral. Although there is a factor 
of 3.5 x between the predicted and measured LC50ts, 
this cannot be considered very large considering all the 
generalizations which were ma.de. 

Turning to results from Rig 15 (Table 111, the 
total toxic units is <1.02. Again neglecting the 
"less than", the theoretical LC50 of this waste may be 
estimated. However, this waste was not alkaline when 
it was received. In other words, the toxicity of the 
caustic soda should he discounted, since it was 
apparently neutralized. The total toxic units would 
then be 102 -51 = 51. The lethal concentration would 
be predicted as 1.0 = 0.0196 or 1.96% or about 2% fluid. 

TI- 



Table 11. List of components used in drilling fluid system 
of Gulf Rig 15, from May to August 8, 1972, and 
approximate calculations of theoretical toxicity 
to fish. 

No. of Parts per 
lbs . million in LC50 Toxic 
used whole fluid units 

Caustic soda 
(Kelzan) XC 
Benex 

Ferrochrome 
lignosulfonate 

Potassium chloride 
Sodium bicarbonate 
Barite 

Calcium chloride 
CMC 
Bentonite 

Unical 
Super Coll 
C e m e n t -  

Sub- totals 

Water 

Totals 



Again, this is not too different from the actual 
value of about 4.2% obtained on a grab sample of this 
fluid. It is different by a factor of only 2.1 x, which 
again must be regarded as rather close, all things 
considered. 

It would seem reasonable to adopt as a workina 
hypothesis, that the toxicities of the individual 

d 

components are additive in drilling fluids. In other 
words, the overall toxicity of a drilling fluid can be 
predicted by adding up the toxicities of the individual 
components. 

As a further observation on Tables I and 11, 
it is interesting that two components make up most of , 

the toxicity. Caustic soda is one which has already 
been discussed. It makes up 42 and 51 = 

(108 (162 
approximately 39% and 50% of the total toxicity, if not 
neutralized. The other major contributor seems to be 
barite, with 42 and 20 = 39% and 20% of the total - - 

<lo8 <lo2 
toxicity. Of course the contribution could be much.more 
than those values. Barite is a major component of drilling 
fluids, 30% and 64% of total material used in these fluids. 
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Appendix A 

Test Results for Individual Concentrations 

of each Drilling Fluid 

and 

Constituent Chemical 



a ~ i  t ' i ' 3 ~  Y 5 %  conzidence 9 m o r t a l i t y  "S" = slope 
9 by volume hours l i m i t s  a t  e x p o s u r e  f a c t ~ r  

of: of 
L i t c h f i e l d  

96  specified 
h r  h o u r s  

3 2 . 2  1.0 . 9 1 , 1 . 1  I O ~ P  - 1.116 
l G . 1  1 . 3  .86 ,2 .0  1 0 0 %  - 1.105 
3.23 4 . 1  2 . 7 , 6 . 3  1 0 0 %  - 1.544 

Imperial 3.23* 5 .3  3 .6 ,7 .8  100% - 1.604 
Rig 5 1  ( Ju ly )  3.23 4 . 8  3 .2 ,7 .2  (combined data of 

above 2 t e s t s )  1 .435  
1 .15  7.0 5 .1 ,g .b  100% - 1.475 
1 . 0 1  1 2 .  S . 5 , 2 4 .  755 100% a t  1 4 4  hr, 2.134 
l,OP* 19 .  13 .  ,28. 1008 - 1.800 
1 . 0 1  17 .  9.9,30 (combined data of  

above  2 t e s t s !  1 .971  
0.755 - - 2 5 5  25% a t  192 hr. - 
0.564 - - 05 0% a t  192  hr. - 
0 , 3 2 4  - - 0% 25% a t  1 9 2  h r .  - 
5.181 - - 0 %  0% a t  192  hr. - 
0.10 - - 0 %  0% a t  1 9 2  hr. - 

0 ( C o n t r o l )  - - 0 %  0% a t  1 9 2  h r .  - 
Imperial 
Rig 5 1  10.0 9.4 6.1,15 100% - 1 .721  

(September) 5 - 6 6  - - 405 4 0 %  a t  1 2 0  h r .  - 
3.20 - - 20% 208 a t  120 hr. - 
1.83 - - 0% 0% at 1 2 0  h r .  - 
1.0 - - 0 %  O% a t  120 h r .  - 

Gulf 
Rig 1 5  10 .0  8.8 5 .8 ,13  1008 - 1.584  

5.60 1 4 . 2  9 ,1 ,22  1 0 0 %  - 1 . 6 4 7  
3.20 - - 0 %  0 %  a t  1 6 8  h r .  - 

*Test was done using very hard d i l u t i o n  w a t e r  ( 3 5 3  mg/i) as use2 for tests with a l l  
other c h e m i c a l s  and d r i l l i n g  f l u i d s .  Other t e s t s  w i t h  this unlabeliez sample u s e d  
water of 120 mg/L hardness. 



~ o n c e ~ t ~ a t j . o ; ~  ,. ET50 3 5% confidence ii z o r t a l i c y  I' S " 
mg/L hours l i m i t s  q6 h r s .  

Gyp S:AT Not Tested,  See Resul ts  

Bentonite 1 0 , 0 0 0  - 

CMC-Hi V i s  

Calcium Chloride 

Aluminium S tea ra te  

Bar i te  

Sodium Bicarbonate 

Torq-Tr i m  

Not Tested , See Resul ts  

Not Tested,  See Resul ts  

Not Tested 

Not Tested,  See Resul ts  

Potassium Chloride Not Tested,  See Resul ts  

Ferrochrome 
Lignosulfonate 



S.A.P.P. 

Chromali t 

Ben-Ex 

Kelzan XC 

Metso Beads 

C a u s t i c  (Celanese)  



' C a p r y l  Alcohol 

1 Tri-Cron 

Paraformaldehyde 

Skot-Free 

1 Swift's Rig Wash 



B-Free 

Dominion Rig Wash 

SS-100 

FLR-100 

S t a f l o  

*lo-day values, not 96 hours. 
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Experimental Data 



Zxgeri i r tenta i  . I  L, 

x . 0  Data 
w E l  C C  1 
G V  ' 

a cd 8 
! - I L  
cd 
t v ,  j m 

I 

i .2 b 
aJ 

C ! . u  4J U 
!4 Q! 

0 
CI h m 0 i 

! r m  L AZ ! n u  ." D m mm , 4 
C 

D E 
G- . " E  p7l 

8 i 
8 :: '" .: %. 3 n  E 

5 1 ,  al s"" : & - . d C v C  , 
cl, ; 5 G - G i D A  

Dates o f  
i: i C c d  C 

, m a  
- ; O C  rl m x  > E W V) E C o I o r u o e :  S t a r t i n g  

m i  k $ k  : - ! - \  k D.4 55 3 m  1 30s -. 

D r i l l i n g  F l u i d s  i !-I .n a, c 0 D 0 I ma E .4 € 4  . E c ,  , T e s t s ,  
/ 041 & a  n E I -4 G- ."G i 3 3  19?2  > 

and Chemica l s  2 4 J \  u E b i ~  C X . 4 4  
a cd 0' .rl 

$Fj;: ! 
G U a J  f S 0  I . 4 W  a  w 0 0 a )kcd l  i X E  E- 4 13 c j z  ~ C L  z o  z 0  1 , &;*a= 

- - -- - + . . . -- .--.. ----..-- "- --L--- . - - . -= +-  - 

I m p e r i a l  R i g  5 1  i 353 1 0 . 2  1 0 . 5  8.4-8.951 10-11 T- 1 . 8 7  iz 3 . 2  j S e p t . 1 6 - 2 4  
Gulf  Rjc: 1 5  ! 353 1020 .5  1 0 . 5  6.4-8.751 7 .1 -9 .41  5  1 . 5  - - 4 6 7 . 8  2 .3  ! Aug. 21-23 
Unlabel- led * !  353 !10.0-10.4  1 0 . 5  6 .4-8.85 - i - ! 31.4 , 1 . 6  1 Aug. 1 8  / J u l y  22-Aug.8 

S e p t .  3  
S e p t .  3  
S e p t .  3 
Not T e s t e d *  

N o t  T e s t e d *  
' J u l y  3 1  

P N o t  T e s t e d *  
a, 

S e p t .  2 1  

S e p t .  9 

J u n e  26 & Aug.28 
O c t .  1 6  
O c t .  1 6  
J u l y  6  & Aug.28 
Aug. 22 
J u l y  25 
S e p t . 2 1  & 27 
Aug. 1 
O c t .  1 6  
J u l y  11 & 2 1  
O c t .  24 
Nov. 7  
Nov. 7  
Nov. 7  
Nov. 7 

Unla.hel led + !  120 '10.0-10.4  1 0 . 5 ; 8 . 0 - 4 . 9 5  6 . 0 - l l *  - / - 1 3 1 . 4  1.6 
Gypsum(P1as te r  o f  P a r i s ) *  Not T e s t e d  1 
Wyoming B e n t o n i t e  : 300 1 0 . 5  1 1 . 0  i 8 . 5  I 1 0 . 5  : 5  I - 
CMC - R e g u l a r  i 360 1 0 . 7  11.01 8 . 5  : 10 .5  ; 5  i - 

*See t h e  t e x t  o f  t h e  R e s u l t s  f o r  e x p l a n a t i o n  o f  s p e c i a l  c i r c u m s t a n c e s .  

CMC - H i  V i s  
Ca lc ium C h l o r i d e  A 

Aluminium S t e a r a t e  * 

- 
360 1 0 . 7  1 1 . 0  / 8 .5  / 10.5 ; 5  - 60 ! - 

1 2051 2021 7 .3 -7 .8  ' - 1 1 0  I -  1.0 1 ?YO - 
Not i T e s t e d  : j 

3.45 - 
3.30 

1 . 6 1  

3.06 
3.75 
3.00 
2.04 
2.33 
2.36 
2 .41 
2 .61 
2.86 I 

5.26 
3.04 

B a r i t e  Not T e s t e d  
Sodium B i c a r b o n a t e  17. 8-8.3 , i 

To rque  Trim 1 1 . 2  11 .0  
P o t a s s i u m  C h l o r i d e  * I  3 :  2051 2 0 + 1  
Fer rochrome L i g n o s u l f - *  

o n a t e  
Sodium Acid Pyrophos-  * 

p h a t e  
P o t a s s i u m  Chromium 

s u l f a t e  * 
Ben-Ex 
Kelzan-XC 
C a u s t i c  ( C e l a n e s e )  * 
C a p r y l  A l c o h o l  
T r i c a o n  
P a r a f o r m a l d e h y d e  
S k o t - F r e e  
S w i f t s  Rig Wash 
B-Free 
Dominion Rig  Wash 
SS-100 
FLR-100 
S t a f l o  
Metso Beads. 

8 .5  ./ 1 0 . 5  5  0 .87  0 . 5  1 .12  6  0  
7.2-9.4 - i 1 0  - j 1 . 0  9.0 / 20.4 ' 

I 

6.7-7.7 0 .90 1 0 .53  i 1 . 4 7  60  
I 

355 , 1 1 . 5  . 11 .2  

370 / 9 . 7  10.0  
! 

360 11 .6  1 . 2  
300 i 10 .5  1 0 . 3  
300 1 0 . 5  1 0 . 3  
360 , 1 1 . 5  1 1 . 2  
380 1 11 .6  1 11.1 
355 : 11.0 I 1 0 . 5  
340 ' ::.: l l . 2  
365 10 .5  
300 1 1 0 . 8  1 0 . 3  
360 11.0  10 .6  

10 .4  ; 1 0 . 1  

I 
' 60 

3  0  
60 
60 
60 
60 . 
60  
30 
60 
60  
60  
60 
1 5  ' 1 .93  
1 5  2.50 
1 5  2.50 

1 .16 , 1 5  ; -- 

1 
5.5-6.5 11 .0  1 . 8 7  1 0.99 2.88 

! I 
5 . 5 7 7  0 .49 0 .30 0 .52 

8.2 ) 0.50 1 .07 
8.2 11.0 5  1 . 0 0  0 . 6 3  , 1 .85  

8.5-210 1 . 4 7  ' 0 . 8 6  ' 2 . 1 0  

8 . 3  
8 . 3  
8 . 3  

8 .3 -> lo  

1 0 . 7  ' 11 .0  
300 10 .7  
300 1 1 0 . 7  
300 . 1 0 . 7  

0.58 i 2 . 0 8  
0 .63  : 1 . 9 5  
0.32 0 .87 
0 .67 , 1 . 5 5  
0 .67 ' 1 . 7 5  

8 . 5  1 . 2 9  
8 . 5  11.0  5  1 . 2 7  

11.0  i 2  0.97 i - 
1 . 0  2  0 .75  - 
11.0 

11 .0  
11 .0  
11 .0  

- 
- 

8 . 5  
8 . 3  

8 . 5  
8 . 5  
8 .2  

1 4;:;: , - 11 .0  2  - 

5  
5  

11 .0  
11.0 
11 .5  

0.62 
1 . 1 5  

11 .0  5  ' 0.57 j 0.32 , 0.92 
5  ; 1 . 0 5  

11.0 ' 5  0.97 i 0 .44 2.12 


