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As A MEMBER OF THE ASSOCIATION OF PROFESSIONAL ENGINEERS 
OF BRITISH COLUMBIA, I FEEL VERY MUCH AT HOME WITH THIS GROUP, THE 
FACT  THAT  THIS  PARTICULAR  GATHERING OF ENGINEERS I S  FOCUSSING ON 

ENVIRONMENTAL MATTERS FORTIFIES THAT FEELING, ENGINEERS IN THE 

ENVIRONMENTAL PROTECTION SERVICE DO IT ALL THE TIME, 

1 ‘M SCRE THAT WE WI LL ALL  FIND  Tt IESE  SCSSI CNS REWARDi NG - THE 

T I M I N G  AND THE  SUBJECT ARE RIGHT, 

I EXPECT  THAT  TO MANY OF YOU) HANDLING  PHYSICAL AND CHEMICAL 

MONITORING DATA IS SECOND NATURE, HOW EVER^ FOR THE BALANCE OF TODAY 

AND THROUGHOUT TOMORROPIJ THERE  ARE INCLUDED  A NUMBER OF SPEAKERS 

WHO ARE EXPERIENCED  BIOLOGISTS WHO WILL, I ‘ M  SURE) BE  INTRODUCING TO 

YOU THE  REALM OF BIOLOGICAL  MONITORING AND I T S  USEFULNESS I N  A WAY 

WHICH WILL BE AN INTERESTING  ADDITION TO YOUR DIVERSE BACKGROUNDS, 

\ iE ARE I N  A  PHASE WHEN THE  EMPHASIS I N  ENVIRONMENTAL  PRESERVATION 

IS SHIFTING FROM CURE TO PROPHYLAXIS, ENVIRONMENTAL MONITORING) OF 

COURSE) I S  INVOLVED I N  BOTH OF THESE  PHASES, AS YOU CAN SEE  BY  THE 

PROGRAM) I T ’ S  A TERM  THAT COVERS A WIDE FRONT, BUT DON’T  LET THE 

TERMINOLOGY THROW  YOU - NONE OF I T  I S  REALLY  ALIEN OR EVEN  VERY  FAR 

REMOVED FROM ENGINEERING, \,/HATEVER K I N D  OF MONITORING WE’RE TALKING 

ABOUT WE ARE REALLY  DISCUSSING  ENVIRONMENTAL.  VIGILANCE)  ENVIRONMENTAL 

WIDE-ANGLED VISION)  ENVIRONMENTAL  FORESIGHT, ALL THOSE  ASPECTS OF 

PERCEPTION  WHICH ADD UP TO NOT LETTING TROUBLE  SNEAK UP ON YOU 

UNEXPECTEDLY - ON GETTING THE DATA STRAIGHT, ALL OF WHICH IS SOUND 

ENGINEERING  PRACTICE, 
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A DECADE OR SO AGO  WHEN THE  ENVIRONMENTAL  AWAKENING  HAD 

JUST BEGUN, THE WORD ON EVERYONE’S LIPS WAS “AWARENESS“, THE Wm 

WORLD BEHAVED  RATHER L I K E  A PERSON WHO HAS BEEN ON A L I F E T I M E   B I N G E  

AND WHO SUDDENLY  GETS WORD THAT  UNLESS HE KICKS  THE  HABIT,  THE 

H A B I T  WILL KICK  HIM,   IHERE WERE ELOQUENT RENUNCIATIONS OF PAST 

BAD  PRACTICE - NOTABLY  ENVIRONMENTAL  SHORT-SiGHTEDNESS ANI3 B L I N D  

u 

” 

w 

FLYING, WHOLE COUNTRIE.~ TOOK THE PLEDGE TO HENCEFORTH STAY ON THE .I 

STRAIGHT AND NARROW, STEPS WERE TAKEN TO BACK AWAY FROM THE BRINK 

AND TO DEAL WITH URGENT PROBLEMS, THAT WAS STAGE ONE AND TO SOME .L 

EXTENT WE’RE STILL IN IT, 
w 

BUT WE’RE ALSO OVERLAPPING INTO THE SECOND STAGE - THE STAGE 

WHERE RENUNCIATIONS MUST BE PUT  INTO  PRACTICE,  THE  PHASE I N  WHICH 
- 

AWARENESS MEANS NOT SIMPLY KNOWING  ABOUT THE DANGER, BUT  KEEPING  A ’ 

P 

SYSTEMATIC LOOKOUT - DOING OUR ENVIRONMENTAL HOMEWORK AS  A  MATTER OF 

ROUTINE, ENVIRONMENTAL CONCERN IS BEING WRITTEN INTO LAW; II 

ENVIRONMENTAL  VALUES  INTO  TH’E. LEDGER BOOKS, ABOVE ALL, WE ARE TRYING TO 

CLOSE AN INFORMATION  GAP, AND I N   T H I S  PHASE, MONITORING I S  OF THE 
ant 

ESSENCE, IN PHASE Two, WE THINK IN TERMS OF LONGER SCHEDULES, THERE 
AREN’T AS MANY SHORT CUTS AS THERE WERE IN PHASE ONE, You CAN CLEAN 

- 
UP AN ENDANGERED WATER SYSTEM LIKE THE GREAT LAKES BY WORKING AROUND I* 

THE  CLOCK AND DEPLOYING RESOURCES ON A  MASSIVE  SCALE, YOU CAN  CUT 

DOWN ON AUTOMOBILE POLLUTION BY CHANGING EMISSION STANDARDS, BUT 
ONE OF THE MOST BASIC NEEDS OF PHASE Two IS ENVIRONMENTAL KNOW-HOW -- 
KNOWLEDGE ABOUT HOW THE SYSTEM WORKS AND HOW WE AFFECT IT, ALTHOUGH 

’la* 

I 



THERE'S PLENTY TO BE LEARNED IMMEDIATELY, SOME'OF THE QUESTIONS 

WILL BE ANSWERED ONLY BY YEARS OF OBSERVATION, LONG-TERM EFFECTS 

ARE JUST THAT -- THERE'S NO WAY TO STUDY THEM IN THE SHORT-TERM 

AND BE COMPLETELY SURE OF YOUR FINDINGS, CLIMATIC CHANGES, FOR 

am 

Q 

V INSTANCE, MUST B E  MEASURED SOMETIMES OVER DECADES OR EVEN  CENTURIES, 

c STILL THERE IS PLENTY WE NEED TO KNOW NOW AND PLENTY OF 

INFORMATION  THAT WE CAN APPLY  IMMEDIATELY, 

I 

TAKE FOR INSTANCE THE WHOLE FIELD OF PRE-DEVELOPMENT 

P MONITORING -- WHAT WE COMMONLY CALL IN THE TRADE "BASELINE STUDIES", 

ONE WAY THAT WE LEARN HOW TO HANDLE THE ENVIRONMENT IS BY TAKING 

WHAT AMOUNTS TO "BEFORE AND AFTER'' DATA PICTURES OF THE ECOSYSTEMS 

I NVOLVED, BASELINE STUDI ES PROVIDE .THE "BEFORE" PICTURE, THI s 

rl 

rl 

I S N ' T  AS  SIMPLE  AS A LAY PERSON MIGHT  BELIEVE, ONE QUESTION) OF 

1 COURSE) I S  "BEFORE WHAT"? COMPARISON I S  COMPLICATED  BY  THE  DIFFICULTY 

OF DETERMINING  WITH ANY DEGREE OF CERTAINTY WHAT THINGS WERE L I K E  

BEFORE  THE HUMAN IMPACT -- BEFORE MAN  CAME ON THE SCENE WITH 
a 

AND WHEN YOU TLS~ FIND THAT THE ENVIRONMENT HAS BEEN ALTERED 
I 

OVER A PERIOD OF TIME, HOW CAN YOU BE SURE OF THE CAUSES? How 

(I CAN YOU BE SURE THEY AREN'T MAN-MADE BUT NATURAL? THE ANSWER OF 

COURSE L I E S   I N  THE  DILIGENCE AND THE  PATIENCE AND THE S K I L L  OF 

OUR OBSERVATION, OUR M O N I T O R I N G   A B I L I T Y  TO PUT I T  ANOTHER WAY, I 

I A R E A L   L I F E  EXAMPLE I S  THE  WIDESPREAD  OBSERVATION OF MERCURY 

I N  OUR ENVIRONMENT, SOME OF I T  APPEARS TO B E  NATURAL, WHILE OTHER 
1 
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OBSERVATIONS DECIDEDLY ARE ' A  RESULT OF MAN'S ACTIVITIES, THEN THERE 

I S  THE GREY AREA WHERE WE ARE JUST NOT SURE WHAT THE SOURCE I S ,  

I N  TRACKING DOWN THE CAUSE I N   T H I S  CAUSE AND EFFECT SEQUENCE) 

ONE HAS TO BE  HALF  SCIENTIST OR ENGINEER, AND HALF  SLEUTH, O N  THE 

SLEUTHING  SIDE) WE DO  KNOW THAT MUSEUM SPECIMENS  OFTEN  TELL US A 

L I T T L E  OF PAST  PRACTICES, FISH SPECIMENS  TAKEN FROM REGIONS OF 

NO KNOWN INDUSTRIAL SOURCE OF MERCURY) OVER 100 YEARS AGO) HAVE 

SHOWN MUCH HIGHER  THAN CURRENT BACKGROUND LEVELS OF MERCURY, WE 

ALSO KNOW THAT  COAL WAS THE  PRINCIPAL  FUEL BURNED I N  HOMES THEN)  AND 

SOME COALS  HAVE  ASSOCIATED  WITH THEM  TRACE Q U A N T I T I E S  OF MERCURY, 

THERE MAY BE A LINK, SUCH SLEUTHING HAS ALSO UNCOVERED INFORMATION 

ON GOLD .MINING  PRACTICES OF F I F T Y  YEARS AGO  WHERE MERCURY AMALGAM 

WAS USED TO RECOVER THE GOLD, . DESPITE THE FACT THIS TECHNOLOGY HAS 

NOT BEEN USED FOR ALMOST  THREE GENERATIONS)  RESIDUAL MERCURY SEEMS 

TO BE WHAT WE ARE  MEASURING  TODAY, 

IN SOME RESPECTS) WE IN CANADA ARE THE ENVY OF OTHER NATIONS 

FACED WITH MAKING THESE JUDGMENTS , So MUCH OF OUR DEVELOPMENT IS 

I N  THE  FUTURE -- THE  ENVIRONMENTAL  AWAKENING  HAS  TAKEN  PLACE  BEFORE 

TOO MANY MISTAKES  HAVE  BEEN MADE, 

THIS GIVES us A GREAT OPPORTUNITY FOR COMMON SENSE, COMMON 
SENSE  MEANING NOT THAT WE SHOULD) AS SOME ALARMISTS SUGGEST) FREEZE 

INTO A  PARALYSIS OF ALL DEVELOPMENT)  APPALLED BY T H E   P O S S I B I L I T Y  OF 

DOING ANY DAMAGE, I T  DOES SUGGEST THAT WE CAN  MAKE THE  DEVELOPMENT 

OF CANADA'S UNTOUCHED AREAS A CLEANER  AND MORE EFFICIENT PROCESS, HE 

ARE ABLE TO SEND I N  AN ENVIRONMENTAL  ADVANCE GUARD, 

P 

I 

W 
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. I N  THESE  BASELINE  STUDIES,  PROFESSIONAL  ENGINEERS, I N  AND 

OUT OF GOVERNMENT CAN F I N D  GREAT FRONTIERS OF  CHALLENGE  AND 

OPPORTUNITY, 

NATURALLY) GOVERNMENT WILL BE DEEPLY INVOLVED, THE FEDERAL 

GOVERNMENT FOR INSTANCE WILL OVERSEE AND PARTICIPATE IN SPECIAL 

BASELINE  STUDIES -- FOR INSTANCE  THE ATHABASKA TAR SANDS, OR THE 

IMPACT OF SST's ON THE OZONE LAYER, BUT WHEN IT COMES TO PREPARING 

ASSESSMENTS FOR PARTICULAR PROGRAMS OR DEVELOPMENTS, THE  RESPONSIB IL ITY  

FOR BASELINE  STUDIES -- AND FOR DATA  INTERPRETATION AND DESIGN -- 
WILL BE THE SPONSORS, ENGINEERS IN THE PRIVATE SECTOR'WILL BE DIRECTLY 

INVOLVED 

ENGINEERS WILL FIND THE TERMS OF REFERENCE STRETCHING  CONTINUALLY, 

INCREASINGLY  THEY WILL F I N D  THEMSELVES  NOT  ONLY  DESCRIBING  BUT 

UNDERSTANDING WHAT MAKES  THE  SETTINGS FOR THEIR  PROJECTS  T ICK 

ENVIRONMENTALLY -- INCLUDING I N  THE  EQUATIONS  THE  INTRICATE  INTERACTIONS 

OF THE  PHYSICAL,  BIOLOGICAL AND CHEMICAL SEGMENTS OF  THE ECOSYSTEMS 

INVOLVED, 

IF, FOR EXAMPLE, YOUR PROJECT I S  A SMOKE-MAKER) THEN YOU ARE 

AUTOMATICALLY I N  THE  BLUE  SKY  BUSINESS -- THE  PRESERVATION OF THE 

ATMOSPHERIC ENVIRONMENT, THE EXISTING LEVEL OF AMBIENT AIR QUALITY 

MUST BE  DETERMINED,  /qETEOROLOGICAL  MAPPING OF UNIQUE  S ITUATIONS MAY 

HAVE TO BE  CONSIDERED, YOU  MAY HAVE  TO  ANALYZE  ATMOSPHERIC  CONTAMINANTS 

Ird LOCAL VEGETATION, GIVEN GOOD DATA ON SUCH MATTERS -- DEEP ENOUGH, 

WIDE ENOUGH)  SOUND  ENOUGH -- WE CAN  MAKE MORE ACCURATE PREDICTIONS 

OF IMPACT, \"IE CAN AVOID  COSTLY  MID-COURSE OR EVEN ON-COURSE CORRECTIONS, 



- 6 -  

WE CAN DETERMINE  WITH GREATER PRECISION  THE AMOUNT OF ENVIRONMENTAL 

C;HANCiE, AND KNOWING T H I S )  WE CAN DO EVEN  BETTER  NEXT  TIME  WHICH  GIVES 

ME AN OPPORTUNITY TO TALK A LITTLE ABOUT OUR OWN SHOP, THE ENVIRONMENTAL 
PROTECTION SERVICE ALONG WITH OTHER SERVICES IN ENVIRONMENT CANADA 
HERE IN THE PACIFIC REGIQN ARE HEAVILY ENGAGED IN BASELINE MONITORING 

A N D  REVIEW OF IMPACT  ASSESSMENTS CONNECTED WITH NEW AND EXPANDING 

DEVELOPMENTS, THESE STUDIES TAKE US OVER WIDE AREAS -- AND NOT JUST 

I N  GEOGRAPHIC  TERMS, FOR INSTANCE OUR PEOPLE  HAVE  BEEN  MAKING  STUDIES 

OF THE  PROBABLE  IMPACT OF NEW MINING  OPERATIONS SCHEDULED TO COME 

INTO  OPERATION I N  B I C l  I N  THE  NEXT FEW YEARS, \!E HAVE  BEEN  ASSESSING 

THE  CAPACITY OF WATERSHEDS CLOSE TO THESE  DEVELOPMENTS TO NURTURE 

SALMONID  FISH  SPECIES)  LOOKING  PARTICULARLY  AT  THE  PROBABLE  EFFECT ON 

T H E   A B I L I T Y  OF THE F I S H  TO REPRODUCE,, T O  DO T H I S  JOB THOROUGHLY, WE 

HAD TO DOCUMENT SUCH ASPECTS  AS  SPAWNING  BED  POTENTIAL AND NUTRIENT 

LEVELS) AND T H E   S I Z E  OF THE  NATURAL F I S H  FOOD CROP, ALL OF T H I S  

INFORMATION WILL B E  USED TO TRY TO IDENTIFY  THE WATER MANAGEMENT OPTIONS 

OPEN TO US, AND TO PREDICT THE POTENTIAL TROUBLE SPOTS, ALL OF WHICH 

SOUNDS VERY BIOLOGICAL FOR ENGINEERS, IN ENVIRONMENT CANADA) ENGINEERS 

AND BIOLOGISTS HAVE  BEEN WORKING ON THE SAME TEAM FOR QUITE SOME T I M E ,  

YOU CAN  EXPECT TO DO THE SAME I F  YOU AREN'T  ALREADY,  POLLUTION I S  

ESSENTIALLY "BIOLOGICAL", IF A CONTAMINANT DOESN'T HAVE SOME ULTIMATE 

EFFECT ON THE  BIOLOGICAL COMPONENT OF THE  ENVIRONMENT I N  ONE WAY  OR 

ANOTHER, I T  WOULDN'T BY DEFIN IT ION,   BE  A CRUCIAL CAUSE FOR CONCERN, 

So MUCH FOR BASELINE STUDIES, MONITORING, OR TO PUT IT MORE 

GENERALLY  FACT-FINDING, :DATA COLLECTION, I S  THE  FIRST  STEP I N  

ENGINEERING  RATIONAL, WORKABLE ENVIRONMENTAL LAW, ENGINEERS ARE 
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INVOLVED I N   T H I S  PROCESS FROM THE  START -- AND  SHOULD CERTAINLY 

TAKE AN INTEREST  SINCE  THEY WILL HAVE  TO WORK W I T H I N  THESE GROUND 

RULES THROUGHOUT THEIR  PROFESSIONAL  LIVES, 

THE ESTABLISHMENT OF ACHIEVABLE REGULATIONS AND THE SETTING 

OF ACCEPTABLE  ENVIRONMENTAL STANDARDS HAVE NOT BEEN  ARRIVED  AT  BY 

I N S P I R E D  GUESSWORK) I N T U I T I O N  OR EVEN BY  PULLING NUMBERS OUT OF A 

HAT, THEY REFLECT A CONSCIENTIOUS ASSEMBLY OF DATA IN EACH 

INDUSTRIAL SECTOR, FOR EXAFIPLEJ BEFORE WE WROTE EFFLUENT  REQUIREMENTS 

FOR THE MINING INDUSTRY, WE BEGAN BY DEFINING IN DETAIL THE INDUSTRY'S 

WATER POLLUTION PROBLEMS, THIS MEANT MONITORING THE EFFLUENT QUALITY 

OF MANY OF CANADA'S  MINES SO THAT WE COULD DETERMINE) AMONG OTHER 

THINGS)  WHICH PROBLEMS WERE  COMMON TO A L L  AND WHICH WERE OFFBEAT OR 

PECULIAR TO A  GIVEN  OPERATION, 

p\ONITORINGJ  THEREFORE)  PLAYS AN IMPORTANT  PART I N  THE 

EVOLUTION OF ENVIRONMENTAL  REGULATIONS, ME NEEDED INFORMATION NOT 

ONLY  ABOUT THE  MINING  INDUSTRY  BUT OTHER INDUSTRIES  WHICH  CONTRIBUTE 

TO POLLUTION -- DATA ABOUT EXISTING  POLLUTION ABATEMENT PROCESSES 

AND HARDWARE, WITH  THIS  INFORMATION, WE COULD GO  ON TO TRANSLATE 

THAT WELL-KNOWN GENERALITY "STATE OF THE  ART'^) OR ' f ~ ~ ~ ~  PRACTICABLE 

TECHNOLOGY" INTO  PRECI SE TERMS THE USE OF BEST  PRACTICABLE TECHNOLOGY 

(BOTH ADJECTIVES ARE IMPORTANT IN THIS TERM BY THE WAY) IS THE BASIS 

OF OUR APPROACH TO SETTING  NATIONAL  BASELINE STANDARDS I N  BOTH A I R  

AND  WATER, THE COLLECTION OF DATA)  THE  DISCOVERY OF INFORMATION ABOUT 

THE PROBLEM) GOES ON EVEN  AFTER  REGULATIONS  ARE  PUBLISHED, WHAT'S 

BEST AND MOST PRACTICABLE AMONG THE  AVAILABLE  OPTIONS CHANGES A S  

T I M E  GOES ON AND WE REDEFINE WHERE NECESSARY, 
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TEAMWORK IN GATHERING THE  DATA BASE FOR LEGISLATION HAS 

GIVEN CANADA AN ENVIABLE RECORD OF SUCCESS IN THIS FIELD, FOR THE 

MOST PART, WE HAVE MANAGED TO  AVOID A WASTEFUL  AND  DAMAGING  ADVERSARY 

APPROACH, FEDERAL AND PROVINCIAL GOVERNMENTS ARE USING THEIR 

J U R I S D I C T I O N A L   D I S T R I B U T I O N  OF POWERS NOT TO  PLAY  ADVERSARY GAMES 

BUT  AS  THE  BASIS FOR AN  INTERMESHING  STRATEGY, 

BUSINESS HAS BEEN FORTHCOMING AND PROGRESSIVE I FOR INSTANCE, 

WIiEN WE WERE DEVELOPING WATER POLLUTION CONTROL  REGULATIONS FOR 

PETROLEUM  REFINERIES.) WE RECEIVED  CLOSE  COOPERATION FROM THE 

INDUSTRY AND ITS ENVIRONMENTAL ARM: THE PETROLEUM ASSOCIATION FOR 

THE CONSERVATION OF THE CANADIAN ENVIRONMENT, PACE TOGETHER WITH 

PROVINCIAL GOVERNMENTS  HAD REPRESENTATIVES ON THE  TASK FORCE THAT 

DEVELOPED TOXICITY TESTING METHODS, ' PACE INVESTIGATED THE EFFECTIVENESS 
. ,  

OF MONITORING METHODS -- S T A T I C  AND  CONTINUOUS FLOW BIOASSAY 

TECHNIQUES USING EFFLUENTS FROM SELECTED REFINERIES, TESTS WERE 

CONDUCTED AT  THE  LEVELS SUGGESTED AS BPT FOR CHEMICAL  CONSTITUENTS 

SUCH AS  PHENOL  AMMONIA  AND  PH UNDER SHORT AND  LONG-TERM TESTING 

CONDITIONS, THE ULTIMATE OBJECTIVE WAS TO OBTAIN A CATCH-ALL TOXICITY 

TEST  WHICH  COULD BE  EFFECTIVE  IN   ASSESSING  THE ADEQUACY  OF BEST 

PRACTICABLE TECHNOLOGY AT  EACH  PARTICULAR  REFINERY,  AS A RESULT  OF 

T H I S  WORKJ T H E   F I S H   T O X I C I T Y   L I M I T S  AND TEST PROCEDURES DESCRIBED 

AS A COMPANION  TO  THE  EFFLUENT  REGULATIONS FOR THAT  INDUSTRY WERE 

LARGELY  INFLUENCED  BY  THE  DATA  PUT FORWARD BY INDUSTRY  ITSELF,  

~{ONITORING  ALSO MEANS RUNNING CONTINUOUS CHECKS TO SEE HOW 

WELL WE'RE DOING, OUR REGULATIONS ALL SPECIFY THAT EXISTING POLLUTION 

ABATEMENT F A C I L I T I E S  MUST B E  MONITORED B Y   T H E I R  OWNER, THIS   DATA 
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TOO I S  FED  INTO  THE COMPUTER AND THE RECORD, I T  I S SCRUTINIZED 

REGULARLY SO THAT WHEREVER NECESSARY, CHANGES CAN BE MADE, \/E CAN 

ALSO P I C K  UP THOSE POLLUTION SOURCES THAT  CONTINUE TO F A L L  SHORT 
a 

I OF THE  REQUIREMENTS AND DECIDE WHAT TO DO TO BRING THEM INTO 

COMPLIANCE, 

THIS F I E L D  WILL DEMAND PEOPLE WHO CAN INTERPRET  BIOLOGICAL 

a DATA GENERATED FROM BIOASSAY  TECHNIQUES -- A COMMON MONITORING 

TOOL SPECIFIED IN MANY OF THE REGULATIONS, THESE PEOPLE WILL FIND 
i 

PLENTY TO DO I N  PROCESS ENGINEERING,  QUALITY CONTROL  AND  WASTE 

U 

1 

19 

I 

I 

I 

II 

TREATMENT, FOR INSTANCE, IN THE PULP AND PAPER INDUSTRY, QUALITY 

CONTROL ENGINEERS  EXAMINING  PULP M I L L  WASTE WATERS REQUIRE AN 

EXTENSIVE BACKGROUND I N  THE  MONITORING OF PHYSICAL,CHEMICAL AND 

B IOLOGICAL PARAMETERS TO F U L F I L L  THE  REGULATORY  REQUIREMENTS OF 
. ,  

THAl   INDUSTRY I 

I?ONITORING NOT ONLY ALLOWS us TO CORRECT COURSE, IT CAN 

BE THE OPENING INTO NEW FRONTIERS OF DISCOVERY, THE ENGINEER WITH 

A  FLAIR  FOR INNOVATION CAN FIND  PLENTY OF CHALLENGE I N   T H I S   F I E L D ,  

CURRENT MONITORING TOOLS  ARE CERTAINLY NOT UP  TO THE  LEVEL OF 

TECHNOLOGY IN OTHER AREAS I CONSIDERABLE EFFORT MUST BE DEVOTED TO 

NEW TECHNIQUES FOR CONTINUOUS  STACK GAS MONITORING;  TO  THE  DEVELOPMENT 

OF I O N   S P E C I F I C   I N   S I T U  PROBES, \'/E MAY BE  ABLE TO PUT MEN ON THE MOON, 

BUT I N  MANY AREAS, WE ARE STILL   COLLECTING SAMPLES W I T H   A   T I N   P A I L ,  

I N  ADDITION,  GUIDED  BY  DATA TURNED UP I N  MONITORING  THE  ENGINEER 

CAN START  BRAINSTORMING NEW TECHNOLOGY -- NOT ONLY FOR ABATEMENT  BUT 

FOR BETTER, MORE ECONOMICAL, MORE CONSTRUCTIVE USES OF EFFLUENTS 

AND WASTES -- FOR RECYCLING WASTES,  THIS FIELD IS PRACTICALLY 

UNTAPPED, ALSO THE WHOLE AREA OF IMPROVING THE ECONOMICS OF POLLUTION 



- 10 - 

CONTROL, FOR INSTANCE,  BY  TACKLING  POLLUTION NOT JUST  AT  THE END 

OF THE PIPE  BUT  INSIDE  THE  PLANT,  

RELATIVELY SPEAKING, WE HAVE  ONLY  JUST BEGUN TO INNOVATE I N  

THIS AREA BUT ALREADY THERE HAVE BEEN SOME GIANT STRIDES, ONE IS 

THE RAPSON-REEVE RECOVERY PROCESS WHICH COULD PRODUCE, EVENTUALLY 

A VIRTUALLY EFFLUENT-FREE KRAFT MILL INDUSTRY I FIELD TESTING ON A 

R E A L   L I F E  PULP M I L L   I S  PRESENTLY  BEING  CARRIED OUT BY  A  COST-SHARING 

CONTRACT UNDER THE DEVELOPMENT AND DEMONSTRATION OF POLLUTION 
ABATEMENT TECHNOLOGY PROGRAM -- WHICH IN THE INTERESTS OF SAVING 

PAPER WE USUALLY SHORTEN TO DPAT, THIS NEW PROCESS IS BEING 

INCORPORATED FOR THE  F IRST  T IME  AT  A NEW BLEACHED  KRAFT MILL A T  

THUNDER BAY , ONTARIO, UNDER THE DPAT CONTRACT, THE EXPERI  ENCEJ 

EVALUATION AND DOCUMENTATION OF ‘THIS”NEW PROCESS WILL BE MADE AVAILABLE 

TO OTHER INTERESTED  COMPANIES, 

IT IS FIRMLY BELIEVED THAT ALL NEW KRAFT MILLS WILL BE OF 

THE  EFFLUENT-FREE  TYPE AND THAT PROCESS WATER WILL B E  COMPLETELY 

RECYCLED  AT  SUBSTANTIAL  SAVINGS I N   C A P I T A L  AND OPERATING COSTS 

COMPARED WITH  EXTERNAL  EFFLUENT  TREATMENT, THE TECHNOLOGY WHICH WILL 

DERIVE FROM THIS PROJECT WILL ALSO ALLOW MOST EXISTING MILLS TO 

S I G N I F I C A N T L Y  REDUCE THEIR DEMANDS FOR PROCESS  WATER, 

I N  SHORT, MONITORING I S  CENTRAL TO BOTH  MAIN  PHASES OF 

ENVIRONMENTAL  ENGINEERING -- I T  HELPS US  USE E X I S T I N G  METHODS MORE 

E F F I C I E N T L Y  TO SOLVE CURRENT  PROBLEMS, I T  ALSO  KEEPS  ADDING TO OUR 

STOREHOUSE OF INFORMATION -- OUR ENVIRONMENTAL UNDERSTANDING,  AND 

PUTS NEW TOOLS W I T H I N  REACH, 
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LET ME DESCRIBE ONE OTHER FEATURE OF ENVIRONMENTAL MONITORING 

WHICH MAY HAVE  BEEN I M P L I E D  FROM  WHAT 1 HAVE  ALREADY S A I D ,   I T   I S  

AN EXTENSION OF BASELINE  STUDIES TO DETERMINE  THE  ENVIRONMENTAL 

S I T U A T I O N   I N   T H E  FUTURE AND TO DETERMINE  THE  TRENDS -- HOW WELL WE 

ARE DOING OR HOW BADLY, I N  MANY SITUATIONS WHERE THERE  ARE  COUNTLESS 

POINTS OF ENTRY OF CHEMICALS  INTO  THE ENVIRONMENT, THE ONLY  MEANS 

OF CONTROL I S  A  RESTRICTION ON THE  USE OF A  CHEMICAL TO PREVENT I T S  

RELEASE, SUCH IS THE REALM OF THE ENVIRONMENTAL CONTAMINANTS ACT, 
AND, SINCE  THE  ENTIRE  ENVIRONMENT I S  THE  RECEIVING ZONE, GENERAL 

ENVIRONMENTAL  MONITORING I S  REQUIRED TO T E L L  US HOW  WE ARE DOING, 

~IRTHERMORE, PRODUCT CONTROL CAN LEAD TO A  DELAY OF THE  CHEMICAL 

ENTERING  THE  ENVIRONMENT FROM THE WASTE STREAM, FOR EXAf.qPLE, I T  

HAS BEEN  ESTIMATED  THAT PCB's WILL REACH  A  ,PEAK I N  THE  ENVIRONMENT 

I N  1985 EVENTHOUGH NON-ELECTRICAL USES WERE LARGELY STOPPED I N  1971, 
~. 

WHICH BRINGS ME TO AN ACRONYM WITH A SINGULARLY UNATTRACTIVE 

SOUND BUT AN EXTREMELY  IMPORTANT  MEANING -- EARP -- THE  FEDERAL 

GOVERNMENT'S ENVIRONMENTAL ASSESSMENT AND REVIEW PROCESS , 

THE GOVERNMENT OF CANADA HAS MADE IT A MATTER OF POLICY 

THAT  EVERY MAJOR DEVELOPMENT I N  WHICH I T   I S  INVOLVED,  EITHER 

DIRECTLY OR I N  OTHER WAYS -- THROUGH FINANCING FOR INSTANCE, OR 

THROUGH THE  USE OF CROWN LAND, MUST PASS THROUGH THE EARP SCREEN, 

THE FIRST STEP IN EARP IS A SCREENING BY THE INITIATOR -- I , E, THE 

FEDERAL DEPARTMENT OR AGENCY WHICH I S  GOING TO  UNDERTAKE THE  PROJECT 

OR SPONSOR IT, THE INITIATOR SCREENS THE PLAN FOR PROBABLE 

ENVIRONMENTAL EFFECTS, IDEALLY THIS SHOULD HAPPEN AS EARLY A S  THE 

INTENTION,  (\\/E A L L  KNOW WHICH ROAD GOOD INTENTIONS ARE L INED  WITH, )  
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IF THE PROJECT DOESN'T SEEM TO POSE ENVIRONMENTAL PROBLEMS) THE LIGHT 

STAYS GREEN, I F  THERE  ARE POTENTIAL  ILL-EFFECTS) I T  GOES YELLOW 

AND THE  IN IT IATOR COMPLETES> OR GETS  COMPLETED)  AN INITIAL ENVIRONMENTAL 
EVALUATION -- USING  GUIDELINES APPROVED BY DOE, I N  MANY CASES) T H I S  

EVALUATION WILL B E  DONE BY  THE COMPANY) PROVINCE OR OTHER ORGANIZATION 

INVOLVED IN THE PROJECT, THE INITIATOR DETERMINES IF THE ENVIRONMENTAL 

EFFECTS ARE L I K E L Y  TO B E   S I G N I F I C A N T ,   I F  NOT>  THE  LIGHT  STAYS GREEN -- 
AND THE  IN IT IATOR PROCEEDS WITH  PROJECT  PLANNING)  BASED I N  PART ON 

THE INITIAL ENVIRONMENTAL EVALUATION, THE INITIATOR IS ENCOURAGED 

AT ALL STAGES TO TOUCH BASE WITH THE CHAIRMAN OF THE ENVIRONMENTAL 
ASSESSMENT PANEL, I N  DOE -- SO THAT  THE  CHAIRMAN CAN GIVE  APPROPRIATE 

ADVICE TO THE MINISTER OF THE ENVIRONMENT, 

WHERE PROJECTS LOOK AS IF THEY WILL INDEED HAVE A SIGNIFICANT 

ENVIRONMENTAL  EFFECT)  THEIR  INITIATORS WILL HAVE TO SUBMIT  THE  PLAN 

TO THE CHAIRMAN, THE CHAIRMAN SETS UP A PANEL OF MEMBERS WHOSE 

MAJOR TASK I S  TO ISSUE  GUIDELINES TO T H E   I N I T I A T O R  FOR THE  PREPARATION 

OF AN ENVIRONMENTAL IMPACT STATEMENT, THE IMPACT STATEMENT IS SUBMITTED 

TO THE PANEL WHICH THEN DECIDES ON ITS COMPLETENESS AND ACCEPTABILITY, 

THE MINISTER OF THE ENVIRONMENT REVIEWS THE'PANEL'S REPORT ON THE 

IMPACT STATEMENT WITH WHICHEVER OF HIS CABINET COLLEAGUES IS INVOLVED 

I N  THE  PROJECT , OUT OF T H I  S PROCESS COMES EVENTUALLY A F I N A L   D E C I S I O N  

OR SET OF DECISIONS ABOUT DESIGN  CONSTRUCTION AND OPERATION OF 

PROJECTS I 

GIVEN THE SCOPE OF FEDERAL INVOLVEMENT IN CANADIAN DEVELOPMENT) 

EARP IS NOT SIMPLY AN EXTENSION OF THE GOVERNMENT'S COMMITMENT TO 

THE  PRACTICE OF GOOD ENVIRONMENTAL  HOUSEKEEPING, I T  I S  A SYSTEM 'I 
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WHICH WILL INFLUENCE DEVELOPYEN? !FI EVERY SECTOR, ALTHOUGH THE. 

PROCEDURE  SOUNDS BUREAUCRATIC TO  THE EXTREME WITH ITS REFERRALS 

AND COUNTER-REFERRALS) IT IS BASED ON FAIRLY SIMPLE PRINCIPLES, 

THE BOARD. CHAIRMAN POINTED OUT IN A RECENT SPEECH  NENVIRONMENTAL 
ASSESSMENT" IS MORE THAN A PROCESS, ESSENTIALLY, IT IS A JUDGMENTAL 
DECISION BASED ON,  AND IN SUPPORT  OFJ  A NATIONAL POLICY;  AN 

EXAMINATION OF HOW WELL WE'RE LIVING UP TO THAT POLICY, WHAT POLICY? 

WELL TO STATE IT I N  PLAIN LANGUAGE -- TO MAKE SURE  OUR INDUSTRIAL 
DEVELOPMENT DOESN'T UNDERMINE OUR ENVIRONMENTAL BASE, 

THIS IS A GOAL THAT PEOPLE IN ALL PROFESSIONS SHARE -- ONE 
THAT EVERYONE WITH A SOUND SENSE OF SELF-INTEREST CAN AGREE UPON, 

ENVIRONMENTAL ASSESSMENT IS AN ASSESSMENT OF HOW THE COMMON HUMAN 
INTEREST I S  BEING PROTECTED, ' THE QUALITY OF THE ENVIRONMENT.WILL 
DEPEND ON THE QUALITY OF THE ASSESSMENT WHICH IN TURN  WILL  DEPEND 

ON THE SKILL) THE DILIGENCE AND THE OBJECTIVITY OF THOSE INVOLVED, 

TO SAY NOTHING OF THE PERSISTENCE WITH WHICH THAT  OBJECTIVITY IS 

DEFENDED --. THE EXTENT TO WHICH  ENGINEERS AMONG OTHER PEOPLE KEEP 

THEIR EYE ON THE  BALL, 

As THE PRINTED 'PROGRAM FOR THIS EVENT PUTS IT "THE ENGINEER 

THROUGH HIS (AND I ASSUME HER) ENDEAVOURS TO BUILD FOR MANKIND) 
HAS THE POTENTIAL FOR CHANGING THE ENVIRONMENT I N  WAYS NOT ANTICIPATED". 

THROUGH CLOSE CONTACT AND GOOD SENSE, I HOPE WE CAN INCREASE THE 
ANTICIPATION FACTOR, 

THANK YOU 8 
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The common theme of t h i s   c o n f e r e n c e  is  t h e   m o n i t o r i n g  of e n v i r o n m e n t a l   q u a l i t y .  The 

word " m o n i t o r i n g "   i m p l i e s  a more or less c o n t i n u o u s   p r o c e s s   o f   o b s e r v a t i o n   o f   t h e  

object of conce rn ,  be it w a t e r   q u a l i t y ,  a i r  q u a l i t y  or wha teve r ,   w i th  a view t o  

q u a l i t y   c o n t r o l   a n d   m a n a g e m e n t .   J u s t  as t h e   i n d i v i d u a l   e l e m e n t s   o f   t h e   b i o p h y s i c a l  

env i ronmen t  - water, a i r ,  s o i l ,  f l o r a   a n d   f a u n a  - may be moni tored ,  so it i s  b o t h  

p o s s i b l e   a n d   d e s i r a b l e  t o  m o n i t o r   t h e   e n t i r e   b i o p h y s i c a l   s y s t e m  as a to ta l  r e s o u r c e  

for r e s o u r c e  management pu rposes .  

C e r t a i n l y   t h i s   t h e o r e t i c a l   i d e a l  is  g a i n i n g   w i d e r   a c c e p t a n c e   i n   p r i n c i p l e  among t h o s e  

v a r i o u s   i n s t i t u t i o n s   o f   t h e   G o v e r n m e n t   o f   t h e   P r o v i n c e   o f   B r i t i s h   C o l u m b i a   w h i c h  are 

i n v o l v e d   i n   l a n d   u s e   m a n a g e m e n t .  A t  p r e s e n t ,   h o w e v e r ,   t h e   p r a c t i c a l   r e a l i t y  is f a r  

f r o m   t h e   i d e a l   b e c a u s e  of the   p rob lems   wh ich   mus t  be o v e r c o m e   i n   o r d e r  t o  mesh t h e  , 

n u m e r o u s   i n s t i t u t i o n a l   j u r i s d i c t i o n s   i n t o  a co-ord ina ted   l and   use   management   p rocess .  

T h e   p u r p o s e   o f   t h i s   p a p e r  is  t w o - f o l d .   F i r s t l y ,  it o u t l i n e s   t h e   i n s t i t u t i o n a l   f r a m e -  

work   w i th in   wh ich   t he   P rov ince   imp lemen t s  i t s  e n v i r o n m e n t   a n d   l a n d   u s e   p o l i c i e s ;   a n d  

s e c o n d l y ,  i t  describes some o f   t h e   p r o g r a m s   a n d   a p p r o a c h e s   w h i c h   h a v e   r e c e n t l y   b e e n  

a d o p t e d  so as  t o  p r o v i d e  a more comple te   l and   management   da ta   f ramework   wi th in   which  

t o  make l a n d   u s e   a l l o c a t i o n   d e c i s i o n s .  

1, D F W  OPMFNT OF T H F  PRFSENT I N S T I T U T I O N A I   F R A M F W K  
Any a t t e m p t  to  u n r a v e l   t h e  web o f   p r o v i n c i a l   e n v i r o n m e n t   a n d   l a n d   u s e   p o l i c i e s   a n d  

practices e n c o u n t e r s   a n   e x t r e m e l y   c o m p z e x   a g g l o m e r a t i o n   o f   j u r i s d i c t i o n s ,   p o i i c i e s ,  

m o t i v a t i o n s   a n d   i n t e r e s t s .  The a g e n c i e s   a n d   g r o u p s   w h i c h  are i n v o l v e d   i n c l u d e  

p r o v i n c i a l   d e p a r t m e n t s ,  Crown boards, c o r p o r a t i o n s   a n d   c o m m i s s i o n s ,   m u n i c i p a l i t i e s ,  

r e g i o n a l  districts, the   newly- formed  reg iona l   resource   management  committees, and ,  

a t  t h e   t o p   o f   t h e   h i e r a r c h y ,   t h e   E n v i r o n m e n t   a n d   L a n d  Use Committee and  i t s  S e c r e t a r i a t .  

I t  is w o r t h w h i l e   b r i e f l y  t o  trace t h e   o r i g i n s   o f   t h e s e   v a r i o u s   i n s t i t u t i o n s   i n  order 

t o  e x p l a i n   t h e i r   c u r r e n t  roles a n d   i n t e r r e l a t i o n s h i p s .  

lI1. U R l Y  H I S T O R Y  OF RFSOURCFS  DISPOSAI  

T h e   B r i t i s h   N o r t h  America A c t  of 1867  bes towed  upon  the   Provinces  a j u r i s d i c t i o n a l  

r e s p o n s i b i l i t y   f o r   r e s o u r c e s   a n d   l a n d   u s e   a l l o c a t i o n .   E x e m p t e d   f r o m   t h i s   p r o v i s i o n  

were sea coast a n d   i n l a n d   f i s h e r i e s ,   a n d   a n y  matters of a n   i n t e r - p r o v i n c i a l  or i n t e r -  

c 
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n a t i o n a l   n a t u r e ;   s u c h   m a t t e r s   a r e   f e d e r a l   g o v e r n m e n t   r e s p o n s i b i l i t i e s .  

The f o r e r u n n e r s  of most o f   t o d a y ' s  resource d e p a r t m e n t s   a n d   r e s o u r c e   s t a t u t e s  came 

i n t o  b e i n g   d u r i n g   t h e   y e a r s   w h i c h   i m m e d i a t e l y   f o l l o w e d   t h e   a c c e p t a n c e   o f   B r i t i s h  

Columbia i n t o   C o n f e d e r a t i o n   i n   1 8 7 1 .   T h e r e  were p o r t f o l i o s   f o r   t h e   r e g u l a t i o n  of 

d i s p o s a l   a n d   e x p l o i t a t i o n  of timber, water, m i n e r a l s   a n d   l a n d   ( f o r   a g r i c u l t u r e   a n d  

settlement), a n d   f o r   t h e   p r o v i s i o n  of t r a n s p o r t a t i o n   f a c i l i t i e s   a n d   p u b l i c   w o r k s .  

The o b j e c t i v e s   o f   t h e   e a r l y   r e s o u r c e   d e p a r t m e n t s  were p r i m a r i l y  t o  a d m i n i s t e r   t h e  

conveyance   of  Crown l a n d s   a n d   r e s o u r c e   r i g h t s  t o  would-be sett lers i n  a s i m p l e ,   o r d e r l y  

f a s h i o n .  Crown r i g h t s  t o  l a n d   a n d   r e s o u r c e s  were p u r p o s e f u l l y   a l i e n a t e d   o n  a permanent  

basis fo r  v e r y  low cost i n  order t o  e n c o u r a g e   s e t t l e m e n t .   T h a t   r e s o u r c e s   a p p e a r e d  

to  b e  limitless was r e f l e c t e d   i n   t h e   a b s e n c e  of c o n c e r n  fo r  t h e   l o n g - t e r m   p r o s p e c t  

of d i m i n i s h i n g   r e s o u r c e s .   T h e r e  was  no p e r c e p t i o n   o f   t h e   n e e d   f o r   r e s o u r c e  manage- 

m e n t   a n d   c o n s e r v a t i o n   a s   t h e y  are p r a c t i c e d   t o d a y   s i n c e   r e s o u r c e   c o n f l i c t s   w i t h i n   t h e  

v a s t  p r o v i n c i a l  domair, were v i r t u a l l y   i n c o n c e i v a b l e   a n d ,   f r o m   t h e   v e r y   b e g i n n i n g ,  

t h e r e f o r e ,   t h e   r e s o u r c e   d e p a r t m e n t s   p u r s u e d   i n d e p e n d e n t   p o l i c i e s   a n d   p r o g r a m s .   I n  

o ther  words ,  t h e  Province ,  f r o m  t h e  o u t s e t ,  viewed t h e  t o t a l   e n v i r o n m e n t a l   r e s o u r c e  

p r i m a r i l y   i n  terms of i t s  componen t   s ec to r s .  

1,2.  EAR1 Y I AND USE PROBl FMS I N  URBAN H R r k  

Land u s e   a l l o c a t i o n  w a s  f i r s t   p e r c e i v e d  as  a p r o c e s s   w h i c h   c o u l d   b e n e f i t   f r o m  some 

. "  

f o r m   o f   c o n t r o l   w i t h i n   b u i l t - u p   a r e a s   a r o u n d   t h e   t u r n   o f   t h e   c e n t u r y ,   p a r t i c u l a r l y   i n  

t h e  Lower  Mainland.  The  Province  began t o  o r g a n i z e   s u c h  areas i n t o   m u n i c i p a l i t i e s  

which were g r a n t e d  some powers t o   p r o v i d e  local  works   and   se rv ices ,   and   somewhat  

w e a k e r   p o w e r s   t o   c o n t r o l   l a n d   u s e s .  A s  u rban   g rowth   and   t ownscape   evo lu t ion   p roceeded ,  

however ,   t he re  was a v i r tua1l .y   comple te   absence  of p l a n n i n g   b e y o n d   t h e  i n i t i a l  

e s t a b l i s h m e n t   o f  a l o t   s u r v e y   a n d   g r i d - i r o n  street  l a y o u t ,  so t h a t   t h e   p a t t e r n   o f  

u r b a n   l a n d   u s e s   t e n d e d  t o  be r e l a t i v e l y  random. 

W i t h   t h e   p a s s a g e   o f   t h e  Town P l a n n i n g  A c t  i n   1 9 2 5 ,   m u n i c i p a l i t i e s  were empowered 

for t h e  f i r s t  time t o  p r e p a r e   o f f i c i a l  town  p lans   and  t o  z o n e   l a n d s .   U n f o r t u n a t e l y  

t h e  A c t  d i d   n o t   p r o m o t e   e f f e c t i v e  town p l a n n i n g   i n   t h e   b r o a d   s e n s e .  Town p l a n n i n g  

became e q u a t e d   w i t h  t h e  s t a t i c  p r o c e s s  of zon ing   and   has   r ema ined  so t o  t h i s  day  

w i t h i n  many m u n i c i p a l i t i e s .  

Meanwhile, it was to  b e   a n o t h e r  21 y e a r s  before t h e   P r o v i n c e   o f f i c i a l l y  

r e c o g n i z e d   t h e   p r e s e n c e   o f   p r o b l e m s   w i t h i n   b u i l t - u p  areas s i t u a t e d   b e y o n d   m u n i c i p a l  

b o u n d a r i e s .  An amendment t o  t h e  Town P l a n n i n g  A c t  i n  1 9 4 6  empowered t h e   C a b i n e t  t o  

r e g u l a t e   t h e   s u b d i v i s i o n  of l a n d s   i n   u n o r g a n i z e d  areas t h r o u g h   t h e   c r e a t i o n  of 
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" r e g u l a t e d   a r e a s " .   T h i s   m e a s u r e  was d e s i g n e d  t o  p r e v e n t   t h e   f u r t h e r   d e v e l o p m e n t  of 

c h a o t i c   l a n d  use p a t t e r n s   o n  t h e  r u r a l - u r b a n   f r i n g e .  

1 8  3 * ItE€uSIF.IRSTREGIONALPLBumPROCESS 
A s  a l o g i c a l   n e x t   s t e p ,   a m e n d m e n t s  t o  t h e  Town P l a n n i n g  Act i n  1948   p rov ided   fo r  

t h e   d e s i g n a t i o n   o f   r e g i o n a l   p l a n n i n g  areas f o r   p l a n n i n g   p u r p o s e s .  The  amendment  was 

a r e s p o n s e  t o  p u b l i c   p r e s s u r e   i n   t h e  Lower Main land   where   l and   use   p roblems were 

b e c o m i n g   s e r i o u s .  The f i r s t   r e g i o n a l   p l a n n i n g   b o a r d   w a s   e s t a b l i s h e d   i n   t h e  L o w e r  

Ma in land   i n   1949 .  By 1 9 6 5 ,   a n   e s t i m a t e d  70 p e r   c e n t  of t h e   P r o v i n c e ' s   p o p u l a t i o n  

dwelt w i t h i n   r e g i o n a l   p l a n n i n g  areas. The areas were c e n t e r e d   u p o n   t h e   l a r g e r   u r b a n  

c o n c e n t r a t i o n s ,   b u t   e x t e n d e d   i n t o   t h e   a d j a c e n t   u n o r g a n i z e d   t e r r i t o r y .   T h u s ,   r e g i o n a l  

p l a n n i n g   b o a r d s  were a b l e   t o   a d d r e s s   t h e m s e l v e s  t o  t h e  i n t e r a c t i o n s   b e t w e e n   u r b a n  

centers a n d   t h e i r   r u r a l   h i n t e r l a n d s .   R e g i o n a l   p l a n n i n g   b o a r d s ,   h o w e v e r ,   e x e r c i s e d  

o n l y  a n  a d v i s o r y  ro le ,  w i t h   t h e   r e s u l t   t h a t   t h e   p l a n n i n g   p r o c e s s  was h e a v i l y   d e p e n d e n t  

upon t h e   g o o d w i l l   a n d   c o - o p e r a t i o n   o f   l o c a l   g o v e r n m e n t   p a r t i c i p a n t s   a n d   o t h e r   g o v e r n m e n t  

a g e n c i e s .  

S t a t u t o r y   p r o v i s i o n s   w h i c h  were e n a c t e d   d u r i n g   t h e   p e r i o d   b e t w e e n   1 9 4 8   a n d   1 9 6 5  

d i d   n o t   s i g n i f i c a n t l y   f a c i l i t a t e   t h e   p l a n n i n g   p r o c e s s  for  t h e  most p a r t .  The Town 
- P l a n n i n g  A c t  was r e p e a l e d   i n   1 9 5 7 ,   a n d  i t s  m u n i c i p a l   p l a n n i n g   p r o v i s i o n s  were t r a n s -  

terred t o  a newly - s t r eaml ined   Munic ipa l  A c t .  o n e   l m p o r t a n t  new p r o v i s i o n  was t h a t  

p l a n n i n g   r e s o l u t i o n s  of a r e g i o n a l   p l a n n i n g   b o a r d   c o u l d  become b i n d i n g   o n   a l l  local 

g o v e r n m e n t   a u t h o r i t y   p a r t i c i p a n t s   i f   t w o - t h i r d s  of t h e   b o a r d  members s u p p o r t e d   t h e  

r e s o l u t i o n s .  The   Loca l   Se rv ices  A c t  of t h e  same y e a r   r e p l a c e d  t h e  p r o v i s i o n s   o f   t h e  

Town P l a n n i n g  A c t  w i t h   r e s p e c t  t o  u n i n c o r p o r a t e d  areas. The M i n i s t e r  of Munic ipa l  

A f f a i r s  was thereby  empowered t o  e s t a b l i s h   r e g u l a t i o n s   f o r   z o n i n g ,   s u b d i v i s i o n   a n d  

construction  standards  in  addition to organizing  local  services in unorganized areas. 

1.4. 
T h e   M i n i s t e r  now b e c a m e   h e a v i l y   i n v o l v e d   i n   t h e   a d m i n i s t r a t i o n  of services and  

c o n t r o l s   i n   u n o r g a n i z e d   a r e a s .   F u r t h e r m o r e ,  there was w i d e s p r e a d   c o n c e r n   f o r   t h e  

l a c k   o f   l o c a l   i n p u t   i n t o   t h e   M i n i s t e r ' s   d e c i s i o n s .  For t h e s e   r e a s o n s ,   t h e   M i n i s t e r ' s  

f u n c t i o n s  were fo rma l ly   decen t r a l i zed   i n   1965   when ,   by   amendmen t  t o  t h e   M u n i c i p a l  A c t ,  

a n   i n t e r l o c k i n g   n e t w o r k  of 29 r e g i o n a l   d i s t r i c t s  was c r e a t e d .  

R e g i o n a l   d i s t r i c t   b o a r d s   i n c l u d e   b o t h   a p p o i n t e d   r e p r e s e n t a t i v e s   f r o m   m u n i c i p a l  

c o u n c i l s   a n d   d i r e c t l y   e l e c t e d  members f r o m   u n i n c o r p o r a t e d   a r e a s .  They a d m i n i s t e r  

t h e   M i n i s t e r ' s   r e g u l a t o r y   f u n c t i o n s   i n   u n i n c o r p o r a t e d  areas ( z o n i n g ,   s u b d i v i s i o n   a n d  
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c o n s t r u c t i o n   r e g u l a t i o n ) ,   p r o v i d e   s e r v i c e s ,   a n a  are a l so  e x p e c t e d  t o  d e v e l o p   r e g i o n a l  

p l a n s .   I n d i v i d u a l   m u n i c i p a l   c o u n c i l s   r e t a i n   c o n s i d e r a b l e   a u t o n o m y  - j u s t   a s   t h e y   h a d  

d o n e   u n d e r   t h e   r e g i o n a l   p l a n n i n g   b o a r d   s y s t e m  - b u t   r e g i o n a l   p l a n s   a n d   o t h e r   t y p e s  of 

l a n d   u s e   r e s o l u t i o n  may become l a n d   u s e   a l l o c a t i o n   b y - l a w s   w h i c h  are b i n d i n g   o n  a l l  

p a r t i e s   i f   b o a r d  members r e p r e s e n t i n g   t w o - t h i r d s   o f   t h e   p o p u l a t i o n   o f   t h e   r e g i o n a l  

d i s t r i c t   s u p p o r t  them. 

W h i l e   t h e   r e g i o n a l   d i s t r i c t s   h a v e   p r o v e d  to  be s u i t a b l e   v e h i c l e s   f o r   t h e   d i s c h a r g e  

of many local f u n c t i o n s ,   i n c l u d i n g   h e a l t h   a n d   s a n i t a t i o n ,   r e c r e a t i o n ,  water s u p p l y ,  

s e w a g e   d i s p o s a l ,   f i r e   p r e v e n t i o n   a n d   g a r b a g e   c o l l e c t i o n ,   t h e y   h a v e   e n c o u n t e r e d   v e r y  

c o n s i d e r a b l e   d i f f i c u l t i e s   i n   t h e i r   a t t e m p t s  t o  u n d e r t a k e   l a n d   u s e   p l a n n i n g .  

The re  are many r e a s o n s   f o r   t h e s e   d i f f i c u l t i e s ,   i n c l u d i n g :  ( i )  a l a c k   o f  clear 

d e f i n i t i o n   o f   t h e   r e g i o n a l   d i s t r i c t   p l a n n i n g  role:  (ii) t h e   c o n s i d e r a b l e   a u t o n o m y   o f  

member m u n i c i p a l i t i e s :  (iii) t h e   g e o g r a p h i c a l l y   i n a p p r o p r i a t e   n a t u r e   o f  some of t h e  

areas which   have   been   des igna ted  as  r e g i o n a l   d i s t r i c t s :   a n d   ( i v )  a l a c k   o f   s t a f f   a n d  

f u n d s  fo r  p l a n n i n g .   P e r h a p s   t h e   s i n g l e  most impor tan t   p roblem,   however ,  is  t h e   f a c t  

t h a t  many g o v e r n m e n t   a g e n c i e s   e x e r c i s e   e n v i r o n m e n t   a n d   l a n d   u s e   j u r i s d i c t i o n s   w h i c h  

are e n t i r e l y   i n d e p e n d e n t  of r e g i o n a l  d i s t r i c t  c o n t r o l .   I n   f a c t ,  t h e  o n l y   l a r g e l y  

u n c o n t e s t e d   j u r i s d i c t i o n  of r e g i o n a l   d i s t r i c t s  i s  e x e r c i s e d   o n   p r i v a t e   l a n d s   i n  

unorgan ized  a r e a s ,   a n d  e v e n   h e r e ,   a g r i c u l t u r a l   l a n d   r e s e r v e  (ALR) zon ing  may s e v e r e l y  

restrict l a n d   u s e   o p t i o n s .  A l l  Crown l a n d s  are under  some fo rm  o f  more c e n t r a l i z e d  

p r o v i n c i a l   j u r i s d i c t i o n .  

Crown l a n d s   c o m p r i s e   a p p r o x i m a t e l y  9 3  p e r   c e n t  of t h e   a r e a   o f   t h e   P r o v i n c e .  Most 

o f   t h e   r e m a i n d e r ,   t h e   p e r m a n e n t l y   a l i e n a t e d   s e v e n   p e r   c e n t ,  is l o c a t e d   w i t h i n  

m u n i c i p a l i t i e s  on  Vancouver I s l a n d   a n d   i n   t h e  L o w e r  Mainland.  Few r e g i o n a l   d i s t r i c t s ,  

p a r t i c u l a r l y   i n   o t h e r   p a r t s  of t h e   P r o v i n c e ,   e x e r c i s e   p r i m a r y   j u r i s d i c t i o n   o v e r  more 

t h a n   t h r e e  or  f o u r   p e r   c e n t  of t h e i r  areas. 

1.5, AGFNCIES WITH CFNTRAI 1 7 ~ n  RESPONSIBII ITIFS 
?he mre c e n t r a l i z e d   p r o v i n c i a l   r e s p o n s i b i l i t i e s  are  a d m i n i s t e r e d   t h r o u g h  t w o  t y p e s  

o f   a g e n c y ,   e i t h e r  a depa r tmen t  o r  some form  of  Crown agency  of s p e c i a l   s t a t u s ,  for 

example a b o a r d ,   c o r p o r a t i o n  or commission.  

The depa r tmen t s   t end  t o  b e  closer t o  t h e   g o v e r n m e n t   p r o c e s s   t h a n   t h e   s p e c i a l  

a g e n c i e s ,   p a r t i c u l a r l y   t h e  Crown C o r p o r a t i o n s ,   a n d   h a v e   e x h i b i t e d  a g r e a t e r   a b i l i t y  

a n d   i n c l i n a t i o n  t o  a d a p t   t h e i r   p o l i c i e s   a n d   p r a c t i c e s  t o  c h a n g i n g   p r i o r i t i e s  (as  

t r a n s m i t t e d   t h r o u g h   c h a n g e s   i n   p o l i t i c a l   d i r e c t i o n ) .  Most d e p a r t m e n t s   h a v e   e x h i b i t e d  

a n   i n c r e a s i n g   a w a r e n e s s   o f   t h e   n e e d   f o r   i m p r o v e d   e n v i r o n m e n t   a n d  land u s e  decisions 
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a n d   t h e y   h a v e   b e e n   w i l l i n g  t o  c o n t r i b u t e  t o  i n t e r d e p a r t m e n t a l   e f f o r t s  t o  t h i s   e n d .  

P e r h a p s   t h e  most i m p r e s s i v e   a s p e c t   o f   r e c e n t   p r o g r e s s   h a s   b e e n   t h e  much g r e a t e r  w i l l -  

i n g n e s s   o f   t h e   r e s o u r c e   d e p a r t m e n t s  t o  l i a i s e   w i t h   e a c h   o t h e r   o n   e n v i r o n m e n t   a n d   l a n d  

u s e   q u e s t i o n s   o f   m u t u a l   i n t e r e s t .  Many p r o g r a m s   a r e  now b e i n g   d e v e l o p e d   w i t h i n  

d e p a r t m e n t s   w h i c h   a r e   d e s i g n e d  t o  i n c l u d e   i n p u t s   f r o m   o t h e r  resource a g e n c i e s .  

N o n e t h e l e s s ,  many of t h e s e   d e p a r t m e n t s  are l a r g e   b u r e a u c r a t i c   s t r u c t u r e s   w i t h i n  

w h i c h   t h e r e  i s  a n   i n e v i t a b l e   t e n d e n c y  t o  resist r a p i d   c h a n g e s   i n   p o l i c i e s   a n d  

p r i o r i t i e s ,   p r e f e r r i n g   s m a l l - s c a l e   i n c r e m e n t a l   c h a n g e s .   P a r t l y   f o r   t h i s   r e a s o n ,   t h e  

p r e s e n t   d e p a r t m e n t a l   r e s p o n s e  t o  env i ronmen t   and   l and   u se  matters h a s   l a g g e d   b e h i n d  

t h e   r e c o g n i t i o n  of problems,  so t h a t ,   w h i l e   t h e r e   h a s   b e e n  a r e c e n t   p h a s e  of i n n o v a t i v e -  

n e s s   i n   d e p a r t m e n t a l   p o l i c y   m a k i n g ,  areas of inadequacy   remain .  

In   compar i son  t o  d e p a r t m e n t s ,   t h e   s p e c i a l  Crown a g e n c i e s   a r e   a f f o r d e d  a r e l a t i v e l y  

h i g h   d e g r e e  of autonomy i n   t h e   p l a n n i n g   a n d   i m p l e m e n t a t i o n   o f   t h e i r   p r o g r a m s ,   a n d   t h e  

p u b l i c  i s  t y p i c a l l y  less aware o f   t h e i r   a c t i v i t i e s .  The  Provincial   Government  

employs Crown C o r p o r a t i o n s   f o r  almost a l l  m a j o r   f o r m s   o f   p u b l i c   d e v e l o p m e n t ,   i n c l u d i n g  

h y d r o - e l e c t r i c   p o w e r   g e n e r a t i o n ,   r a i l r o a d s ,   h a r b o u r s ,  forest p r o d u c t s ,   p e t r o l e u m  

and other f o r m s   o f   i n d u s t r i a l   d e v e l o p m e n t .   I n   f a c t ,   t h e   o n l y   m a j o r   p u b l i c   d e v e l o p e r s  

w i t h   d e p a r t m e n t a l   s t a t u s  a t  p r e s e n t  are  the   Depar tment   o f   Highways   and   the   Depar tment  

of   Hous ing .  

T h e   C a b i n e t   r e t a i n s  i t s  c o n t r o l   o v e r  these a g e n c i e s   t h r o u g h  i ts  powers t o  a p p o i n t  

b o a r d  members and  i t  is  q u i t e  common f o r   C a b i n e t   M i n i s t e r s  t o  h o l d   p o s i t i o n s  as 

d i r e c t o r s .  However, t h e   d e v e l o p m e n t   a g e n c i e s  are  c h a r a c t e r i s t i c a l l y   s e c r e t i v e   w h i l e  

p l a n n i n g   d e v e l o p m e n t s , a n d   t h e   p u b l i c  i s  o n l y   r a r e l y   p r o v i d e d   w i t h   a n   o p p o r t u n i t y  t o  

p a r t i c i p a t e   m e a n i n g f u l l y   i n   t h e   p l a n n i n g   p r o c e s s .  The a g e n c i e s   c o n t r o l   t h e   p r o c e s s e s  

which determine  whether or n o t  t h e  types of development  for which t h e y  are respon-  

s ible  are  r e q u i r e d ,   a n d  i t  is  o n l y   r e c e n t l y   t h a t   s u c h   d e c i s i o n s   h a v e   b e e n   q u e s t i o n e d .  

H i t h e r t o  i t  h a s   b e e n   s u f f i c i e n t  t o  a r g u e   t h a t   a n   i n c r e a s e   i n   t h e  'demand f o r  a pa r -  

t i c u l a r   s e r v i c e   h a s   b e e n   p r o j e c t e d   a n d   t h a t  action must  be t a k e n  t o  s a t i s f y   t h e  demand. 

H i s t o r i c a l l y ,  l i t t l e  c o n c e r n   h a s   b e e n   e x p r e s s e d   f o r   s u c h   i s s u e s  as: (i)  w h e t h e r   t h e  

p r e f e r a b l e   c o u r s e  of a c t i o n  is t o  meet t h e  demand or t o  manage it i n  a f a sh ion   wh ich  

c o n s t r a i n s  it b e l o w   p r o j e c t e d   l e v e l s ;   a n d  (ii) i d e n t i f i c a t i o n  of t h e   f u l l   r a n g e  of 

impac t s  w h i c h  stem from a deve lopmen t ,   bo th   l ong- t e rm  and   sho r t - t e rm,   and   bo th  

b e n e f i c i a l   a n d   a d v e r s e .  The   powers   o f   t he   deve lopmen t   agepc le s  are usua l ly   enhanced  

b y   e x t e n s i v e   e x p r o p r i a t i o n   r i g h t s   a n d ,   i n   t h e  cases of projects such  as dams,  high- 

w a y s ,   r a i l w a y s  o r  h a r b o u r s ,   l a r g e   q u a n t i t i e s   o f   l a n d s   a n d   r e s o u r c e s  may b e   i r r e t r i e v a b l y  

commit ted.  
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Not a l l  of t h e  s p e c i a l  Crown agenc ie s   a r e   deve lopmen t   agenc ie s .   The   P rov ince   has  

u 
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160 e s t a b l i s h e d  commisfiions t o  p e r f o r m   r e g u l a t o r y   f u n c t i o n s ,  as i n   t h e  case of t h e  

.C. Land  Commission ( B C L C ) ,  B.C.  Energy Commission (BCEC) and  B.C. Assessment 

A u t h o r i t y  (BCAA) . 

1.6, RESOURCEDEPARTMENTJURISDICTIOFLS 
T h e   p l e t h o r a   o f   l a n d   u s e   j u r i s d i c t i o n s   w h i c h   h i n d e r s   p l a n n i n g   i n   b u i l t - u p  areas 

is  m i r r o r e d   b y   t h e   p l e t h o r a   o f   r e s o u r c e   a g e n c y   j u r i s d i c t i o n s   a n d   t e n u r e   s y s t e m s   w h i c h  

has   been   super imposed   upon Crown l a n d s   i n   u n i n c o r p o r a t e d  areas. A s  n o t e d  else- 

w h e r e ,   i n d i v i d u a l   a g e n c i e s   h a v e   p u r s u e d   h i s t o r i c a l l y   i n d e p e n d e n t   p r o g r a m s .   T h i s   h a s  

been a major c o n t r i b u t o r y   f a c t o r   t o w a r d s   t h e   l a c k   o f   c o - o r d i n a t i o n   a n d   c o - o p e r a t i o n  

wh ich   has   been   ev iden t  among t h e   r e s o u r c e   a g e n c i e s   s i n c e   1 9 5 0  when, a s  a r e s u l t  of 

t h e  now much more w i d e s p r e a d   n a t u r e   o f   d e v e l o p m e n t ,  major r e s o u r c e   a n d   l a n d   u s e  

c o n f l i c t s   h a v e  become  commonplace. 

I t  is  n o t  p o s s i b l e   i n   t h i s   p a p e r  t o  d e s c r i b e   i n   d e t a i l   t h e  various resource 

a g e n c y   j u r i s d i c t i o n s .  I t  is wor thwhi le ,   however ,  t o  c o m m e n t ' b r i e f l y   o n  some a s p e c t s  

o f   c u r r e n t  resource management   approaches  within  each  agency.  

1 .6 .1 .  DEPARTMENT OF AGRICULTURE (BCDA) 

Tire EZLA is advisory and  L r y u i a t o r y  ayeilcy wliese majoi- c ~ i x e r r ~  are 'itla 

a d m i n i s t r a t i o n   a n d   r e g u l a t i o n   o f   a g r i c u l t u r a l   p r a c t i c e s   a n d   t h e   q u a l i t y   a n d   q u a n t i t y  

o f   f o o d   p r o d u c t i o n .  The d e p a r t m e n t   h a s   n o   e x e c u t i v e   p o w e r  t o  c o n t r o l   t h e   u s e  of l a n d  

d i r e c t l y ,   a l L h o u g h  it e x e r c i s e s   a n   i n d i r e c t   i n f l u e n c e   o n   l a n d   u s e   a n d   r e s o u r c e  

management   th rough  publ ic   educa t ion   programs  and   th rough i t s  c o n n e c t i o n  t o  v a r i o u s  

ARDA ( A g r i c u l t u r a l   R e h a b i l i t a t i o n   a n d   D e v e l o p m e n t  A c t )  l a n d  management  programs. 

1 . 6 . 2 .  DEPARTMENT OF ENVIRONMENT (BCDOE) 

T h e   f o l l o w i n g   o b s e r v a t i o n s  are b a s e d   o n   t h e   a s s u m p t i o n   t h a t   t h e   i n d i v i d u a l  

a g e n c i e s   w h i c h   h a v e   b e e n   t r a n s f e r r e d  t o  t h i s   n e w l y - c r e a t e d   d e p a r t m e n t  w i l l  c o n t i n u e  

t o  p u r s u e   t h e i r   p r e s e n t   f u n c t i o n s .  

( a )  The  Lands  Service (BCLS) 

The BCLS a d m i n i s t e r s   t h e   d i s p o s i t i o n   o f  Crown l a n d   f o r   b o t h   p u b l i c  

a n d   p r i v a t e   p u r p o s e s   p u r s u a n t  t o  t h e  Land A c t .  The BCLS j u r i s d i c t i o n  is  e f f e c t i v e  

over 30 t o  4 0  p e r   c e n t   o f   p r o v i n c i a l  Crown l a n d s  - t h o s e  Crown l a n d s   w h i c h  are con- 

s i d e r e d  t o  be " v a c a n t "  or wh ich   have   a l r eady   been   Crown- leased   acco rd ing  to  t h e  

terms of an   ag reemen t   pu r suan t  t o  t h e  Land A c t .  O t h e r   a g e n c i e s   s u c h  as  the   Depa r tmen t  
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of F o r e s t s   a n d   t h e   P r o v i n c i a l   P a r k s   B r a n c h  a lso e x e r c i s e  Crown l a n d   j u r i s d i c t i o n  by 

s t a t u t e .  

P rob lems   have   been   a s soc ia t ed  i n  t h e   p a s t   w i t h   t h e  BCLS l a n d   d i s p o s a l  

p r o c e s s .   F o r   e x a m p l e ,   t h e   p r o c e s s   h a s   b e e n   a s s o c i a t e d   w i t h   p o o r l y - l o c a t e d   a n d   p o o r l y -  

s e r v i c e d   s u b d i v i s i o n s ,   w i t h  t h e  a l i e n a t i o n   o f   f o r e s t   l a n d   a n d   f a r m   l a n d ,  w i t h  t h e  

a l i e n a t i o n   o f   p r o v i n c i a l   w a t e r f r o n t   r i g h t s ,   a n d ,   i n   g e n e r a l ,   w i t h   t h e   g r a n t i n g   o f  

r i g h t s   w h i c h  were n o t   n e c e s s a r i l y  i n  t h e   b r o a d e s t   p u b l i c   i n t e r e s t .  

The BCLS is now s t r i v i n g  t o  a c h i e v e  a land   d i sposa l   mechanism  which  

h a s  more o f   t h e   f e a t u r e s  of a c o m p r e h e n s i v e   l a n d   m a n a g e m e n t   p r o c e s s ,   t a k i n g   i n t o  

c o n s i d e r a t i o n   n a t u r a l   r e s o u r c e s   m a n a g e m e n t ,   e n v i r o n m e n t a l   a n d   s o c i o - e c o n o m i c   c o n c e r n s ,  

local a n d   r e g i o n a l   l a n d   u s e   p l a n n i n g   o b j e c t i v e s ,   a n d  local communi ty   a sp i r a t ions .  

T h e   s u c c e s s   o f   t h i s   o b j e c t i v e  is h igh ly   dependen t   upon   i n t e r - agency   co -ope ra t ion ,   and  

t h e  BCLS is  now s p o n s o r i n g  local  p l a n n i n g   s t u d i e s   a n d   r e s o u r c e   d a t a   b a s e   f o l i o s   w i t h  

i n t e r - a g e n c y   i n p u t .  I t  w i l l  p r o b a b l y   b e  many yea r s ,   however ,   be fo re   l and   u se  

a l l o c a t i o n   d e c i s i o n s   a t   t h e   l o c a l  scale w i l l  be made w i t h i n   t h e   c o n t e x t   o f   t h e   t y p e  

of all-embracing  framework  which is  d e s c r i b e d   a b o v e .  

(b)   The   Water   Resources   Serv ice  (BCWRS) 

A l l  m a t t e r s   p e r t a i n i n g   t o  t h e  w a t e r   r e s o u r c e s   o f   t h e   P r o v i n c e  

are u n d e r   t h e   j u r i s d i c t i o n  of t h e  BCWRS, p u r s u a n t  t o  the   Wate r  A c t  a n d   t h e   P o l l u t i o n  

Contrnl Art, 1 9 5 7 .  

The BCWRS h a s   e n c o u n t e r e d   d i f f i c u l t i e s   i n   b r i n g i n g   t h e   P r o v i n c e ' s  

water r e s o u r c e s   u n d e r  a comprehensive  water   management   program. A major p rob lem  has  

b e e n   t h e   p i e c e m e a l   n a t u r e  of t h e   p r e s e n t   w a t e r   i n v e n t o r y .  Data are s c a r c e  or non- 

e x i s t e n t   i n  many p a r t s  of t h e   P r o v i n c e .  Fur thermore ,  t h e   l e g i s l a t i o n  does n o t   c o n t a i n  

water management   p rovis ions .  The  Water A c t  r e g u l a t e s  t h e  o r d e r l y   g r a n t i n g   o f  water a 

r i g h t s   b u t   d o e s   n o t   s p e c i f i c a l l y   r e q u i r e   t h a t   d e c i s i o n s   s h o u l d  be t a k e n   w i t h i n  a 

b r o a d  water management  framework. 

S i m i l a r l y ,   t h e   P o l l u t i o n   C o n t r o l  A c t ,  1 9 6 7  r e g u l a t e s   t h e   l i c e n s i n g  

o f   w a s t e   d i s c h a r g e s   w i t h o u t ,   h o w e v e r ,   s p e c i f i c a l l y   p r o v i d i n g   f o r   c o n s i d e r a t i o n   o f  

t h e   c h a r a c t e r i s t i c s  of i n d i v i d u a l   r e c e i v i n g   e n v i r o n m e n t s   i n   d e t e r m i n i n g  maximum 

a c c e p t a b l e  waste d i s c h a r g e  levels.  P o l l u t i o n  cont ro l  s t a n d a r d s ,   o n c e . s e t ,   t e n d  t o  

be a p p l i e d   b r o a d l y .   E n f o r c e m e n t   o f   t h e s e   s t a n d a r d s  t o  date  has   been   hampered   by   the  

h igh   economic   cos t s   wh ich  arr: i n c u r r e d  by b o t h   i n d u s t r y   a n d   t h e   u r b a n   t a x a b l e   b a s e .  

D e s p i t e   t h e   l a c k  of s t a t u t o r y   p r o v i s i o n s  for b road ly -based  

water management   and   po l lu t ion  contr.31 management, it i s  now w o r k i n g   p o l i c y  t o  promote 

t h i s   a s p e c t  of t h e   r e g u l a t o r y   f u n c t i o n s  of t h e  BCWRS. For e x a m p l e ,   t h e   a g e n c y  is 
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b e c o m i n g   i n c r e a s i n g l y   i n v o l v e d   i n   f l o o d p l a i n   m a n a g e m e n t   p r o g r a m s   a n d ,  i n  p a r t i c u l a r ,  

is  s t r i v i n g  t o  p r e v e n t   d e v e l o p m e n t   p r i o r  t o  t h e   c o n s t r u c t i o n   o f   p r o t e c t i o n   w o r k s   i n  

f lood-p rone  areas. The BCWRS h a s  a l so  u n d e r t a k e n  water management s t u d i e s   i n  local 

s i t u a t i o n s   a n d   u s u a l l y  stresses p u b l i c   i n v o l v e m e n t   i n   t h e s e   s t u d i e s .  

1 .6 .3 .  DEPARTMENT  OF  FORESTS (BCDF) 

T h e   f o l l o w i n g   o b s e r v a t i o n s  are b a s e d   u p o n   t h e   a s s u m p t i o n   t h a t   t h e   n e w l y -  

formed BCDF w i l l  e x e r c i s e  those f u n c t i o n s   w h i c h   h a v e   b e e n   p e r f o r m e d   h i t h e r t o   b y   t h e  

B.C. F o r e s t   S e r v i c e .   T h e  BCDF h a s  sole r e s p o n s i b i l i t y   f o r   t h e   a d m i n i s t r a t i o n  of 

Crown timber r e s o u r c e s   p u r s u a n t  t o  t h e   F o r e s t  Act. 

F o r e s t r y  is t h e   s i n g l e  most i m p o r t a n t   p r i m a r y   i n d u s t r i a l  sector i n   t h e  

p r o v i n c i a l  economy.  Over t h e   y e a r s ,   t h e r e f o r e ,   t h e   F o r e s t   S e r v i c e   h a s   d e v e l o p e d  

i n t o  t h e  most p o w e r f u l   p r o v i n c i a l   r e s o u r c e   m a n a g e m e n t   a g e n c y .  I ts  l e g i s l a t e d   j u r i s -  

d i c t i o n  i s  e f f e c t i v e   o v e r  more t h a n  50 p e r   c e n t   o f   t h e   P r o v i n c e ' s  area. 

The BCDF r e g u l a t e s   t h e   h a r v e s t i n g   o f  Crown timber a c c o r d i n g  t o  s u s t a i n e d  

y i e l d   p r i n c i p l e s   w h i c h  a r e  d e s i g n e d  t o  p r e v e n t   l o n g - t e r m   d e p l e t i o n   o f   m e r c h a n t a b l e  

s t o c k s .  A t  p r e s e n t ,   h o w e v e r ,   t h e r e  is a f e a r   t h a t  a l o n g - t e r m   d e p l e t i o n  is  i n d e e d  

t a k i n g   p l a c e   a s  a r e s u l t  of o v e r - e s t i m a t i o n   o f   a n n u a l   a l l o w a b l e   c u t s  ( A A C ' s )  i n   t h e  

P r o v i n c e ' s   p u b l i c   s u s t a i n e d   y i e l d   u n i t s  (PSYU's)  a n d  tree f a r m   l i c e n s e s   ( T F L ' s ) .  

Thia  iaar aLrr t la  L L W I I I  arraiYS.lS cji iiia eVe~~-irttpL-cVi~.1g Lorest i n v e n t o r y  d a h  bass w y y l r i u r  

s u g g e s t s   t h a t   e a r l y  estimates o f   t h e  A A C ' s ,  some o f   w h i c h   d a t e   f r o m   t h e   1 9 5 0 ' s ,  may 

have  been too h i g h .  A l l  BCDF f o r e s t  management  programs are based  upon a v e r y  

d e t a i l e d   o n - g o i n g   f o r e s t   i n v e n t o r y   m a p p i n g   p r J g r a m .  

An i m p o r t a n t   f e a t u r e   o f   t h e   p r o v i n c i a l   f o r e s t   t e n u r e   s y s t e m  is i ts  ex t r eme  

c o m p l e x i t y .   O n l y   i n   t h e  PSYU's h a s   t h e   P r o v i n c e   r e t a i n e d   f o r   i t s e l f   c o m p l e t e   c o n t r o l  

of h a r v e s t i n g .  The o l d   t e m p o r a r y   t e n u r e s   a n d   T F L ' s  are unde r  less direct forms  of  

p r o v i n c i a l   c o n t r o l   a n d ,  as s u c h ,  are less amenzble  t o  m a n i p u l a t i o n  as p a r t   o f   b r o a d e r  

r e g i o n a l   a n d   l o c a l   l a n d   u s e  management  programs. 

R e s o u r c e   c o n f l i c t s  are commonly a s s o c i a t e d   w i t h   t h e   p r a c t i c e  of f o r e s t r y ,  

s i n c e  a wide r a n g e  of r e s o u r c e   a c t i v i t i e s ,   i n c l u d i n g   a g r i c u l t u r e ,   f i s h   a n d   w i l d l i f e  

m a n a g e m e n t ,   a n d   r e c r e a t i o n a l   a c t i v i t i e s ,  may be s u i t e d  t o  f o r e s t e d   t e r r a i n .  A 

f u n d a m e n t a l   p r o b l e m   a r i s e s   f r o m   t h e   f a c t   t h a t   t h e  BCDF, w h i c h   h a s   a n   o v e r t  commit- 

ment t o  timber management, h t s  been   compel led  to  move i n t o   t h e   a r e n a  of m u l t i -  

r e source   managemen t ,   a l t hough   t he   agency  i s  n o t   n e c e s s a r i l y   p a r t i c u l a r l y   s u i t e d  t o  

p e r f o r m   a n   i n t e g r a t i v e  role. 

The BCDF now s p o n s o r s   r e s o u r c e   o v e r l a y  fol ios  as  i t s  p r i m a r y  tool for the 
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r e s o l u t i o n  of r e n o u r c e   c o n f l i c t s .  The f o l i o s   a r e   e m p l o y e d  t o  d e t e r m i n e   t h e  location 

of l o g g i n g   o p e r a t i o n s   i n  a manner  which w i l l  h o p e f u l l y   p r e s e r v e   o t h e r   r e s o u r c e   v a l u e s  

t o  t h e   g r e a t e s t   e x t e n t   p o s s i b l e .  

1.6.4.  DEPARTMENT OF MINES AND PETROLEUM  RESOURCES  (BCDMPR) 

The  pr imary ro le  of t h e  BCDMPR is  to r e g u l a t e   t h e   m i n e r a l   i n d u s t r y  i n  t h e  

best i n t e r e s t s  of t h e   P r o v i n c e .  I t  a l so  s h a r e s   r e s p o n s i b i l i t i e s   f o r   t h e   r e g u l a t i o n  

of t h e   p e t r o l e u m   i n d u s t r y  w i t h  o t h e r   a g e n c i e s ,   i n c l u d i n g   t h e  B.C. P e t r o l e u m   C o r p o r a t i o n  

(BCPC) , t h e  B.C. Energy  Commission (BCEC) , a n d   t h e   D e p a r t m e n t   o f   T r a n s p o r t   a n d  

Communications (BCDTC). Minera l   management   po l ic ies  are h i n d e r e d  a t  p r e s e n t   b y   t h e  

a b s e n c e   o f  a c o m p r e h e n s i v e   m i n e r a l   i n v e n t o r y   a l t h o u g h   m i n e r a l   p o t e n t i a l  maps are now 

a v a i l a b l e   f o r  most a r e a s   o f   t h e   P r o v i n c e .  

Recent  amendments t o   t h e   M i n e r a l  A c t  a n d   o t h e r   m i n i n g   l e g i s l a t i o n   r e q u i r e  

t h a t   t h e   g r a n t i n g   o f   a l l  new m i n i n g   p e r m i t s   b e   c o n t i n g e n t   u p o n   t h e   d e v e l o p m e n t  of a 

s a t i s f a c t o r y   p l a n   f o r   r e c l a m a t i o n   a n d   r e s t o r a t i o n  of t h e   p r e - m i n i n g   e n v i r o n m e n t   a f t e r  

a n   o p e r a t i o n  closes. I t  i s ' n o t   y e t   p o s s i b l e   t o   a s s e s s   t h e   i m p a c t   o f   t h i s   , r e l a t i v e l y  

new p o l i c y   s t e p .  

The   min ing   i ndus t ry  is p a r t i c u l a r l y   s u s c e p t i b l e  t o  p r o b l e m s   w h i c h   r e s u l t  

f r o m   r e s o u r c e   c o n f l i c t s   b e c a u s e   m i n e r a l   l o c a t i o n s  are f i x e d   a n d   t h e   r e s o u r c e  is  non- 

. L .,... * . ; - I s l  LI 
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1 . 6 . 5 .  DEPARTMENT OF RECREATION AND TOURISM  (BCDRT) 

( a )  The   P rov inc ia l   Pa rks   Branch  (BCPPB) 

The BCPPB ( f o r m e r l y  of t h e   D e p a r t m e n t   o f   R e c r e a t i o n   a n d   C o n s e r v a t i o n )  

manages a l l  a s p e c t s  of p r o v i n c i a l   p a r k   d e v e l o p m e n t   a n d   u s e   p u r s u a n t  to  t h e   P a r k  A c t .  

A m a j o r   f e a t u r e   o f  BCPPB management  programs is t h e   p r o m o t i o n   o f   d i v e r s i t y  i n  t h e  

character a n d   q u a l i t y   o f   t h e   r e c r e a t i o n a l   e x p e r i e n c e s   w h i c h  are p r o v i d e d .  I t  is o n l y  

since 1 9 7 3  t h a t   t h e  BCPPB h a s   a s s u m e d   c o m p l e t e   s t a t u t o r y   r e s p o n s i b i l i t y   f o r   r e s o u r c e  

management i n   p a r k s ,   a n d   t h e   B r a n c h  still d o e s   n o t   p o s s e s s   s t a t u t o r y   p o w e r s  t o  

d e s i g n a t e  new p a r k  areas,  even   on  Crown l a n d s .  A r e c r e a t i o n a l   l a n d   b a n k   e x i s t s ,   b u t  

is a d m i n i s t e r e d   b y   t h e  BCLS. 

An i m p o r t a n t   a s p e c t   o f   p r o v i n c i a l   r e c r e a t i o n  management is t h e   f a c t  

t h a t   n o   s i n g l e   g o v e r n m e n t   a g e n c y  is c h a r g e d   w i t h   r e s p o n s i b i l i t y   f o r   t h e   c o - o r d i n a t i o n  

a n d   m a n a g e m e n t   o f   t h e   s e v e r a l   i n d e p e n d e n t   o u t d o o r   r e c r e a t i o n a l   p r o g r a m s   w h i c h  are 

pre.;ently  implemented by a t  l eas t  1 0  p u b l i c   a n d   p r i v a t e   g r o u p s .  A need ex is t s  for  

g r e a t e r   o v e r a l l   d i r e c t i o n   o f   r e c r e a t i o n a l   p r o g r a m s  i n  t h e   P r o v i n c e   i n   t h e   i n t e r e s t s  

of good  resource   management .   Perhaps   the   newly- formed Outdoor Recrea t ion   Branch  w i l l  
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e v e n t u a l l y   p e r f o r m   t h i s   f u n c t i o n .  

( b )  The F i s h   a n d   W i l d l i f e   B r a n c h  (BCFWB) 

I t  i s  p o s s i b l e   t h a t   t h i s   b r a n c h   o f   t h e   f o r m e r   D e p a r t m e n t   o f  

R e c r e a t i o n   a n d   C o n s e r v a t i o n  w i l l  now become a p a r t   o f   t h e  BCDRT. The BCFWB i s  

r e s p o n s i b l e  for t h e   m a i n t e n a n c e ,   p r o t e c t i o n   a n d   e n h a n c e m e n t   o f   f i s h   a n d   w i l d l i f e  

r e s o u r c e s   p u r s u a n t  t o  t h e   W i l d l i f e  A c t .  T h e   B r a n c h ' s   e f f e c t i v e n e s s   i n   t h e   p a s t   h a s  

b e e n   r e s t r i c t e d  by r e l a t i v e l y  weak l e g i s l a t i o n   w h i c h   h a s   t e n d e d  t o  r e n d e r  i t s  r e s o u r c e  

i n t e r e s t s  of secondary   impor t ance  t o  s u c h   a c t i v i t i e s  as  f o r e s t r y ,   m i n i n g   a n d  agri-  

c u l t u r e .   S y m p t o m a t i c   o f   t h i s   w e a k n e s s  is t h e  fact  t h a t   t h e  BCFWB is not  empowered 

to  set a s i d e   l a n d  areas f o r   w i l d l i f e  management. Thus, w h i l e  it e n f o r c e s   p r o t e c t i v e  

l e g i s l a t i o n   d e s i g n e d  t o  c o n t r o l   l e v e l s  of h u n t i n g   a n d   f i s h i n g ,  it is g e n e r a l l y   u n a b l e  

t o  p r o t e c t   w i l d l i f e   h a b i t a t s   e f f e c t i v e l y .  The a g e n c y   p r o v i d e s   e x t e n s i v e   r e f e r r a l  

s e r v i c e s   f o r   d e v e l o p e r s   b u t ,   t o  a l a r g e   e x t e n t ,   m u s t   d e p e n d   u p o n   t h e   g o o d w i l l   o f   t h e  

l a t te r  t o  p r a t e c t  habitats f rom  adve r se   deve lopmen ta l   i ropac t s .  

(c)  The  Mari.ne  Resources  Branch (BCMRB) 

The BCMKB is t h e  p r o v i n c i a l  spokesman for, a n d   c u s t o d i a n  o f ,  t h e  

P r o v i n c e ' s   m a r i n e   r e s o u r c e s   i n   a r e a s   o f   p r o v i n c i a l   j u r i s d i c t i o n   s u c h  as s h e l l f i s h  

m a n a g e m e n t   a n d   m a r i n e   f l o r a   h a r v e s t i n g .   T e c h n i c a l l y ,   t h e  BCMRB may r e g u l a t e   r i v e r -  

based   deve lopmcnts   which  impede f i s h   m i g r a t i o n   t h r o u g h   p o w e r s   p u r s u a n t   t o  thc F i s h e r i e s  

- Act. However, t h i s   f u n c t i o n   h a s   n o t   b e e n   e f f e c t i v e l y   e x e r c i s e d   i n   t h e   d e v e l o p m e n t  

o f  many o f   t h e   P r o v i n c e ' s   h y d r o - e l e c t r i c   p o w e r   i n s t a l l a t i o n s .  The f e d e r a l   F i s h e r i e s  

Act r e g u l a t e s   d e v e l o p m e n t s   w h i c h   a f f e c t   a n a d r o m o u s   f i s h .  
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Tbere  are s e v e r a l   o t h e r   p r o v i n c i a l   d e p a r t m e n t s   w h o s e   p r o g r a m s   e x e r t  a s i g n i f i c a n t  

i n f l u e n c e   o n   t h e   o u t c o m e  of p r o v i n c i a l   e n v i r o n m e n t   a n d   l a n d   u s e   d e c i s i o n s .   T h e s e  

a g e n c i e s  are d i s c u s s e d   b r i e f l y  below: 

1.7.1.  DEPARTMENT OF ECONOMIC DEVELOPMENT (BCDED) 

The   programs  of   the  BCDED are d e s i g n e d  t o  assist a n d   i n f l u e n c e   t h e   l o c a t i o n  

a n d   d e v e l o p m e n t   o f   i n d u s t r i e s   a n d   t h e   p r o m o t i o n   o f   i n t e r n a l   a n d   e x t e r n a l   m a r k e t s   f o r  

t r a d e   p u r p o s e s .  The BCDED a l s o   e x e r c i s e s  a key role i n   t h e   c o l l e c t i o n   o f   s t a t i s t i c a l  

and   economic   in format ion .  The d e p a r t m e n t   e x e r c i s e s ,  a t  p r e s e n t ,  a r e l a t i v e l y   p a s s i v e  

role i n   t h e   p r o c e s s   o f   r e g i o n a l   e c o n o m i c   d e v e l o p m e n t   w i t h i n   w h a t   r e m a i n s   b a s i c a l l y  

a f r ee -marke t  economy. I t  d o e s   n o t   i n t e r v e n e - a c t i v e l y   i n   t h e   i n d u s t r i a l   l o c a t i o n  

a n d   d e v e l o p m e n t   p r o c e s s   e x c e p t   t h r o u g h   t h e   p r o g r a m s  of t h e  B.C. Development Corpor- 

a t i o n  (BCDC) which are c l o s e l y   l i n k e d  t o  t h o s e   o f   t h e  BCDED (See 1.8.6.) .   The BCDED 
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is  i n t e r e s t e d   i n   t h e   d e v e l o p m e n t   o f   r e g i o n a l   e c o n o m i c   p o l i c i e s   a n d ,  t o  t h i s   e n d ,   h a s  

s p o n s o r e d  a series of r e g i o n a l   e c o n o m i c   s t u d i e s ,   s u c h  as  t h e  Nor th   Eas t   S tudy ,   wh ich  

may i n f l u e n c e   f u t u r e   i n d u s t r i a l   d e v e l o p m e n t   b y   h i g h l i g h t i n g   t h e  more p r o m i s i n g  

e c o n o m i c   o p p o r t u n i t i e s .  

1 .7 .2 .  DEPARTMENT OF HEALTH (BCDHe) 

The BCDHe i s  o f   p r e s e n t   i n t e r e s t   t h r o u g h   t h e   a c t i v i t i e s  of i ts  Heal th   Branch 

i n   t h e   f i e l d  of env i ronmen ta l   hea l th   managemen t .   Pu r suan t  t o  t h e   H e a l t h  A c t ,  t h e  

H e a l t h   B r a n c h   r e g u l a t e s   p u b l i c   h e a l t h   h a z a r d s   w h i c h  are r e l a t e d  t o  a s p e c t s   o f   u r b a n  

development   such  as  d r a i n a g e ,  water s u p p l y ,  waste d i s p o s a l   s y s t e m s ,   a n d   h e a t i n g   a n d  

v e n t i l a t i o n   s y s t e m s .   T h e s e   c o n c e r n s   e x e r t  a c o n s i d e r a b l e   i n f l u e n c e   o n   t h e   d e n s i t y  

a n d   s e r v i c i n g   o f   u r b a n - s t y l e   d e v e l o p m e n t s .   T h e   i n t e r e s t s   o f   t h e   H e a l t h   B r a n c h  are 

v e r y   s i t e - s p e c i f i c   a t   p r e s e n t ,   b u t   t h e r e  may be  a role  f o r   t h e   B r a n c h   i n   b r o a d e r  

r e g i o n a l   l a n d  management i s s u e s   i n   t h e   f u t u r e ,   p a r t i c u l a r l y   t h o s e   w h i c h  are r e l a t e d  

t o  t h e   l o c a t i o n   o f   f u t u r e   u r b a n   d e v e l o p m e n t .  

1.7.3. DEPARTMENT O F  HIGHWAYS (BCDH) 

The BCDH p l a n s ,   b u i l d s   a n d   m a i n t a i n s  t h e  h ighway   sys t em  th roughou t   t he  

P r o v i n c e   p u r s u a n t  t o  the   Depar tment  of Highways A c t  a n d   t h e  Highway A c t .  

H i s t n r i  - a l l y .   t h e  BCDH h a s   e x e r c i s e d   a n   i m p o r t a n t  role 3s a develaprnent 

a g e n c y   i n   t h e   p r o c e s s e s  of l o c a l   a n d   r e g i o n a l   d e v e l o p m e n t .   U n t i l   r e c e n t l y ,   h o w e v e r ,  

t he   deve lopmen t  of t h e   p r o v i n c i a l   h i g h w a y   n e t w o r k   w a s ,  a t  b e s t ,   a n   ' a d   h o c '   p r o c e s s  

which was u s u a l l y   b a s e d  upon r e s t r i c t i v e   p e r c e p t i o n s  of short-term l o c a l   a n d   r e g i o n a l  

n e e d s .   T r a n s p o r t a t i o n   n e t w o r k   p l a n n i n g   i n   t h e   m o d e r n   s e n s e   w o u l d   h a v e   r e q u i r e d  a 

f r a m e w o r k  of r e g i o n a l   a n d  local p l a n n i n g   o b j e c t i v e s   w h i c h   t h e   P r o v i n c e   h a s   y e t  to  

p r e p a r e  fo r  most r e g i o n s  of B.C.  F u r i n e r m o r e ,   e n v i r o n m e n t a l   b a s e l i n e   d a t a  were 

scarce or  n o n - e x i s t e n t .  I t  i s  n o t   s u r p r i s i n g ,   t h e r e f o r e ,   t h a t ,   v i e w e d   i n  terms o f  

t o d a y ' s   n e e d s ,   h i g h w a y   l o c a t i o n   a n d   c o n s t r u c t i o n   p r a c t i c e s   a p p e a r  t o  have  been 

i n s e n s i t i v e  to  g e o t e c h n i c a l   h a z a r d s ,   e n v i r o n m e n t a l   v a l u e s ,   a n d  local a n d   r e g i o n a l  

community  needs i n  many s i t u a t i o n s .  

Nowadays, t h e  BCDH relies h e a v i l y  on r e f e r r a l s  t o  r e s o u r c e   a n d   p l a n n i n g  

a g e n c i e s  as a means of i d e n t i f y i n g  c r i t i ca l  va lues   and   key   r equ i r emen t s .  I t  is  t o  

be e x p e c t e d ,   t h e r e f o r e ,  t h a t  c u r r e n t   a n d   f u t u r e  BCDH-sponsor2d  development w i l l  

e x h i b i t  a s e n s i t i v i t y  t o  e n v i r o n m e n t a l   v a l u e s ,   l a n d   m a n a g e m e n t   r e q u i r e m e n t s   a n d  

communi ty   needs   which   has   no t   been   wi tnessed   dur ing  t h e  p a s t .  
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1 . 7 . 4 .  DEPARTMENT OF HOUSING (BCDH9) 

The BCDHg was e s t a b l i s h e d   i n   1 9 7 3   i n   r e s p o n s e  t o  a s e v e r e   h o u s i n g   s h o r t a g e  

i n  t h e   P r o v i n c e .  Its mandate  is t o  s u p e r v i s e ,   a c q u i r e ,   d e v e l o p ,   m a i n t a i n ,   i m p r o v e   a n d  

d i s p o s e   o f   h o u s i n g .  A t  p r e s e n t ,   t h e  BCDHg d e v e l o p m e n t   p r o c e s s   i n v o l v e s ,  a t  b e s t ,  a 

r a t h e r   l i m i t e d   e v a l u a t i o n   o f   t h e   d e s i r a b i l i t y   o f  i t s  proposed   deve lopments   f rom  the  

v i e w p o i n t   o f  local  e n v i r o n m e n t a l   v a l u e s ,   c o m m u n i t y   p l a n n i n g   o b j e c t i v e s   a n d   l a n d  

m a n a g e m e n t   p o l i c i e s .   F o r   t h e s e   e v a l u a t i o n s ,  i t  relies upon t h e   p r o v i n c i a l  or mun ic ipa l  

s u b d i v i s i o n   a p p r o v a l   p r o c e d u r e s ,   a s   w o u l d  a p r i v a t e   h o u s i n g   d e v e l o p e r .   U n f o r t u n a t e l y ,  

t h e s e   p r o c e s s e s ,   p a r t i c u l a r l y   t h e   p r o v i n c i a l   p r o c e s s   i n   u n o r g a n i z e d  areas, are swamped 

w i t h   a p p l i c a t i o n s ,   a n d  it is  n o t   p o s s i b l e  to  e x a m i n e   t h o r o u g h l y   t h e  local p l ann ing  

and e n v i r o n m e n t a l   i m p l i c a t i o n s   o f   d e v e l o p m e n t   p r o p o s a l s   i n  a l l  cases. 

1.7.5.  DEPARTMENT OF MUNICIPAL A F F A I R S  (BCDMA) 

The BCDMA i: r e s p o n s i b l e  for  l i a i s o n   b e t w e e n   p r o v i n c i a l   a n d  local levels 

o f   g o v e r n m e n t ,   p u r s u a n t  t o  t h e   M u n i c i p a l  A c t .  The l and   u se   p l ann ing   mach ine ry   wh ich  

h a s  been set up u n d e r  t h i s  Act, and w h i c h  is a d m i n i s t e r e d   l o c a l l y   b y   i n d i v i d u a l  

m u n i c i p a l i t i e s   a n d   r e g i o n a l   d i s t r i c t s ,  is  p r o v i n g  t o  be  somewhat  cumbersome  and 

i n e f f e c t i v e .   S u c c e s s f u l   p l a n n i n g   d e p e n d s   h e a v i l y  upon t h e   g o o d w i l l   o f  many p a r t i e s  

b e c a u s e   t h e   p l a n n i n g   a g e n c i e s   t h e m s e l v e s ,   p a r t i c u l a r l y   t h e   r e g i o n a l   d i s t r i c t s ,   e x e r c i s e  

Z i r e c t  j z r i sd ic t ion  ~ % - e r  v e r y  l i t t l e  of t h e i r  i a v r w i u r l l  areas of a d m i n i s t r a t i a n .  

There  is  now i n c r e a s i n g   s u p p o r t   f o r   t h e   n o t i o n   t h a t   t h e   l o c a l   g o v e r n m e n t  

a d m i n i s t r a t i v e   u n i t  i s  a n   i n a p p r o p r i a t e   l e v e l   a t   w h i c h  t o  implemen t   r eg iona l   p l ann ing .  

The re  are  1 3 @   m u n i c i p a l i t i e s   o r g a n i z e d  i n t o  29  r e g i o n a l   d i s t r i c t s .   T h e s e   u n i t s   a r e  

u s u a l l y  too small to be v i a b l e   p l a n n i n g   u n i t s .   T h i s   h a s   b e e n   r e s p o n s i b l e  for t h e  

p l a n n i n g  vacuum  which h a s   b e e n   i d e n t i f i e d  a t  t h e   r e g i o n a l   l e v e l  i n  B.C. 

1 .7 .6 .  DEPARTMENT O F  THE PROVINCIAL  SECRETARY (BCDPS) 

The BCDPS is r e s p o n s i b l e  fo r  t h e   p r e s e r v a t i o n   o f   o b j e c t s   a n d   p l a c e s   o f  

a r c h a e o l o g i c a l   a n d   h i s t o r i c a l   v a l u e ,  a f u n c t i o n   w h i c h  is implemented   th rough two 

a d v i s o r y   b o a r d s .  

T h e   p r i m a r y   f u n c t i o n   o f   t h e  Historic Sites Advisory  Board (HSAB)  is t o  

restore h is tor ic  s i tes  o f   p a r t i c u l a r   s i g n i f i c a n c e ,   a n d  t o  manage  them as  v i s i t o r  

a t t r a c t i o n s .  The HSAB h a s   o n l y   r e c e n t l y   b e g u n  t o  c o m p i l e   a n   i n v e n t o r y   o f   h i s t o r i c  

sites w i t h i n   t h e   P r o v i n c e   a n d ,   f o r  most areas, i s  n o t   y e t  able t o  p r o v i d e   s u c h  

i n f c r m a t i o n   t o   a g e n c i e s   w h i c h  are c o n c e r n e d   w i t h   d e v e l o p m e n t a l   i m p a c t   a s s e s s m e n t s  

a n d   o t h e r   q u e s t i o n s .  
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T h e   A r c h a e o l o g i c a l   S i t e s   A d v i s o r y   d o a r d  (ASAB) i s  p r i m a r i l y   c o n c e r n e d   w i t h  

t h e   i d e n t i f i c a t i o n ,   p r o t e c t i o n   a n d  management   o f   a rchaeologica l  s i t e s . '  The i n v e n t o r y  

o f   a r c h a e o l o g i c a l  s i tes ,  a l t h o u g h   f a r   f r o m   c o m p l e t e ,  is  more comprehens ive   t han   t ha t  

f o r   h i s t o r i c   s i t c o   a n d   t h e  AShR is a b l e  t o  p r o v i d e  some i n f o r m a t i o n   i n  moat a r e a s .  

I I t  i~ a l s o   g e a r e d  t o  p r o v i d i n g   c o n s u l t i n g   s e r v i c e s   f o r   o t h e r   g o v e r n m e n t   a g e n c i e s .  

I t  a p p e a r s   t h a t   t h e   A r c h a e o l o g i c a l   a n d  Historic S i t e s   P r o t e c t i o n  A c t ,  a l though  couched  

W i n  power fu l   l anguage ,  is a c t u a l l y   b e i n g   e n f o r c e d   w i t h   l e n i e n c y   b e c a u s e   o f   t h e   e c o n o m i c  

h a r d s h i p  t o  deve lope r s   wh ich   wou ld   r e su l t   f rom s t r i c t  en fo rcemen t .  The s u c c e s s   o f  

a r c h a e o l o g i c a l   p r e s e r v a t i o n   o b j e c t i v e s ,   t h e r e f o r e ,   d e p e n d s ,  to  a l a r g e   e x t e n t ,   o n   t h e  

g o o d w i l l  of p u b l i c   a g e n c i e s   a n d   p r i v a t e   p a r t i e s   a l i k e .  
I 

I 

I 

1 . 7 . 7 .  DEPARTMENT OF RECREATION AND TOURISM  (BCDRT) 

I n   a d d i t i o n  t o  a b s o r b i n g   t h e  BCPPB,the BCFWB a n d   t h e  BCMRB, t h i s   n e w l y - f o r m e d  

d e p a r t m e n t  a lso c o n t a i n s   t h e   f o r m e r   D e p a r t m e n t   o f   T r a v e l   I n d u s t r y  ( B C D T I ) .  The role 

of t h e  BCDTI h a s   b e e n  t o  f a c i l i t a t e   a n d   e n c o u r a g e   t h e   d e v e l o p m e n t  of t h e   t o u r i s t  

i n d u s t r y   i n   t h e   P r o v i n c e .  The ma jo r  criticism o f   t h e  BCDTI i s  t h a t  i t  implements i t s  

p r o m o t i o n a l   p r o g r a m s   w i t h o u t   r e g a r d   f o r   t h e   i n d i r e c t   i m p a c t s ,   b o t h   b e n e f i c i a l   a n d  

a d v e r s e ,   o f  tourism. I t  a p p e a r s   t h a t   c o s t - b e n e f i t   s t u d i e s   a r e   n o t   p r e s e n t l y   u n d e r -  

t a k e n   i n   o r d e r  t o  assist  w i t h   t h e   i d e n t i f i c a t i o n  of t h o s e   t o u r i s t   p r o g r a m s   w h i c h   a r e  

n105i ~ 3 V a r r L h ~ ~ e u u s  LW Liia T i o v i n c e .  C"1.rai&L&i.a u r i i u ~ ~ ~ ~ y ~ c i  curd u r & b i i a L l e  devmiupruerrL 

may r e s u l t   f r o m   u n c o n s t r a i n e d   t o u r i s t   p r o m o t i o n ,   s u c h   a s   h a s   a l r e a d y   o c c u r r e d ,  for 

e x a m p l e ,   a l o n g   t h e  east  s i d e   o f   V a n c o u v e r   I s l a n d .  

1,8, .BUGRAMS OF SPECIAL CROWN DEVELOPMENT AGENCIFS 
1.8.1.  BRITISH COLUMBIA HYDRO AND POWER  AUTHORITY  (BCHPA) 

The BCHPA is a m a j o r   d e v e l o p e r  of e lec t r ica l  e n e r g y   r e s o u r c e s .  I t  also 

d i s t r i b u t e s   n a t u r a l   g a s   a n d   l i q u e f i e d   p e t r o l e u m   g a s   a n d   p r o v i d e s   b u s   a n d   f r e i g h t  

s e r v i c e s .  

I The BCHPA h a s   b e e n   r e s p o n s i b l e   f o r  some of t h e   l a r g e s t   d e v e l o p m e n t s   i n   t h e  

P r o v i n c e   t h r o u g h  i t s  h y d r o - e l e c t r i c  dam c o n s t r u c t i o n   p r o g r a m .  As w i t h   t h e  BCDH pro-  

g r a m s ,   p a s t  BCHPA e n e r g y   d e v e l o p m e n t s   h a v e   c h a r a c t e r i s t i c a l l y   b e e n   i m p l e m e n t e d   w i t h -  

ou t   wha t   wou ld   t oday  be r e g a r d e d  as s u f f i c i e n t   c o n c e r n   f o r   a d v e r s e   e n v i r o n m e n t a l  

and   soc io-economic   impacts .  

1 

I 
The BCHPA d e v e l o p m e n t   p l a n n i n g   p r o c e s s  now c o n s i d e r s   s u c h   i m p a c t s   i n  

de t a i l .  However, it rema ins  t o  be s e e n   w h e t h e r  or n o t   t h e   c u r r e n t W G v e   o f   i m p a c t  

Q a s s e s s m e n t s  wili l e a d  t o  s i g n i f i c a n t l y   r e d u c e d   a d v e r s e   d e v e l o p m e n t a l   i m p a c t s   i n   v i e w  
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of the   p roblems  which  are  e n t a i l e d  i n  modi fy ing  a devolopment  program once d e t a i l e d  

p l a n n i n g   a n d   d e s i g n  are undorway. 

The BCHPA is a160 f a c e d   w i t h  serious p r o b l e m s   w i t h   r e s p e c t  to  t h e   r a p i d  

g r o w t h   i n   t h e  demand for  e l e c t r i c a l   e n e r g y .  Management p r a c t i c e s   w h i c h  are d e s i g n e d  

t o  c u r t a i l   p e a k   e l e c t r i c a l  demand a r e   u r g e n t l y   r e q u i r e d .   F u r t h e r m o r e ,  i t  w i l l  n o t  

be p o s s i b l e  t o  c o n t i n u e  t o  c a t e r  t o  demand s o l e l y   b y   r e l y i n g   o n   h y d r o - e l e c t r i c   p o w e r  

deve lopmen t   beyond   t he   nex t  t w o  d e c a d e s ,   a n d   a l t e r n a t i v e   e n e r g y  sources must   be 

i d e n t i f i e d   a n d   e n c o u r a g e d .  

1 .8 .2 .  BRITISH COLUMBIA RAILWAY COMPANY (BCR) 

The BCR is  one  of t h e  major p u b l i c   d e v e l o p m e n t   a g e n c i e s   i n   t h e   P r o v i n c e .  

I t  o p e r a t e s  more than   1 ,800  miles of r a i lway   t r ack   and   manages   70 ,000  acres of 

i n d u s t r i a l   l a n d .  The   p r imary   func t ion   o f   t he  BCR is  t o  t r a n s p o r t   f r e i g h t   f r o m   t h e  

i n t e r i o r   a n d   n o r t h e r n   r e g i o n s  of t h e   P r o v i n c e  t o  t r a n n s h i p m e n t   p o i n t s   a n d   p r o c e s s i n g  

a r e a s .  The f r e i g h t   c o n s i s t ! ;   p r i m a r i l y   o f   f o r e s t ,   m i n i n g   a n d   a g r i c u l t u r a l   p r o d u c t s .  

BCR d e v e l o p m e n t s   i n   t h e   p a s t   h a v e   r e s u l t e d   i n  (i) a d v e r s e   r e g i o n a l   e c o n o m i c   - i m p a c t s  

because  of t h e   s e l e c t i o n  of l e s s - t h a n - o p t i m a l   g e n e r a l   l o c a t i o n s   a n d  (ii) a d v e r s e  

s i t e - s p e c i f i c   e c o l o g i c a l   i m p a c t s   b e c a u s e   o f   i n a d e q u a t e   p r o t e c t i v e   m e a s u r e s .  The 

BCR is now beg inn ing  t o  c o m m i s s i o n   i m p a c t   s t u d i e s   f o r   m a j o r  new p r o j e c t s .   F u r t h e r  

expGnsic:: zf k! :~ SaZ?. :-j.l*;:ay sy~te::: is riot:? being yzlan1?& w i k h i n   t h e  fr-mewnrk rf 

o v e r a l l   r e g i o n a l   d e v e l o p m e n t   p l a n n i n g ,   p a r t i c u l a r l y   w i t h i n   t h e   N o r t h  West, w h e r e   t h e  

r a i l r o a d  is viewed as a fundamental   development  tool.  

1 .8 .3 .  BRITISH COLUMBIA CELLULOSE COMPANY (BCCC) 

The BCCC is a p u b l i c   a g e n t   w h i c h   h a s   a c q u i r e d ,   a n d  now manages   and   ope ra t e s ,  

f o r e s t   p r o d u c t s   i n d u s t r i a l   p l a n t s   i n   v a r i o u s   p a r t s   o f   t h e   P r o v i n c e .   T h e  BCCC was 

o r i g i n a l l y   c r e a t e d   i n   1 9 7 3  as  a major   government   p lanning  tool  f o r   t h e   r e v i t a l i z a t i o n  

o f   t h e   f o r e s t - b a s e d  economy of t h e   N o r t h  West. The p h i l o s o p h y   a p p e a r s  t o  be t h a t   a n  

i n c r e a s e   i n   t h e  sawn lumber sector o f   t h e   i n d u s t r y  is  r e q u i r e d   i n   o r d e r  t o  r e v i t a l i z e  

t h e   p u l p   a n d   p a p e r  sector, a n d   t h a t   t h e   P r o v i n c e   m u s t   b r i n g   a b o u t   t h i s   r e - o r i e n t a t i o n  

s i n c e   t h e   p r i v a t e  sector has   been   unab le  t o  do so. The BCCC h a s   a l s o . a c q u i r e d   p l a n t s  

i n   t h e  Vanderhoof  and  Kootenay areas. 

1 .8 .4 .  OCEAN FALLS CORPORATION (OFC) 

The OFC owns a n d   o p e r a t e s  a p u l p   a n d   p a p e r  m i l l  a t  Ocean F a l l s   w h i c h  was 

a c q u i r e d   i n   1 9 7 3  a t  a time when t h e   p r i v a t e  sector was i n t e n d i n g  t o  abandon it. The 
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former Crown Z e l l e r b a c h   p l a n t  was a c q u i r e d   i n   o r d e r  t o  m a i n t a i n   t h e  local  i n d u s t r i a l  

base. I t  a p p e a r s ,   h o w e v e r ,   t h a t   t h e   p l a n t  w i l l  e n c o u n t e r   c o n s i d e r a b l e   d i f f i c u l t i e s  

i n  t h e   n e a r   f u t u r e   a s   t h e   r e s u l t  of a s e r i o u s   s h o r t a g e  of accessible timber to  main- 

t a i n  o p e r a t i o n s .  

1 .8 .5 .  BRITIS11 COLUMI3IA HARBOURS BOARD (RCHB) - 
The BCHB was e s t a b l i s h e d   i n   1 9 6 7   i n   o r d e r  t o  p r o m o t e   a n d   f a c i l i t a t e   h a r b o u r  

deve lopmen t   i n   t he   P rov i .nce .  I ts  most n o t a b l e   a c h i e v e m e n t  t o  d a t e   h a s   b e e n   t h e  

deve lopment   o f  t h e  Rober t s  Bank Superpor t ,   wh ich  is  now managed  by t h e   f e d e r a l   N a t i o n a l  

Harbours   Board .   The   deve lopment   o f   the   Superpor t  across t h e   e c o l o g i c a l l y - s e n s i t i v e  

F r a s e r   R i v e r   d e l t a   f o r e s h o r e   h a s   r e s u l t e d   i n  some a d v e r s e   e n v i r o n m e n t a l   i m p a c t s   w h i c h  

were n o t ,   h o w e v e r ,   f u l l y   a p p r e c i a t e d   u n t i l   a f t e r   t h e   p r o j e c t  was comple t ed .  

1- 

The  pr imary role o f   t h e  BCHB a t   p r e s e n t  is  t h e   o p e r a t i o n   o f   t h e   r a i l r o a d  

w h i c h   s e r v e s   t h e  Roberts Bank Superpor t .   The  BCHB 0wr.s c o n s i d e r a b l e  amounts of l a n d  

i n   t h e  A L R ' s  a d j a c e n t   t o   t h i s   r a i l r o a d   a n d   h a s  made a commitment t o  m a i n t a i n   a g r i -  

c u l t u r a l   l a n d   u s e s   o n  a l e a s e   b a s i s .  
I 

I 

I 

1.8.6.  BRITISH COLUMBIA DEVELOPMENT CORPORATION (BCDC) 

The pu rpose  of t h e  DCIIC i s  t o   c r e a t e ,   d e v e l o p   a n d   i n c r e a s e   i n c o m e ,   e m p l o y -  

m e n t ,   t a x  revenucn a n d  o thc r  r?conomlo b c n c f i t c  t o  t h c   P r a v i n c c   b y   c n c o u r a g i n g  z?nP 

a s s i s t i n g   i n   t h e   e s t a b l i s h m e n t ,   e x p a n s i o n   a n d   c o n t i n u e d   o p e r a t i o n  of i n d u s t r i a l  

e n t e r p r i s e s .   T h i s   f u n c t i o n  i s  p e r f o r m e d   p r i m a r i l y   b y   p r o v i d i n g   f i n a n c i a l   a s s i s t a n c e  

to  b u s i n e s s   e n t e r p r i s e s   a n d  by a s s e m b l i n g   a n d   s e r v i c i n g   i n d u s t r i a l   l a n d   b a n k s .  The 

BCDC is a government   economic   p lanning   too l   and  i s  l i n k e d  t o  t h e   o v e r a l l   o b j e c t i v e s  

of t h e  BCDED. I t  is a b l e  t o  i n f l u e n c e   t h e   l o c a t i o n   a n d   c h a r a c t e r   o f   i n d u s t r i a l  

d e v e l o p m e n t   i n  a small way b o t h   t h r o u g h   t h e  character a n d   l o c a t i o n  of t h e  e n t e r p r i s e s  

which it c h o s e s  t o  s p o n s o r ,   a n d   t h r o u g h   t h e   l o c a t i o n s  of i t s  l and   banks .  I t  is 

e x p e c t e d   t h a t  t h e  BCDC w i l l  be p a r t i c u l a r l y   i n t e r e s t e d   i n   e n t e r p r i s e s   i n   e c o n o m i c a l l y -  

d e p r e s s e d   a r e a s ,   a l t h o u g h   f e a r s   h a v e   b e e n   e x p r e s s e d   t h a t   t h e   t e n d e n c y  w i l l  be t o  

become i n v o l v e d   i n   h i g h - r i s k   v e n t u r e s .  

T h e   l o c a t i o n s  of s e v e r a l  of t h e  BCDC l a n d   b a n k s   h a v e   p r o v e d , t o   b e   c o n t r o -  

v e r s i a l   o n   t h e   g r o u n d s  of a d v e r s e   e n v i r o n m e n t a l  or socio-economic  impact .   Concern 

h a s  a l so  been   expres sed  f o r  the r e l a t i v e l y   s e c r e t i v e   m a n n e r   i n   w h i c h   t h e  BCDC h a s  

sponsored  a major s teel  m i l l  p r o p o s a l .  

1.8.7. BRITISH COLUMBIA PETROLEUM CORPORATION (BCPC) 

The BCPC i s  a n   a g e n t   o f   t h e  Crown which is empowered t o  d e v e l o p ,   p r o d u c e  
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a n d   m a r k e t   p e t r o l e u m   a n d   n a t u r a l   g a s   a n d  t o  own a n d   o p e r a t e  o i l  a n d   n a t u r a l   g a s  

t r a n s m i s s i o n   f a c i l i t i e s .  The BCPC was e s t a b l i s h e d   i n   1 9 7 3  t o  b e   t h e  sole p u r c h a s e r  

of B . C . ' s  n a t u r a l   g a s   w e l l - h e a d   p r o d u c t i o n .  I t  is  i n   t h i s  manner t h a t   t h e   P r o v i n c e  

i n f l u e n c e s   b o t h   e x p o r t   v o l u m e s   a n d   d o m e s t i c   a n d   e x p o r t   p r i c e s   i n  a t r a d i t i o n a l l y  

f e d e r a l   a r e a   o f   j u r i s d i c t i o n .  The reason f o r   t h i s  move i s  t o  e n s u r e  a c o m p e t i t i v e  

p r i c e   s t r u c t u r e ,   p a r t i c u l a r l y   w i t h   r e s p e c t  t o  t h e  costs o f  exports, and t o  p r o v i d e  

t h e   P r o v i n c e   w i t h   a n   o p p o r t u n i t y  to  i m p l e m e n t   n a t u r a l   g a s   c o n s e r v a t i o n   p o l i c i e s .   T h e  

BCPC has   sponsored  a major  oil r e f i n e r y   p r o p o s a l   i n  a m a n n e r   v e r y   s i m i l a r   t o   t h a t  

w i t h   w h i c h   t h e  BCDC h a s   s p o n s o r e d  i t s  steel  m i l l  p r o p o s a l ,  i.e. w i t h   v e r y   l i m i t e d  

public i n f o r m a t i o n .  

Ir 

1,9, eBQsiRaMS OF S P F C I A I  CROWN RFGULATORY A G E N C I F S  

1 . 9 . 1 .  BRITISH COLUMBIA LAND COMMISSION (BCLC) 

The   p r imary   func t ion  of t h e  BCLC is  t o  r e g u l a t e   t h e  use o f   a g r i c u l t u r a l  

l a n d s   w h i c h   h a v e   b e e n   p l a c e d   i n   a g r i c u l t u r a l   l a n d   r e s e r v e s  ( A L R ' s ) .  The BCLC i s  also 

expected to  as semble  l a n d  f o r   g r e e n  b e l t  r e s e r v e s ,   u r b a n   a n d   i n d u s t r i a l   l a n d   b a n k  

r e s e r v e s ,   a n d   p a r k   l a n d   r e s e r v e s ,   b u t ,  i n  these r e s p e c t s ,  has no powers t o  d e s i g n a t e  

r e s e r v e s   o t h e r   t h a n   o n   l a n d s   w h i c h  are owned  by t h e  BCLC. The A L R ' s  were d e s i g n a t e d  

by a p r o c e s s   w h i c h   i n v o l v e d   i n p u t s   f r o m   t h e   r e g i o n a l  d is t r ic ts  a n d   m u n i c i p a l i t i e s  

( i n i t i a i i y )  , t n e  MJL'LC, the  Environment  and  Land Use Commitcee Secretariat (ELUCSj , a n d  

t h e   r e g i o n a l   r e s o u r c e  management committees (RRMC) .  I t  is  t r u e   t h a t  some l o c a l  

a u t h o r i t i e s   h a v e   b e e n   d i s s a t i s f i e d   w i t h   t h e   m a n n e r   i n   w h i c h   t h e i r   i n i t i a l  ALR 

p r o p o s a l s  were a l t e r e d   d u r i n g   s u b s e q u e n t   s t a g e s   o f   t h e  ALR d e s i g n a t i o n   p r o c e s s .  

T h e s e   i n i t i a l   p r o p o s a l s   p r e s u m a b l y   r e f l e c t e d   l o c a l   p l a n n i n g   o b j e c t i v e s ,   a n d   t h e  sub- 

s e q u e n t   a l t e r a t i o n s  are s y m p t o m a t i c   o f   t h e   l i m i t e d   s c o p e   o f   t h e  local p l a n n i n g   p r o c e s s  

i n   t h i s   P r o v i n c e .   D e s p i t e  some p u b l i c   a n d   i n t e r n a l   g o v e r n m e n t   c o n c e r n s   a n d   d i s -  

a g r e e m e n t s   w i t h   t h e  ALW c o n c e p t   d u r i n g   t h e  ALR d e s i g n a t i o n   p r o c e s s ,   t h e  ALR zofiirlg 

i s  now w i d e l y   s u p p o r t e d   a n d   a p p r e c i a t e d  as a n e c e s s a r y   r e g u l a t o r y   d e v i c e   f o r   t h e  

p r o t e c t i o n   o f   a g r i c u l t u r a l   l a n d s .   T h i s   s u p p o r t  is  r e f l e c t e d   i n   t h e  local o p p o s i t i o n  

which is  now e n g i n e e r e d   b y   c o n c e r n e d   c i t i z e n s   i n   c a s e s   w h e r e   a p p l i c a t i o n s  are 

r e c e i v e d   f o r   t h e   r e l e a s e   o f  ALR l a n d s   f o r   " n o n - f a r m   u s e s " .   T h r o u g h   t h e  ALR d e s i g n a t i o n  

p r o c e s s ,   t h e  BCLC h a s   c o n t r i b u t e d   t o w a r d s   i n c r e a s e d   i n t e r - d e p a r t m e n t a l .   c o m m u n i c a t i o n ,  

p a r t i c u l a r l y   w i t h i n   t h e  RRMC f o r u m ,   a n d   h a s   p r o v i d e d   t h e   r e g i o n a l   d i s t r i c t s   w i t h   a n  

i m p o r t a n t ,   i f   u l t i m a t e l y   p r e l i m i n a r y ,   p l a n n i n g   f u n c t i o n .  

1 . 9  -2. BRITISH COLUMBIA ENERGY COMMISSION (BCEC) 

The BCEC r e g u l a t e s   t h e   o p e r a t i o n   o f   e n e r g y   a n d   t e l e c o m m u n i c a t i o n s   u t i l i t i e s ,  

r e g u l a t e s   t h e   p r i c i n g   a n d   p r o d u c t i o n   s t a n d a r d s   o f   p e t r o l e u m   p r o d u c t s ,  a rb i t ra tes  i n  
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d i s p u t e s   r e s p e c t i n g   t h e   d i s t r i b u t i o n  of ene rgy  t o  c o n s u m e r s ,   a n d   a d v i s e s   t h e   C a b i n e t  

on  ques t ions   o f   ene rgy   r e source   managemen t .  The BCEC is  pe r fo rming  a u s e f u l   r e s e a r c h  

f u n c t i o n   i n  i t s  a n a l y s i s  of ene rgy  demand f o r e c a s t s   a n d   a l t e r n a t i v e   s o u r c e s  of ene rgy  

t o  meet pro jec ted   energy   demands .  A BCEC recommendation was r e s p o n s i b l e   f o r   t h e  

e s t a b l i s h m e n t  of t h e  BCPC t o  manage n a t u r a l   g a s   e x p l o i t a t i o n   i n  a c o n s e r v a t i o n -  

o r i e n t e d   m a n n e r .  The BCEC a lso p e r f o r m s   a n   i m p o r t a n t   f u n c t i o n   i n  i ts r e g u l a t i o n   o f  

e n e r g y   u t i l i t i e s   a n d   h a s   a t t e m p t e d  t o  e n s u r e   t h a t  new development  i s  i n   t h e   p u b l i c  

i n t e r e s t   a n d  w i l l  n o t   l e a d   t o   u n j u s t i f i a b l y   a d v e r s e   d e v e l o p m e n t a l   i m p a c t s .  I t  is 

v e r y   s u r p r i s i n g   t h a t   t h e   r e g u l a t o r y   j u r i s d i c t i o n  of t h e  BCEC over e n e r g y   u t i l i t i e s  

does n o t   a p p l y  t o  t h e   o p e r a t i o n s  of t h e  BCHPA in   v i ew  o f   t he   eno rmous   magn i tude   o f  

i t s  h y d r o - e l e c t r i c   p o w e r   p r o j e c t s   a n d   t h e i r   c o n s i d e r a b l e   d e v e l o p m e n t a l   i m p a c t s .  The 

BCEC h a s   e x h i b i t e d   a n   i n c l i n a t i o n  t o  t r e a t   e x i s t i n g   e n e r g y   f o r e c a s t s   c i r c u m s p e c t l y  

and i s  now i n v o l v e d   i n  a s e r i o u s   e v a l u a t i o n   o f   a l t e r n a t i v e   e n e r g y   s o u r c e s .  The 

p u b l i c   w o u l d   b e  more r e a s s u r e d   o f   t h e   n e e d   f o r  BCHPA h y d r o - e l e c t r i c   p o w e r   p r o p o s a l s  

i f   t h e s e  had   been   th rough  the   independent  BCEC e n e r g y   u t i l i t y   a p p r o v a l   p r o c e s s .  

1 .9 .3 .  B R I T I S H  COLUMBIA ASSESSMENT AUTHORITY (BCAA) 

The BCAA was  newly e s t a b l i s h e d   i n  1 9 7 4  t o  a s s u m e   c o n t r o l   o v e r  a l l  p r o v i n c i a l  

l a n d   a s s e s s m e n t   r e s p o n s i b i l i t i e s .  I t  i s  h o p e d   t h a t   t h e  BCAA w i l l  overcome many of t h e  

a s ses smen t   p rob lems  w h i c h  e x i s t e d   p r i o r  t o  i t s  f o r m a t i o n   b y   e s t a b l i s h i n g  a l l  a s s e s -  

s.,si,=s at 1 3 0  psr cent = f  re21 ".-i.^i " - 7  ." 
, L L U L ' \ L L  .U*L" an8 by ".r" ,..-,,cing mcrc m i f o r m  an< 

r i g o r o u s   a s s e s s m e n t   s t a n d a r d s .  When t h e  new sys t em is  o p e r a t i o n a l ,   v a l i d   l a n d   v a l u e  

d a t a  w i l l  be a v a i l a b l e   i n   a l l   a r e a s   f o r   l a n d   u s e   p l a n n i n g   p u r p o s e s   f o r   t h e   f i r s t  

time . 

1.10. LAND USF AND R F W C F  JURISDICTIONS - A CHECK1 IS1 

I n   a n y   g i v e n   a r e a   o f   t h e   P r o v i n c e ,   t h e   f o l l o w i n g   l a n d   a n d   r e s o u r c e  

j u r i s d i c t i o n s  may be   encountered :  

(a )  F e d e r a l   J u r i s d i c t i o n s  

T h e s e   a r e   e x c l u s i v e l y   e x e r c i s e d   o v e r   I n d i a n  Reserves, 

m i l i t a r y   a r e a s ,   f e d e r a l   h a r b o u r s ,   a n d   f e d e r a l  

t r a n s p o r t a t i o n   l a n d s   a n d   c o r r i d o r s .  The r e g u l a -  

t o r y  management o f   anadromous   f i sh  is a l so  a 

f e d e r a l   r e s p o n s i b i l i t y .  

(b) M u n i c i p a l   J u r i s d i c t i o n s  

M u n i c i p a l   a u t h o r i t i e s   c o n t r o l   t h e   a l l o c a t i o n   o f  

p r i v a t e   l a n d s   f o r   s p e c i f i c   p u r p o s e s   w i t h i n   t h e i r  
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b o u n d a r i e s   t h r o u g h   t h e i r   p o w e r s  t o  zone and  t o  

r e g u l a t e   s u b d i v i s i o n   a n d   b u i l d i n g   s t a n d a r d s  

p u r s u a n t  t o  the  Municipal A c t .  These powers 

are restricted i n  ALR's t o  a l l o c a t i o n  of land 

f o r   c o m p a t i b l e  uses only .  

(c) Regional  District J u r i s d i c t i o n s  

R e g i o n a l   d i s t r i c t   b o a r d s  exercise direct  control 

o v e r  p r iva te  l a n d s   i n   u n o r g a n i z e d  areas p u r s u a n t  

t o  t h e   M u n i c i p a l  A c t .  Again,  these powers are 

r e s t r i c t e d   i n  A L R ' s .  The boards may a l so  

e x e r c i s e   i n d i r e c t   c o n t r o l s   o n   p r i v a t e   l a n d s  

w i t h i n   m u n i c i p a l i t i e s   w h e r e   b y - l a w s  t o  t h a t  

e f f e c t   h a v e   b e e n   a p p r o v e d ,  a s  i n  t h e  case of 

t h e   a p p l i c a b i l i t y  of t h e  Lower Mainland 

Reg iona l   P l an  t o  t h e   v a r i o u s   m u n i c i p a l i t i e s  

w i t h i n   t h e  Greater Vancouver  Regional 

District .  

(d)  Resource  Department  Jurisclictiorls 

T h e   r e s o u r c e   d e p a r t m e n t s  exercise direct  

l a n d   u s e   j u r i s d i c t i o n s  over most of t h e  

P r o v i n c e ' s  Crown l a n d s   a n d   r e s o u r c e s ,  

i n c l u d i n g   t h e   f o l l o w i n g :  

F o r e s t   t e n u r e s   p u r s u a n t  t o  t h e   F o r e s t  A c t  
a n d   a d m i n i s t e r e d   b y   t h e  BCDF: 

- Timber   Sa l e  L- censes; 
- T r e e  Farm L i c e n s e s :  
- Pulpwood  Harvesting  Agreements:  - O l d  Temporary  Tenures. 

Water t e n u r e s   p u r s u a n t  t o  t h e  Water A c t  and  
a d m i n i s t e r e d   b y   t h e  BCWRS: 

- Water L i c e n s e s :  - Water Improvement Districts:  - Water-Users' Communities. 

G r a z i n g   p e r m i t s   p u r s u a n t  t o  t h e   G r a z i n g  A c t  
a n d   a d m i r i s t e r e d   b y   t h e  BCLS, BCDF o r  BCPPB. 

E c o l o g i c a l   r e s e r v e s   p u r s u a n t  t o  t h e  EcoloJical  
Reserves  Act a n d   a d m i n i s t e r e d   b y   t h e  BCLS. 

P r o v i n c i a l   p a r k s   p u r s u a n t  t o  the Pa rk  A c t  and  
a d m i n i s t e r e d  bv t h e  BCPPB. a n d   r e a i o n a l   D a r k s  
p u r s u a n t  t o  t h e   R e g i o n a l   P a r k s  A c t  a n d  
a d m i n i s t e r e d   j o i n t l y   b y   t h e  BCPPB and local 
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- M i n e r a l   t e n u r e s   p u r s u a n t  t o  a v a r i e t y   o f   m i n i n g  
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l e g i s l a t i o n ,   i n c l u d i n g   t h e   M i n e r a l  A c t ,  t h e  
Placer Mining Act a n d   t h e  Coal A c t ,  and  
a d m i n i s t e r e d  by t h e  BCDMPR: 

- F r e e   M i n e r ' s   C e r t i f i c a t e s ;  
- Minera l  C l a i m s ;  
- Minera l  Leases. 

- P e t r o l e u m   a n d   n a t u r a l   g a s   t e n u r e s   p u r s u a n t  t o  t h e  
Pe t ro l eum  and   Na tu ra l  Gas A c t ,  1965,   and 
a d m i n i s t e r e d   b y   t h e  BCDMPR: 

- P e r m i t s :  
- Licenses  : - Leases :  
- R e s e r v a t i o n s .  

- S p e c i a l - p u r p o s e   l e a s i n g   a r r a n g e m e n t s   p u r s u a n t  t o  t h e  
Land A c t  a n d   a d m i n i s t e r e d   b y   t h e  BCLS: 

- Licenses   o f   Occupa t ion :  
- R e s i d e n t i a l   L e a s e s ;  
- R e c r e a t i o n a l   C o t t a g e - S i t e   L e a s e s :  
- A g r i c u l t u r a l   L e a s e s :  
- Foreshore   Leases :  
- S u b d i v i s i o n   A p p r o v a l s .  

- Vacant  Crown l a n d s ,   a d m i n i s t e r e d   b y   t h e  BCLS 
p u r s u a n t  t o  t h e  Land A c t .  

(e)  R e g u l a t o r y   D e p a r t m e n t a l   J u r i s d i c t i o n s  

J n   a d d i t i o n  t o  t h e  many d i r e c t  forms of l a n d   u s e  and 

r e s o u r c e   c o n t r o l s   w h i c h  arc  e x e r c i s e d  by p r o v i n c i a l  

d e p a r t m e n t s ,   t h e  l a t t e r  nlso  perform  r i i imerous  regu-  

l a t o r y   € u n c t i o n s   w h i c h   i n f l u e n c e   t h e   e v o l u t i o n  of l a n d  

u s e   p a t t e r n s   a n d   r e s o u r c e   d e v e l o p m e n t .   R e g u l a t i o n  may 

be o f   t h e   f o l l o w i n g   t y p e s :  

S u b d i v i s i o n   a p p r o v a l   p r o c e d u r e s   i n   u n o r g a n i z e d  areas 
p u r s u a n t  t o  t h e  Land R e g i s t r y  Act and   admin i s t e red   by  
t h e  BCDH. 
Regulation of a l l  municipal and r e g i o n a l   d i s t r i c t  
f u n c t i o n s   b y   t h e  BCDMA p u r s u a n t  t o  t h e   M u n i c i p a l  A c c .  

R e g u l a t i o n   o f   p u b l i c   h e a l t h   a s p e c t s  of t h e   s e r v i c i n g  
of s u b d i v i s i o n s   a n d   o t h e r   u r b a n   d e v e l o p m e n t s   b y   t h e  
BCDHe p u r s u a n t  t o  t h e   H e a l t h  A c t .  

R e g u l a t i o n  of ac t iv i t i e s  a l o n g   p r o v i n c i a l   h i g h w a y s ,  
a n d   p a r t i c u l a r l y   i n   t h e   v i c i n i t y   o f   c o n t r o l l e d  access 
highways  by t h e  BCDH p u r s u a n t  t o  the   Depar tment  of 
Highways A c t ,  t h e  Highway A c t ,  a n d   t h e   C o n t r o l l e d  Access 
Highways Act. 

R e g u l a t i o n   o f   t h e   c o n s t r u c t i p n   a n d   o p e r a t i o n   o f   r a i l w a y s ,  
p i p e - l i n e s   a n d   i n d u s t r i a l  access r o a d s   b y   t h e  BCDTC 
p u r s u a n t  t o  t h e   R a i l w a y  Act, t h e   P i p e - l i n e s  A c t ,  t h e  
Mines  Right-of-way A c t ,  a n d   t h e   I n d u s t r i a l   T r a n s p o r t a t i o n  
A c t .  

R e g u l a t i o n   o f   m i n i n g   o p e r a t i o n s   b y - t h e  BCDMPR p u r s u a n t  
t o  t h e  Mines  Regulat ion A c t  a n d   t h e  Coal Mines  Regulat ion 
Act. 
R e g u l a t i o n   o f   m u n i c i p a l   a n d   i n d u s t r i a l  waste d i s c h a r g e s  
b y   t h e  BCWRS p u r s u a n t  t o  t h e   P o l l u t i o n   C o n t r o l  A c t ,  1967 .  
R e g u l a t i o n   o f  a l l  h u n t i n g   a n d   s p o r t   f i s h i n g  ac t iv i t i e s  by  
t h e  BCFWB p u r s u a n t  t o  t h e   W i l d l i f e  A c t .  

- 

- 
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- R e g u l a t i o n  of a c t i v i t i e s   o n  sites o f   a r c h a e o l o g i c a l  

a n d   h i s t o r i c a l   i n t e r e s t  by t h e  ASAB and HSAB p u r s u a n t  
t o  t h e   q r c h a c o l o g i c a l   a n d  Historic S i t e s   P r o t e c t i o n  A c t .  

( f )   S p e c i a l   D e v e l o p m e n t  Agency J u r i s d i c t i o n s  

The  Crown c o r p o r a t i o n s ,  etc. ,  which are  r e s p o n s i b l e   f o r  

p u b l i c   d e v e l o p m e n t s   a r e   g e n e r a l l y   g r a n t e d   p o w e r s  t o  c o n t r o l  

a c t iv i t i e s  on ,   and   immedia t e ly   ad jacen t  to ,  t h e i r   p r o -  

p e r t i e s .  The BCHPA and BCR are a l so  g r a n t e d   e x t e n s i v e  

e x p r o p r i a t i o n   r i g h t s .   O t h e r   d e v e l o p m e n t   a g e n c i e s  are 

empowered t o  a c q u i r e   l a n d   t h r o u g h   n o r m a l   p u r c h a s e  pro- 

c e d u r e s .  

( g )   S p e c i a l   R e g u l a t o r y  Agency J u r i s d i c t i o n s  

- The BCLC a d m i n i s t e r s   a l l   l a n d s   i n  ALR's p u r s u a n t  t o  t h e  

- The BCEC r e g u l a t e s   t h e   c o n s t r u c t i o n   a n d   o p e r a t i o n   o f  
Land  Commission Act. 

e n e r g y   a n d   t e l e c o m m u n i c a t i o n s   u t i l i t i e s   p u r s u a n t  t o  t h e  
Energy A S .  

- The BCAA i n f l u e n c e s  land  u s e s   t h r o u g h  t h 8  impacts of 
i t s  p r o p e r t y   t a x a t i o n   a s s e s s m e n t s   p u r s u a n t  t o  t h e  
Assessment  A c t .  
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The above 3Fscussi~n h a s  sprved fn dPmonntratc t ha t .   wh i l c .   t ho  renollrcrc- - - Jnnc ie s  

are now t a k i n g   s i g n i f i c a n t   s t e p s  towards an  improved  land  use  management   phi losophy 

i n  B . C . ,  c o n s i d e r a b l e   e f f o r t  i s  r e q u i r e d   i n   o r d e r  t o  combine   the   numerous   ind iv idua l  

p r o v i n c i a l   j u r i s d i c t i o n s   i n t o  a c o h e r e n t   o v e r a l l   d e c i s i o n - m a k i n g   p r o c e s s .   I n e v i t a b l y ,  

t h e s e   j u r i s d i c t i o n s   a n d   i n t e r e s t s  come i n t o   c o n f l i c t   f r o m  time to  time. C o n f l i c t s  

may be o f   s e v e r a l   t y p e s ,   i n c l u d i n g :  

(a )  Disagreements   be tween local  a n d   p r o v i n c i a l  

l e v e l s  of g o v e r n m e n t   c o n c e r n i n g   o b j e c t i v e s   a n d  

p r i o r i t i e s ;  

( b )   C o n f l i c t s   b e t w e e n   u r b a n ,   i n d u s t r i a l ,   t r a n s -  

p o r t a t i o n   a n d   e n e r g y   d e v e l o p m e n t s   o n   t h e   o n e   h a n d ,  

a n d   n a t u r a l   r e s o u r c e s   m a n a g e m e n t  programs o n   t h e  , 

o t h e r ;   a n d  

(c) C o n f l i c t s   b e t w e e n   t h e  more a c t i v e   a n d   e x p l o i t i v e  

forms o f   r e s o u r c e   m a n a g e m e n t ,   s u c h   a s   f o r e s t r y ,  

min ing   and   ag r i cu1 : :u re   on   t he   one   hand ,   and   t he  

more c o n s e r v a t i o n - o r i c n t e d   r e s o u r c e   m a n a g e m e n t  

programs  such as  w i l d l i f e   h a b i t a t   p r o t e c t i o n   a n d  

Ira 

I; 

Y 
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(I 

r e c r e a t i o n   o n   t h e   o t h e r .  

The s e c o n d   p a r t   o f   t h i s   p a p e r  i s  c o n c e r n e d   w i t h  some o f   t h e   i n i t i a t i v e s  

w h i c h   a r e   p r e s e n t l y   b e i n g   u n d e r t a k e n   b y   t h e   P r o v i n c e   i n   o r d e r  t o  r e s o l v e   t h e s e  

problems  and  t o  c r e a t e  a more o rde r ly   and   comple t e   f r amework  for  l a n d   u s e   a n d  

resource   management   and   dec is ion   making .  

2, 2M 
S e v e r a l   a p p r o a c h e s   h a v e   b e e n   a d o p t e d   b y   t h e   P r o v i n c e   i n   r e c e n t   y e a r s  i n  o r d e r  to  

promote t h e  g e n e r a l   o b j e c t i v e   o f   i m p r o v e d   r e s o u r c e   a n d   l a n d   u s e   d e c i s i o n   m a k i n g .  

These   approaches   have   emphas ized:  ( i )  t h e   f o s t e r i n g   o f   g r e a t e r   c o - o p e r a t i o n   a n d  more 

e f f i c i e n t   r e l a t i o n s h i p s  among a g e n c i e s ,   a n d  (ii) t h e   g e n e r a t i o n   o f  more e x t e n s i v e   a n d  

c o m p r e h e n s i v e   d a t a   r e l a t i n g  t o  s p e c i f i c   r e s o u r c e   a n d   l a n d   u s e   p r o b l e m s .  

The i n i t i a t i v e s   w h i c h   h a v e   b e e n   s e l e c t e d   f o r   r n e n t i o n   i n   t h i s   p a p e r  are LreaLed  under 

t h e   f o l l o w i n g   h e a d i n g s :  

- I n s t i t u t i o n a l  
- I n v e n t o r y  
- Regional   Resource   P lanning  
- Development  Assessment  Procedures 

2.1, JNSTITUTIONAI A P P R O A W E S  

2 . 1 . 1 .  THE ENVIRONMENT A N D  LAND USE COMMITTEE (ELUC) 

The   decade   o f   t he  1960's w a s  c h a r a c t e r i z e d   b y  a g r o w i n g   c o n f l i c t  among 

resource a g e n c i e s  with r e s p e c t  t o  o v e r l a p p i n g   j u r i s d i c t i o n s   a n d   v e s t e d   i n t e r e s t s  

was b e c o m i n g   i n c r e a s i n g l y   d i f f i c u l t ,   t h e r e f o r e ,  t o  r e s o l v e   r e s o u r c e   c o n f l i c t s  a t  

w o r k i n g   l e v e l ,   a n d   p r o g r e s s i v e l y  more problems were b e i n g   r e f e r r e d  t o  t h e  Deputy 

M i n i s t e r i a l  and M i n i s t e r i a l   l e v e l .  Even a t   t h i s   l e v e l ,   s o l u t . i o n s  were d i f f i c u l t  

. I t  

t h e  

t o  

a c h i e v e   i n   t h e   a b s e n c e   o f   g o o d   i n f o r m a t i o n   a n d   w i t h o u t  a recognized   problem-solv ing  

forum. 

I n  1 9 6 9 ,  t h e r e f o r e ,   a n   i n f o r m a l  committee o f   f i v e   C a b i n e t  Ministers was 

e s t a b l i s h e d  t o  c o n s i d e r  resource c o n f l i c t s .  The g roup  was known as  t h e  Land Use 
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Committee a n d   i n c l u d e d   t h e   M i n i s t e r s  Of t h e  BCDA, BCDLFWR,  BCDMPR, BCDMA and BCDIDTC. 

The re  were two m a j o r   r e s o u r c e   c o n f l i c t s   i n   t h a t   y e a r   w h i c h   p r o m p t e d   t h i s   d e v e l o p . -  

ment: ( i )  t h e   c o n f l i c t   f o r   f o r a g e   b e t w e e n   u n g u l a t e s   a n d  domestic ca t t le  a r o u n d   t h e  

margins   o f   the   newly- formed  Libby  Reservoi r ;   and  (ii) t h e   a l i e n a t i o n   o f   f o r e s t   l a n d s  

t o  u rban  uses i n   t h e   V a n d e r h o o f   a r e a   w h e r e   t h e   o b j e c t i v e   h a d   b e e n  t o  clear t h e   l a n d s  

for a g r i c u l t u r e .  

The d u t i e s   o f   t h e  Committee became a n  i m p o r t a n t   p a r t   o f   r e s o u r c e   c o n f l i c t  

r e s o l u t i o n   d u r i n g   t h e   n e x t  two y e a r s .  I n  1 9 7 1 ,   t h e   p r o c e s s  was f o r m a l i z e d   w i t h   t h e  

p a s s a g e  of the   Envi ronment   and   Land Use A c t  a n d   t h e   e s t a b l i s h m e n t   o f  ELUC as  a formal 

C a b i n e t   g r o u p .   T o d a y   t h e   C o m m i t t e e   i n c l u d e s   M i n i s t e r s   f r o m   n i n e   d e p a r t m e n t s  - BCDA, 

BCDED, BCDOE, BCDF, B C D H e ,  BCDH, BCDMA, BCDMPR and BCDRT. 

The  Environment  and  Land Use A c t  p r o v i d e s   p o t e n t i a l l y   v e r y   b r o a d   p o w e r s   f o r  

ELUC which ,   acco rd ing  t o  S e c t i o n s   3 ( a )   a n d   3 ( b )   o f   t h e  A c t ,  is empowered to: 

(a )  E s t a b l i s h   a n d  recommend  programmes  designed t o  f o s t e r   i n c r e a s e d  
p u b l i c   c o n c e r n   a n d   a w a r e n e s s   o f   t h e   e n v i r o n m e n t :  

( b )   E n s u r e   t h a t   a l l   a s p e c t s   o f   p r e s e r v a t i o n   a n d   m a i n t e n a n c e  of t h e  
n a t u r a l   e n v i r o n m e n t  are  f u l l y   c o n s i d e r e d   i n  t h e  a d m i n i s t r a t i o n  of 
l and   u se   and   r e source   deve lopmen t   commensura t e   w i th  a maximum 
b e n e f i c i a l   l a n d  use, and   min imize   and   p reven t   was t e  of r e s o u r c e s ,  
a n d   d e s p o l i a t i o n  of t h e   e n v i r o n m e n t   o c c a s i o n e d   t h e r e b y .  

S e c t i o n  6 f u r t h e r   s t a t e s   t h a t :  

...... n o t w i t h s t a n d i n g   a n y   o t h e r  A c t  or  r e q u l a t i o n  ...... n o   M i n i s t e r ,  
depa r tmen t  of Government, o r  a g e n t  of t h e  Crown s p e c i f l e d  i n . .  . . ( a n ) .  . . . 
o r d e r   s h a l l   e x e r c i s e   a n y   p o w e r   g r a n t e d   u n d e r   a n y   o t h e r  A c t  or  regu-  
l a t i o n   e x c e p t  i n  a c c o r d a n c e   w i t h   t h e   o r d e r .  

Armed w i t h   t h e s e   p o w e r s ,  ELUC i s  now m a k i n g   r e s o u r c e   a n d   l a n d   u s e   d e c i s i o n s  

which are o f   b r o a d   s i g n i f i c a n c e   a n d   w h i c h   i n c l u d e ,   f o r   e x a m p l e ,   t h e   d e c i s i o n  t o  

e s t a b l i s h   t h e  ALR's i n  1973,   and t o  p l a n   d e v e l o p m e n t   i n   t h e   N o r t h  West o f   t h e  

P r o v i n c e  as a n   i n t e g r a t e d  exercise. 

2 . 1 . 2 .  THE ENVIRONMENT A N D  LAND USE  COMMITTEE  SECRETARIAT (ELUCS) 

I n   1 9 7 3 ,  ELUC r e c o g n i z e d   t h e   n e e d   f o r  a r e g u l a r i z e d   s u p p o r t   s t a f f .   P r i o r  

t o  t h a t   y e a r ,   b a c k g r o u n d   i n f o r m a t i o n   o n   r e s o u r c e   c o n f l i c t s   h a d   b e e n   c o l l e c t e d   f o r  

t h e  Committee b y   i n d i v i d u a l  t a s k  forces which  were e s t a b l i s h e d   o n   a n   ' a d   h o c '   b a s i s .  

T h e   w o r k   l o a d   h a d   g r o w n   s u f f i c i e n t l y   b y   1 9 7 3   t h a t  i t  was   cons ide red   necessa ry  t o  

a p p o i n t  a f u l l - t i m e   s u p p o r t   s t a f f ,   a n d  ELUCS was c r e a t e d  by n rde r - in -Counc i l   pu r -  

s u a n t  t o  the   Envi ronment   and   Land Use A c t .  

Most of t h e  ELUCS s t a f f  were t r a n s f e r r e d   d i r e c t l y   f r o m   t h e   f o r m e r  B.C.  

Land  Inventory  (BCDA) t o  the  newly-formed Resource A n a l y s i s   U n i t  (MU). The roles 

of t h i s   U n i t  are t o  c o - o r d i n a t e   t h e   c o l l e c t i o n   a n d   a n a l y s i s   o f   r e s o u r c e   d a t a ,  t o  

I 
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p r o v i d e   l o n g - t e r m   i n v e n t o r i e s   o f  base d a t a   w h i c h   a r e  su i t ab le  f o r  a b r o a d   r a n g e   o f  

i n t e r p r e t a t i o n s ,  t o  p r o v i d e   s h o r t - t e r m   r e s o u r c e   i n v e n t o r i e s   f o r   s p e c i f i c   p r o j e c t  

r e q u i r e m e n t s ,  t o  deve lop  a b i o p h y s i c a l   l a n d - u s e   p l a n n i n g   i n v e n t o r y   p r o g r a m ,   a n d  t o  

p r o v i d e   t e c h n i c a l ,   m a p p i n g   a n d   d r a f t i n g   s e r v i c e s  t o  ELUCS. 

A second   Un i t ,   t he   Resource   P l ann ing   Un i t  ( R P U ) , w a s  c r e a t e d   i n   o r d e r  t o  

p r e p a r e   r e g i o n a l   r e s o u r c e   a n d   l a n d   u s e   a l l o c a t i o n   p l a n s ,  t o  p r o v i d e  ELUC w i t h   p r o -  

f e s s i o n a l   a d v i c e   o n   r e s o u r c e   d e v e l o p m e n t s   w i t h i n   r e g i o n a l   c o n t e x t s ,   a n d  t o  examine 

i s s u e s   i n v o l v i n g   c o m p e t i n g   r e s o u r c e   u s e r s   i n  a p a r t i c u l a r   r e g i o n .  

A t h i r d   U n i t ,   t h e   S p e c i a l  Projects U n i t  ( S P U ) , w a s   c r e a t e d   a n d   c h a r g e d   w i t h  

t h e   f o r m u l a t i o n   o f   g u i d e l i n e s   a n d   p r o c e d u r e s   f o r   p r e l i m i n a r y   e n v i r o n m e n t a l   a n d  socio- 

e c o n o m i c   a s s e s s m e n t s   o f   v a r i o u s   t y p e s   o f   d e v e l o p m e n t   u r o i e c t s ,   a n d   w i t h   c o - o r d i n a t i o n  

of i n t e r - a g e n c y   g r o u p s   f o r   m a j o r   p r o j e c t   p l a n n i n g   a n d   r e s o u r c e   a l l o c a t i o n   i s s u e s  

s u c h   a s   e n e r g y   g e n e r a t i o n   a n d   t r a n s m i s s i o n ,   u t i l i t y   c o r r i d o r s ,   f e r r y   s e r v i c e s ,  

r e s e r v o i r   u s e   a n d   c o a s t a l   d e v e l o p m e n t .  

2 .1 .3 .  THE ELUC-ELUCS DECISION-MAKING PROCESS 

The re   appea r s  t o  be a r e l a t i v e l y   s t a n d a r d i z e <   o r   f o r m a l   p a t t e r n   o f   s t e p s  

by  which ELUC r e c e i v e s   a n d   t r e a t s   r e s o u r c e   a n d   l a n d   u s e   p r o b l e m s :  

STEP OPIE - 

L 

I 

1 

1 

Y 

STEP T\dO - 

STEP THREE - 

STEP FOUR - 

1, 

An in t e r - agency   env i ronmen t   and /o r   l and  u s e  problem is p e r c e i v e d  a t  

t h e   d e p a r t m e n t a l   w o r k i n g   l e v e l .  I t  may b e   t h a t   s e v e r a l   a g e n c i e s  are 

a f f e c t e d   b u t   t h a t   n o   o n e   a g e n c y   h a s  c lear  j u r i s d i c t i o n  or t h a t   s u c h  

j u r i s d i c t i o n  as e x i s t s   h a s   b e e n   q u e s t i o n e d .  A t  t h e   p e r c e p t i o n   s o u r c e ,  

no s o l u t i o n  may b e   a v a i l a b l e  o r ,  i f   a v a i l a b l e ,  may i n v o l v e   p o s s i b l e  

changes  i n  agency   po l icy   which   mus t   be   approved  by  more s e n i o r  

o f f i c i a l s .  

No e q u i t a b l e   a g r e e m e n t  is r e a c h e d   b e t w e e n   t h e   i n v o l v e d   a g e n c i e s   a t  

t h e   S t e p  One l e v e l ,   a n d   t h e   p r o b l e m  i s  r e f e r r e d   u p w a r d s   t h r o u g h   t h e  

d e p a r t m e n t a l   h i e r a r c h y .  The  problem w i l l  r e a c h  t h e  Deputy   Minis te r  

i f  n o   s o l u t i o n  i s  found a t  a n   i n t e r v e n i n g   l e v e l .  

The  Deputy  Minis ter  reviews t h e   p r o b l e m .   I f   h e   d e c i d e s   t h a t   t h e  

p r o b l e m   c a n n o t   b e   r e s o l v e d   b y   a p p r o a c h i n g   d i r e c t l y   t h e   e q u i v a l e n t  

s e n i o r   o f f i c i a l s   o f   o t h e r   i n v o l v e d   a g e n c i e s ,  he may e lec t  t o  employ 

t h e  ELUC machinery.  The problem may go  f i r s t  t o  t h e  Environment  and 

Land Use T e c h n i c a l  Committee (ELUTC),  a committee o f   Depu ty   Min i s t e r s .  

ELUTC d e l i b e r a t e s   o n   t h e   p r o b l e m .  One of t h e   p r i m a r y   € u n c t i o n s   o f   t h e  

D e p u t y   M i n i s t e r s   i n   c o m m i t t e e  is t o  collect  a n d   a n a l y z e   p o s s i b l e   a g e n d a  

items f o r  ELUC. ELUTC p r o v i d e s   a b o u t   h a l f   o f   t h e   a g e n d a  items. The 
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rest are p r o v i d e d  by t h e   M i n i s t e r s   t h e m s e l v e s .   I f  ELUTC c a n n o t  recom- 

mend s o l u t i o n s ,   a n d   i f  i t  d o e s   n o t   r e f e r   t h e   p r o b l e m   b a c k  to  i n d i v i d u a l  

a g e n c i e s   f o r   f u r t h e r   i n f o r m a t i o n  o r  c l a r i f i c a t i o n ,   t h e   p r o b l e m  is 

r e f e r r e d  t o  ELUC. Deputy   Minis te rs  w i l l  a t  t h e  same time presumably 

b r i e f   t h e i r   r e s p e c t i v e  Ministers on t h e i r   o p i n i o n s   o f   t h e   p r o b l e m .  

STEP FIVE - ELUC d e l i b e r a t e s   o n   t h e   p r o b l e m .   O f t e n   d i s p u t e s  are s e t t l e d   p r o m p t l y  

b y   t h i s  forum. 

STEP S I X  - Where r e s e a r c h   a n d   a n a l y s i s  may b e   r e q u i r e d   w h i c h  i s  i n t e r d e p a r t m e n t a l  

i n  scope ,  ELUC r e f e r s   t h e   p r o b l e m  t o  ELUCS.  ELUC  may w i s h   f o r  ELUCS 

t o  r e s e a r c h   t h e   p r o b l e m   i t s e l f  or  to  d i r e c t   r e s e a r c h   b y   o t h e r   a g e n c i e s  

or by c o n s u l t a n t s .   T h e  ELUCS s t a f f   d e l i b e r a t e s   o n   t h e   o r g a n i z a t i o n  of 

a r e sea rch   p rog ram.  

STEP  SEVEIl - A t a sk   g roup   ( i nhouse  o r  i n t e r - a g e n c y )  is  f o r m e d ,   c o n s i s t i n g   o f   p e r -  

s o n n e l   w i t h   s p e c i a l   e x p e r t i s e   i n   t h e   p r o b l e m  area. T a s k   f o r c e  member- 

I 

s h i p  may b e   m o d i f i e d  as n e c e s s a r y   w h i l e   t h e   s t u d y  is  i n   p r o g r e s s .  An 

ELUCS r e p r e s e n t a t i v e  may n o t   n e c e s s a r i l y  d i rec t  t h e  t a sk  force b u t  is 

e x p e c t e d  t o  judge t h e  v a r i o u s   i n p u t s   f o r  t h e i r  h o l i s t i c ,  i n t e g r a t i v e  

merits. A f t e r  t h e   t a s k   f o r c e  members h a v e   s u b m i t t e d   t h e   v a r i o u s  

r e p o r t s   w h i c h   a r e   r e q u i r e d ,   a n  E L K S  s t a f f  member w i l l  o f t e n   p r o d u c e  

a suiiliinii-L' i-apci-z an6 i7ECfi iLi iLSrI6~tiCiiS.  

STEP EIGIIT - These are t h e n   s u b m i t t e d  t o  ELUC. I t  is  p o s s i b l e   t h a t   i n t e r i m   r e p o r t s  

may a l s o   b e   r e c e i v e d  by ELUC which may t h e n   c h o o s e  t o  i s s u e  new 

d i r e c t i v e s   f o r   t h e   s t u d y .  

STEP NINE - Based on t h e  t a s k   f o r c e   s u b m i s s i o n s ,  ELUC r e a c h e s  a s o l u t i o n  t o  t h e  

p l a n n i n g  or r e s o u r c e   a l l o c a t i o n   p r o b l e m .  ELUC r e v i e w  may be a s s i s t e d  

by f u r t h e r   i n p u t s   f r o m   t h e   i n d i v i d u a l   d e p a r t m e n t s  as  n e c e s s a r y .  Hope- 

f u l l y   t h e   q u a l i t y  of dec i s ion   mak ing  is  e n h a n c e d   b y   t h i s   p r o c e s s .  

STEP TEN - The c o n f l i c t   r e s o l u t i o n   f o r m u l a  i s  r e p o r t e d  t o  s e n i o r   a g e n c y   o f f i c i a l s  

(Depu ty   Min i s t e r s ,  etc.)  who t h e n  are r e s p o n s i b l e   f o r   t r a n s m i t t i n g   t h e  

d e c i s i o n  downwards   t h rough   t he   h i e ra rchy  t o  t h e   w o r k i n g   l e v e l   f r o m  

which   t he   p rob lem came. 

2.1.4.  IMPACT OF THE ELUC-ELUCS PROCESS 

The p r o c e s s   p r o v i d d s ,   f o r  t h e  f i r s t  time, a formal   dec is ion   making   mechanism 

f o r   t h e   r e s o l u t i o n   o f   r e s o u r c e   c o n f l i c t s   w h i c h   r e p l a c e s   t h e   r e l a t i v e l y   ' a d   h o c '   i n t e r -  

a g e n c y   l i a i s o n   o f   t h e   p a s t .  

However, t h e   i m p l e m e n t a t i o n  of t h e   p r o c e s s   e n c o u n t e r e d   i n i t i a l   p r o b l e m s .  

Among t h e   r e s o u r c e   a n d   l a n d   u s e   a g e n c i e s ,   t h e r e   h a s   b e e n   u n c e r t a i n t y   a n d   c o n c e r n   o v e r  

It 
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t h e  role ,  o b j c c t i v c s ,   p r j o r i t i c ! ~   a n d   j u r i R d i c t i o n 8  of ELUCS i n  p a r t i c u l a r .   T h e r c  

have been   var ious   c r i t i c i r Jn1s  of t h e  manner i n  which ELUCS c o n d u c t e   i t s e l f :  

- Tha t  EI,UCS shou ld  be lcsn p rob lem-or i en ted   and  more p o l i c y - o r i e n t e d ;  
- T h a t  ELUCS a c t i v i t i e s   i n f r i n g e  o n  t h e   j u r i s d i c t i o n s  of o t h e r   a g e n c i e s ;  
- T h a t  ELUCS a p p e a r s  t o  be  asf luming  the responsibilities of o t h e r   a g e n c i e s :  
- Tha t  ELUCS shou ld   examine   u rban   a s  well a s   r u r a l   p r o b l e m s .  

I 

I 

II 

T h e s e   a n d   o t h e r   p r o b l e m s   a r e  a n a t u r a l   c o n s e q u e n c e   o f   a t t e m p t s  t o  impose 

r a d i c a l   c h a n g e s  upon i n s t i t u t i o n a l   d e c i s i o n - m a k i n g   p r o c e s s e s .  

N e v e r t h e l e s s ,   t h e   p r o c e s s   h a s   b e e n   w i d e l y   a c c e p t e d ,  a t  l eas t  i n   p r i n c i p l e .  

T h e   e m p h a s i s   o f   t h e   s y s t e m  is p l a c e d  upon i n t e r - a g e n c y   s t u d y   o f   r e s o u r c e   p r o b l e m s ,  

b o t h  a t  t h e   M i n i s t e r i a l   l e v e l  (ELUC) and a t  t h e   w o r k i n g  level ( t h r o u g h  ELUCS t a s k  

forces).  Through   t he   t a sk   fo rce   fo rum,   r e source   pe r sonne l   have   been   ab le  t o  a c q u i r e  

a n   a p p r e c i a t i o n  of t h e   p r i o r i t i e s   a n d   c o n s t r a i n t s   w h i c h   g o v e r n   o t h e r   r e s o u r c e   a c t i v i t i e s .  

O f f i c i a l s   h a v e   e x h i b i t e d   a n   i n c r e a s i n g   r e a d i n e s s  t o  approach  ELUCS or o t h e r   a g e n c i e s  

d i r e c t l y  when m a t t e r s  of m u t u a l   i n t e r e s t   a r i s e ,   a n d  some r e s o u r c e   a g e n c i e s   h a v e  now 

e s t a b l i s h e d   s p e c i a l   r e s e a r c h   s e c t i o n s   w h i c h   i n v e s t i g a t e   t h e   b r o a d e r   m u l t i - r e s o u r c e  

i m p l i c a t i o n s  of t h e i r   r e s p e c t i v e   a c t i v i t i e s .   T h e s e   t r e n d s   a r e   e x e r t i n g  a b e n e f i c i a l  

i n f l u e n c e   o n   t h e   q u a l i t y  of r e s o u r c e   d e c i s i o n   m a k i n g   i n  B . C .  

2.2, ,.,"I . . ,.,F.l7." I - -. .I r c h v r l u  ~ v n i  rROGnHf.Ls 

2.2.1.  THE CANADA LAND INVENTORY ( C L I )  

The C L I  program was e s t a b l i s h e d  by the   Fede ra l   Governmen t   pu r suan t  t o  t h e  

A g r i c u l t u r a l   R e h a b i l i t a t i o n   a n d  Development= (ARDA)  of  1961.  The ARDA prcgram is  

a j o i n t l y - f u n d e d   f e d e r a l - p r o v i n c i a l   r u r a l   c k ~ r e l o p m e n t   p r o g r a m .   T h e  B.C.  program was 

established by l e g i s l a t i v e   e n a c t m e n t  i n  1 9 6 2  and t h e  B.C. Land Inventory  became 

o p e r a t i o n a l   i n  1964-1965. 

The C L I  proglam i s  a r a p i d   b u t   c o m p r c h e n s i v e   r e g i o n a l - s c a l e   s u r v e y   c f  

p r e s e n t   a n d   p o t e n t i a l   l a n d   u s e s .  I ts  p r imary   pu rpose  is t o  p r o v i d e  a b a s i s   f o r   l a n d  

use p l a n n i n g   a n d   r e s o u r c e   m a n a g e m e n t   f o r   a g r i c u l t u r e ,   f o r e s t r y ,   r e c r e a t i o n   a n d   w i l d -  

l i f e .  The CLI a r e a   i n  B . C . ,  wh ich   ex tends   no r thwards   f rom  the  U.S. b o r d e r  t o  a l l  b u t  

t h e  most n o r t h e r l y   a r e a s ,   h a s  now been almost completely  mapped a t  scales which   va ry  

from 1:50,000 t o  1 :1 ,000 ,000 .  

The  mapping c o n s i s t s   o f   p r e s e n t   l a n d   u s e  maps a n d   l a n d   c a p a b i l i t y  sector 

maps.  The l a t t e r   u s u a l l y   g r a d e ,   o n  a scale o f   o n e  t o  s e v e n ,   t h e   s u i t a b i l i t y  of 

l a n d s  t o  s u p p o r t   a g r i c u l t u r a l ,   f o r e s t r y   a n d   r e c r e a t i o n a l   a c t i v i t i e s   a n d  t o  p r o v i d e  

h a b i t a t   f o r   u n g u l a t e s   a n d   w a t e r f o w l .  

I n t e g r a t e d   l a n d   c a p a b i l i t y   a n a l y s i s  maps have  also b e e n   p r o d u c e d   f o r   f i v e  
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areas o f   t h e   P r o v i n c e .   T h e s e  maps d e s i g n a t e  best  p o t e n t i a l   r e s o u r c e   u s e s   f o r   i n d i -  

v i d u a l   l a n d   u n i t s   b a s e d  upon t h e   h i g h e s t   r e s o u r c e   c a p a b i l i t y   r a t i n g s  among t h e   v a r i o u s  

cr i ter ia .  

A l t h o u g h   t h e  B C L I  program i s  now e l e v e n   y e a r s   o l d ,  it is  o n l y   r e l a t i v e l y  

r e c e n t l y   t h a t   t h e  mapped inEorma t ion   has   begun  t o  be employed  on a widesp read  basis 

for r e s o u r c e   a n d   l a n d  use p. lanning.  

The s o i l  c a p a b i l i t y   f o r   a g r i c u l t u r e   m a p p i n g   h a s   b e e n   a n   i m p o r t a n t  cr i ter ia  

i n  t h e   d e l i m i t a t i . o n   o f   t h e  A L R ' s .  Only s o i l  classes 1 t o  4 were c o n s i d e r e d   f o r  

i n c l u s i o n   w i t h i n   t h e  A L R ' s .  I n   m a r g i n a l   a r e a s   o f ,   t h e   P r o v i n c e ,   t h i s   i n f o r m a t i o n  was 

combined   wi th   inventory   mapping   of  climatic c a p a b i l i t y   f o r   a g r i c u l t u r e  t o  assist 

w i t h  ALR d e s i g n a t i o n s .  

Mapping of l a n d   c a p a b i l i t y   f o r   t h e   o t h e r   r e s o u r c e  sectors is also i n c r e a s -  

i n g l y   b e i n g  employed i n   r e s o u r c e   p l a n n i n g   s t u d i e s   a n d   i n   e v a l u a t i o n s  of t h e   i m p a c t s  

of   p roposed   deve lopme.q ts   on   resource   management   po ten t ia l .  

2 . 2 . 2 .  THE BIOPHYSICAL MAPPING PROGRAM 

As t h e  BCLI program has p r o g r e s s e d ,  t h e  scope  of t h e  o r i g i n a l  C L I  o b j e c t i v e s  

have   been   expanded  t o  i n c l u d e  a r a n g e  of a d d i t i o n a l   t y p e s   o f   i n v e n t o r y   m a p p i n g ,  a 

t r e n d   w h i c h   h a s   c o n t i n u e d   s i n c e   t h e  BCLI  was t r a n s f e r r e d  t o  t h e  RAU o f  ELUCS. 

One inven to ry   p rog ram  wh ich  is now a t  a p r e l i m i n a r y   s t a g e  of p r e p a r a t i o n  

is t h e   b i o p h y s i c a l   m a p p i n g   p r o g r a m .  When t h e   v a r i o u s   r e s o u r c e   c a p a b i l i t y  maps were 

p r e p a r e d ,  it was n e c e s s a r y  to col lect  c o n s i d e r a b l e   i n f o r m a t i o n   o n   t h e   p h y s i c a l  

e n v i r o n m e n t   i n   o r d e r  t o  e s t a b l i s h   r e s o u r c e   c a p a b i l i t y   r a t i n g s .   P h y s i c a l   c h a r a c t e r -  

i s t ics  were n o t  mapped i n   p u r e  form, however ,   a l though  they  may b e   i n f e r r e d  to some 

e x t e n t   f r o m   t h e   c a p a b i l i t y   r a t i n g s .  

E x p e r i e n c e   w i t h   t h e  C L I  r a t i n g s   h a s   r e v e a l e d   t h e   n e e d  for  a l a n d  classi- 

f i c a t i o n   s y s t e m   w h i c h   d e s c , r i b e s   t h e   b i o p h y s i c a l   c h a r a c t e r i s t i c s  of p a r t i c u l a r   l a n d  

units w i t h o u t   r e f e r e n c e  t o  a s p e c i f i c   r e s o u r c e   u s e ,   s i n c e   t h e   r e s o u r c e   c a p a b i l i t y  

r a t i n g s  are n o t   v a l u e - f r e e   a n d  are subject t o  t h e   v a g a r i e s   o f   c h a n g i n g  social  and 

economic   va lues .  

The p r e s e n t   b i o p h y s i c a l   l a n d   c l a s s i f i c a t i o n  i s  b e i n g   d e s i g n e d  to  d i f f e r -  

e n t i a t e   a n d   c l a s s i f y   s e g m e n t s   o f   t h e   l a n d   s u r f a c e   w h i c h   p o s s e s s   i n t e r n a l   u n i f o r m i t y  

and   which   d i f fe r   f rom  sur rounding   land   segments .   Each   land   un i t  i s  c l a s s i f i e d  

a c c o r d i n g  t o  f o u r   c r i t e r i a  - l a n d f o r m ,   t o p o g r a p h y ,   s o i l   a n d   v e g e t a t i o n .   T h e r e  may 

a l so  be s c o p e   f o r  t h e  i n t r o d u c t i o n   o f   c l i m a t i c   i n d i c e s   i n t o   t h e   c l a s s i f i c a t i o n .  

When comple ted ,   the   mapping  w i l l  s e r v e  as  t h e  basis  for  f u t u r e  management 

of l a n d   f o r   a g r i c u l t u r a l ,   f o r e s t r y ,   r e c r e a t i o n a l   a n d   w i l d l i f e   r e s o u r c e s ,   a n d  also 

f o r   e v a l u a t i o n s   o f   l a n d   s u i t . a b i l i t y   f o r   b u i l d i n g s ,   s e w a g e   d i s p o s a l ,  water s u p p l y ,  
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l a r g c   s t r u c t u r e s ,   r e s e r v o i r s  - i n  f a c t ,  for any   type  of u n d e r t a k i n g   f o r   w h i c h  a 

knowlcdgc   o f   t hc   phys i ca l   cnv f ronmcn t  is n a c e s s a r y .  

P l a n n i n g  is  underway f o r   t h e   c o l l e c t i o n   o f  tho n e c e s s a r y   d a t a ,  some o f  

which i s  now a v a i l a b l e .   F o r  many y e a r s ,   t h e  BCDA h a s   b e e n   p r e p a r i n g  s o i l  maps i n  

many p a r t s   o f   t h e   P r o v i n c e .   E x t e n s i v e   f o r e s t   i n v e n t o r y   i n f o r m a t i o n  i s  a v a i l a b l e  

from t h e  BCDF a n d   t h i s  is be ing   supplemented  now by  a vege ta t ion   cove r   mapp ing   p ro -  

g r a m   w i t h i n   t h e  R A U .  The S o i l s   a n d   S u r f i c i a l   G e o l o g y   D i v i s i o n   o f   t h e  M U  h a s  almost 

f i n a l i z e d  a c o m p r e h e n s i v e   l a n d f o r m   m a p p i n g   c l a s s i f i c a t i o n   s y s t e m .  The Climate and 

Data S e r v i c e s   D i v i s i o n  is  expanding i t s  n e t w o r k   o f   f i e l d   s t a t i o n s   f o r   t h e   p u r p o s e  

of mapping climatic v a r i a b l e s  a t  t h e  local  scale. 

W i t h   t h e   a b o v e   i n v e n t o r y   m a p p i n g   c a p a b i l i t i e s ,   t h e  RAU i s  a l s o   a b l e  t o  

p r o d u c e   s p e c i f i c  maps  on r e q u e s t   f o r   s u c h   v a r i e d   p u r p o s e s  as s u r f a c e  s o i l  e r o s i o n  

p o t e n t i a l ,  soil s u s c e p t i b i l i t y   t o   p o n d i n g   a n d   f l o o d i n g ,   g r o u n d   s u i t a b i l i t y   f o r   s e p t i c  

t a n k   a b s o r p t i o n   f i e l d s ,  a i r  p o l l u t i o n   p o t e n t i a l ,  cl imatic c a p a b i l i t y   f o r   r e c r e a t i o n ,  

a n d   s u r f a c e   g r a d i e n t .  A wate r - f i sh   capab i l i t y   mapp ing   p rog ram is now underway,  and 

t h e   G e o g r a p h i c   D i v i s i o n   o f   t h e  R A U  is i n t e r e s t e d   i n   d e v e l o p i n g   m a p p i n g   p r o g r a m s  

f o r   l a n d  ownership a n d   l a n d   s t a t u s .  

2.2.  3 .  RESOURCE OVERLAY T E C H N I Q U E  

One i m p o r t a n t   a p p l i c a t i o n   o f   r e s o u r c e   i n v e n t o r y   m a p p i n g   h a s   b e e n  t h e  p r e -  

p a r a t i o n  or r e s o u r c e   o v e r i a y   f o i i o s .  'rne o b j e c t l v e  is  t o  o v e r l a y   o r c n o p o s i t i v e s  of 

r e s o u r c e  maps o f   v a r i o u s   k i n d s   i n   o r d e r  t o  a s s i s t   w i t h   t h e   h i g h l i g h t i n g  of c r i t i c a l  

areas. 

T1,e first p r o v i n c i a l   a p p l i c a t i o n   o f   t h i s   r e s o u r c e   p l a n n i n g  tool is 

b e l i e v e d  t o  have   occu r red   du r ing   t he   Vanderhoof  forest l a n d   s t u d y   f o r   t h e  Land Use 

Committee i n  1 9 6 9 .  Vacant  Crown l a n d s   w i t h   s i g n i f i c a n t  forest c a p a b i l i t y  had been 

c l e a r e d   f o r   a g r i c u l t u r e ,   f o u n d   t o   b e   i l l - s u i t e d  t o  t h i s   p u r p o s e ,   a n d  were t h e n  

a l i e n a t e d  t o  u r b a n   u s e s .   T h e   l a n d   u s e   d e c i s i o n s   i n   t h l a   c a s e  were a i d e d   b y   t h e  

p r e p a r a t i o n   o f   a n   o v e r l a y   f o l i o   c o n s i s t i n g  of maps for  a g r i c u l t u r e ,   f o r e s t r y ,   w i l d -  

l i f e ,   f i s h ,   m i n i n g ,   r e c r e a t i o n   a n d  water r e s o u r c e s .  

The  BCDF now makes c o n s i d e r a b l e   u s e  of r e s o u r c e   o v e r l a y   f o l i o s  as  p a r t   o f  

i t s  p l a n n i n g   p r o c e s s  for  t h e   l o c a t i o n  of T i m b e r   S a l e   L i c e n s e s   i n  PSYU's. The map 

d a t a  are  c o l l e c t e d  from d i s t r i c t   f o r e s t r y   o f f i c i a l s   a n d   i n c l u d e  forest  i n v e n t o r y  

m a p p i n g ,   w a t e r   r e s o u r c e s ,   f i s h - s p a w n i n g  streams, w i l d l i f e   r a n g e s ,   r e c r e a t i o n a l  s i t es  

a n d   m i n e r a l   r e s o u r c e   l o c a t i o n s .   C o n s u l t a t i o n   w i t h  BCFWB o f f i c i a l s  is  p a r t i c u l a r l y  

e x t e n s i v e .   W i t h   t h e s e   d a t a ,  BCDF o f f i c i a l s   d e t e r m i n e ,   w i t h i n   g e n e r a l  areas which 

h a v e   b e e n   s e l e c t e d   b y   l o g g i n g   c o m p a n i e s ,   t h e   e x a c t   s h a p e ,   s i z e ,   l o c a t i o n   a n d   o r i e n t a t i o n  

o f  each s t a n d   w h i c h  is t o  be l o g g e d .   C r i t i c a l   a r e a s   s u c h   a s   s t r e a m s ,   w i n t e r   u n g u l a t e  



- 2 0  - 
r a n g e s   a n d   e r o s i o n - s u s c e p t i b l e  soils a r e   a v o i d e d   w h e r e   p o s s i b l e .  Some 400 f o l i o s  

are p l a n n e d   t h r o u g h o u t   t h e   P r o v i n c e   a n d  more t h a n   h a l f   o f   t h e s e   h a v e   b e e n   c o m p l e t e d .  

O t h e r   r e s o u r c e   a g e n c i e s   h a v e   r e a c t e d   t o   t h e   f o l i o s  as an   approach  to t h e   r e s o l u t i o n  

of r e s o u r c e   c o n f l i c t s   w i t h   m i x t u r e   o f   c o n c e r n   a n d   g u a r d e d   o p t i m i s m .  

The  Land  Management  Branch o f   t h e  BCLS h a s  a l so  a d o p t e d   t h e   r e s o u r c e  over- 

l a y  f o l i o  as  a p l a n n i n g   t o o l   i n  local s i t u a t i o n s .   I n   a d d i t i o n  to  t h e  maps which are 

i n c l u d e d   i n   t h e   f o r e s t r y   f o l i o s ,   t h e r e  may a lso b e  maps o f   l a n d   s t a t u s ,   p r e s e n t   l a n d  

u s e ,   t o p o g r a p h y ,   d r a i n a g e ,   a c c e s s ,   l e g a l   b o u n d a r i e s ,   a n d  local a u t h o r i t y   z o n i n g .  

The BCLC h a s   a s k e d  ELUCS t o  p r e p a r e   r e s o u r c e  fo l io s  i n  areas of t h e   P r o v i n c e  

w h e r e   t h e  A L R ' s  are u n d e r   c o n s i d e r a b l e   d e v e l o p m e n t   p r e s s u r e ,   p a r t i c u l a r l y   i n   t h e  

Lower Main land .   Such   i n fo rma t ion   p rov ides  a framework w i t h i n   w h i c h  t o  e v a l u a t e  

a p p l i c a t i o n s   f o r   e x e m p t i o n   f r o m   t h e  ALR zoning.  

7,3, REGIONALRESOURCE- 
2.3.1.  THE REGIONAL RESOURCE MANAGEMENT COMMITTEES (RRMC) 

The RRMC (or I n t e r - S e c t o r   G r o u p s )   a r e   c o m m i t t e e s  of s e n i o r   r e g i o n a l   r e s o u r c e  

a g e n c y   o f f i c i a l s   w h i c h   h a v e   b e e n   e s t a b l i s h e d   i n   s e v e n   l o c a t i o n s   a c r o s s   t h e   P r o v i n c e  

i n  o r d e r  t o  t a c k l e   q u e s t i o n s   w h i c h   i n v o l v e   o v e r l a p p i n g   r e s o u r c e   m a n a g e m e n t   j u r i s -  

d i c t i o n s   a n d   i n t e r e s t s .  

B e f o r e   t h e   f o r m a t i o n  of t h e  RRMC, t h e r e  was n o   f o r m a l   c o l l e c t i v e   i n t e r -  

d e p a r t m e n t a l   e f f o r t  t o  ove rcome   r e source   conf l i c t s .   Such   communica t ion  as d i d   e x i s t  

b e t w e e n   a g e n c y   s t a f f   a t   t h e   r e g i o n a l   l e v e l   t e n d e d  t o  c o n c e n t r a t e  upon t e c h n i c a l  

m a t t e r s   r a t h e r   t h a n  upon p o l i c y   i s s u e s .  Much o f   t h e   c o m m u n i c a t i o n   o c c u r r e d   " a f t e r  

t h e   f a c t "   a n d  was   des igned  t o  m i t i g a t e   t h e  more d e l e t e r i o u s   e f f e c t s  of unco-o rd ina ted  

d e c i z i o n   m a k i n g   w i t h i n   i n d i v i d u a l   a g e n c i e s .  The f a i l u r e  t o  c o - o p e r a t e  a t  t h e   p l a n -  

n i n g   a n d   p o l i c y   l e v e l s   o f   d e c i s i o n   m a k i n g  was b o t h   c o s t l y   a n d   w a s t e f u l   o f   r e s o u r c e s .  

The f i r s t   I n t e r - S e c t o r  Group was formed i n   P r i n c e   G e o r g e   d u r i n g   t h e  l a t e  

1 9 6 0 ' s ,   l a r g e l y   a t   t h e   v o l i t i o n   o f  local s e n i o r   r e g i o n a l   o f f i c i a l s   t h e m s e l v e s .  

Members i n c l u d e d   s u c h   r e g i o n a l   o f f i c i a l s  as  t h e  d is t r ic t  f o r e s t e r ,   r e g i o n a l   h i g h w a y  

e n g i n e e r   a n d   r e g i o n a l   l a n d   i n s p e c t o r .   A n o t h e r   g r o u p  was soon  formed  in   Nelson .  

These two g roups  were f o l l o w e d   a t   i n t e r v a l s  by f i v e   o t h e r s ,  some of   which   deve loped  

t h r o u g h   l o c a l   r e g i o n a l   i n i t i a t i v e  w h i l e  o t h e r s  were c o n s t i t u t e d   a s  a r e s u l t   o f  

encouragement   f rom Victoria.  

T h e ' P u r c e l l   S t u d y   w a s   p r o b a b l y   t h e   f i r s t   g o v e r n m e n t   p r o j e c t  t o  be a s s i g n e d  

to a committee ( t h e   E a s t   K o o t e n a y   g r o u p   i n   N e l s o n ) .   T h e   s t u d y  was i n t e n d e d  to  

i d e n t i f y   r e s o u r c e   c o n f l i c t s   i n   t h e   P u r c e l l   M o u n t a i n s   a n d  t o  recommend f u t u r e   r e s o u r c e  

Y 

# 
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management s t r a t e g i e s .  A g r e a t   s t i m u l u s  WAS p rov ided  t o  t h e  RRMC i n  a l l  a r e a s  when 

t h e y  were a s s i g n e d   t h e   t a s k  of commenting on t h e  ALR p r o p o s a l s .   T h i s   r e v i e w   p r o c e s s  

r e p r e s e n t e d   t h e   f i r s t   i n t i m a t e   e x p o s u r e  of many r e g i o n a l   o f f i c i a l s  to  t h e   p o l i c i e s  

a n d   p r i o r i t i e s   o f   o t h e r   a g e n c i e s .  

I n   r e c o g n i t i o n  of t h e   p o t e n t i a l  role  of t h e  RRMC i n   r e s o u r c e  management, 

t h e   p r o v i n c e   h a s   u n d e r t a k e n  t o  s t a n d a r d i z e   t h e   r e g i o n a l   b o u n d a r i e s   a n d   r e g i o n a l  

a d m i n i s t r a t i v e   c e n t e r s  of t h e   r e s o u r c e   d e p a r t m e n t s .   I n   J a n u a r y ,   1 9 7 5 ,   O r d e r - i n -  

C o u n c i l   2 0 5 - 7 5   ( p u r s u a n t   t o   t h e   E n v i r o n m e n t   a n d  Land Use A c t )  c r e a t e d   s e v e n   R e s o u r c e  

Management  Regions.  The new r e g i o n s  were e s t a b l i s h e d   a f t e r   a n   e x t e n s i v e   c o n s u l t a t i o n  

w i t h   r e s o u r c e   d e p a r t m e n t s   a n d  a f t e r  e v a l u a t i o n  of g e o g r a p h i c a l ,   b i o p h y s i c a l ,  

a d m i n i s t r a t i v e   a n d   o p e r a t i o n a l  c r i t e r i a .  I t  is  a n t i c i p a t e d   t h a t   i n t e r n a l   d e p a r t m e n t a l  

a d j u s t m e n t s  w i l l  b e   p r o b l e m a t i c a l .   I m p l e m e n t a t i o n   o f   t h e  new r e g i o n a l   s t r u c t u r e  

f o r   r e s o u r c e  management i s  s c h e d u l e d  to  o c c u r   o v e r   s e v e r a l   y e a r s .  

2.3.2.  THE NORTH WEST S T E  

A t  t h e  time t h a t   t h e  ELUCS was c r e a t e d ,   t h e   n e e d   f o r  a major  economic 

i n v e s t i g a t i o n  of the   Nor th  West o f   t h e   P r o v i n c e  was r e c o g n i z e d   a t   t h e   p o l i t i c a l  

l e v e l .  The c h i e f   c a u s e   o f   t h e   e c o n o m i c   m a l a i s e   o f   t h e   N o r t h  West h a s   b e e n   i d e n t i f i e d  

by many as t h e   f a l t e r i n g   f o r e s t   i n d u s t r y .   T h e  area has   a lways   been  a h igh - inves t -  

n;er,tl/:=.w- ;ctuLA, ,,y,,,.,,,,,L,y ..e-: "1 1 margir.;: propazizicz f o r  i rz izs t ry .  IZ is izclztcd 

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

Co lumbia   Ce l lu lose  Co. a n d   E u r o c a n ,   a n d   t h e   m e t a l l u r g i c a l   o p e r a t i o n s   o f   A l c a n ,   h a v e  

p r o v i d e d  much o f   t h e   i n d u s t r i a l   b a s e .   C o l u m b i a   C e l l u l o s e   h a d ,   b y   1 9 7 3 ,   b e e n   s e e k i n g  

t o  sell i ts  e n t e r p r i s e s   f o r  some time, and i t  a p p e a r e d   t h a t  some o p e r a t i o n s  would 

be closed. E s p e c i a l l y   t h r e a t e n e d  w e r e  those n o n - i n t e g r a t e d  pulp m i l l s  wh ich  r e l y  

o n  waste f r o m   o t h e r   l o g g i n g  mills f o r   p u l p   a n d   p a p e r   p r o d u c t i o n .   I n  some areas, 

saw m i l l  o p e r a t i o n s  we:e n o t   a d e q u a t e  t o  s u p p l y   t h e  demand a s ,  €or example,  a t   P r i n c e  

R u p e r t   a n d   K i t i m a t   ( b y   c o n t r a s t ,   s u p p l i e s  are r e l a t i v e l y   p l e n t i f u l   f o r   t h e   p u l p   a n d  

p a p e r  mills a t   P r i n c e   G e o r g e ) .   T h e   G o v e r n m e n t ,   t h e r e f o r e ,   e s t a b l i s h e d   t h e  B.C.  

C e l l u l o s e  Company which  bought a c o n t r o l l i n g   s h a r e   i n  two  pu lp  mills a t   P r i n c e  

Ruper t ,   lumber  mills a t   T e r r a c e   a n d   K i t w a n g a ,   a n d  a pulp   and   lumber  m i l l  a t   C a s t l e g a r  

( i n   t h e   K o o t e n a y s )  . 
A s  p a r t  of i t s  North West s t r a t e g y ,  ELUC d e l e g a t e d  t o  ELUCS t h e   r e s p o n -  

s i b i l i t y   f o r   p r e p a r i n g   r e g i o n a l   d e v e l o p m e n t   g u i d e l i n e s .   T h e   R e s o u r c e   P l a n n i n g   U n i t  

h a s   b e e n   d i r e c t i n g  a s t e e r i n g   t a s k   f o r c e   w h i c h   i n c l u d e s  s t a f f  from  zhe MU, t h e  

BCDF, t h e  BCFWB a n d   t h e  BCPPB. The task f o r c e  was e x p e c t e d  to  i d e n t i f y   a g e n c y  

Y 
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o b j Q c t i v C S  and arean  of c o n f l i c t   b o t w e e n   f o r e s t :   e x p l o i t a t i o n   a n d ' r e c r e a t i o n a l   a n d  

e n v i r o n m c n l a l   c o n c e r n s .  The work is  p a r t   o f  an overa l l  r a t i o n a l i z a t i o n  of t h e  

r e g i o n ' s   f o r e s t   i n d u s t r y   t h r o u g h  a program of i n t e g r a t e d   r e s o u r c e ,  social ,  economic, 

communi ty   and   t ranspor ta t ion   deve lopments .  

T h e   t a s k   f o r c e   h a s   h a d   t o   t a k e   i n t o   a c c o u n t   p r o p o s a l s   f o r  sawmills a t  

Burns  Lake,   Houston  and  Smithers .  Also i n c l u d e d   i n   t h e   N o r t h  West s t r a t e g y   h a s   b e e n  

a t e n t a t i v e   f e d e r a l - p r o v i n c i a l   a g r e e m e n t  t o  expand the p o r t   f a c i l i t i e s  a t  P r i n c e  

Ruper t ,   and  to p r o v i d e  a ra i l road l i n k   b e t w e e n   t h e  CNR t r a c k   a t  Terrace a n d   t h e  BCR 

t r a c k   a l o n g  i t s  Dease  Lake  extensi 'on. 

ELUCS h a s   o r g a n i z e d   s e v e r a l   p u b l i c   h e a r i n g s   i n   t h e   N o r t h  West t o  gauge 

local  a t t i t u d e s   t o w a r d s   t h e   v a r i o u s   d e v e l o p m e n t   p r o p o s a l s .  Much RAU r e s o u r c e  

i n v e n t o r y   m a p p i n g   h a s   a l s o   b e e n   n e c e s s a r y ,   p a r t i c u l a r l y   b e t w e e n   B u r n s   L a k e   a n d  

Smi the r s .   Th i s   i nven to ry   mapp ing   has   been   p re sen ted  a t  p u b l i c   m e e t i n g s  t o  f a c i l i t a t e  

d i s c u s s i o n .  Among t h e   r e s u l t s   o f   t h e   p l a n n i n g   p r o c e s t :  t o  d a t e   h a v e   b e e n   t h e  

development  of a sawmill ai: Burns  Lake  and a d e c i s i o n  t o  d i r e c t  timber to  e x i s t i n g  

m i l l s  i n  t h e  S m i t h e r s  area where there  was p u b l i c  o p p o s i t i o n  t o  t h e  development of 

a l a r 9 e  new mill i n   c o m p e t i t i o n  w i t h  e x i s t i n g   o p e r a t i o n s .  

The  North West S tudy   has   been   an   unde r t ak ing  0 5  e x c e p t i o n a l   s c o p e   w h i c h  

h a s   n o t   b e e n   e m u l a t e d   e l s e w h e r e   i n   t h e   P r o v i n c e .  A number of  s m a l l e r - s c a l e   r e g i o n a l  

r e s o u r c e   p l a n n i n g   s t u d i e s   h a v e ,   h o w e v e r ,   b e e n   u n d e r t a k e n ,   i n c l u d i n g   s t u d i e s   i n  t h e  

Ts i t i ka -Schoen ,   Ca thedra l   Lakes   Pa rk ,  Mica Dam, Whis t l e r   Moun ta in ,   Pu rce l l   Moun ta ins ,  

S p r i n g b r o o k   a n d   W i l l i s t o n   R e s e r v o i r  areas. 

2,4, DEVELOPMENTASSESSMENTURFS 

2 . 4 . 1 .  ELECTRICAL ENERGY DEVELOPMENTS 

One o f  t h e  f i r s t   u n d e r t a k i n g s  of t h e   S p e c i a l  Projects U n i t  was t o  e s t a b l i s h  

a r e v i e w   p r o c e s s   f o r  BCHPA p r o j e c t s .  T h e   p r o c e s s   i n v o l v e s   t h r e e  major s t a g e s  of 

r ev iew:  

( a )  The  development of a c c e p t a b l e   f o r e c a s t s  of f u t u r e  electrical  

e n e r g y   r e q u i r e m e n t s ,  a p r o c e s s   w h i c h   h a s   i n v o l v e d   i n t e r a c t i o n  

between ELUCS, BCHPA, BCEC and BCDED; 

( b )   T h e   s e l e c t i o n   o f   t h o s e   e n e r g y   g e n e r a t i o n   p r o j e c t s   w h i c h  

p r o v i d e   s u f f i c i e n t   c a p a c i t y  t o  meet . fu ture   demands   whi le  a t  t h e  

same time r e s u l t i n g   i n   m i n i m a l   r e g i o n a l   d i s r u p t i o n   a n d   a d v e r s e  

deve lopmen ta l   impac t s :   and  

(c )  The p r e p a r a t i o n  of e n v i r o n m e n t a l   a n d  social impac t  statements 
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for t h o e s   d o v e l o p m o n t a   w h i c h   a r e   r a l a c t a d  t o  p-rocecd. 
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A l l  t h r c c  ~ ~ : I < J C ? H  of t h e   r e v i e w   p r o c e s s  are i n   o p e r a t i o n .  The energy  demand 

f o r e c a s t s  of HCHPA were a t  v a r i d n c c   w i t h   t h o s e   o f   t h e  BCEC a n d   a t t e m p t s  are now 

b e i n g  medc to  r e s o l v e   t h e s e   d i f f e r e n c e s   a n d  t o  a r r i v e  a t  a m u t u a l l y   a c c e p t a b l e   g r o w t h  

r a t e   f o r   t h e   f u t u r e   p l . a n n i n g  of BCHPA developments .  

G u i d e l i n e s  for b r o a d   r e g i o n a l   d e v e l o p m e n t   a s s e s s m e n t s  are i n   a n   a d v a n c e d  

s t a g e   o f   p r e p a r a t i o n   a n d  w i l l  b e   a p p l i e d  t o  most BCHPA p r o p o s a l s .   T h e r e  are o n l y  

t h r e e  major h y d r o - e l e c t r i c   p o w e r   p r o j e c t s   w h i c h  are a t  such   an   advanced   s t age  of 

d e v e l o p m e n t   t h a t   d r a s t i c   m o d i f i c a t i o n   w o u l d  be v e r y   d i f f i c u l t  t o  implement .   These 

p r o j e c t s  are  t h e   P e n d - d ' o r e i l l e ,  Mica  and S i t e  1 ( P e a c e   R i v e r )  D a m s .  D e t a i l e d   i m p a c t  

a s s e s s m e n t s   a r e  now b e i n g   c o m p l e t e d   f o r   t h e s e   p r o j e c t s   w h i c h   a r e   d e s i g n e d  t o  assess 

t h e i r   s i t e - s p e c i f i c   i m p a c t s   o n   n a t u r a l   a n d   s o c i a l   s y s t e m s   a n d   t o  recommend  compen- 

s a t o r y  or  m i t i g a t o r y   m e a s u r e s   w h e r e   n e c e s s a r y .  

2 . 4 . 2 .  COAL DEVELOPMENT GUIDELINES 

In   view of t h e   r e c e n t   r e n e w e d   i n t e r e s t   i n   c o a l   d e v e l o p m e n t   i n   t h e   P r o v i n c e ,  

c o a l   d e v e l o p m e n t   g u i d e l i n e s  similar t o  t h o s e  for e l e c t r i c a l   e n e r g y   d e v e l o p m e n t   h a v e  

b e e n   p r e p a r e d .   P r e s e n t l y ,   f i v e   m i n i n g   c o m p a n i e s   i n   t h e   S o u t h   E a s t   a n d  two i n   t h e  

N o r t h   E a s t   a r e  a t  v a r i o u s   s t a g e s  of f e a s i b i l i t y   a n d   p l a n n i n g   s t u d i e s .  

LLG~;; &il2 t ? , ~  3C3;.:p;( - d ~ r e  charg,=d ii, ;;;; i ; i th prepaxaLici-, of ,g.ui<e- 

l i n e s   w h i c h   w o u l d   e n s u r e   t h a t   t h e s e   f e a s i b i l i t y   a n d   p l a n n i n g   s t u d i e s   w o u l d   b e  com- 

p rehens ive   and   wou ld   cove r  a f u l l   r a n g e   o f   e c o n o m i c ,   s o c i a l / c o m m u n i t y ,   a n d  

e n v i r o n m e n t a l   f a c t o r s .   C o m p l e t e   i n f o r m a t i o n  i s  r e q u i r e d   o n  a l l  a s p e c t s   o f  a c o a l  

d e v e l o p m e n t   p r o j e c t   i n c l u d i n g   s u c h   v a r i e d   q u e s t i o n s  as p o l l u t i o n   c o n t r o l ,   c o m m u n i t y  

development, and s i t e  reclamation  plans. 

T h e   c o a l   g u i d e l i n e s  are d e s i g n e d  t o  t a k e   e x i s t i n g   p r o v i n c i a l   l e g i s l a t i o n  

a n d   p r o c e d u r e s ,  company r e q u i r e m e n t s   a n d   p r i o r i t i e s ,  a1rd l o c a l   g o v e r n m e n t ,   i n d z s t r i a l ,  

soc ia l  a n d   e n v i r o n m e n t a l   i n t e r e s t s   i n t o   a c c o u n t .  

The coa l   deve lopment   companies  are  now p r o c e e d i n g   a c c o r d i n g  to  t h e   g u i d e -  

l i n e s .   I n i t i a l   r e a c t i o n   h a s   b e e n   f a v o u r a b l e   i n   g e n e r a l .  The  companies   have  indi-  

c a t e d   t h a t ,   d u r i n g   t h e   p a s t ,   t h e r e   h a s   b e e n  some d o u b t   c o n c e r n i n g   t h e   t y p e s  of 

i n f o r m a t i o n   w h i c h   s h o u l d   b e   p r e s e n t e d   b y   c o a l   d e v e l o p e r s  t o  t h e   P r o v i n c e .  
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I n  terms of t h e   g e n e r a l   t h e m e   o f   t h i s   c o n f e r e n c e ,   t h e  processes which are d e s c r i b e d  

i n   t h i s   p a p e r   d o   n o t   r e p r e s e n t  a c o n t i n u o u s  or semi-cont inuous   moni tor ing  of l a n d  

u s e .  O f  t h e   p r o v i n c i a l   a g e n c i e s ,   o n l y   t h e   D e p a r t m e n t   o f   F i n a n c e   a n d   t h e  B.C. 

Aseessmcn t   Au thor i ty   ma in ta in   p rov ince -wide   r eco rds  of l a n d  u s e  changes  and t h e s e  

da t a  a r e  n o t  a t  p r e s e n t   a n a l y z e d   f o r   t h e   p u r p o s e s  of resource management o r  l a n d  use 

p l a n n i n g .  Some local  a u t h o r i t i e s   m a i n t a i n   s u c h   r e c o r d s   i n  local s i t u a t i o n s .  

V a r i o u s   l a n d   c a p a b i l i t y   a n d   l a n d   u s e   i n d i c e s   h a v e   b e e n  mapped i n  a s t a t i c  s e n s e   a n d  

are c o n t r i b u t i n g   t o w a r d s   r e s o u r c e   m a n a g e m e n t   a n d   l a n d   u s e   p l a n n i n g  objectives. How- 

ever, t h e  major p o i n t  of t h i . s   p a p e r   h a s   b e e n  t o  stress t h a t   t h e   d y n a m i c s   o f   l a n d   u s e  

changes  a r e  governed  t o  a l a r g e   e x t e n t  by a ve ry   compl i ca t ed   ne twork  of i n t e r l o c k i n g  

p r o v i n c i a l   j u r i s d i c t i o n s   a n d   i n t e r e s t s .  A p r i m a r y   p r o v i n c i a l   o b j e c t i v e ,   t h e r e f o r e ,  

i s  t o  s t r e a m l i n e   t h e s e   i n d i v i d u a l   j u r i s d i c t i o n s   a n d   i n t e r e s t s   i n t o  a c o h e r e n t   l a n d  

management   p rocess .   Sec t ion  2 o f   t h e   p a p e r   h a s   d i s c u s s e d  some of t h e   a p p r o a c h e s  

w h i c h   h a v e   b e e n   i n i t i a t e d   f o r   t h i s   p u r p o s e .  

A f u t u r c  objective, howcver ,  m u s t  bc t h e  e s t a b l i s h m e n t  oi a l a n d   u s e  and  l a n d  cap- 

a b i l i t y  d a t a  bank  which i.s arnonablc t o  m a n i p u l a t i o n   f o r   p l a n n i n g   p u r p o s e s .   I n  

p a r t i c u l a r ,   t h e r e  is a need t.o r e l a t e   p r o j e c t e d   f u t u r e   d e m a n d s   f o r   r e s o u r c e s  t o  t h e  

__”” c . ”. . ”.. -i ... ”“ ” ..”“ . _  . 
u y u I I u u I L I c J  rcdvuAbbd 5;. p z s v i x i s l ,  r c g i c n n l  ar.5 lczsl s i t t u ; l V , , ~ .  

Some p r o g r e s s   h a s   b e e n  made towards the   deve lopmen t   o f  a p r o v i n c i a l   c o m p u t e r i z e d  

data  bank .   Fu r the rmore ,   i n   1976 ,  ELUCS i s  hoping  t o  c a r r y   o u t  a r e g i o n a l - s c a l e  

ove rv iew of a v a i l a b l e   r e s o u r c e s   a n d  projccter7 f u t u r e   n e e d s   i n  B.C. T h i s   i n f o r m a t i o n  

s h o u l d   p r o v i d e  a u s e f u l   f r a m e w o r k   f o r   f u t u r e   r e s o u r c e   a n d   l a n d   u s e   d e c i s i o n s .  
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APPENDIX 1 

LIST OF  ABBREVIATIONS 
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I 

AAC ('SI 

ALR ( I s )  

ARDA 

ASAB 

BCAA 

BCCC 

BCDA 

BCDC 

BCDED 

BCDF 

BCDHe 

BCDH 

B u n g  

BCDIDTC 

FCDLFWR 

BCDMA 

BCDMPR 

BCDOE 

BCDPS 

BCDRC 

BCDRT 

BCDTC 

BCDTI 

BCEC 

BCFS 

BCFWB 

- A n n u a l   A 1 , l o w a b l e  Timber Cut(=.) 

. - A g r i c u l t u r a l   L a n d   R e s e r v e ( s )  

- A g r i c u l t u r a l   R e h a b i l i t a t i o n  and Develop- 
ment A c t   ( C a n a d a )  

- A r c h a e o l o g i c a l  S i tes  A d v i s o r y   B o a r d  
(BCDPS ) 

- B . C .   A s s e s s m e n t   A u t h o r i t y  

- B.C. C e l l u l o s e   C o m p a n y  

- D e p a r t m e n t  of A g r i c u l t u r e  (B.C.)  

B.C. D e v e l o p m e n t   C o r p o r a t i o n  

D e p a r t m e n t  of E c o n o m i c   D e v e l o p m e n t   ( B . C .  ) 

D e p a r t m e n t  of Forests ( B . C .  ) - F o r m e r l y  
t h e  BCFS of t h e  BCDLFWR 

D e p a r t m e n t  of  Heal th  ( B . C .  ) 

D e p a r t m e n t  of H i g h w a y s   ( B . C . )  

D e p a r t m e n t  of H o u s i n g  (B.L. j 

D e p a r t m e n t  of I n d u s t r i a l  D e v e l o p m e n t ,  
Trace and C o m m e r c e   ( B . C .  ) - Now  BCDED 

D e p a r t m e n t  o f  L a n d s ,  Forests and Water 
R e s o u r c e s  ( B . C .  ) - F u n c t i o n s  T r a n s f e r r e d  
t o  BCDF and BCDOE 

D e p a r t m e n t  of Munic ipa l  A f f a i r s   ( B . C . )  

Department of Mines and P,atroleum 
R e s o u r c e s   ( B .   C .  1 

D e p a r t m e n t  of E n v i r o n m e n t   ( B .   C .  1 

D e p a r t m e n t  of t h e  Provincial  Secretary ( B . C . )  

D e p a r t m e n t  o f  R e c r e a t i o n  and C o n s e r v a t i o n  
(B .C . )  - F u n c t i o n s  T r a n s f e r r e d  t o  BCDRT 

D e p a r t m e n t  of R e c r e a t i o n  and  T o u r i s m   ( B . C . )  

D e p a r t m e n t  of T r a n s p o r t  and Communi -  
cations ( B . C . )  

D e p a r t m e n t  of T r a v e l  I n d u s t r y  ( B . C . )  - 
F u n c t i o n s  T r a n s f e r r e d  t o  BCDRT 

B.C. Energy C o m m i s s i o n  

B.C. Forest Service - Now BCDF 

B.C. F i s h  and Wildlife B r a n c h  - Now P a r t  
of BCDRT 



ECHB 

BCHPA 

BCLC 

BCLI 

BCLS 

BCMRB 

BCPC 

BCPPB 

BCR 

BCWRS 

CLI 

CN R 

ELUC 

ELUCS 

ET,lJ""- 

HSAR 

OFC 

PSYU ( ' s )  

R A U  

RPU 

RRMC 

SPU 

TFL ( I s )  

- B.C. Harbours B o a r d  

- B.C. Hydro a n d   P o w e r   A u t h o r i t y  

- B.C. L a n d   C o m m i s s i o n  

- B . C .   L a n d   I n v e n t o r y  - Now P a r t  of RAU 
(ELUCS) a n d  BCDA 

- B . C .  L a n d s  Service - Now P a r t  of BCDOE 

- B . C .   M a r i n e   R e s o u r c e s   B r a n c h  - Now P a r t  
of BCDRT 

- B.C. P e t r o l e u m   C o r p o r a t i o n  

- B . C .   P r o v i n c i a l   P a r k s   B r a n c h  - Now P a r t  
of BCDRT 

- B . C .   R a i l w a y   C o m p a n y  

- B.C. Water R e s o u r c e s   S e r v i c e  - Now P a r t  
of BCDOE 

- C a n a d a   L a n d   I n v e n t o r y  

- C a n a d i a n   N a t i o n a l   R a i l w a y  

- E n v i r o n m e n t  and L a n d  Use C o m m i t t e e   ( B . C .  ) 

- E n v i r o n m e n t  3nd L a n d  Use C o m m i t t e e  
S e c r e t a r i a t  ( 3 . C . )  

- env: r o n m n n t  .?Rr! ?.,2nd !?5? Trclhnic:.2? 
C o m m i t t e e   ( B . C . )  

- Histor ic  S i t e s  A d v i s o r y   B o a r d  (BCDPS) 

- O c e a n  F a l l s  C o r p o r a t i o n  

- P u b l i c   S u s t a i n e d  Yie ld  U n i t ( s )  

- R e s o u r c e   A n a l y s i s   U n i t  (ELUCS) 

- R e s o u r c e   P l a n n i n g   U n i t  (ELUCS) 

- Regional R e s o u r c e   M a n a g e m e n t   C o m m i t t e e s  

- Special  P r o j e c t s   U n i t  (ELUCS) 

- T r e e  Farm L i c e n s e ( s )  
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I. INTRODUCTION 
I 

The Vancouver  Airport   Study i s  t h e   p o p u l a r  name of a group of 

rl s t u d i e s ,  begun i n  1973 ,  to  s tudy   t he   expans ion  of t h e  Vancouver 

I n t e r n a t i o n a l   A i r p o r t  (VIA) proposed  by  the  Minis t ry  of Trans- 

p o r t .  I directed a set o f   p o l l u t i o n   s t u d i e s   w h i c h  were p a r t  
fa 

I m l  
of a large Environment   Canada  environmental   assessment;   the  

env i ronmen ta l   s tud ie s  were, i n   t u r n ,   o n l y  a p a r t  of t h e  over- 

I a l l  study.  

rl Last August when your   conference committee asked m e  t o  give a 

pape r   on   t he  V I A  study I had t o  g i v e  it a l o t  of thought .  
w 

There i s  a good deal of p u b l i c   a n d   p r o f e s s i o n a l   i n t e r e s t   i n  

I t h e s e   s t u d i e s .  I t ' s  an  important   s tudy  because  those of us 

who f l y  would l i k e  t o  keep o r  improve   the   convenience   and   lack  

of conges t ion  a t  VIA:  most of us who l i v e  i n  Vancouver don ' t  

want  any more "b igness"   than  w e  have t o  have,   and  those of us 

who th ink   about   eco logy  know t h a t   t h e  Fraser e s tua ry ,   and  

de l t a ,  which V I A  i s  p a r t  o f ,  i s  an   ex t r eme ly   va luab le   hab i t a t  

which has already  undergone much  man-made change. A s  environ-  

m e n t a l   s t u d i e s   g o ,   t h i s  was a large and  complex  one for B.C. 

and a lso covered areas such  as noise   which were new and  presum- 

a b l y   i n t e r e s t i n g  t o  p r o f e s s i o n a l   e n g i n e e r s .  So t h e r e  i s  no 

q u e s t i o n  of t h e   a u d i e n c e   i n t e r e s t .  

On t h e  other hand ,   t he   po l lu t ion   s tud ie s   wh ich  I directed were 

only a moderate,  perhaps  even a m i n o r ,   p a r t  of t h e  o v e r a l l   s t u d y .  

More impor t an t ly ,  l a s t  August I h a d   a n t i c i p a t e d  t h a t  t h e  overall  
J 
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study  would  be  concluded  by  this  time,  and  that  the  results 

and recommendations  would  be  the  background  for  a  paper of 

narrow  scope.  The  report  of  the  overall  study  is  not yet 

complete,  and  it  would  be  misleading to  you,and  wrong of me, 

to  get  into  specific  results  and  recommendations of the  poll- 

ution  studies  if you don't  have  the  opportunity of assessing 

their  importance  to  the  overall  report. 

We  decided,  however"  that  it  would  still  be  worthwhile  for 

this  audience  of  professional  engineers  to  learn  how  we  went 

about  making  the  study;  what  techniques we used,  etc.  The  pro- 

blem  with  that, I learned  to  my  chagrin  when I set  out  to  do 

it,  is  that  it  takes a much  longer  time  than  is  allotted. 

To end  this  lengthy  apology, I concluded I would  try  to  cover, 

in  a  brief  and  simplified  fashion,  three  topics: 

1. The  organization  brought  together to study  the  proposal. 

2. The  proposal  for  expanding  the  airport. 

3. The  pollution  studies  which  were  carried  out. 

11. STUDY  ORGANIZATION 

For  Environment  Canada,  the  study  dates  from  January, 1973, when 

the  Minister  of  Environment,  then  Jack  Davis,  directed  that an 

environmental  assessment  be  made  of  the  Ministry of Transport's 

(MOT)  proposed  expansion of Vancouver  International  Airport. 

The  issue  had  arisen  in  late 1972, when  MOT  had  announced  their 

proposal  and  had  begun  expropriation  of  properties  on  Sea  Island, 

previously  they  had  been  purchasing  properties  when  they  became 

available. 

m 

Y 

Y 
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Although  Environment  Canada  was,  at  that  time,  designing 

"EARP", the  Environmental  Assessment  Review  Process,  which 

specified  that  the  project  proponent  should  be  responsible 

for its  own  environmental  assessment,  we  organized  to  do  this 

study  ourselves.  In  March, 1973, a Department  of  Environment 

Steering  Committee  (Figure 1) including  myself  as  a  repres- 

entative of the  Environmental  Protection  Service  (EPS)  was 

brought  together  to  carry  out  the  study.  The  study  duration 

was  understood  to  be  one  year.  We  used  the  task  force  approach, 

drawing  specialists  from  Environment  Canada  as  required. 

m 
The  Minister  of  Environment  also  created  an  Advisory  Panel to 

I provide  independent  advice  on  the  airport  issue. 

0 The  proposed  airport  expansion  eventually  aroused  sufficient 

public  concern  that  the  issue  was  taken  up at the  first  meet- 

I ing of the  Greater  Vancouver  Tri-Level  Committee  in  late  March, 

1973. This  cabinet  level  political  group  with  Federai,  Provin- 

cia1  and  GVRD  representation  agreed  to  take  provincial  and 
.I 

m regional,  as  well'  as  public,  concerns  into  account  in  the  plan- 

ning of the airport  expansion. At a later staff meeting, it 

was  agreed  to  form  an  Airport  Planning  Committee (APC). By Sept- 

ember, 1973; APC representation  was  established  (Figure 2). 
>I 

By January, 1974 a  study  design  was  accepted. To carry  out  the 

study  design,  sub-committees  were  formed,  as  shown  in  Figure 3 .  Ilr 

I I can  only  briefly  describe  the  functions  of  the  sub-committees 

which  will  be  described  in  detail  in  the  report  of  the  Airport 

Planning  Committee now in  preparation. 
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The  Airports  System  Sub-committee 

to examine  alternative  means  of  accommodating  forecast  air 

traffic  in  the  Vancouver  region; 

The  Forecastina  and  Economic  Sub-Committee 

to  agree  apon  a  range  of  air  traffic  forecasts  €or  the  Vancouver 

area  and  to  assess  the  economic  impact of  airports  on  the  region; 

The  Noise  Sub-Committee 

to  assess  the  effects  of  aircraft  noise on the  human  environment, 

(ie.  livability); 

The  Provincial,  Regional  and  Municipal  Plans  and  Social  Impact 

Sub-committee m 

to take  inventory of existing  regional  plans  and  programs  and 

to determine  the  impact  of  airports  on  these;  to  determine  the 

Y 

mu 

impact of the  airport  on  regional  ground  transportation,  and 

to carry  out  a  social  impact  study; 

The  Airport  Facilities  Sub-committee 

to  take  inventory  of  present  airport  facilities  in  the  Vancouver 

region  and  to  carry  out  demand-capacity  studies  for  these  air- 

port  facilities; 

The  Ecological  Sub-committee 

to assess  the  impact  of  airport  developments  on  the  natural 

environment. 

Environment  Canada  played  major  roles  in  two  sub-committees, 

the  Noise  Sub-committee  and  the  Ecological  Sub-Committee.  The 

DOE Steering  Committee,  which  had  been  operating  since  March, 
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1973, changed  into  the  Ecological  Sub-Committee  (Figure 4 ) .  

This  was  quite  a  change  for DOE, since  for  the  first  time  that 

I'm  aware of, it  involved  members of the  general  public  directly 

in planning  staff DOE studies.  The  Noise  Sub-committee  operated 

similarly  (Figure 51, with  representation  from  members of the 

APC  mixed  with  other  members of the  various  organizations 

who were  technical  specialists. 

AIRPORT EXPANSION CONCEPTS 

As I mentioned  previously,  our  Environment  Canada  assessment 

began  before  the  Airport  Planning  Committee  had  agreed  on  the 

path of studies  to  be  pursued.  Our  studies,  therefore,  concen- 

trated on proposed  alternative  runway  locations at Sea  Island, 

rather  than  the  alternative  airport  sites  identified  by  another 

Airport  Planning  Sub-committee. 

The  Ministry  of  Transport  outlined  five  different  concepts 

involving  land  reclamation  for  the  proposed  airport  expansion 

(Figures 6, 7 and 8 ) .  These  concepts are  discussed in  more 

detail  in  the  Environment  Canada  Summary  Report  (Environment 

Canada, 1975). Briefly,  Concept  One  (Figure 6) involves  a 

parallel  runway  configuration  as  initially  considered by the 

Ministry  of  Transport,  and  involves  the  reclamation  of  about 

6 8  acres.  Concept Two (Figure 7 )  entails  an  alternative  devel- 

opment  plan  requiring  the  reclamation of 234 acres.  Concept 

Three  (Figure 7 )  represents a longer  term  and  larger  develop- 

ment,  and  requires  the  reclamation of 508 acres,  while  incorp- 

orating  Concept Two as  an  initial  stage.  Concept Four  (Figure 8)  
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is an   ex tended   vers ion  of Concept Two, i nvo lv ing  t h e  reclam- 

a t i o n  o f . 6 2 7  acres of   land.   Concept   Five  (Figure 8 )  is also 

a l onge r  term development  incorporating  Concept  Four as  an 

i n i t i a l   s t a g e   a n d   i n v o l v e s ,   i n  t o t a l ,  about  1 , 4 9 4  acres. 

For a l l  of t h e s e   c o n c e p t s ,   t h e  runway l e n g t h  was t o  be  approx- 

imate ly  1 1 , 0 0 0  feet. You w i l l  n o t e   t h a t   t h e s e   p l a n s   h a v e  no 

d e t a i l   i n  them; they are bare   concepts .  

You  may r e c a l l  t h a t  l a s t  f a l l  there was some d i s c u s s i o n   i n  

t he  newspapers  about a runway comple t e ly   w i th in  the Sea I s l a n d  

dyke, which would be about  9 , 2 0 0  feet long.   This   concept  was 

n o t   s t u d i e d  by  any  of  the  sub-committees. 

IV. POLLUTION STUDIES 

A. STUDY  OBJECTIVES: 

The aim  of the  p o l l u t i o n   s t u d i e s  was t o  d e t e r m i n e ,   f o r   t h e  

s e v e r a l   a l t e r n a t i v e  runway l a y o u t s ,   t h e   c h a n g e s   i n   v a r i o u s  

a s p e c t s  of p o l l u t i o n  t h a t  would be p roduced .   Su f f i c i en t  

detai l  was sought  so t h a t :  

1. The  amount o f   p o l l u t i o n   g e n e r a t e d   c o u l d  be compared t o  

r e l e v a n t   s t a n d a r d s .  

2.  Other  Environment  Canada  services  could determine t h e  

magnitude of t h e  effects o f   p o l l u t i o n   o n   t h e   r e s o u r c e s  

they  managed,  and 

3. P r o b l e m s   r e q u i r i n g   a d d i t i o n a l   i n v e s t i g a t i o n ,   b u t   c a p a b l e  

of r e s o l u t i o n   i n  a subsequent  "Environmental  Design" 

phase were h i g h l i g h t e d .  



Since  an  environmental  assessment  should  begin  very  early  in 

the  history  of  a  project,  there  will  be  many  elements  of  the 

proposal  (certain  details  of  construction  techniques,  design 

of certain  facilities)  which,  following  standard  engineering 

practice,  will  not  be  determined  in  detail  until  completion 

of  the  assessment  and  receipt  of  approval  to  proceed.  Yet, 

knowledge  of  many of these  details  are  essential'  to  predicting 

the  environmental  effects.  Although  in  many  cases, it  will 

be  necessary  to  obtain  detailed  information on these  elements 

during  the  assessment  phase,  it  is  possible  to  stipulate 

approval  of  a  project  for  implementation  subject  to  environ- 

mental  design  requiring  minor  environmental  appraisal.  If 

this  type  of  approval  is  given,  criteria  must  be  established 

for  the  environmental  design  phase. 

B. WATER  POLLUTION : 

Individual  studies  were  made  in  three  areas,  in  varying  levels 

of detail. 

1. Dredging  and  Water  Quality 

The  Department of Public  Works  identified  several  borrow  sites 

which  were  physically  capable  of  supplying  material  (Figure 9 ) .  

After  a  literature  survey of possible  effects,  we  concluded 

we  would  have  to  examine  the  chemistry of these  sediments. 

Although I had assumed the  chemistry of Fraser  River  sediments 

was  reasonably  well  documented, I was  wrong,  and  we  conducted 

a  sampling'program of our  own.  These  studies  were  carried 
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o u t  by our  own s t a f f  as  well as by P o l l u t e c h  P o l l u t i o n  Advisory 

Services   Limited.  

Samples were t a k e n   i n  1974  and  1975  by a v a r i e t y  of sampling 

methods a t  proposed  borrow sites (Figure  1 0  and 11). Two 

types   o f   ana lyses  were conducted:   the first a n   a n a l y s i s  of 

chemica l   conten t  f o r  s e v e r a l   p o s s i b l e   p o l l u t a n t s ;   t h e   s e c o n d  

o n   E l u t r i a t e  tes t  (Kel ley & Engler  [ 1 9 7 4 ] )  which   cons is ted  of 

measuring  the  change  in  water q u a l i t y  when p o t e n t i a l  f i l l  

material was experimental ly   added t o  a sample   o f   rece iv ing  

water. I n   t h e  1975  sampling w e  also conducted  bioasseys  on 

t h e s e   e l u t r i a t e s .  

* 

To i n d i c a t e   t h e   t y p e s   o f   a n a l y s e s   p e r f o r m e d ,   r e p r e s e n t a t i v e  

r e s u l t s  are r ep roduced   i n  Tables 1 and 2 ,  

We found t h a t  n e i t h e r  test  w a s  a n   e n t i r e l y   s a t i s f a c t o r y  crit- 

e r i o n   f o r   a c c e p t a b i l i t y ,  Metals found i n   a p p a r e n t l y   u n a c c e p t -  

able c o n c e n t r a t i o n s   i n   t h e   s e d i m e n t  were shown n o t  t o  p r e s e n t  

water qua l i t y   p rob lems  by t h e   e l u t r a i t e  tes t ,  which i s  t h e  

more l o g i c a l l y   s a t i s f y i n g  test. 

2. Airport  Operat ions 

A second area of s tudy  was i n   a n   a s s e s s m e n t  of t h e   i n c r e a s e   i n  

water p o l l u t i o n   t h a t  may arise from t h e   o p e r a t i o n  of an  expanded 

a i rpo r t .   Because  of l a c k  of de ta i l  i n  MOT'S p roposa l ,  we reques t ed  

our  Federal Ac t iv i t i e s   Po l lu t ion   Aba temen t   Branch  (FAPAB) t o  

examine and  i d e n t i f y   e x i s t i n g   o p e r a t i o n s  a t  VIA and   o the r  

Canadian   a i rpor t s   which   do ,  o r  c o u l d ,   a f f e c t  water q u a l i t y .  

* Keeley, J . W .  and  Engler ,  R.M. (1974);  MP D-74-14, NTIS #AD775826 
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We t o o k   t h i s   a p p r o a c h   i n   o r d e r  t o  iden t i fy   p rob lem areas f o r :  

(a) future   design  work,   and 

(b)   because   the  FAPAB is i n t e r e s t e d  i n  i d e n t i f y i n g   e x i s t i n g  

pol lu t ion   problems a t  f e d e r a l   i n s t a l l a t i o n s   a n d  i n  apply-  

ing  funds  f rom  the Federal Clean-up  Fund t o  c o r r e c t ' t h e m .  

I n   a d d i t i o n ,  w e  t r ied t o  d e t e r m i n e   w h e t h e r   p r e s e n t   a i r p o r t  

o p e r a t i o n s ,   i n   a g g r e g a t e ,  were c a u s i n g   s i g n i f i c a n t  water poll- 

u t ion .  We were limited by funding t o  t e s t i n g   c o m p o s i t e  water 

samples  from t h e  stormwater d i s c h a r g e   g a t e s :   t h e s e  were ana lyzed  

c h e m i c a l l y   a n d   a l s o   b i o l o g i c a l l y  by b ioassay   w i th  young r a i n -  

bow t rout .   These  tests were carried out   on  one w e t  day,  one 

d r y   d a y ,   a n d   o n   t h e   f i r s t   d a y   o f   r a i n f a l l   a f t e r   a n   e x t e n d e d  

summer d r o u g h t .   I f  w e  had t o  do t h i s   a g a i n ,  I would c a r r y  

ou t   caged- f i sh  tests a t  t h e  same time. This  was an  area we  

f e l t  r e q u i r e d  much f u r t h e r   d e s i g n   a p p r a i s a l .  

3. Sewaqe and  Iona  Is land 

Sewage  from t h e   a i r p o r t  is s e n t  t o  t h e  GVRD's I o n a   I s l a n d  Sew- 

a g e   T r e a t m e n t   P l a n t   ( i n   f a c t   t h e  l a s t  connec t ions  were made 

d u r i n g   t h e   s t u d y   p e r i o d ,   f i n a n c e d  by the  Federal   Clean-up  fund 

adminis te red  by DOE) .  1t.makes up a small p o r t i o n  (1-2%) of  

the   f low  and  t h e  expansion was n o t   c o n s i d e r e d  to  a f f e c t   t h e  

p l a n t .  However, ex tending  a runway onto  Sturgeon  Banks  would 

restrict c i r c u l a t i o n   a n d   f l u s h i n g  of t h e   o u t f a l l .  Any con- 

s t r u c t i o n   s u c h  as  proposed by t h e  MOT would  exaggerate  what 

w e  f e l t  was a l r eady   and   undes i r ab le   s i t ua t ion .  We sugges ted  

a n d   d i s c u s s e d   s e v e r a l   p o s s i b l e   m e a s u r e s   t h a t   c o u l d   b e   t a k e n  
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i f  the  extension  were  to  be  built. In view of the  complexity 

of.such a  study  and  the  responsibility of other  agencies,  we YL 

did  not  feel  that,  at  this  stage, we could  do  more  than  recommend 

joint  studies  by  those  responsible,  that is the  Minister of .I 

Transport,  the  Greater  Vancouver  Sewage  and  Drainage  District, 

the  Department  of  the  Environment,  and  the  Pollution  Control 
Y 

Board. -1. 

4. Solid  Waste  and  Toxic  Waste Y 

We  were  fortunate  that  the  Federal  Activities  Abatement  Group 

(FAAG) was  already  carrying  out  a  study of solid  and  toxic 

waste  and  provided  the  results  to us as  our  impact  assessment. 

This  study was overseen by a special  Steering  Committee est- 

ablished  for  that  purpose,  made  up of representatives  from MOT, 

EPS, National  Health  and  Welfare  and  the  Health of Animals 

Branch  of  Agriculture  Canada.  The  lead  role  on  the  committee 

was  assumed  by  the FAAG of EPS,  as  it  was  under  the  auspices 

of the  Federal  Activities  Clean-up  Program  that  the  study 

contract  was  let. 

The  study  employed  interviews  and  field  surveys,  determining 

patterns,  sources,  weights  and  composition,  and  problems  with 

the  existing  system. 

A t  present,  the  airport  generates  about  150 CU. yd./day  (15  tons) 

of  solid  waste. By 1980  this  rate is expected  to  double,  ie. 

grow  in  proportion to traffic  increase.  The  proposal  adopted 
*. 

by  the  Sub-committee  was  for  incineration  with  heat  recovery, 

with  the  waste  disposal  management  becoming  centralized  to MOT. 
Y 

- 10 - 



C. A I R  POLLUTION: 

Emissions of air  pollutants  from  an  airport  are  generally  a 

small  proportion of the  total  emissions  in  a  metropolitan  area. 

Nevertheless,  concern  was  expressed  that  an  increase  in  air 

traffic  relative  to  the  reduction of emissions  from  industrial 

sources  as  a  result  of  implementation of abatement  programs, 

will  make  aircraft-generated  pollutants  a  more  significant 

factor  in  the  over-all  air  pollution  burden of a  metropolitan 

area  and,,  more  importantly,  in  the  degradation of air  quality 

in  the  proximity  of  an  airport. 
I) 

I 
The  present  study  regarding  the  Vancouver  International  Air- 

am port  set  out  to  determine  the  magnitude of the  emissions,  by 

type  of  pollutant,  from  the  various  airport-related  activities 

within  the  boundary  of  Sea  Island,  as  well  as  the  disposition 

and  the  influence of the  emissions on the  ambient  air  quality 

within  urban  areas  in  close  proximity  to  (ie.  most  directly 

exposed  to)  the  airport  operations on Sea  Island. 

The  study  was  carried  out by  B.C. Research,  Vancouver,  on  a 

consultant  contract  basis;  the  work was eo-ordinated  and  dir- 

ected by a  task  force  team  having  representation  from  the  Greater 

Vancouver  Regional  District,  the  Pollution  Control  Branch of 

the  Province  of  British  Columbia,  the  Ministry of Transport 

(Canada)  and  the  Environmental  Protection  Service  and  'Atmospheric 

Environment  Service  of  Environment  Canada. 
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This  study  used  as  its  baseline  the  programmed  air  traffic 

expansion  forecast  previously  developed  by  the  Ministry  of 

Transport. MOT provided  air  traffic  and  vehicle  traffic  pro- 

jections,  based  on  these  passenger  traffic  forecasts,  which 

were  used  in  conjunction  with  emission  factors  obtained  from 

Canadian  and  American  literature  to  determine  total  emissions. 

We  examined  emissions  from  aircraft,  ground  service  vehicles, 

engine  tes'ts,  stationary  sources,  and  vehicular  access  traffic 

for  five  classes  of  emissions:  Carbon  Monoxide,  Hydrocarbons, 

Nitrogen  Oxides,  Sulphur  Oxides,  and  Particulates.  On  Figure 

12 we  have  graphed  the  average  total  emissions  by  source. It 

was  interesting  to  note  that  vehicle  traffic  during  the  base 

year  1973  was  estimated  to  account  for 4 4 %  of  the  total  emission, 

as compared to 47% by  aircraft.  This  study, of course, only 

considered  aircraft  emissions  while  they  were  in  the  immediate 

vicinity  of  VIA. 

We also  predicted  theoretical  ambient  pollutant  concentrations, 

using  a  relatively  standard  dispersion  modelling  approach. 

Four  urban  areas  contiguous  to  Sea  Island,  located  southeast, 

northeast,  north  and  south of the airport. 

D. NOISE STUDIES: 

Noise  Studies  were  carried  out  as  a  joint  effort  of  MOT, DOE 

and  the GVRD, under  direction of a sub-committee of the  Airport 

Planning  Committee;  with  representatives  from  MOT,  DOE, GVRD, 

Richmond,  Vancouver,,  the  industry,  and  the  Community  Forum. 
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The committee was chaired by a success ion  of t h r e e  DOE people  

i n c l u d i n g   t h e   a u t h o r ;  i n  t h e  l a s t  s t a g e s  it was c h a i r e d  by the 

r ep resen ta t ive   f rom  the   Munic ipa l i t y   o f  Richmond, S t u d i e s  were 

c a r r i e d  on  throughout   the l i f e  o f   t h e  committee and   the   o rgan-  

i z a t i o n  of t h e  study  went  through a process of e v o l u t i o n ,  

f i n a l l y   a r r i v i n g  a t  a Noise Study Team r e p o r t i n g  t o  t h e  Sub- 

committee, through a Co-ordinator ,  who was a consu l t an t ,   and  

f i n a l l y   t h r o u g h  a Moderator, who was a Sub-Committee member, 

w i t h  some e x p e r t i s e   i n   t h e   n o i s e   f i e l d ,   f r o m  GVRD. 

The form the   s tudy   t ook  i s  b e s t   e x p l a i n e d   i n  flow c h a r t   f a s h i o n  

(Figure 1 3 ) .  

There are many c r i t i c a l  s t e p s   i n   t h e  pathway. One t h a t  w e  

d id   spend  a g r e a t  deal of time a n d   e f f o r t  on was i n   e s t a b l i s h -  

i n g   t h e   u n i t s  of measurement f o r   n o i s e .  

When the   s tudy   began ,   t he   un i t   u sed  by MOT fo r  measurement  and 

p r e d i c t i o n   o f   a i r c r a f t   n o i s e   i n  Canada was t h e  Noise Exposure 

Forecast, o r  NEF. Wi thout   go ing   in to  a g r e a t  deal of   explan-  

a t i o n ,  t h i s  u n i t  was n o t   a c c e p t a b l e  t o  s e v e r a l  of t h e  Noise 

Sub-committee. On r e f l e c t i o n ,  I t h i n k   t h e r e  was confus ion  

on both sides w i t h  r e s p e c t  t o  what t h e  NEF d i d  i n   r e l a t i o n  t o  

what it was expected t o  do. We desired a u n i t   t h a t   c o u l d  be 

measured  physical ly ,  i e .  a numer ica l   measure ,   and   tha t   could  

be related f a i r l y  well t o  e f f e c t s   o n  humans. 

We f ina l ly   conc luded  tha t  w e  needed   severa l  cr i ter ia .  These 

are shown on  Figure 14. Having determined t h e  c r i te r ia ,  t h e  

va r ious   no i se   con tour s  were c a l c u l a t e d .  The flow diagram 
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is shown on F igure  15. 

The r e s u l t s  were no i se   con tour  maps,  such as shown i n   F i g u r e  

16. From t h i s ,  t h e  number of peop le   a f f ec t ed   and   t he   deg rees  

of e f f e c t  were c a l c u l a t e d .  

Wi th in   the   concerns  addressed by t h e  Ecological Sub-Committee; 

it i s  my o p i n i o n   t h a t   t h e  loss of f i s h   a n d   w i l d l i f e   h a b i t a t  i s  

t h e  most se r ious   conce rn   d i r ec t ly   r e su l t i ng   f rom  the   p roposed  

runway c o n s t r u c t i o n .   P o l l u t i o n  w i l l  be i n c r e a s e d ,   b u t   c a n  be 

k e p t  a t  a minimum. T h i s ,  however, does n o t   i m p l y   t h a t  w e  t h i n k  

t h e   p o l l u t i o n  added i s  of  no  concern.   There i s  a problem. 

The problem is  well brought  out i n   t h e  case of a i r  p o l l u t i o n .  

The a i r  qua l i t y   s tudy   conduc ted  was a t h e o r e t i c a l   o n e   u t i l i z i n g  

r e l a t i v e l y   s t a n d a r d   t e c h n i q u e s   f o r   p r e d i c t i n g  a i r  q u a l i t y ,   b u t  

having  an  advantage  over  similar s t u d i e s   i n  t h a t  long-term 

meteoro logica l  data was a v a i l a b l e   i n   t h e  immediate l o c a l i t y .  

The r e s u l t s  are in tended  t o  determine a i r  p o l l u t i o n  from a i r p o r t  

ac t iv i ty   a lone .   A l though   conf i rma t ion  of t h i s  by a c t u a l  samp- 

l i n g  i s  i m p o r t a n t ,   t h i s   s h o u l d  be done  by  extension  of   the 

e x i s t i n g   N a t i o n a l  A i r  Po l l ' u t ion   Su rve i l l ance   sys t em  in   t he  area. 

A i r p o r t   a c t i v i t y  up t o  t h e   y e a r  2000 i n   i t s e l f  w i l l  r e s u l t   i n  

a m b i e n t   p o l l u t a n t   l e v e l s  well w i t h i n   t h e  most s t r i n g e n t  levels 

set  f o r t h   u n d e r   f e d e r a l   a n d   p r o v i n c i a l  a i r  q u a l i t y   o b j e c t i v e s ,  

on  an  annual  average  and a 24-hour average basis. 
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I . .  

On a s h o r t  term b a s i s ,  it i s  e s t i m a t e d   t h a t   o f  a l l  t h e   p o l l u t a n t s ,  

o n l y   n i t r o g e n   d i o x i d e  may exceed   the   one-hour   concent ra t ion  

limit of  t h e  maximum accep tab le  level o f   t he   Na t iona l  A i r  

Q u a l i t y  Objectives. Th i s   cond i t ion  i s  expected t o  occur   very  

m 

a 

I i n f r e q u e n t l y   a n d   o n l y   d u r i n g   t h e   j o i n t   o c c u r e n c e   o f   p e a k   a i r p o r t  

a c t i v i t y   a n d  most adve r se   c l ima to log ica l   cond i t ions .  By t h e  
c 

y e a r  2000 t h e  local a i r  q u a l i t y   d e g r a d a t i o n   d u e   s o l e l y  t o  a i r p o r t  

a c t i v i t y  w i l l  be similar t o  t h a t   p r e s e n t l y   o c c u r r i n g   i n   ‘ c e n t r a l  

Vancouver  due t o  u r b a n   a c t i v i t y ,   h o w e v e r ,   t h i s  i s  based on 

a c t i v i t y   p r o j e c t i o n s  t o  t h e   y e a r  2000 ,  which are h i g h l y   u n c e r t a i n .  

.I 

Whi le   even   t he   sho r t  term maximum p o l l u t a n t   c o n c e n t r a t i o n s  from 

a i r p o r t   a c t i v i t y  w i l l  n o t  be s e r i o u s   f r o m   a n   e c o l o g i c a l   p o i n t  

of view,  they may c o n t r i b u t e  t o  an  overal l  po l lu t ion   prb lem  conn-  

ected w i t h   o u r  local  topograhy.  This  problem arises when a per- 

s i s t e n t ,   e l e v a t e d   i n v e r s i o n  l i d  forms   over   the  Lower Mainland, 

and a i r  w i t h i n   t h e   b a s i n  i s  n o t   r e p l e n i s h e d ,   b u t  i s  carried back- 

ward and  forward by land/sea  breezes .  The a i r p o r t   a c t i v i t y  con- 

t r i b u t i o n  t o  t h i s  i s  n o t  know, a l t h o u g h   a i r p o r t - r e l a t e d   e m i s s i o n s  

are a very  small f r a c t i o n  of t h e  t o t a l  e m i s s i o n s   i n   t h e  Lower 

Mainland. 

It  should be e v i d e n t  t h a t  t h e   s o l u t i o n  t o  t h i s   l a r g e r   p r o b l e m  

i s  c o n t r o l  of ind iv idua l   sources ,   combined   wi th  a i r  r e s o u r c e  

management planning  on a l a r g e r  scale, a n d   t h a t  more r e s e a r c h  

i n t o  q real is t ic  a i r  q u a l i t y  model for t h e  Lower Mainland i s  

requ i r ed .  We a r e   f o r t u n a t e  t h a t  t h e   c o n t r o l  of a i r  p o l l u t i o n  

problems i s  on a r e g i o n a l  basis,  and   con t ro l  of a i r p o r t   g e n e r -  
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ated  air  pollution  (for  example  by  decreasing  automobile  activity) 

should  be  undertaken  with  recognition of  this  fact. 

The  situation  with  respect  to  water  pollution  is  somewhat  anal- 

ogous.  The  study of  dredging  has  concluded  that,  to  the  best 

of  our  knowledge,  limited  dredging  could  take  place  with  proper 

controls  which  would  not  result  in  a  serious  pollution  problem. 

A survey of airport  generated  water  pollution  discharged  through 

the  storm  drainage  system  has  identified  several  intermittent 

problem  areas,  which  will  be  further  studied  and  corrected  as 

part  of  the  Federal  Government's  Clean-up  program  described 

earlier;  expansion  of  facilities  without  correction  would  increase 

pollution,  and  correction is a pre-requisite  to  expansion.  Lim- 

ited  sampling  of  outfalls  during  wet  and  dry  periods,  and  test- 

ing  by  chemical  analysis  and  laboratory  bioassay  did not  indicate 

any  acute  toxicity  problem  for  fish,  although  the  intermittent 

sources  mentioned  above  could  have  this  effect.  The  increased 

amount  of  sanitary  waste  from  an  expanded  airport  will  not  have 

any  appreciable  effect,  by  itself,  on  the  effluent  discharged 

from  the  Iona  Island  Sewage  Treatment  Plant  (although  the  Solid 

and  Toxic  Waste  Study  identified  a  source of heavy  metal  contam- 

ination  which  will  be  corrected).  However,  the  proposed  embay- 

ment  of  the  discharge  area is of concern  because  of  its  effect 

on  dilution. 

The  total  water  pollution  loading  from  the  existing  airport, 

or the  proposed  airport  expansion,  cannot  be  accurately  determined 

- 16 - 



from  our  data.  We  have  good  reason  to  believe it  is  small  com- 

pared  with  other  sources  to  the  Fraser  River;  if  the  recommended 

corrective  action is carried  out  it  could  be  improved  further. 

Yet,  even  had  this  desired  data  been  obtained,  we  would  be  little 

further  ahead  in  our  assessment  of  the  impact  of  water  pollution, 

in  view  of  the  lack  of  data  on  existing  water  pollution  effects 

on  the  aquatic  environment  of  the  Lower  Fraser. . 

Knowing  that  ecological  information  is  lacking,  and  also know- 

ing  that  inevitably  some  pollution  will  be  discharged, EPS attempts 

to  minimize  water  pollution  by  devising  regulations  which  demand 

the  application of best  practicable  technology  to  pollution 

sources.  Our  immediate  aims  are  to  minimize  discharges  of  sub- 

stances  which  can  become  harmful  by  accumulation  in  aquatic 

organisms,  and  to  ensure  that  the  effluent  is  "non-toxic" to 

fish  (this  based  on  well-founded  assumption  that  dilution  by 

good  quality  receiving  water  will  minimize  sub-lethal  effects); 

both  of  which  aims  safeguard  human  use of  the  water  or  the  aquatic 

organisms.  At  the  same  time,  we  recognize  that  even  though 

individual  sources  are  controlled,  the  overall  problem  will 

increase  as  population  and  resource  utilization  increase.  A 

recent  study (Hall et al, 1974), on  the  Lower  Fraser,  indicates 

potential  problems  with  heavy  metals  and  by  pathogenic  organisms 

in  particular. 

Although  the loss of  habitat  for  fish  and  birds  may  be  the  more 

serious  problem  at  present,  the  necessity  for  the  remaining 

habitat  to  be of high  quality  makes  the  potential  pollution 

problems  even  more  significant,  and  increases  the  need  for  caution 

in  decision-making. 
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EFFECT 
NOISE 

DESCRIPTON 
EFFECT/LEVEL 

THRESHOLD 

Hearing Damage 
Dosage 

Indoor  

Concent ra t ion  
I n t e r f e r e n c e  

S ingle   Event  
Peak dBA 

Sleep   Dis turbance   S ingle   Event  
Peak dBA 

Expressed  Annoyance Ldn 

70 Leg ( 2 4 )  

80 dBA ou tdoor s  

75 dBA .Outdoors 
' r '  

55 Ldn 

dBA - dB i s  10 l o g   t h e   s o u n d   p r e s s u r e  o r  amplitude.   Sounds  can 
be d i f f e r e n t   p i t c h e s ,  or f r e q u e n c i e s ;   t h e  human ear i s  
more s e n s i t i v e  a t  1000  Hz t han   o the r   f r equenc ie s   above  
and below. Therefore, sound meters are b u i l t  w i t h  filters 
t o  a p p r o x i m a t e   t h i s   s e n s i t i v i t y ;  we used dBA which i n  North 
America i s  t h e  p r e f e r r e d   s y s t e m  for  measuring  "normal" 
noise .  

Leq(24)-The  equivalent  24  hour   cont inuous  noise  level on  an  energy 
basis. S ince  dBA is l o g a r i t h m i c  it i s  not   meaningfu l  t o  
a r i t h m e t i c a l l y   a v e r a g e  dBA r e a d i n g s .   I n s t e a d   o n e   c a l c u l a t e s  
t h e  amount of sound  energy  experienced over t h e   p e r i o d  of 
time des i r ed   and   ave rages   t h i s .  

Ldn - The Leq ove r  a 24  hour day, w i t h  1 0  dBA added t o  n i g h t t i m e  
r ead ings  t o  compensate fo r  the   increased   annoyance .  
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Brit ish Colmbia is me of the mst inportant and mst 

significant  forest areas in the Fbrld. Unfortunately, too 
often the importance of this Pruvince's forest resouroe and the 
magnitude and catplexity of the administrative, Whnical and 
planning respaplsibilities involved is not fully appreciated. 

For exanple, 
- Haw may appreciate the fact that British Colmbia 
has the greatest diversity of c l h t i c ,  topographic 
and "forestry" cmditions i n  Canada, or, 

- How many apprecia- the fact  that  British Colurbia 
has Canada's greatest range of social benefits derived 
directly or inairectly fran the forest resource, 
including the Natim's mt inpartant and diverse 

fishery  resource, or, 

- How m y  apreciate the fact that approximately 
40% of the rounM cut i n  Canada is harvested i n  
British Colmbia, or, 

- Haw many apreciate the fact that British Colmbia 
has a greater acreage of productive forest land and a greater 

Paper presented a t  seminar re "Bbnitoring for 
Protection1',  Associatian of Professimal Engineers of Brit ish 

Colmbia - February 13, 1976. 
By W. Young, Assistant Chief Forester, B.C. Forest Service. 
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annual hamst Frcm these lands than a l l  the 
IJnited S ta tes  National Forests ccmhined, or, 

- How many a?precia-te the fact that the Prince 

Carge Forest District  (me of s i x  i n  Br i t i sh  

Colwbia) has a greater annual forest harvest than 
the ccmhined mual h a r k s t s  of Alberta, Saskatchewan 
and M a n i t o b a .  

Of course, it folluws that 
resource, British Colutbia must have 
mi tor ing  the growth and harvest of 
our forests w i l l  continue to provide 

Y 

with  such an inrportant forest 
an elalmrate method of 
this resource i n  order that 
the wide array of social 

Y 

and ecmanic benefits  that VE a l l  enjoy. "Ius, I have 
interpreted the them of this scminar - "Mmitorinq for Ehviron- 
m t a l  Protection" - as the mi tor ing  of the forest resoure w 

itself s ince  it is my opinion that there is nothing that can- 
t r i bu te s  mre to the quality of the e n v i r m t  i n  Bri t ish Columbia r 
than tlhe Province's forests. 

'I 

The forests of Bri t ish Colmhia are a renewable resource 
~ c h  involves the  harvesting, e s t a b l i s m t  and tending of the 
forest until, finally, the sequence  begins again. 

For the purpose of this pqer ,  I propose to discuss the 
mi tor ing  aspect by breaking in to  th is  renewable circle  at  the 
harvesting state and folluw it through to the next harvestinq 
phase. I h w  that the slides that I will he s h o . h q  w i l l  assist 
in iChtifying the various mi tor ing  checks and halances as we 
follaw a  forest through its 100 years (mre  or less) of grwth. 

A The Harvesting Proqram 

1) Pre-Harvest T i n k e r  Crui:;ing 

Any business must lam the volum and price of its 
prcducts available  for sale a t  a  specific tine. So 

sl 

Ir 

c 

*as 

W 

Y 
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I 

it is for  forestry. Thus there is an assess- 
ment or  mnitoring of the  standing crop - 
timber cruising. This  program is designed to 
obtain data on that part of the  resource being 
sold including volume of wood, grade (i.e. 
quality), species and decay in order to set an 
equitable  price  tag on the product. 

2) Scaling 
Tollowing the actual  forest  harvest, one of the 
mst: important mnitoring  roles occurs - scaling. 
T a e r  is scaled in British Columbia by "stick 
scale" or "wei&t scale". %e scaling procedure 
Gcertains the actual volune of wood that i s  cut 
a-c! r a v e d  from any specific  tenure. While the 
tinber cruise sets the  price, it is  on the wlume 
determined by this scaling procedure that the 
licensees are billed. The scaled volume is compared 
vith the cruised volume for  the  particular tenure and 
this provides  a basis for assessing waste problem. 
During the past  ten to twelve years, we have seen a 

mjor  shift from 100% "stick"  scaling to a form of 
smple  scaling. This trend has been most evident in  
the interior of B.C. where approximately 90% of the 

timber harvested annually is sample scaled through 
wei&t scales. 

Simply stated, the w e i g h t  scaling procedure is as 
follows : 
1) Depending  on the tinher types and its degree of 

hmgeneity, various strata are established  for 
each  weight scale  station. For ample, there 
could be a Douglas F i r  strata,  a  spruce-balsam 
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strata and a 'L.orlcrepole pine strata. 
2) Dxe.ndinrJ on -the variable nature of the 

strata, a sampling schedule is established. 
This results i n  a certain percentaye of the 
loads beinq dumped i n  a s q l i n q  yard where 
a careful and accurate "stick" sca1.e is ma&. 

3) All tru&.? are weiqhed (lmckd and empty) and 

a wight-scale  factor ck?vel~d for each strata. 
4)  This factor chc7nqcs mt i .nua l_ ly  as new loads are 

samplcd and the wci.c~ht-scale rdationship changes. 

2) Residual Assessmnts 
?he next mi tor ing  role involves an assessmmt of 
residual volu~s and potential waste. As m t i o n e d  
earlier, any major discrep-ncy hetween cruised volurrre 

and scaled volm m y  be attributable to an undesirable 
and unacceptable  degree of WDOil waste left on the 
ground follawinq lqqing.  In such in.;tanoes, a field 
sample masuremt of the waste involvetl. is mde and 
the  licensee could hc: subject to w a s t e  penalties 
(financial and timkr Jpositim) . "his assessment is 
dcne throuqh the establishmnt of sample ?lots where 
a sample  of the logged area is masured to determine 

residual wood canprised of: 
a) mrchantable  felled.  trees akandcmed 

b) excessively high st- 
c) merchantable lqs and parts of t rees.  

m 

B . Weneratj on km 
+"- 

1) %generation Surveys 

Follcwinq a  variable period after the forest harvest, a Ir 

field assessmnt is mde of the lom~ed area tD cktermine 
if it is satisfactnrily stocked wit'? new seefling qr&. u 

Y 

P 
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?his  mnitoring  responsibility involves a 
major regeneration survey program through- 
out British Colwlbia each year. The results 
of the survey will determine  whether Fbther 
Xature plans to restock the area or ,  conversely, 
whether the  area should be planned for a 
reforestation  planting program. In view of the 
fact  that approxirnately 400,000 acres are logged 

m u a l l y  i n  British Colurrbia, the mgnitude of 
this task is self-evident. 
Planting Check 
On all tree planting prop;rams, the quality of 
the  planting is m i t o r e d  for such deficiencies 
as loose trees, voids, slit planting and the like. 
It is on this assessment that projects are 

approved  and tree  planting  contractors are paid. 
Survival P lo t  Surveys 

On those areas &ere tree  planting has been 
completed, a further mmitoring survey is m- 

ducted follmdng two to  three growing seasons. 
This assessment is designed to determine actual 
mrtal i ty  and,  where necessary, to prescribe 
additional "fill-in" planting. 

C Other  Resource Assessmts 
Follmring the  forest  harvesting  operation,  other resource 

m a g e r s  may, from time to time, assess  the  effect of the 
hzrvesting  pattern on their resource. For ample, wildlife 
biologists m y  mnitor the  effect on a wildlife species in relation 
to ';ie size, shape and location of cut  blocks; the  effect  of wild- 
l i fe  corridors and the like. 

'3 Insect and Disease Assessments 
Throughout the l i fe  of a forest - from regeneration to 

harvest, it is susceptible  to  attacks and depletion by a myriad 
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of forest pests and diseases. In Sritish Cmlmbia, and 
throughout Canada the federal government through the Canadian 
Forestry S e r v i c e  is respcnsible for  the research into and the 
mcplitoring  of forest insects and diseases. Each year, the 
Canadian Forestry Service enbarks an a major survey program 
and through air reccaulaissance, plot re-masurements and 
ground surveys, the state of the prwincial situation is up 
dated  annually. FollawincJ this field assesmt, a multi- 

disciplinary groq(govemmnt and industry)  called the 
Provincial  Forest Pest Review Carmittee reviews the situation 
and activates any control programs deemed necessary. Such 
m t r o l  programs may involve forest harvesting methddology, 
curtailment on log movesnent, spraying and the like. 

E Periodic Forest Inventories 

"he major portim of Bri t ish Colubia's  forest land 
i n  under sustained yield managemnt. This land is included in 
either public  sustained yield units (publicly managed) or treE! 
fann licences  (privately managed) . In  both instances, periodic 
forest inventories are essential to d t o r  the changing forest 
Scene in order to ensure that the sustained yield  objectives are 
reached. 

5) 

These periodic re-inventories are camied out at  a 
minh of ten year intervals w i t h  the aid of updated aerial 
photography and are designed to record and assess such mtters as: 
1) acreage logged in  past period; 
2) acreage burned in past period; 
3) acreage d e n a d  by forest insect, disease, windfall and 

4) success of regeneration an these denuded axeas. Of amrse, 
the like: 

if these areas are not restocked in a satisfactoxy manner, 
the sustained yield  capacity of the area is mreciated 
and the allowable annual harvest must be redwed; 
the gruwth of forest types by site classes. This is 
normlly doare through periodic re-surement of p e m e n t  
sample plots in order to assess growth rates by forest 

Y 

Y 

I 

I 

I 

.I 

Y 

Y 

.I, 
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site and forest site. In this program, perJMnent 
sanple plots are established in h n a t u r e  forests 
and each tree is permanently identified and its 
species, diameter, height and cmditim is 
accurately measured. A re-masuresnent program is 
cmducted at periodic intenmls (e.g. every ten years) 

and the individual trees remeasured. This periodic 
assesmt of incre diamter gravth, increased 
height growth and the mrtal i ty  of individual trees 
enables the forester to assess the net annual gruwth 

per acxe of that forest type. This type of d t o r i n g  
of the farest resource is essential i f  the Province's 

sustained yield policy of balancing forest gravth and 

forest harvest is to be successful; 
6) the effect of intensive f o z s t  practices such as 

fert i l izatim thinning programs and the like on gruvth 

rates. 

In sumary ,  the forests of British Colmbia, their 
gruvth and harvest, axe subject to intensive and W l e x  &tor- 
ing. I t  is mly through such -tin= m i t o r i n g  can the 
PTOvince's forestq programs, i n c l h g  harvesting, be adjusted 

to ensure that our forest lands Iemain in full p d u c t i v i t y  to 
provide the wide m a y  of benefits that w all enjoy. 

V 
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PART I: PESTICIDE  USES, HAZARDS, AND CONTROLS 

INTRODUCTION 

P e s t i c i d e s  are u s e d   f o r   t h e   c o n t r o l  of u n d e s i r a b l e   p l a n t s ,   i n s e c t s ,  
fungi ,   rodents ,   o r   o ther   o rganisms  des igna ted  as pes t s .   The i r   pu rpose fu l  
I n t r o d u c t i o n   i n t o   t h e   e n v i r o n m e n t   f o r   p e s t   c o n t r o l   r e s u l t s   i n   t h e  
contamination  of air ,  water, v e g e t a t i o n ,   a n d   s o i l .   I n   a d d i t i o n ,   t h e y  
can   a f fec t   non- ta rge t   o rganisms as well as t h e   p e s t s   f o r   w h i c h   t h e y  
were i n t e n t i o n a l l y   a p p l i e d .   P e s t i c i d e s  are very  much a p a r t  of our  
t echno log ica l   soc i e ty   and   t he i r   u se   po ignan t ly   demons t r a t e s   bo th   t he  
benef i t s   and   hazards  common to   a lmos t  a l l  a s p e c t s  of that   technology.  

There is l i t t l e  doub t   t ha t   mi l l i ons  of our   fe l low human be ings  are al ive 
today as a r e s u l t  of d i sease   vec to r   con t ro l   and   t he   p roduc t iv i ty  of our  
a g r i c u l t u r e  is, i n   p a r t ,   d u e   t o   c r o p   p r o t e c t i o n   w i t h   p e s t   c o n t r o l  

I chemicals,  However, p e s t i c i d e s   c a n   a l s o   b e   v e r y   h a z a r d o u s   t o   b e n e f i c i a l  
. . .  o r g a n i s m s   i n c l u d i n g   f i s h ,   w i l d l i f e ,   o r   p a r a s i t e s   a n d   p r e d a t o r s   o f   t h e  

p e s t  i t se l f .  These  hazards   appear   to  arise as a consequence  of  four major 
I problems : 

I 

i) CONTAMINATION 
li) DIRECT TOXIC EFFECTS 

iii) INDIRECT TOXIC EFFECTS 
iv)  MISAPPLICATION 

1 It should  be  emphasized a t  t h i s   p o i n t   t h a t   t h e s e  are  general   problems 

rn behaviour  of a p e s t   c o n t r o l   c h e m i c a l   i n  a par t icu lar   ecosys tem  and  how i t  

I environmental   hazards ,   and  to   regulate  how, where,  and  under  what 

t h a t  must  be  considered potentially hazardous  to   the  environment .  The 
real hazards  w i l l  depend t o  a g rea t   ex t en t   on   t he   chemica l   and   b io log ica l  

is appl ied   to   tha t   ecosys tem.  It is the   purpose  of m o n i t o r i n g   t o   i d e n t i f y  
t h e s e  real problems  before  they  occur  on a wide scale t h e r e f o r e  becoming 

cond i t ions  a pes t i c ide   can   be   u sed .  

POTENTIAL HAZARDS FROM PESTICIDE USE 
I 

Contamination 

Contamination i s  a general   consequence of a p p l i c a t i o n .   P e s t i c i d e s  
are u s u a l l y   a p p l i e d   t o   e i t h e r   p l a n t s  o r  s o i l  and are  s u b j e c t   t o  
phys i ca l ,   b io log ica l ,  and   chemica l   p rocesses   de t e rmin ing   t he i r   s t ab i l i t y ,  
d i s p e r s a l ,  and  concentration.  Residues may p e r s i s t   u n a l t e r e d   i n   t h e  
t a r g e t   p l a n t s  o r  s o i l   b u t  are usua l ly   metabol ized  by so i l  microbes   o r  
p l a n t  enzymes,  degraded  by  chemical  or  photo-chemical  processes,  and 
d i spe r sed   i n   t he i r   una l t e red   o r   a l t e r ed   fo rm by v o l a t i l i z a t i o n  from 
p l a n t  and s o i l   s u r f a c e s ,  and  by l e a c h i n g   o r   t r a n s p o r t   o n   s o i l   p a r t i c l e s  
t o   s u r f a c e  and  ground waterso 

Y 



- 2-  

From an   eco log ica l   po in t  of view, t h e  most   impor tan t   charac te r i s t ic  
of a p e s t i c i d e  i s  i t s  s t a b i l i t y .  Many of   the newer p e s t i c i d e s  are r a t h e r  
uns t ab le  and are  rapidly  broken down to  non-toxic  components. However, 
s t a b l e  compounds are not   on ly  made p e r s i s t e n t   i n   t h e   e n v i r o n m e n t ,   b u t  
a l s o  are more s u b j e c t   t o   d i s p e r a a l  and concen t r a t ion   i n   o rgan i sms .  Thus 
s t a b l e   p e s t i c i d e s   s u c h  as DDT and i t s  r e l a t i v e s  are  t o t a l l y   u b i q u i t o u s  
and  have  been  detected i n  a i r ,  f resh ,   and  s a l t  waters, s o i l s ,   s e d i m e n t s ,  
plants ,   and many s p e c i e s  of i n v e r t e b r a t e s ,   f i s h ,   b i r d s ,   a n d  mammals. 
Moreover,  these compounds are concent ra ted  by l i v ing   o rgan i sms ,   e spec ia l ly  
in   aqua t ic   sys tems  where   an imals   t ake  up pest ic ides   f rom  contaminated 
water and   pass   the   res idues  up the   food   cha in .   Therefore , 'pers i s tence ,  
d i s p e r s a l ,  and concen t r a t ion  are the  most   important   parameters   requir ing 
a s ses smen t   t o   de t e rmine   t he   s ign i f i cance  of res idue  contaminat ion.  

Direct Toxic   Effects  

Direct t o x i c   e f f e c t s  are u s u a l l y   e i t h e r   a c u t e   ( f a s t - a c t i n g )   o r   c h r o n i c  
(de l ayed)   i n   na tu re .  The e x t e n t   t o  which a p e s t i c i d e   h a s  a d i r e c t   e f f e c t  
on a s p e c i e s   d e p e n d s   f i r s t   o n   t h e   i n t r i n s i c   r e a c t i o n  of t h e   s p e c i e s   t o  
the  chemical  -- th i s   can   be   de te rmined  by tox ico logica l   exper iments ,   the  
f a m i l i a r  LD50 f o r  b i r d s  and mammals o r  LCso f o r   f i s h ;   s e c o n d l y  i t  depends 
on  the  extent   to   which a s p e c i e s  comes i n   c o n t a c t   w i t h  a p e s t i c i d e ,  
and th i s   depends  on t h e  amount of pes t i c ide   u sed ,  i ts  p r o p e r t i e s  
and  manner of a p p l i c a t i o n ,  and  on t h e   b e h a v o u r a l   c h a r a c t e r i s t i c s  of t h e  
spec ies .  

P e s t i c i d e s  of d i f fe ren t   chemica l   g roups   and   even   those  of t h e  same 
g roup   can   va ry   g rea t ly   i n   t he i r   t ox ic i ty .   Fo r   example ,   fo r  rats t h e r e  
is approximately a 100- fo ld   d i f f e rence   i n   acu te   o ra l   t ox ic i ty   be tween  
t h e  two organophosphate   insect ic ides   malathion  and  parathion.  More- . m  
over, even i n  a g roup   o f   c lo se ly   r e l a t ed   spec ie s   t he   pa t t e rn  of s e n s i t i v i t y  
can   va ry   f rom  one   chemica l   t o   ano the r .   Th i s   va r i ab i l i t y  is evident  upon 
s t u d y   o f   t h e   a c u t e   t o x i c i t y   t o   f i s h  and w i l d l i f e  of some of   the  commonly m 
used   insec t ic ides   (Tables  1 and 2 ) .  Compounds of g r e a t   p o t e n t i a l   h a z a r d  
inc lude  most  of t h e   h i g h l y   t o x i c  compounds (e.g., DDT, endosulfan,   guthion,  
ma la th ion ,   pen tach lo ropheno l   fo r   f i sh ;   ca rbo fu ran ,   d i az inon ,  phosphamidon, 
and z e c t r a n   f o r   b i r d s )  and many of t h e   s e r i o u s   f i s h  and w i l d l i f e   k i l l s  
i n   t h i s   p rov ince   have   been   a s soc ia t ed   w i th   t hese   t ox ic   chemica l s   (Tab le s  3 & 4). 

m 

1 

Although  tox ic i ty ,  by i t s e l f ,  is an   impor tan t   fac tor ,  i t  should  be 
emphasized t h a t  mos t   eco . log ica1   s i tua t ions  are m u l t i f a c t o r i a l  and f i s h  
and w i l d l i f e   m o r t a l i t i e s  may r e s u l t  from, or   be  determined  by,  many 
in t e rac t ing   f ac to r s .   Re la t ive ly   s imp le   cause   and   e f f ec t   r e l a t ionsh ips  
may be  found  but w e  should  not   expect  them i n  a l l  cases. For  example, 
t h e  1972 f i s h   k i l l   i n   t h e  L i t t l e  Campbell  River  {Table 3) resu l ted   f rom 
d i r e c t   a p p l i c a t i o n   o f   p e n t a c h l o r o p h e n o l   i n t o   t h e  water. However, r e c e n t  
w a t e r f o w l   m o r t a l i t i e s   i n   t h e  Richmond - Delta area near  Vancouver are 
i l l u s t r a t i v e  of m u l t i p l e  f a c t o r s   a c t i n g   t o g e t h e r .  Duck m o r t a l i t i e s  
(Table 4) were a d i r e c t   r e s u l t   o f   i n g e s t i o n  of small granules   of   highly 

m 

m 
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Table 1: Fish  toxicity of some  common  lnsectlcldee 
l l  

Product Fish  Exposure  LC50 (PP~) 
time (hrs) 

I I  Abate 
Altosid 
Baygon 

I I  Bidr  in 
DDT 
Diazinon 
Dimethoate 
Endosulfan  (Thiodan) 
Fenitrothion 
Guthion ' 

rY Malathion 
Methyl  Trithion 
Pentachlorophenol 

Rotenone 
Sevin 

rm 

I Phosphamidon 

Brook  trout 
Salmon 
Salmon 
Trout 
Salmon 
Salmon 
Trout 
Trout 
Trout 
Trout 
Salmon 
Salmon 
Salmon 
Salmon 
Salmon 
Salmon 

48 
96 
96 
24 
96 
96 
96 
48 
96 
96 
96 
96 
96 
96 
24 
96 

10 5 
32.0 
2.4 
8.0 . 
0.004 
3.0 
9.0 
0 . 001 
1.4 
0.014 
0.043 
0.9 
0,03 
3.0 
0.15 
0.76 

Table 2: Wildlife  toxicity  of  some  common  insecticides 
m 

'a Product  Animal  Oral  LDS0  (mg/kg) 

Abate 

Carbaryl 

Carbofuran 

DDT 

Diazinon 

Endrin 

Parathion 

Phosphamidon 

Zectran 

Mallard 
Pheasant 
Mallard 
Pheasant 
Mallard 
Pheasant 
Mallard 
Pheasant , . 

Mallard 
Pheasant 
Mallard 
Pheasant 
Mallard 
Pheasant 
Mallard 

Mallard 
Pheasant 

.. . . .  
*. v. 

80-100 
31.5 
2,179 
2,000 
0.40 

2,240 
1,296 
3.5 
4.3 
5.6 
108 
1.9-2.1 
12.4 

4.2 

3e0 

3.0 
4.5 
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t ox ic   ca rbofu ran   i n sec t i c ide .  The a g r i c u l t u r a l   f i e l d s  where  these 
k i l l s  occurred had   been   t r ea t ed   t o   con t ro l   roo t  maggots i n  cabbages 
and tu rn ips .  The f o l l o w i n g   f a c t o r s   i n t e r a c t e d   t o   p r o d u c e   t h e   k i l l s :  

Proximity o f   f i e lds   to   larqe  numbers o f  waterfowl: near   important  
w i n t e r i n g   a r e a s   i n   t h e   F r a s e r   d e l t a   a n d   o n  a major  migration 
f lyway  to   po in ts   south ;  

Flooding of f i e ld s   i n   t he  winter months: t h e r e b y   a t t r a c t i n g  
waterfowl; 

Food s u p p l y  i n  the  f ie ld:  i n   t h e   f o r m  of seeds  and  crops  on 
which the  ducks  could  forage;  

High concentrations of insecticide qranules i n  the  soil and on 
the crops: a misapp l i ca t ion  of t h e   p e s t i c i d e ;  

High acute  toxicity  of  carbofuran insecticide  to  waterfowl; 

Feeding behaviour of ducks: d e a t h   t o   f o r a g i n g  ducks.  which 
i n g e s t e d   t h e   m i n u t e   i n s e c t i c i d e   g r a n u l e s   a l o n g   w i t h   t h e   d e s i r e d  
seeds  . 

R e c e n t l y ,   i n  a per iod  of  a few days,  over  one  thousand  green-winged 
Teal were k i l l e d  as a r e s u l t  of t h e s e   i n t e r a c t i o n s .   D e t e r i o r a t i o n  of 
envi ronmenta l   qua l i ty  as a consequence  of   pest ic ide  use  requires   the 
i s o l a t i o n  and i d e n t i f i c a t i o n  of a l l  r e l e v a n t   f a c t o r s ,  a purpose common 
t o  a l l  programs  monitoring  changes in   the   envi ronment .  

Apar t   f rom  these   faa t -ac t ing  or a c u t e   e f f e c t s ,   p e s t i c i d e s  may be   p resent  
i n   t r e a t e d  areas a t  low concentrat ions  having  no  immediate   detectable  
e f f e c t s .  However, t h e s e  small amounts may cause  long-term  (chronic) 
damage which  can  be  more  insidious  and  diff icul t   to   def ine  than  acute  
toxici ty .   Chronic   exposure may u l t i m a t e l y   c a u s e   d e a t h   o r  may r e s u l t  
i n  the   e l imina t ion  of a spec ie s   o r   i nd iv idua l s   t h rough  loss  of a p p e t i t e ,  
r e s t r i c t e d   g r o w t h ,   i n a b i l i t y   t o   a v o i d   p r e d a t o r s ,   b e h a v i o u r a l   a b n o r m a l i t i e s  
or o ther   changes .   These   suble tha l   e f fec ts  may be   ve ry  damaging bu t  
canno t   be   r ead i ly   de t ec t ed   i n  most f i e l d   s i t u a t i o n s .  However, chronic  
t o x i c i t y   c a n ,   t o  some ex ten t ,   be   equa ted   w i th   pe r s i s t ence   o f  a p e s t i c i d e .  
Ce r t a in ly ,   t he  more s t a b l e  compounds such as the   ch lor ina ted   hydrocarbon 
insec t ic ides   have   been   respons ib le   for   chronic  damage t o   b o t h   f i s h  
and wi ld l i f e   popu la t ions .  Hence moni tor ing   for   the   pers i s tence   and  
s t a b i l i t y  of p e s t i c i d e   r e s i d u e s   i n   t h e   e n v i r o n m e n t ,   w h e t h e r   t h i s   b e  
water, s o i l ,   s e d i m e n t ,   p l a n t   o r   a n i m a l   t i s s u e s ,   s h o u l d   a l s o   p r o v i d e  
some information on potent ia l   chronic   problems.  

Ind i r ec t   Tox ic   E f fec t s  

P e s t i c i d e s  may ind i r ec t ly   a f f ec t   non- t a rge t   popu la t ions  i n  a v a r i e t y  
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of ways: some d r a m a t i c ,   o t h e r s   s u b t l e   a n d   d i f f i c u l t   t o   d e t e c t .  Secon- 
dary  poisoning  can  occur  whenever  one animal d i e s  f rom  eat ing  another  
animal conta in ing  a t o x i c   p e s t i c i d e   r e s i d u e .   S e a g u l l s  were poisoned 
from scavenging   duck   carcasses   a f te r   the   1974  carbofuran   duck   k i l l  
i n  Delta, B.C. I n  t h e   p a s t ,   c o n c e n t r a t i o n  of p e s t i c i d e s   i n  earthworms 
has a l s o   a f f e c t e d  many b i rds   f eed ing  upon them. 

Chemical p e s t i c i d e s   t e n d   t o   b e   n o n - s p e c i f i c   i n   t h e i r   e f f e c t s   a n d  can 
reduce community s t a b i l i t y  by a l t e r ing   compe t i t i ve   and   p reda to r lp rey  
r e l a t i o n s h i p s .  Of pa r t i cu la r   conce rn  is the  removal-of   predaceous 
and parasi t ic  species   important  as b i o l o g i c a l   c o n t r o l s  of t he  p e s t  i t s e l f .  
The l i t e r a t u r e  is r ep le t e   w i th   ev idence   f rom  ag r i cu l tu re   t ha t  non- 
s e l e c t i v e   c h e m i c a l   i n s e c t i c i d e s   d i s r u p t  community b i o c o n t r o l  mechanisms 
producing  resurgences  of   the   pest   caused  mainly by a r educ t ion  i n  
predators .   Also,   food  species   for   organisms of  economic importance may 
be severe ly   reduced .   For   example ,   f i sh   p roduct ion   in  New Brunswick 
streams has   been   temporar i ly   reduced   fo l lowing   mor ta l i ty   o f   the i r  
insect food   f rom  in sec t i c ide   sp ray ing   t o   con t ro l   t he   sp ruce  budworm 
i n  balsam f i r   f o r e s t s .  

Other stresses t h a t  may b e   c o n s i d e r e d   i n d i r e c t   i n   n a t u r e   r e s u l t   f r o m  
a l t e r a t i o n s  of the  physical   environment .   Herbicides   can  be  very power- 
f u l   b i o l o g i c a l   t o o l s   a f f e c t i n g   b o t h   p l a n t   p r o d u c t i o n  and  succession. 
Aerial a p p l i c a t i o n s  of h e r b i c i d e s   t o   f o r e s t   l a n d s   a f f e c t s   n a t u r a l  
success ion  by removal of undesired  hardwoods t o   a l l o w   f o r   f a s t e r   m a t u r a -  
t i o n  and   growth   of   coni fe r   spec ies .   Broadcas t   sprays   o f   th i s   sor t  may 
present  a hazard  to   f ish-producing streams and r i v e r s  by inadve r t en t  
removal   of   bankside  vegetat ion.   Stream-side  vegetat ion  not   only  provides  
shade,  cover,  and  food,  mainly i n   t h e  form  of i n s e c t s ,   b u t   a l s o   p r o v i d e s  
bank s t a b i l i t y ,   t h e r e f o r e   p r e v e n t i n g   e r o s i o n   a n d   s i l t i n g  of  spawning 
beds   and   f ina l ly ,   ensures  more s t a b l e  water temperatures.  

The b roadcas t   app l i ca t ion  of h e r b i c i d e s   c a n   a l s o   a f f e c t  terrestrial  
ecosys tems,   espec ia l ly  when h e r b i c i d e s  of a very  broad  spectrum are 
u s e d   t h a t   c a n   k i l l  a l l  trees, shrubs,   and  herbace.ous  plants in a 
t r e a t e d  area. Vegetati 'on  control  on  powerline  r ights-of-way is o r i e n t e d  
t o  remove or   suppress   forms  of   vegetat ion  which  impair   the   funct ion 
of a u t i l i t y .   I n  some cases, t h e   u s e  of b r o a d c a s t   s p r a y s   t o   k i l l  a 
small number  of of fending  tree s p e c i e s   c a n   r e s u l t   i n   a n   o v e r k i l l  
of l a r g e  numbers of d e s i r a b l e   s h r u b  and herbaceous  species   which 
c o n t r i b u t e   t o   t h e   s t a b i l i t y  of t h e   p l a n t  community  and p r o v i d e   w i l d l i f e  
cove r .   A l so ,   d r i f t  of a e r i a l l y   a p p l i e d   s p r a y s  may contaminate  water, 
land,  and k i l l   d e s i r a b l e   p l a n t s  a t  cons iderable   d i s tances   f rom  the   po in t  
of   appl ica t ion .  

Misappl ica t ion  

P e s t i c i d e s  may be   d i s t inguished   f rom  o ther   po ten t ia l ly   hazardous  
contaminants p r i m a r i l y  .by their d e l i b e r a t e   a p p l i c a t i o n  t o  a segment 
of the  environment   for   control   of   an  undesired insect ,  weed, o r   o t h e r  
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I I  pest.  Application  is  often  not  considered an important  consequence 
of pesticide  use,  but,  in  a  very  real  way,  the  effect  of  a  chemical on 
the  environment  will  depend on how  and  where  it  is  applied.  Environmental 
hazards  can  arise  from  pesticide  use as a  consequence  of  both  their 
misapplication  and  misplacement.  The  difference  between  these  terms is, 
perhaps,  obscure,  but  the  former  may be used to describe  situations 

of  pesticide  applied,  and  the  method  and  area  of  application.  Severe 
fish  kills  from  a  DDT  forest  spray on Vancouver  Island  and  a  mosquito 
spray  near  Shuswap  Lake  or  bird  kills  from  carbofuran are  clearly 
misapplications  (Tables 3 and 4 ) .  Misplacement  may  be  considered 
to occur  as  a  result  of  human  error  during an otherwise  acceptable  operation. 
Fish  mortalities  during  pole  treatment  with  pentachlorophenol  have 
resulted  from  careless  application  and  lack  of  respect  for  the  material 
being  applied  (Table 3) .  

1 

I 1  where  the entire program  is  wrong in terms  of  both  the  kind  and  amount 

I 

tm 

In the  past,  misapplication  or  misplacement  have  usually  been  either 
a determining,  or  a  contributing  factor  to  all  major  environmental  impacts 
from  pesticides;  a  general  consequence  of  not  producing an in t o to  
evaluation  of  multiple  resources in  a  treatment  area.  However,  it is 
not  necessary  that  one  resource  be  adversely  affected  in  order  to  protect 
another,  provided  pest  control  programs  can  be  developed  and  evaluated 
to  satisfy  the  needs  of  all  segments  of  the  environment  to  be  treated. 
In this  sense,  monitoring  for  environmental  protection  has  a  rather  broad 
definition  and  includes  legislative  authority  to  pre-screen  pest  control 
programs  to  determine  operational  conditions  as well  as  chemical and 
biological  surveillance of approved  programs. 

CONTROLS ON PESTICIDE USE 

Pesticide  use  is  presently  regulated in the  province  by  the  B,C.  Interdepart- 
mental  Pesticide  Committee,  a  provincially  constituted  body  designed  to 
control  and  monitor  pesticide use  on  Crown  lands  and  by  Crown  corporations. 
Most  of  the  programs  to  date  have  dealt  with  either  herbicide use  on 
forest lands and powerline and railway rights-of-way,  or major forest 
pest  control  programs  with  insecticides. 

Members  of  the  committee,  including  various  departments  within  the 
provincial  government  and  Environment  Canada (E.P.S.), screen  proposed 
programs  through: 

i) applications:  proponents  of  pest  control  programs  apply  to  the 
Committee on standard  forms  giving  detailed  information on the 
purpose  and  location  of  the  project,  the  name  of  the  pesticide 
and  its  method  and  rate  of  application,  the  target  species,  the 
approximate  date(s)  of  application,  and  any  relevant  information 
on lakes,  rivers,  and  streams in the  area. 

ii)  inspections:  members of the  Committee  conduct  on-site  inspections 



- 8  - . 

of   s e l ec t ed  programs. E.P.S. and  the B.C. Fish  and  Wildlife  Branch 
have  conducted many i n s p e c t i o n s   t o   d e t e r m i n e  s i te  s p e c i f i c  
environmental   hazards.  

r e s t r i c t i o n s  and  approval :   based  on  the  inspect ions,   most   programs 
p roceed   e i the r   una l t e red   o r   w i th   mod i f i ca t ions ,   Res t r i c t ions   t ha t  
have  been  required  include  such items as addi t ion  of   chemical  
a g e n t s   t o   h e r b i c i d e   f o r m u l a t i o n s   t o   r e d u c e   h a z a r d s   f r o m   o f f - t a r g e t  
d r i f t ,   c h a n g e s   i n   t h e  method o r  rate of a p p l i c a t i o n ,   o r   t h e   u s e  
of buffer   zones  a long  major  streams o r   r i v e r s   t o   p r o t e c t   t h e s e  
resources .  

compliance  and  survei l lance:   again members of   the  .Committee are 
u s u a l l y   p r e s e n t   d u r i n g   t h e   a c t u a l   s p r a y   a p p l i c a t i o n   t o   e n s u r e   t h a t  
a l l  designated  condi t ions  of   the  program are followed  and t o  conduct 
.either bio logica l   o r   chemica l   sampl ing .   Pas t   exper ience  would 
i n d i c a t e   t h a t   a p p l i c a t o r s   t e n d   t o   b e  more careful  under  such  circum- 
s t a n c e s  and s p i l l s ,   o v e r - s p r a y ,   o r   o t h e r   e r r o r s  are minimized. 

I n   a d d i t i o n   t o   t h e   I n t e r d e p a r t m e n t a l  Committee, o ther   bodies   o f   exper t i se  
have  been  formed t o   e v a l u a t e   l a r g e  scale p e s t   c o n t r o l  programs i n  the  
province ,   no teably   the   Aquat ic  Weed Committee f o r   p r o b l e m s   i n   t h e  Okanagan 
bas in  and t h e   F o r e s t   P e s t  Review  Committee f o r   c o n t r o l   o f  major i n s e c t  
outbreaks.  The func t ion ing  of t h e  l a t t e r  committee w i l l  be   u sed   t o  
i l l u s t r a t e   t h e  proper management of p e s t i c i d e s  by hav ing   an   ove ra l l  
assessment of environmental   qual i ty   and  land  use  fol lowed by clear o b j e c t i v e s  
and  operat ional   planning.  

At t he   p re sen t  time, f o r e s t   i n s e c t s   h a v e   c a u s e d   s e v e r e   d e f o l i a t i o n  of 
immature  Douglas f i r  and some Pondersoa  pine  on  approximately  forty- 
thousand acres i n   t h e  Kamloops Fores t  District. The l a r v a l   f o r m s  of 
the  Douglas f i r   t u s s o c k  moth o r   mix tu res  of t he   t u s sock  moth  and f a l s e  
hemlock  looper  feed  on  conifer  needles  and  have damaged l a r g e  areas 
ad jacen t   t o   t he   Nor th  Thompson river and  south  of Kamloops lake.  
Members of t he   Fo res t   Pes t  Review Commit tee   have  undertaken  an  overal l  
assessment of the   p roblem  inc luding   cons idera t ions  on: 

i) the   s ign i f i cance   and   ex ten t  of t h e   p e s t  damage; 

ii) methods t o   c o n t r o l   t h e   p e s t  and   e f fec t iveness   o f   var ious   pes t  
c o n t r o l   a g e n t s ;  

iii) t h e   e f f e c t  o f   bo th   the   pes t   cont ro l   agent   and   the   loss   o f   the  
watershed on the  ecology  and  land  use  of   the  area; 

i v )   t h e   e f f e c t  of t h e  p e s t  con t ro l   agen t   on  water q u a l i t y  and human 
and domest ic   animal   heal th;  

v) t h e   a e s t h e t i c s ,  economic  importance,   and  social   or  human i n t e r e s t  
and a c t i v i t i e s   a s s o c i a t e d   w i t h   t h e   f o r e s t ;   a n d   f i n a l l y ,  

t 

m 
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v i )   t h e   c o s t   t o   t h e   p u b l i c  of a pes t   cont ro l   opera t ion . ,  
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An  attempt was made  during 1975 to  control  these  insects  by  spraying 
with a biological  agent,  a  bacterium  called  Bacillus  thuringiensis. 
This  biological  insecticide is  both  non-polluting  and  highly  effective 
against  defoliating  insects,  but  unfortunately  afforded  no  foliage 
protection  because  of  deficiencies of manufacture in commerci,ally 
available  material.  Consequently,  the  tussock  moth  and  looper  defoliated 

will  not  survive  a  further  attack in 1976.. 

r.i 

r l  trees  in  the  North  Thompson  valley  to  the  point  that  much  of  the  area 

I In  1975, an experimental  program  was  initiated  to  determine  the  effective- 
ness  of  various  pest  control  materials  against  the  pests  and  document 
any  adverse  side  effects.  One  insecticide, an organophosphate  called 
Orthene,  proved  to  be  highly  effective  with  little  affect  either on 
birds  or  small  mammals  or  non-target  terrestrial  insects.  However, 
at  this  time,  other  evaluations  are  being  conducted  for an  overall 
assessment  including  possible  benefits  from  tree l o s s  by  opening 
of  the  canopy  to  allow  for  increased  deer  browse,  the  impact of tree  loss 
on water  quality  from  erosion  problems,  the  value  of  the  trees  for 
either  lumber  or  pulp  wood,  the  aesthetic  value  of  the  forest,  restrictions 
required to prevent  spray  contamination  of  human  or  domestic  animal  habita- 
tions  and  water  courses,  and  finally  the  cost  to  the  taxpayer  of  spraying. 
If a spray  program  should  be  undertaken in 1976,  operational  planning 
will  include  assessment of both  effectiveness  and  impact  of  the  spray 
on  the  total  resources  of  the areao 

m 

PART 11: PESTICIDE  RESIDUE  MONITORING:  TECHNIQUES AND PROBLEMS 

In the  previous  section,  pesticide  problems  were  defined  and  examples 
given  to  illustrate  significant  local  problems.  Monitoring  was  seen  to 
include  both  pre-surveillance  regulations,  thereby  determining  how  and 
where  a  chemical  can be applied,  and  follow-up  actions  ensuring  compliance 
and  identification of hazard.  This  section will  include  a  general  intro- 
duction  to  pesticide  residue  analyses,  identifying  some  specific  techniques 
and  problems  peculiar  to  monitoring  for  pesticide  contamination,  and 
provide some examples of residue monitoring by the B.C, Interdepartmental 
Pesticide  Committee. 

MONITORING FOR CONTAMINATION 

Contamination is probably  the  single  most  important  factor  identifying 
real  hazards  since  other  problems  such as direct  or  indirect  toxicity 
usually  result  from  pesticide  residues  in  the  environment.  Residues 
may be regarded  as  any  chemical  contamination  present  after  application 
of  a  pesticide  and  includes  not  only  the  parent  compound,  but  also  its 
metabolites  and  chemical  or  photo-chemical  degradation  products.  Monitoring 
of  residues  involves  a  number  of  procedural  steps  including  sampling  design 
and  methods,  sample  handling  and  storage,  extraction  of  the  residue 
from  the  sample,  clean-up and.remova1 of co-extractives  in  the  extract, 
and  finally  analysis  to  achieve  detection,  quantification,  and  confirma- 
tion of the  residue. 
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These  various  steps  are  interdependent  and  must be executed  with  precision 
in order  to  achieve  meaningful  analytical  results.  There  are  a  great 
number of variations  in  carrying  out  these  steps  depending on the  nature 
of the  pesticide  and i t s  substrate. It is beyond  the  scope  of  this  paper 
t o  discuss  all  of  these  methods in detail. 

However,  a  general  discussion  would  be  useful  describing  the  objectives, 
requirements,  and  problems of each  step,  followed  with an example  of  herbicide 
use  monitoring  to  illustrate  and  present  a  more  detailed  account  of  sampling 
and  interpretation of results. 

Sampling:  analytical  results  can  only  be  as  valid  as  the  samples 
or  sampling  scheme  used.  Samples  should  represent  the  environmental 
component  being  examined (i.e., water,  soil,  air,  plant  or  animal 
tissues)  and  sampling  design  should  reflect  the  goals  of  the 
monitoring  program.  The  location  of  sampling  sites,  the  sampling 
technique,  the  number of samples,  and  the  frequency  and  duration of 
sampling  should  be  oriented  toward  a  satisfactory  evaluation  of  the 
analytical  results.  If  possible,  sampling  techniques  should  compliment 
each  other and all important environmental parameters that  may 
affect  the  results (eg., weather,  soil  type)  should  also  be  determined. 

Sample  Handling:  sample  preservation is usually  required  after 
collection  to  prevent  chemical  or  photo-chemical  breakdown  of 
the  residue.  Losses  from  improper  sample  handling  and  storage 
have  been  a  serious  problem  and  it  is  important  that  the  analyst 
consider  the  chemical  characteristics  of  the  pesticide  in  question 
when  determining  the  type  and  length of sample  storage.  Additions 
of  chemical  preservatives  or  immediate  freezing are usually  required 
to  prevent  residue  degradation.  Also,  sample  containers  must  not 
contain  or be made  of  plastics  which  contaminate  the  sample  and 
interfere  with  the  analytical  method. 

Extraction  of  Residues:  pesticide  residues are extracted  from  the 
sample  by  either  "blending"  or  "exhaustive  extraction" in a suitable - 
solvent  or  combination of solvents. The method  of  extraction  and 
the  type  of  solvent  or  solvent  combinations will depend  to  a  large 
extent on the  chemical  and  physical  properties  of  the  pesticide  to  be 
extracted,  Solvents  and  reagents  must  be  free  of  substances  that 
can  interfere  with  the  analysis  or  degrade  the  residue  and  it is 
usually  necessary  to  employ  specially  purified  or  distilled-in- 
glass  solvents.  Also,  the  extraction  efficiency  (degree  of  residue 
removal)  must  be  determined in order  to  demonstrate the,usefulness 
of  the  particular  extraction  method. 

Cleanup:  cleanup is a  term  used in residue  methodology  for  the 
isolation of a pesticide  from  interfering  co-extractives (eg., fats, 
waxes,  pigments) in a solvent  extract. The type  and  extent of cleanup 
will  depend on the  nature  of  the  substrate  and  the final method of 
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residue  analysis. If an extract is to  be  analyzed  by  a  method 
where  nearly  any  organic  material  will  interfere,  the  cleanup 
procedure  must  be  extensive. As a  general  rule,  it  is  usually 
best  to  cleanup an extract  only as  much  as  necessary  since  even 
the  most  satisfactory  methods  will  remove  some  residue.  Numerous 
cleanup  procedures  are  available;  the  most  common  being  thin-layer 
or column  chromatography,  liquid-partitioning,  or  sweep  co-distill- 
ation. 

v) Detection,  Quantification,  and  Confirmation  of  Residues: 

Chromatographic  techniques are generally  the  methods  of  choice 
by  the  residue  analyst  for  both  the  qualitative  and  quantitative 
determination of pesticides in the  environment.  Gas-liquid  chromato- 
graphy  (GLC)  is  a  rapid,  highly  sensitive  tool  used  extensively in 
residue  YTrk  and  sensitive, in  some  instances,  at  the  picogram 
(1 x 10- g) level. The  elaborate  analytical  precautions  previously 
mentioned,  including  solvent  purity,  removal  of  interfering  co- 
extractives,  and  the  sampling  and  extraction  techniques  themselves 
are a  prerequisite  to  any  meaningful  residue  determination.  Unfortun- 
ately,  many  inexperienced  individuals  have  been  short-sighted in 
adapting  gas  chromatography  to  their  monitoring  programs  and  have 
not  been  fully  cognizant  of  the  difficulties  involved.  Both  qualita- 
tive  and  quantitative  errors  have  occurred  through  misidentification 
and  quantification  of  artifacts  for  pesticide  residues.  For  example, 
when  polychlorinated  biphenyl's (PCB's) are present in a  sample 
they  exhibit  a  pattern  of  GLC  peaks  with  retention  times  very 
similar  to  those  shown  by  DDT,  DDE,  and  olher  chlorinated  pesticides. 
PCB  contamination  has  been  found  to  be  quite  ubiquitous in  certain 
environmental  samples  and  much of the  previous  chlorinated  pesticide 
data  appear  questionable  because,  in  many  instances,  the  identity 
of the  residues  was  not  confirmed  by  other  methods. 

The  identity of pesticide  residues  detected  by  GLC  methods  must  be 
confirmed by methods  other  than  the initial gas chromatography. 
For  example,  other  chromatographic  techniques  may  be  used  including 
thin-layer  and  column  chromatography,  or  indeed  GLC  columns with 
different  liquid  phases  and  differing  polarities. The  combination 
of  mass  spectrometry  and  gas  chromatography  has  proven t o  be  a 
powerful  tool in the  characterization  of  residueso  Simple  chemical 
reactions  can  also  yield  valuable  information  concerning  residue 
identity.  Specific  identification  may  be  obtained  by  comparison 
of  chromatographic  characteristics  (GLC  retention  times)  of  the 
parent  compound  before  and  after  chemical  treatment. 

Monitoring  for  residue  contamination  requires  the  use of highly  sensitive 
micro-analytical  techniques.  The  foregoing  discussion  emphasized  some  of 
the  problems  in  residue  detection  that  must  be  considered  during  the 
execution of field  monitoring  programs.  To  illustrate  these  techniques 



- 12 - 

of program  design  and  sampling,  some  examples of monitoring  herbicide  use 
in British  Columbia  are  worth  discussion. 

PESTICIDE  USE  MONITORING:  HERBICIDES 

Aerial  applications  of  herbicides  to  control  hardwood  vegetation in 
either  conifer  plantations  or  along  powerline  rights-of-way  have  been 
subjects  of  much  discussion in the  recent  past.  Spraying on rights-of- 
way  has  been  especially  controversial  and  unfortunately  many  individuals, 
both  for  and  against  the use of  herbicides,  have  been  irresponsible in 
their  communications  to  the  public. 

Much  has  been  written in the  press  regarding  herbicide  spraying,  but in 
many  instances,  little  of  the  information  was  factual  in  nature.  This  is 
not  to  belittle  those who  are  concerned,  for  real  problems  do  exist, 
especially  when  spraying  rights-of-way  which  can  either  pass  through 
or are  adjacent  to  private  property,  Contamination  of  domestic  water 
supplies  or  damage  to  valuable  vegetation can  be  serious  problems. 

Pending  the  recommendations  and  outcome  of  the  recently  completed 
B.C. Royal  Commission  of  Inquiry  into  the Use of Pesticides  and  Herbicides, 
many  forest  companies  and  government  agencies  have  restricted  the use of these 
sprays.  However, in the  past  two  years, a nurnber of spray  programs 
were  completed  under  scrutiny  of  the E.C. Interdepartmental  Pesticide 
Committee.  These  applications  were  adjudicated  according  to  protocals 
described  earlier (i.e., written  application,  inspection,  restrictions, 
and  surveillance)  and  programs  monitored  during  1975 by the  Environmental 
Protection  Service  included  applications of 2,4-D and 2,4,5-T for  alder 
control in  Tree  Farm  Licene No. 10, Toba  Inlet,  and  in  a  Christmas  tree 
plantation on a  powerline  right-of-way  near  Sechelt  (Figures 1 and 2). 
A picloram/2,4-D  application  to  the  powerline  right-of-way  adjacent to 
Highway 99 north  of  Pemberton  was  also  monitored  (Figure 3) .  

Pre-spray  inspections  were  conducted  in all  cases and  restrictions 
on these  programs  included: 

i) the  use  of 150 foot  buffer  zones  along  all  major  streams  to  prevent 
water  contamination  and  destruction  of  stream-side  vegetation 
(brightly  coloured  marker  ribbons  were  requested  to  indicate 
spray  shut-off  boundaries); 

ii)  proper  weather  and  atmospheric  conditions at the  time of spraying; 

iii)  addition  of  proper  chemicals  to  the  spray  mixtures  to  control  off- 
target  drift; 

iv) in the  case  of  the  powerline  rights-of-way,  notification  and  approval 
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E X P A N D E D  A R E A  

Figure 1: Diagrnn of q?rny area and residue  monitoring stations - 
Toba In le t ,  B.C. 
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Pigurc 2: Diagram of spray a r m  a;ld residue  nonitor.ing  stations - 
Sechel t , B. C. 
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of a l l  property  owners   and  other   individuals   that  may b e   a f f e c t e d  
by the   spray ;   and   f ina l ly ,  

v) precaut ions  required  during  mixing  of   chemicals ,   washing of equip- 
ment ,   and  container   disposal   to   prevent   unnecessary  contaminat ion 
of the  environment, 

The o b j e c t i v e  of   the   surve i l lance  was to   eva . lua te   opera t ing   procedures ,  
t h e   e f f e c t i v e n e s s  of t h e  stream buffer   zones ,   and   in   the  case of power- 
l i n e  r ights-of-way,   problems  adjacent   to   the  t reated area. Monitoring 
was, therefore ,   d i rec ted   toward   measur ing   d i rec t   herb ic ide   d r i f t   in to  
t h e   b u f f e r   z o n e s ,   o r   a d d i t i o n a l l y   i n   t h e  case of  powerlines, lateral  
d r i f t  from t h e  right-of-way to   non- t a rge t  areas. Stream water contaminat ion,  
e f f e c t s  on   non- ta rge t   vege ta t ion ,   opera t ing   parameters  of t h e   a i r c r a f t  
(speed,   height ,   spray  system),   microcl imat ic   condi t ions,   and stream 
discharge  were also  determined.  I n  s h o r t ,  a l l  pa rame te r s   a f f ec t ing   t he  
res idue   de te rmina t ions  were monitored. 

Buf fe r   zone   d r i f t  was c o l l e c t e d   o n   d r i f t   p l a t e s   ( 1 5 0  x 20 mm p e t r i   d i s h e s )  
set  on stands about three feet above the ground  at 50 foot intervals 
wi th in   t he   bu f fe r   zones   ( i l l u s t r a t ed  a t  Al and A2 i n   F i g u r e s  1 t o  3) .  
Drif t   off   the   powerl ine  r ight-of-way a t  Pemberton was a l s o  measured a t  
50 f o o t   i n t e r v a l s   b u t  254 mm d iame te r   p l a t e s  were used i n  a d d i t i o n  
t o   p e t r i   d i s h e s   ( p e t r i   d i s h e s   i l l u s t r a t e d  as A and D and p l a t e s  as B 
and C i n   F i g u r e  3 ) .  

D r i f t  may occur  both as d r o p l e t s  o r  as f i n e   a e r o s o l s  and  vapours .   Plates  
w i l l  on ly   p ick  up the   l a rge r   d rop le t s   and   " f ines"  or vapours   must~be  sampled 
from t h e  a i r  d i r e c t l y .  Misco a i r  samplers  with  midget  impingers were used 
t o  c o l l e c t   t h e   a e r o s o l  or vapour   component   f rom  both  direct   dr i f t   (near  
t h e  stream a t  Toba I n l e t :  : M 1 ,  M2 i n  F igure  1) and la teral  d r i f t  from t h e  
powerline a t  Pcmberton ( M 1  on powerline,  M2 f i f t y   f e e t   o f f   p o w e r l i n e   i n  
Figure 3 ) .  Water samples were al.so  taken  downstream  from  the  spray 
areas a t  d e f i n e d   i n t e r v a l s  up t o  24 h o u r s   a f t e r   t h e   s p r a y   o p e r a t i o n s  
(W1 t o  W 4  i n   F i g u r e s  1 t o  3) .  

All sampl ing   dev ices   i nc lud ing   d i shes ,   p l a t e s ,   s ampl ing   bo t t l e s ,   and  
impingers had  been r i n s e d   w i t h   r e d i s t i l l e d   a c e t o n e  and  petroleum  ether  
and  heated  to  2OOOC f o r   1 6   t o  20 h o u r s   p r i o r   t o  use  t o  remove  any 
entraneous matter t h a t   c o u l d   i n t e r f e r e   w i t h   t h e  GLC a n a l y s i s   f o r   t h e  
herbicides .   Also,  a 5% KOH s o l u t i o n  was added to   each   s ample   t o   p reven t  
hydro lys i s  of t he   r e s idues .   Ex t r ac t ion ,   c l eanup ,   and   ana lys i s  w a s  performed 
accord ing   t o   p re sc r ibed  methods for   the   ch lorophenoxy  herb ic ides  and 
picloram. 

The g r e a t e s t   p a r t i c u l a t e   d r i f t   i n t o   t h e  stream buffer   zones  occurred 
dur ing   the   Sechel t  2,4-D/2,4,5-T app l i ca t ion   (F igu re  .4) and  appeared 
t o  result primarily  from  the  use  of a f ixed-wing   a i rc raf t   (Cessna  Agwagen) 
t r a v e l l i n g  a t  high  speed  (100 mph) and  low f l igh t   e l eva t ion .   A l though  
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the sp ray  was e f f e c t i v e l y   s h u t   o f f  a t  t h e  150 f o o t  mark, cons ide rab le   t u rbu l -  
ence was e v i d e n t   a n d   r e s u l t e d   i n   s u b s t a n t i a l   d r i f t .  The o t h e r   s p r a y s ,  
bo th   he l i cop te r   app l i ca t ions ,   d id   no t   con tamina te   t he   bu f fe r   zones   t o   t he  
same e x t e n t .   H e l i c o p t e r   d r i f t   p a t t e r n s  are  u s u a l l y   c o n s i d e r a b l y   b e t t e r  
t han   pa t t e rns   f rom  f ixed -wing   a i r c ra f t   because   t he   h igh   speed   and   d i s rup t ing  
p rope l lo r  wake are not   p resent .  

D r i f t   i n t o   t h e   b u f f e r   z o n e s  was a l s o   r e f l e c t e d   i n   t h e   d e g r e e   o f  water 
contamination, A t  Pemberton,  only a small q u a n t i t y   o f  2,4-D (0.004 ppm) 
was de tec ted   immedia te ly   fo l lowing   the   spray   appl ica t ion .  No r e s i d u e s  
were d e t e c t e d   i n  water a t  Toba I n l e t .  However, h igh   l eve l s   o f  2,4-D and 
2,4,5-T were found in   t he   mon i to red  streams a t  Sechelt .   Residues  peaked 
a t  1.74 ppm in  Stephens  and 3.65 ppm i n  Joe  Smith  Creeks  ' forty  minutes 
a f t e r   t he   beg inn ing   o f   t he   sp ray .  However a f t e r  two h o u r s ,   l e v e l s   d e c l i n e d  
t o  0.007 ppm and 0.560 ppm respec t ive ly .   Neve r the l e s s ,   t hese  water r e s i d u e s  
may have  contaminated  and  tainted  domestic water supp l i e s .  Many o f   t he  
c r e e k s   i n   t h e  area, inc luding   those   moni tored ,   se rve  as water s u p p l i e s   f o r  
res idents   ad jacent   to   the   r igh t -of -way.  The odour  threshold  for  2,4-0 
t a i n t e d  water has   been   r epor t ed   t o   be   i n   t he   o rde r   o f  3 ppm. However, 
chemical   hydrolysis  and/or b i o l o g i c a l   d e g r a d a t i o n  of 2,4-D i n  water t o  
2 ,4-dichlorophenol   can  resul t  i n  odour  and taste problems a t  concentra- 
t i ons   o f  2 and 8 p p b ,  r e s p e c t i v e l y .  

No aerosol   o r   vapour   forms   of   herb ic ide   d r i f t  were de tec t ed  i n  t h e   b u f f e r  
zones a t  Toba I n l e t ,   r e f l e c t i n g   t h e   v e r y  low r e s idues   de t ec t ed   on   t he  
d r i f t   p l a t e s .  However, aerosol  picloram/2,4-D was d e t e c t e d  a t  Pemberton i n  
a d d i t i o n   t o   t h e   p a r t i c u l a t e  la teral  d r i f t   c o l l e c t e d   o n   t h e   p l a t e s   ( F i g u r e   4 ) .  
The r e s i d u e  component i n   t h e  a i r  was similar both  on  and  off  the  powerline 
(2.2 pg/m3 a t  S t a t i o n  P I 1  VS. 2.0  pg/m3 a t  S t a t i o n  M2) f o r  up t o  two 
hour s   a f t e r   t he   beg inn ing   o f   t he   sp ray ,   bu t   dec l ined   g rea t ly   a f t e r   fou r  
hours .   These   resu l t s  may be some cause   for   concern   s ince  a p a r t i c u l a t i n g  
agent  had  been  added t o   t h e   s p r a y   m i x t u r e   t o   c o n t r o l   d r i f t .  The a e r o s o l s  
d e t e c t e d  may r ep resen t   on ly  a f r a c t i o n   o f   t h e   t o t a l  since t h e  a i r  samplers  
were located  near   the  ground  and  could  not   detect   res idues a t  h ighe r  
a l t i t u d e s .  

Dr i f t   r educ t ion   and   con t ro l   i n   gene ra l   r equ i r e s   app l i ca t ion   unde r   a tmos -  
phe r i c   cond i t ions  of low  wind  speed (0-5  mph), a i r  temperature  below 
75'F (24"C),  and relat ive  humidi ty   above  50  percent .   Evaporat ion  and 
d r i f t  of v o l a t i l e   h e r b i c i d e s ,   e s p e c i a l l y  esters of 2,4-D or 2,4,5-T, is 
reduced a t  low a i r  tempera tures   and   h igh   re la t ive   humidi t ies ,  However, 
t h e s e  optimum atmospheric   condi t ions  occurred  during a l l  of the  programs 
(Table  5).  

The o b j e c t i v e  of these  monitoring  programs was t o   i d e n t i f y  real  from  poten- 
t i a l  hazards as w e l l  as the   u se fu lness   and   l imi t a t ions   o f   r e s t r i c t ions .  
It is clear tha t   f ixed-wing   appl ica t ions   can   cause   p roblems  tha t  may o r  
may n o t   b e   a l l e v i a t e d  by f u r t h e r   r e s t r i c t i o n s  (e.g., l a rge   bu f fe r   zones )  
and la teral  d r i f t  o f f  powerline  rights-of-way may be   po ten t ia l ly   harmful .  
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Table 5: General  weather  and  microclimate  conditions  during  the  spray  applications 

Toba Inlet Sechelt Pemberton 

Time of Spray 0630-1045 hrs 0700-0830 hrs  0625-0730  hrs 

Weather Foggy  then  clear Overcast, some Sunny, some 
and sunny sunny periods c loud s 

Humidity  56% - 68% 56% - 95% 68% - 81% 
Rainfall (inches) Nil 

Temperature (OF) 
8 feet 41-47 
32 feet 41-44 

Some  drizzle  Nil 

35-43 51-61 

Wind  Speed (rnph) 0-1 0-3 0-3 

Stream Discharge (cfs) 7.7 1.7 ( h e  Smith) %lo. 0 
5.1 (Stephens) 

Y 
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However,. i t  is  a l s o  clear t h a t   h e l i c o p t e r   s p r a y s   i n   c o m b i n a t i o n   w i t h  
e f fec t ive   buf fer   zones   can   have   negl ig ib le   impact   on   the   aquat ic   envi ro-  
ment . . .  

It is a n t i c i p a t e d   t h a t   r e s u l t s  f rom  these  s tudies   and similar s t u d i e s  
conducted by t h e   B r i t i s h  Columbia F i sh  and Wildlife  Branch w i l l  p rovide  
some informat ion   toward   the   d raf t ing  of mean ingfu l   gu ide l ines   fo r   p ro t ec t ion  
o f   bo th   t he   na tu ra l  and human environment  from aerial he rb ic ide   sp rays .  

PART 111: BIOLOGICAL ASSESSmNTS OF PESTICIDE IMPACT I 

In   th i s   sec t ion ,   the   impact   o f   pes t ic ides   on   non- ta rge t   o rganisms 
w i l l  b e   d i s c u s s e d   i n   r e l a t i o n   t o   t h e   u s e  of i n s e c t i c i d e s   t o   c o n t r o l  
d e s t r u c t i v e   f o r e s t   i n s e c t s .  A s  ind ica ted   p rev ious ly ,   an   exper imenta l  
program was in i t i a t ed   du r ing   1975   t o   s tudy   t he   e f f ec t s   on   pes t s   and  
non-targets  of some p e s t   c o n t r o l   c h e m i c a l s   i n   t h e  Kamloops Fores t  
District. An organophosphate   insec t ic ide   ca l led   Or thene  was one 
material s e l e c t e d   f o r   t e s t i n g   i n   t h i s  program  because  of i ts  low 
t o x i c i t y   t o   b i r d s  and f i s h   ( o r a l  LD50 = 140 ppm fo r   pheasan t ;  96 h r  
LC50 = 770 ppm f o r  ra inbow  t rout) .  The impact of t h i s   chemica l   on  
non-target terrestrial  i n s e c t s  w i l l  b e   d e s c r i b e d   t o   i l l u s t r a t e   t h e   p r i n c i p a l s  
of b io logica l   moni tor ing .  Data from  the  Environmental   Protect ion  Service,  
Atlant ic   Region,  w i l l  a l s o   b e   p r e s e n t e d   t o   i l l u s t r a t e   m o n i t o r i n g  of 
p e s t i c i d e   e f f e c t s  on   aqua t i c   i nve r t eb ra t e s  from o p e r a t i o n s   t o   c o n t r o l  
t he   sp ruce  budworm i n  New Brunswick. 

A f o r e s t  may be  regarded as a s tab le   ecosys tem composed of many b i o l o g i c a l  
systems  and much f a u n a l ,   f l o r a l ,  and p h y s i c a l   d i v e r s i t y .   I n s e c t i c i d e s  
c a n   d i s t u r b   t h i s   s t a b i l i t y  by d imin i sh ing   t he   d ive r s i ty   and   p roduc t iv i ty  
of the   sys tem  or  a given community. T h i s   s i t u a t i o n   u s u a l l y   r e s u l t s   f r o m  
the   non- spec i f i c   e f f ec t s   o f  some pes t i c ides   wh ich  may a f f e c t  many 
d i f f e r e n t  taxonomic  groups  (e.g. ,   birds,   f ish,  mammals, o r   i n v e r t e b r a t e s )  
or ,   indeed,  many s p e c i e s   w i t h i n   t h e  same group  (e .g . ,   d i f ferent  
a r th ropods   i nc lud ing   i n sec t s ,   a r achn ids ,  and crustaceans) .   Impact  
monitoring  must  consider  both aspects and necess i t a t e s   t he   i nvo lvemen t  
of many areas of expe r t i s e .  

As i n   t h e  case of res idue  sampling,   b iological   sampling  must   represent  
t h e  community being examined  (e.g., terrestrial  arthropods)  and  sampling 
design and  methods must  ach ieve   t he   goa l s  of the  monitor ing program. 
S ince   t he   ob jec t ive  of  monitoring is t o   d e t e c t   a b n o r m a l   b i o l o g i c a l  
c h a n g e s ,   t h e   f i r s t   p r i o r i t y  must b e   t o   a c h i e v e  and def ine   the .mean and 
o s c i l l a t i o n s  of the  normal. When conduct ing  experiments   or   monitor ing 
operational  spray  programs,  comparison of sprayed areas with  unsprayed 
c o n t r o l s  w i l l  provide  information  towards  this   end.  Also,  sampling 
both  before   and a f te r  t h e   s p r a y   a p p l i c a t i o n   i n  a given  sampling s i te  
o r  sites w i l l  p rov ide   i n fo rma t ion   pecu l i a r   t o   t ha t  area. 

Sampling  regimes  must a l s o  r e f l ec t  the  mode-of-action  and  chemical 
s t a b i l i t y   o f  a p e s t i c i d e .  Thus f a s t  a c t i n g  compounds,  where an  immediate 
effect   on  both  pest   and  non-target   organisms is a n t i c i p a t e d ,  w i l l  
r equ i r e   r i go rous   da i ly   o r   hour ly   s ampl ing .  Moreover, t h e   d u r a t i o n  
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of sampling  must  be  long  enough to   account   for   bo th   the   normal   per tub-  
a t i o n s   i n  community popu la t ion   dynamics   and   sus t a ined   e f f ec t s   i n   t he  
sprayed areao 

Trapping  techniques  should  be  designed  to  sample those  segments  of a 
community  most  exposed  and suscep t ib l e   t o   pes t i c ide   impac t .  However, 
because   t he   t ox ico log ica l   r eac t ions   o f ,   f o r   example ,   d i f€e ren t   a r th ropod  
s p e c i e s   t o  a chemical w i l l  be   l a rge ly  unknown, t h e   g r e a t e r  number  of 
different   organisms  sampled  within a community, t h e   g r e a t e r   t h e   l i k e l i h o o d  
o f   r e g i s t e r i n g   a n  impact on  one o r  more  of t hese  taxa. 

Although  monitor ing  impacts   of   pest ic ides   under   f ie ld   condi t ions 
is a necessary  requirement   to   any  properly  conducted  pest   control  
ope ra t ion ,  i t  is sa lu t a ry   t o   emphas ize   t ha t   s ampl ing   o f   t h i s   t ype   can  
never  produce a b s o l u t e l y  r e l i a b l e   p r e d i t i o n s  on e f f e c t s  on c o n s t i t u e n t  
species .   Information on both  population  ecology and t h e   p r i n c i p a l  
f a c t o r s   c o n t r o l l i n g   t h e   p o p u l a t i o n  of a species i n  a chemical ly  
undisturbed  environment i s  usually  lacking.  Thus,   while we can   u sua l ly  
a c c u r a t e l y   d e s c r i b e   t h e   p e s t i c i d e   i n  terms of i ts  chemical ,   physical ,  
and res idue   behaviour ,  we  cannot   accurately  descr ibe  the  system i t  
a f f e c t s .  The s e n s i t i v i t y  of   de tec t ing   impacts   on   an   i l l -def ined  
complex of b i o l o g i c a l   i n t e r a c t i o n s  is many orders  of  magnitude  below  our 
a b i l i t y   t o   d e t e c t   m o l e c u l e s  of the   tox icant   in   the   envi ronment .  

In  June,  1975,  Orthene test p l o t s  were se l ec t ed   i n   t he   Hef f l ey   Creek  
area near  the  North Thompson River,   north  of Kamloops, B.C. Since 
Orthene is a f a s t   a c t i n g   c h o l i n e s t e r a s e   i n h i b i t o r   p o t e n t i a l l y   i n j u r i o u s  
t o  many a r th ropod   spec ie s ,   t he   e f f ec t s  of the  spray  on  the  non-target  
terrestrial ar thropod community were monitored  by  the  use  of:  

i) u l t r a v i o l e t   l i g h t   t r a p s :  to   de tec t   impact   on   noc turna l  aerial  
f a u n a   ( a d u l t   i n s e c t s )   i n   t h e   f o r e s t   s t a n d ;  

ii) p i t f a l l   t r a p s :  t o   d e t e c t  impact on  arthropods of t h e   f o r e s t  
l i t ter  community; 

iii) n e t   s w e e p i n g :  t o   de t ec t   impac t  on a r th ropods   i nhab i t ing   t he  
short   grass   undergrowth;  

iv )  tree b e a t i n g :  t o   de t ec t   impac t  on a rborea l   a r thropod  popula t ions  
i n   t h e   l o w e r  crown of t h e  trees. 

Sampling was conduc ted   da i ly   fo r   f i ve   days   be fo re   and   t en   days   a f t e r  
t he   sp ray   i n   bo th   t r ea tmen t  and c o n t r o l   a r e a s o  

Ef fec t  of the   spray   on   the   popula t ion   dens i t ies  of the   var ious   a r thropod 
components a r e   i l l u s t r a t e d   i n   F i g u r e s  5 and 6 .  F l y i n g   i n s e c t s  were 
cha rac t e r i zed  by cons i s t en t ly   l ower  numbers  caught i n   t r e a t m e n t   p l o t  
versus the   con t ro l   and   g rea t   da i ly   numer i ca l   f l uc tua t ions .   Or thene  
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impact  appeared  to  occur  on  the  3rd  and  4th  night  following  the spray 
when no f l y i n g   i n s e c t s  were co l lec ted   (F igure  5). However, because 
p o p u l a t i o n   d e n s i t i e s  were genera l ly   lower   in   the   sprayed  area and 
t h e   e f f e c t  was not   sus ta ined ,   o ther   undetermined   fac tors  may have 
accounted   for   th i s   response .   Never the less ,   popula t ions   recupera ted  
qu ick ly   t o   p re - sp ray   l eve l s .  The reappearance of i n s e c t s  may p o s s i b l y  
b e   a t t r i b u t e d   t o   r e i n v a s i o n   f r o m   u n t r e a t e d  areas, new ha tch ing ,   o r  
recovery  from  subacute  doses,  

Popula t ion  numbers dec l ined   du r ing   t he   pos t   sp ray   pe r iod   fo r   a rbo rea l ,  
l i t ter ,  and   grass   inhabi t ing   a r thropods  when compared t o   5 0 t h   p r e -  
spray  numbers  and p o p u l a t i o n s   i n  t h e  con t ro l .   Moreove r ,   t hese   e f f ec t s  
were sus ta ined   over   the   pos t - spray   sampl ing   per iod   provid ing   addi t iona l  
evidence of a n   a d v e r s e   p e s t i c i d e   e f f e c t   ( F i g u r e  5 and 6). 

Apar t   f rom  th i s   appa ren t   pes t i c ide   impac t ,   na tu ra l   b io log ica l   and  
p h y s i c a l   f a c t o r s  are a l s o   r e g u l a t i n g   p o p u l a t i o n   d e n s i t i e s ,   M o r t a l i t y ,  
n a t a l i t y ,   o r  emergence are some b io log ica l   pa rame te r s   wh i l e  re la t ive 
humidi ty ,   t empera ture ,   and   ra infa l l   a re  some p h y s i c a l   f a c t o r s   t h a t  may 
a f f e c t   a r t h r o p o d   d i s t r i b u t i o n s .  The i n h i b i t i o n  of a r thropod movement 
and d i s t r i b u t i o n  by d e t e r i o r a t i n g   w e a t h e r   c o n d i t i o n s   ( r a i n f a l l ,  
i n c r e a s i n g   r e l a t i v e   h u m i d i t i e s ,   d e c r e a s i n g   t e m p e r a t u r e s )  is clearly 
ev iden t  from  June 1 t o  2 i n  a l l  t r app ing   t echn iques .   The   f i r s t   o f   June  
was mainly  sunny  and w a r m  whi le   the   fo l lowing   day  was cloudy  and much 
cooler   wi th   0 .41   inches  of p r e c i p i t a t i o n .  Aerial i n s e c t s  were t h e  
most a f f e c t e d   b e c a u s e   a e r o n a u t i c   a c t i v i t y  i s  inhib i ted   dur ing   unfavour-  
ab le   weather ,  A similar adverse  weather   s i tuat ion,   occurr ing  between 
the  12th  and  13th  of   June,  i s  a l s o   i n d i c a t e d  i n  t h e   l i g h t   t r a p   d a t a  
(Figure 5). T h i s   i l l u s t r a t e s   t h e  need f o r  a t  least some i d e n t i f i c a t i o n  
of e x t r a n e o u s   f a c t o r s   f o r   a n   a d e q u a t e   i n t e r p r e t a t i o n  of impact  monitoring. 

Most ecosystems  consis t   of   species   which  range  f rom  very  abundant   to  
t he   ve ry  rare. If a p e s t i c i d e  has a broad   spec t rum  of   tox ic i ty   to  
s p e c i e s   r e s i d e n t   i n  a t r e a t e d  area, i t  would l i k e l y   e x t e r m i n a t e  some 
of   the rarer species   and s o  r educe   d ive r s i ty .   P reda to r s  are n e c e s s a r i l y  
rarer t h a n   t h e i r   p r e y  and  hence are always  present  i n  r e l a t i v e l y  small 
numbers. Therefore  i t  c a n   b e   s t a t e d  as  a general l a w  t h a t   a n y  non- 
s p e c i f i c   p e s t i c i d e  w i l l  l i ke ly   have  a s e v e r e   e f f e c t   o n   p r e d a t o r s .  
Table 6 , t a b u l a t e s   t h e  mean number of   fami l ies   caught   per   day   dur ing  
t h e   p r e  and   pos t   spray   per iods ,  Fewer l i t ter  and  grass   dwell ing,  
and   a rbo rea l   f ami l i e s  were caught   dur ing   the   per iod   a f te r   Or thene  
t rea tment .  Most of t h o s e   l o s t  were e i t h e r   p r e d a t o r s   o r   p a r a s i t e s   w i t h  
impor t an t   ro l e s   i n   t he   fo re s t   eco logy .   Thus ,   no t   on ly  was a s e v e r e  
r e d u c t i o n   i n   p o p u l a t i o n   d e n s i t y   i n d i c a t e d   ( F i g u r e s  5 and 6 ) ,  b u t   a l s o  
a r e d u c t i o n   i n   s p e c i e s   d i v e r s i t y .  

P o p u l a t i o n   r e d u c t i o n s   o r   e l i m i n a t i o n   o f   b e n e f i c i a l   p a r a s i t i c  f l i e s  
(Hymenoptera:  Ichaeumonidae,  Pteromalidae,  Platygasteridae)  and 
predaceous  spiders  (Araneida)  and  ants  (Hymenoptera:   Formicidae) 
occurred  in   the  grass   and  lower  crown  of   the trees. Spiders   and 
b e n e f i c i a l  mites (Acarina)  and  springtails   (Collembola) were a l s o  
reduced i n  t h e  l i t t e r .  Mites and s p r i n g t a i l s  are t h e  main a r thropod 
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Table 6: Mean number of   a r thropod  fami l ies   caught   per  
day by va r ious   t r app ing  methods 

r l t .  Trapping Method Numbers Caught per Day 
Pre-Spray (Mean - -k SE) Post-Spray (Mean 2 SE) 

Light   Traps  Control  
Treated 

P i t f a l l   T r a p s   C o n t r o l  
Treated 

Net Sweeps Control  
Treated 

Tree Beats Cont ro l  
Treated 

15.4 + 3.5 
10.6 - T 2.0 

9.4 5 0.8 
9.8 2 1.2 

18.4 + 2,2 
15.2 - 4.8 
16.0 + 2.0 
11.6 5 1.9 

12.8 5 1.6 
9.5 2 2.1 

9.6 5 0.5 
6.2 2 0.7 

21.0 5 1.5 
9.6 5 1.2 

15.0 + 0.8 
7.1 0.9 
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a g e n t s  of l i t t e r  breakdown. Pa ras i t e s   and   p reda to r s  are a f a c t o r  
i n  the   regula t ion   of   pes t s ,   po l l ina tors ,   decomposer ,   o r   o ther   o rganisms 
i n  t he   fo re s t   env i ronmen t   and   t he i r   l o s s  may i n t r o d u c e  some i n s t a b i l i t y  
i n t o   t h e   v a r i o u s   t r o p h i c   l i n k s .  

Although  recuperat ion  of   these  taxa was no t   i nd ica t ed   t en   days  
a f t e r   t h e   s p r a y ,  a haza rdous   s i t ua t ion  would p r o b a b l y   n o t   r e s u l t  
u n l e s s   t h e  area was sprayed  annually.  Data f rom  eas te rn  Canada  on 
t h e   e f f e c t s  of   the   o rganophosphate   insec t ic ide   fen i t ro th ion   on  non- - 
t a r g e t  terrestrial i n s e c t s   i n d i c a t e s   t h a t   p o p u l a t i o n s  can r e t u r n   t o  
normal   within a year. However, i t  is i m p o s s i b l e   t o  know  how f a r   s u c h  
d i s r u p t i o n s ,   i f   r e p e a t e d   a n n u a l l y ,  may i n f l u e n c e  community dynamics 
and p r o d u c t i v i t y  of the  food webs i n  the   fores t   ecosys tem.   Therefore ,  
fores t   en tomologis t s   mus t   be   cognizant   o f   th i s   p roblem  and   ind ica tes  
tha t   Or thene   should   be   t es ted  a t  a lower rate o f   app l i ca t ion   t o   min imize  
the   impact   on   des i rab le   a r thropod  spec ies .  

Over the   pas t   th ree   years ,   the   Envi ronmenta l   Pro tec t ion   Serv ice ,   Al tan t ic  
Reg ion   has   been   s tudy ing   t he   e f f ec t s   o f   f en i t ro th ion   i n sec t i c ide  on 
a small stream i n   s o u t h e a s t e r n  New Brunswick.  This material i s  sprayed 
ove r   mi l l i ons  of acres of f o r e s t   i n  New Brunswick to   con t ro l   huge  
outbreaks   o f   the   spruce  budworm. S ince   mos t   o f   t he   impor t an t   f i she r i e s  
streams i n   t h e   p r o v i n c e  are exposed  every  year   to   this   chemical ,   both 
long  and  short  term environmental  impact  assessments were requi red .  The 
rate of a p p l i c a t i o n  of f e n i t r o t h i o n  i s  g e n e r a l l y   f a r   b e l o w   t h a t   r e q u i r e d  
t o   k i l l   f i s h .  However, of   great   concern,  was i t s  e f f e c t s   o n   a q u a t i c  
i n s e c t   l a r v a e  and nymphs of   mayf l ies   (Ephemeroptera) ,   caddis   f l i es  
(Tr ichoptera) ,   s tonef l ies   (P lecoptera) ,   and  some D i p t e r a   t h a t  are t h e  
major   food  organisms  of   juveni le   Atlant ic   salmon  and  brook  t rout .  

Bio logica l   sampl ing   des igns  were similar t o   t h a t   d e s c r i b e d  earlier 
(i.e., quan t i t a t ive   s ampl ing   bo th   be fo re   and   a f t e r   t he   sp ray   app l i ca t ion )  
bu t ,  of   course,   s tandard  aquat ic   sampling  techniques were used.  These 
me thods   cons i s t ed   o f   f i r s t l y ,   Su rbe r   s ampl ing   t o   de t e rmine   t he   t o t a l  
popula t ion  of invertebrates   occupying  one  square  foot   of  stream bottom 
of any  given time (usual ly   determined twice weekly).  Secondly,  twenty- 
s tone   coun t s   where   t he   i nves t iga to r  removed twenty  s tones  one a t  a 
time from a s e l e c t e d  area and  counted  the  insects   found  on  each  s tone.  
F i n a l l y ,   i n s e c t   d r i f t   s a m p l e s  were co l l ec t ed   t o   measu re   t he   e f f ec t s   on  
t h e   d i u r n a l  downstream movement o f   a q u a t i c   i n s e c t s .  

Resu l t s   f rom  in sec t   d r i f t   s ampl ing   du r ing   1972   i n  Cove brook,   the  
small s tudy  stream near  Sussex, New Brunswick, are presented  i n  
F igu re  7. T h i s   f i g u r e   r e p r e s e n t s   t h e   t o t a l   i n s e c t   d r i f t   b a s e d   o n   1 5  
minute   samples   co l lec ted   every   th i rd   hour   for  24  hour   per iods.  Abnormal 
p a t t e r n s  are c l ea r ly   ev iden t   fo l lowing   t he   sp ray   app l i ca t ions   and   t he  
amount  of dr i f t   occur r ing   immedia te ly   pos t - spray  was s u b s t a n t i a l l y  
grea te r   than   dur ing   pre-spray   condi t ions .  The  normal  perturbations 
were d i s t u r b e d  by l a r g e  numbers  of  dead d r i f t i n g   i n s e c t s .  

i 
I '  
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Figure 7: Total insect  drift  per 24 hour  sample  periods in 
Cove brook, New  Brunswick* 

*From data  presented  to the  Annual  Forest  Pest  Control Forum, 
Ottawa, Ontario by D . B .  Banks and H,A. Hall, Environmental 
Protection Service, Atlantic Region, December 1972. 
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The long  term e f f e c t s   o f   f e n i t r o t h i o n  are ev iden t  upon examination 
of Table 7 compar ing   benth ic   inver tebra te   popula t ions   in  Cove brook 
i n  1974 t o   t h a t   p r e s e n t   i n   t h e  stream i n   p r e v i o u s   y e a r s .  Mean i n s e c t  
numbers p e r   s a m p l i n g   e f f o r t  were c a l c u l a t e d   f o r   e a c h   y e a r   i n   w h i c h  
Surber  samples had been   co l lec ted .  The stream had rece ived   doses  of 
f en i t ro th ion   i n   1971   t h rough   1973  and l i t t l e  recovery was ev iden t  
a f t e r   t h e   i n i t i a l   c r a s h   i n  numbers  between  1971  and 1972.' S t u d i e s  by t h e  
F i s h e r i e s   S e r v i c e   i n  New Brunswick   have   ind ica ted   tha t   loss   o f   th i s  
i n s e c t  f o o d   c a n   r e s u l t   i n   s h o r t  term d e c r e a s e s   i n   f i s h   p r o d u c t i o n .  

SUMMARY 

Techniques ,   uses ,   and   l imi ta t ions   o f   moni tor ing   the   impact   o f   pes t ic ides  
o n   b e n e f i c i a l  terrestrial  and aqua t i c   a r th ropods  were descr ibed .  The 
ma jo r   l imi t a t ions  of t h e s e   t e c h n i q u e s   r e s u l t   f r o m   t h e i r   i n a b i l i t y   t o  
provide  an  adequate   assessment   of   the   long term ecologica l   changes  
because  the  biological   systems  themselves  are not   comple te ly   s tud ied  
or   understood.  However, the  general   ecological   importance  of   these 
o r g a n i s m s   a n d   t h e i r   s e n s i t i v i t y   t o   p e s t i c i d e s   ( t h e r e b y  becoming 
good "indicator"   organisms)  w i l l  ensure  a con t inued   p l ace   fo r  them i n  
impact  assessment. 
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Table 7: Mean number of l necc te   co l l ec t ed   In   t he   ben thos  per 
sampl ing   e f for t*  

Year Ephemeroptera   Trichoptera   Plecoptera   Diptera   Total  

1971 92.1 11.2 2.1  83.2 188.6 

1972 34.5 5.6 0.4 10.1 50.6 

1973 32.2 10.8 0.2 2.0 45.2 

1974 35.4 7.5 0.6 11.1 54.6 

* From data p resen ted   t o  t h e  Annual  Forest Pest Control  Forum, 
Ottawa,  Ontario by H.A. Ha l l  and P.B. Eaton,  Environmental 
P r o t e c t i o n   S e r v i c e ,   A t l a n t i c  Region, November 1974.  
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Emission  Monitoring  for  Ambient  Control 

F. E. Murray 
_. 

One  of  the  most  difficult  problems  in  developing  a  strategy 

for  air  pollution  control  is  the  relating  of  ambient  and  emission 

source  concentration  levels.  The  choice  of  control  objectives 

must  be  based on  ambient  1ev.els.  This  is  to  ensure  that 

I’ 

I 

0 

II 

people,  plants,  animals  and  other  things  will  not  be  harmed  by 

exposure  to  the  ambient  environment. 

However,  while  ambient  concentrations  are  the  critical 

factors  in  preventing  damage  from  air  pollutants,  it is.not 

practicable  to  use  ambient  standards  in  an  effective  control 

strategy.  This  results  from  a  number  of  problems.  Ambient 
. .  

concentrations  are  frequently so low  that  analytical  methods  are 

often  stretched  to  their  limit  of  sensitivity.  Gases  and 

particles  in  the  atmosphere  originating  from  a  variety of,sources 

m a y  interfere i n  the analysis t o  f u r t h e r  compound the  problem. 

The  prevailing  weather  conditions  and  terrain  greatly  influence  the 

dilution  of  pollutants as they  travel  from  source  to  a  ground 

level  receptor. 

In  1967,  Ontario  passed  an  Air  Pollution  Control  Act  in 

which  ambient  standards  for  air  pollutants  became  law.  Since 

then,  Ontario  has  had  little  success  in  controlling  air  pollution 

using  ambient  standards  and  monitoring. In one example, Che 
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Ontario  Ministry  was  unable  to  prove  that  a  plant  in  Toronto  was 

violating  their  Act  even  though  health  damage  was  apparent  in  the Y 

surrounding  area.  The  Ontario  experience  emphasizes  that 

while  ambient  monitoring  is  essential,  the  control  of  air  pollution 
.II 

must  depend  upon  standards  and  monitoring  applied  at  the  source  of 
w 

emission. 

The  problem  then  becomes  one of relating  the  desired  ambient 
.t 

levels  with  those  required  at  the  emission  source  or  sources. 

This could  be done experimentally by measuring  at  the  stack  and  at 
W 

ambient  over  a  wide  range of emission  levels  and  weather  conditions. m 

Such  studies  obviously  require  an  existing  plant  and  are  very  time 

consuming. 
b 

Control  agencies  seeking  to  achieve  ambient  requirements, mi 

depend  upon  atmospheric  diffusion  calculations  to  arrive  at 

permissible  emission  levels.  The  method  employed  in  using  the m 

calculational  procedure  varies  among  the  control  agencies  but  all 

have  one  thing  in  common.  Calculated  levels  are  rough 
U 

approximations  and  the  existence  of  hilly  terrain  or  buildings  in w 

the  plant  vicinity  make  the  approximations  even  more.imprecise. 
&e 

It is  of  interest  to  consider  how  this  problem  is  handled  by 

several  Canadian  provinces.  In  British  Columbia,  diffusion w 

calculations  were  used  to  set  "safe"  stack  concentrations  based  on 

ambient  desires  when  the  Report  on  the  Forest  Products  Hearings  was wI 

prepared.  This  Report,  prepared  in 1970, set  emission  source 
I 
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3 .  

objectives  for  the B. C. Forest  Prod1 Lzcts  Indl ustry.  In  this 

work, generalized  emission  objectives  were  set  based  on  worst 

probable  sources  for  a  given  air  pollutant  and  the  calculated 

ambient  levels  which  would  result. 
.. 

In Alberta,  the  Division of Environmental  Health  published 

ambient  air  quality  standards  in 1970. While  listing  ambient 

standards,  the  Alberta  agency  recognized  the  need  to  relate 

emission  and  ambient  levels.  They  published  "calculated  ambient 

standards"  and  stated  that  the  "latest  Provincial  Board of Health 

approved  calculation  method"  should  be  used  to  relate  ambient  and 

source  concentrations.  The  calculation  is  specific  for  each 

emission  source  and  hence  each  source  has  its  specific  source 

standard.  This  approach  complicates  the  process of air 

pollution  control  by  introducing  a  multitude  of  calculations. 

In 1974, Ontario  passed  amendments  to  its  control'legislation 

which  brought  in  calculated  emission  source  standards'based on its 

ambient  standards  using  equations which'are included  as  part of the 

Act. However,  unlike  the  Alberta  case,  where  every  source 

requires  a  calculation,  Ontario  introduced  the  concept of a  virtual 

source  which  included  all  sources at a  plant  except  those  stacks 

whose  plumes  are  emitted  well  removed  from  the  surrounding  buildings. 

An equation  for  ground  level  concentration  for  pollutants  emitted 

by the  virtual  source  is  included  in  the  Ontario  law. 

. 
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The  direct  use  of  diffusion  equations  to  relate  source  and 

ambient  concentrations  as  done  in  Alberta  and  Ontario is subject 

to  considerable  controversy.  The  criticism  centres  on  the  fact 

that  the  levels  based on  calculation  are  really  estimates  which 

may  be  substantially  in  error.  Under  ideal  conditions,  the 

calculated  value  may  be  inaccurate  by  a  factor  of 2 to 5 .  

In hilly  country,  valleys,  and  areas  subject  to  'localized  weather. 

phenomena,  errors  may  be  much  larger. 

It appears  questionable  that  the use of individual 

calculated  source  levels  is  preferable  to  the  generalized  approach 

of setting,the same  emission  standard  for  an  assortment of 

I industrial  stacks  as  has  been  done  in  British  Columbia.  In 

either  case,  the  value  used  is  a  rough  estimate  with  the 

generalized  approach  easier  to  apply  and  enforce. 
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Ambient Monitoring of Air Pollutants 

A. J. Lynch 
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I. INTRODUCTION 

,I 

Ambient a i r  monitoring i s  used in   both  a tmospheric   surveys  and a i r  

I 
q u a l i t y   s t u d i e s .  An atmospheric  survey can be  descr ibed as a c r i t i c a l  
examination of a given  geographical  area for  the  purpose  of  determining the 
nature, sources ,   ex t en t   and   e f f ec t s  of a i r  po l lu t ion .  An a i r  q u a l i t y   s t u d y  

is conce rned   w i th   de t e rmin ing   t he   cwcen t ra t ion   o f   s e l ec t ed   po l lu t an t s  

in a given  area. It is important  that the  ambient a i r  monitoring  program, 

m 

rm suppor t ing   e i ther   the   a tmospher ic   survey   or   the  a i r  qua l i ty   s tudy ,   be   des igned  

w i t h  a clear understanding of t he   ob jec t ives .  Some  common o b j e c t i v e s  are : 
A. To determine   the   na ture ,   ex ten t  and  trend of area wide 

p o l l u t i o n .  

B. To assist in   deve lop ing  a i r  qua l i ty   s t anda rds .  

C, To de te rmine   t he   e f f ec t iveness  of a i r  p o l l u t i o n   c o n t r o l  

programs  and  plan new abatement  procedures. 

1). To de te rmine   t he   r educ t ion  of contaminants  and  emissions 

needed f o r   v a r i o u s  classes of sources.  

E. To assist i n  planning  future  development. 

F. To de te rmine   t he   r e l a t ionsh ip  of air  contaminant   levels  t o  
3- f a c to r s   i n f luenc ing   concen t r a t ions   such  as popula t ion  

densi ty ,   source  pat terns ,   topography,   and  meteorological  

cond i t ions .  

G. To de te rmine   t he   r e l a t ionsh ip  of concen t r a t ions  of a i r  

.I 
contaminants   to   the i r   e f fec ts   on   hea l th ,   p lan ts ,   an imals ,  

vege ta t ion ,   v i sab i l i t y ,   p rope r ty   and   o the r  economic f a c t o r s .  

11. FACTORS IN  THE  DESIGN OF AN AMBIENT 
MONITORING  PROGRAM 

r 0  

Some of t h e  f a c t o r s  which  should  be  taken  into  considerat ion i n  

r 
designing  an  ambient  a i r  monitoring  program are discussed  below: 

A .  Background Data 

A thorough  inves t iga t ion  of exis t ing  s tudies   and  background 
-m 

d a t a  of t h e   a r e a  i s  d e s i r a b l e .   O f t e n   c o n s i d e r a b l e   l i g h t  

can  be  thrown  on  the  subject  and  valuable time saved by uncovering 
3 I  e x i s t i n g   p e r t i n e n t   d a t a .  



. 
B. Sample S i t e   L o c a t i o n  

Sample s i t e  l o c a t i o n  is a c r i t i ca l  item, r e l i a b l e   d a t a   c a n   o n l y  

be   co l l ec t ed   i f   t he   s ampl ing  sites are l o c a t e d   i n   r e p r e s e n t a t i v e  

areas. The s i t e  l o c a t i o n s  depend  upon the  type  of   survey  being 

conducted. Some of t h e  items t h a t  must  be  considered i n   s e l e c t i n g  

a site l o c a t i o n  are : 

1. Object ive of s tudy  

2. Budget 

3. Area meteorology 

4. Topography of area 

5 .  P e r s o n n e l   a v a i l a b l e  

6. E l e c t r i c i t y  

7. Pro tec t ion   f rom  ch i ld ren  and  vandalism 

8. Aes the t i c s  

9 .  A c c e s s i b i l i t y  of si te 

10.  Weight  and  type  of  equipment 

C. Sample S i z e  

In advance of beginning a sampling  program it  is n e c e s s a r y   t o  

d e l i n e a t e   t h e  s ize  of t he   s amples   t o   be   t aken .   Be fo re   t he   s i ze  

c a n   b e   s t a t e d   i n  terms of a i r  volume, s e v e r a l   f a c t o r s   m u s t  be 

examined. I f   t h e s e   f a c t o r s  are ignored  samples may be taken  which 

c o n t a i n  amounts   of   contaminants   insuff ic ient   to   permit   proper  

i d e n t i f i c a t i o n  and  measurement.  The  following  factors  should  be 

t aken   i n to   cons ide ra t ion   i n   de t e rmin ing   s ample   s i ze :  

1. Concentrat ion  (es t imat ion  of  minimum concentrat ion  needed)  

2. Efficiency  of   the  sampling  procedure 

3. Analy t ica l   requi rements  

4. Sampling time 
5 .  Sampling ra te  

Sampling time may be   ca l cu la t ed  as fo l lows:  

Sample Time = Analytical   Requirements 
Concentrat ion x Eff i c i ency  x Sampling Rate 

I*r 

I). Sampling  Frequency 

Est imat ion of sampling  frequency is one of t h e   m o s t   d i f f i c u l t   t a s k s  * 
i n   t h e   d e s i g n  of a sampling  program. Some of t h e   f a c t o r s   t h a t  affect  

the   concen t r a t ion  of po l lu tan ts   over   t ime  a re :  
*L 



1. Meteorologica1,factors   such as p rec ipa t ion ,   t empera tu t e  

wind direct ion  and  speed,  have a d i r e c t   i n f l u e n c e   o n  

sampling  frequency. 

2. Transpor t a t ion   pa t t e rns  

3. Domest ic   pat terns   such as f u e l  consumption 

4. I n d u s t r i a l   o p e r a t i o n s  

5 .  Agr icu l tu ra l   ope ra t ions  

6. R e l i a b i l i t y  of statistical information 

E. Se lec t ion  of Monitoring  Methods 

There are many methods fo r   t he   s ampl ing   and   ana lys i s  of air 
contaminants.  A list of the   methods   in  common use  is g i v e n   i n  

Table I. Today beaause of h igh   labour   cos ts ,  i t  is g e n e r a l l y  

more  economical  to  purchase a cont inuous  monitor ing  instrument  

rather t h a n   c o l l e c t  the samples   for   subsequent   l abora tory   ana lys i s .  

For each method the  fol lowing  should  be  considered : 

1. Prec i s ion  

2. Accuracy 

3. Minimum de tec t ab le   concen t r a t ion  

4. Chemical   interferences 

5 .  R e l i a b i l i t y  of Instrumentat ion 

6. Cal ibra t ion   procedure  

7. Labour  requirements 

8.  Type  of da ta   ou tput  

111. OPERATION OF THE MONITORING PROGRAM 

The biggest  problem  with many a i r  q u a l i t y   s t u d i e s  is t h a t   i n v e s t i g a t o r s  

w i l l  spend  considerable  time i n   t h e   d e s i g n   o f   t h e   s t u d y  and g ive   adequate  

cons ide ra t ion   t o   t he   f ac to r s   d i scussed   above ,bu t   once   t he   ambien t  a i r  moni tor ing  

network is pu t   i n to   ope ra t ion   t hey   t hen  relax and   l eave   t he   ope ra t ion  i n  the 

hands  of  unqualified  personnel.  The r e s u l t  of t h i s  is e i t h e r  the c o l l e c t i o n  

of v a s t  amounts of ques t ionable   da ta   o r   the   was te  of l a r g e  sums of money on d a t a  

tha t   mus t   be   eventua l ly   be   d i scarded .  The same fac to r s   u sed  i n  s e l e c t i n g  

an   i n s t rumen ta l  method must be  used as i n   s e l e c t i n g  a laboratory  method.  In t h e  

ope ra t ion  of these   ins t ruments   the  same care a n d   a t t e n t i o n  t o  d e t a i l   m u s t  be 
employed i n   t h e   o p e r a t i o n  of continuous  monitoring  instrument as must be employed 



i n  a n   e f f i c i e n t l y   o p e r a t e d   l a b o r a t o r y .  A l l  t h a t  has happened is the l a b o r a t o r y  

has been  t ransferred  f rom  the  bench  into  an  instrument   located a t  t h e  

sampl ing   s ta t ion ,  It is impor tan t   tha t  as da ta  is co l l ec t ed  i t  is analyzed to  

de termine   i f   opera t iona l   ad jus tments  are necessary.  It is f a r   b e t t e r  to a d j u s t  Y 

the   p rogram  than   to   t rudge   on   on ly   to   f ind   in   the  end t h a t   t h e   d a t a  is u s e l e s s ,  

Some instrument  manufacturers make claims t h a t   t h e i r   i n s t r u m e n t s  are capable  V 

of  long  periods of unattended  operation.  This may be   t rue  i f  t he   i n s t rumen t  

is o p e r a t e d   i n   i d e a l   c o n d i t i o n s   i n  mid concentration  range,  however i n  

most   locat ions i n  B r i t i s h  Columbia  contaminants are a t  t h e  low s i d e  of the instrument 
range. If h igh ly   accu ra t e   da t a  i n  low concentrat ione is r e q u i r e d ,   t h e  

fol lowing are necessary :  

.., 

Y 

Y 

1. Extremely  accurate   instrument   cal ibrat ion  procedures .  Some 

recommended ca l ib ra t ion   p rocedures  are g i v e n   i n   T a b l e  I.. Y 

2. Frequen t   i n s t rumen t   checks   fo r   d r i f t ,   e l ec t ron ic   ca l ib ra t ion .  

F o r   a c c u r a t e   d a t a   i n  low  concentrations,  equipment  should  be 1 

visited to check operat ions  once per day. 

IV. DATA REPORTING AND EVALUATION 

I n   r e p o r t i n g  a i r  moni tor ing   da ta  i t  is important   that :  

A. The sampling  and  analytical   methods  be  reported  with  the 

r e s u l t s .  

B. The da ta   be   p resented  i n  a form t h a t   a i d s  i n  i n t e r p r e t a t i o n  

and  data   evaluat ion.  

In   the  Environmental   Laboratory of t h e   B r i t i s h  Columbia Water Resources 

Se rv ice  a 7 d i g i t   c o d e  is used to  de f ine   t he   pa rame te r   t e s t ed ,   t he   t ype  of sample 

a n d   t h e   a n a l y t i c a l  method  used.  Every r e s u l t   r e p o r t e d  by the   Labora tory  is 

accompanied by t h j s 7   d i g i t   c o d e .  For example, l e a d   i n   s u s p e n d e d   p a r t i c u l a t e  

ma t t e r   co l l ec t ed  on a high  volume f i l t e r  and  analyzed  by  atomic  absorption 

spectrophotometry is given  the  fol lowing  code:  

Parameter: 751 - Lead 

Sample Preparat ion:  52 - Suspended P a r t i c u l a t e  

Analytical   Method: 20 - H i  volume ana lyses  by AA dua l   ope ra t ion  

The test code  would  then  be  7515220. 

Samples of da t a   p re sen ta t ion   u sed   i n   t he  Lower Mainland A i r  Qua l i ty   S tudy  

are g iven   i n   Tab le s  I1 t o  V and Figure 1. Some aspec t s  of d a t a   p r e s e n t a t i o n  

as i l l u s t r a t e d   i n   t h e   T a b l e s  are:  

Y 

w 
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A. 95% Conf idence   In te rva ls  

95% Conf idence   i n t e rva l s   fo r   ca l cu la t ed  mean concen t r a t ions  

of d u s t f a l l  and  suspended  par t iculate  matter a r e   g i v e n   i n  

Tables I and 11. Th i s   ca l cu la t ion  is use fu l ,  when u s i n g   i n t e r m i t t e n t  

sampling i n  determining if ambient a i r  s tandards  have  been met. 

B. Number and  Percent of Time a Concentration is Exceeded 

The  number and  percent of time a concent ra t ion  is exceeded is 
an   impor tan t   ca lcu la t ion   in   de te rmining   i f   an   ambient  a i r  s t anda rd  

has  been met when a continuous  analyzer is used.  Table 1V shows t h e  

comparison  of  carbon  monoxide  concentrations  in  the Lower Mainland 

w i t h i n  common o b j e c t i v e s  and c r i t e r i a .  

C ,  Percent  Usable  Data 

Percent   usable   da ta  can be  used as a measure of t h e   o p e r a t i o n a l  

e f f i c i e n c y  of a monitoring  program,  If   the  percent  usable  data is 
c o n s i s t e n t l y  below 50% i t  is a s i g n  of s e r i o u s   o p e r a t i o n a l  

d i f f i c u l t i e s .  If percent   usable   da ta  is c o n s i s t e n t l y   g r e a t e r   t h a n  

90% e i t h e r   t h e   d a t a  is no t   be ing   ed i t ed ,   i n f r equen t   ca l ib ra t ion  

checks are being made o r   t h e   c o s t  of  operation i s  excess ive ly  

high.  Table V shows percent   usable   da ta   for   carbon  monoxide   in   the  

Lower Mainland. 

D. Concentration  Versus  Averaging Time and  Frequency 

A graph of concentrat ion  versus   averaging time and  frequency I s  

a u s e f u l  way to   present   cont inuous  monitor ing  data ,  as t h e   d a t a  may 

b e   e a s i l y  compared t o   p a s t ,   p r e s e n t   o r   f u t u r e   a i r   q u a l i t y  criteria 
or s t anda rds .   (F igu re   1 )  

v. SUMMARY 

In   conclus ion   an   a tmospher ic   survey   concerns   i t se l f   wi th  a planned 

sys t ema t i c   t a sk  of record ing ,   eva lua t ing   and   re la t ing   the   var ious   sources   and  

levels o f   po l lu t an t s  as well as atmospheric   and  geographical   condi t ions 

encountered   in  a g iven   a rea .   These   re la t ionships  are i n   t u r n   u s e d  t o  determine 

the   na tu re  of ex i s t ing   p rob lems ,   e s t ima te   fu tu re   t r ends   and   t o   deve lop   t he  

understanding  necessary  to   develop  reasonable  means of c o n t r o l .  

A.J. LYNCH 
Jan .  15/76 



TABLE I 

COMMON INSTRUMENTAL METHODS FOR MEASUREMENT AND CALIBRATION 
OF A I R  POLLUTANTS 

Parameter Method C a l i b r a t i o n  

Carbon  Monoxide 

Total  Hydrocarbons 

Specific  Hydrocarbons 

Sulfur   Dioxide 

S p e c i f i c   S u l f u r  
Compounds 

Ozone 

Nitric Oxide 

Nitrogen  Dioxide 

Non-dispers ive  infrared 
spectrophotometry 

Flame i o n i z a t i o n  

Gas Chromatography 
using  f lame 
i o n i z a t i o n   d e t e c t o r  

Coulometry  or  flame 
photometry  with 
a s soc ia t ed   s c rubbe r s  
f o r  removal of   other  
s u l f u r  compounds 

Gas chromatography 
us  ing  f lame  photometric 
d e t e c t o r  

Chemiluminescent 
reaction  of  ozone  and 
e thy lene  

Chemiluminescent 
r e a c t i o n  of NO and  oxygen 

Conversion to  NO and 
measured  by NO method 
above 

S tanda rd   gas   i n  steel o r  
aluminum c y l i n d e r   a u d i t e d  by a 
primary  s tandard  cyl inder   f rom 
N . B . S .  or s tandard  produced 
from  100% gas   u s ing  gas 
di lu t ion   sy tem 

Standard  gas   In  s teel  o r  
aluminum c y l i n d e r   a u d i t e d  by 
a pr imary   s tandard   cy l inder  
from N.B.S. 
SO permeat ion  tube at 
s t a t i o n .  Primary s t anda rd  : 
N.B.S. pe rmea t ion   t ube   o r  
standard  from l O O X  g a s   u s i n g  
g a s   d i l u t i o n   s y s t e m  

SO2 permea t ion   t ube   o r   s t anda rd  
product ion  f rom  100%  gas   using 
g a s   d i l u t i o n   s y s t e m  

Ozone s o u r c e  (W lamp) 
c a l i b r a t e d   a g a i n 8  t W 
photometer ( 5  meter p a t h   l e n g t h )  

S tanda rd   gas   i n  steel  o r  
aluminum c y l i n d e r   c a l i b r a t e d  
a g a i n s t  N . B . S .  c y l i n d e r   o r  
standard  produced  from 100% 
g a s   u s i n g   g a s   d i l u t i o n  

N.B.S. NO permeat ion   tube  
o r   g a s   p h a s e   t i t r a t i o n   u s i n g  
NO o r  0 pr imary   s tandards  

2 

2 

3 
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I TABLE I V  

I 

‘I 

‘I 

COMPARISON OF CARBON MONOXIDE CONCENTRATIONS 

AT VANIER PARK W I T H  COMMON OBJECTIVES AND 

CRITERIA FOR THE ENTIRE STUDY  PERIOD OF 

JULY 1969 t o  DECEMBER 1970 

Objec t ive   o r  Criteria Number of Times Percen t  of 
Concentrat ion Exceeded Time c o n c e n t r a t i o n  

May be Exceeded 

Canada, Maximum Acceptable 

- 30 ppm f o r  1 hr .  

Canada, Maximum Des i rab le  

- 13 ppm f o r  1 h r  . 
USA,  EPA Primary 6 Secondary 

- 35 ppm f o r  1 h r  . 
Impairment i n  Time I n t e r v a l  
Discr imina t ion  

- 50 ppm f o r  90 min. 

- 10 - 15 ppm f o r  8 h r .  

P h y s i o l o g i c a l   S t r e s s   i n  Patients 
With Heart Disease 

- 30 ppm for 8 hr .  

N i l  

27 

N i l  

N i l  
-” 

N i l  

N i l  

0.1% - 1% 

Nil 

N i l  

0.1z - 1% 

N i l  



TABLE v U 

MONTHLY AVERAGES OF CARBON MONOXIDE CONCENTRATION 

CONTINUOUS AIR MONITORING STATION - VANIER PARK* 
I 

CPPd 
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*Data from  Lynch, A . J . ,  Emslie, J . H . ,  Plummer, J.M., Olson, R.H., Mason, D. 
”Lower .Mainland Air Quality Study - Final  Report ,   (1972)” 
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E S T U A R I N E  M O N I T O R I N G  

F R A S E R  R I V E R  

by Mi chael Wal d i  chu k 
Department o f   t h e  Environment 
Fisher ies and Marine  Service 

P a c i f i c  Environment I n s t i t u t e  
West Vancouver, B. C. 

ABSTRACT 

Estuar ies  are dynamic  systems. They undergo large  d iurnal ,  
seasonal and year- to-year   f luc tuat ions.   Moni tor ing  for   env i ronmenta l  
p ro tec t ion  must separate  e f fects   o f  man from  natural   f luctuat ions.  
Careful  basel ine  studies  are needed f i r s t   t o   p r o v i d e   e s s e n t i a l  background 
ecological  information.  Important  food  chains must  be i d e n t i f i e d .   I n   t h e  
Fraser  River  estuary,  the  importance o f   de l ta i c   vege ta t i on  (sedge) as  a base 
i n  the  food  chain  should  not be ignored. The product ion  of   epi fauna i s  
impor tan t   to   f i sher ies  and w i l d l i f e .  Sediment d i s t r i b u t i o n   i s   v i t a l  t o  
the p r o d u c t i v i t y   o f   t h e  system. Contamination  by  metals, o i l s  and ch lo r ina ted  
hydrocarbons  could  lead t o  bioaccumulation and associated problems. 

Baseline  studies  should  determine a reasonable  monitoring 
program to   p rov ide  a maximum o f   i n fo rma t ion   w i th  a minimum e f f o r t  on 
environmental and ecological  degradation  through man-made changes. Some 
suggestions  are made in   t h i s   d i rec t i on   f o r   t he   F rase r   R ive r   es tua ry  based 
on e x i   s t  i ng know1 edge. 



ESTUARINE MONITORING 

FRASER RIVER 

INTRODUCTION 

The word monitoring is used to  mean many things to different people. 
It  is sometimes regarded by some as the panacea for any type  of pollution 
problems. Once  conditions  are  monitored, the pollution problems somehow 
miraculously vanish, because everything is considered to be under control. 
To a marineresearcher,"monitoring" is a bad  word. "Baseline studies", "time 
series" yes; but "monitoring", heavens no! I still have to have someone 
explain to me simply the difference between baseline  studies  followed by time 
series and a good monitoring program. 

Somehow the term "monitoring" conjures up for  the scientist  something 
closely akin to the salt mines, where it's a daily routine of slogging out to 
predetermined sampling points, wearily taking the samples, preparing them by a 
well established recipe for analysis or preserving them, and then  taking  them 
back to  the laboratory to titrate them, run them on A.A. or spectrophotometer 
or count the organisms under a  microscope and finally  produce some numbers. 
Such drudgery! 

I decided in preparing this talk that I would use the Shorter  Oxford 
English Dictionary (unabridged edition) and settle  once and for all the meaning 
of the word, "monitor". After going through some  of  the more  archaic  meanings 
(these  are usually followed by "NOW somewhat archaic", so you know they are 
archaic), I came  to "A lizard of  the family Monitoridae or Varanidae, inhabiting 
Africa and Australia, supposed to  give warning of  the vicinity of crocodiles 
1826". It would appear that some of  the archaic  definitions are better, e.g. 
"one who admonishes", or "senior pupil in school with  duties of keeping order". 
Actually, to my astonishment, "monitoring" is not defined in the Oxford 
dictionary according to the usual concept of  the meaning of  the word as we know 
it. 
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My persona l   de f in i t ion  of  the word monitor ing i s  "repeated  observa- 
t ions  by an established  standard  technique". The purpose o f   m o n i t o r i n g   i n  
the  environmental sense i s   t o  enable  trends i n   c o n d i t i o n s   t o  be observed i f  
.they  are  present.  But i n  environmental s c i e n t i f i c   c i r c l e s  you will frequent ly  
hear  the  question asked "Why monitor?" The reason s c i e n t i s t s  have  a general 
abhorrence o f   m o n i t o r i n g   i s   t h a t  i t  d i v e r t s   e f f o r t  and funds  from more c rea t i ve  
s c i e n t i f i c  endeavours.  But I mainta in   that  a good monitor ing program  can 
contr ibute  usefu l   in format ion  for .   research.  

I happen t o  be i n v o l v e d   i n  a number o f   i n t e r n a t i o n a l   a c t i v i t i e s  
concerning  marine  pol lut ion.  In  almost a l l   t h e   f o r a  we i n e v i t a b l y   b r i n g  up 
the  subject   o f   moni tor ing.  We even s t r i k e  up working  groups t o  develop 
monitor ing programs.  Usual l y  a r e p o r t   i s  prepared and  no  one  pays any 
a t t e n t i o n   t o  it. One o f  these (FAO, 1971 ) even provided a d e f i n i t i o n  for 
monitor ing as fo l lows:   " 'Mon i to r ing '   i s   cons idered  to  be the  systematic 
obse rva t i on   o f   p roper t i es   re la ted   t o   spec i f i c  problems  concerned w i t h   t h e  
marine  environment,  the  observations  being  carried  out i n  such  a way as t o  
show  how these  proper t ies  vary   wi th   t ime  a t  a number o f   f i x e d   l o c a t i o n s   o r  
geographical  areas". On the   sub jec t   o f  "why monitor?", i t  s t a t e s ,   " I t ' s  
purpose i s  t o  show (a)  physicochemical and b io log i ca l  changes i n   t h e  ocean 
both due t o   n a t u r a l  causes and t h e   a c t i v i t i e s  o f  man, (b)  changes i n   t h e  marine 
ecosystems due bo th   to   na tura l  causes and t h e   a c t i v i t i e s   o f  man, ( c )   i t he  
degree o f  pol 1 u t i o n   o f   t h e  ocean. 'I 

There i s  one p i l o t   p r o j e c t  on marine po l l u t i on   mon i to r i ng   t ha t  has 
been a c t u a l l y  underway for  over a year, and Canada has  been a pa r t i c i pan t .  
This i s   t h e   P i l o t   P r o j e c t  on Marine  Pol lut ion  Monitor ing  under  the Framework 
o f  IGOSS (Integrated  Global Ocean S ta t i on  System of  the  Intergovernmental  
Oceanographic Commission  and the World Meteorological Organitation~Q!Xd"-$974))..  The 

-*< 

p r o j e c t  has  been ca r r i ed   ou t   l a rge l y   w i th   t he   a id   o f   " sh ips  o f  oppor tun i ty"  
f o r  sampling.  Established  laboratories do the  analyses. 

There i s  another  internat ional   monitor ing program a t   l e a s t  on  paper. 
This i s   t h e  Global  Environmental  Monitoring System (GEMS) o f   t he   Un i ted  
Nations  Environment Programme. It has a marine component  and i s  l o o k i n g   t o  
the IGOSS P i l o t   P r o j e c t  on Mar ine  Pol lu t ion  Moni tor ing as a beginning  to   g lobal  
monitoring. 
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The reason t h a t   t h e r e   i s  a g rea t   dea l   o f   res is tance  to   mon i to r ing  
i n   i n t e r n a t i o n a l   c i r c l e s   i s   t h a t  i t  i s  a costly  business. The United 
Kingdom, f o r  example, s t rong ly  opposes  any global  monitoring  wenture .because 
she  has l imi ted  resources and fee l s   t ha t  she i s  a l ready   con t r ibu t ing   qu i te  
heavi ly   to   reg ional   moni tor ing programs,  such as the  one i n  the  North Sea 
under  the  aegis o f   t he   I n te rna t i ona l   Counc i l   f o r   Exp lo ra t i on   o f   t he  Sea. 
Thus any global   monitor ing program t o  which  the UK i s  a par ty  will i n e v i t a b l y  
cons is t   o f   reg iona l  programs coord inated  in to  a global  monitoring  network, 
which i s   t h e   f i r s t  proposal i n   t h e  Comprehensive Plan  for   Global   Invest igat ion 
o f   P o l l u t i o n   i n   t h e   M a r i n e  Envfronment, a program being  coordinated  by  the 1 

Intergovernmental  Oceanographic Commission  (IOC, 1975). 

I 

(1 

But l e t  us come back t o  B.C., and pa r t i cu la r l y   t o   t he   F rase r   R ive r  
estuary. How are we going to   mon i to r  i t  f o r  environmental  protection, 
assuming t h a t   m o n i t o r i n g   i s  an acceptable and honourable a c t i v i t y ?  

I 

What, where  and when to   mon i to r  I 

Monitor ing can  be expensive. It i s  a re la t i ve ly   s imp le   mat te r  ! 

t o   c o l   l e c t  a la rge  number o f  samples  and ca r ry   ou t  a ser ies  of   analyses on 
them, provided  the  resources  are  avai lable.   Col lect ing  large volumes of 
data i s  one th ing,   but  making the   da ta   co l lec t ion   e f fec t i ve   i s   another .  

1. What 
I f  i t  i s  assumed t h a t   t h e   o b j e c t i v e   i s   t o  measure trends  from a 

given  baseline,  then we should  moni tor   those  character is t ics   that   exh ib i t  
t he   ea r l i es t  changes when the ecosystem i s  sub jec ted   to   s t ress .   Idea l l y ,  we 
want an early  warning system as a guard  against  ecological damage, p a r t i c u l a r l y  
one tha t   i s   l ong - te rm and d i f f i c u l t   t o  reverse. One should  avoid  re ly ing 
e n t i r e l y  on those  charac ter is t i cs   tha t   exh ib i t   w ide   na tura l   f luc tua t ions .  
It would be preferable  to   moni tor   those components t h a t   e x h i   b i t  a cumulative 
ef fect ,   rather  than  those  that   respond  rapidly  (short   response  t ime)  to  every 
environmental  f luctuation. It i s   e s s e n t i a l  t o  separate  the  "signal"  from 
the  "noise" i n  environmental  perturbations. W e  might  consider  the  normal 
environmental  f luctuations as the  "noise", and i t  i s   o f t e n   d i f f i c u l t  t o  d i s t i n g u i s h  
t h e   e f f e c t s   o f  man-made change from t h i s  background. 
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II 

Clear ly,  one would have t o  examine c losely   the  k inds  o f   eco log ica l  
damage tha t   m igh t  be an t i c ipa ted   i n   o rde r   t ha t   t he   p roper   cho ice   i s  made o f  
p roper t ies   to   be  measured. For example,  a l a r g e   i n p u t   o f  sewage which  threatens 
the  estuar ine ecosystem w i t h  a voluminous i n p u t   o f   n u t r i e n t s  and organic  mater ia l ,  
a long  wi th   bacter ia  and viruses, would demand a scheme of   observat ions i n  which 
the  concentrations  of  these  substances and t h e i r   e f f e c t s   a r e  measured. If 
the  problem i s  heavy metals and bioaccumulation, we would  most c e r t a i n l y  measure 
t h e   c r i t i c a l  metals i n   t h e  water,  sediments and the  b io ta.  I f  one must be 
se lect ive,  because o f   l i m i t e d  resources, i n  choosing  the'  appropriate medium i n  
which t o  measure the amount o f  metal one would c e r t a i n l y  go to   the  mar ine 
organisms known t o  concentrate  the  metals. It was stated  by  invest igators  
e a r l y   i n   t h e   e r a   o f  concern  about  chlorinated  hydrocarbons i n   t h e   a q u a t i c  
environments  that  there was l i t t l e   p o i n t   i n  measuring  such l ipophyl ic  substances 
as DDT i n  water, inasmuch as most o f  i t  i s   q u i c k l y  taken up  by t h e   l i p i d   t i s s u e  
of organisms. O f  course, t h a t  was i n   t h e  days when a f r a c t i o n  of a p a r t  :per 
b i l l i o n  o f  DDT o r  PCB's i n  water  could  not be r e a d i l y  measured. 

This i s  another  point   that  must  be noted - the ease with  which 
analyses  can be made.  Some of   the  ear l iest   moni tor ing  data  acqui red on the 
marine  environment  concerned rad ioac t iv i t y   f rom  nuc lear  weapons tes ts  i n  the  
South Pac i f i c .  Many o f   t h e   c r i t i c a l   r a d i o n u c l i d e s ,  such as strontium-90 and 
cesium-137, could be qu i te   p rec ise ly  measured by  establ ished  separation 
methods  and avai lable  techniques for counting. On the  other hand, i t  i s  only 
comparatively  recentqy  that  mercury  could  be measured accu:rately i n  f i s h  
t issues, so t h a t  we have become aware o f  mercury  concentrations a t   t h e   p a r t s  
p e r   m i l l i o n   l e v e l   i n  a va r ie t y  of  species, a condi t ion  which may have ex is ted  
i n  some cases 1 ong before man s ta r ted   t o   i n t roduce   l a rge   quan t i   t i es  o f  mercury 
in to   the   aquat ic  environment.  Unfortunately,  by human nat,ure,  there i s  
sometimes  a tendency t o  measure those  properties  which a r e  e a s i e s t   t o  measure, 
whether t h i s  has any bearing on the  problem  or  not. Thus, we  may end up with 
a la rge  volume o f  data  which has l i t t l e  relevance t o  a p a r t i c u l a r   p o l l u t i o n  
problem. 

2. Where 
It i s   p a r t i c u l a r l y   i m p o r t a n t   t o  be s.elect ive i n  developing a 

network o f   s ta t i ons   f o r   mon i to r i ng .  There i s   h a r d l y  any ,point  i n  c o l l e c t i n g  
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data a t   s i x   s t a t i o n s  when one well-chosen  stat ion will provide  the  essent ia l  
information. What are some o f   t h e   c r i t e r i a   f o r   s i t e   s e l e c t i o n ?  Once again, 
i t  i s  essen t ia l   t o  choose  a l oca t i on  where t h e   e a r l i e s t  changes  due t o  
po l lu t ion  or   env i ronmenta l   rest ructur ing can be i d e n t i f i e d .  It i s  obvious 
t h a t   i n  an area where there i s  r e g i o n a l   d i f f e r e n t i a l   f l u s h i n g   o f  a  body o f  
water, one would  choose a l oca t i on  where f lush ing   i s   s lowest  and environmental 
condi t ions  deter iorate most r a p i d l y .   I n  an estuary,   for  example,  one s t a t i o n  
occupied i n   t h e  main  stem o f   t h e   r i v e r  may g ive   the  needed data on the   we l l -  
f l u s h e d   r i v e r  channel s but  i t  is  the  var ious  s ide  channels,   s loughs and 
r i v u l e t s   i n   t h e   d e l t a  which  give some o f   t he   v i t a l '   i n fo rma t ion  on the   cond i t ion  
o f   the   es tuary .   In   fac t ,   eco log ica l   s tud ies   in   the  Squamish  and Fraser  River 
estuaries  concentrate on the  var ious  sectors of the   de l tas   ra ther   than  w i th in  
t h e   r i v e r  channels  themselves. 

The impor tan t   po in t   t o   bea r   i n  mind i n   s e l e c t i n g   s t a t i o n s   f o r  
. monitor ing any coastal  area i s   t h a t   l o c a t i o n s  must be  chosen to   prov ide  data 

on the most  dynamic  processes occur r ing   there ,   par t i cu la r ly  i f  these  processes 
are  a f fected by pol lu t ion  or   o ther   d is turbances by man. For  example, i f  a 
je t ty  has been i n s t a l l e d  t o  diver t   f resh  water   f low  f rom a given  coastal  area, 
sampling o f  water,  sediments and biota  should be ca r r i ed   ou t   beh ind   t he   j e t t y  
and i n   f r o n t   o f  it., t o  determine  the  ef fect  o f  t he   d i ve rs ion   o f   f resh   wa te r .  
This means t h a t  one would  want t o  measure t h e   s a l i n i t y  and temperature o f   t h e  
water,  the  sedimentation  rates and c h a r a c t e r i s t i c s   o f   t h e  sediments, as w e l l  as 
make observations on t h e   f l o r a  and fauna. I n   t h e  case o f  a dredging and 
f i l l i n g   o p e r a t i o n ,   t h e r e   i s  a  need t o  know t h e   r a t e   o f   r e c o l o n i z a t i o n  o f  dredged 
bottom and o f  submerged fill area  by  benthic  organisms.  Suitable  techniques 
o f  measuring  populations o f  both  infauna and epifauna  must be u t i l i z e d   i n  , 

order  to  achieve some measure o f   q u a n t i t a t i v e  assessment. 

3.  When 
The frequency o f  sampling f o r  a proper a s s e s s ~ n t   o f  change i n  

an ecosystem i s  always a problem.  Again, i t  i s  a matter o f  resources and 
the   de ta i l  o f  i n fo rma t ion   t ha t   i s   requ i red .  If one i s   i n t e r e s t e d   p r i m a r i l y  
i n   t h e   r a t h e r  crude  year-to-year changes as a r e s u l t   o f   p b l l u t i o n ,  one could 
almost  get away w i t h  an annual  monitoring  survey  conducted a t  a t ime when 
the   e f fec ts   o f   po l l u t i on   m igh t  be expected t o  be a t   t h e i r  worst. However, 

I 
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this i s  seldom suffjcient for  a detailed  monitoring program  where natural 
fluctuations can be adequately  separated from those due to  man-made effects .  

A simp1 e monitoring scheme i n  coastal  waters can  be taken' a t  
s t ra ight  monthly or bi-monthly intervals.  A more effective  distribu.tion o f  
sampling and observation  periods,however, i f  there  are  sufficient  resources 
to  carry  out 10 or 12 surveys per  year, would  be to  distribute the observational 
operations i n  such a way as   to  cover more densely  the  periods of dynamic 
change i n  physical, chemical and biological  properties, e.g. freshet i n  
river  runoff, blooms of phytoplankton,  runs of anadromous fishes. Perhaps 
the f i rs t  year can establish  the  frequency of  sampling by closely spaced 
observational  periods, and then  these can be adjusted  according  to the need 
i n  subsequent  years. 

One system  of observations  that has been used for  oceanographic 
data  along this coast involved one key s ta t ion ,  which  would be sampled on a 
monthly basis,  while surveys g i v i n g  wider  coverage would be conducted  perhaps 
on a bi-monthly basis. We have had along the B.C. coast   for some 40 years  daily 
seawater  observations a t  lighthouses which provide  data on seasonal and year-to- 
year  fluctuations in temperatures and sa l in i ty ,  important @roperties when 
considering  physical  processes i n  the  sea, and these  affedt movements o f  
salmonids. I 

. 

2 

d 
1 

How long  should a monitoring program be conducted? Scient is ts  
are sometimes accused o f  t u r n i n g  on a certain type of  continuing program i n  
year 1 and forget   ta  turn i t  off .  Then ' i t  seems t o  go  on 'forever  without 
anyone careful ly  analyzing  the  data.  Certainly , any type  #of  monitoring 
program should be reviewed periodically, perhaps on an anqual basis. I t  
should be adjusted  as  required. B u t  f o r   s t a t i s t i ca l  purposes, a s e t  of 
continuing da ta  becomes  more valuable  as more years  are  covered, A basic 
program of research' in an estuary needs a t   l e a s t  a 5-yearrperiod  to  provide 
the needed information on natural  fluctuations  for an understanding  of  the 
system. One could  hardly  expect a monitoring program to endure for  a 
shorter  period. The research program could define the pa$tern  of  stations, 
the minimum frequency  of  sampling and the  parameters  that  should be determined. 
Then the  monitoring program could  continue  as  long  as there is  a need for t ha t  
type of information. 
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MONITORING  STRATEGY I N  ESTUARIES 
Y 

A good deal has been w r i t t e n  on moni tor ing  s t ra teg ies i n   t h e  
coastal zone, p a r t i c u l a r l y   i n   t h e  U.S.A. (NAS/NAE, 1970; Goldberg, 1'972). 
However, there  are few good monitoring programs i n   t h e   c o a s t a l  zone anywhere. 
Perhaps the  Uni ted Kingdom  has  done  as much as anyone with respec t   t o  u 

monitoring i n  coastal  waters, first on rad ionucl ides  ar is ing  f rom  nuc lear  
reactors, and more recen t l y  on  heavy metals  from  industry  (Preston et ai!, u 

1972). The United Kingdom  has recently  expressed  concern  about  the  state o f  , 

i t s   e s t u a r i e s  and i s  beginning t o  examine i n   d e t a i l   t h e   c o n d i t i o n s   o f   i t s  
e s t u a r i e s   i n  27 coastal  sectors (NERC, 1975). No one has y e t  developed a 
universa l ly   acceptable  moni tor ing  s t ra tegy  for   estuar ies.  However, it might 

UI 

Y 

be wor thwhi le   to  examine a few p r i n c i p l e s   i n v o l v e d   i n  an estuar ine  monitor ing 
strategy. 

(1 ) The estuary has a major  inf luence  f rom  the  land  s ide  through  the  r iver 
runof f .  There i s  a seasonal p a t t e r n   o f   r u n o f f   w h i c h   u s u a l l y   r e p e a t s   i t s e l f  
f rom  year   to   year .   In   the  Fraser   River   there  is   the  wel l -known  f reshet   per iod 
o f  May-June a r i s i n g  ;from s t o r e d   r u n o f f   i n   t h e  form o f  snow, mel t .   Cer ta in ly  
the  per iod  of  heavy '$runof f   mer i ts   cons iderable  a t tent ion  fn   the way i t  af fec ts  
the  estuar ine ecosystem, through  increased  f resh  water,   sf l t ,   st ronger  r iver 
f low,  deposit ion and erosion. I 

(2 )  The sea af fects  the  estuary  through  the  d iurnal   t idal !   f luctuat ions,  
f o r t n i g h t l y  changes from neap t o   s p r i n g   t i d e s  and seasonal changes i n   t i d a l  
range, as we l l  as t ime   o f  day f o r  exposure o f   t i d a l   f l a t s .  Winds create 
currents  and wave ac t i on   t ha t   a f fec t   t he   es tua r ine  ecosystem. Again wind 
wave ac t i on  changes seasona l ly ,a f fec t ing   in te r t ida l  organisms d i f f e r e n t l y   i n  
a p e r i o d   o f   p r e v a i l i n g  winds on shore,from one when ca lm  cond i t i ons   o r   o f f -  
shore  winds  are more common. 

(3 )  Food chains in   the   es tuary   a re   ex t remely   impor tan t   f rom  the   po in t   o f  
view o f   p rese rva t i on   o f   t he  ecosystem. The signi f icant  fbod  chains  should 
be ident i f ied.   Occasional ly,   there i s  a key  organism i n  a food  chain  leading 
t o  commercially-important  species, e.g. i n   t h e  Squamish  RS'ver estuary a 
gammarid amphipod (Anisogmaru8 confermicoi!us) i s   v i t a l  as a f o o d   f o r  

.* 

I. 
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juvenile salmonids  using the  estuary as a nursery ground. I t  is  essential to  
monitor the population of this species so t h a t  the status of this food resource 
can be established. 

l k  

(4 )  The l i v i n g  resources of an estuary  are  essentially  the  integral components 

o f  the ecosystem. Every estuary possesses basically four different 
I of the ecosystem, and their  state of health reflects the state of health 

I types of l i v i n g  resources: ( a )  vegetation, bo th  aquatic and terrestrial; 
( b )  wildlife, consisting largely of water-fowl; (c)  fishes; and ( d )  invertebrates. 
An important l i v i n g  component o f  the ecosystem are the  aquatic microorganisms 
which play..a v i t a l  role i n  the decompositon of organic matter and cycling of 
nutrients. 

(5) The estuarine ecosystem is  a highly complex  system of the p lan t  and 
animal organisms l i v i n g  i n  close harmony w i t h  the environment. I t  i s  a system 
under natural stress. The organisms are highly specialized to  survive under 
these  stressful  conditions. The food web is  relatively simple w i t h  comparatively 
few species involved i n  the food chains. For an understanding of how energy 
flows through the food chains from p l a n t  l i f e  t o  the  highest predators,  basic 
information on production a t  each trophic level i s  required. A monitoring 
strategy may require cont inuat ion of da t a  collecting on orbanic production, 
so t h a t  any disruption of energy flow through an importanq food chain can  be 
recognized. Some of the different techniques for  biologiaal assessment of 
po l lu t ion  effects are given i n  Table I .  

A monitoring program must lend i tself  t o  sufficient  quantitative 
analysis so t h a t  trends of deterioration can be recognized. A number of 
studies have  been  conducted  where multivariate  analysis has  been  used to  
ident i fy  and quantify changes.  Usually benthic organisms and their communities, 
which essentially  integrate pollution effects over a period o f  time,can be 
used for  this purpose  (Beak, e t  aZ, 1959). Regier and Cowell (1972) discussed 
the appl ica t ion  of ecosystem theory to  conservation problems, Studies i n  
San Francisco Bay (Selleck and Pearson 1974) eventually f6usld t ha t  diversity 
index was the most useful analytical  tool for following the  effects o f  
pollut ion,  b u t  such an index  does not  necessarily hold i n  most estuaries 
which have a naturally low diversity of species. 
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FRASER RIVER ESTUARY 

The Fraser River estuary is  quite unique on the British Columbia 
coast, indeed i n  the world ( F i g .  1 ) .  We chose the Fraser estuary a s  the 
f i r s t  and most important of 18 critical  estuaries i n  British Columbia on 
which t o  compile a l l  available information (Hoos and Packman, 1974). There 
is  surprisingly a great deal of information on this  estuary,  since i t  has 
been the focus of investigation for a number of years by federal and provincial 
agencies, universities and by naturalists. No one  has attempted t o  carry  out 
a comprehensive monitoring program, a1 though certain  characteristics are 
measured regularly. 

One should be  aware of  a number o f  processes which occur i n  
estuaries i n  terms of effects of pollution on l i v i n g  resources. These processes 
often lead t o  d i l u t i o n  and dispersion of a po l lu t an t ,  b u t  they may also lead 
t o  reconcentration as shown i n  Figure 2. The Fraser River w i t h  i t s  heavy s i l t  
load contributes t o  some of the processes o f  abstraction o f  pollutants  from 
the water and deposition i n  the sediments. 

The Fraser River estuary can  be  well characterized by the following 
four 1 i v tng  resources : (1 )  vegetation i s  mainly sedge, a vascular 
p l a n t  generally above h i g h  tide. I t  provides a food resource for aquatic 
invertebrates i n  the form of detritus when i t  dies down and is washed into 
the water, I t  a l so  serves as a food for the wildlife. (2 )  Fish abound i n  ’ 

great numbers, especially dur ing  certain periods of year when the salmon 
fingerlings migrate t o  sea from the marry streams and lakes tributary t o  the 
Fraser River. ( 3 )  Wildlife i s  extremely plentiful i n  the Fraser River estuary, 
being the over-wintering area for many flocks of birds, and the stop-over 
poin t  for others migrating north i n  spring and southward i n  autumn. 
( 4 )  Aquatic invertebrates  serve as food for birds and for fishes. A t  one 
time, there was a substantial Dungeness crab fishery on the Fraser delta. 
To learn something of the impact of development on the Fraser River delta, 
one  would  have t o  look a t  the effects on each  one o f  these  resources. 

We have  done a considerable amount of work on the Fraser River 
estuary i n  connection w i t h  the proposed runway extension a t  the Vancouver 
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In ternat ional   A i rpor t   (Lev ings,  1975) and t h e   e f f e c t  o f  the sewage e f f l u e n t  from 
the  Iona  Island Sewage Treatment  Plant. The d is t r ibut ion  o f   bot tom  organisms,  
on Sturgeon Bank i s   q u i t e   r e v e a l   i n g   ( F i g .  3 & 4 ) .  The area  between the  North 
Arm J e t t y  and the  Iona  Out fa l l  dyke i s   c l e a r l y  one o f   t h e  most  impoverished 
on the whole  Fraser  River  delta. No doubt t h i s   i s   r e l a t e d  i n  p a r t   t o   t h e  
l a c k   o f   f r e s h   w a t e r   i n   t h e  area,  having been d iver ted  by t h e   j e t t y  and dyke. 
It may a lso be p a r t l y  due to   t he   depos i t i on   o f  dredge spoi ls  f rom  the  North 
A r m  i n   t h e  apex  between t h e   j e t t y  and dyke. I n  any  case, the  bottom  organisms 
have n o t   y e t   f u l l y  adapted t o   t h e  new environmental  conditions, a1 though  there 
i s  some evidence that   the  area  is   be ing  co lon ized  by more marine  species. 

CONCLUDING REMARKS 

The Fraser  River  estuary i s  an extremely dynamic  system, w i t h  enormous 
seasonal f luc tua t ions   in   f reshwater   f low,  silt load, and o ther   charac ter is t i cs  
associated  wi th   runof f .  It has considerable  dai ly and seasonal f l uc tua t i ons  
a l s o   i n   t i d a l  range, wave ac t ion  and currents.  The d e l t a   i s  growing  rapidly 
wi th  the  f ront   extending  about 20 f t  per   year   resul t ing  f rom some 25 m i l l i o n  
tons o f   s i l t  deposited  annually. The de l ta   i s   a l so   ex t reme ly   r i ch  i n  l i v i n g  
resources - vegetat ion,   f isher ies , wi 1 d l   i f e  and benthos. These are   c lose ly  
i n t e r r e l a t e d   w i t h  each other  and with  their  environmental  surroundings. Any 
comprehensive  study 'of   the  Fraser  River  estuary must be i n t e r d i s c i p l i n a r y  i n  
na tu re   t o  examine a l l   t h e   i n t e r r e l a t e d   f a c e t s .  Only i n   t h i s  way will the 
processes and the ecosystem trophodynamics be understood. Any monitoring 

program  must  take  these  basic  findings i n t o  account, i f  i-t i s   t o  be e f f e c t i v e  
i n   g i v i n g  maximum in fo rma t ion   f o r   p ro tec t i on  o f  the  estuary and a l low ing  
f u l l e s t   u t i l i z a t i o n   o f   i t s  resources. 

4 
I n   t h e  U.S.A., a program known  as "Mussel Watch" i s  being  imple- 

mented i n  coastal  waters as a means of   monitor ing  b ioaccumulat ion o f  metals, 
chlorinated  hydrocarbons and p e t r o l  eum hydrocarbons. The' use o f  f i 1 te r - feed i  ng 
inver tebrate organisms to   moni tor   condi t ions  in   estuar ies, .  has  a g rea t   dea l   o f  
mer i t .  A f t e r  a l l  , they  are some of   nature 's   best   concentpators   o f   everyth ing 
from  viruses i n  sewage t o   z i n c  from e lec t rop la t i ng  plants*!and pu lp  and paper 
mill ef f l uen ts .  

F ina l  l y  , any monitor ing program  must 1 end i t s e l r  t o  some form o f  
$7 

quant i ta t i ve   mu l t i var ia te   ana lys is  so ' that   t rends can be c l e a r l y  recognized, 
i f  they  indeed  exist.  
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INTRODUCTION 

The B.C .  Water  Resources  Ser1 l ice   has   been condl lc t ing   an   envi ron-  

men ta l   s tudy   o f   t he  Kootenays f o r   o v e r  a year .  We are now a t  abou t   t he  f 

h a l f  way mark  and t h e  f irst  s tudy   r epor t s  are being  publ ished.  I t h e r e -  

f o r e  welconie t h i s   c h a n c e   t o   d i s c u s s   t h e   o r i g i n s  of the   s tudy ,  i t s  purpose 

and i t s  planning.  

I will be   p re sen t ing   t o  you ou r   s tudy   ob jec t ives ,  how t h e   r e s u l t s  

will be  used  and  the manner i n  which we have  organized  our   reports .  

The Water   Resources   Service  adminis ters   the Water Act and t h e  

Pol lu t ion   Cont ro l  Act. Consequent ly   the   Serv ice   has ,over   the   years ,  

c o l l e c t e d  a l a r g e  amount of  wa te r   qua l i t y   da t a ,  some aquat ic   b io logy  

data   and,  more r e c e n t l y ,  some a i r   q u a l i t y   d a t a .   O t h e r   a g e n c i e s   w i t h i n  

the   P rov inc ia l  and the   Fcdera l  Governments  have a l s o  been   co l lec t ing  

similar information.  Added t o   t h i s  l i s t  of d a t a   c o l l e c t o r s  are c o n s t l t i n g  

firms, U n i v e r s i t i e s  and p r i v a t e   i n d u s t r y .  The da ta   ga thered  are l a r g e l y  

unpublished. They are   s tored  in   computer   banks or t h e  f i l e s  of  agencies  

and p r i v a t e  companies. Some data   have  been  used  in   reports  and b u l l e t i n s  

but   these   have   usua l ly  had a l i m i t e d   c i r c u l a t i o n .  

The monitoring  programs  used t o   c o l l e c t   t h i s   i n f o r m a t i o n   h a v e  

gene ra l ly  been  conducted  independent ly .   Different   agencies   and  industr ies  

have  col lected  samples  a t  d i f f e r e n t   t i m e s  and l o c a t i o n s .  The sampling 

o f   r ece iv ing  water or ambient a i r  has   no t   a lways   been   re la ted   to   the  

sampl ing   of   the   e f f luent   o r   s tack   emiss ion .  Added t o   t h i s ,   t h e   s a m p l i n g  
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techniques  have  differed  widely as have t h e  methods  used t o  ana lyze   t he  

samples .   Consequent ly   this   valuable   data   cannot   a lways  be  rapidly 

i n t e r p r e t e d   t o   g i v e  an a c c u r a t e   p i c t u r e   o f   t h e   c u r r e n t   s t a t e   o f  a i r ,  

land and water.  r 

The  Water   Resources   Servj-ce  has   therefore   ini t ia ted  environmental  

assessment   s tud ies  on a r e g i o n a l   b a s i s   t o  overcome t h e s e   d i f f i c u l t i e s .  

The  Kootenay  Region was chosen  for   our  first s t u d y   s i n c e  it comprises 

major   d i scharges   to  a i r  and  water  which are  causing some concern.   There 

i s  a wide r a n g e   o f   i n d u s t r i a l   a c t i v i t i e s ,  as well as a g r i c u l t u r a l  and 

municipal   type  act ivi t ies .   Also  fur ther   development  i s  p l anned   fo r   t he  

area. 

PURPOSE OF THE S'I'UDY AND GENERAL ORGANIZATION 

The s tudy  object ives   can  be  descr ibed as fo l lows:  

- To d e s c r i b e   t h e   s t a t e   o f  a i r ,  land and water. This  will 

inc lude   an   ana lys i s   o f   t he   sou rces   o f   con taminan t s   and   o f   t he i r  

effects on the   envLonment .  

- To i d e n t i f y  problem  areas  and t o  recommend cor rec t ive   measures  

o r   f u r t h e r  work r equ i r ed .  

- To opt imizc  exis t ing  monitor ing  programs.   This  will involve  

e s t a b l i s h i n g   t h e   l o c a t i o n  and minimum number of   rou t ine   moni tor -  

i n g   s t a t i o n s .  The monitoring  frequency  and  the  type  of  measure- 

ments  required a t  t h e s e   s t a t i o n s  will a l s o  be e s t a b l i s h e d .  

We hope t h a t   t h e   s t u d y   r e s u l t s  will have a f a i r l y  wide   appl ica t ion .  

One of   our  aims i s  t o   g i v e   i n t e r e s t e d  members o f   t he   pub l i c   an   unde r s t and ing  
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of   the   sources   o f  a i r  and wa te r   po l lu t ion   i n   t he   r eg ion .  We a lso   wish  

t o   g i v e   p e o p l c  a g ra sp   o f   t he   e f f ec t s  of  p o l l u t i o n  on the  environment  and 

of the  problems  involved  in  measuring and e v a l u a t i n g   t h e s e   e f f e c t s .  By 

examining a l l  p a s t   d a t a   a v a i l a b l e  on the   r eg ion  we expec t   t o   p rov ide   an  

u p - t o - d a t e   h i s t o r i c a l  summary of  the  information  and  of  what it ‘means. 

Th i s   sha l l   e l imina te   t he   need   fo r   fu tu re   worke r s   t o   de lve   t h rough  raw 

da ta   d i spe r sed  a t  va r ious   l oca t ions .  We b e l i e v e   o u r   a n a l y s i s  will be of 

u se  t o  government  and indus t ry   in   p lanning   was te  management programs t o  

c o n t r o l   p o l l u t i o n .  The r e s u l t s  will a l so   he lp   i n   t he   des ign   o f   mon i to r ing  

programs t o   a s s e s s   t h e   e f f e c t s   o f   s p e c i f i c   d i s c h a r g e s .   C e r t a i n   a g e n c i e s  

will b e   a b l e   t o   u s e   t h e   r e s u l t s   i n   p l a n n i n g   f u t u r e   d e v e l o p m e n t .  Such 

planning will a l so   r equ i r e   i n fo rma t ion  on l and   u se ,   na tu ra l   r e sources ,  

w i l d l i f e ,   r e c r e a t i o n ,  e tc .  which i s  a v a i l a b l e  from o the r   sou rces .   S ince  

ou r   s tudy   dea l s   w i th  a i r  and wa te r   qua l i t y  it will only  be a p a r t  o f  t h e  

j igsaw  of  facts  needed to   p lan   fu ture   deve lopments .  

The r e p o r t s  we are p r e p a r i n g   a r c   t h e r e f o r e   i n t e n d e d   t o  be used 

by a wide  audience,   varying from i n t e r e s t e d  laymen t o   a d m i n i s t r a t o r s ,   t o  

s p e c i a l i s t s   i n  government  and  industry. To write fo r   such  a var ied   g roup 

is a d i f f i c u l t  task. One p r e r e q u i s i t e   f o r   s u c c e s s  i s  t o  make s u r e  you 

have a comple te   unders tanding   of   the   in format ion   ava i lab le .  To achieve  

t h i s  we have  cal led upon v a r i o u s   s p e c i a l i s t s   i n   t h e  Water Resources 

Service.  We are  us ing   eng inee r s   w i th   expe r i ence   i n   chemica l ,   c iv i l ,  

mechan ica l   and   ag r i cu l tu ra l   eng inee r ing ,   b io log i s t s   spec ia l i z ing   i n  

f i she r i e s ,   ben th i c   i nve r t eb ra t e s ,   a lgae   and   p l an t  l i f e ,  and s c i e n t i s t s  

in   soi ls ,   meteorology  and  chemistry.  
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Our s tudy  area i s  t h e   r e g i o n   o f   t h e  east and west Kootenays as 

shown in   F igu re  1. I t  i s  a l a rge   r eg ion  made up   o f   t h ree   r eg iona l  

d i s t r i c t s :  Kootenay  Boundary,  Central  Kootenay  and East Kootenay. Time 

and resources   are   divided  about   equal ly   between :he a i r  and water s t u d i e s .  

Both s t u d i e s  are being  undertaken  in  two phases:  a Phase I which is an 

eva lua t ion   of  a l l  ex i s t ing   i n fo rma t ion ;  a Phase I1 i n  which d a t a  will be 

c o l l e c t e d  f o r  approximately  one  and a h a l f   y e a r s   t o  f i l l  i n   t h e   g a p s  

revealed  in   Phase I .  

r 

DESCRIPTION OF WATER STUDY  REGIONS 

To c a r r y   o u t   t h e  water s tudy  we d iv ided   t he  Kootenay area i n t o  

n ine   hydrographic   o r   watershed   a reas ,  as shown i n   F i g u r e  2 .  I s h a l l  

b r i e f l y   d e s c r i b e   t h e   n i n e   r e g i o n s .  

Region 1 i s  the  Flathead  River  Basin.  I t  is d ra ined  by t h e  

Flathead  River  which  runs  into  Montana, U.S.A. The r eg ion  is r e l a t i v e l y  

undis turbed and  unpopulated but  a l a r g e   c o a l   s t r i p  mine i s  unde r   ac t ive  

cons idera t ion  a t  Cabin  Creek. 

Region 2 i s  t h e  E l k  River  Basin.  The E lk   R ive r   runs   i n to   t he  

Kootenay River.   There are  t h r e e   l a r g e  scale ac t ive   coa l   min ing   ope ra t ions  

i n   t h e  area and a t  least  t h r e e  more important   coal   mines are  i n   t h e   p r e -  

l iminary   p lanning   s tage .  

’ mp 

I 

!Mi 

Region 3 i s  t h e  Upper  Kootenay  River  Basin  which  contains  the  upper a 

reaches   o f   the  Kootenay River .  The a r e a  i s  sparse ly   popula ted  and con ta ins  

*c 
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no i n d u s t r i a l   c e n t r e s .  

Region 4 is t h e  Lower Kootcnay Ri .ver  Basin.  The  Kootenay R i  .ver 

c rosses   the   reg ion ,   f lows   th rough Montana and  Idaho  and  re-enters  Canada, 

i n  Region 5. There 1 s  a pulp  mill loca ted  on t h e  Kootenay  River a t  

Skookumchuck. A large  mining  and f e r t i l i z e r  complex i s  loca ted  a t  K i m -  

be r l ey  on t h e   S t .  Mary River ,  a t r i b u t a r y   o f   t h e  Kootenay  River. The 

Libby D a m  is on t h e  Kootenay River   in  Montana, 50 mi l e s   sou th   o f   t he  

border .  The dam has   c rea ted  a r e s e r v o i r ,   c a l l e d  Lake  Koocanusa,  which 

backs up 40 miles i n t o  Canada. 

Region 5 i s  t h e  Kootenay Lake Basin. The  Kootenay River e n t e r s  

t h e  lake j u s t   n o r t h   o f   t h e   I n t e r n a t i o n a l   B o r d e r .  The  Duncan  Lake f eeds  

, i n t o   t h e   n o r t h e r n  end of  Kootenay Lake. The Kootenay  River  drains  the 

lake v i a   t h e  West A r m  and f l o w s   i n t o   t h e  Columbia River .   There are f i v e  

dams on t h i s   s e c t i o n   o f   t h e  Kootenay  River.  There i s  a c e r t a i n  amount o f  

a g r i c u l t u r a l   a c t i v i t y   i n   t h e   r e g i o n .  Kootenay  Lake  can  be  influenced  by 

d i s c h a r g e s   i n  Region 4 t o   t h e  Kootenay River.  

Region 6 i s  the  Slocan  River   Basin.  The Slocan  River   f lows  into 

t h e  Kootenay  River  and  thence  into  the Columbia River .   There i s  no 

s i g n i f i c a n t  amount of i n d u s t r y   i n  the  Region. 

Region 7 i s  t h e  Upper  Columbia River   Basin  which  contains   the 

upper   reaches  of   the  Columbia R ive r .   Th i s   r i ve r   f l ows   no r th ,   ou t  o f  t h e  

s tudy   a rea  and then   sou th   aga in   i n to   t he  Upper Arrow  Lake i n  Region 8 .  
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Therc  is  very  little  development in the  Rcgion.  Thc  feasibility of 

diverting  part of  the  Kootenay  River  into  the  Columbia  River  at  Canal 

Flats  is  being  studied.  Thc  purpose o f  the  diversion  would  be  to  increase 

the  power  output  from  hydroelectric  dams  on  the  Columbia  River  by  raisinb 

the  water  level  and  increasing  the  amount of  water  available. 

Region 8 is  the  Lower  Columbia  River  Basin. The Columbia  River 

flows  south  into  Washington  State  via  the  Upper  and  Lower  Arrow  Lakes. 

The  flow  from  the  lakes  is  controlled  by  the  Hugh  Keenlyside D a m .  There 

is a pulp  mill  located  below  the  dam  at  Castlegar. The  capacity of the 

mill  may  be  doubled  in  the  near  future. A large  lead-zinc  smelter  and 

fertilizer  plant  are  located on the  Columbia  River  at  Trail. 

Region 9 is  the  Kettle  River  Basin.  It  contains  the  Kettle  River 

and  the  Granby  River. The region  is  relatively  undeveloped  and  most 

of  the  effluents  are  municipal  type  discharges. 

DESCRIPTION OF AIR STUDY REGIONS 

The  air  study  is  being  carried  out  in  three  separate  air  regions 

as  shown i n  Figure 3 .  We  chose  these  regions  because  they  contain  all 

the  major  emissions  in  the  Kootenays. 

Region A is called  the  Elkford-Sparwood-Fernie  area.  The  air 

emissions  in  this  area  are  mostly  from  two  coal  mining  operations  and 

associated  coal  washing  plants. 
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Region B i s  t h e  Kimberley-Skookumchuck area. The major  emissions 

o r i g i n a t e  from a p u l p   m i l l   a t  Skookumchuck and a m i n i n g - f e r t i l i z e r  complex 

a t  Kimbcrley. 

r 

Region C i s  t h e   T r a i l - C a s t l e g a r  area. Here t h e  major emissions 

are from a pulp mill a t  Cas t l ega r  and a smelter and f e r t i l i z e r  p l a n t  a t  

Trail .  

ORGANIZATION OF PfIASE I 

As mentioned  previously,   Phase I f o r   t h e  a i r  and water s t u d i e s  

is an  evaluat ion  of  a l l  ex i s t ing   i n fo rma t ion ,   u sua l ly  up to   about   1974.  

We will pub l i sh  our  f ind ings   i n   r epor t s ,   one   fo r   each  of t h e   n i n e  water- 

sheds  and  one f o r  each of t h e   t h r e e  a i r  r eg ions .  We will a t t e m p t   t o  make 

each  Phase I r e p o r t  on each  region  complete by i t s e l f  s i n c e  we do  not 

expect  most  readers will b e   i n t e r e s t e d   i n  a l l  reg ions .  I would now l i k e  

t o  desc r ibe   t he   o rgan iza t ion   o f   t he   Phase  I r e p o r t s  and our   t rea tment   o f  

e x i s t i n g  data. 

There i s  a general   chapter  introducing  and  describing  the  Region. 

This   chapter   p rovides   bas ic   in format ion  on climate, geology,  hydrology, 

water uses  and land  uses .  Under land   use   ex t ra   in format ion  i s  presented  

on ag r i cu l tu re ,   fo re s t ry ,   min ing ,   r ec rea t ion  and w i l d l i f e .  Our i n t e n t i o n  

i n   t h i s   c h a p t e r  i s  t o   g i v e  a broad   overv iew  of   the   resources   o f   the   reg ion  

and i t s  s t a t e  of development. 
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DESCRIPTION OF DISCHARGES 

In the   nex t   chap te r  we s tudy   t he   ope ra t ions  which  produce effluents 

and a i r  e m i s s i o n s .   I n d u s t r i a l   ' p l a n t s  are  desc r ibed   u s ing   s impl i f i ed   p rocess  

f low  sheets  whenever possible .   Special   emphasis  i s  g i v e n   t o   t h e   s o u r c e  of 

e f f l u e n t s  and a i r  emiss ions   and   to   the  mtLnner i n  which they  are  produced 

by the  process.   Treatment  or  abatement  methods,   whether  in-plant  or  out-  

p l a n t ,  are a l so   descr ibed .   Munic ipa l  type d i scha rges  and s o l i d  waste d i s -  

p o s a l   s i t e s   a r e   d e a l t   w i t h  i n  a similar way. I n   t h e  water s tudy  we a l s o  

d i s c u s s   t h e   p o s s i b l e   i n f l u e n c e  on w a t e r   q u a l i t y   o f   a g r i c u l t u r e ,   f o r e s t r y ,  

mining  and  dams.  These  influences are  u s u a l l y   c o n s i d e r e d   i n   t h e   c a t e g o r y  

of  non poin t   sources   o f  water p o l l u t i o n ,  

Once we know  how t h e   d i s c h a r g e s   t o  a i r ,  land and water are pro-  

duced we examine t h e   q u a l i t y   o f   t h e   d i s c h a r g e s .   T h i s   i n v o l v e s  a s tudy   o f  

ava i l ab le   e f f luen t   ana lyses  and stack gas  monitor ing  data .   These  data  

are compared t o   t h e   v a r i o u s   g u i d e l i n e s ,   o b j e c t i v e s   o r   s t a n d a r d s   f o r   t h e  

o p e r a t i o n   i n   q u e s t i o n .  Whenever p o s s i b l e  we e v a l u a t e   t h e   e f f i c i e n c y   o f  

the   t rea tment   o r   aba tement  method being  used,  and, i f  t h e r e  is enough 

informat ion   ava i lab le ,  we sugges t   cor rec t ive   measures  as requi red .  Gen- 

e r a l l y   t h e   d a t a  on e f f l u e n t s  and stack gas   composi t ion are few and  addi- 

t iona l   moni tor ing  i s  recommended. In  t h e  water s tudy we a l s o   e v a l u a t e  

t h e  impact   of   the   eff luent   in   the  immediate   di lut ion  zone  of   the r iver  o r  

creek.  We have  found tha t   mon i to r ing   o f   s t ack   gas  is s t i l l  i n   t h e  

development   s tage  to  some e x t e n t .  . There i s  a lack o f   c o r r e c t l y   l o c a t e d  

sampl ing   por t s   in   the   s tacks .   Moni tor ing   methods   need   to   be   s tandard ized  

in   o rde r   t o   p roduce   r casonab ly   p rec i se   da t a .  
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DESCRIPTION OF RECEIVING WATER OUALIW 

Having ana lyzed   the   sources  of discharges  and  the  composition  of 

t he   d i scha rges ,   ou r   nex t   s t ep  i s  t o  examine t h e i r  effect  on the   envi ron-  
r 

ment. In   the   water   s tudy   repor t  we d e v o t e   o n e   c h a p t e r   t o   t h e   e v a l u a t i o n  

of  water q u a l i t y   d a t a   a v a i l a b l e   f o r  creeks, r i v e r s  and l akes .   Th i s   i nc ludes  

phys ica l   da t a   such  as temperature ,  pH, c o n d u c t i v i t y ,   t u r b i d i t y ,   c o l o u r ,  

e tc . ,  and  chemical  data  obtained as a r e s u l t   o f  a l a r g e  number of  t es t s  

on  each  sample.  These  include  parameters  such as a l k a l i n i t y ,   t o t a l  and 

d i s so lved   me ta l s ,   nu t r i en t s ,   pheno l s ,   t ann in  and l i g n i n   t y p e  compounds, 

f luor ide ,   hardness ,  e tc .  In   s eve ra l   r eg ions   t hese   da t a  add  up t o  a l a r g e  

amount of  information.  For  example i n  Region 2 ,  t h e  E l k  River  Basin,  we 

have  looked a t  over   10,000  values .   Fortunately a l a r g e   p r o p o r t i o n   o f   t h e  

d a t a  i s  s t o r e d   i n   t h e  Water  Resources  computer  bank. We are  t h u s   a b l e   t o  

ob ta in  s t a t i s t i c a l  summaries as well as g raph ica l   ou tpu t s  which show t h e  

var ia t ion  of   each  parameter   with  t ime a t  a p a r t i c u l a r   m o n i t o r i n g  s i t e .  

I would l i k e  t o  digr=.?s s l i g h t l y  here and comment on t h e  presenta-  

t i o n   o f   w a t e r   q u a l i t y   d a t a .  When we dea l   wi th  a l a r g e  amount o f   da t a  we 

use two techniques.  The f irst  i s  t o   p r e s e n t   t h e  maximum,  minimum and 

average   va lues   ca lcu la ted   over  a per iod  of   one o r  more yea r s .   Th i s  i s  done 

for   each  parameter  a t  each  sample s i t e .  The  second  technique i s  t o  l ist  

the   h igh  and low va lues  which a r e   c o n s i d e r e d   t o  be most r e p r e s e n t a t i v e  by 

a v isua l   scan   of   p lo t ted   da ta .   These   va lues  do n o t   i n d i c a t e   t h e  maximum 

and minimum l e v e l s  which were recorded  but show t h e  most common r a n g e   t h a t  

can  be  expected a t  a p a r t i c u l a r   s i t e .  One advan tage   o f   t h i s   t echn ique  is 
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t h a t  it i s  e a s y   t o   o b t a i n  a range  of   values   for   high  water   f low  and low 

water f low  per iods.   This  i s  impor t an t   i n  some reg ions  where t h e   r i v e r  

flow i s  high from about May t o  August  and r e l a t i v e l y  low dur ing   t he  rest  of 

the   year .   Al though  v i sua l   scanning   requi res  some judgement we feel  it is 

j u s t i f i e d   i n  cases where we a re   i n t e re s t ed   i n   t he   o rde r   o f   magn i tude   o f  

t h e   r e s u l t .  One o t h e r   p o i n t  I would l i k e   t o   m e n t i o n  i s  t h a t ,   i n   o u r   P h a s e  I 

study,  we have  not  included a s t a t i s t i c a l  a n a l y s i s   o f   d a t a   t o   d e n o n s t r a t e  

t h e   a c c u r a c y   o r   s i g n i f i c a n c e   o f   t h e   r e s u l t s .  We d o n ' t   b e l i e v e   t h i s  is a 

shortcoming a t  t h i s   s t a g e   s i n c e   i n   o u r   r e v i e w   o f   p a s t   d a t a  we are  most ly  

in t e re s t ed   i n   o rde r   o f   magn i tude   va lues .  For example  our  concern i s  not  

whether   the   concent ra t ion   o f  a parameter is say  1 o r  2 mg/l but  whether 

it i s  approximately 1 or   10   mg/ l .  

To eva lua te  water q u a l i t y   d a t a  we have   of ten   used   dr inking  water 

s tandards   for   compara t ive   purposes .  Water a t  control   sampling sites loca ted  

upstream  from a l l  d i scha rges   o r   i n f luences   u sua l ly   mee t s   d r ink ing  water 

s t a n d a r d s   f o r  most o f   t h e   y e a r ,  A comparison  of   the  s tandards  with \:ater 

c h a r a c t c r i s t i c s   p r o v i d e s  a quick  check  of  the  degree  of water q u a l i t y  

impairment, i f  any.  This i s  e s p e c i a l l y   t r u e   f o r   t o x i c   c o n t a m i n a n t s ,  a l -  

though it i s  n o t   n e c e s s a r i l y   t r u e   f o r   c e r t a i n   h e a v y   m e t a l s   o r   f o r   n u t r i e n t s  

such as phosphorus. The phosphorus  concentrat icm  in  a l ake  may meet 

dr inking  water   s tandards  but   could  be  high  enough  to   cause  eutrophicat ion.  

S imi la r ly ,   cer ta in   heavy   meta ls   and   tox ic   e lements   could   be   p resent  a t  a 

concentration  which i s  s a f e   t o   d r i n k   b u t  which  impairs  aquatic l i f e .  For 

t h e  l a t t e r  cases we hav'e developed some c r i t e r i a   f o r   f r e s h w a t e r   a q u a t i c  

organisms. Data from t h e   l i t e r a t u r e   p r o v i d e   c o n c e n t r a t i o n   r a n g e s  and  con- 

d i t i o n s  which show l e t h a l   t o x i c i t y  or  s u b l e t h a l   t o x i c i t y   t o   p a r t i c u l a r   f i s h  
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and i nve r t eb ra t e s .   In  this way we havo a n o t h e r   s c t  of gu ido l incs  by  which 

t o  judge poss ib le   dcgrada t ion  of  wa te r   qua l i t y .  

t 

We a l so   eva lua+e  water q u a l i t y  by ca l cu la t ing   l oad ings  of  c e r t a i n  

con taminan t s   t o   t he   r ece iv ing  water. Loadings are usua l ly   exp res sed   i n   s ay  

lb /day   of   the   contaminant .  With a knowledge of  flow  and  contaminant  con- 

c e n t r a t i o n   f o r   b o t h   t h e   e f f l u e n t  and t h e   r i v e r ,  we can   ca l cu la t e   l oad ings  

and  have  rough  mater ia l   balances.   Since  there  i s  a s i g n i f i c a n t   d e g r e e   o f  

u n c e r t a i n t y   a s s o c i a t e d  w i t h  f low and concentration  measurements  these 

c a l c u l a t i o n s  are a lways   approximate .   Idea l ly   the  sum of t h e   l o a d i n g s  

in   the   d i scharges   should   equal   the   loading  of  mater ia l   measured  to   be 

p r e s e n t   i n   t h e   r i v e r .  I f  t h e   d i f f e r e n c e  between the   d i scha rge   l oad ings  

and the   r i ve r   l oad ing   does   no t   exceed  25 t o  35% we assume a l l  t h e  material 

i n   t h e   d i s c h a r g e s  i s  p r e s e n t   i n   t h e   w a t e r  column.   In   pract ice  the d i f f e r -  

ence  can be 50 t o  100% o r  more.   In   these cases \ire c o n s i d e r   t h a t   t h e r e   h a s  

been e i t h e r  a loss o r   g a i n   o f   m a t e r i a l  from t h e  water column,  depending 

upon t h e   d i r e c t i o n  of  t h e   d i f f e r e n c e .  A l o s s  of material from t h e  water 

ccluiin u s u a l l y  indicates p r e c i p i t a t i o n  of t h e   m a t e r i a l   i n t o   t h e   s e d i m e n t s .  

A gain   can   ind ica te   l eaching   or   re -suspens ion  of ex is t ing   sed iment  material 

back in to   t he   wa te r  column.   In   e i ther  case a knowledge of sediment com- 

p o s i t i o n   i n   t h e   r i v e r  i s  needed i n   o r d e r   t o   u n d e r s t a n d   l i k e l y   e x c h a n g e  

mechanisms, or   explain  mater ia l   balances  which  do  not   balance.  Our assess- 

ment is usual ly   fol lowed by specific  recommendations  for  monitoring  during 

Phase I1 t o  f i l l  gaps  in   our  knowledge o r   con f i rm  t en ta t ive   conc lus ions .  
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ASSESSMENT OF AQUATIC BIOLOGY 

I be l i eve  I have now descr ibed  how, i n  the   water   s tudy ,  we ana lyze  
f 

t he   sou rces   o f   d i sck rges ,   t he   compos i t ion  of d i scha rges   and   t he i r  e f fec t  

on water q u a l i t y .  Our f i n a l   c h a p t e r   i n   t h e   r e p o r t  i s  an assessment of  

a q u a t i c   b i o l o g y   d a t a .   I n   t h i s   c h a p t e r  we are l o o k i n g   d i r e c t l y  a t  t h e  

e f fec ts   o f   contaminants  on o r g a n i s m s   l i v i n g   i n   t h e   r i v e r s  o r  l akes .  The 

b io logica l   da ta   inc lude   in format ion  on b e n t h i c   i n v e r t e b r a t e s ,  which are 

usua l ly   i n sec t   l a rvae ,   pe r iphy ton ,  which i s  a t t ached   a lgae ,   and   f i sh .  

Ben th ic   i nve r t eb ra t e s   and ,   t o  a l e s se r   ex t en t ,   pe r iphy ton ,   can   be   u sed  as 

indicator   organisms.  They a r e   r e l a t i v e l y  sessile,  meaning they  do not  

move much, and a r e   s e n s i t i v e   t o   c h a n g e s  i n  water and s u b s t r a t e   q u a l i t y .  

They are  a l s o  a major   par t  of f i s h   d i e t .  A f i n e   b a l a n c e   e x i s t s  among t h e  

ind iv idua l s   i nhab i t ing  a given area. Changes i n  w a t e r   q u a l i t y . c a n   r e s u l t  

. i n  t h e  predominance of  one or two s p e c i e s   t o   t h e   e x c l u c i o ?   o f   o t h e r s  

formerly  present   which  creates  an u n s t a b l e   s i t u a t i o n ;   m i g r a t o r y   f i s h  may 

be  disrupted and prey  and p reda to r  may b e   l i m i t e d   t o   s u c h   a n   e x t e n t   t h a t  

a i ?  of t h e   i n d i v i d u a l s  may d i e .  Thus a knowledge  of  indicator  organisms 

i s  ano the r   t oo l   i n   t he   de t ec t ion   o f   sub t l e   changes  i n  water q u a l i t y  and 

he lps   u s   p red ic t   fu tu re   changes  i n  t h e   a q u a t i c  community. I n v e r t e b r a t e s  

are co l l ec t ed   i n   spec ia l   s ample r s ,   p re se rved ,   i den t i f i ed   and   coun ted .  

Pe r iphy ton   a r e   co l l ec t ed  on a r t i f i c i a l  s u b s t r a t e s  submerged i n  t h e  water 

and the  a t tached  growth i s  preserved ,   ident i f ied   and   counted .   Ident i f ica-  

t i o n  and count ing  of   organisms  requires  a c o n s i d e r a b l e   d e g r e e   o f   s k i l l ,  

and i s  a l s o   t i m e  consuming.  Thus t h e r e  are  u s u a l l y  far less b i o l o g i c a l  

da t a   ava i l ab le   t han   t he re   a r e   wa te r   qua l i t y   da t a .  However, if t h e   r i g h t  

number of measurements a r e  made a t  t h e   r i g h t   t i m e  and i n   t h e   r i g h t   p l a c e ,  
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t h e   d a t a  are  inva luable   in   conf i rming  what one  suspects  i s  happening  from 

i n t e r p r e t i n g   l a r g e  amounts  of  water  quali ty  data  and  effluent  data.  

I n   r i v e r s  and   c reeks   b io logica l   da ta  are  usua l ly   eva lua ted  by f 

l i s t i n g   t y p e s   o f   s p e c i e s ,  number of   species   and  biomass,   or   total   weight  

of   organisnls   present   in  a sample. The d ive r s i ty   o f   spec ie s   dec reases  

unde r   po l lu t ing   cond i t ions .   Ce r t a in   spec ie s ,   u sua l ly  known as pcellution 

s e n s i t i v e ,  may disappear   completely.   Others ,  known as p o l l u t i o n   t o l e r a n t ,  

may i n c r e a s e   i n  numbers  and become predominant. The  biomass may inc rease  

o r   dec rease  as a resu l t   o f   po l lu t ion ,depending  upon t h e   t y p e   o f   s p e c i e s  

p re sen t  and the   s eve r i ty   o f   t he   cond i t ions .   The re  i s  no  commercial  fishing 

i n   t h e  Kootenay a r e a  and f i s h e r i e s   d a t a  are r a t h e r   s p a r s e .  Some d a t a   a r e  

a v a i l a b l e   i n   t h e  form of  creel  censuses   which  give‘an  angler   catch effect  

expres sed   i n   f i sh / l~our / ang le r .   F i sh   t a in t ing   expe r imen t s   have  been c a r r i e d  

o u t   i n  which the   f lavour   and   odour   o f   f i sh  are t e s t e d  by a panel .   There 

have  also  been some i n   s i t u   f i s h   b i o a s s a y   e x p e r i m e n t s   i n   w h i c h   t h e   s u r v i v a l  
” 

o f   f i s h   k e p t   i n   c a g e s   i n   t h e   r i v e r  i s  recorded.  Such f i s h e r i e s   d a t a  are 

useful   in   conf irming  resul ts   o f   invertebrate  and periphyton  sampling. 

DESCRIPTION OF AMBIENT A I R  QUALITY 

I n   t h e  a i r  s tudy  we descr ibe  sources   of   emissions  and  the  character-  

i s t i c s   o f   t h e   e m i s s i o n ,  as we have  already  mentioned. We then  examine  the 

e f f e c t   o f   t h e   d i s c h a r g e s  on the  environment by evaluat ing  ambient  a i r  

q u a l i t y   d a t a .   I n   t h e  Kootenays the  ambient  a i r  q u a l i t y  has been  monitored 

us ing   up   t o   f i ve   pa rame te r s ,   These  are: d u s t f a l l ,   t o t a l   s u s p e n d e d   p a r -  

t i cu l a t e s ,   so i l i ng   i ndex ,   su lpha t ion   i ndex  and cont inuous  sulphur   dioxide 

measurement. 
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D u s t f a l l   c o n s i s t s   o f   t h o s e   p a r t i c l e s   i n   t h e  a i r  t h a t   s e t t l e   o u t  

due t o   g r a v i t y .   D u s t f a l l   u s u a l l y   o c c u r s   w i t h i n  700 t o  2000 meters of 

the  emission  source  and i s  recorded  in  g/m /month o r  tons /square  mile/ 

month. I t  i s  measured by c o l l e c t i o n   i n  a c a n i s t e r   f o r  a pe r iod  of one ' 
month. 

2 

T o t a l   s u s p e n d e d   p a r t i c u l a t e   c o n s i s t s   o f   t h o s e   p a r t i c l e s  which  do 

n o t   s e t t l e   o u t .  I t  i s  measured i n  micrograms  per  cubic meter. The  method 

used   t o   measu re   t o t a l   suspended   pa r t i cu la t e  i s  t h e   h i g h  volume  sampler. 

The sampler  draws a i r   t h r o u g h  a s t a n d a r d   f i l t e r  a t  a measured  flow ra te  

f o r  twenty-four  hours.  The f i l t e r  i s  r ep laced   eve ry   s ix   days .   So i l ing  

index i s  an a r b i t r a r y  method of   measuring  suspended  par t iculate .  Air is 

drawn a t  a known f low  ra te   th rough a f i l t e r   t a p e   f o r  two hours .  After 

t h e  sample i s  t aken   t he   t ape   advances   au tomat i ca l ly   fo r   t he   nex t   s ample ,  

The l i gh t   t r ansmi t t ance   t h rough   t he   t ape  i s  measured  and t h e   r e s u l t s  

expressed  in   terms  of  a c o e f f i c i e n t  o f  haze.  

The su lpha t ion   index  is an i n d i r e c t  method of   measuring  the 

su lphur   d ioxide   concent ra t ion   in   the  a i r .  I t  involves   the   exposure   o f  a 

p e t r i   d i s h ,   c o a t e d   w i t h   l e a d   p e r o x i d e ,   f o r  1 month. Lead su lpha te  is formed 

and r e s u l t s   a r e   r e p o r t e d   i n   m i l l i g r a m s  of su lphur   t r iox ide   per   hundred  

square   cen t imeters   per   day .   Mul t ip l ica t ion   of   the   su lpha t ion  r a t e  by  0.11 

g ives   the   approximate   su lphur   d ioxide   concent ra t ion   in   par t s   per   mi l l ion .  

The s u l p h a t i o n   p l a t e   g i v e s   o n l y  a t  b e s t  a monthly  sulphur   dioxide 

concent ra t ion .   Ins tan taneous   readings  of concen t r a t ion  are given by 

continuous  sulphur  dioxide  analyses  which  sample  and  measure  the  ambient 

Y 

V 
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a i r  continuously,   These  instruments show t h e  peak  concentrations  which 

may o c c u r   f o r  a few m i n u t e s   t o  up t o   s e v e r a l   h o u r s .  The cont inuous 

g raph ica l   ou tpu t  i s  summarized i n   t h e  form  of  hourly  average  concentra- 

t ions. f 

The eva lua t ion   o f   ex i s t ing  a i r  q u a l i t y   d a t a   h a s   i n v o l v e d   t h e  

a n a l y s i s  of  l a rge   quan t i t i e s   o f   i n fcymat ion .  The d a t a  are u s u a l l y   p l o t t e d  

t o  show v a r i a t i o n   o f  measurement  with time and t h e   r e s u l t s  are  compared 

t o   t h e   a v a i l a b l e   s t a n d a r d s .   D u s t f a l l   s t a n d a r d s   e x i s t   f o r   r e s i d e n t i a l   a n d  

i n d u s t r i a l  areas, a l t h o u g h   d u s t f a l l  i s  u s u a l l y   c o n s i d e r e d   t o   b e  more o f  

a nuisance  than a hea l th   haza rd .   S t anda rds   fo r   suspended   pa r t i cu la t e  are 

expressed  as  an  annual  geometric mean c o n c e n t r a t i o n   o r  a 24 hour maximum 

concent ra t ion .   For   su lphur   d ioxide   there   a re   s tandards   for   the   annual  

a r i t h m e t i c  mcan concent ra t ion  and t h e  maximum c o n c e n t r a t i o n   f o r  24 hours ,  

t h ree   hour s  and  one  hour  periods. Where p o s s i b l e  we have  used  the  l imited 

me teo ro log ica l   da t a   ava i l ab le   t o   r e l a t e   emis s ions   sou rces   w i th   ambien t  a i r  

q u a l i t y .  

PHASE I1 PROGRAMS 

Our Phase I r epor t s   desc r ib ing   ex i s t ing   i n fo rma t ion  up t o  approx- 

imately 1974 will be   i s sued   shor t ly .  The Phase I1 sampling  programs are 

now in   p rogress .   For   the   water   s tudy  we are  col lect ing  and  analyzing  samples  

o f   e f f l u e n t  and r ece iv ing  water a t  s p e c i f i c   l o c a t i o n s  as well as sampling 

sediments and aquat ic   b io logy .  The  programs are under   cont inual   review 

and   can   be   a l te red   accord ing   to   the   resu l t s   ob ta ined ,   espec ia l ly   wi th  

regards   to   moni tor ing   f requency  and parameters   measured.   For   the a i r  

s tudy  we have set  up s e v e r a l   a i r   m o n i t o r i n g   s t a t i o n s   t o   o b t a i n  more complete 
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i n f o r m a t i o n .   I n   a d d i t i o n   t o   d u s t f a l l   c a n n i s t e r s ,   h i g h  volume samplers 

and   su lpha t ion   p la tes  we have   i n s t a l l ed   s eve ra l   Ph i l ip s   con t inuous  SO 

ana lyzers .  We have  found t h a t   t h e s e   i n s t r u m e n t s   p r o v i d e  an accurate and 

r e l i a b l e   r e c o r d   o f   t h e  SO concent ra t ion  i n  ambient a i r .  Severa l  a i r  1 

moni to r ing   s t a t ions  are  equipped  with  meteorological   inst ruments .   These 

include  anemometers  which  record wind speed  and  direction,  hygrothermo- 

graphs which r eco rd   r e l a t ive   humid i ty  and temperature,   and rain gauges. 

We are   measur ing   invers ion   layers  a t  c e r t a i n   l o c a t i o n s   w i t h   t h e   u s e  of  

mini  sondes.  These are ba l loons   conta in ing  a temperature   measuring  device.  

The i r   r e l ease   enab le s  measurement o f  wind speed   and   d i rec t ion   in   the   upper  t 

2 

2 

a i r  and   es tab l i shment   o f   the   t empera ture   p rof i le  from  ground l e v e l   t o  up 

to   approximate ly  2000 f t .  S i n c e   t h e  Kootenay reg ion   has  a mountainous 
rn 

and va r i ed   t opography   accu ra t e   me teo ro log ica l   da t a   a r e   r equ i r ed   t o   unde r -  * 
stand plume d i spe r s ion  and predict   ground level cond i t ions .  " 

We cxpect   to   begin   repor t ing   Phase  I1 programs a t  t h e  end of " 

1976 .   In   add i t ion   t o   f i l l i ng   gaps  i.n our   knowledge  the  reports  will 

recommend s i t e s   f o r   f u t u r e   r o u t i n e   m o n i t o r i n g .  We b e l i e v e  it i s  important 

t h a t , i n   t h e   f u t u r e ,   t h e   d a t a   c o l l e c t e d  from rout ine   moni tor ing   be   repor ted  
(Ir 

and i n t e r p r e t e d  on a yea r ly   bas i s .   Th i s  will e n s u r e   t h a t  a l l  t h e   i n f o r -  

mat ion   co l lec ted  i s  r e a d i l y   a v a i l a b l e   f o r   u s e  by i n t e r e s t e d   p a r t i e s .  

I would l i k e   t o   c o n c l u d e  by showing a few s l i d e s   o f   t h e   P h a s e  I1 

a c t i v i t i e s .  The s l i d e s  show the   types   o f   watersheds ,   c reeks ,  rivers and 

e f f l u e n t s  we have  been  sampling as well as equipment  and i n s t a l l a t i o n s  

f o r   t h e  a i r  mon i to r ing   s t a t ions .  
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1. INTRODUCTION 

This   s tudy was in i t i a t ed   because   peop le   i n   t he  Kamloops area  were 

concerned  about  their   environment.  When they  not iced  changes  taking  plack 

i n  t h e  Thompson River   they   qu ick ly   no t i f ied   the i r   governments  of t h e i r  

concerns.  They r epor t ed   t ha t   t he   r i ve r   wa te r   be low Kamloops Lake had 

become dark brown in  appearance and tha t  f requent  foam patches  appeared  on 

Kamloops  Lake and i n   q u i e t   e d d i e s  of t h e  Thompson River.  Many peop le   a l so  

complained  about a dark brown  growth  which  covered t h e   r i v e r   b o t t o m  down- 

s t ream  of  Kamloops  Lake. This   a lgal   growth made t h e   r i v e r  bottom  extremely 

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

There was a l so   conce rn   t ha t   t h i s   g rowth   cou ld   r educe   o r   des t roy   t he   f i sh  

i n   t h e  Thompson River   th rough  reduct ion   in   egg   surv iva l   and/or   des t ruc t ion  

of f i s h  food  organisms. 

A fur ther   compla in t  was tha t   the   f i sh   caught   downst ream  of  Kamloops 

Lake had object ionable   f lavour   and  odour .  Many o f   t h e   r e s i d e n t s  of t h e   a r e a  

were  concerned  about a d e c l i n e   i n   t h e   t o u r i s t   f i s h e r y  and a r e s u l t i n g  

dec l ine   i n   r evenue   b rough t   i n to   t he   a r ea .  f 
In  r e sponse   t o   t hese   obse rva t ions  and  complaints,  an  immediate  short- 

term study  of  the  North  and  South Thompson Rivers ,  Kamloops  Lake  and t h e  

Thompson River was c a r r i e d   o u t   i n   t h e   s p r i n g  of 1973. Data avai lable   f rom 

previous  years   and some da ta   co l l ec t ed   du r ing   t he   sp r ing   o f   1973  were used 

in   i nves t iga t ing   t he   sou rce   o f   t he   i nc reased   co lou r ,   t he   foaming   agen t s ,  

t he   b io log ica l   g rowth  and the   f i sh - t a in t ing   subs t ances .  The report ,   which 

was completed  in May, 1973,  presented  the  following  conclusions: 

-1- 



L a a  

1. The increased  colour of the  Thompson  River  was  due  to  the  effluent 

discharged  by  the  Weyerhaeuser  Canada  Ltd.  pulp  mill. It was  recommended y 4 #  

that  t,he  Director  of  the  Pollution  Control  Branch  should  give  consideration 

t o  require  colour  reduction in the  pulp  mill  effluent. r la .  

2.  Tainted  fish  were  found  in  the  Thompson  River,  but  those  substances 

which  caused  the  off-odour  and  off-flavour  of  the  fish  could  not  be 
YY 

identified. rt* 

3.  The  source  of  the  foam on the  Thompson  River  could  not  be  identified. 

4. The algal  growth  was  tentatively  explained  by  the  nutrients  in  the  water w 

but  the  study  could  not  identify  the  source of these  nutrients. 

5. It  was  recommended  that  a  joint  Federal-Provincial  Task  Force  determine 
Y 

the  source  and  effects of nutrients,  foaming  agents  and  fish  tainting 9* 

substances  on  the  Thompson  River  system  including  Kamloops  Lake. 

In  the  fall  of 1973, a  Federal-Provincial  Task  Force  was  formed 
Y 

consisting of the  following  representatives: 

British  Columbia 

Dept.  of  Agriculture 

Environment  Canada 

* 
Environmental  Management  Service 

Dept.  of  Health  Environmental  Protection  Service 9P 

Fish  and  Wildlife  Branch  Fisheries  and  Marine  Service 

Forestry  Service 

Pollution  Control  Branch 

2 .  DESCRIPTION  OF  THE  STUDY 

International  Pacific  Salmon 
Fisheries  Commission 

A  data  collection  program  was  initiated  in  the  fall  of  1973  and 



II 

c o n t i n u e d   u n t i l   t h e   s p r i n g  of 

p r e s e n t s  some o f   t h e   d a t a  and 

The s tudy was d iv ided  

s tudy   of  Kamloops J'ake invo lv i  

1975 .   Th i s   t a lk   desc r ibes   t h i s   s tudy   and  

conclus ions   f rom  the   var ious   t asks .  

i n t o  two major   port ions.  A major l imnologica l  

ng physical ,   chemical   and  biological   measur&- 

ments   of   the   lake water and t h e  bottom  sediment was c a r r i e d   o u t  by  Canada 

Cen t re   fo r   In l and  Waters with some a s s i s t a n c e  from o the r   agenc ie s   w i th in  

Environment  Canada. A t e c h n i c a l   r e p o r t   o u t l i n i n g   t h e i r   i n i t i a l   f i n d i n g s  

has  been  prepared and will be  publ ished.  I s h a l l   n o t  go i n t o   a n y   d e t a i l  

on t h i s   s t u d y ,   b u t  I s h a l l   u s e  some o f   t h e i r   f i n d i n g s  la ter  i n  my d i s c u s s i o n  

o f   t h e   r i v e r   s t u d i e s .  

The r iver   moni tor ing   s tudy  was d i v i d e d   i n t o  two sec t ions   acco rd ing  

t o   t h e  type of   information  to   be  gathered.   Chemical   and  physical   monitor ing 

were c a r r i e d   o u t  by t h e  B.C.  Po l lu t ion   Cont ro l  Branch wi th  some a s s i s t a n c e  

from the   F i sh  and Wildl i fe   Branch,   the   Federal   Fisher ies   and  Marine  Service 

and I n t e r n a t i o n a l   P a c i f i c  Salmon F i s h e r i e s  Commission. 

Because  of t h e  number o f   agenc ie s   i nvo lved   i n   t he   s tudy  it was 

e s s e n t i a l   t h a t   t h e r e   b e  maximum c o - o r d i n a t i o n   o f   e f f o r t .   I n i t i a l  meeti igs 

of t h e  Task Force were concerned   wi th   def in ing   t ,he   de ta i led  terms of 

reference  for  the  study so tha t   there  would  be a clear  understanding o f  the 

problems  which  were  being  investigated. Once t h e  terms o f   r e f e rence   and  

purpose of   the  study were c l e a r l y   i d e n t i f i e d  t o  a l l  members o f  the Task 

Force, i t  was then  necessary to   def ine   the   exact   s tudy  area  to  be i n v e s t i -  

gated. Some i n i t i a l   d a t a ,   a v a i l a b l e   i n  a pre l iminary   repor t ,  were very 

u s e f u l   i n   r e s t r i c t i n g   o u r   s t u d y  area somewhat. F o r   t h e   r i v e r   s t u d y  we 

se lec ted   sampl ing   loca t ions  as  f a r  upstream as Albreda  (100 miles n o r t h  of 

. .  . . .  
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Kamloops)  on t h e  North Thompson River and as f a r  upstream as Chase on t h e  

South Thompson River .  A t o t a l   o f  1 2  s i t e s  were   se lec ted   over   the  

Thompson River   sys tem  wi th   the   fur thes t  s i t e  downstream j u s t   s o u t h  of 

Ashcroft .  r 

For   every   s tudy ,   espec ia l ly  a compleix envi ronmenta l   s tudy , there  is 

a l a r g e  number of   chemical ,   physical  and b i o l o g i c a l  tes ts  tha t   can   be  

c a r r i e d   o u t .  The d i f f e ren t   k inds   o f   s amples   t ha t   can   be   ob ta ined  a t  each 

s i t e  are a l s o  numerous. Do we want su r face  water, hor izonta l   composi tes ,  

composites  over a se lec ted   t ime  per iod ,   sed iment   samples ,   f i l t e red   samples  

o r  what? We also  have  the  problem of how o f t e n  t o  take the 

sample or  samples a t  each s i t e .  I sha l l   d i scuss   t hese   p rob lems   one   s t ep  

a t  a time, the f irst  s t e p   b e i n g   t o   d e c i d e  what are the   impor tan t   para-  

m e t e r s   t o   i n v e s t i g a t e .   A f t e r   t h i s   d e c i s i o n  i s  made, it i s  u s u a l l y   e a s i e r  

t o   d e c i d e  on the   f requency  o f  sampling  because of t h e   u s u a l   l i m i t a t i o n s   o f  

budget  and/or manpower. 

(a) Parameter   se lec t ion .  

For t h i s   s t u d y  we i d e n t i f i e d   s p e c i f i c   p r o b l e m s  which  suggested some 

tests tha t   should   be   car r ied   ou t .  The c o l o u r   i n   t h e   r i v e r   a n d  of v a r i o u s  

e f f l u e n t s   c a n   e a s i l y   b e   d e t e r m i n e d  by a co lou r  t es t ,  bu t  i f  we want t o  

know what  compounds are  caus ing   the   co lour ,  we are i n t o  a major   research 

s tudy.  The problem of t h e  foam i s  even  more d i f f i c u l t   s i n c e  we do  not  

have a foam t e s t   a v a i l a b l e   t o   q u a n t i f y   t h e  amount of  foam. I n   o r d e r   t o  

inves t iga te   the   cause   o f   th i s   p roblem we must  look f o r   i n d i c a t o r   p a r a -  

meters. For  example we can   ana lyze   for   o rganic   carbon i f  we s u s p e c t   t h a t  

t h e  foaming  agent i s  an  organic compound. I f  we suspec t  a p a r t i c u l a r  
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type o f   o rgan ic  compound, r o u t i n e  tes ts  are a v a i l a b l e   f o r  some types   o f  

compounds such as p h e n o l i c s   o r   r e s i n   a c i d s ,   b u t   u n l e s s  we are lucky, we 

must r e s o r t   t o   n o n - r o u t i n e ,   r e s e a r c h   t y p e s  of ana lyses .   This   type   o f  

t e s t i n g  i s  no t   u sua l ly   ca r r i ed   ou t  as p a r t  of environmental   s tudies ,   but  , 
is  l e f t  t o   t hose   agenc i - e s   w i th   r e sea rch   capab i l i t i e s .  One example of t h i s  

type  of stu.'y i s  t h e   i d e n t i f i c a t i o n   o f   t h e  compounds which a re   caus ing  

t h e   t a i n t i n g   o f   f i s h   i n   t h e  Thompson River.  

I t  h a s   b e e n   e v i d e n t   t o   t h e   r e s i d e n t s   a l o n g   t h e  Thompson R ive r   t ha t  

there   has   been   an   increase   in   a lga l   g rowth   over   the   years .  However over  

t h e   s h o r t  time p e r i o d   o f   t h i s   s t u d y  it has   been   imposs ib l e   t o   quan t i fy   t he  

inc rease   because   o f   t he   l a rge   na tu ra l   s easona l   va r i a t ion   i n   t he   a lga l  

l e v e l s .  I t  h a s   a l s o   b e e n   d i f f i c u l t   t o   d e t e r m i n e   a n y   c a u s e   o f   t h e   i n c r e a s e  

because of t h e  complex i n t e r r e l a t i o n s h i p s  which e x i s t   i n   n a t u r e .  

During the   p l ann ing   phase   o f   t h i s   s tudy ,   t he  task f o r c e  members 

l i s t e d  a l l  a s p e c t s  which  might affect  algal   growth  in  the  Lower  Thompson 

River.  The l i s t  inc luded   the   major   nu t r ien ts   such  as ni t rogen,   phosphorus,  

carbon,  oxygen  and s i l i c a  and other   parameters   such as t e m p e r a t u r e ,   t u r b i d i t y  

and pH.  One example  of a problem  which  arose  in  the  study i s  t y p i f i e d  by 

our   phosphorus  determinat ions.  Our l abora to ry  l i s t s  two r o u t i n e  tests, 

one i s  fo r   de t e rmina t ion   o f   l l t o t a l   phosphorus"  and  another   determines  the 

concent ra t ion   o f   d i sso lved   or thophosphorus  (or  (PO ) E ) .  The " t o t a l  phos- 

phorusfl  t e s t  can  be  run  on a f i l t e r e d   o r   u n f i l t e r e d  sample. Water samples 

c a n   b e   f i l t e r e d   e i t h e r   i n   t h e   f i e l d  a t  t h e  time o f   s ample   co l l ec t ion   o r  

l a t e r   i n   t h e   l a b .  

4 

I n   o r d e r   t o   i n t e r p r e t   t h e   r e s u l t s   o f   t h e   p h o s p h o r u s   a n a l y s e s ,  we 

must  have some idea  what f r a c t i o n   o f   t h e   t o t a l  amount of  phosphorus  present 
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i n   t h e  water and in   the   suspended  and p rec ip i t a t ed   s ed imen t  i s  a v a i l a b l e  

f o r   b i o l o g i c a l   u p t a k e .  We a l s o  must  have some i d e a   o f   t h e  r a t e  of   uptake 

and o f   t he   poss ib i l i t y   o f   r ecyc l ing   o f   phosphorus   w i th in   t he   b io log ica l  

community. Evaluat ion of t h e s e   c o n s i d e r a t i o n s   l e d   u s   t o   c h o o s e  two phos-r 

p h o r u s   t e s t s   f o r   o u r   s t u d y .  The r e s u l t s  of t h e   " f i l t e r e d   t o t a l   p h o s p h o r u s f f  

a n a l y s i s  were i n t e r p r e t e d  as t h e   c o n c e n t r 2 t i o n   o f   b i o l o g i c a l l y   a v a i l a b l e  

phosphorus   p re sen t   i n   t he  water. The "unf i l t e r ed   t o t a l   phosphorus t f   ana lys i s  

g a v e   u s   t h c   t o t a l  amount of   d i sso lved  and  suspended  phosphorus  in  the water 

column. The d i f fe rence   be tween  these   l eve ls   gave   an   ind ica t ion   of   the  

suspended  phosphorus  which was no t   ava i l ab le   fo r   immedia t e   b io log ica l  

uptake.   (This  suspended  material  was largely  phosphate-containing  mineral  

such as a p a t i t e ) .  

The same complexi t ies   a rose   in   choos ing   the  t e s t  f o r   n i t r o g e n .   I n  

fact  f o r   n i t r o g e n  we r a n   t h r e e  tes ts ;  n i t r a t e - n i t r o g e n ,   n i t r i t e - n i t r o g e n  

and k j  el.dahl  -ni.trogen. 

Within  our   a l lot ted  budget  and manpower l i m i t a t i o n s  we then  had 

t o   d e c i d e  kow o f t e n  and how many s a m p l e s   t o   c o l l e c t  a t  each s i te .  We 

es t ima ted   t ha t   ana ly t i ca l   cos t s   fo r   each   s ample  were g o i n g   t o   b e   i n   t h e  

order  of $100. I t  would take  one man t h r e e   d a y s   t o   c o l l e c t  a s u r f a c e  

sample  from t h e   s h o r e l i n e   a t   e a c h   s i t e .  

We dec ided   t o   co l l ec t   su r f ace   g rab   s amples  a t  mon th ly   i n t e rva l s .  

The reason we f e l t   j u s t i f i e d   i n   t a k i n g   t h i s   a p p r o a c h   t o   s a m p l i n g  i s  complex. 

The d a t a  we were  seeking were o rde r  of magnitude  approximations. In ou r  

judgement t h e   v a r i a t i o n s   i n  water q u a l i t y   a c r o s s   t h e   r i v e r  and a t  d i f f e r e n t  

depths   were  fa i r ly   minor   because  the Thompson River  i s  a l a r g e ,   f a i r l y  well 

mixed r i v e r .  The concen t r a t ion   d i f f c rences  we were t r y i n g   t o   e v a l u a t e  were 

those   a s soc ia t ed   w i th   l a rge   f l ow  va r i a t ions  or  s e a s o n a l   v a r i a t i o n s .   S i n g l e  

samples  were  estirnatcd t o   g i v e  a 95% conf idence   in te rva l   o f   approximate ly  
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+ -20% f o r  most t e s t s ; adequa te  f o r  t h i s   s t u d y .  

3 .  DISCUSSION OF THE RESULTS 

f 

I s h a l l  now d i s c u s s  some of t h e   d a t a   t h a t  was c o l l e c t e d  and the  

r e su l t s   ob ta ined   unde r   t he   head ings  as d i s c u s s e d   i n   t h e   i n t r o d u c t i o n ,  ie., 

(1)  Algal  growth  or  Eutrophication  of  the Thompson River 

(2) F i s h   t a i n t i n g  

(3) Colour   of   the  water i n   t h e  Thompson River 

(4) The f i s h e r y  of  t h e  Thompson River 

(5) Foam on t h e  Thompson River 

(1) Algal  growth o r  eu t roph ica t ion   o f   t he  Thompson River. 

Nuisance  algal  growths i n  n a t u r a l  waters a re  a lmost   invar iab ly  

a s soc ia t ed   w i th   an   excess ive   supp ly   o f   t he   nu t r i en t s   n i t rogen   and /o r ,  

phorphorus. Our ana lyses  oi- t h e   r e c e i v i n g  water a t  var lou;   locat ions  and 

of the   e f f luen t s   d i scha rged  t o  t h e  Thompson River gave  us a good p i c t u r e  

o f   t h e   s u p p l y   o f   t h e s e   n u t r i e n t s  i n  t h e  Thompson River .  I t  was found t h a t  

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

upper Thompson Rivers   remained   re la t ive ly   cons tan t   th roughout   the   year .  

We a l s o   d i s c o v e r e d   t h a t  a l a r g e   n u t r i e n t   s u p p l y   t o   t h e  Thompson River was 

discharged from two po in t   sou rces ,   t he   C i ty  of Kamloops and  Weyerhaeuser 

Canada  Ltd.   During  f reshet   and  during  fa i r ly   high  f lows  in   the Thompson 

R i v e r ,   t h e s e   n u t r i e n t   d i s c h a r g e s   d i d   n o t   s i g n i f i c a n t l y   i n c r e a s e   t h e   c o n -  

c e n t r a t i o n s   o f   n u t r i e n t s   i n   t h e  Thompson River a t  t h e   e n t r a n c e   t o  Kamloops 

Lake. However du r ing   t he   w in te r ,  when the   f l ow  o f   t he  Thompson River  was 

very low ( o r   l e s s   t h a n  5,000 CFS) t h i s   i n f l u x  of b i o l o g i c a l l y   a v a i l a b l e  

n i t rogen  and   phosphorus   caused   s ign i f icant   increases   in   the   concent ra t ions  



of t h e s e   e l e m e n t s   i n   t h e  Thompson River a t  t h i s   l o c a t i o n .  We have   ca lcu la ted  

t h a t   t h e   m a j o r   i n d u s t r i a l  and  municipal  discharges  upstream  of Kamloops 

Lake add  approximately 3300 lbs .   of   n i t rogen  and 600 lbs .   of   phosphorus 

each   day ,   These   addi t ions   cause   an   increase   in   n j t rogen   concent ra t ion  by 

as much as 100%  (from  0.1 mg/l t o  0 .2  mg/l)  and an inc rease  i n  d i s so lved  

phosphorus  concentration by as much as 500% (from 0.003 mg/l t o  0.18  mg/l) 

a t  t h e   e n t r a n c e   t o  Kamloops Lake. 

r 

I n   o r d e r   t o   d i s c u s s   t h e   e f f e c t   t h e s e   l e v e l s   o f   n u t r i e n t s   m i g h t  

have on Kamloops Lake and t h e  Lower Thompson River, we must d i g r e s s   f o r  a 

moment and  look a t  t h e   r e s u l t s   o f   o n e   o t h e r   p a r t   o f   t h i s   s t u d y ,  i . e . ,  

Environment  Canada's  study of Kamloops Lake. 

KAMLOOPS LAKE STUDY 

The d a t a   c o l l e c t e d  on  Kamloops  Lake included  temperature   and  tur-  

b i d i t y   p r o f i l e s   o f   t h e  lake and  sediment  and water ana lyses .   Pre l iminary  

conclusions  f rom  the lake s tudy  which b e a r   d i r e c t l y  on our   understanding 

of t h e   r i v e r   d a t a  are: 

(a) Kamloops Lake i s  cha rac t e r i zed  by extremely low b i o l o g i c a l  'II 

product ion.   This  low p r o d u c t i v i t y  i s  not  caused by low l e v e l s   o f   n u t r i e n t s  

but i s  p r i m a r i l y   t h e   r e s u l t  of summer l i g h t   l i m i t a t i o n s   c a u s e d  by high 

n a t u r a l   t u r b i d i t y .  Y 

.. 
(b)   During  the  winter   the  inf low water t e n d s   t o  remain ma in ly   i n  

t h e   s u r f a c e  waters o f   t he  lake because   o f   t he   ex i s t ing   t he rma l   s t ruc tu re .  

The outflowing  water i s  t h u s   v e r y   s i m i l a r   t o   t h a t  which  entered  the  lake 

wi th in   t he   p rev ious  month. 

( c )  The uptake   o f   nu t ra te  

during l a t e  summer does not   reduce 

by the   phytoplankton   in  Kamloops Lake 

t h e   n i t r a t e   c o n c e n t r a t i o n   i n   t h e   o u t f l o w -  
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ing  epi l imnion water (warmer u p p e r   l a y e r )   s i g n i f i c a n t l y  below t h a t  of t h e  

inflowing  water.  Thus t h e   l a k e  i s  i n e f f e c t i v e  i n  i m m o b i l i z i n g   t h e   n i t r a t e  

dur ing   the  summer months.  During t h e  low-flow  period  (January t o   A p r i l )  

t h e   c o n c e n t r a t i o n   o f   n i t r a t e  i n  the  outf lowing water inc reases .   Th i s  

i nc rease  i s  caused by i n t e r n a l l y   g e n e r a t e d   n i t r a t e   b e i n g  mixed  throughout 

t h e  water column a t  f a l l  o v e r t u r n .   T h i s   a d d i t i o n a l   n i t r a t e  is produced 

i n   t h e  l a t e  summer from the  sediments   and by the   conve r s ion   o f   non-n i t r a t e  

n i t rogen  form t o   n i t r a t e .  We h a v e   c a l c u l a t e d   t h a t   e l i m i n a t i o n  o f  n i t r o g e n  

from a l l  e f f luen t   sou rces  would c a u s e   i n s i g n i f i c a n t   r e d u c t i o n s   i n   t h e  

n i t r a t e   c o n c e n t r a t i o n   i n   t h e   o u t f l o w i n g   w a t e r .  

r 

(d) The s tud ie s   r evea led   t ha t   phosphorus   r e l eased   f rom  the   c i ty  

sewage  lagoons  and  the  pulp mill i s  b i o l o g i c a l l y   a v a i l a b l e   i n   s o l u b l e   o r  

p a r t i c u l a t e  form,  however,it i s  n o t   u t i l i z e d  o r  sed imented   in   the  lake t o  

any   la rge   ex ten t .   Dur ing   the  low f low  pe r iod ,   t he   na tu ra l   l eve l   o f   b io -  

log ica l ly   ava i lab le   phosphorus   en te r ing  Kamloops Lake i s  s i g n i f i c a n t l y  

increased  by the   e f f luent   sources .   Dur ing   the   win ter  low f low  per iod,  a t  

least  40 t o  90%  of   the   ava i lab le   phosphorus   in   the   ou t f lowing  water 

r e s u l t s  from t h e  po l lu t ion   sou rces .  

THE LOWER THOMPSON R I V E R  

With t h e  above  conclusions  in  mind, we can now examine t h e   d a t a  

c o l l e c t e d  on t h e   n u t r i e n t   c o n c e n t r a t i o n s   o f   t h e   i n f l o w  water t o  Kamloops 

Lakc and make some conclus ions  on out f low  concent ra t ions   and   the  effects 

of   these   concent ra t ions  on t h e   b i o t a   o f   t h e   r i v e r .  

The n u t r i e n t s   i n   t h e   e f f l u e n t   d i s c h a r g e s   t o  Thompson River  are  not  

seasonal ly   dependent ,  b u t  are  discharged a t  a cons tan t  r a t e  throughout 



the   year .   This  means t h a t   d u r i n g   t h e  low f low  per iod,   immediately  pr ior  

t o   t h e   s p r i n g   f r e s h e t ,  Kamloops Lake r ece ives   h ighe r   concen t r a t ions  of 

n u t r i e n t s   t h a n  a t  any  other  time o f   t he   yea r .  A t  t h i s  time of t h e   y e a r  

t h i s  water t ends   t o   r ema in   ma in ly   i n   t he   su r f ace   l aye r s  of the   l ake   becauke  

o f   t h e   e x i s t i n g   t h e r m a l   s t r u c t u r e  and ex i t s  t h e   l a k e   i n   r e l a t i v e l y   h i g h  

concent ra t ion .  Thus  an  abundant  supply of n u t r i e n t s  is p r e s e n t   i n  l a t e  

win ter  and ea r ly   sp r ing  when l i g h t   i n t e n s i t y  and water t ransparency  are  

high and t h e   r i v e r   l e v c l  low  and cons tan t .   In   consequence ,   the   annual   peak  

i n   b e n t h i c   a l g a l   b i o m a s s   o c c u r s   a t   t h i s  time. 

The pub l i c   have   r epor t ed   t ha t   t he   a lga l   b iomass   i n   t he  Lower 

Thompson R i v e r   h a s   i n c r e a s e d   s i g n i f i c a n t l y   i n   r e c e n t   y e a r s .   T h e r e  are no 

q u a n t i t a t i v e   d a t a   a v a i l a b l e  on t h e  amount of  biomass  present  i n  t h e  r i v e r  

p r i o r   t o  1972.  However, we have made e n q u i r i e s  of long time r e s i d e n t s - o f  

t h e  area, who have   f i shed   o r  worked on t h e   r i v e r  and who are p a r t i c u l a r l y  

knowledgeable  of i t s  condi t ions .   There  seems t o   b e  n o   d o u b t   t h a t   t h e   a l g a l  

b iomass   has   s ign i f icant ly   increased   s ince   the   1960 ' s ,   bu t  we do  not  have 

any q u a n t i t a t i v e   e s t i m a t e   o f   t h e  amount o f   i nc rease .  

T h i s   s t u d y   i n d i c a t e s   t h a t  ample n a t u r a l   n i t r a t e  i s  p r e s e n t   i n   t h e  

Thompson River  downstream  of Kamloops  Lake and it i s  cons idered   h ighly  

p robab le   t ha t   t h i s   has   a l so   been   t he  case i n   t h e   p a s t .  An i n c r e a s e   i n   t h e  

phosphorus  loading t o  t h e   r i v e r  i s  thus   t he   on ly   f ac to r   t ha t   cou ld   have  

induced   the   repor ted   recent   increases   in   a lga l   b iomass .  

hm 

n.m 

ct 

I 

(2) F i s h   t a i n t i n g .  I.. 

S t a r t i n g   i n   t h e   l a t e   1 9 6 0 ' s   f i s h e r m e n   i n   t h e  Kamloops area  began 
*J 

complaining  about  the t a s t e  and smell o f   f i s h   c a u g h t   i n   t h e  Thompson River 

downstream  of Kamloops Lake. I n   t h r e e   s e p a r a t e   s t u d i e s  we have   inves t iga ted  
k* 
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these   compla in ts   us ing   t ra ined   tas te   pane ls ,   In   1973,  Rocky Mountain 

wh i t e f i sh  from t h e  Thompson River  downstream  of Kamloops Lake were found 

t o   b e   s i g n i f i c a n t l y   p o o r e r   i n   t a s t e  and  odour   than 'whitef ish  f rom  the  North 

and  South Thompson Rivers .  i 

In   fur ther   experiments ,   ra inbow  t rout   were  exposed  to   var ious 

concent ra t ions  (0.5,  2.0 and 5.0%) of  pulp mill e f f l u e n t   i n   t h e   l a b o r a t o r y .  

Odour and t a s t e  were progressively  worse on e x p o s u r e   t o   i n c r e a s i r , g   e f f l u e n t  

concentrat ions  and/or   with  increasing  exposure  t imes.  

One addi t ional   experiment  was conducted  using  ra inbow  t rout   placed 

i n   c a g e s  a t  v a r i o u s   l o c a t i o n s   i n   t h e  Thompson River  and  the  North  and  South 

Thompson Rivers .  

F ish   main ta ined   in  Sushwap Lake water as c o n t r o l  were r a t e d  

c o n s i s t e n t l y  and s i g n i f i c a n t l y   s u p e r i o r   t o   t r o u t  from a l l  experimental  

s i tes on both  odour  and  taste.   Fish  from  cages  located  immediately down- 

s t r eam  o f   t he   pu lp  mill d i f f u s e r  a n d   a j a c e n t   t o   o n e   o f   t h e   c i t y  sewage 

lagoons  were  s ignif icant ly   poorer   in   odour  and t a s t e  t h a n   f i s h  from a l l  

o t h e r   s t a t i o n s .  

(3 )  Colour. 

During the   s tudy   pe r iod  it was observed   tha t  a dark  brown s t a i n  

o r i g i n a t e d  a t  t h e   d i f f u s e r  which d i scha rged   e f f luen t  from  Weyerhaeuser 

Canada Ltd.   During  most  of  the  year,  when t h e   f l o w   o f   t h e  Thompson River 

was l e s s   t h a n  20,000 CFS, the   d i scha rge   i nc reased   t he  water co lou r  from 

background  values  of less than  6 u n i t s   t o  more than  20 u n i t s  downstream o f  

the   d i f fuse r .   Co lour   i nc reases  as g r e a t  as 30 times background were noted 

a t  t h e   e n t r a n c e   t o  Kamloops Lake during  extremely low r iver  flows.  During 

t h e   p e r i o d  of low f low  in  the win te r   t h i s   f l ow  has  a l a r g e  effect  on t h e  

co lou r  of Kamloops Lake. The e f f e c t  i s  accentuated by t h e   f a c t   t h a t  much 
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of the   h ighly   co lourcd   water   t ends   to   remain  i n  t h e   s u r f a c e   l a y e r s  of t h e  

lake. Throughout t h e   w i n t e r   t h i s   c o l o u r e d  water ex i t s  t h e   l a k e   i n t o   t h e  

Lower Thompson River.  

The Thompson River,  downstream  of Kamloops Lake,  appears brown 

t o  b lack .   This  i s  a r e s u l t   o f   t h e   d i s c o l o u r e d  water and   a l so   because   t he  

r iver   bo t tom i s  covered  with brown colourcd  algae.   Green  coloured  algae 

are predominant  in  the  North  and  South 'Thompson Rivers .   This   change   in  

ben th ic   a lga l   co lou r   accen tua te s   t he   co lou r   d i f f e rence   o f   t he   r i ve r s  

upstream  and  downstream  of  the lake. 

There   a re  no a c c u r a t e   h i s t o r i c a l   v a l u e s   f o r   t h e   c o l o u r   o f   t h e  water 

e x i t i n g  Kamloops Lake. Therefore  we canno t   quan t i t a t ive ly   eva lua te   any  

inc rease   i n   co lou r   ove r   p rev ious   yea r s .  However, during  prolonged  pulp 

mill shut-down  from ea r ly   Ju ly   t o   mid -Oc tobe r ,   1975 ,   t he re  was a marked 

change i n   t h e   a p p e a r a n c e   o f   t h e  Lower Thompson River .  Data were c o l l e c t e d  

d u r i n g   t h i s   p e r i o d  and will be   publ i shed   in  a r e p o r t  from t h e   P o l l u t i o n  

Control  Branch. 

(4) Fishery .  

A d e c l i n e   o f   t h e   s p o r t   f i s h e r y   i n   t h e  Lower Thompson River  and  of 
W 

t h e   a s s o c i a t e d   t o u r i s t   i n d u s t r y   h a s   b e e n   r e p o r t e d .  Our d a t a   i n d i c a t e  a 

d e c l i n e   i n   a n g l e r   u s e  and i n   t h e   t o t a l   c a t c h  of s t ee lhead   ove r  a t e n   y e a r  QV 

period.   Observat ions  by management and  enforcement   agencies   indicate  a p a r a l l e l  

d e c l i n e   i n   t h e   r e s i d e n t   r a i n b o w   t r o u t   f i s h e r y  downstream  from  Savona  over 
w 

a s i m i l a r  time per iod .  

A r e d u c t i o n   i n   t h e  number o f   f i s h   p r e s e n t   i n   t h e   r i v e r  and a 

d e t e r i o r a t i o n   o f   t h e   a s s o c i a t e d   a e s t h e t i c s   o f   t h e   r i v e r  a re  p robab ly   t he  

main r e a s o n s   f o r   t h i s   d z c l i n e   i n   t h e   f i s h e r y .  We have  no  data which 

-12-  



i n d i c a t e s  which   of   these   fac tors  was most important .  However, it is  

evident  from t h e   l e t t e r s   r e c e i v e d  from t h e   p u b l i c   t h a t   f o r  many persons 

t h e i r  en joyment   o f   the   recrea t iona l   aspec ts   o f  water usage  has  decreased 

mainly  because of t h e   i n c r e a s e   i n   c o l o u r  and a l g a e   i n   t h e  Thompson River .  I 

High d isso lved  oxygen l e v e l s  were found a t  a l l  l o c a t i o n s   i n   t h e  

r iver   sys tem and i n  Kamloops Lake. An examination of pink  salmon  egg-to- 

f r y   s u l v i v a l   i n  1973-1974 indicated  above  average  survival  when compared 

t o   o t h e r   n a t u r a l  spawning  grounds i n   t h e  Fraser River  system. I t  is 

improbable   that   such  survival   has   been  reduced  f rom  previous  years   in   this  

r i v e r .  

(5) Foam. 

Dur ing   f reshe t   in  May o r  June   t he re   appea r s   t o   be  a n a t u r a l   h i g h  

l eve l   o f  foam on t h e  North Thompson River.   During  the low f low  per iod 

i n   t h e   w i n t e r  of 1973-1973 a l a r g e  amount of  foam appeared on Kamloops 

Lake  and t h e  Lower  Thompson River .  The c a u s e   o f   t h i s  foam o r   t h e  exact 

na tu re   o f   t he   ma te r i a l   p roduc ing   t he  foam could  not   be  determined.  

However, i n c i d e n t s  of foam coincided wi th  s tar t -up  problems of  t h e  expanded 

Weyerhaeuser  pulp mill and foam can   be   caused   by   res in   and   fa t ty   ac ids  

which are found  in   pu lp  mill e f f l u e n t .  

-13- 
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4 .  CONC LUS  IONS 
u 

u 

Based on these   da t a ,   t he   Fede ra l   P rov inc ia l  Task Force  has  reached 

the   fo l lowing   conclus ions :  i w 

(1) Discha1,ge of  phosphorus  from  Weyerhaeuser  Canada  Ltd.  and t h e   C i t y  

of Kamloops should   be   reduced   s ign i f icant ly .  A treatment  system  Fhould 

be  adopted which will r e d u c e   p h o s p h o r u s   a d d i t i o n   t o   t h e   r i v e r  a s  much as 

is t echno log ica l ly   poss ib l e   du r ing  most o f   t he   yea r .   Phosphorus   r e l eases  Y 

from se t t lements ,   feed- lo ts ,   e tc . ,   should   a l so   be   min imized .  Maximum 

al lowable  phosphorus  re leases   throughout   the  year   are   provided  in   the 

Canada Cen t re   fo r   In l and  Waters Technical  Report .  

- vel 

*I 

(IL 

w 

(2) Colour  in  the  Weyerhaeuser  Canada  Ltd.  pulp mill e f f luen t   shou ld   be  L* 

r e d u c e d   t o   c a u s e   p u b l i c a l l y   a c c e p t a b l e   a e s t h e t i c  improvement. 
c 

(3)  Fish- ta in t ing   agents   should   be   ident i f ied  and  removed  from the   mcjor  

point  source  discharges  (Weyerhaeuser Canada  Ltd.  and  City of Kamloops) 

t o   t h e  Thompson River  system. W 

I 

lo 
(4) The Thompson River  system  should  be  monitored  chemically  and 

b i o l o g i c a l l y  on a cont inuing  basis .   Monitor ing  programs  should  include 
w 

requi rements   es tab l i shed  by t h e  Task F o r c e   i n   o r d e r   t o   d e t e c t   c h a n g e s   i n  

water   qua l i ty   l ead ing   to   sh i f t s   in   spec ies   composi t ion   and   b iomass   in   a lga l  .Ir 

and inve r t eb ra t e   popu la t ions .   Mon i to r ing   r e su l t s  by pe rmi t t ees  and r e g u l a t o r y  

agencies  should  be  evaluated and repor ted  by a federal-provincial   commit tee  
I-. 

a f t e r  a f ive -yea r   pe r iod .  
Nn 
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( 5 )  New deve lopmen t s   t ha t   r e su l t   i n   nu t r i en t   d i scha rges   i n to   t he  Thompson 

River   bas in   (e .g . ,   indus t ry ,   logging ,   feed- lo ts ,   u rbaniza t ion)   should  be 

c o n t r o l l e d   t o   e n s u r e   t h a t   i n d i v i d u a l  and cumulative effects  of   such   d i s -  

charges  does  not  impair water qua l i t y   i n   t he   sys t em.  f 

(6) A social ,   economic,  and t e c h n i c a l   s t L d y   s h o u l d   b e   i n i t i a t e d   t o   d e t e r -  

mine the  f e a s i b i l i t y   o f   e l i m i n a t i o n  of d i s c h a r g e s   d e t r i m e n t a l   t o   t h e  Thomp- 

son   River   sys tem.   This   could   inc lude   to ta l   recyc le ,   l and   d i sposa l ,   jo in t  

e f f l u e n t   t r e a t m e n t .  

(7) The following  research  should  be  encouraged: 

( i )  A r e sea rch  program  should  be  undertaken  on  the  physiology 

and n u t r i e n t   e n e r g e t i c s  of benthic   a lgal   communit ies  typical 

t o   B r i t i s h  Columbia r i v e r s .  

Because of i n s u f f i c i e n t  knowledge i n   t h i s   a r e a ,   a c c u r a t e  

p r c d i c t i o n s  of the   changes   in   a lga l   b iomass   to   be   expec ted  i n  

t h e  Lower Thompson River as a r e s u l t  o f  phosphorus  control  a re  

not   poss ib le .   There  i s  no i n t e r p r e t a b l e   r e c o r d   o f   t h e   a l g a l  

communities t h a t   e x i s t e d   p r i o r   t o   r e c e n t l y   r e p o r t e d   c h a n g e s .  

Hence it i s  imposs ib l e   t o   deduce   ob jec t ive ly   t he   cond i t ion  of 

t h e  Lower Thompson p r i o r   t o   r e c e n t   r e p o r t e d   d e g r a d a t i o n .  

( i i )  An i nves t iga t ion   o f   t he   e f f luen t   o f   t he   Weyerhaeuse r  Canada 

mill shou ld   be   unde r t aken   t o   i so l a t e  and i d e n t i f y   t o x i c   s u b -  

s t ances  which may adverse ly  affect  t h e   b i o t a  of Kamloops  Lake 

o r   t h e  Lower  Thompson River .  Any such  substances  should  sub- 

s c q u t n t l y  be removed  from t h e   e f f l u e n t .  

. -15- 
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( i l i )  Tho cffcct of altered a lga l  and  invcrtebrato  community 

structurcs  on tho fccding ecology of salmonids  should be wy 

investigated. 
I w 

w0 
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Y ' ENVIRONMENTAL  MONITORING  PROGRAM 

AT ISLAND  COPPER MINE, RUPERT INLET, B.C. 

C.A.  Pelletier 

Chief  of Environmental Quality 

Island  Copper Mine 

T o  be presented  at the Symposium  entitled  "Monitoring  for 
Environmental  Protection". To be  held  at the  University of 
British Columbia, Vancouver, B.C. on February 12, 13, 1976. 



INTRODUCTION 

I s l and  Copper Mine i s  s i t u a t e d  on the   no r th   sho re  of Rupert 

I n l e t  on the   no r the rn  end of  Vancouver I s l and  and is the l a r g e s t  

open-p i t   ope ra t ion   l oca t ed   i n   coas t a l   Br i t i sh  Columbia. The 

minera l   reserves   ind ica te   approximate ly  280 mi l l i on   t ons  of 

recoverable   ore   grading 0.52% copper  and  0.018% molybdenum. The 

concentrator   has  now t h e   c a p a b i l i t y  of process ing  38,000 tons  

of ore   per   day ,   whi le   the   mine  is a b l e   t o   d i g  and move approximately 

160,000 tons  .of rock  per  day. 

I s l and  Copper Mine is similar i n  most r e s p e c t s   t o   o t h e r  new 

copper  prophyry  deposits,   being a low grade   h igh   vo lum~  opera t ion .  

However, o n e   d i s t i n c t   d i f f e r e n c e  exists and that is t h e  method 

of t a i l i n g s   d i s p o s a l .  

I s l and  Copper  employs a submar ine   t a i l ings   d i sposa l   sys tem,  

This system was s e l e c t e d  as the most f e a s i b l e  a l ternat ive a f t e r  

cons ider ing   the   envi ronmenta l   impl ica t ions  of terrestial  d i sposa l  

ve r sus   submar ine   d i sposa l   fo r  this area. 

Some of the more  important  factors that were cons ide red   i n  

making the decis ion  concerning the method of t a i l i n g   d i s p o s a l  

were : 

(1.) High annua l   r a in fa l l   exceed ing  80 inches 

Cont'd.. . . . . 
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(2 , )  Prec ip i ta t ion   exceeding   evapora t ion ,   thus   an  

unbalanced water system 

( 3 . )  Potent ia l   l eaching   problems 

(4.) Ear thquake   po ten t ia l  

These  points were d i scussed   w i th   va r ious   p rov inc ia l  and f e d e r a l  

agenc ie s . and   add i t iona l ly ,  a pub l i c   i nqu i ry  was c a l l e d  by t h e  

p r o v i n c i a l  government i n  1970 a t  which time v a r i o u s   d i s s e n t i n g  

environmental  groups were a b l e   t o   e x p r e s s   t h e i r  views on  the 

proposed  submarine  tai l ings  system.  In  view  of  the  magnitude 

of the  development i t  was obvious some environmental  impact 

would r e s u l t ,  namely i t  would a f f e c t  deep  bottom  l iking  organisms. 

This impact was a c c e p t a b l e   i n   t h e   e y e s  of  the technical d e c i s i o n  

makers. The concerns of var ious  environmental   groups were 

i n  p a r t  accommodated  by t h e   s t r i n g e n t  terms of t h e   p o l l u t i o n  

control  permit  which was granted  in  February  1971. 

The permit al lowed  the  discharge of I s l and  Copper t a i l i n g s   i n t o  

Ruper t   In l e t  a t  a depth  of   150  feet   through a submerged o u t f a l l  

system.  In   order   to   prevent  the poss ib i l i t y   o f   t empera tu re  

inve r s ion   o f f  the d i scha rge   po in t ,  the s l u r r y  was t o  be   p re-  

mixed with cold  dense seawater. 

cont 'd ,  , . . . . . . 
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St r ingen t   con t ro l s  on the   a l lowable  amounts of d i sso lved  

cons t i t uen t s   bo th   o rgan ic  and inorganic  were s t i p u l a t e d .  

Y 
The p e r m i t ,   i n   a d d i t i o n   t o   i d e n t i f y i n g   t h e   p h y s i c a l  and  chemical 

l i m i t a t i o n s  of the e f f l u e n t   a l s o   d i r e c t e d   I s l a n d  Copper t o  

re ta in   an  independent   agency  to   monitor   the  possible   impact  

of t a i l i n g s  on the  receiving  environment .  The independent 

agency  selected,   consis ted of an   in te r -d isc ip l inary   g roup  of 

p ro fes so r s  from  the  University  of  Brit ish Columbia  and t h e  

Univers i ty  of V i c t o r i a   r e p r e s e n t i n g   s p e c i a l i t y   f i e l d s  of  en- 

gineering  and  marine  sciences.  The i n i t i a l   o b j e c t i v e  of t h i s  

in te r -d isc ip l inary   g roup  was t o . a s s i s t   i n   t h e   d e s i g n  and imp- 
r r n  

lementat ion of a comprehensive  program t o   e s t a b l i s h   e n v i r o n m e n t a l  

. I r  
cond i t ions   p r io r   t o   t he   d i scha rge  of m i l l  t a i l i n g s   i n t o   R u p e r t  

Inlet. 

a 

The second  object ive  of   the   inter-discipl inary  group was t o  

assist i n   t h e   d e s i g n  of a long term monitoring  program t o   d e t e c t  

and repor t   s ign i f icant   changes   to   the   phys ica l ,   chemica l   and  

biological  environment  of the rece iv ing   sys t em.   In   o rde r   t o  

achieve  these ob jec t ives  the independent   group  ass is ted  Is land 

Copper i n   s e t t i n g  up an  internal   environmental   department .  

This department now c o n s i s t s  of e ight   exper ienced   chemis ts ,  

b i o l o g i s t s  and engineers  who col lect ,   analyze,   compile   and 

r epor t ' pe r t inen t   da t a   unde r   t he   gu idance  of the  independent 

agency. - 

cont 'd .  . . . . 
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This af te rnoon I w i l l  present   the  environmental   monitor ing 

program  implemented by the   I s l and  Copper Environmental 

Department. The sequence  of  events starts w i t h   t h e   t a i l i n g s  

discharge  system,  followed by ef f luent   moni tor ing   and   cont inues  

through  to   the  receiving  environment .   In   the time a l l o t t e d  

I w i l l  a t tempt  t o  cover  most  programs  carried  out a t  I s l a n d  

Copper. 
I 

TAILINGS DISPOSAL SYSTEM 

The t a i l i n g s  coming  from the concent ra tor  are d i r e c t e d   t o  two 

375 foot   diameter   thickeners .  A t  t h i s   p o i n t   t h e   t a i l i n g s  are 

coagulated with lime and   fu r the r   f l occu la t ed   w i th   syn the t i c  

po lyacry lamide   f locculen t .  The th i ckene r s  serve two purpobes; 

one as a r e t e n t i o n  pond t o   f l o c c u l a t e  and  thicken the s l u r r y  

and  second, as a water  reclamation  system. The th i ckened   t a i l i ngs  

s l u r r y  is gravi ty   fed  through a p i p e l i n e   t o   t h e   o u t f a l l .  A t  

t h e   o u t f a l l   t h e   t a i l i n g s  are d i l u t e d   w i t h  seawater to   p reven t  

temperature density i nve r s ion  a t  t he   d i scha rge   po in t ,  The 

seawater d i l u t i o n  is a unique,   s imple  hydraul ic .   head  differ ia l  

system. The s lu r ry   be ing   dense r  creates a d i f f e r i a l  head  between 

the o u t f a l l  mix tank  and  the seawater riser p i p e   o u t s i d e   t h e   t a n k .  

The amount of seawater u s e d   f o r   d i l u t i o n  is r egu la t ed  by a one 

way ga te   va lve .  

cont  'd.. . . . . . 

I, 

Crn 



The two ou t   f a  11 systems illustrated i n   t h e  S l i d e   h a v e  now  hanc d 

some 42 mil l ion   t ons  o f  t a i l i n g .  
.IW 

v TAILINGS CHARACTERISTICS 

I n   o r d e r   t o  comprehend the possible  impact o f  m i l l  t a i l i n g s  

upon the  marine  environment i t  i s  imperative to   understand 

the  physical   and  chemical   propert ies  of bo th   t he   l i qu id  and 

.I s o l i d   f r a c t i o n s .   I n   t h i s   r e g a r d ,  a number of r e s e a r c h   s t u d i e s  

have  been  completed by t h e  Department  of  Mineral  Engineering 
‘uy 

a t  the   Un ive r s i ty  of B r i t i s h  Columbia. Some of t h e s e   s t u d i e s  

I 
h a v e   b e e m r e p o r t e d   i n  a p resen ta t ion  by Evans  and Poling  (1975). 

s Let UB now look a t  some of t h e   c h a r a c t e r i s t i c s  of t he   phys i ca l  
* 

and  chemical   propert ies  of t h e   s o l i d  and l i q u i d   p o r t i o n  of 

t h e   t a i l i n g s .  
I 

cont’d...  .... 
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SOLID FRACTION: 

P h y s i c a l   c h a r a c t e r i s t i c s :   i n   o r d e r   t o   f r e e   t h e  economic  mineral 

65% - 70% o f   t h e   o r e  is ground t o  -200 mesh ( -74 micron) ,  

A t y p i c a l   s i z e   d i s t r i b u t i o n  of t h e   t a i l i n g  is shown 

graphica l ly  by Figure 1. 

100- 

10. 

' 4  

Figure 1 

Above 74p - Screen Analysis 
Below 7411 - CouJter Counter 

I 

Figure 4 

PARTICLE S I Z E  AEIALYSIS 

OF MILL  TAILIMG 

10 
Particle Sizc  (ftlicrons) 

- 

. cont'd.. . . . . . 
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Chemical c h a r a c t e r i s t i c s :   t h e   s o l i d   f r a c t i o n  of t h e   t a i l i n g s  

i s  composed p r i n c i p a l l y  of quartz  and s i l i c a t e  mine ra l i za t ion  - 
(+go%), with  minor  amounts of ca l c i t e ,  magnet i te  and su lph ide  

minera ls .   Table  1 represents   typ ica l   chemica l   and   minero logica l  

conlposition of t a i l i n g s   s o l i d s ,  
0 

TABLE I 

TYPICAL. CHEllICAL AND MINERALOGICAL  COMPOSITION 

OF TAILING  SOLIDS IN RUPERT INLET 

Elenlen t 
or  

Oxide 

s i 0 2  

A1703 
Ca, K, Na 6 

blg Oxides 

Fe Oxides 

Fe S u l f i d e  

c02 
T o t a l  of Above 

cu  

Mn 
Cr 

Zn 

Mo 

co 
N i  

Pb 

As t 

Cd . 

H% 

- T a i l i n g s   S o l i d  

% 

62 

14 

10 

8 

2.5 

2 

98.5 

P.PP1 

700 
650 

140 

80 
40 
20 

20 
20 

5 

3 

0.03" 
f 

/ 

Mineral  

Spec ies  

Quartz  

Fe ldspars  

B i o t i t e   a n d  

C h l o r i t e  

Magnet i te  

P y r i t e  

Calcite 
e 

Chalcopyr i te  

Mn Oxides 

I n   S i l i c a t e s  

S p h a l e r i t e  

Molybdenite 

I n   S i l i c a t e s  

I n   S i l i c a t e s  

Galena 

Arsenopyri te  

Cinnabar 

...,. . .. .."I 

% Mineral Content 
i n  

T a i l i n g s   S o l i d  

50 - 70 

2 - 20 
5 - 10 

2 -  4 ' 

2 -  4 

2.5 
- 

0.2 

0.02 

0.01 

0.002 

"C - -" . .". . . 
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Liqu id   f r ac t ion  of t h e   t a i l i n g s :  

The l i q u i d   f r a c t i o n   o f   t h e   t a i l i n g s  is  t h a t   p o r t i o n   o f   t h e  

s l u r r y  which is  less than 0.45 micron  and i o   r e f e r r e d   t o  as  

d isso lved .   Phys ica l ly   the   l iqu id   has  a spec i f ic   conductance  

of  approximately 400 microhms/cm2 which i s  i n d i c a t i v e   o f  a 

r e l a t i v e l y  low i o n i c   s o l u t i o n ,   I n  terms of s p e c i f i c  chemical. 

parameters ,   the   l iqu id  is  composed of dissolved  inorganics   and 

minimal  amounts  of res idua l   o rganic   chemica ls   used   in   the   minera l  

process.   For  example,   the  dissolved  copper  has  averaged  approxi- 

mately  0.010  mg/l (ppm) i n   t h e  l a s t  f o u r . y e a r s  of opera t ion .  

Residual   organic  levels have  been  below  the limit of d e t e c t i o n .  

There i s  n o   s i g n i f i c a n t   b i o l o g i c a l  oxygen demand (ROD) i n   t h e  

s l u r r y .  

EFFLUENT MONITORING 

I n  o r d e r   t o  comply with t h e   P o l l u t i o n   C o n t r o l  Board permit 

the eff luent   volume,  pH a n d   p e r   c e n t   s o l i d s  are monitored 

c o n t i n u o u s l y .   I n   a d d i t i o n ,   t h e   e f f l u e n t  is sampled  three  t imes 

a day to   p roduce  a dai ly   composi te   sample which i n   t u r n  

produces a weekly  composite  which is ana lyzed   for   the  

fol lowing  parameters ;   d issolved  copper ,  molybdenum,  cadmium, 

chromium, coba l t ,   i ron ,   l ead ,   manganese ,   n i cke l ,   a r sen ic ,  

mercury  and  cyanide. 

cont 'd. . . . . . .  
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The fo l lowing   t ab le  I1 shows the  comparison  of mill e f f l u e n t  

d a t a   f o r  a t y p i c a l  month;  September  1975with  Pollution 

Cont ro l  Board A l e v e l   o b j e c t i v e s .  

TABLE I1 

DISSOLVED HEAVY METAL CONCENTRATIONS 

Unit ug/l (p.p.b.) 

Element 

As 

Cd 

co 

Cr 

cu 

Fe 

, M n  

Mo 

, N i  

Pb . 
Zn 

Sol id  Hg 

Dissolved Hg 

CN 

PH 

I 

Mill Ef f luen t  
(before  sea water mix) 

September,  1975 

29 

(0.5 

(0.5 

1.0 

8.9 

29 

1.2 
190 

4 . 4  
3.1 

4.0 
30.0 

0.06 

25 

10.2 

PCB "A" Level 
Objec t ives  

50 

5 

100 

50 

50 

300 

50 
500 

300 

50 

500 

1 

100 

6.5 - 8.5 
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It can  be  noted  that  a l l  A l e v e l   o b j e c t i v e s   a r e  met except 

f o r  mercury  and pH. I n   r e g a r d s   t o   t h e   t o t a l   a c i d   e x t r a c t a b l e  

mercury,  the A l e v e l   o b j e c t i v e s   f o r   t h e   i n d u s t r y  are extremely 

low when compared to   the  background  levels  of mercury  occurring 

i n  the  host   rock  and  natural   seaf loor   sediments  of Ruper t  

I n l e t .  

Y 

I 

Y 

Jonasson  and  Boyle  (1971)  report  on  the  mercury  content of 

igneous  rock i n   p a r t s  per b i l l i o n .  They show t h a t   i n t e r m e d i a t e  

type  and  acid  igneous  rock  have a mean mercury  content of 

38-66 p a r t s   p e r   b i l l i o n .   T h i s  i l lus t ra tes  t h a t  a one p a r t   p e r  

b i l l i o n   o b j e c t i v e  is  u n r e a l i s t i c   f o r   a n a l y s i s   o f   t h e  combined 

s o l i d s  and l i q u i d   f r a c t i o n s  of t h e   t a i l i n g s .  The t o t a l  

e x t r a c t a b l e   m e r c u r y   o f   t h e   l i q u i d   f r a c t i o n  of t h e   t a i l i n g s  

meets A l eve l   ob jec t ives   ( ave raged   t o   da t e   0 .10   pa r t s   pe r   b i l l i on ) .  

In r e g a r d s   t o  pH, t h e   f i n a l   d i s c h a r g e  meets t h e  A l e v e l   o b j e c t i v e s .  

The p o t e n t i a l   b i o l o g i c a l   t o x i c i t y   o f  the t a i l i n g .  is a matter 

of serious  environmental   concern.  Thus, samples of  t h e   e f f l u e n t  

are collected  bi-weekly  and  submitted  to B. C. Research   for   the  

96 hour (T.L.M.) bio-assay test .  This test c o n s i s t s  of i n t r o -  

ducing seawater acc l imat ized   coho  f ry   in to  a 1:l seqwa te r - t a i l i ngs  

mixture. 

YI 

cont 'd  ....... 
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The tests t o   d a t e   i n d i c a t e  100% s u r v i v a l  of t h e   f i s h   f o r  98% 

of the  samples  submitted.  

The foregoing  has  been a b r i e f  summary ,of the physical   and 

chemical p r o p e r t i e s  of t h e   t a i l i n g   t o   t h e   p o i n t  of   discharge.  

I w i l l  now i l l u s t r a t e   t h e   I s l a n d  Copper  marine  monitoring  program, 

and  present.some  of  results  obtained  during  the  past  six yea r s .  

MARINE MONITORING PROGRAM 

Any marine  monitoring  program  must  have  the  scope  to  encompass 

na tu ra l   l ong  term changes i n  the environment as well as t h e  

man induced  impacts.  Thus, i n   a d d i t i o n   t o   t h e   e f f l u e n t  program 

w e  also  have  an  on-going  fresh water program, a meteorologic.al 

program  and  of  course  the  primary  marine  program. The f r e s h  

water program  and the meteorological   program  provide  data  on 

environmental   changes,   unrelated  to   the  mining  act ivi ty .  

The ex ten t   o f   t he   I s l and  Copper  environmental  monitoring  program 

can b e  gauged  by i n s p e c t i n g   t a b l e  111. 
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This   e s sen t i a l ly  summarizes the  scope of t he  program as i t  s t ands  

today. 
m 

A t  t h i s   p o i n t  i t  would be   appropr i a t e   t o   i n t roduce   ou r  vessel, 

t h e  Mac I ,  a special ly   designed  twenty-s ix   foot   environmental  

sampl ing   c ra f t .  It  has  been  outfi t ted  with  standard  oceono- 

graphic  equipment,   including  depth  sounder,   winches,   and 

convent iona l   f i sh ing   gear ,  The navigation  equipment  includes 

sex tan t s ,   r ada r  and a p rec i s ion   r ange   f i nde r   t o   a s su re   accu ra t e  

s t a t i o n   p o s i t i o n i n g .  

To g e t   i n t o   t h e   d i s c u s s i o n  of  the  environmental  p'rogram, I 

w i l l  commence w i t h   t h e  methods  and  procedures  uti l ized t o  

determine the d i s t r i b u t i o n   a n d d i s p e r s a l  of mill t a i l i n g s .  

i n   b o t h   t h e   s e a f l o o r  and i n   t h e  water column. 

Bottom Sediments 

Thereare three pr inc ipa l   sys tems employed to   determine the 

d i s t r i b u t i o n   o f   s o l i d   t a i l i n g s ;  

1. Sediment  coring 

2. Chemical a n a l y s i s  of surface  sediment  samples 

3. Continuous Seismic P r o f i l i n g  

cont 'd . . . . . . . 
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A phlcger  corer  equipment  with 60 cm x 3 cm clear  p l a s t i c  

l i n e r  i s  used  on a q u a r t e r l y   b a s i s  a t  24 s t a t i o n s   t o   d e l i n e a t e  

the   ex ten t   o f   t a i l i ngs   w i th in   t he   mon i to red  area. The t a i l i n g s  

can   be   v i sua l ly   ident i f ied   f rom  na tura l   sed iment   on   the   bas i s  

of   both  texture   and  color .  When the   co res  are extruded  and 

s p l i t ,  thLy i l l u s t r a t e   b o t h  mine t a i l i n g s  and na tura l   sed iment .  

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

the   second method (chemical   analysis   of   sediment)  i s  employed. 

A t  twenty- four   s ta t ions ,   on   an   annual   bas i s ,   sur fac ia l   sed iment  

samples   are   obtained  with a Ponar  sediment  sample , I n   o r d e r   t o  

o b t a i n  a s tandard   sample ,   the   top  1 cm l a y e r  of sediment is 

retreived.   These  sediments  are pu t   t h rough   t he   r egu la r  geo- 

chemical  sample  preparation  and are ana lyzed   for  twelve elements 

by   a tomic   absorp t ion .   In   addi t ion ,   spec t rographic   ana lyses  

have been  conducted.  This method is  h i g h l y   s e n s i t i v e   i n  

d e t e c t i n g  trace a m o u n t s   o f   t a i l i n g s   n o t   v i s i b l e   t o   t h e  

human eye. 

In areas   o f   heavy   depos i t ion   (grea te r   than  60 cm), t h e   t h i r d  

method  and  probably the most s o p h i s t i c a t e d  is employed. This 

method i s  continuous seismic p ro f i l i ng .   Th i s  system is  capable  

of d i s t i n g u i s h i n g  mill t a i l i n g s ,   r e c e n t   s e d i m e n t s ,  ice age 

s t r a t a  and  bedrock. 

cont  'd . . . . . . . 
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As i n   p r e v i o u s   o t u d i e s ,   t h i s  system was used   t o   i nves t iga t e  

t h e  pre-mine history of natural  sed imenta t ion   in  the Rupert- 

Holberg  area.   Subsequently  the seismic surveys  have  been 

conducted  throughout  the area on   an   annual   bas i s .  The con- 

t inuous   se i smic   p rof i l ing   t echnique  i s  nothing more than  

precision  echo  sounding. A re lat ively  long  f requency  sound 

source  i s  mechanically or  e l e c t r i c a l l y   g e n e r a t e d   i n  the water. 

The s i g n a l   t r a v e l s   t h r o u g h   t h e  water and p a r t   o f  i t  is re- 

f l e c t e d  from the   s ea f loo r   wh i l e   t he   r ema inde r   pene t r a t e s   i n to  

t h e   s e a f l o o r  and i s  r e f l e c t e d  from d i f f e r e n t   v e l o c i t y   i n t e r -  

fac ing  

These r e f l e c t e d   s i g n a l s  are picked up by the  hydrophones  and 

are recorded  aboard  ship.  

The r e s u l t i n g   r e c o r d  shows the sea sur face ,   the   depth   o f  water 

and the   conf igu ra t ion   o f  the sediment  and  bedrock.  Notice 

i n   t h e  example  the small area of m i l l  t a i l i n g s   o n  the bottom 

o f   Ruper t   In l e t   ou t l i ned   i n   o range .  

I b e l i e v e  i t  would now be  appropriate  to  examine  what  Rupert  

I n l e t   l o o k e d   l i k e   p r i o r  t o  depos i t ion   o f   mine   t a i l ings .  

T h i s  i s  the bathymetry  of  Rupert  Lnlet  prior  to  mine  production. 

You.wil1  note i t  is  a deep  trough,  sloping  southwestward  to 

a depth  of 580 f e e t .   I n   a d d i t i o n ,   n o t e  i t  is rather as'ymetric 

with the d e e p e r   p o r t i o n   o f   t h e   i n l e t   p r e s e n t  on the   south   shore .  

cont 'd  ....... 
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Now look a t  t h e   d i s t r i b u t i o n  of s ed imen t   ' p r io r   t o   t he   i n t ro -  

duct ion  of  mill t a i l i n g s .  The map i l l u s t r a t e s   t h e   l o c a t i o n  

of   three  1971 seismic p ro f i l e s .   Th i s  seismic p r o f i l e  is. an 

a x i a l   l i n e   a t   t h e  head of Ruper t   showing   t he   r e l a t ive ly   f l a t  

bo t tom  p r io r   t o   t he   i n t roduc t ion   o f  m i l l  t a i l i n g s .  The next  

prof i le   ex tending   across   Ruper t   In le t   f rom Narrow I s l a n d   t o  

the   sou th   sho re  shows how recent  sediments are asymetr ica l ly  

d is t r ibu ted   and   banked  up a g a i n s t   t h e   n o r t h  wall. Clear ly  

then we are dea l ing   w i th  a sedimentation  process  which i s  

e i t h e r   n o t   i n   e q u i l i b r i u m   o r  else i s  r e f l e c t i n g   t h e   n o r t h e r l y  

na tu ra l   s ed imen t   sou rces   i n   Ruper t   In l e t .  

Further  down stream, next   to   Hankin   Poin t ,  a continuous seismic 

p r o f i l e  shows a more t y p i c a l  U shape   c ross   sec t ion .   Note   the  

presence of  s t r a t i f i e d   s e d i m e n t  a t  the   water -sed iment   in te r face-  

which  reaches  an  appreciable   thickness .  It ex i s t s   on   bo th  the 

north  and  south walls. 

The nex t   f i gu re  i s  an  isopak map showing the thickness o f   t a i l i n g s  

depos i t ed   on   t he   s ea f loo r   a f t e r   app rox ima te ly   one  year of m i l l  

product ion  and  the  locat ion  of  two 1972 seismic p r o f i l e s .  

We see the  development  of a b i - c o n v e x   t a i l i n g s   p i l e   o n   t h e  

n o r t h   s i d e  of t h e   i n l e t  which extends down s lope   perpendicular  

t o   t h e   i n l e t   a x i s .  

cont ' d . . . . . . . 
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More d e t a i l  of t h i s   p a r t i c u l a r   d e p o s i t  i s  i l l u s t r a t e d   o n   t h e  

next   cont inuous   se i smic   p rof i le   which   ex tends   f rom  the   ou t fa l l  

t o   t he   sou th   sho re .  The t a i l i n g s ,  shown i n  orange, are con- 

cent ra ted   on   the   nor th   s ide   o f  i i u p e r t  I n l e t   b u t  part  o f   t h e  

mass h a s   s l i d  down slope.  Note,  no t a i l i n g s  are p resen t  

on   the   south  wall. 

The n e x t   s l i d e   o f   t h e  1972 d a t a  shows a t h i n   l a y e r  of t a i l i n g s  

which  has moved  down in l e t .  However, a t  t h i s   p a r t i c u l a r  time, 

t h e   p r i n c i p l e   i n f l u e n c e  of dumping r e s u l t e d   i n  down s l o p e ,   c r o s s  

i n l e t  movement of material whi th   l imi ted  down i n l e t   t r a n s p o r t  

taking  place.  

The n e x t   f i g u r e  is an  isopak map showing the   th ickness   o f  

ta i l ings   which   have   been   depos i ted   a f te r  two yea r s  of o p e r a t i o n  

and the l o c a t i o n  of t h r e e  seismic p r o f i l e s .  The t a i l i n g  

have now reached a maximum th ickness  of 44  feet   immediately 

a d j a c e n t   t o  the o u t f a l l .  

Looking a t  a 1973 a x i a l   s e i s m i c   p r o f i l e  at t h e  head of Rupert 

I n l e t ,  we see no inf luence   o f  m i l l  t a i l i n g  i n  t h e   v i c i n i t y  

of the e s tua ry .  

The n e x t   s l i d e   i l l u s t r a t e s  a c r o s s   s e c t i o n   p r a c t i c a l l y   i n  

line with t h e   o u t f a l l .  Note the t a i l i n g   h a v e  moved a c r o s s  

cont’d . . . . . . . 
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t h e   i n l e t  and  reached  an  appreciable  thickness on the  bot tom. 

P roceed ing   s l i gh t ly  down stream,  the  next  s l i d e  i l l u s t r a t e s  

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

wall  o f   t h e   i n l e t .  More important  however,   note  the  develop- 

ment of a small inc ip ien t   ax ia l   va l ley   which   has   formed  on  

t o p   o f   t a i l i n g  . This   r ep resen t s  a 'fundamental  change i n   t h e  

.sedimentation  and  hydraulic  regime  which  existed on t h e   f l o o r  

of R u p e r t   I n l e t   p r i o r  t o  t h i s  time. Subsequently,  i t  w i l l  

be  shown t h a t   t h i s  new deposit ion  regime i s  of  utmost  import- 

ance i n   d e f i n i n g   t h e   u l t i m a t e   r e s t i n g  s i t e  f o r   t a i l i n g  . The 

las t  s l i d e   o f   t h e   1 9 7 3   d a t a   i l l u s t r a t e s  a seismic c r o s s   s e c t i o n  

i n   t h e  Hankin area. I d e n t i f i e d   i n   o r a n g e  i s  a t h i n   l a y e r  

o f   t a i l i n g ,   a p p r o x i m a t e l y   f i v e   f e e t   t h i c k  in t h i s   r e g i o n .  

In summation,  by t h e  end  of  1973,  the  tai l ing  which  had  been 

moving by cross   inlet   s lumping  previously  have now s t a r t e d   t o  

move  down s l o p e  by g r a v i t y .  In a d d i t i o n ,   a n   i n c i p i e n t   a x i a l  

v a l l e y  has formed i n  the t a i l i n g  

The next s l i d e  is an   i sopak  map showing the   th ickness   and  

d i s t r i b u t i o n   o f   t a i l i n g   i n   R u p e r t   I n l e t   a f t e r   t h r e e   y e a r s   o f  

production. In a d d i t i o n  i t  shows the loca t ion   of  two 1974 

continuous seismic p r o f i l e s .  The s i g n i f i c a n t   f a c t o r   o f  the 

isopak map is  the e x t e n t  of t a i l i n g  movement down i n l e t   s i n c e  

1973.  Looking a t  a 1974 continuous seismic p r o f i l e ,  w e  see 

t he   i nc ip i en t   ax i a l   va l l ey   wh ich   had   deve loped   i n   1973  has now 

cont 'd . . . . . . .  
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been e s t a b l i s h e d   i n t o  a pronounced  leveed  seaf loor   val ley  with 

banks  as  high as 20 fee t .   Presumably   th i s   l eveed   va l ley  

system is now funne l l ing  most  of t h e   t a i l i n g s   f l o w  down I n l e t  

towards  Quatsino  Narrows. 

The n e x t   s l i d e ,  also from  the 1974 d a t a ,  shows the   ex t r emi ty  

of the  leveed  seaf loor   system.  Looking a t  t h i s   s l i d e ,   t h e r e  

appears  to  be  the  development of a double  leveed  valley  system. 

Proceeding  to  the  October  1975  data,   the  next s l ide  i l l u s t r a t e s  

the   th ickness  and d i s t r i b u t i o n  of mill t a i l i n g  p l u s  t h e   l o c a t i o n  

of two cont inuous   se i smic   p rof i les .   Note   in   parVicular   the  

seaf loor   va l ley   which  commenced i n  1973,  and  continues  to 

advance down i n l e t   i n  1974  has now passed  the  Hankin  Point 

area and i s  f u n n e l l i n g   t a i l i n g s   i n t o   t h e   d e e p e s t  p a r t  of t h e  

. system i n  Holberg Inlet .   This  development is of cons iderable  

s i g n i f i c a n c e   f o r   t h e   t a i l i n g  are now be ing   t ranspor ted  beyond 

t h e  area of turbulent   mixing  which  coincides   with  the  Rupert  - 
Holberg  gap. 

The next  sl ide,  a 1975  continuous seismic p r o f i l e ,  shows t h e  

progress fon  of the  leveed  val ley  system.  Note  the two leveed 

val leys   which are now present .  The t a i l i n g   i d e n t i f i e d   i n  

orange, are i n   e x c e s s  of 25 f e e t   t h i c k .  I 

R 

.. .. 
cont  ' d . . . . . . . 
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m 

The n e x t   s l i d e   a l s o   i l l u s t r a t e s   t h e  two va l leys   which  are 

present   on   the   seaf loor   and   cons iderable   th ickness  of  ta i l ing  

which have b c m  ... a?os i ted .  

The nex t   s l i de ,   t aken   i n   J anua ry  1 9 7 6 ,  depic t s   an   echo   sounding  

trace of the  leveed system t h a t   p r e s e n t l y   e x i s t s   b e t w e e n  

Hankin Point  and  Quatsi-no Narrows. This  type  of  echo  sounding 

p r o f i l i n g   h a s   b e e n   i n i t i a t e d  as an  on-going  monthly  monitoring 

program. 

I n  summatcon, I have shown you t h e   y e a r  by year  growth of  a 

l e v e e d   s e a f l o o r   v a l l e y  which commences n e a r   t h e   o u t f a l l   i n  

1973 and  continues  to  advance down s lope   towards   the   deepes t  

p a r t  of t h e  system i n  Holberg   In le t .  We have  observed  essen- 

t i a l l y  a sys t em  tha t   has   deve loped ,   f i r s t  by c r o s s   i n l e t  

slumping  and  subsequently by  down i n l e t   t u r b i d i t y   c u r r e n t  

I 

a 

m 

I 

depos i t ion .  

The fol lowing map summarized t h e   r e s u l t s   f r o m   t h e   t h r e e  

methods  used t o   d e l i n e a t e   t a i l i n g   d i s t r i b u t i o n   t h r o u g h o u t  

the  system. 

Now that  I have  described  the  bottom  sedimentation, let  us 

look a t  suspended  sediments i n   t h e  water column, 

cont 'd  ....... 



Suspended  Sediments 

Suspended sediment,  as the   connota t ion   impl ies ,  are s o l i d s  - 
organic  o r  i no rgan ic   i n   na tu re ,   wh ich  are suspended i n   t h e  

water column.  These  sediments  have  multiple  sources  being 

d e r i v e d   o r   m a n u f a c t u r e d   i n   s i t u   i n   t h e  sea, s u r f a c e   r u n o f f ,  

o r  man made a c t i v i t i e s .   S p e c i f i c a l l y ,   t h e  aim  of  the  suspended 

sediment  program is t o   d e t e r m i n e   q u a n t i t a t i v e l y   t h e  relative 

importance  of  various  sources  of  sediment. It i s  well r e a l i z e d  

t h a t   t h e  mill t a i l i n g s  are t h e   m a j o r   c o n t r i b u t o r   t o  the suspended 

sediment  load.  Fortunately,   the  preponderance of the  suspended 

sediment   load   occurs   in  a "mis t - l ike"   tu rb id i ty   f ie ld   be low 

50 meters (1.50 f e e t ) .  Thus, t h e   i m p o r t a n t   s u r f a c e   b i o l o g i c a l l y  

productive  zone  remains  near  background  level. 

The methods  employed regular ly   to   quant i fy   the   suspended  

sediment  load  include: 

1. 

2.  

3 .  

Discreet water sampling  and  nephelometric  determination. 

I n  s i t u   w a t e r   c l a r i t y  measurements  employing a Hydro- 

Products  transmissometer  equipped  with a meter and 

c h a r t   r e a d - o u t .   T h i s   s l i d e   i l l u s t r a t e s   t u r b i d i t y  

f i e l d   i n   R u p e r t  I n l e t  a t  70 meters. 

Gravimetr ic   suspended  sol ids   analysis   done i n  p r o f i l e  

a t  the   s even   s t a t ions   on  a q u a r t e r l y   b a s i s .   T h i s  

gravimetricprocedure is c a p a b l e   o f   d i f f e r e n t i a t i n g  

between  organic  and  inorganic  sediments.  

cont 'd  . . I *.. 
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A s  i n  most proccdures employed to  determine  suspended  sediment 

cnncen t r a t jons ,  the olles we use a r e   d i f f i c u l t   t o   c o - r e l a t e  

w i t h  onc another .  Nunlc!rous hours  have  been  spent in co- re l a t ing  

J a c k s o n   t u r b i d i t y   u n i t s   t o  % t ransmissabi l i ty   and  to   suspended 

sol. ids.  A re la t ionshLp  be tween  Jackson   tu rb id i ty   un i t s   and  % 

t r a n s m i s s   i b i l i z y  has been   es tab l i shed ,   bu t   the   g rav imet r ic  

suspended  sol ids  are not   co- re la t ive .  

Based  upon 24  and 48 hour   cont inuous  monitor ing  data ,  i t  i s  

o b v i o u s   t h a t   t h e   t u r b i d i t y   s i t u a t i o n  is very  dynamic i n   t h e  

area o f f  Ilankin  Poi.ut (I As you move  away from the   r eaches  of 

Quatsino  Narrows,  the  system becomes  more s t a t i c .  During  the 

per iod of  an  extended mill shut  down i n  t h e  summer of 1 9 7 4 ,  i t  

was obse rved   t ha t   t he   t u rb id i ty   f i e ld   s e t t l ed   t o   background  

l e v e l s .  No s i n g l e   p o s t u l a t i o n   c a n  accommodate a l l  t he   da t a .  

The to t a l   t u rb id i ty   s t : o ry   can   on ly   be   r e so lved  by a complete 

understanding of the   en t i re   oceanographic  and meterologic  

condi t ions  of t h e  area plus a thorough  understanding o f  

hydrodynamic p r o p e r t i e s  of  t h e   t a i l i n g s .  

Drinkwater (1973) masters t h e s i s  a t  U.B.C. examined t h e   r o l e  

of t i d a l  mixing  and t i d a l   s c o u r   i n   R u p e r t   I n l e t .  His t h e s i s  

provided  valuable  data  whereby i t  was shown that  the d e n s i t y  

differences  between  Quatsino Sound water and  Rupert-Holberg 

water could result  i n  turbulent   upwell ing o f f  Hankin Po in t  

during  f lood t i d e s .  

cont  ' d . . . . . . . 
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On occasion,   turbid  boi ls   occur   off   Hankin  Point .  It  is n o t  

c lear ,  a t  t h i s  time, whether  the  dense water i s  scour ing  

previously  deposited  sediment  or i f  i t  i s  i n t e r - a c t i n g   w i t h  

a suspended  sediment  cloud a t  an  intermediate   depth.   Judging 

from  our  recent seismic s u r v e y ,   e x t e n s i v e   t a i l i n g s  (>15 f t )  

are be ing   depos i ted   in   the   t rough  oppos i te   Quats ino  Narrows 

as an   ex tens ion  of t he   l eveed   s ea f loo r   va l l ey .  

Johnson (1974)  PhD t h e s i s  m e a s u r e d   c u r r e n t   v e l o c i t i e s   i n   o r d e r  

of one t o  two knots   on   the   f loor  of R u p e r t   I n l e t   i n   t h e   v i c i n i t y  

of Quatsino Narrows, The h ighes t   cur ren t   ve loc i t ies   measured  

were i n t e r m i t t e n t   i n   n a t u r e  and   usua l ly   l as ted  a few minutes. 

I n   o r d e r  t o  further  understand  the  dynamics of t h e   t u r b i d i t y  

story  and  re-suspension of mill t a i l i n g s ,   I s l a n d  Copper w i t h  

U.B.C. a ss i s tance   conducted  a tracer (rhodamine B) s t u d y   i n  

f r o n t  of  Quatsino Narrows. This study  conducted i n  December 

1973, was c o i n c i d e n t a l   w i t h   t h e   l a r g e s t   s p r i n g   t i d a l   e x c h a n g e  

of the   year .   Cont rary  t o  pred ic t ions   based  upon academic 

p o s t u l a t i o n s  no v e r t i c a l  component developed. The tracer d i d  

s p r e a d   l a t e r a l l y  down in to   Ho lbe rg   In l e t .  

Fu r the r   cu r ren t   s tud ie s  are being  conducted  by  the Ocean and 

Aquatic  Affairs  Branch of Environment  Canada  under t h e   d i r e c t i o n  

of Dr. D. Farmer.  During the p a s t   y e a r ,   t h i s   g r o u p  has been 

cont  'd . . . . . . . 
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con t inuous ly   mon i to r ing   cu r ren t   ve loc i t i e s ,   s a l in i t i e s   and  

temperatures i n  o rder   to   ident i fy   denser   Quats ino  Sound water  

dis t r ibuted  within  the  Rupert-Holberg  system. The main 

o b j e c t i v e  o f  Dr. Farmer's   study is  t o   b u i l d  a conceptual 

model o f   t h e   c i r c u l a t i o n   p a t t e r n   a n d  water exchanges i n   t h e  

Rupert-Holberg  system. 

Dr. J. Gower a l so   o f  Ocean and  Aquatic  Affairs  of  Environment 

Canada,  has  been  experimenting  with  the  use  of  remote  sensing 

in   coas t a l   oceanography .   Inc luded   i n   h i s   s tud ie s  i s  t h e  s i t e  

of upwelling  off  Hankin Poin t  a t  the  Rupert-Holberg  gap. 

The time chosen  to   conduct   this  ae r i a l  pho tograph ic   su rve i l l ance  

was predetermined  from  the  predicted maximum t u r b i d i t y  up- 

wel l ing  during  the  equinox.  

It is evident   f rom  the  sediment   program  that   a l though  there  are 

upwel l ingsof   t a i l ing   on   occas iona l   h igh   t ides  when dense 

seawater  comes  over  the  Quatsino  Narrows sill, the vast majority 

of the   t a i l i ng   r ema inson   t he   f l oo r  of the  Rupert-Holberg  system. 

I n  view of   the   fac t   tha t   suspended   sed iments  are reaching   the  

s u r f a c e   a t  Hankin  Doint  on  occasions,   an  additional  suspended 

sampling  program  has   been  ini t ia ted,   This   program  consis ts  

of .  the implacement  of 8 cont inuous   in   s i tu   sed iment   samplers  

a t  fou r  s i tes  - (2 i n   R u p e r t ,  1 i n  Holberg  and 1 i n  Quatsino).  

cont ' d . . . . . . . . 
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Two samplers were i n s t a l l e d  by scuba   d ivers  a t  each  of   these 

sites a t  depths  of 30 and 60 f e e t   r e s p e c t i v e l y .  The a c t u a l  

sampling clcvf.c:e is  a t r i p o d   s t r u c t u r e  w i t h  the   sampler   secured 

10 f e e t  f rom  the   bo t tom.   In   addi t ion ,  a bot tom  sediment   plate  

was i n s t a l l e d  a t  each  sample s i t e  to   monitor   sedimentat ion 

ac tua l ly   occur r ing   on   the   bo t tom,  The sample r s   i n s t a l l ed  

i n  October  1975 were s e r v i c e d   i n  December 1975  and  covered 

the   per iod  of t o r r e n t i a l  rains which   took   p lace   in  November 

1975.  ,Analyses  being  conducted  on  the  suspended  sediment 

c o n s i s t  of the  fol lowing:  

1. Rate of s ed imen ta t ion   expres sed   i n  gms/m /day 

2 .  % d i s t r i b u t i o n   o f   o r g a n i c  t o  inorganic  

3 ,  X-ray d i f f r a c t i o n  

4 .  I d e n t i f i c a t i o n   o f   m i n e r a l s  

5. P a r t i c l e   s i z e   a n a l y s i s  

6 .  Scanning   e lec t ron   microscopy  to   de te rmine   par t ic le   shape  

2 

Pre l imina ry   ana lys i s  of the   samples   ob ta ined   dur ing   the   per iod  

of  October t o  December 1975 reveal sedimentat ion r a t e  a t  60 

f e e t   t o   b e   f r o m  a low of 3.6 gms/m /day i n  Quatsino Sound t o  

a maximum of 45 gms/m /day o f f  Hankin  Point.  Although  the 

l a t te r  number may seem l a r g e ,  i t  should  be examined i n   l i g h t  

o f   t he  work  by Stephens,  Sheldon  and  Parsons  (1967) i n   D e p a r t u r e  

Bay. 

2 

2 
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i l  

I 

I n   t h i s   s e t t i n g   o n   t h e  east  

found  the ra te  of  suspended 

20  gms/m /day   t o  a low of 5 2 

coas t  o f  Vancouver I s l and   t hey  

sediment  varied  from a high  of 

gm/m  /day. 2 

Approximately  10 - 15%  of   the   sed iment   co l lec ted   in   our   s tudy  

was organic   in   nature .   Prel iminary  photographs  f rom a scanning 

electron  microscope  revealed  an  abundance of  d i a t o m   f r u s t u l e s  

w i th in   t he   suspended   s ed imen t .   Th i s   i l l u s t r a t e s   t ha t   t he  

s e t t l e d   t a i l i n g  is no t  s te r i le  and  containsappreciable  

organic  ma.tter derived  from  the  phytoplankton. 

. I n  summary(of the   sed imenta t ion   programs) i t  i s  understandable  

t h a t   t h e  down i n l e t  movement of t a i l i n g   t o w a r d   t h e  area of  

maximum turbulent  mixing  which  occurred  in  1974  and  1975 

r e s u l t e d   i n   i n c r e a s e d   t u r b i d i t y  o f f  Hankin Po in t .  The f a c t  

t h a t   t h e   l e v e e d   v a l l e y   h a s  now recent ly   extended beyond t h i s  

i n t e r m i t t e n t l y   a c t i v e   r e g i o n   a n d   t h e   t a i l i n g ,  are be ing   funnel led  

into  the  deepest   basin  of   the   Rupert-Holberg  system may r e s u l t  

i n   d e c r e a s e d   t u r b i d i t y  o f f  Hankin  Point. 

Next I w i l l  i l l u s t r a t e   t he   mon i to r ing   p rog ram  a s soc ia t ed   w i th  

the   chemis t ry  of t h e  water column. This w i l l  include  methods,  

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

Chemical 

I n  any  environmental  program much of t h e   d a t a  that  i s  generated 

t ends   t o   be   r e l a t ive ly   he t e rogen ic .  

cont 'd  ....... 
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The chemical   data   on water qua l i ty ,   however ,   in   one  of t h e  

more homogenic  types of information  generated.  

A t  Island  Copper,  we have  placed  considerable  emphasis  on  the 

water quality  program.  Parameters  measured i n  t h e  water 

qua l i ty   p rogram  inc lude   the   fo l lowing:   a lka l in i ty ,   d i sso lved  

oxygen, pH, t empera ture ,   tu rb id i ty ,   co lor ,   su lphide ,   cyanide ,  

spent   sulphi te   l iquor ,   suspended  sol ids ,   and  heavy metal 

ana lys i s   fo r   bo th   d i s so lved   and   pa r t i cu la t e   coppe r ,  molybdenum, 

c o b a l t ,   i r o n ,   n i c k e l ,   l e a d ,  cadmium, z i n c ,  chromium,  manganese 

and   mercury ,   Tota l   ex t rac tab le   a rsen ic  is also  monitored. 

Some of  the  parameters are monitored  on a month19 b a s i s   w h i l e  

o t h e r s  are done  quarter ly ,  

Conventional  oceanographic  equipment  such as bathythermograph, 

water bot t les ,   revers ing   thermometers ,   secchi   d i sc ,  Ule co lo r  

compartor etc.  are employed fo r   s ample   co l l ec t ion ,  

In   o rde r   t o   conduc t   r ep roduc ib le   ana lys i s   i n   t he   pa r t s   pe r  

b i l l i o n  level,  i t  was necessa ry   fo r   I s l and  Copper t o   d e s i g n  

and  develop a s o p h i s t i c a t e d   c l e a n  a i r  l abora to ry .  The f a c i l i t y  

is a i r  condi t ioned   to   space   l abora tory   spec i f ica t ions   which  

inc lude  a wall f i l t e r i n g   s y s t e m  that removes 99.97% of p a r t i c l e s  

g r e a t e r   t h a n  0 . 3  micron i n   t h e   f r e s h  a i r .  

Ir 

m 

E 

L 
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As i l l u s t r a t e d ,   t h e   l a b o r a t o r y  i s  equipped  with modern i n s t r u -  

mentat ion  including a hea ted   g raphi te   furnace .   This   ins t rument  

is capable   of   detect ing  copper   in  water down t o  one p a r t  per 

b i l l ion   wi thout   p re-concent ra t ion .  A l l  t h i s   i n s t rumen ta t ion  

is meaningless  without well  t ra ined   chemis ts .  We have  been 

f o r t u n a t e   i n   r e t a i n i n g   t h e  services of some exce l l en t   pe r sonne l .  

Qual i ty   cont ro l  i s  a fundamental   facet   of   our   dai ly   operat ion.  

In   house   qua l i t y   con t ro l   i nc ludes   ma in ta in ing  Cu-SUM q u a l i t y  

con t ro l   cha r t   wh i l e   ou t s ide   r e f e renc ing  i s  done   w i th   t he  U.S. 

Environmental   Protect ion Agency, Canadian  Environmental 

Labora tor ies   and   the   Univers i ty   o f   Br i t i sh  Columbia. 

Since w e  opera te  a copper-molybdenum mine,  the  obvious  elements 

of   publ ic   concern are usually  copper  and molybdenum levels i n  

the  receiving  environment .  A comparison i n   t a b l e  I11 i l l u s t r a t e s  

t he   d i s so lved  metal in f low  in to   Ruper t   In l e t   f rom  na tu ra l  streams 

and mill e f f l u e n t .  

TABLE I11 

COMPARISON OF DI.SSOLVED HEAVY METAL INFLOWS TO RUPERT INLET 
Inf low  due  to  Inflow  derived  from 

Metal Tai l ing   Discharge  Fresh-Water Streams 

Fe 
cu 
Mo 
Pb 
Zn 
cu 
Cd' 
Cr 
N i  
Mn 

(1 
c 0.2 
( 4  
< 0.2 
40.1 
4 0.4 
4 0.1 
4 0.1 
(0.3 
40.1 

180 
11 

6 
6 

39 
3 
1 
2 
6 
7 

* (Units - Tons pe r   yea r )  I 

cont ' d . . , . . . . 
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The dissolved  copper  and molybdenum c o n c e n t r a t i o n s   i n   t h e  

water columns as i l l u s t r a t e d  i n  t a b l e  I V  have  not shown any 

increase   s ince   min ing   s ta r ted .  

The background  averages shown were derived  from 60 pre-opera t iona l  

samplings  over a two yea r   pe r iod   wh i l e   t he   ope ra t iona l   f i gu res  

were derived  from  192  samplings  over a four   year   per iod.  

? 1 

TABLE I V  

DISSOLVED COPPER AM) MOLYBDENUM 

( In  p.  p.b .> 
Ruper t   In le t   Holberg   In le t   Quats ino  Sound 

cu Mo Mo cu Mo cu - - - - 
Pre-operat ional  1 .7  9.0 2.0 9.1  ‘1.9  9.9 
Ave rage 

Operat ional  1.6 8.9  1.7 8.4 1.6 9.4 
Average 

‘ I n   f o l l o w i n g   t h e  work of Pravdic   (1971) ,   es tuar ine  sediments  

behave as ion-exchange  adsorbents   for   ionic  species i n  sea- 

water and  hence may be   r e spons ib l e   fo r   t he   s emi - s t a t i c  s ta te  

of disso lved  metals in   t he   r ece iv ing   env i ronmen t .  

Bio logica l  

This completes the d i scuss ion  on the   phys i ca l  and  chemical 

c h a r a c t e r i s t i c s  of the  environment,  le t  us  now review  the 

b io logica l   p rocesses   opera t ing   wi th in   the   sys tem.  The e n t i r e  

inter-acting  system  of  organisms,  together  with  environmental  

I 

f a c t o r s  are termed  an  ecosystem. 

cont ’d  ....... 
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Within   th i s  sys t em,  t h e r e  are three  fundamental   categories   of  

organisms,  producers,  consumers  and  reducers,  For  our  purpose 

today, I w i l l  discuss  methods,  procedures  and  programs  related 

to   t he   p roduce r s  and  consumers. 

F i r s t ,   cons ide r   t he   mar ine   p l an t s  which  can  be  both  microscopic 

and  macroscopic.  These are the  producers   which  synthesize 

new organic  matter from ino rgan ic   cons t i t uen t s   such  as carbon 

d ioxide ,  water and so lub le  sal ts .  These are the   photosynthe t ic  

forms. All o t h e r   l i v i n g   t h i n g s  depend d i r e c t l y   o r   i n d i r e c t l y   o n  

these   p l an t s   fo r   t he i r   food  and  oxygen. 

Phytoplankton 

The phytoplankton are t h o s e   u n i c e l l u l a r   o r   m u l t i c e l l u l a r  

mic roscop ic   p l an t s   t ha t  are t h e   v e r y   b a s i s   o f - t h e  food  chain. 

These  marine  plants ,  like terestial p lan ts ,   photosynthes ize   dur ing  

t h e  dgy  and respire dur ing   t he   n igh t .  Of fundamental  importance 

t o  their   photosynthet ic  process i s  t h e   a v a i l a b i l i v o f   l i g h t  

through  the water column. The su r face   l aye r   o f  water i n t o  

which s u f f i c i e n t   l i g h t   p e n e t r a t e s   f o r  active photosynthes is  is 

r e f e r r e d   t o  as t h e   e u p h o t i c  zone. I n   c o a s t a l   i n l e t s   t h i s  

depth i s  usua l ly   10  - 20 meters. 

A t  I s l and  Copper the phytoplankton  monitoring  programs  consist  

of rou t ine ly   de te rmining   the   depth   o f   the   euphot ic   zone ,  

a v a i l a b l e   n u t r i e n t s ,   t h e   s t a n d i n g   c r o p  and the  rate of a s s i m i l a t i o n .  

cont 'd  ....... 



- 34 - 

The s tanding  crop Iu determined by asses s ing   t he  q u a n t i t y  of 

chlorophyll  pigment per u n i t  volume.  Whereas i n  the. a s s i m i l a t i o n  

t e s t e   t he   up take  of a rad io-ac t ive   i so tope ,   carbon14 is used 

in   s imula ted   condi t ions   to   measure   the  amount of phytosynthe t ic  

a c t i v i t y   p e r   u n i t  time. S i m p l y ,   t h e   f i r s t  method determines 

t h e  amount of phytoplankton  present  a t  o n e   s p e c i f i c  time, 

where as the   a s s imi l a t ion   s tudy   de t e rmines   t he   po ten t i a l  rate of 

phytoplankton  producth,During  per iods  of   high  phytoplankton 

p roduc t iv i ty  samples are c o l l e c t e d   f o r   i d e n t i f i c a t i o n  and 

p o t e n t i a l   t o x i c i t y  tests. 

Mr. D. Goyette,   of  the  Environmental   Protection Services has  

a l so   been   conduc t ing   phy top lank ton   s tud ie s   i n   t he  area. According 

t o  Mr. D. Goyet te   (personal  comment), prel iminary  assessment  

of t h e   d a t a  shows tha t   p r imary   product ion  is h i g h e r   i n   R u p e r t  

In l e t   t han   Ho lbe rg   In l e t ,   bu t   l ower   t han   t he   ocean ic  waters a t  

the  mouth of Quatsino Sound. 

Another  phytoplankton  study  conducted  during  the summer of 1975 

i n  Rupert-Holberg I n l e t s  was t h a t  of Dr. John   S ibe r t   o f   t he  

Nanaimo Bio logica l   S ta t ion .  His d a t a  is  cur ren t ly   be ing  

analyzed and we do not   have  any  prel iminary  indicat ions of t he  

results. 

Analyses of I s l and  Copper da t a   ove r  a f i v e   y e a r   p e r i o d  by 

Dr.EJR. Tay lo r ,   o f   t he   Un ive r s i ty   o f   Br i t i sh  Columbia in- 

dependent  agency  has  revealed' that  the   o rde r s  of magni tude  for  

cont 'd  . . . . . .. 
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the   phytoplankton   s tandine   c rop   has  remained wi th in   t hose   expec ted   fo r  

coa~tnl i n l e t s   i n  the  region.  lh f a c t ,  Dr, Taylor   has   s ta ted  

t h a t   t h e r e  is  l i t t l e  doub t   t ha t   t he re  was a s l i g h t   i n c r e a s e  in 

chlorophyl l   values  a t  a l l   s t a t i o n s   s i n c e   t h e   i n c e p t i o n   o f  

the  monitor ing  program.  In   addi t ion,   he  showed tha t   be fo re   and  

a f t e r   t h e  mine s t a r t e d ,   s t a t i o n s   w i t h i n   R u p e r t   I n l e t   a n d  

Holberg   In le t  had h igher   va lues   than   those   in   Quats ino  Sound. 

Fu r the r   i n   ou r   s tudy   o f   mar ine   p l an t s  we h a v e   i n i t i a t e d  a mac- 

rophyte  (Fixed  Algae)  study  under  the  direction  of Dr. R. Foremen. 

Macrophyte  (Fixed  Algae) 

The or iginal   environmental   monitor ing  program  did  not   include 

a s tudy  of t h e   f i x e d   a l g a e   i n   t h e   s u b l i t t o r a l   z o n e s  of t h e  

Rupert   Inlet   system. However, a program was i n i t i a t e d   i n   t h e  

summer of  1974 when 10 sites were q u a l i t a t i v e l y  examined i n  

Ruper t   In le t ,   Holberg  Inlet  and  Quatsino Sound. Three si tes 

were selected for   cont inuous  monitor ing,  t w o  i n  R u p e r t   I n l e t ,  

West Bay and  Crab Bay and a c o n t r o l  s i t e  a t  Orr Is land  i n  

' Holberg  Inlet .   Twenty-f ive  quarter  meter square  quadrants  

were col lected  f rom  each si te.  Each quadrant was s o r t e d  by 

species   both  for   macrophytes   and  fauna.  Dr. Ellis is respon- 

s i b l e   f o r   s o r t i n g   t h e   b e n t h i c   o r g a n i s m s  whereas the  macrophytes 

have  been  ident i f ied by the   cura tor   o f   phycology a t  U.B.C. 

Some 127  species  of  macrophytes  and 88 spec ie s   o f   ben th ic  

organisms were c o l l e c t e d  a t  t h e   s e l e c t e d   s t a t i o n s .  

cont 'd  ....... 
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Considering  the  macrophytes,  Crab Bay conta ined   103   spec ies  

(84%), West Bay 87 spec ie s  (71%) whereas Orr Is land   (Cont ro l )  

contained 65 species  (53%). The g r e a t e r  number o f   s p e c i e s   i n  

t he   po ten t i a l   impac t  s i tes appears   to   resu l t   f rom  the  less 

mature  development  of  the  macrophyte  communities i n   t h e s e  areas. 

Al thaugh  the   spec ies   d ivers i ty  variep from s i t e  t o  s i t e ,  t h e  

biomass d i d   n o t   v a r y   s i g n i f i c a n t l y .  

Great d i f f i c u l t y  is encountered when a t t e m p t i n g   t o   p l a c e   t h i s  

d a t a   i n   p e r s p e c t i v e   w i t h   o t h e r   i n l e t s  along  the  coast   simply 

because   there  is no o ther  data ava i l ab le .  

I n t e r t i d a l   P l a t e   S t u d y  

Moving up i n t o   t h e   s h o r e   l i n e ,   t h e   m o n i t o r i n g  program has 

been  examining i n t e r t i d a l  growth  since 1970, u s i n g   a r t i f i c i a l  

subs t r a t e   s ample r s .   These   s ample r s   cons i s t   o f   f i be rg la s s  

p l a t e s   bo l t ed   t o   conc re t e   b locks   and   p l aced   up r igh t  a t  the  

z e r o   t i d e   l e v e l .  The plates  have  been  placed a t  1 6   s t a t i o n s  

and are r e t r i e v e d   e i t h e r  a t  t h e  end of a six-month  winter 

p e r i o d   o r  a t  month ly   in te rva ls   dur ing   the  summer. 

The pr imary  object ive is t o   d e t e r m i n e   i f   t h e r e  are gross  

r e d u c t i o n s   i n   g r o w t h   i n   t h e   i n t e r t i d a l   z o n e .   T h i s  is simply 

achieved by  comparing  weights  of v o l a t i l e   o r g a n i c  material 

w i t h  time and areas, Five  years  of d a t a   i n d i c a t e s  there have 

been similar q u a n t i t i e s  of biological   growth a t  a l l  s t a t i o n s .  

Even a t  s t a t i o n   1 0 ,   r i g h t   b e s i d e   t h e  mine s i te ,  there   has   been  

no s i g n  of a d e c r e a s e   i n  growth. 

cont  'd . . . . . . . 
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The genera l   conc lus ion   f rom  th i s   t es t  is  t h a t   t h e  mine  has  not 

a f fec ted   the   sha l low water environment   to   the  extent   of   reducing 

the  amount  of b i o l o g i c a l  growth. 

Metal Analysis of Fixed  Algae  (Fucus *) 

A program  has   been   in i t ia ted   to   de te rmine   the   po ten t ia l   up take  

of metal by t h e  common rock weed (Fucus). The sampling sites 

co r re spond   t o   t he   i n t e r t i da l   p l a t e   s tudy .  To d a t e ,   n o t  enough 

data  has  been  generated  to  report   any  trends.  

This completes   the  monitor ing  being  carr ied  out   on  the  microscopic ,  

and  macroscopic  primary  producers. 

The fo l lowing   d i scuss ion  w i l l  examine  the  procedures  and 

methods  employed to   monitor   the animal community i n  the marine 

environment. 

ANIMALS 

I n   c o n t r a s t   t o   t h e   p l a n t s ,   t h e s e  are the  consumers which feed 

o n   t h e   p l a n t s   o r  upon each  other .  

ZooDlankton 

The f i r s t   i n   t h e  series of programs  consis t  of moni tor ing   the  

primary  consumers  the  zooplankton.  These  animals are small, 

swimming organisms  whose  movements,apart   from  vertical   migration, 

are dependent  on  currents.  

. . .  . . -  
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For t h e  pas t  f i v e   y e a r s ,  we have  been  monitoring  the  density,  

d i v e r s i t y ,  and  metal   concentration of the  zooplankton i n  Rupert 

In l e t ,   Ho lbe rg   In l e t  and  Quatsino Sound. 

The methods  employed are b o t h   q u a l i t a t i v e   a n d   q u a n t i t a t i v e .  

Clarke-Bumpus samplers are used t o  quant i fy   zooplankton 

d e n s i t i e s  per u n i t  volume.  Three of these  samplers  equipped 

with  flow meter are towed a t  pre-determined  depths.  The  samples 

c o l l e c t e d  are enumerated  and i d e n t i f i e d   t o   s p e c i e s  by a 

b io log ica l   consu l t ing   l abo ra to ry .   Fu r the r   s ampl ing   cons i s t s  

of c o l l e c t i n g   l a r g e  volumes of the organisms  for metal a n a l y s i s .  

To d a t e ,  as i l l u s t r a t e d  by data  accumulated  over a f i v e   y e a r  

pe r iod ,   t he re  is no conc lus ive   ev idence   t ha t   t he  mine i s  

a f f e c t i n g   t h e   d i v e r s i t y  of spec ies .   This  i s  based upon t h e  

absence of any  obvious  change a t  any  one s t a t i o n  o r  between 

s t a t i o n s .  

The densi ty   or   abundance  per   uni t  area i n  the f ive   yea r s   o f  

da t a   accumula t ion   i nd ica t e s   t ha t   t he re   has   been  an o v e r a l l  

i nc rease   i n   o rgan i sms .  This increase  has   occurred  throughout  

the   sys tem  wi th   Ruper t   In le t   showing  the   mos t   s ign i f icant  

increase. 

cont 'd . . .. ... 
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A fu r the r   app rcc ln t ion  of the  abundance  of  zooplankton  can 

be  achieved from exzzmining sca t t e r   l aye r s   on   echo   sound ing  

records ,   These   l ayers   pers i s t   in   Ruper t   and   Holberg   In le t s  

throughout much of   the  year .  A d e t a i l   i n v e s t i g a t i o n   o f   t h e  

phenomenon revea led   tha t   the   p lankton   underwent   d iur ina l  

m i g r a t i o n   i n   r e s p o n s e   t o   l i g h t ,   D e t a i l   h o r i z o n t a l   s a m p l i n g  

,above, i n  and below t h e   s c a t t e r i n g   l a y e r  show l a r g e  concen- 

t r a t ion   o f   p l ank ton   a t   and   be low  the   l aye r .   F ive  meters above 

t h e   l a y e r  was e s sen t i a l ly   devo id  of plankton.  This  echo 

sounding   technique   has   been   used   to   loca te   p lankton   layers   in  

o r d e r   t o   f a c i l i t a t e   c o l l e c t i o n   o f   l a r g e   q u a n t i t i e s  of organisms 

f o r  metal analyses .  

Meta l   ana lys i s   to   da te   ind ica te   t remendous   var iab i l i ty   be tween 

sampl ing   da tes   bo th   f rom  quar te r   to   quar te r   and   f rom  year  t o  

year .  An i n v e s t i g a t i o n   i n t o   t h i s   v a r i a b i l i t y  is r e v e a l i n g  

tha t   va r ious   spec ie s   have   va ry ing  metal concentrations.   For  example 

i n  September  1973 the   an imals  were predominantly  ctenophores 

(small j e l l y   f i s h   t y p e   o r g a n i s m s )   w h i l e  December 1974 t h e  

predominant  species were euphausids  (shrimp-like  crustacean).  

One notab le   observa t ion  is the   s imi l a r i t y   o f   t he   va lues   f rom 

a l l  s t a t i o n s  a t  any  one time. I n   a d d i t i o n   t h e  metal v a l u e s  

a t  any  one s t a t i o n ,  when averaged, are n o t   e x c e p t i o n a l l y  

d i f f e r e n t   t h a n   t h o s e  a t  any   o the r   s t a t ion ' (Lewis  1975). 

Cont  'd . . . . . . . 
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Moving i n t o   t h e  area of   an t ic ipa ted  impact, I w i l l  now d i s c u s s  

the  methods  and  procedures  of  the  deep  benthos  program. 

Benthic  Organisms 

This  program was i n i t i a t e d   i n  1.970  when q u a n t i t a t i v e  samples 

from a g r id   o f   s t a t ions   r ang ing  up t o  24 i n  number s c a t t e r e d  

throughout   Rupert   and  Holberg  Inlets   and  into  Quats ino Sound 

were obtained. 

The main  sampling  instrument  used i n   t h i s   o p e r a t i o n  i s  a Ponar  grab. 

This  takes  the  animals  and  sediments  from  one-half a square  

foot of sea-bed  and  digs  to  about 3 inches  depth.  The organisms 

are sepa ra t ed  from  sediments  by a 30 mesh s c r e e n ;   s o r t e d   i n t o  

groups,  counted  and  weighed. The counts  and  weights  per 

square  foot  provide  the  numerical   data  for  comparisons  between 

s t a t i o n s .  

The f i r s t   d a t a   a n a l y s i s  was undertaken  by Dr. Ellis of the 

Univers i ty  of V ic to r i a   i n   1972 ;   and  was to   determine the area 

over  which the benthos was o b l i t e r a t e d  by  heavy depos i t s   o f  

t a i l i ng .   Th i s  was shown t o   b e   e s s e n t i a l l y   i n  the t rough  of  

Ruper t   In le t  by the mine-site. Now i n  1975 the area extends  

down the t rough  to  i ts j u n c t i o n  with Holberg   In le t  

The ex ten t   o f   t he   ben th ic   popu la t ion   i l l u s t r a t ed   i n   g raph  t 8  

shows the   average  number of  organisms per s q u a r e   f o o t   f o r  a l l  

s t a t i o n s  and the average  number of   o rganisms  for   e igh t   se lec ted  

s t a t i o n s  as determined  by  l ive  sor t   and  count   aboard  ship.  

Wli 
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The e i g h t   s t a t i o n s   c o n s i s t s  of # 2 ,  4 ,  6 ,  7, 8, 9 ,  11 and 

22 and were s e l e c t e d   i n  1974 as areas o f   poss ib l e   fu tu re  

o b l i t e r a t i o n .  The graph   ind ica tes   there  was a general   reduc-  

t i o n   i n  number of b e n t h o s   w i t h i n   s i x  months of d i scharge   bu t  

subsequent  higher  counts  from 1973 onward do n o t   s u b s t a n t i a t e  

t h e  mill discharge  as the  cause of the  reduct ion.   There  appears  

t o   b e  a gradual .   re turn t o  l e v e l  of 75 t o  100  organisms per 

squa re   foo t ,   Thus ,   t he  1972 r educ t ion  can be  taken as w i t h i n  

the  limits of   expected  f luctuat ion.  

On a n   a n n u a l   b a s i s ,   t h e  24 s t a t i o n s   g r i d  is sampled fo r   coun t  

a n d   d e t a i l e d   i d e n t i f i c a t i o n  by an   ou ts ide   l abora tory .   These  

labora tory   counts   usua l ly  are four  times grea te r   than   sh ipboard  

counts,   This i s  because  mainly  macro-organisms are counted 

i n   t h e   f i e l d  and for   b iomass   va lue   th i s  is s u f f i c i e n t .  

Jones  (1974) i n  a M. Sc. t h e s i s  on Ruper t   In l e t   ben th i c   da t a  

demonstrated  that   polychaete worms were f a i r l y   r e s i s t e n t   t o  

smothering by l i g h t   t a i l i n g s   d e p o s i t s .  He a l s o  showed t h a t  

l o s s e s   s t a r t e d   t o   o c c u r   o n   t a i l i n g s   d e p o s i t s   f r o m  6 t o  28 cm 

th ick .  

On occas ion ,  heavy metal determination  have  been  conducted  on 

polychaete worms.  The problem  of   acquir ing  suff ic ient   weight  

f o r , a n a l y s i s   h a s  made t h i s   p r o c e d u r e   d i f f i c u l t   t o   c o n d u c t  

r o u t i n e l y .  

I 
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I n  addi t ion ,   the   an imals  .are u s u a l l y   v e r y   d i f f i c u l t   t o   c l e a n .  

Severa l   re levant   po in ts   have   a r i sen   which   lead   to   the   be l ie f  

t h a t   n a t u r a l   r e c o l o n i z a t i o n   o f   p r e v i o u s l y   o b l i t e r a t e d  areas w i l l  

occur .   After  a two  month o p e r a t i o n a l  shut-down, i n  September  1974, 

areas p r e v i o u s l y   o b l i t e r a t e d  showed evidence  of   colonizat ion.  

I n   a d d i t i o n ,   i n  areas of l i gh t   s ed imen ta t ion ,   t he re   appea r s  t o  

be   su f f i c i en t   i n t e rmix ing   o f   na tu ra l   s ed imen t   w i th   t a i l i ngs  

t o   s u s t a i n  a ben th ic  community. Even wi th   cont inuous   opera t ion ,  

t h e   s e t t l i n g  and   surv iva l  of the   benth ic   l a rvae   has   been   no ted  

on o c c a s i o n   i n  areas p rev ious ly   ob l i t e r a t ed .   These   po in t s  

together   provide some reason   t o   be l i eve   t ha t   unde rwa te r   r eco lon iza t ion  

o f   t h e   t a i l i n g s   d e p o s i t s  may proceed  quite  quickly  once  mining  has 

stopped. 

Commercial  Crabs 

Dungeness c rabs  are monitored  quarter ly  a t  6 s t a t i o n s   i n   R u p e r t ,  

Holberg  and  Quatsino Sound.  The animals are c o l l e c t e d   u t i l i z i n g  

a p a i r  of  commercial  crab traps se t  f o r  18 hours a t  each   s ta t ion .  

Upon capture ,   each  crab i s  sexed,  weighed,  measured  and  observed 

p r i o r   t o  i ts  r e t u r n   t o   t h e  sea. Carapace  widths,  measured 

between t h e  two most p o s t e r i o r   n o t c h e s   o n   t h e   a n t e r o l a t e r a l  

border are recorded  to  the n e a r e s t  millimeter. Weights are 

expres sed   t o   t he   nea res t  gram.  The c r a b s   i n   t h e  hurried cond i t ion  

o r   w i t h  empty  egg c a s e s   a t t a c h e d   t o   t h e i r  swimmerets ( i n d i c a t i n g  

r ecen t   ha t ch ing )   a r e   a l so   no ted .  

cont  ’ d . . . . . . . 
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Male to   f ema le   s i ze   f r equency   d i s t r ibu t ions  are done  comparing 

i n d i v i d u a l   s t a t i o n s  and s t a t i o n   t o   s t a t i o n .  

Metal ana lyses  are conducted  on 3 r e p r e s e n t a t i v e   l e g a l   s i z e  male 

specimens. The metal values  have  not  indicated  any  increasing 

t rend   a t t r ibu tab le   to   min ing   opera t i .ons .   L ike   o ther   parameters ,  

there  appears  to  be  tremendous  variation  between  seasons  and 

not  between  stations.  

To date ,   there   has   not   been any apprec iab le   decrease   in   dungeness  

c r a b s   i n   t h e   r e g i o n .  However, t h e   p a s t  two winters   have  witnessed 

large  scale   commercial   crabbing  in   both  Rupert  and Holberg 

I n l e t s .  With  modern methods of s e t t i n g   s t r i n g s  of unbuoyed 

crab traps,  ex tens ive   harves ts  are be ing   r ea l i zed .  

Shrimps  and  Prawns 

There  has   been  quest ion  of   the  possibi l i ty  of heavy metal uptake 

by deep ep ibenthos ,   spec i f i ca l ly  shrimps and prawns. Consequently, 

we h a v e   i n i t i a t e d  a program to   mon i to r   poss ib l e  metal inc reases .  

S i n c e   t h i s  program was i n i t i a t e d   a f t e r   o p e r a t i o n s  commenced, 

the  background  heavy metal l e v e l s  of these   c rus taceans  were 

established  outside  the  Rupert-Holberg  system. The pre- 

l imina ry   da t a   co l l ec t ed  a t  4 s t a t i o n s   i n   R u p e r t   a n d   H o l b e r g   I n l e t  

i n d i c a t e s   s t a t i s t i c a l l y   t h a t   t h e r e  i s  no s i g n i f i c a n t   d i f f e r e n c e  

by area and by time. 

cont ' d . . . . . . . 



- 44 - 

I n t e r t i d a l   I n v e r t e b r a t e s  
-."- 

Following i n   t h c  l lne of e d i b l e   s p e c i e s ,  we m o n i t o r   i n t e r t i d a l  

i n v e r t e b r a t e s  a t  9 s t a t i o n s   i n  Ruper t  I n l e t ,   t l o l b e r g   I n l e t ,  

Quatsino Sound and Queen Char lo t t e  S t r a i t .  S i x   r e s i d e n t   s p e c i e s  

of clam are co l lec ted   th roughout   the   sampl ing   gr id ,   ident i f ied ,  

measured,  weighed  and  retained  for  heavy metal a n a l y s i s .  

Our r e s u l t s  show tha t   ove r  5 yea r s  of tes t ing   there   have   been  a 

few s l i g h t   e l e v a t i o n s  of metal near  the  mine s i t e  bu t   t hese  

values  have  not  persisted  and do n o t   i n d i c a t e  a cont inuing  

t rend.  

A l l  values  have  been far below l e v e l   r e s t r a i n t s  by the  food 

and  drug ac t ,  and s h e l l f i s h   i n   t h e  area can   be   sa fe ly   ea ten .  

A spec ia l   inver tebra te   t es t ing   p rogram  has   been   to   moni tor   the  

.blue  mussels  which are a t t ached   t o   p i l i ng   docks .  One test 

s t a t ion ,   Ruper t   sh ip load ing  dock  and 2 c o n t r o l   s t a t i o n s ,   C o a l  

Harbour  dock  and  Quatsino  village  dock are the  monitor ing sites. 

This  is a ve ry   r i g id  t es t  of  heavy metal uptake as t h e  test  

s t a t i o n  is p a r t  of the  copper   concentrate   ship  loading  dock.  

The tests indica ted   tha t   copper  a t  t h e  test  sites were h ighe r  

than   cont ro l   in   September  1973. However, as i l l u s t r a t e d ,   t h e  

e l e v a t i o n  was not  maintained  over a per iod  of  time i n d i c a t i n g  

that a t rend  was n o t   i n   p r o g r e s s .  Note the   s t anda rd   dev ia t ion   fo r  

a p a r t i c u l a r  site. This is n o t   a n a l y t i c a l   d e v i a t i o n   b u t  

'Illlllt 

WE 

L 

specimen  deviation. 

cont  'd . . . . . . . 
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Fish ing  

Smal l  I n t e r t i d a l   F i s h e s  

I n   t h e   i n t e r t i d a l   z o n e ,  small f i s h   a r e   a l s o   c o l l e c t e d   t o   m o n i t o r  

p o t e n t i a l  heavy metal uptake.  These  animals are co l l ec t ed   by  

beach   se in ing  a t  seven si tes in   Rupert ,   I lolberg  and  Quats ino 

Sound. The dominant  species are sculpins   (both  t idepool   and 

s taghorn) .  The small f i s h  are iden t i f i ed ,   we ighed ,  measured, 

and  subsequently  analyzed  for 7 metals ;   copper ,  molybdenum, 

l e a d ,   z i n c ,  cadmium, a rsen ic   and   mercury .   These   f i sh   have   no t  

ind ica ted   s ign i f icant   changes  as compared t o  background levels .  

Another  group of e d i b l e   s p e c i e s  are the   l a rger   bo t tom  dwel l ing  

and   pe l ag ic   f i sh .  

Bottom d w e l l i n g   f i s h  a re  caught   p r inc ipa l ly  by  two methods - 
1 onglining  and j igg ing  . 

In the l o n g l i n i n g  procedure, one hundred baited hooks are 

a t t a c h e d   t o  a longl ine  which is anchored  on  the  bottom  for s i x  

hours,  The dominant   spec ies   caught   on   the   longl ine  are dogf i sh  

s h a r k s ,   s k a t e ,   r a t f i s h   a n d   o n   o c c a s i o n ,   s i x - g i l l e d  mud sharks. 

The j i g g i n g  method i s  used   p r inc ipa l ly   t o   ca t ch   r ee f -dwe l l ing  

spec ies .   These   inc lude   so le ,   ha l ibu t ,   and  numerous s p e c i e s  

of   rockf i sh .  

The p e l a g i c   f i s h  are caught  employing g i l l   n e t s .  The dominant 

species  here  include  anchovies,   herring' ,   salmon,  and  hake. 

cont 'd- . . . . . . . 
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All specimens  col. lected are identified,   measured,  weighed,  and 

sexed  where  possible i n   t h e   f i e l d .  

I n   t h e   l a b o r a t o r y ,   t h e   f i s h  are  i d e n t i f i e d  as t o  species and 

a sub-sample  of  the  dorsal  muscle i s  blended  for  wet weight 

metal ana lyses .  O f  the   severa l   thousand metal analysis   conducted 

t o   d a t e ,   t h e r e  i s  no ind ica t ive   t r end   t ha t   migh t   be   a t t r i bu tab le  

to   the  mining  operat ion.  

Data Compilation 

With t h e  enormous  amount of da ta   genera ted  by th i s   envi ronmenta l  

monitoring  program, it is obvious that data compilat ion  and  report ing 

is of  prime  importance. The pres su re  i s  cont inual ly   on  the  Environ-  

menta l   Depar tment   to   genera te   meaningfu l   da ta ,   In   th i s   respec t  a 

Hewlett-Packard Model 9800 programmable c a l c u l a t o r  i s  used   for  

i n d i v i d u a l  s ta t i s t ica l  ana lys i s .  The small computer,  however, 

has l i m i t e d   s t o r a g e  and r e t r i e v a l   c a p a c i t y .   R e a l i z i n g   t h a t   t h i s  

system  had  l imitat ions,   prel iminary  discussions were h e l d  

wi th   t he   Po l lu t ion   Con t ro l  Branch  and w i t h  members of   the  

Un ive r s i ty   o f   Br i t i sh  Columbia monitoring  group  to  determine 

whe the r   t o   a s soc ia t e   w i th  a cen t r a l i zed   sys t em  o r   whe the r   t o  

encourage  an  inhouse,   separate   system. The latter was chosen  and 

a l l  the   da ta   genera ted  t o  June-,  1975  has  been  transcribed  and 

s to red   on   an  IBM d isc   sys tem.  

Computer  System 

The computer  system  chosen is known as t h e  W I S  System. This 

is b a s i c a l l y  a da ta   s to rage   and   r e t r i eva l   sys t em.  

W 

Y 

m a  

cont 'd  . . . . . . 
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A s t a t i s t i c a l  package  included  with  the  system i s  capable of 

doing  most   analysis   required by our  data.  The following are 

some examples nf the computer  print-out: 

1. Tabulation Form 

2. Bar Graph Capabi l i ty  

3. Poin t  Graph Capabi l i ty  

4 .  Sta t i s t i ca l  Analysis 

(Analysis of Variance of Sof t   She l l  C l a m  
Ruper t   In l e t  #5 and  Holberg  Inlet  82) 

Concluding Remarks 

I n  summary, I hope t o  have  enlightened you  concerning  the 

magnitude of the  environmental  monitoring  program a t  I s l a n d  

Copper. I would l i k e   t o  re i terate  some of t h e   h i g h l i g h t s  of 

our  program as presented  to  you: 

1. A sedimentat ion  system  has  now developed that funnels  

t h e  m i l l  t a i l i n g  down i n l e t ,   a c r o s s   t h e  area of maximum 

turbulen t   mix ing ,   in to   the   deepes t   por t ion  of t h e  

system i n  Holberg   In le t .  

2 .  Genera l ly   t u rb id i ty   does   no t   ex i s t  a t  l e v e l s  that 

affect   pr imary  product ion.  

3. No d e t e c t a b l e   i n c r e a s e s   i n   d i s s o l v e d  metals has 

occurred i n   t h e  water column  of  Rupert In l e t ,   Ho lbe rg  

I n l e t   o r   Q u a t s i n o  Sound. 

4 .  There is evidence  that   benthic   organisms w i l l  re- 

co lonize  areas o b l i t e r a t e d  by t a i l i n g s  upon com- 

p l e t i o n  of t he   min ing   ac t iv i ty .  

cont ' d . . . . . . . 
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Rea l i z ing   t ha t   t he   t a i l i ng   have   an  impact on  the  environment,  

i n d i c a t i o n s  are a t  p r e s e n t   t h a t   t h e   t a i l i n g   d i s p o s a l   s y s t e m  

c a n   l i v e   i n  harmony with  the  marine  environment.  

I f   s i g n i f i c a n t   b i o l o g i c a l  damage was occur ing ,  I b e l i e v e   t h a t  a 

monitoring  program,  such as the  one i n  use  a t  I s l and  Copper 

would provide   ear ly   warn ing  and poss ib ly  a m i t i g a t a b l e   s o l u t i o n .  

Acknowledgement 

F i r s t ,  I would l i k e   t o   e x p r e s s  my s i n c e r e   a p p r e c i a t i o n   t o   t h e  

Utah management fo r   t he i r   unques t ioned   suppor t  of t he   I s l and  

Copper Environmental  Monitoring  Programs.  Second, I would 

l i k e   t o  acknowledge my group a t  Island  Copper,   because  without 

them p a r t i c u l a r   s e c t i o n s  of this   paper   could  not   have  been 

presented .   F ina l ly ,  I am indeb ted   t o  a l l  the   ind iv idua ls   f rom 

the  independent  agency,nmely:  Professor J. B, Evans, Drs. 

.R. L. Chase, D. V. Ellis, W. K. F l e t c h e r ,  R. E. Foremen, E. V. Grill, 

J. Leja, A. G. Lewis, J. W. Murray, G. L. P ickard ,  G. GI. Pol ing ,  

M. J. Quick, F. J. P. Taylor   for   the i r   gu idance   and   d i rec t ion .  

References : 

1. ELLIS, D. V., 1975, Po l lu t ion   Con t ro l  on Mine Discharge   to   the  

sea. Proc .   In te rn ,  Conf. Heavy Metals i n   t h e  Environment,  8p. 

2. 'EVANS, J. B. ti POLING, G. W. , 1975, Discharge   F lo ta t ion  

Mill T a i l i n g s   i n t o  a- C o a s t a l   I n l e t ,   P r o c .  77 Ann. Meeting 

IIL 

# 

C.I.M.M. Toronto,   Ontar io .  45p 

con t ' d  ........ 



ff 
- 49 - 

I 

1 

3. EVANS, J. B., ELLIS, D. V. ti PELLETIER, C.  A., 1973 

The  Establishment  and  Implementation  of a Monitoring 

Program  for  Underwater  Tailings  Disposal  in  Rupert Inlet, 

Vancouver  Island, B. C.  Tailings  Disposal  Today,  Miller 

Freeman  Publications  Inc., pp 512-552 

4 .  CHAVE, K. E., 1971, Chemical  Reactions & Composition of 

Sea  Water,  Jour.  Chem.  Education, Vol. 48, No. 3, pp 148-151 

5. DRINLWATER, K. F., 1973,  The  Role of Tidal  Mixing in Rupert 

& Holberg  Inlets.  Univ.  of B. C.  Institute of Oceanography, 

M.Sc Thesis,  58p 

6. FARMER, D., 1975,  Personal  Communication  on  the  objective 

Of the  Rupert  Inlet  Study 

7. GOWER, J. F. R., 1975, Uses  of  Aircraft  and  Balloon  Photography 

in Studying Coastal  Areas. Pacific Marine Sciences Report 

75-8, Institute of Ocean  Sciences,  Patrician  Bay,  Victoria, 

B. C. 17p 

8. GOYETTE, D. E., 1975,  Marine  Tailings  Disposal  Case  Studies - 
Proc.  Mining  Effluent  Regulations/Guidelines  and  Effluent 

Treatment  Seminar,  19p,  Banff  Alberta 

9. GOYETTE, D. E., 1976, Personal  Communication  on  preliminary 

results  of E.P.S. phytoplankton  study 

cont ‘d . . . . . . . 



- 50 - 

10. JOHNSON, R. D., 1974, Disposal  of  Recent  Sediments  and  Mine 

Tailings  in  a  Shallow - Silled Fjord, Rupert  Inlet,  B.C. 
Univ.  British  Columbia,  Institute of Oceanography  PhI)  thesis, 

18 l p  

11. JONASSON, 'I. R. and  BOYLE, R. v.,  1971, Geochemistry of 
Mercury,  Proc.  Royal  Soc.  Can.  Symp. - Mercury  in  Mans' 
Environment. 17p, Ottawa,  Ontario. 

12. JONES, A, A,, 1974, Effect of Mine  Tailings  on  Benthic 

Informal  Composition  in  a  B, C.  Inlet.  With  Special 

Reference  to  Sampling  Instrumentation, & the  Biology of 

Ammutrypane  Aulogaster - (Polychaeta,  Opheliidae). Univ. 

Victoria,  M.Sc.  Thesis 181p 

13. MIDDLETON, G. U., 1966, Experiments  on  Density & Turbidity 

Currents 1. Motion of Head.  Can.  Journ.  Earth  Science Vol. 3, 

pp 523-546 

14. MIDDLETON, G. U., 1966, Esperiments  on  Density & Turbidity 

Currents 2. Uniform Flow of  Density  Currents.  Can.  Journ. 

Earth  Sciences, Vol. 3 ,  pp 627-637 

15.  MLDDLETON, G, U., 1967, Esperiments on Density & Turbidity 

' Currents 3. Deposition of Sediment.  Can.  Journ.  Earth 

Sciences, Bol.  4, pp 475-505 

cont'd ....... 



- 51 - 

16. PEIPER, R ,  E . ,  1971, A Study of the '   Relat ionship Between 

Zooplankton  and  High  Frequency  Scattering  of  Underwater 

Sound. Univers i ty  of B r i t i s h  Columbia. PhD T h e s i s ,   I n s t i t u t e  

of Oceanography, 72 p 

17. PRAVDIC, V . ,  1971,  Surface Change Charac te r iza t ion  of Sea 

Sediments.  Croat,. Chem. Acta 43 pp 230-233 

18. Reports   submit ted  by  the  Universi ty  of British Columbia t o  

the   D i rec to r  of Po l lu t ion   Con t ro l ,   P rov ince   o f   Br i t i sh  

Columbia, i n   acco rdance   w i th   Po l lu t ion   Con t ro l   Pe rmi t  No. 379, 

on f i le   Pol lu t ion   Cont ro l   Branch ,   Depar tment   o f   Lands ,  

F o r e s t s  ti Water Resources,   Victoria,  Brit ish Columbia. 

19. STEPHENS, K. , SHELDON, R.W., & PARSONS, T.R. ,  1967  Seasonal 

V a r i a t i o n s   i n   t h e   A v a i l a b i l i t y  of Food For Benthos i n  a 

Coastal  Environment.  Jour.  Ecology,  Vol.  48, No. 5 ,  pp 852-855 

20. THOMPSON, J .  A. J . ,  & PATON, D. W. , 1975,  Chemical 

Del ineat ion of a Submerged Mine T a i l i n g s  Plume i n  Rupert 

& Holbe rg   In l e t s ,  B'. C. Fisher ies   and  Marine  Services  

Technical  Report No. 506, 22p Environment  Canada. 



Seat t le  Metro's Marine ' 

Water Qual i ty   Moni tor ing  Program 

Robert I. Matsuda 
and 

Glen D. Farr is  

Munic ipa l i t y  of Metropol i tan  Seattle 
410 W. Har r i son  

Seattle, Washington 98119 



Seat t l e  Metro's Marine Water Qual i ty   l loni tor ing Program 

Robert I .  Matsuda 
Glen D. F a r r i s  

Abstract 

Physical ,  chemical, bac te r io logica l ,  and biological monitoring 
of Municipal waste discharges have  been carried o u t  i n  Cent ra l  
Puget Sound to  assess and to document water qua l i ty   condi t ions .  
Data collected t o  date  have  been  valuable i n  meeting  Washington 
S ta te  water qua l i ty   s tandards  and also i den t i fy ing   po ten t i a l  
problem areas. Recently,  study  emphasis  has  been directed to -  
ward meeting the goals of t h e  Federal Water Pol lut ion  Control  
A c t  Ammendments of 1972 (PL92-500). 
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Metro His to ry  
Szr!%oFwater qual i ty   problems  in   Lakes  Washington  and Sam- 
mamish, t h e  Duwamish Es tua ry ,  E l l i o t t  Bay and  Central   Puget  
Sound i n  t h e  mid -1950 ' s   i n sp i r ed   an   i n t ense   c i t i zen  e f for t  
t o  o rgan ize  a new metropol i tan  government   with the expres s  
purpose of s o l v i n g  t h e  area's water qua l i ty   and   sewage  
t r ea tmen t  and d i sposa l   p rob lems .   In   Sep tember   1958 ,   t he  
ldun ic ipa l i t y  of Metropol i tan  Seattle (Metro) was formed 
through  Washington State l e g i s l a t i o n   a n d  voter approval .  
The e a r l y  objective of Metro was clear: Restore, main ta in  
a n d   p r o t e c t  area waters from p o l l u t i o n  to  the  degree s u i t a b l e  
f o r  water c o n t a c t  act ivi t ies ,  aesthetic cons ide ra t ion   and  a 
balanced  aquat ic   ecosystem. 

To accomplish t h i s  o b j e c t i v e ,  a team o f . c o n s u l t i n g   e n g i n e e r s  
was r e t a i n e d  t o  develop a comprehensive  sewerage  plan which 
would  solve the Seatt le area 's  water pol lu t ion   problem.  The 
p l a n  recommended removal of a l l  t r e a t m e n t   p l a n t   d i s c h a r g e s  
from Lake Washington ,   and   the   in te rcept ion  of t h e  direct  d i s -  
cha rge  of m i l l i o n s  of ga l lons   pe r   day  of raw sewage from the 
Duwamish Es tua ry ,  E l l i o t t  Bay,  and  Central  Puget  Sound. T h i s  
was t o  be accompl ished   th rough  the   cons t ruc t ion  of more than  
1 0 0  miles o f   t runk   and   i n t e rcep to r  sewers which would t r a n s -  
p o r t  domestic sewage a n d   i n d u s t r i a l  wastes t o  two newly  con- 
structed sewage   t rea tment   p lan ts .  The two major t r ea tmen t  
fac i l i t i es  were a t  Renton  (completed i n  July 19651, and West 
Po in t   ( comple t ed   i n   June  1 9 6 6 ) .  The Renton P lan t ,   des igned  
for  activated s ludge   secondary   t rea tment ,   has  a c u r r e n t  
t r e a t m e n t   c a p a c i t y  of 36 m i l l i o n   g a l l o n s   p e r  day (dry-weather 
f low). .  The e f f l u e n t  i s  i n i t i a l l y   c h l o r i n a t e d  t o  k i l l  bac- 
te r ia ;  it is subsequen t ly   dech lo r ina t ed  w i t h  s u l f u r   d i o x i d e  
before. d i scha rge  t o  t h e  Duwamish River ,  13 miles above 
E l l i o t t  Bay i n  Pug&  Sound. 

The West Point   Treatment   Plant ,   designed for  primary treat- 
ment   and   ch lor ina t ion ,  has a current  treatment  capacity of 
125 mgd (dry-weather flow). The e f f l u e n t  is d ischarged  
through a t h r e e - q u a r t e r  of a mile long s u b m a r i n e   o u t f a l l  
t e r m i n a t i n g   i n  a 600-foot  long d i f f u s e r   s e c t i o n  located i n  
water 2 4 0  feet deep. 

Metro's three other t r e a t m e n t   p l a n t s ,  Richmond Beach, Carkeek 
Park and A l k i  P o i n t ,   s e r v e  isolated dra inage   bas ins   and  were 
designed for  da i ly   d ry-weather  flows of 3 ,  3 ,  and 1 0  m i l l i o n  
g a l l o n s  per day ,   r e spec t ive ly .  

Water Qual i ty   Moni tor ing  
I n  1961 ,  Metro l n l t i a t e d  a comprehensive  qual i ty   monitor ing 
program, which a t  t h a t  t i n e  was a r e l a t i v e l y  new responsi-  
b i l i t y  for a sewerage agency in the U. S.. The Water Qual i ty  
Div i s ion  was t h u s  formed t o  carry o u t  water q u a l i t y   m o n i t o r i n g  

- 
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programs t o  assess the  impact of Metro's was te  water d i s -  
charges on   var ious  r e c e i v i n g   w a t e r s .  

The monitoring  program, developed over a period of some 1 5  
y e a r s ,  now i n c l u d e s  more than  600  m o n i t o r i n g   s t a t i o n s  
l o c a t e d  i n  a l l  waters which may be affected by Metro's 
o p e r a t i o n   ( F i g u r e  1). The cost of bletro's monitor ing  pro-  
gram, however, i s  s u b s t a n t i a l .  The annua l   Wate r   Qua l i ty  
Budget t o t a l s  $ 7 5 0 , 0 0 0 ,  w i t h  a s t a f f  of 36 p r o f e s s i o n a l  
a n d   t e c h n i c a l   p e r s o n n e l .   P r o f e s s i o n a l   e x p e r t i s e   i n c l u d e s  
s u c h   d i s c i p l i n e s  as chemis t ry ,   phys ics ,   microbio logy ,  
oceanography  and   var ious   b io logica l   sc iences .  I n  a d d i t i o n ,  
a f u l l  cornplcment of v e h i c l e s ,  f i e l d  ins t ruments   and   equip-  
ment and a f u l l y  equipecl   laboratory are provided.  

Numerous p h y s i c a l ,  chemical, microbiological, and 
biological, parameters   such as water tempera ture ,  
t r a n s p a r e n c y ,   d i s s o l v e d   o x y g e n ,   s a l i n i t y ,   n u t r i e n t s ,  coli-  
fornl b a c t e r i a ,  a lga l  species composi t ion,   chlorophyl l  a ,  
p r imary   p roduc t iv i ty ,   ben th i c   f auna ,  demersal f i s h  s u s e y s ,  
and t h e  effects of t o x i c a n t s  t o  f ish  have  been  monitored.  
Monitoring data have shown t h a t  Metro's o p e r a t i o n s  t o  date  
have had no observable deleterious effects on the water 
q u a l i t y  o r  ecological c o n d i t i o n s   n e a r  Metro's o u t f a l l s .  
Dissolved oxygen levels (percent s a t u r a t i o n )   i n   n e a r - s u r -  
face water (1 meter) over  t h e  West P o i n t   o u t f a l l  show 
l i t t l e  d e v i a t i o n  from h is tor ica l  d a t a  (1935-42) collected 
by   t he   Un ive r s i ty  of Washington  Department  of  Oceanography 
a t  P o i n t   J e f f e r s o n   ( F i g u r e  2 ) .  Simi lar ly ,   compar isons  of 
dissolved oxygen levels a t  200 meters from these two loca- 
t i o n s  show min ima l   d i f f e rences   (F igu re  3 ) .  

The most dramatic improvement in   o f f shore   and   nea r - shore  
areas was t h e  substantial  d e c l i n e   i n  the l eve l  of co l i fo rm 
organisms  fol lowing t h e  completion of t h e  West P o i n t  P l a n t  
i n  1966 .  F igure  4 i l l u s t r a t e s   t h i s   c h a n g e   i n  t o t a l  coli-  
fo rm  l eve l s  at s e v e r a l   s t a t i o n s   a l o n g  the s h o r e l i n e  of 
E l l i o t t  Bay, an  area once   r ece iv ing  m i l l i o n s  of g a l l o n s  
p e r  day of raw sewage. With t h e   c o n s t r u c t i o n  of t h e  
E l l i o t t  Bay i n t e r c e p t o r ,   d i v e r s i o n  of some 20 raw sewage 
o u t f a l l s   a l o n g  t h e  E l l i o t t  Bay s h o r e l i n e  was completed i n  
1 9 7 0 ,  w i t h  t h e  l a r g e r   o u t f a l l s   b e i n g  diverted d u r i n g  the 
1969-70  period. As expec ted ,  the most s i g n i f i c a n t  de- 
crease i n  coliform c o u n t s   o c c u r r e d   d u r i n g   t h i s  period. A 
similar d e c l i n e   i n  t o t a l  coliform l e v e l s  is shown d i r e c t l y  
ove r  the West P o i n t   o u t f a l l   ( F i g u r e  5 ) .  

Mon i to r ing   p r imary   p roduc t iv i ty   i n  t h e  Cent ra l   Puget  Sound 
bas in  i s  a l so  of interest  t o  1,Ietro s i n c e   n u t r i e n t s  ( i .e .  
phosphorus  and  ni t rogen)  are c o n t a i n e d   i n  wastewater ef-  
f l u e n t s .   P r i m a r y   p r o d u c t i v i t y  data ,  a l t h o u g h   v a r i a b l e ,  

Y 

2 
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shows a s l i g h t  i n c r e a s e   d u r i n g  t h e  s tudy   per iod ,   1967 
through  1975  (Figure 6 ) .  Al though   nu t r i en t   add i t ion  t o  
Puget Sound may be c o n t r i b u t i n g  t o  t h i s   i n c r e a s e ,   s t u d i e s  
by Anderson ( 1 9 6 6 )  have shown t h a t  water column s t a b i l i t y  
and solar energy are probably t h e  most s i g n i f i c a n t  factors 
c o n t r o l l i n g   p r i m a r y   p r o d u c t i v i t y   i n  the  Sound.   Further ,  
a n a l y s i s  of or thophosphate   da ta  collected a t  P o i n t   J e f f e r s o n  
from 1935  through  1971 by Duxbury  (1975) showed t h a t  the 
t o t a l  d a i l y   m u n i c i p a l  waste discharge of orthophosphate 
in to   Puget   Sound was about   one- twel f th  of the phosphate 
f lowing   ou t  of t h e  Sound. Professor Duxbury concludes h i s  
d i s c u s s i o n  by s t a t i n g   " N a t u r e ,  rather than  man, a p p a r e n t l y  
still wields t h e  con t ro l l i ng   hand   i n   Puge t  Sound," I n  
c o n t r a s t ,   o n l y  small amounts of data are available on   n i t rogen  
concent ra t ion .   S tudies   by   Anderson  ( 1 9 6 6 )  have shown t h a t  
i n o r g a n i c   n i t r o g e n   o c c a s i o n a l l y  becomes depleted i n   s p e c i f i c  
areas and may sometimes be l imi t ing .  Nitrogen  and i t s  effects 
on a lgal  p r o d u c t i v i t y  is c u r r e n t l y   u n d e r   f u r t h e r   s t u d y .  

A s tudy  of bottom sediments  and associated benth ic   o rganisms 
was also made. The s tudy ,   cover ing  t h e  period 1 9 6 6  t o  1968 ,  
was designed to assess t h e  e x t e n t  of s ludge  buildup i n  the 
v i c i n i t y  of the West P o i n t  o u t f a l l  and t h e  effects of t h e  
digested s ludge  on t h e  b e n t h i c  community (Domenowske and 
Matsuda 1 9 6 9 ) .  Data from the  1 9 6 6  s u r v e y   ( p r i o r  t o  t h e  s t a r t -  
up of the West Poin t   Trea tment   P lan t )  was used as the base- 
l i n e   c o n d i t i o n  t o  which the l a t t e r  data (1967-68)  could be 
compared. R e s u l t s  of the s tudy  showed n o   d e f i n a b l e   b u i l d u p  
of o r g a n i c  material i n  t h e  v i c i n i t y  of t h e  West P o i n t   o u t f a l l .  
The o n l y   i d e n t i f i a b l e  material d i r e c t l y   a t t r i b u t a b l e  t o  man's 
activit ies were vegetable seeds found  near  t he  o u t f a l l .  The 
l o c a l i z e d   p o p u l a t i o n s  of benthic  organisms  showed l i t t l e  or  
no change i n  either numbers   present  o r  response  t o  e f f l u e n t  
and  s ludge discharges. Dur ing   1968  and   1971  v i sua l   in -  
s p e c t i o n s  of t h e  o u t f a l l   s t r u c t u r e   a n d  the  bottom c o n d i t i o n s  
i n  t h e  immediate v i c i n i t y  of t h e  West P o i n t   o u t f a l l  were 
made. R e s u l t s  of the i n s p e c t i o n   s u p p o r t e d  data collected 
dur ing  t h e  three y e a r  sediment and   ben th ic  community s tudy .  

Demersal (bottom dwel l ing )   f i sh   su rveys  were started i n  
January  1973 a t  t h e  West Poin t   and  A l k i  o u t f a l l s  t o  o b t a i n  
information  on t h e  types and  numbers of f i s h e s  i n h a b i t i n g  
these areas and  on the g e n e r a l  h e a l t h  of these f i s h  popu- 
l a t ions   (Moul ton ,  e t  a1 1 9 7 3 ) .   S t u d i e s  of tumors ("cancer") 
a n d   f i n   e r o s i o n   ( ' ' f i n  ro t" )  i n  f l a t f i s h  were emphasized 
s i n c e  these two diseases have  been associated by other 
i n v e s t i g a t o r s  w i t h  discharges from sewage t r e a t m e n t   p l a n t s  
(SCCWFU?, 1973; Barrada, 1 9 7 2 ) .  R e s u l t s  of t h e  first y e a r  
s tudy  showed t h a t  t h e  inc idence  of tumors were h ighes t  i n  
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Engl i sh  sole. Data a lso sugges ted  t h a t  t h e  inc idence  of 
tumor-bearing f i s h  a t  West Poin t   can  be considered  "high." 
Bowever, o ther  areas wi thou t  major sewage i n f l u e n c e s  also 
showed "high" inc idences  of tumor-bearing f i s h .  These 
areas were P u g e t  Sound  (Angel1 1972; Miller and  Wellings 
1 9 7 1 )  , Ilecate S t r a i t  (Wigerlli, Ketchen,  and  Ruggieri  
1965) , and t h e  Bering Sea (Miller, personnal  communica- 
t i o n ) .  Needless t o  say, f u r t h e r   s t u d i e s  are necessary  
and are c u r r e n t l y   b e i n g  carried o u t  a t  t h e  West P o i n t ,  
Richmond Beach, Carkeek P a r k  and A l k i  Point   Treatment  
P lan t s   and  a c o n t r o l   s t a t i o n  t o  develop a good b a s e l i n e  
of informat ion   over  a span of a few y e a r s .   C o l l e c t i o n  of 
t h i s  s u i t e  of data is necessary  before any  a t tempt  a t  
e v a l u a t i n g  the s i g n i f i c a n c e  of t h e  inc idence  of tumor- 
bear ing   Engl i sh  Sole can be made. 

A l l  s tudies   ment ioned  previously,   have  been  designed t o  
assess t h e  effects of was te  water d ischarges   on  t h e  marine 
environment by s tudying  the environment i t se l f .  ifowever, 
due t o  the chemical   complexi t ies  of municipal  sewage, which 
conta ins  an i n f i n i t e  number of n u t r i t i v e  a s  well as t o x i c  
components ,   control led tests are being carried o u t  t o  
a s c e r t a i n  t h e  t o x i c i t y  of t h e  West P o i n t   e f f l u e n t .  In 
1972, seven  (96-hour) 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  
were carried o u t  on c h l o r i n a t e d ,   p r i m a r y - t r e a t e d   e f f l u e n t  
from t h e  West P ,o in t   P l an t .   I n   such   b ioas say  .tests, f i s h  
are s u b j e c t e d  t o  v a r i o u s   c o n c e n t r a t i o n s  of e f f l u e n t / s e a -  
water mixtures .  A t  t h e  end of the  96-hour test p e r i o d  t h e  
t o t a l  number of dead f i s h  are recorded  and t h e  r e s u l t s  
expressed as the concen t r a t ion  of e f f luen t / seawa te r   mix tu re  
a t  which 50 p e r c e n t  of t h e  tes t  f i s h  died. T h i s  concentra-  
t i o n ,  called t h e  TL50 or  t o l e r a n c e  limit at t h e  50 p e r c e n t  
l e v e l ,  is a measure of a c u t e   t o x i c i t y .  

The r e s u l t s  of t h e  West P o i n t   b i o a s s a y s   i n d i c a t e d  t h a t  t h e  
96-hour e f f l u e n t   t o x i c i t y  (TL50) was 7.4  p e r c e n t   e f f l u e n t ,  
i.e., 7.4 par t s  e f f l u e n t   i n  92.6 p a r t s  seawater. Total 
r e s i d u a l   c h l o r i n e  was determined to be t h e  p r i n c i p a l   t o x i -  
c a n t  with an  average TL50 concen t r a t ion  of 0.1 m g / l  
(Buckley  and  Matsuda, 1972). F u r t h e r   s t u d i e s   u s i n g  de- 
c h l o r i n a t e d   e f f l u e n t  showed t h a t  f i s h  w i l l  s u r v i v e  for  96 
hour s  i n  e f f l u e n t   c o n c e n t r a t i o n s   u p  t o  and   inc luding  100  
pe rcen t .  

A c u t e   b i o a s s a y   r e s u l t s  provide l i t t l e  in fo rma t ion   on   poss ib l e  
long- te rm  suble tha l  effects of t o x i c a n t s   i n   t r e a t m e n t   p l a n t  
e f f l u e n t s  t o  f i s h .  Consequent ly ,   long- te rm  suble tha l  tests 
were performed a t  t he  West P o i n t   P l a n t   i n  1974 (Ejuckley, 
Whitmore and  Matsuda, 1 9 7 6 ) .  Year l ing  coho salmon  (Oncor- 
hynchus  kisutch)  were exposed fo r  12 weeks t o  chlori- 
m e n t c o n c e n t r a t i o n s  of 0 .3  , 1 -1, and 3 . 6 p e r c e n t   i n  
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seawater   under   cont inuous flow cond i t ions .  R e s u l t s  i n -  
dicated t h a t  t h e  m a x i m u m  s a f e   c o n c e n t r a t i o n  of e f f l u e n t  
l i es  between 0.3 and 1.1 p e r c e n t ,  w i t h  corresponding 
average t o t a l  r e s i d u a l   c h l o r i n e   l e v e l s  of 0.003 and 0.009 
mg/ l ,   r e spec t ive ly .  No d i s c e r n a b l e  effects were observed 
on f i s h  exposed t o  0 . 3  pe rcen t   e f f luen t ,   however ,   i nd ica -  
t i o n s  of anemia were a p p a r e n t   i n   f i s h   e x p o s e d  to 1.1 and 
3.6 p e r c e n t   e f f l u e n t .  The EPA' s  (1973) proposed maximum 
s t a n d a r d  of 0 .01  mg/l for free residual c h l o r i n e   i n   m a r i n e  
waters i s  supported by t h e  f i n d i n g s  of t h i s   s t u d y .  When 
e v a l u a t i n g  t h e  t o x i c i t y  of t h e  West P o i n t   e f f l u e n t ,  it is  
impor tan t  t o  cons ide r  t h e  e f f l u e n t   d i l u t i o n   i n  t h e  receiv- 
i n g  water. D i l u t i o n  of t h e  West P o i n t   o u t f a i l  was re- 
cent ly   measured a t  100:l. T h i s  d i l u t i o n  ra te  a p p l i e d  t o  
an   ave rage   e f f luen t  t o t a l  r e s i d u a l   c h l o r i n e   l e v e l  of 0.8 
mg/l r e s u l t s   i n  a f i n a l   d i l u t i o n   c o n c e n t r a t i o n  t h a t  meets 
E P A ' s  proposed maximum s tandard .  

- Value O f  Monitoring 
During t h e  course  of n e a r l y  1 5  y e a r s  of prater q u a l i t y  moni- 
t o r i n g   i n  t h e  Puget   Sound  cent ra l   bas in ,  data c o l l e c t i o n  
and   ana lys i s   p rov ided   i nva luab le   i n fo rma t ion  t o  n o t   o n l y  
Metro, b u t  also t o  t h e  governmental   agencies,  pol i t ical  
bodies, s p e c i a l   i n t e r e s t   g r o u p s   a n d   t h e   g e n e r a l   p u b l i c .  
As Metro's Water Quality  14onikoring  program  developed, the 
v a l u e  of such a program became i n c r e a s i n g l y  clear. With 
t h e  passage of the Federal Water Q u a l i t y  A c t  of 1 9 6 5 ,  t h e  
Washington S ta te  Department of Ecology was g iven   t he  re- 
s p o n s i b i l i t y  of e s t a b l i s h i n g  water q u a l i t y   s t a n d a r d s  
throughout  t h e  state. f4etr0, i n   t h i s   i n s t a n c e ,   p r o v i d e d  
va luab le  data o n   e x i s t i n g  water q u a l i t y   c o n d i t i o n s   i n   t h e  
Cen t ra l   Puge t  Sound bas in   and   ad jo in ing  areas. 

I n  1 9 6 7 ,  t h e  State Water Q u a l i t y   S t a n d a r d s  were adopted. 
During t h i s   p e r i o d ,  t h e  e c o l o g i c a l  movement was at i ts  peak. 
T h i s  movement culminated i n  t h e  passage of the 1972 amend- 
ments t o  the Water P o l l u t i o n   C o n t r o l  A c t  ( P u b l i c  Law 92-500). 
Although there is  so much i n  the law t h a t  is good....good i n  
t h e   n a t i o n a l  commitment t o  t h e  goal of clean waters, and 
good i n  its detailed d e s c r i p t i o n   f o r   a c h i e v i n g  t h i s  g o a l ,  
Metro recognized t h a t  major problems i n  i t s  implernentation 
would arise. One c r i t i ca l  area of concern to  Metro was t h e  
requirement  of secondary  t reatment  by t h e  y e a r  1 9 7 7  and 
best p r a c t i c a b l e   t r e a t m e n t  by 1983.  

As I mentioned  previously,   comparison of h i s t o r i c a l  and   recent  
monitor ing data show t h a t  Metro's d i s c h a r g e  of p r i m a r y   e f f l u e n t  
have   no t  affected t h e  d isso lved   oxygen   resources   in   Puget  Sound. 
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Consequently, Metro disagrees wi th  t h e  PL92-500 secondary 
treatment requirement.  Thus, u s i n g  t h e  monitoring data 
base,  strategies were approved by the Metro Council 
(Metro 's   g iverning body) t o  bypass the secondary treat-  
ment standard and move towards  developing  treatment  systems 
t o  meet t h e  1983  goal of best p rac t i cab le   t r ea tmen t .  T h i s  
s t r a t e g y  would better u t i l i z e  an estimated $55 m i l l i o n  
which would  have otherwise been  spent t o  meet t h e  secondary 
treatment  requirement. 

With t h e - C o u n c i l ' s  newly  adopted  strategy,  plans were de- 
veloped t o  schedule a l l  phases of the cons t ruc t ion  of 
fac i l i t i es  t o  achieve t h e  1983 goal  of best p r a c t i c a b l e  
t rea tment .   P lans ,   re levant  t o  t h e  s u b j e c t  of t h i s  paper,  
c a l l e d  for  t h e  development of p i l o t   t r e a t m e n t   f a c i l i t i e s  
t o  test  various  individual  and/or  combinations of t rea tment  
processes.   Coincident w i t h  t h e  p i l o t   f a c i l i t i e s ,   a d d i t i o n a l  
detailed w a t e r   q u a l i t y   s t u d i e s  were  developed, a t  a t o t a l  
cost of $1.1 m i l l i o n .  These s t u d i e s  were based on data 
needs i d e n t i f i e d  by the water quality  monitoring  program  and 
were designed t o  provide   spec i f ic   in format ion   re levant  to 
t h e  development of t h e  p i l o t   t r e a t m e n t  facil i t ies.  S p e c i f i c  
o b j e c t i v e s  of t h e  s t u d i e s ,  now ca l l ed   t he   Puge t  Sound I n t e r i m  
S tud ie s ,  were as follows: 

1. Determine e f f l u e n t   d i r e c t i o n   o f   t r a v e l ,   d i s p e r s i o n  
and   d i lu t ion  rates as r e l a t e d  t o  Metro's marine 
discharges. 

2 .  Determine the  effects of nitrogen  and other macro 
n u t r i e n t s  on t h e  biota of the  r ece iv ing  waters. 

3 .  Determine the effects and f i n a l  d i s p o s i t i o n   o f  
heavy metals on the b i o t a  and sediment regimes. 

4 .  I d e n t i f y  other o rgan ic  tox ins  and  pathogens whose 
o r i g i n  might be e f f l u e n t s  f r o m  Metro facil i t ies.  

5. Document var ious   aspec ts  of e f f l u e n t  plume water 
qua l i ty   such  as dissolved  oxygen, temperature ,  
s a l i n i t y ,  BOD, c h l o r i n e   r e s i d u a l ,  etc.. 

To accomplish these o b j e c t i v e s ,  teams o f   s c i e n t i s t s  from p u b l i c  
and   pr iva te  sectors were commissioned t o  c a r r y  Out  two-year 
s tud ie s ,   cu lmina t ing   i n  mid-1976 w i t h  a series o f   p r o j e c t  
reports t o  be used as an  a id  i n  s e l ec t ing   u l t ima te   t r ea tmen t  
systems t o  meet t h e  1983 goal.  
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Ten pro jec ts   encompass ing   var ious   phys ica l ,   chemica l  and  
b i o l o g i c a l   i n v e s t i g a t i o n s  are now in   p rog res s .   These  
i n v e s t i g a t i o n s   i n c l u d e  (1) t h e  measurement of t i d a l  cur -  
r e n t s   n e a r  West P o i n t   w i t h   t h e  aid of drogues,  ( 2 )  & 
s i t u  measurement8  and  computer  analysis of Rhodamine B- 
dyed e f f l u e n t  t o  d e t e r m i n e   d i r e c t i o n  of t r a v e l ,   d i s p e r s i o n  
and d i l u t i o n  rates, ( 3 )  s t u d i e s  of t h e   i n t e r r e l a t i o n s h i p s  
of hydrographic   fac tors   and   nu t r ien ts   on   phytoplankton  and 
zooplankton   popula t ions   in  t h e  Central   Puget   Sound  basin,  
( 4 )  documentation of t h e   b a s e l i n e   b i o l o g y  of p l ank ton ic  
and pelagic organisms  using mid-water trawls a n d   a c o u s t i c  
recorders, (5)  i n t e r t i d a l   s t u d i e s  t o  document f lora  and 
f a u n a   d e n s i t i e s   o n  beach areas a d j a c e n t  t o  Metro's t reat-  
ment  p l a n t s ,  (6) subtidal s tud ie s   a s ses s ing   t he   mic ro -and  
macrofauna   popula t ions   in  re la t ion  to  sediment  composition 
a n d   e f f l u e n t   d i s c h a r g e s ,  ( 7 )  a n a l y s i s  of var ious  heavy 
metals i n  the water column, the sediments,   and selected 
b e n t h i c  organisms, ( 8 )  t o x i c i t y   s t u d i e s   u t i l i z i n g   c o n t i n u o u s  
flow bioassay   techniques  t o  assess t h e   t o x i c i t y  of v a r i o u s  
trace organics   on  selected vertebrate a n d   i n v e r t e b r a t e  
s p e c i e s ,  ( 9 )  i n v e s t i g a t i o n s  of t h e   h e a l t h  of v a r i o u s  
demersal f i s h e s ,   s h r i m p   a n d   c r a b s   i n   t h e   v i c i n i t y   o f  Metro's 
sewage o u t f a l l s   ( s p e c i f i c   e m p h y s i s  is being   p laced  on 
determining t h e  na tu re   and   causes   o f   f i n  ro t  and   sk in  tumors 
i n   f l a t f i s h e s ) ,  and (10) s t u d i e s   u s i n g   i n   s i t u   i n s t r u m e n t s  
t o  document e f f l u e n t  plume water q u a l i t y   ( v a r i o u s   p h y s i c a l -  
chemical parameters  are being  measured t o  d e f i n e  t h e  e x t e n t  
of mix ing   on   e f f luen t  plume water q u a l i t y )  

-- - 

i 

I 

The Metro Water Qua l i ty   Moni to r ing  program also provides  a 
service t o  va r ious   i n -house   d iv i s ions ,  (i .e. o p e r a t i o n s ,  
water qua l i ty   p lanning   and   envi ronmenta l   p lanning)  , re- 
g u l a t o r y   a g e n c i e s ,  the g e n e r a l  public, and special i n t e r e s t  
groups. The Water Qua l i ty   Moni to r ing  s t a f f ,  working closely 
w i t h  operating divis ions,  help i n c r e a s e  operator awareness 
of t h e  impact o f ' e f f l u e n t   d i s c h a r g e s   o n   t h e   r e c e i v i n g  water 
environment. T h i s  i nc reased   awareness   o f t en t imes   r e su l t s  
i n   q u i c k  reports of unusual wastes e n t e r i n g  the p l a n t ,   a n d  
improved   i n -p l an t   s ample   co l l ec t ion   and   ana lys i s .  However, 
it should be r ecogn ized   t ha t   i n fo rma t ion   f l ow is i n  both 
d i r e c t i o n s .   A s s o c i a t i o n   w i t h   p l a n t   p e r s o n n e l   h e l p s  make 
Water Q u a l i t y  s t a f f  aware of the   complexi t ies   and   problems 
of o p e r a t i n g  modern waste t r ea tmen t  f ac i l i t i e s  . 
The same hold t r u e  for  Water Q u a l i t y  s t a f f  a s s o c i a t i o n s  w i t h  
t h e  Water Qual i ty   Planning  and  Environmental   Planning  Divis ion,  
whose r e s p o n s i b i l i t i e s  l i e  i n  t h e  a r e a s  of long-range 
management of ou r   wa te r  resources. Reports, s p e c i a l   a n a l y s i s  

I 
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of selected d a t a . a n d   i n  some cases raw d a t a  are provided to  
t h e  Water Qua l i ty   P l ann ing   D iv i s ion  for i d e n t i f i c a t i o n  of 
current water q u a l i t y   p r o b l e m   a r e a s .  The informat ion  is 
used t o  f o r m u l a t e   f u t u r e   p l a n s   f o r   b a s i n   w i d e  water q u a l i t y  
management  programs. 

Support  t o  the  Environmental   Planning  groups i s  p r i m a r i l y  
i n   t h e  area of EIS (Environmental   Impact  Statement) reviews 
and  both  in-house  and  outside  agency E I S  r e p o r t s .  

An example of t h e  importance of a sys temat ic   moni tor ing   pro-  
gram i n   m e e t i n g   r e g u l a t o r y   g u i d e l i n e s  was mentioned  pre- 
v i o u s l y  i n  t h e   s e c t i o n  on bletro's best p r a c t i c a b l e   t r e a t m e n t  
s t r a t egy .   The re  are o t h e r  water q u a l i t y   s t a n d a r d s  set by 
t h e  S ta te  of Washington  Department of Ecology  which  need to  
be met. One of t h e  most s t r i n g e n t  of t h e s e   s t a n d a r d s  i m -  
p a c t i n g  iuletro's o p e r a t i o n s  i s  t h e  t o t a l  coliform s t anda rd  of 
70 co l i fo rm per 100 m l s  of water. These s t a n d a r d s  apply to  
many a r e a s  i n  Puget  Sound  including tnose a r e a s   r e c e i v i n g  
e f f l u e n t  d i scha rges  from f o u r  of Metro t r e a t m e n t   p l a n t s .  
Monitor ing  has  ei ther demonstrated t h a t  w a t e r   q u a l i t y   s t a n d -  
a r d s  are being met o r ,  i f   n o t   b e i n g  met, why subs tandard  
c o n d i t i o n s   e x i s t .  For example ,   dur ing   ra iny   per iods ,  t o t a l  
co l i fo rm  concen t r a t ions  may exceed water q u a l i t y   s t a n d a r d s  
i n  c e r t a i n   l o c a t i o n s   b e c a u s e  of storm water d i scha rges  or  
occas iona l   ove r f lows  of combined sewage. 

A n o t h e r   r e g u l a t i o n   a f f e c t i n g  Metro i s  the i l a t i o n a l   P o l l u t a n t  
Discharge  El iminat ion  System (IJPDES) . E s t a b l i s h e d  by P u b l i c  
Law 92-500 and administered through  the   t Jash ington   S ta te  
Department   of   Ecology,   this   program  requires   receiving water 
monitor ing of var ious   parameters  ( i .e .  water tempera ture ,  
pH, DO, ni t rogen ,   and   the   heavy  metals Cd, C r ,  Cu, Pb, H g ,  
Ni, Zn).  These data are sys temi t ica l ly   rev iewed  by  t h e  DOE 
t o  determine i f   r e c e i v i n g  water q u a l i t y  are be ing   adve r se ly  
a f f e c t e d  by Ketro's d i s c h a r g e s .   I n   t h i s   i n s t a n c e ,   m o n i t o r i n g  
has   been   ab le  t o  document t h e   e f f e c t i v e n e s s  of o u r   t r e a t m e n t  
f a c i l i t i e s .  

Water q u a l i t y   s t a n d a r d s ,   h o w e v e r ,  were and sti l l  are t h e  re- 
su l t   o f   envi ronmenta l   awareness   and   pressures   b rought  t o  
bear by t h e   g e n e r a l   p u b l i c   a n d  special i n t e r e s t   g r o u p s .  
Consequen t ly ,   agenc ie s   l i ke  Metro con t inua l ly   need  t o  
d e m o n s t r a t e   t h a t   t a x  dol lars  are be ing   spent   wise ly  t o  
preserve  and enhance water q u a l i t y .  iJo longer  are c i t i z e n s  
content t o  accep t  t h e  v e r h a l  disserations on  the how's and 
wherefores  of sewage treatment. They need  and demand re- 

u 
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s u l t s .  Vivid examples of water q u a l i t y   c h a n g e s  are ,  o f t e n  
times, a r a r i t y .   C o n s e q u e n t l y ,   t h e  results of a p o l l u t i o n  
aba tement   p rogram  a re   usua l ly   in  the form of monitor ing data 
showing water qual i ty   improvements .  

Conclusion 
Water qua r i ty   mon i to r ing   has   p l ayed  a v e r y   s i g n i f i c a n t  role 
i n   t h e   s u c c e s s  of Metro's Water Pollution  Abatement  program. 
Water q u a l i t y  data and  associated  analyses   have  been  an 
i m p o r t a n t   p a r t  of the   dec is ion-making   processes   requi red  by 
Metro and  by Federal, State ,  local a n d   p r i v a t e   a g e n c i e s  
a l i k e .  Today, a l l  p r o j e c t s ,   l a r g e  o r  small, r e q u i r e  the 
s tudy   and   ana lys i s  of w a t e r   q u a l i t y   a n d  other environmental  
impacts.  I n  Metro's i n s t a n c e ,   t h e  Water Qua l i ty   Moni to r ing  
program is provid ing  data r equ i r ed  t o  suppor t  t he  argument 
f o r  wastewater t rea tment   and   d i sposa l   based   on  local water 
q u a l i t y   n e e d s   r a t h e r   t h a n   b l i n d l y   c o m p l y i n g  with Federal 
g u i d e l i n e s  f o r  t h e  sake of meet ing   regula t ions .  This t ype  
of a c t i o n   h a s   r e s u l t e d  i n  s i g n i f i c a n t  cost sav ings   th rough 
c h a n g e s   i n   r e g u l a t i o n s  o r  requirements .   Conversely,  monitor- 
i n g   d a t a  has ,  i n  some cases, r equ i r ed  Metro t o  implement 
more c o s t l y   t r e a t m e n t   a n d   d i s p o s a l  pro'grams. However, i n  
t h e   f i n a l   a n a l y s i s ,   p r o t e c t i o n   o f   t h e  area's water q u a l i t y  
i s  what ' s   impor tan t .  We a t  Metro have  adhered to  t h e  
p h i l o s o p h y   t h a t   t h e   u s e  of p u b l i c  waters f o r  waste d i s p o s a l  
carries wi th  it a n   o b l i g a t i o n  t o  p ro tec t   and   enhance   t he  
q u a l i t y   o f   t h o s e  waters. Water q u a l i t y   m o n i t o r i n g  is a key 
e l e m e n t   i n   m e e t i n g   t h i s   o b l i g a t i o n .  
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ABSTRACT 
I 

Kaiser  Resources  Ltd.  operates  open  pit  and  underground 
coal  mines  in  the  steep  mountainous  terrain of southeastern 
British  Columbia. This operation  produces  six  million short 
tons of metallurgical  coking  coal  annually  and  operates  twenty- m 

four  hours  a  day  on  a  year  round  basis. 

I 

r 
Kaiser  Resources  is  cfxnmitted  to  the  operation of its im 

mines  and  related  facilities  in  an  environmentally'  acceptable 
manner.  In  order  to  meet  this  committment,  KRL  maintains an 
Environmental  Services  Department  which  is  responsible for  -~ 

all  on-site  monitoring. 

I 

This  paper will review  the  methods,  procedures,  and 
equipment  utilized  in  the  day-to-day  monitoring of air  and 
water  quality  at  Kaiser  Resources  Ltd.  Facilities,  along with 
the  parameters  for  analysis of various  constituents  relative 
to  the  requirements of governmental  agencies. 
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I. INTRODUCTION 

1.I 

II) 

I I  

I 

In  order  to  meet  clean  air  and  water  stanadards of 
government  and  the  corporation,  Kaiser  Resources  Ltd. 
established  an  Environmental  Control  Department  in  May of 
1971 which  was  then  staffed  by  an  engineer  and  a  chemical 
analyst.  In 1972 Environ  ental Cont'rol  and Reclamation  were 
combined  into  the  existink  Environmental  Services  Department: 
reporting  directly  to  general  management. 

f" 

Prior  to  the  establishment  of  the  department,  the 
environmental  control  activities  were  the  responsibility -. 
of production  departments  assisted  by  consulting  firms. 

Presently  there  are  nine  permanent  employees in 
Environmental  Services of which  four  are  directly  employed 
for  Environmental  Control.  Their  functions  are  as  follows: 

1) To monitor  all  water,  air  and  solid  waste  products 
on  or  about KRL property. 
2 )  To maintain  government-corporation  rapport  and 
keep  up-to-date  on  environmental  legislation  affecting 
KRL , 
3 )  To make  recommendations  and  to  assist  in  the 

. implementation of remedial  action so that  ecological 
standards  of  both  government and the  corporation  are 
continually  achieved. 
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11. ENVIRONMENTAL  STANDARDS 

*W 

L 

Governments at all  levels  have  responded,  through 
the  creation of environmental  departments,  to  the  public 
concern  for  environmental  management.  However it is often 
confusing  as  to  the  overlapping  jurisdictions  that  have 
occurred  between  Federal,  Provincial  and  even  municipal 
bodies. It  is  important to realize  that  each  level of 
government  has  proprietory  or  ownership  rights  as well 
as  legislative or law  making  rights.  While  the  division 
of territorial  rights  is  fairly  easy  to  make,  the  division 
of legislative  powers  is  often  more  difficult. However, 
regardless  of  which bodyesfabl ishesstandards or objectives, 
the  policing of  these  standards  is  generally  left to the 
provincial  authorities. 

The  traditional  method  of  enforcement  has  been  the 
penalty  approach. As such  the  governments  may  impose 
fines,  such  as  provided  for  in  the  British  Columbia 
Pollution  Control  Act, 1967 or they  can  impose  taxes. 

In B. C. the  most  widely  used  administrative  tool 
is  the  permit  system.  These  normally  take the  form of 
construction  and  operating  permits.  These  allow  the 

government  the  opportunity  of  reviewing  construction  plans, 
emission  control  equipment  and  environmental  impact  studies, 
as  well  as  to  institute  monitoring  programs  as  the 
responsibility  of  the  permittee. 

Rather  than  adopt  Federal  standards, B. C.,following 
public  hearings,  established  three  levels  for  each  general 
industry. All discharges  from  existing  operations  should 
be  meeting  level  IC'  objectives. It is  recommended  that 
existing  discharges  be  upgraded  to  level 'B'  and ultimately 
to  level ' A ' .  Level ' A '  is set as an  objective  for  new 
or  proposed  plants. 

Standards  for  the  coal  industry  are  listed  in  the 
"Pollution  Control  Objectives  for  the  Mining,  Mine-milling, 
and  Smelting  Industries  of  British  Columbia.  (Appendix I) 
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111. ACTIVITIES  (MONITORING) 

1. Air  Monitorin2 

In  order  to  comply  with  the  existing  air  quality 
legislation  in 1971 (District of Sparwood  By-law)  an 

I air  monitoring  program  was  established  in  the  Sparwood 
district.  At  that  time  four  high  volume  samplers  (for 
suspended  particulate)  and  ten  dustfall  samplers 
(established  as  two  networks)  were  put  into  operation. 

As new  legislation  came  into  effect  and  the  need 
for  more  information  grew,  the  air  monitoring  program 
expanded  into  its  existing  state  as  follows: 

1. Six  suspended  particulate  stations 
2. Three  dustfall  networks (14 stations) 
3 .  One  sulphur  dioxide  monitor 
4 .  Two  metrological  stations 
5. Five  sulphation  samplers. 
In  additionto  the  ambient  air  monitoring,  the 

department  also  monitors  stack  emissions  (source  testing) 
from  one  to  six  times  a  year  as  required by conditions 
of permit  or  operating  need. 

2. Water  Monitoring 

A  surface  water  monitoring  program was instituted 
by Kaiser  Resources  Ltd.  in 1971. This program's  purpose 
was twofold: 

1. To determine  the  natural  water  quality of the 
Elk River  and  its  affected  tributaries 
2. To determine  the  effect of Kaiser's  operations 
on these  water  courses. 
This  program  was  carried out by the Environmental 

Control  Department,  samples  being  collected  by  the 
department's  analyst and/or  engineer. Sampling  and 
analysis  was  performed,  as  far  as  possible,  in  accordance 
with  the  lastest  edition of "Standard  Methods  for  the 
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L 
Examination  of  Water  and  Waste  Water". 

As the  water  monitoring  program  grew  into  its  present 
form,  the  time  involved  for  sample  collection  and  analysis 
dictated  the  need  for  the  program to be split  into  three 
parts. As such  there  are  now  three  separate  networks 
which  are : I 

1. Elkview  Network - li  samples 
2 .  Michel  Network - 14 samples 
3 .  Miscellaneous - 8 samples 

w 

II 

I 

These  samples  are  analysed  for  as  many  as  fourteen  consituents. ' 

In  addition  to  the  internal  monitoring  the  department 
also  maintains  a  sampling  and  monitoring  program of ground 
and  surface  water  as a requirement  of  Elkview  refuse  permits, 
and  an  effluent  monitoring  program  as  a  requirement of Harmer 
and  Michel  sewage  permits. 

* 

I 

The  major  equipment  used  in  the  day-to-day  monitoring I 

is listed on  the  following  page-. 
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TABLE 1 
" 

" EQUIPMENT 

I I  

1 1  

I 

1. Lab - 
a) analytical  balance  (with  pollution  chamber) 
b) incubator  (capable of holding  floc) 
c) pH  meter 
d)  muff  le  furnace 
e) colorimeter 
f) spectrophotometer 
g) drying  oven 
h) gas  partitioner 
i) distillation  unit 
j) filtration  assembly 

2. Field 

I I  

r 

\v 

I 

I 

four wheel  drive  pick-up  truck 
high  volume  samplers (6) and  calibration kit 
EPA stack  sampling  train 
orsat  gas  sampler 
high  volume  stack  sampler 
SO2 monitor 
anemometers ( 2 )  

water  velocity  indicator  (direct  reading) 
dustfall  stations  (14) 
barometer 
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IV. PARTICULATE  MONITORING - AMBIENT 

- 1. Suspended  Particulate 

Air-borne.dust particles  are  generally  less  than  100 
microns  in  diameter.  However  suspended  particulate is 
considered  to  be  those  particles  below 10 microns.in diameter 
since  they  have  no  significant  weight o inertia  and  tend 
to remain  suspended  indefinitely  in  the 4 atmosphere.  Owing 
to  a  lower  specific  gravity,  coal  dust  will  become  suspended 
at lower  air  velocities  and  tend  to  remain  in  suspension 
longer  than  road  dust. Thus,  a  given  polydispersed 
distribution of coal  particles  would  result  in  more  suspended 
particles  than  a  similarly  polydispersed  distribution of road 
dust.  This  point  should  be kept in  perspective  when  dealing 
with  air  quality  standards. 

Suspended  particulate  is  conventionally  sampled  with 
high  volume  filtration  devices.  Kaiser  Resources  operates 
six  standard  Hi-volume  samplers  enclosed  in  conventional 
shelters  (Figure 1). Two  samples  are  located  in  residential 
areas,  three  in  industrial  areas  and one in  a  background 
area  (Figure 2 ) .  

Glass  fibre  filters  (having  a  collection  efficiency 
greater  than 99 percent - based on particle  count)  are 
used  to  filter  particulate  matter  from  the  sample  air. 
Ambient  air  is  drawn  through  the  filter at a  known  rate 
for a  period of twenty-four  hours  (standards  are  based 
on a  twenty-four  hour  sampling  period). The weight of the 
particulate  matter  is  simply  divided by the  volume of 
air  passed  through  the  filter  and  the  resultant  calculation 
is the  average  dust  concentration  (expressed  as  micrograms 
per  cubic  metre)  for  the  sampling  period. 

The  procedure  followed  by KRL is  presented  in 
Appendix 111. 
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im Sparwood  By-law #I11 (amendment  to  By-law 57) 

\ ,  specifies  certain  industrial  and  residential  particulate 
I standards  (Appendix 11). Since  most  air  pollutants  are 

'1 is  set  up  with  limits  based on 50% and 8 4 %  of the  readings 
distributed  approximately  lognormally  the  Sparwood By-law 

being  less  than  given  concentrations. In a  lognormal 

i l  distribution,  the 50% reading  should  coincide with the 
arithemetic  mean  and  the 84% reading  represents  the 
concentration  which  is  one  standard  deviation  larger  than 
the  mean. The present  trend,  however,  as  illustrated  in 
the B.  C. Pollution  Control  Objectives, is toward  the  use 
of  the  geometric  means  to  express  criteria  and  standards 
for  particulate  matter.  This  variance  in  criteria for 

I I  

1 1  

I 

'I 

ri 

r l  

'I 

setting  standards  often  leads to confusion  especially  if 
one  desires  to  determine  which  standards  are  the  most 
stringent.  Regardless, it is essential  that  particulate 
levels  comply  with  all  regulations. 

The  conditions of the KRL permit  for  air  emissi-ons 
require  that  suspended  particulate  be  sampled, at all 
stations, 61 times  a  year on a  random  basis.  Kaiser 
operates  all  high  volume  samDler  four  times  a  week  in 
order  that  sufficient  data  can be obtained  for  correlation 
with  the  Sparwood  By-law. 

The  Pollution  Control  guidelines  for  coal  preparation, 
coke  plants  and  bulk  loading  facilities set  objective 
levels  for  the  amount of coal or coke  in  the  suspended 
matter. Initial  attempts  were  made  to  determine  percent 
coal  by  ashing  the  samples,  This  procedure was not too 
successful  owing to poor  accuracy  of  results  and  the  need 
to  operate two stations  at  each  location  since  ashless 
filter  papers  cause  a  rapid  reduction of  air  flow  through 
the  sampler. Coal  determinations  are  presently  determined 
by a  pyridine  coal  extraction  method. 

High  volume  samplers  have  been  very  useful  in 
determining  dust  levels  and  effects  of  control  measures. 
The  samplers  are very  reliable  mechanically.  Very  little 

I 

I 

i 
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maintenance  is  required  beyond  periodic  brush  changes. 
Calibration  of  the  samplers  is  recommended  every  month, 
however KRL has found  that  calibration  is  only  required 
at  each  change  of  the  brushes.  The  use of transformers 
to reduce  operating  voltage  from  110  volts to 80 volts 
has  increased  brush  life  as  much  as  three  times.  Some 
samplers  operate  in  excess  of  four  months  between  brush 
changes.  The  use  of  high  volume  samplers  is  limited  to 
areas  where  electrical  power  is  available.  These  areas 
are  often  near  points  of  high  work  activity  making it 
difficult  to  obtain  representative  samples of more  than 
a  very  localized  area. 

2 .  Dustfall 

Dustfall  is  a  measure  of  particulate  matter  that 
settles  out  of  the  air.  Generally  speaking  dustfall 
consists  of  particles  greater  than 10 microns  in  diameter. 
Particulate  matter  distribution  is  usually  skewed  to 
the  small  particle  end of a  plot  percent  frequency  versus 
particle  size.  That  is,  in  a  normal  particle  dispersion, 
there is a  greater  percentage  of  smaller  sizes.  Thus, 
the  majority of particle  sizes  is  in  the  form of 
suspended  particulate  matter when-consfdering a  typical 
polydispersed  distribution.  In  incidences  where  a  heavy 
dustfall  is  found  with  relatively  low  suspended  partichlate 
matter  levels, it can be  seen  that  large  particles  are I 

being  artificially  introduced  into  the  atmosphere. 
These  particles  usually  emanate  from  mechanical 
or  combustion  sources.  Most  settable  matter  will  only 
remain  airborne  for  a  few  days  at  most. 

\ 

Dustfall  is  determined by exposing  a  cannister 
containing a.collection medium  to  the  air  for  a  one 
month  period.  After  exposure  the  cannisters  are  sealed 
and  taken to the  laboratory  for  gravimetric  analysis. 
Dustfall  is  expressed in  tons  per  square  mile  per  month 
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or in  milligrams  per  square  centimetre  per  month. 
Two dustfall  networks,  Elkview  and  Natal-Michel 

(ten  cannisters),  were  established  in  December 1971. 
A third  network  (four  cannisters)  were  added  in  the 
Sparwood  area  in  July 1972. This  brought  the  dustfall 
monitoring  up  to  its  present  state  (Figure 3 ) .  , 
Kaiser  uses  standard  dustfall  cannisters  which  hre 8 . 5  

inches  high  and  have a top  diameter of 4 inches  tapering 
to 3.5 inches  at  the  bottom.  Guidelines as reference 
to  assist  in  the  selection of dustfall  sites  and  the 
laboratory  procedure  for  the  determination of dustfall 
are  presented  in  Appendix IV. 

In the  past,  dustfall  samples,  like  suspended 
particulate  samples,  were  ashed  in  an  effort to determine 
the  percent  coal.  The  accuracy  of  the  ash  tests is rather 
poor. Coal  determinations  are  now  being  made  by  the 
quasi-standard  pyridine  coal  extraction  method . The 
success  (or  failure) of this  method  has not yet been 
established  by  KRL. 

Though  dustfall  measurements  are  not  highly  accurate 
their  use by KRL  has  been  very  successful.  Although 
stack  emissions do contribute  to  measurable  dustfall, 
large  variances  in  winter and  summer  dustfall  levels 
indicate  that  the  largest  percentage is due  to  fugitive 
dust  sources  such  as  vehicle  travel  and  stockpiles. 
Dustfall  measurements aidin determining  the  success or 
failure of control  techniques  as  well  as  providing  a 
measurement  for  the  effects  in  relatively  localized  dusty 
areas. 

Kaiser's  dustfall  program  was  accepted  by  the PCB 
as  being  adequate  for  dustfall  monitoring  as  a  requirement 
of Elkview's air  emission  permit. 
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V. SULPHUR DIOXIDE MONITORING - AMBIENT 

,I 

Y 

wy 

u 

YL 

Iy 

Sulphation  Index  is  the  simplest  method  for  the 
determination of sulphur  dioxide  pollution. An inverted 

, plate  containing  a  suspension of lead  dioxide is exposed 
to'the atmosphere for one month.  Sulphur  dioxide  reacts 
dith the  lead  dioxide  to  form  lead  sulphate.  Sulphation 
index  monitoring  has  the  advantage  .of  being  economical, 
convenient  to  sample  and  analyze,  and  sensitive  to  low 
atmospheric  concentrations of sulphur  dioxide.  The 
resulting  lead  sulphate is measured  turbidimetrically  and 
reported  in  mg  S03/dm  /day. 

r 

2 

As a  requirement of Elkview's  air  emission  permit, 
five  sulphation  plates  have  been  located  to  cover  the 
E - W directions of the  Elkview  and  Michel  Plants, 
measured 12 times  per  year. 

Ambient SO2 levels  have  also  been  monitored  using 
a  cpntinuous  recording  conductivity  monitor.  This  unit 
is no longer  in  use  owing  to  extremely  high  maintenance 
and.difficulties in  calibration. A review of SO2 data 

indicates  that  the  monitor  serves  little  purpose  (ambient 
levels  are  always low  and  the  instrument does not indicate 
plant  upsets ) .  Also, since  the  level of sulphur  in the 
coal is l o w ,  it i s  f e l t  t h a t   t h e  operation of this monitor 
is not  required. 
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VI. METEOROLOGICAL  PARAMETERS 

L 
Two cup-type  anemometers  for  measuring  wind  speed 

and  direction  have  been  established  in  the  Sparwood  area. 
One  station  is  located  in  downtown  Sparwood  and  the  other 
near the  Elkview  Plant.  Also,  daily  readings of precipitation, 
barometric  pressure,  maximum  ambient  temperature  and 
minimum  ambient  temperature  are  recorded. 

This  data  is  summarized  daily,  weekly or monthly 
as  required  and  reported  with  ambient  monitoring  results. 

Meteorological  data  is  useful  for  both  data 
interpretation  and  site  selection  for  monitoring  stations. 
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VII. SOURCE TESTING 

Source  testing  was  first  performed for KRL'in 1971 
by  outside  consultants  in  order  to  obtain  necessary  data 
to  apply  for  air  emission  permits.  Since  that  time,  an 
air  emission  permit  has  been  received for the  Elkview 
coal  prepararion  plant  and  all  the  necessary  equipment is 
on hand  for "in  house"  monitoring. 

In B. C. source  testing  procedures  (stack  emissions) 
for  the  determination  of  particulate  concentration, S O 2 ,  

.and the  rate  of  discharge  (flow  rate)  are  to  be  carried 
out in  accordance  with  the  procedures  described  in  the 
third  edition  of  "Source  Testing  Manual  for  the  Determination 
of Discharges  to  the  Atmosphere".  Alternative  methods  must 
be approved  by  the  Director  (of  the B. C. Pollution  Control 
Branch). 

A  summary  of  stack  monitoring  as  performed  by KRL is 
presented  on  the  following  page  (Table 2). 

To analyse  the  gaseous  constituents of the  stack  gases, 
an  orsat  type  analyser  is  used  to  monitor  high  levels  (in 
the  percent range)-of carbon  dioxide,  carbon  monoxide  and 
oxygen.  These  data plus percent  moisture  are  used  to 
determine  the  density  of  the  stack  gases. 

Stack  velocities  (and  hence  rate of discharge)  are 
measured using a pitot  tube  and  inclined  manometer.  Rate 
of discharge  is  reported  in  standard  cubic  feet  per  minute 
(SCFM) where 1 SCFM is  defined as one  cubic  foot  per 
minute  of  dry  gas  at 6 8  F and 1 atmosphere  pressure. 0 
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Emission 
source 

Elkview 
Coal Dryer 

Raw Coal 

Dedusting 
Elkview 
Boilers 
Clean Coal 
Silo 
Dedusting 
Met belt 
Dedusting 
Breaker 
Station 
Michel 
Boiler 
Coke 
Ovens 
Michel 
Coal 
Dyer 
Michel 
Breeze 

. Silo 

. Dryer 

# of 
Stack! 

2 

1 

1 

2 

1 

1 

1 

4 

4 

1 

TABLE 2 
GL- - d 

STACK MONITORING SUMMARY - 
Pollution 
Control 
Equipment 

4 cyclones 
Impingment 
Scrubber 

Baghouse 

Venturi 
Scrubber 

Venturi 
Scrubber 
2 cyclones 

. 

.? 

cyclones 
scrubbers 

Cyclone 

Particulate 
SO2, flow  EPA(2) I 
Particulate, 

Particulate, 
. flow 

Particulate, 

EPA 

flow Rad& ( 3 )  

flow Rader 

Particulate, 

Particulate, 

Particulate, 

Particulate, 

flow 

flow  Rader 

Rader 
. . -  

so2, flow  EPA 

Particulate, - 

so2, flow  EPA 

particulate, 
SO2, flow EPA 

" 

Emission  Type: 
1. High  Temperature,  High  Moisture 
2. High  Temperature, Low Moisture 
3.  Low Temperature,  High  Moisture 
4 .  Low Temperature, Low Moisture 

3 

4 

4 

4 

4 

4 

2 

1 

3 

4 

( 2 )  EPA - Emission  Particle  Analyser 
PM 100  sampling  train 

( 3 )  Rader - High  volume  stack  sampler 
( 4 )  Annual  monitoring  frequency as  required  by  permit 

Annual ( 4 )  
Monitoring I 
Frequency 

1 
Y 

1 
" Y 

1 

0 

1 

4 . .  tll1 
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To determine  particulate  loading,  recorded  in  grains 
per  standard  cubic  foot,  in  the  various  stacks  two  types 
of samplersare  employed  to  obtain  representative  results, 
One of the  two  types  is  specified  for  the  four  categories 
of stack  exhausts  present. 

1. High " ""- Temperature """-L-"""""" Low Moisture 

This  type  of  exhaust  is  present  at  the  four  Michel 
coke  oven  stacks.  These  stacks  are  sampled  with  a  Lier- 
Siegler  PM-100 EPA sampling  train.  Moisture  is  determined 
by  collection  in  the  impingers. 

2. High " ""- Temperature " "" ,L"""""", Low Moisture 

This  type  of  exhaust is present at the  Michel  Boiler 
Stack.  Sampling  is  the  same  as  category 1. 

3 .  Low """- TemEerature """,L", High """"" Moisture 

This  type of exhaust  characteristic  is  commonly  found 
when  the  flue  gases  pass  through  a  liquid  scrubber  system 
before  entering  the  discharge  stack.  These  exhausts  are 
present  at  the  Elkview  and  Michel  coal  dryer  stacks. The 
EPA  train  is  most  suitable  here  owing  to  its  wet  impingement 
collection method. 

4 .  Low """_ Temperature """-~""""-"" Low  Moisture 

This  type of  emission  is  present  at  the  Raw  Coal S i l o s ,  

Clean  Coal  Silos,  Elkview  Boilers,  Met  Coal  Belt  Deduster, 
Breaker  Station,  and  Michel  Breeze  Dryer.  For  these  sources, 
a  high  volume  stack  sampler is often  the  most  appropriate 
train  to  use  (except  for  combustion  sources). 

The  emission  particle  analyser (EPA) sampling  train 
used  by  Kaiser is a  Lear-Siegler  PM-100  model.  In  this 
sampling  train,  the  gas  sample  passes  through a cyclone, 
filter,  and  wet  impingers.  Sampling  rates of 0.5 to 1.0 
cfm  are  used  to  establish  isokenetic  sampling  conditions. 
A sketch of the  PM-100  sampling  train  is  shown  in  Figure 4 .  

The high  volume  sampler  train  used  by  Kaiser  Resources 
is capable  of  drawing  up  to 4 0  cubic  feet  per minute,  thus 
saving  time  and  labour  in  collecting  samples.  Furthermore, 
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the  Rader  high  volume  sampler,  as  shown  in  Figure 5, is 
easy  to  handle  and  uses  the  same  type of 8 inch  by 10 inch 
glass  filter  paper  as  the  ambient  high  volume  samplers. 
This  sampler is widely  used  in  the  Pacific  Northwest. 

The  sample  is  drawn  to  the  collector  by  a  blower 
located  downstream  and  isokinetic  conditions  (determined  by 
a  pilot  near  the  nozzle entrance)! are  maintained  by  adjusting 
a vavle  located  at  the  inlet to the  blower. 

The  stack  sampling data, as well as dustfall  and  suspeneded 
particulate  data  is  reported  quarterly  to  the PCB Director 
as a condition of permit. 
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WATER  MONITORING 

Kaiser  Resources  maintains  an  internal  water  monitoring 
in  addition to the  programs  required  by  permit.'  Unless 
detailed  in66rmation  is  required,  such  as  fluctuations  in 
plant  operation,  most  analyses  are  performed on grab  samples 
or simple  composite  samples  (over a1 short  time  span). 
Generally,  a  two  litre  sample is adequate  for  most  analyses. 

Since  sample  changes  may  result  if  long  storage  periods 
are  required,  the  internal  water  monitoring  program was 
split  into  three  netwdrks.  This  permits  collection  and 
analysis  of  samples  to  be  completed in  one day. Comparisions 
of field  analysis  and  laboratory  analysis  (except  for 
dissolved  oxygen)  has  shown  no  sighnificant  differences  in 
results  if  analysed  the  same  day. 

1. Internal  Water  Monitoring 

The  water  samples  collected  for  internal  monitoring 
are  listed  in  Table 3 (parts 1 to  3)  and  shown  in Figure 6. 
Analysis  parameters  are  listed  in  Table 4 .  A  typical  report 
sheet  is  illustrated  in  Figure 7. 

The  Michel  and  Elkview  networks  are  named  for  the  plant 
operations  which  may  affect  part of the  samples,  and  are 
e n t i r e l y   s e p a r a t e ,   h a v i n g   n o   e f f e c t   o n  each other. Each 

group of samples  is  collected  every  twodeeks.  Not all 
parameters  are  included  in  the  analyses  each  time,  and some 
parameters  are  included  as  a  measurement of background or 
"unaffected"  water  quality.  There  is no set  rule  for  the 
samples  and  analyses  required.  The  elimination or  continuation 
of any  given  sample  is  based on  experience. 

All  analyses  are  now  performed  in  accordance  with "A 

Laboratory  Manual  for  the  Chemical  Analysis  of  Water,  Waste- 
waters  and  Biological Tissues", or the  13th  edition of 
"Standard  Methods  for  the  Examination  of  Water  and  Wastewater". 
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TABLE 3 

WATER SAMPLES 

1. Elkview Network 
Sample 
D e s i g n a t i o n  D e s c r i p t i o n  

ER 1 
EP 2 

sc 1 
HD 1 
HD 2 
GC 1 
GC 2 
SM 1 
oc 1 
wc 1 

cc 1 

Elk   River   Ups t ream t o  E l k v i e w   P l a n t  
E&k River  Downstream t o  E l k v i e w   P l a n t  V 

Sawmill   Creek a t  c o n f l u e n c e   w i t h  Harmer Creek 
I n f l u e n t   t o  
E f f l u e n t  t o  
Grave Creek 
Grave Creek 

Harmer D a m  
Harmer Dam 
a t  c o n f l u e n c e   w i t h   E l k  River 
above Harmer Creek 

IC 

S i x  Mile Creek a t  c o n f l u e n c e   w i t h  E l k  River 
Ot to  Creek a t  c o n f l u e n c e   w i t h   E l k  River 
Whi t ing  Creek a t  c o n f l u e n c e  w i t h  E l k  River 
Cummings(Wi1son)  Creek a t  c o n f l u e n c e   w i t h  I 

E l k   R i v e r  

Y 

2. Michel  Network 
Sample 
D e s i g n a t i o n   D e s c r i p t i o n  

AC '1 
MC 1 
MC 4 

MC 2 
MC 3 

ED 1 
ED 2 
EC 1 
"1 
BN 1 
BN 2 

m a  
"9 
BC 1 

p. 

Alexander   Creek a t  c o n f l u e n c e   w i t h   M i c h e l   C r e e k  
Michel   Creek  upstream t o  M i c h e l   P l a n t  
Michel   Creek  downstream t o  M i c h e l   P l a n t   a n d  
H y d r a u l i c  Mine s c r e e n i n g   p l a n t  
Michel   Creek a t  c o n f l u e n c e   w i t h   E l k  River 
Michel   Creek   ups t ream of Alexander   Creek 
I n f l u e n t  t o  E r i c k s o n  D a m  
E f f l u e n t   f r o m   E r i c k s o n  Dam 
E r i c k s o n  Creek  a t  c o n f l u e n c e   w i t h   M i c h e l  Creek  

Michel Mine water (abondoned Balmer S o u t h )  
Balmer Nor th  Mine water u p p e r   p o r t a l  
Balmer Nor th  Mine water lower p o r t a l  
Coke Oven e f f l u e n t  
M i c h e l   s e t t l i n g   p o n d s   e f f l u e n t s  t o  Michel  C r e e k  
Baldy  Creek a t  c o n f l u e n c e  t o  Michel   Creek  
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TABLE 3 ( C o n t ' d )  

I 

3 .  Misce l laneous   Network  

Sample 
D e s i g n a t i o n   D e s c r i p t i o n  

- 

UD 1 
UD 2 

UD 3 

LD 2 

BC 1 
BC 2 

BC 3 

Harmer R i d g e   o x i d a t i o n   d i t c h   i n f l u e n t  

Harmer R i d g e   o x i d a t i o n   d i t c h   e f f l u e n t  

Harmer R i d g e   J o x i d a t i o n   d i t c h   r e c y c l e  

M i c h e l   O x i d a t i o n   d i t c h   e f f l u e n t  

Baldy  Creek a t  c o n f l u e n c e  t o  Miche l   Creek  

Baldy  Creek a t  head  waters below UD 2 

Baldy   Creek   ups t ream t o  B a l m e r  North  Mine 

cw 1 Michel  Compressor c o o l i n g  water 

4 .  Elkv iew  Pe rmi t   Samples  - 
Sample 
D e s i g n a t i o n   D e s c r i p t i o n  

EP 1 
EP 2 

EP 3 

EP 4 

EP 5 

EP 6 

EP 7 
EP 8 
EP 9 
EP 10  

EP 11 

'I 

c 

'I 

EP 1 2  

E P  1 3  

EP 1 4  

EP 1 5  

EP 16  

EP 17  

EP 1 8  

E lk  River u p s t r e a m   f r o m   E l k v i e w   P l a n t  

E l k   R i v e r   d o w n s t r e a m   f r o m   E l k v i e w   P l a n t  

E l k v i e w   P l a n t   t a i l i n g s  t o  l a g o o n s  

L a g o o n   s u p e r n a t a n t  ( t o  r e c y c l e )  

Camp w e l l  ( d e s t r o y e d )  

Ne11 below  Lagoon A ( d e s t r o y e d )  

Well below  Lagoon C 

Well below  Lagoon C 

Well B e l o w  Lagoon C 

S u r f a c e  water b a c k g r o u n d   s a m p l e   ( e l i m i n a t e d  
from  program  by PCB) 

S u r f a c e  water, O l d   r e f u s e  s i t e  ( d e s t r o y e d   b y  
e x p a n s i o n  of r e f u s e  s i t e )  
S u r f a c e  water,  New r e f u s e  s i t e  
O t t o  Creek  a t  c o n f l u e n c e  t o  E l k   R i v e r  
S u r f a c e  water ,  swamp be low new r e f u s e  area 
Ground water, c o a r s e   r e f u s e  s i t e  
Well below Lagoon D 

Well be low Lagoon D 

Well below Lagoon D 
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TABLE 4 

L 

I 

I 

ANALYSIS PARAMETERS - WATER 

1. I n t e r n a l  

Tempera ture  

Dissolved Oxygen 

Biochemica l  Oxygen Demand (BOD5) 

A l k a l i n i t y  

A c i d i t y  

PH 
Suspended  Sol ids  

D i s s o l v e d   S o l i d s  

T u r b i d i t y  

Color 
I r o n  

P h e n o l i c s  

Ammonia 

O i l  and Grease 

S u r f a c t a n t s  

Flow  Rate 

S u l p h a t e s  

2 .  E x t e r n a l  
I r o n  

N i c k e l  

Lead 

Zinc 

Chromium 

Aluminium 

Copper 

Mercury 

A r s e n i c  

F i l t e r e d   O r g a n i c   C a r b o n  

Co l i fo rm 

! 
I 
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2 .  Water Moni tor ing  - P e r m i t s  

U 

111 

I 

'Yb 

'I 

A sampl ing   and   moni tor ing   program for s u r f a c e   a n d   g r o u n d  
water was e s t a b l i s h e d   i n   c o n j u n c t i o n   w i t h   t h e   g r a n t i n g  of 
r e f u s e   p e r m i t s  for  t h e   E l k v i e w   P r e p a r a t i o n   P l a n t .   S a m p l e  
s i te  l o c a t i o n s  were s e l e c t e d   i n  t h e  f i e l d  by r e p r e s e n t a t i v e s  
f r o m   t h e   P o l l u t i o n   C o n t r o l   B r a n c h .  

t 
I n i t i a l l y ,   s a m p l e s  were r e q u i r e d   e v e r y  s i x  weeks  and ! 

t h e r e  were four teen   samples   encompass ing!   twenty- two  ana lys i s  
parameters .   This   p rogram was r e v i s e d   a f t e r   t h r e e   y e a r s  
r e q u i r i n g   f i f t e e n   s a m p l e s   ( F i g u r e  8 )  t o  be c o l l e c t e d   e v e r y  
q u a r t e r .  The  number of p a r a m e t e r s  was reduced  t o  t h i r t e e n .  

The  program i n  i t s  p r e s e n t  form i s  as  f o l l o w s :  
1. Samples are to  be c o l l e c t e d   a n d   r e p o r t e d   q u a r t e r l y  
2 .  S a m p l e s   c o n s i s t  of s e v e n   s u r f a c e  water samples ,  

seven   ground water s a m p l e s   a n d   o n e   e f f l u e n t   s a m p l e   ( P r e p a r a t i o n  
P l a n t   f i n e   t a i l i n g s )  

3 . A n a l y s e s   i n c l u d e s   t h e   f o l l o w i n g   p a r a m e t e r s :  t o t a l  
so l id s ,  mg/ l ;   t u rb id i ty ,   mg / l  as S i 0 2 ;  pH; a l k a l i n i t y ,  
mg/l as CaC03;  a c i d i t y ,  mg/l as C a C 0 3  t o  p h e n o l p h a t h a l e i n  
e n d   p o i n t  a t  pH 8 . 3 ;  t o t a l  o r g a n i c   c a r b o n  f i l tered,  mg/l; 
d i s s o l v e d  metals, Cu, P b ,  Fe,   and C r ,  mg/l; t o t a l  Hg, mg/l. 

All a n a l y s i s  i s  performed  on s i t e  w i t h   t h e   e x c e p t i o n  
of t o t a l  o r g a n i c   c a r b o n  f i l tered,  d i s s o l v e d  metals Cu, Pb, 
Fe,  C r  and t o t a l  H g .  

3.   ! j l iscellaneous - 

u 

u 

Two l a r g e  dams h a v e   b e e n   b u i l t   o n  Harmer and   E r i ckson  
Creeks  i n  order t o   p r o t e c t  down stream v a l u e s  from p o s s i b l e  
m i s h a p s   d u r i n g   s u r f a c e   m i n i n g  ac t iv i t ies .  Water l i c e n c e s  
r e q u i r e  t h a t  t h e   b u i l d   u p  of solids be m o n i t o r e d   a n n u a l l y .  
T h i s  i s  accompl i shed   du r ing  t h e  w i n t e r  by t a k i n g   d e p t h  
measurements   form  the ice s u r f a c e .   D u r i n g   t h e   w i n t e r ,  
snowmobiles are r e q u i r e d   f o r  access t o  t h e  dams. A set 
o f   r e a d i n g s   t a k e s   t h r e e  men from t w o  t o  f i v e   d a y s  t o  comple t e  
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depending on ice  and  weather  conditions.  Approximately 
one hundred  readings  taken at ten to fifty  foot  spacings  are 
required  in  order  to  draw  the  necessary  contour  map. 

Blowing  dust  from  unit  coal  trains  has  long  been  an 
aesthetic  pollution  problem.  Control of  blowing  dust is 
accomplished  by  spraying  each  coal  car  at  the  mine  site 
with a chemical  binder.  At  this  time  the  only  succeFsfu1 
method of monitoring  the  effectiveness  of  the  binderb is 
to  view  the  individual  cars  at  the  unloading  port. 
Effectiveness is based  on  the  amount of  binder  crust  remaining 
on  the  coal  surface  after  transport. 

Two sewage  facilities  (oxidation  ditches)  under  permit 
require  composite  effluent  samples  (over  four  hours)  to  be 
collected  every  three  months.  Analyses of  the  samples 
are  made for:  a)  5-day  Biochemical  Oxygen  Demand 

b) Total  Suspended  Solids 
c)  Fecal  Coliform  Bacteria 

Reports of analyses  aiong  with  the  flow  rate  for  a 
twenty-four  hour  period  each  week  are  submitted  to  the 
Pollution  Control  Branch  annually. 

N 
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IX. DISCUSSION 

Kaiser's  environmental  monitoring  has  developed  steadily 
over  the  last  five  years  but  still  has  a  long  way  to go. 
Reduced or increased  water  monitoring will  take  place  this 
year  after  a  detailed  review of the  data. A suitable  procedure 
for  sampling  the  Elkview  dryer stacks1 has yet to be  established 
owing  to  the  short  stacks  (eight  feed)  which  are  twenty  feet 
in  diameter,and  have  a  negative  flow  in  the  centre. The 
optimum  use  of  coal  binders  both  for  unit  trains  and  stockpiles 
has  not  been  determined.  The  use  of  continuous  monitors,  for 
water  and  stack  emissions  needs  further  investigation  and  the 
field of  biological  analysis  has  not  been  entered. 

This  list  is by no  means  complete. New and  improved 
monitoring  devices  are  coming  on  the  market  almost  daily  and 
the  need  for  analysis of various  parameters is constantly 
changing. 

As a general  guide  in  establishing  a  monitoring  program, 
the  best  source of information  is  the  Provincial  Pollution 
Control  Branch.  The  Regional  offices of  the PCB are  generally 
well  staffed  with  qualified  personnel who are  very  willing  to 
provide  informa,tion  regarding  procedures  for  monitoring  and 
the  standards  that  must  be  met. 

. -  

I 

w 
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THE  MINING,  MINE-MILLING  AND 
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T 3. APPENDICES 

APPENDIX I 
MINING,  MINE-MILLING,  SMELTING, AND ASSOCIATED INDUSTRIES 

Table I-Desirable Levels of Ambient Air Quality 
w 

"" I 1  1. Sulphur dioxlde 1" 
53 

266 
0.02 

0.10 

1 0.03 

0.14 

0.3 

m 
373 

799 

" 

' 8 0  
1 0.03 

373 

799 
0.14 

0.3 

I "i - 
" 

199 
0.3 

Continuola. 

U houn per week. v 
I -I---"I---- 

260 
75 

t 
J 

0.05 
0.1 
" 

0.5s 

0.875 

1 .o 
4.2 
1 .o 

15 

25 

" 

3 
5 

o w  
0.1 "_ 
0.525 

15 

25 
0.875 

1 .o 
0.2 
1 .O 

"_ 

4 
8 

0.1 
0.3 

0.700 

1.225 

1 .o 
03 
1 .o 

20 

35 

" 

Colleucd over one month 
wrlod. 
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c ' Table 1l"objecdves for Gaseous and Parricuiarc Emissionr 

Zinc as Zn 

IC 

Sulpbur dioxide 
(excluding power boilen)- 

(a) Option I----- 

(b )  Optlon XI 

229 
0.100 I '":.125 

1 11 
0.003 0.005 

1 t 1 1 :  
0.003 0.OOS 

I 

7 ' 11 
0.003 0.005 

1 
0.003 0.00s 

11 

7 
0.003 0.00s 

11 

, .  , 

ppm 1 z 
Sulphur dioxide control r4 

(See sectlon 2.2) 
I I 

C 

2 3 '  

0.010 

23 
0.010 

23 
0.010 

23 
0.010 

656 
500 
me 

1 Levels apply to each discharge on UI indfvldull b u b .  

Monltorky 

tokinetlc slmpllng on a O . i ,  @arc 

Isoklnctlc rampllng on a 0.3" glub 

flbre ffltcr followed by gravimetric 
rndYSh.  

flbre fllter followed by dipcrtion 

tion nnalyrit for lead. 
and colorimetric or aIomic absorp 

IsoWnctic sampling on a 0.3- glur- 
flbre 5lter followed by b;hertion 
m d  colorimetric or atomic absorp 
Uon analysis for rlnr 

fibre filter followed by &gestlon 
and colorimetric or atomlc absorp 
tlon analysis for cadmlum. 

flbre f l l ~ a  followed by b;restlw 

I~oklaetlc sampllng with absorption 
and colorimetric mlly8fs of ancnic. 

la 1 M KMnO4 solutlon and maly- 

Isokiactlc rampllng on a 0.3- glarc 

Isoklnetlc srmpllng on a 0.3- Jarc 

IC1 ey Iamelea atomic rbtorpuon. 

CoDttrruoru analyserr on discharges 
greater Ibm 250 ppm. 

I 

Y 

'Y 

Y 

W 
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Table III3onirol Objectives jor Gaseous and Particulate Emissions 
jot Specific Processes -. 

Contaminant 
B 

Moni tob  

A. Emlsslon Control Objeetlvu 
1. Aluminum reduction -_-_ 

( b )  Fluoride (gaseolll and particulate: 
(a) Total particulate,lb./ton of A 

-.".-"--lb./ton Of A 

Discharge: Isokinetic sampling on r O S s  
glass-fibre 5lter and 0.1 n o d  noodium 
bydroxldc solution followed by ~01013- 
metric or rpedfic ion aaalyrir. Envirop 
m a t :  Continuous amblcnt Ik analyda 
and biota-soil survey (see seaion 2.S). 

metric or atomic rbaorptlon ~nlyrL. 
dlter followed by digestion and color$. 

IWkfnetJC  iPmp&O On a 0.3-s g1IJdlbN 

" 

10 

3 

" 

0.9 
8.5 

0.3 
0.3 "- 

... I 
I -. 
"_ 

5 

I. "" 

0.2 

" 

60 
I so 

IS 

60 
150 

S 

2. Lead unelting and refining -- 
(a )  Total particulrtoJb./ton of Pt 
( b )  L c r h ~ _ - . l b . / t o n  of Pt 
( e )  Zioc-.-..-Ib./ton of Pt 
( d )  h n I c . - . - ~ I b . / t o n  of Pt 

3. Zinc smeltla# C_I.__.__________. 
( 8 )  Total partlculalo."lb./ton of 21 
( b )  Zlac __-... lb./ton of ZI 
(c) AneaJc--,-._lb./ton of Zr 
NOr -__...._. b./ton of add 

4, Nitlc add plant# ___....._____ _ _  

1. Ammonlum pborphrto plant: 
Fluorltk"".--.lb./ton of Pa00 

13.0 
2.0 
0.6 
0.6 

0.9 
S A  

0.2 

- 

" 

€0 

"_ 
1.4 

" 

75 
160 

30 

_.- 

71 
la 

20 

Irokinctic samphg on 0.3-a Jasa-5bro 

metric or atomlc absorption malyda. 
5 l tu  followed by digcation m d  wlorb 

Daily analyru of odder of nitrogen eilbcr 
by implager and colorimctdc metho& or 
continuous monltorint 

Dircharpcr: Iaokinetlc ramplias 011 O S p  
Jucflbre flltcr and 0.1 normal ~odlum 
hydroxldo solution foUowed by color& 
mclrlc or rpecfnc loa malyrir. Eoviroo- 
m a t :  Continuous ambient & MJY& 
and biota-soil 8urvcy (see restion 23). 

CollecUon on r 0.3-, fibre filter by high- 
volume ramplcr operated for one 2chr. 
period once per week. Gravimetric 
Mdpk I 

1' 
I 

i m 
I 

Collection on a 0.3-& glassfibre Alter by 
r hlgh-volume sampler operated for on0 
Whr. period once per week. Analyse~ 
"total particulate by gravimetric analy- 
dr. Coal by coaltxurdon method 200 

70 

1s 

1 Tentative. ruhfcct to review. 

Y 
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L'  Table V 4 b ~ e c t i v c s  for Toxicity for Efluent Concentrations 

Table VI4bjec t ives  for Receiving-water Quality 

T 
T 

Muiae Wata Frah Wabr 

90% tcuoarl nrturd value. 
f 0.2 

90% ~ a ~ n a l  natural value.1 

+ s   + s  
f 0.2 

Nono 
Below detectable ltmtt 
No dccrcau No decrease + 3. + 3' 
" ""_" -20% 

+a 

-~ "" 
Nono 
Below detectable Wt 

"- "- "- 
i 
1 

I l l S  

i 
I '  
i il 

i W 
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APPENDIX  I1 

DISTRICT OF SPARWOOD 
BY-LAW NO. 111 

Being a By-law to amend  By-law No. 57 
cited  as  "Air  Pollution  Control  By-law 

No. 57, 1970" 

Section 7 (b) in  part 



DISTRICT OF SPARWOOD 
' BY-'LAW NO. 111 

Ambient Air Quality Limits 

i 

Iy 

.. 
Residential, commercialjand urban reserve: 

Dustfall - Maximum Limits -' 15 tons/square mile/month .. . ,  . i  
Suspended Particulate Matter - Maximum Limits up to ' .',';:;:;;;.'. :fy..,...) July 1, 1971 
50% of'the results to record less than  80 microgramsjcu. metre1 

. t .  - . d  

84% of the results to record less than 115 micrograms/cu.metre 

Maximum Limits after July 1, 1971 
50% of the results to record less than 6 5  micrograms/cu;'&tra-' 
84% of the results to record less than 100 micrograms/cu.metre: 

. .  
. . .  

I . .  - - - . .. 1 ¶mt . .  x .-,. 

, . ..* ^ .  .. I.: 'E 
r . . _. . . ..'I ' .::. ." : . ~ .  . . 

I .I . . .  - 
. .- '. 

I Industrial: u 

Suspended Particulate Matter F Maximum Limits up July 1, 1971 i 
50% of the resultsto record less than 180 micrograms/cu.metre-j m 
84% of the  results to record less than 200 micrograms/cu.metre! 

Maximum Limits after July 1, 1971 : .  
50% of the results to record less than 80 micrograms/cu.metre : 
84% of the  results to record less than 120 micrograms/cu.metre: 

m 

rn 
Sulphur Dioxide - Maximum Limits.-- 

Concentration Average  Time  Frequency of Occurrence , m  
.~ . . 

1.0 ppm. 5 minutes once in any 8 hour period 
0.5 ppm. 1 hour once every 4 consecutive days 
0.2  ppm. 24 hours once every 90 consecutive da) 
0.1  ppm. 48 hours unlimited 

YP 

I 



APPENDIX I11 - 

STANDARD REFERENCE METHOD  FOR  THE 
MEASUREMENT OF SUSPENDED PARTICULATES 

' IN THE ATMOSPHERE 

I 

(HIGH VOLUME METHOD) 

t 

I 

Air Pollution Control Directorate 
Environmental Protection Service 

I 

Report EPS 1 - AP - 73 - 2 

January 19 7  3 
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1. SCOPE 

The method is applicable to the measurement of  the 

complete range  of concentrations of airborne suspended 

particulates over designated time intervals. The  size 

of the sample taken allows other analyses to be carried 

out later . 

2. FIELD OF APPLICATION 

This method is applicable to the measurement of  the 

mass concentration 'of suspended particulates in  ambient 

air. When the sampler is operated at an  average flow 

rate of 1.70 cubic metres per minute for  24 hours, an 

adequate sample will be obtained even in an atmosphere 

having concentrations of suspended' particulates as low 

as 1 microgram per cubic metre. If particulate levels 

are unusually high, a satisfactory sample may be obtained 

in 6 to 8 hours time or even less. For  the  determination 

of the mean concentrations of,suspended particulates in- 

ambient  air, a standard sampling period of  24.hours is 

recommended. 



3 .  

4. 

PRINCIPLE 

3.1 Air is drawn into a covered housing 

filter by means  of a high flowrate blower 

flow rates from 1.13 to 1.70 cubic metres 

This  allows suspended particulates havi g f 

2 

and through a 

at  nominal . 

per minute. 

diameters of 

less than 100 pm, Stokes equivalent, to1 pass  to the 

filter surface. See Figure 1. Particles  within  the 

s i z e  range of 100 to 0.1  vm are ordinarily collected on 

glass fibre filters. The  mass concentration of sus” 

pended particulates in the ambient air, expressed in 

micrograms per cubic metre, is calculated by measuring. 

the  mass of collected particulates and the volume of air. 

sampled . 
3.2 The weight is determined’ to’ the nearest.milligram, 

.. . 
. .  

the  flow  rates are measured to the nearest 0.03 cubic 

metre per minute,. the  times  are determined to  the 

nearest 2 minutes and the mass concentrations are 

calculated and recorded to the nearest microgram per 

cubic metre. 

1NTE.WERENCES 

4.1 Particulate matter that is oily, such as wood 

smoke or photochemical smog, may block the  filter and 

cause a rapid decrease in airflow at a nonuniform rate. 

Dense fog or high humidity can cause the filter to 

w 



become too wet and severely reduce the airflow through 

the filter. 

4.2 Glass fibre filters are comparatively insensitive 

to changes in relative humidity, but collected particu- 

lates can be hygroscopic (12.2) . 
4.3 Whenever the concentration of particulates is 

abnormally high, there may be loss of particulates, 

because of the weak adhesion of the particles to  the 

filter . 

5. REAGENTS 

Filter media. Glass fibre filters having a 

collection efficiencfof  at.least 99% for particles of 

0.3 I.rm diameter, as measured by the DOP* test, are 

suitable for the quantitative measurement of concentra- 

tions of suspended particulates, although some other 

medium, such as paper, may be desirable for  certain 

contemplated, care must be exercised to use filters that 

contain low background concentrations of  the  pollutant 

being measured. Careful quality control is required to 

determine background levels of these pollutants. 

*Based upon the use of monodisperse dioctyl phthalate 
aerosol as the s i z e  calibrating medium. 
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6 .  APPARATUS 

6.1  Sampling. 

6.1.1  Sampler. The sampler i s  composed of t h r e e  

p a r t s :   ( i )   t h e   f a c e   p l a t e ,   g a s k e t  and r e t a i n i n g  

r i n g ,   ( i i )   t h e   f i l t e r   a d a p t e r   a s s e m b l y ,  and 

( i i i )   t he   mo to r - f an   un i t .  The sampler  must  be 

capable of drawing  ambient a i r  through a p o r t i o n  

of a c l e a n   g l a s s   f i b r e  f i l t e r ,  4 0 6 . 5  square  

c e n t i m e t e r s   i n   a r e a ,   a t  a f low  ra te   between 1.13 

u 

Y 

Y 

and 1 .70  cubic  metres  per  minute.  The motor must 

be a b l e   t o   o p e r a t e   c o n t i n u o u s l y   p e r  24 hour 
' V  

per iods   wi th   input   vo l tages   ranging  from 110 t o  . .  

1 2 0  v o l t s ,  50-60 Hz and  must  have t h i r d  wire 
I) 

safety  ground. The hous ing   for   the   motor   un i t  may I 

be' of any  convenient   construct ion as long as t h e  

assembly  remains airtight and  leak free.  The life 
I 

of   the  sampler motor can be extended by lowering P 

t he   vo l t age  by about 1 0  percent  by means of a 

* small "buck o r  boos t "  transformer  between  the QUI 

sampler  and power o u t l e t .  
w 

6 . 1 . 2  Sampler s h e l t e r s .  I t  i s  impor t an t   t ha t  

the  sampler be p r o p e r l y   i n s t a l l e d   i n  a s u i t a b l e  W 

s h e l t e r .  The s h e l t e r  i s  s u b j e c t e d   t o  extremes of 

temperature,  humidity and a l l   t y p e s  o f  a i r  
Y 

w 

w 
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t 

1 

I 

I 

p o l l u t a n t s .  For these   r easons ,   t he   ma te r i a l s  of 

t h e   s h e l t e r  must be chosen  careful ly .   Properly 

p a i n t e d   e x t e r i o r  plywood o r  heavy  gauge  aluminum 

se rves  well. The s h e l t e r  must  be  provided  with a 

roof so  t h a t  t h e   f i l t e r  i s  pro tec ted   f rom  prec ip i -  

t a t i o n  and debr i s .  The internal   arrangement  and 

conf igu ra t ion  of a s u i t a b l e   s h e l t e r   w i t h  a gab le  

roof i s  shown i n  Figure 1. The area   o f   c learance  

between  the main housing and t h e  roof a t  i t s  

c loses t   po in t   should  be 580.5 f 195.5  square 
, /  

. cen t ime t re s .  The main housing  should be 

r e c t a n g u l a r ,  w i t h  dimensions of  about 29 x 36 

cent imet res .  

6..1.3  Rotameter. Marked i n   a r b i t r a r y   u n i t s ,  

f r e Q u e n t l y  0 t o  70 and capable   of   being  cal ibrated.  , 

Other   devices ,   of   a t . least   comparable   accuracy,  

may be  used. 

I 
6.1.4 O r i f i c e   c a l i b r a t i o n   u n i t .  This c o n s i s t s  

of a metal  tube 7.6 cm in t e rna l   d i ame te r  and  15.9 

cm in   l eng th ,   p rov ided   w i th  a s t a t i c   p r e s s u r e  tap 

5.1 cm from one  end.  See  Figure 2 .  The tube end 

nea res t   t he   p re s su re   t ap  is f langed  t o  about  10.8 

cm in   ex te rna l   d i ame te r   w i th  a male th read  of t h e  

same s i ze  a s   t h e   i n l e t  end  of the   h igh  volume a i r  

. 
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sampler. A s i n g l e  m e t a l   p l a t e ,  9 .2  cm in   d iameter  

and 0 . 2 4  cm t h i c k ,  having a c e n t r a l   o r i f i c e  2.9 cm 

in   d iameter ,  i s  h e l d   i n   p l a c e   a t   t h e   a i r   i n l e t  end 

with. a female  threaded r i n g .  The other   end.   of   the  

tube i s  f langed   to   ho ld  a loose  female  threaded 

coupling  which  s’crews on t o   t h e   i n l e t  of t h e  

sampler. An 18-hole   meta l   p la te ,   an   in tegra l   par t  

o f   t h e   u n i t ,  i s  pos i t ioned   be tween  the   o r i f ice .and  

sampler t o   s i m u l a t e   t h e   r e s i s t a n c e  of a c l e a n  

g l a s s   f i b r e   f i l t e r .  An o r i f i c e   c a l i b r a t i o n   u n i t  

i s  shown in   F igure  2 .  

6.1.5 D i f f e r e n t i a l  manometer.  Capable  of 

measuring t o  a t   l e a s t  4 0  cm of water. 
* .  . ._ 

6.1.6  Posi t ive  displacement   meter .   Cal ibrated 

L 

9 

I 

I, 

i n   c u b i c   m e t r e s   o r   c u b i c   f e e t ,   t o  be used as a 

pr imary  s tandard.  mr 

6.1.7  Barometer.  Capable of measuring  atmos- 

p h e r i c   p r e s s u r e   t o   t h e   n e a r e s t  millimetre of 

mercury. tHli 

6.2 Analysis .  

6 . 2 . 1  Fil ter  conditioning  equipment.   Balance 
w 

room o r  des icca tor   main ta ined   a t  20 t o  3 O o C  wi th  

l e s s   t h a n  5 0 8  re la t ive   humidi ty .  I 1  
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6 . 2 . 2  Analytical  balance.  Equipped  with a 

weighing  chamber  designed  to  handle  unfolded 

filters,  in size 20.3 x 2 5 . 4  cm.  The  balance 

should  have a sensitivity of 0.1 milligram. 

6.2.3 Light  source. A table of the  type 

used  to  view  X-ray  films  is  convenient, 

6.2.4 Numbering  device,  Capable of printing 

identification  numbers on the  edge of the  filters. 

SAMPLING  AND  SAMPLES 

7.1 Filter  preparation.  Expose  each  filter  to  the 

' .  light  source  and  inspect  for  pinholes,  particles or 

other  imperfections.  Filters  having  visible  defects 

,should  not  be  used. A small  brush is useful  for 

.- . removing  loose  particles.  Equilibrate  the  filters  in 

the filter  conditioning  environment for 24 hours. ,Weigh 

the  filters  to  the  nearest  milligram  and  record  the  tare 

weight  and  filter  identification  number. Do not,bend or 

fold  the  filter  before  collection  of  the  sample.. I 

* 7.2 Sample  collection.  Open  the  shelter,  loosen the 

wing  nuts and remove  the  retaining  ring  from  the f I lter 
holder.  Install a weighed  and  numbered  glass  fibre 

filter  in  position  with the rough  side  up,  replace  the 



L 
number, l o c a t i o n  and any   o ther   fac tors  

o log ica l   cond i t ions   o r   r az ing  of  nearb; 

9 

such  as   meteor-  

y bu i ld ings  etc .  tha 

migh t   a f f ec t   t he   f i na l   r e su l t s .   I f   t he   s ample  i s  

d e f e c t i v e ,   d i s c a r d  it a t   t h i s  time. I n   o r d e r   t o   o b t a i n  

a val id   sample,   the   high volume sampler  must  be  operated 

wi th   t he  same rotameter and tub ing   t ha t  were  used  during 

i t s  c a l i b r a t i o n .  

7.3 Analysis .   Equi l ibrate   the  exposed f i l t e rs  f o r  24 

hours   in   the  condi t ioning  environment  and then  weigh 

again.  'After  having  been  'weighed t h e   f i l t e r s '  can' be 

u s e d   l a t e r  f o r  detai led  chemical   analyses .  ' 

. .  

. ._ 

.. . , 
L 

8. PROCEDURE 

8 . 1  Cal ib ra t ion .  

8 . 2  Purpose.  Since  only a smal l   por t ion  of t h e  t o t a l  

a i r  sampled  passes   through  the  rotameter   during '  measure- 

ment ,   the   ro tameter   mus t   be   ca l ibr ' a ted   aga ins t ' ac tua l  

a i r  flow wi th   t he   o r i f i ce   ca l ib ra t ion   un i t .   Be fo re   t he  
, .. I ' 

. .  

' or i f ice  c a l i b r a t i o n   u n i t   ' c a n  be u s e d   t o   c a l i b r a t e   t h e  
. .  

rot L eter ,  t h e   o r i f i c e   c a l i b r a t i o n   u n i t  i t se l f  must  be 

ca l ib ra t ed   aga ins t   t he   pos i t i ve   d i sp l acemen t   p r imary  

s tandard .  

L. 
8 . 3  Orifice c a l i b r a t i o n   u n i t .  At tach   the  o r i f i c e  

t 4 4 
i 

I' 
r 
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calibration  unit  to  the  intake  end of the  positive 

displacement  primary  standard  and  attach  a  high  volume 

blower  unit  to  the  exhaust  end of the  primary  standard. 

Connect  one  end  of  a  differential  manometer to the 

differential  pressure  tap  of  the  orifice  calibration 

unit  and  leave  the  other  end  open to the  atmosphere. 

-. 

Operate  the  high  volume  motor-blower  unit so that a 

series of different,  but  constant  airflows,  usually six, 

are  obtained  for  definite  time  periods.  Record  the 
'try, reading of the.differentia1  manometer at each  airflow. 

The  different  constant  airflows are obtained  by  placing . .. 
wu; 

a  series of load  plates,  one  at  a  time,  between  the 

1 
v calibration  unit  and  the  primary  standard.  Placing the 

orffice  before  the  inlet  reduces,  the  pressure at the 

inlet  of  the  primary  standard  below  atmosphere. A 

correction  must  be  made,  therefore,  for  the  increase in 

volume caused by t h i s  decreased inlet pressure. Attach 

one  end  of  a  second  differential  manometer  to the inlet 

pressure  tap  of  the  primary  standard and leave  the  other 

. -  

end of the  manometer  open  to  the  atmosphere.  During 

each of the  constant  airflow  measurements  made  above, 

measure  the  true  inlet  pressure of the  primary  standard 

with  this  second  differential  manometer.  Measure the 

atmospheric  pressure  and  temperature.  Correct  the 

measured  air  volume  to  true  air  volume  as  directed in 
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9.1 .2 ,   then   ob ta in   the   t rue   a i r f low  ra te ,  Q ,  a s  

d in   Sec t ion  9 . 1 . 4 .  P l o t  t h e   d i f f e r e n t i a l  

manometer readings of t h e  o r i f i c e  u n i t  versus  Q.  

8.3.1 High  volume sampler.  Assemble a high  volume 

sampler  with a c l e a n   f i l t e r   i n   p l a c e  and  run f o r  

a t   l e a s t  5 minutes.   Attach a ro tameter ,   read   the  

f l o a t ,   a d j u s t  so  t h a t   t h e   f l o a t   g i v e s  a reading o f  

6 5  and seal t h e   a d j u s t i n g  mechanism so t h a t  it 

cannot  be  changed  easily.   Shut  off   the  motor,  

remove t h e   f i l t e r  and a t t a c h   t h e   o r i f i c e   c a l i b r a -  

t i o n   . u n i t   i n  i t s  place.   Operate   the  high volume 

sampler a t  a s e r i e s   o f   d i f f e r e n t   b u t   c o n s t a n t  a i r -  

f lows ,   u sua l ly  s ix .  Take  the  readings  of   the 

d i f f e r e n t i a l  manometer  from t h e   o r i f i c e   c a l i b r a -  

t i o n   u n i t  and r eco rd   t he   r ead ings   o f   t he   ro t ame te r  

for  each  f low  rate.   Measure t h e  pressure  and 

temperature  of  the  ambient  atmosphere.  Convert 

t h e   d i f f e r e n t i a l  manometer r e a d i n g s . t o   c u b i c  

metres per  minute, Q,  t hen   p lo t   ro t ame te r   r ead ings  

a g a i n s t  Q. 

I .  

. .  
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9. EXPRESSION OF RESULTS c. 
I Y  

I Y  

I S  

l u l  

1 

1 

i I  

I I  

9 . 1   C a l c u l a t i o n s .  

9 . 1 . 1   C a l i b r a t i o n  of  o r i f i c e .  

9.1.2  True a i r  vo lume.   Calcu la te   the  a ir  

volume  measured by t h e   p o s i t i v e   d i s p l a c e m e n t  

p r imary   s t anda rd ,   t hus :  

where V, * t r u e  volume of a i r  a t  atmosphere 
t empera tu re ,   i n   cub ic  metres 

Pa = barometr ic   p ressure ,  i n  millimetres 
of mercury 

pm = drop  i n  p re s su re  at i n l e t  t o  refer-  
ence o r i f i c e ,   i n  millimetres of 
mercury 

VM =: volume  measured  using  the  s tandard 
o r i f i c e ,   i n   c u b i c  metres. 

9.1.3 Conver s ion   f ac to r s .  

Inches of mercury x 2 5 . 4  = millimetres of mercury 

* Inches o f  water  x 73.48~10'~ = i nches  of mercury 

Cubic f e e t  of a i r  x 0.0284 = cub ic  metres of a i r .  

M 
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9 . 1 . 4  True f l o w  r a t e  

where Q = f low  r a t e  of a i r ,  i n  cubic   metres   per  
minute 

T = dura t ion  o f  sampling,  in  minutes.  

9.2  Sample  volume. 

9.2.1 Volume convers ion .   Conver t   the   in i t ia l  

and f ina l   ro t ame te r   r ead ings   t o  t rue  a i r f l o w   r a t e ,  

Q ,  us ing  t h e  ca l ib ra t ion   cu rve   e s t ab l i shed   i n  

accordance w i t h  Sect  ion 8 . 3 .  
, .  

9 . 2 . 2  Calculat ion  of  volume of a i r  sampled. 

v -  9+. T 
. .  

where V = a i r  volume  sampled, m 3  

Q1 = i n i t i a l   a i r f l o w   r a t e ,  m3/min 

4 2  = f i n a l   a i r f l o w   r a t e ,  m3/min 

T = sampling  t ime,  in  minutes.  

9 . 2 . 3  Correc t ions   for   p ressure   o r   t empera ture .  

If t he   p re s su re   o r   t empera tu re ,   du r ing   ca l ib ra t ion  

of high volume sampler, i s  s u b s t a n t i a l l y   d i f f e r e n t  

from t he   p re s su re  or t empera tu re   du r ing   o r i f i ce  

c a l i b r a t i o n ,  a c o r r e c t i o n  of t h e  f low r a t e ,  Q,  may 

be  required.  If t h e   p r e s s u r e s   d i f f e r  by no  more ’ . . ’  

Y 
J 

1’ a 

71 
1’ 
‘t 

1’ 
1’ 
1’ 
T 
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than 1 5  percent  and the   t empera tures ,   in  O C ,  

d i f f e r  by no more than 1 0 0  - p e r c e n t ,   t h e   e r r o r   i n  

the   uncorrec ted   f low  ra te  w i l l  be  no  more than 15 

percent .   I f   necessary ,   ob ta in   the   cor rec ted   f low 

r a t e .  as d i r e c t e d  .below. This c o r r e c t i o n   a p p l i e s  

only t o  or i f ice   meters   having   a icons tan t   over f low 

c o e f f i c i e n t .  The c o e f f i c i e n t  for t h e   c a l i b r a t i n g  

o r i f i c e   d e s c r i b e d  i n  '6.1.4  has  been shown expe r i -  

m e n t a l l y   t o  be  constant   over   the  normal   operat ing 
.. ~ ~ ~~- 

range of t he   h igh  volume  sampler,  of 0 .6  t o  2 . 2 -  

c u b i c  metres   per   minute .   Calculate   corrected flow 

ra te   accord ing   to   the   formula : '  .~ 

where 4 2  = cor rec t ed   f l ow  r a t e ,  m3/min 

Q1 = f low  r a t e   du r ing   h igh  volume c a l i b r a -  
t i o n ,  m 3  /min 

T I  = absolu te  temperature during orif ice  
u n i t   c a l i b r a t i o n ,  O K  o r  O R  e 

PI = baromet r i c   p re s su re   du r ing   o r i f i ce  
u n i t   c a l i b r a t i o n ,   i n  mm Hg 

I' , 
w 

T2 = absolute   temperature   during  high 
volume c a l i b r a t i o n ,  O K  o r  O R  

P2 = barometr ic   pressure  during high 
volume c a l i b r a t i o n ,  i n  rnm Hg. 



L 

1 5  

9.3 Calcula t ion  of mass concent ra t ion  of suspended 

p a r t i c u l a t e s .  

(ws - W J  . l o 6  S.P. = " 

where S.P. = mass  concentration of suspended  particu- 
l a t e s   i n  ~ g / m j  

* I  

wz 
V - a i r  volume  sampled, i n   cub ic  metres 

- i n i t i a l  we igh t  of f i l t e r ,   i n  grams 

= f ina l   weight  of f i l t e r ,   i n  grams 

10' = convers ion   fac tor  from  grams to   mic ro -  
grams. - . . . . . . - 

Weights are determined  to  t h e  nea res t  . . .' 0 .1   mi l l i g ram, . .  , . .  

a i r f l o w   r a t e s   a r e   d e t e r m i n e d   t o   t h e   n e a r e s t  0.03 cub ic  

metres per  minute,  times a r e ' r e c o r d e d   t o   t h e   n e a r e s t  2 

. .  . 

L 
' minutes ,   and 'mass   concentrat ions  are   reported t o  t h e  
. .  

nearest microgram  per  cubic  metre. 

' 10. PRECISION, ACCURACY AND STABILITY 

10.1.' Based  upon c o 1 , l a b o r a t i v e   t e s t i n g ,   t h e  re la t ive 

s t anda rd   dev ia t ion  f o r  s i n g l e   a n a l y s t '   v a r i a t i o n ,   o r -  

r e p e a t a b i l i t y  of the  method, i s  ,3.0 percent . .  The 

corresponding  value for m u l t i l a b o r a t o r y   v a r i a t i o n ,  or 

r e p r o d u c i b i l i t y  of t h e  method, i s  3.7 percent  (12.3). 

. .  

. .  
10.2  The accuracy  with  which  the  sampler   measures   the 

t rue  average  concentration  depends upon the constancy of 
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t h e   r a t e  of  airflow  through  the  sampler.  The a i r f l o w  

r a t e  i s  a f f e c t e d  by the   concent ra t ion  and t h e   n a t u r e  of 

t h e   d u s t  i n  the  atmosphere. Under t h e s e   c o n d i t i o n s ,   t h e  

e r r o r  i n  the  measured  average  concentration may be   i n  

excess  of  f 50 percent  of t h e  t rue  average   concent ra t ion ,  

depending upon t h e  amount of reduct ion of a i r f l o w  ra te  

and on t h e   v a r i a t i o n  of t h e  mass  concentration of d u s t  

.w i th   t ime   du r ing   t he  24-hour  sampling  period (12 .4 ) .  

tu 
11. NOTES ON PROCEDURE 

YI 
11.1 Maintenance. 

Iry 

YI 
d 

11.1.1 Sampler  motor.  Replace  brushes  before 

they   a r e  worn t o   t h e   p o i n t  where motor damage can 

occur .  

w 

Y 

hl 

k, 

1 1 . 1 . 2  Sealing  gasket.  Replace when t h e  

margins of samples  are no longer   sharp.  The 

gaske t  may be sea led  t o  t h e   r e t a i n i n g  plate with 

rubber  cement o r  double-sided  adhesive  tape.  

11.1.3  Rotameter.   Clean  as  required,  

a lcohol .  
Y 

1 1 . 2  Other  equipment. A mpdif ica t ion  of t h e  high 

rg volume  sampler  incorporating a method f o r   r e c o r d i n g   t h e  

a c t u a l  airflow over  the  entire  sampling  period  has  been 
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L desc r ibed  and i s  accep tab le   fo r   measu r ing   t he   concen t r a -  

t i o n  of suspended   pa r t i cu la t e s   (12 .6 ) .  T h i s  modi f ica-  

t i o n   c o n s i s t s  of an   exhaus t   o r i f i ce  meter assembly 

connected  through a t r a n s d u c e r   t o  a s y s t e m   f o r  

c o n t i n u o u s l y   r e c o r d i n g   a i r f l o w  on a c i r c u l a r   c h a r t .  The 

volume  of a i r  sampled i s  c a l c u l a t e d  by t h e   f o l l o w i n g  . .  

equa t ion  : 
. .  

V = Q * T  

where Q = average   sampl ing   ra te ,   m3/min  

T = sampl ing   t ime,   in   minutes  

. .  
. a  

The  average  sampling r a t e ,  Q ,  i s  determined from t h e  

r e c o r d e r   c h a r t  by e s t i m a t i o n ,  i f  t h e   f l o w  r a t e  does   no t  

v a r y  more  than  0.11  cubic metres p e r   m i n u t e   d u r i n g   t h e  

sampling  per iod.  If the   f l ow ra te  does   vary   more   than  

0 .11   cub ic  metres per   minute   dur ing   the   sampl ing   per iod ,  

r e a d   t h e   f l o w  r a t e  f rom  the   cha r t  a t  2 h o u r   i n t e r v a l s  

i , , , _  

: 1 

and   t ake   t he   ave rage .  . .  

. .  . .  
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DUSTFALL  GUIDELINES 

I 
'b 

I 

I I  

I 
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I 

I 

i)  The  sampling  stations  have  free  exposure so that  the 
sample is collected  by  gravity  settling  only.  They must 
be  free  from  undue  local  sources  of  pollution  and  free 
from  interference  from  buildings  or  other  objects or 
struct  res.  Accessibility  and  security  (freedom  from 
tamper'  g)  are  major  considerations  in  the  selection of 
a site. 
ii) The top  of  the  settleable  particulates  container  be 
a minimum  of 8 feet  and a  maximum  of 50 feet  above  the 
ground. It should  be 4 feet  above  any  other  surface, 
such  as  a  roof.  Higher  objects,  such  as  parapets,  signs, 
penthouses,  and  the  like,  should  not  be  more  than 30 
degrees  from  the  hortizontal,  as  measured  in (v). 
iii)  Telephone  poles and  fences  are  suitable  provided 
the  holder  is  attached  in  such  a  way  that  it  is  free from 
interference. 
iv)  Sample  stations  be  set at the  plant  boundaries, 
normally  ten  stack  lengths  from  a  major  source;  upwind 
for  an  indication  of  background  data;  and  downwind  at 
regular  intervals. 
v) When  higher  buildings  in  the  immediate  vicinity 
cannot  be  avoided,  the  top  of  any  building  be  not  more 
than 30 degrees  above a sampling  point.  This is, a 
line  drawn  from  the  sampling j a r  to  the  nearest  edge of 
the  highest  point  on any  building  should  form not more 
than a 30 degree  angle  with  the  horizontal. 

Jn 

For each  area  or  zone  to  be  tested,  a  minimum  of  four 
sampling  stations  are  necessary.  An  orderly  spacing  of 
the  stations  should  be  made so that  they  are  approximately 
equidistant  from  each  other  and  form  boundaries of'the area. 
If  possible,  the  vertical  distance  from  the  collector to 
ground  for  each  sampling  station  should be similar. As 



auxiliary  information,  weather  data,  including  wind 
velocity  and  direction,  rainfall,  snowfall  and  barometric 
readings,  plant  operations  and  other  information of 
interest  be  recorded  during  each  sampling  period. 
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CHEMISTRY  LABORATORY 

Method:  6505103 
6515303 
6525403 
6535303 
6545403 
6555101 

WATER  RESOURCES  SERVICE 

THE  DETERMINATION  OF  DUSTFALL 

Method  Codes 

6505103  Total  Dustfall 
6515303  Solyble  Dustfall 
6525403  Insoluble  Dustfall 
6535303  Soluble  Dustfall  Ash 
6545403  Insoluble  Dustfall  Ash . 
6555101  Combustible  Materials 

Introduction 

Dustfall is a  measure  of  the  particulate  matter  that  settles 
out of the  air.  It  is  determined  by  exposing a  canister 
containing  a  collection  medium t o  the  air  for  a  specified 
period  followed  by  gravimetric  analyses  in  the  laboratory. 

Field  Preparation 

tY 

A collection  medium  is  added  to  a  clean  canister. In 'the 
months  May  through  September  this  medium  is: 

1 liter  of  deionized  water 
1 ml of ammonium  chloride  solution  (which  acts  as an 
algaecide) 
Note:  if  nitrogen detqminations are  to be  done, 1 ml of 
copper  sulphate  solution is substituted  for the ammonium 
chloride 

In the  months  of  October  through  April,  the  one  liter  of , 

deionized  water is replaced by a mixture  of  isopropyl  alcohol 
and  deionized water, The proportion should be such  that the 

1 



freezing point  will not be reached. The canister  containing 
the  collection  medium is sealed and shipped to the field. 
After  exposure  for  one  month  the  canister is resealed and 
forwarded to  the laboratory. The  standard  canister is 
8.5 inches  high and has a  top diameter  of 4 inches  tapering 
to 3.5 inches at the base. 

I Storage 
Sanples should be transported to the  laboratory  in 
refrigerated cases and kept at 50C when possible. 

Reagents 

1. Amnonium Chloride: Dissolve 0.50 grams ammonium chloride  in 
one.liter.  Dilute  100  ml  of  this  stock  solution to one liter. 
From the diluted stock  solution  one rnl is used in each 
canister. 

2. Copper Sulphate: Dissolve 0.15 grams  copper  sulphate  in  one 
liter. Dilute 100 ml of this  stock  solution to one.liter. 
From  the  diluted  stock  solution  one ml  is,used  in  each 
canister. 

Procedure 

1. 

2.  

3 .  

4. 

5 .  

6. 

Measure  the  diameter of the  canister in three  different  places 
2nd record the average. 

Examine and report any  evidence  of  algae  growth or tampering. 

Remove extraneous materials, such  as leaves, twigs and bugs 
from  the sample. Pour, the  sample  into a two  liter  beaker, 

Wash  the  canister thoroughly with  deionized  water using a 
rubber policeman to free  all  materials adhering to the bottom 
and walls. 

Combine  the  washings  with the sample  in the sane beaker. 

Reduce the  volume of the  sample to approximately 200 ml  by 
evaporating on a hot plate. (Note: Samples  which  require 
nitrogen  determinations  should  not be evaporated.) 

' I  
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7. When the  volume has  been  reduced, remove the  beaker   f rom  the 
h o t   p l a t e  and  allow i t  to   coo l .  

In so lub le   Dus t f a l l  

Method Code 

6525403 

Procedure 

1. Ign i t e   an   ac id  washed p o r c e l a i n   c r u c i b l e   i n  a muff le  
fu rnace   fo r  one  hour. 

2. Desiccate  and coo l   t he   c ruc ib l e   fo r   t h ree   hour s .  

3. Weigh the   c ruc ib l e .  

4. Dry a 0.45 u membrane f i l t e r ,   c o n t a i n e d  in the  preweighed 
porcelain  crucible ,   in   an  oven a t  105OC f o r  three hours.  

5 .  Desiccate 'and weigh t h e   f i l t e r  and c ruc ib l e .  

6. Pass  the  cooled  sample  (from  Step 6 above)  through  the 
0.45 u f i l t e r .  Use a rubber  policeman  and  deionized water 
t o  wash the  beaker   thoroughly.   Fi l ter  a l l  washings 
through  the same f i l t e r i n g   a p p a r a t u s  as the  sample. The 
f i l t e r i n g   a p p a r a t u s  i s  a l s o  washed thoroughly. 

7. The r e s idue  on t h e   f i l t e r   r e p r e s e n t s   t h e   i n s o l u b l e   d u s t f a l l .  

8. The f i l t e r  and r e s i d u e   a r e   r e t u r n e d   t o   t h e   p o r c e l a i n  
crucible, d r i e d  i n  an oven at 105OC for th ree   hours ,  
des icca ted  and  weighed. 

Calcu la t ions  

The inc rease   i n   we igh t  of t h e   f i l t e r ,   r e s i d u e  and c r u c i b l e  

c o r r e c t e d   f o r  any i n s o l u b l e   s o l i d s  found in   the   b lank .  

d u s t f a l l   i n   t h e  sample. 4 

. o v e r   t h e   i n i t i a l   w e i g h t   o f   t h e   f i l t e r  and c r u c i b l e  is 

,. This  weight,   in  grams, i s  e q u i v a l e n t   t o   t h e   i n s o l u b l e  

Inso lub le   Dus t f a l l  Ash 

Method Code 

6545403 

3 



L 
Procedure 
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1. T r a n s f e r   t h e   f i l t e r  and r e s i d u e   i n   t h e   p o r c e l a i n   c r u c i b l e  
from t h e   i n s o l u b l e   d u s t f a l l   a n a l y s i s  (method 6525403) t o  
a cool   muff le   furnace.  

2. Gradual ly   increase   the   t empera ture   to  6OOOC and  maintain 

I for  one  hour.  

3. Remove the   c ruc ib l e   con ta in ing   t he   a sh ,   des i cca t e  for 
three  hours  and  weigh. 

Y 

rr 

Calcula t ions  

The i n c r e a s e   i n   w e i g h t   o f   t h e   c r u c i b l e ,   f i l t e r  and r e s idue  
over  the  weight  of  the empty c r u c i b l e  is cor rec ted   for   any  
in so lub le   so l id s   a sh  found i n   t h e   b l a n k .   T h i s   c o r r e c t e d  
weight  in  grams, i s  e q u i v a l e n t   t o   t h e   i n s o l u b l e   d u s t f a l l  
ash in t h e  sample. 

So lub le   Dus t f a l l  

Method Code 

6515 303 

Procedure 

1. A d j u s t   t h e   f i l t r a t e  from t h e   i n s o l u b l e   d u s t f a l l   a n a l y s i s  
(method 6525403) t o  a convenient  volume,  generally  one 
l i t e r .  

2. Transfer  100 m l  of t h e   f i l t r a t e   t o  a preweighed  'platinum 
c r u c i b l e  and evaporate   to   dryness  on a steam bath.  

3. Afte r   evapora t ion ,   t r ans fe r   t he   c ruc ib l e   con ta in ing   t he  
r e s idue   t o   an  oven  and dry   a t .1050C  for   th ree   hours .  

4. Desiccate   overnight  and  weigh. 

Ca lcu la t ions  
4 

The inc rease   i n   we igh t   ove r   t ha t  of t h e  empty platinum 
c r u c i b l e  is mul t ip l i ed  by t h e   a p p r o p r i a t e   f a c t o r   f o r   t h e  
a l iquot   t aken   and   then   cor rec ted   for   any   so luble   so l ids  
p re sen t   i n   t he   b l ank .   Th i s   we igh t ,   i n   g ram,  i s  equiva len t  
t o   t h e   s o l u b l e   d u s t f a l l   i n  the sample. 
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S o l u b l e   D u s t f a l l  Ash 

Method Code 

6535303 

Procedure 

1. T r a n s f e r   t h e   p l a t i n u m   c r u c i b l e   c o n t a i n i n g   t h e   r e s i d u e  of 
t h e   s o l u b l e   d u s t f a l l   a n a l y s i s  (method  6515303) t o  a cool 
muff le   furnace .  

2, G r a d u a l l y   i n c r e a s e   t h e   t e m p e r a t u r e   t o  6OOOC and  main ta in  
f o r  one  hour .  

.3. Desiccate t h e   c r u c i b l e   c o n t a i n i n g   t h e   a s h   f o r   t h r e e   h o u r s  
and weigh. 

C a l c u l a t i o n s  

The j n c r e a s e  i n  weight of t h e   c r u c i b l e  and r e s i d u e  over 
t h e  etnpty c r u c i b l e  i s  m u l t i p l i e d   b y   t h e   a p p r o p r i a t e   f a c t o r  
f o r   t h e   a l i q u o t   t a k e n   i n   t h e   s o l u b l e   d u s t f a l l   a n a l y s i s  
(method  6515303). Then i t  is  c o r r e c t e d   f o r   a n y   s o l u b l e  
s o l i d s   a s h   i n   t h e   b l a n k .   T h i s   w e i g h t ,   i n   g r a m s ,  i s  
e q u i v a l e n t   t o   t h e   s o l u b l e   d u s t f a l l   a s h   i n   t h e   s a m p l e .  

T o t a l   D u s t f a l l  

Method  Code 

6505103 

Procedure 

1. Comple te   i n so lub le   dus t f a l l   ana lys i s  (method  6525403)  and 
s o l u b l e   d u s t f a l l   a n a l y s i s  (method  6515303) as o u t l i n e d .  

Ca lcu la t ions  

Combine t h e   r e s u l t s   o f   c o r r e c t e d   i n s o l u b l e   d u s t f a l l  and 
c o r r e c t e d   s o l u b l e   d u s t f a l l   t o   g i v e   t h e   w e i g h t , , i n  grams, 
o f   t o t a l   d u s t f a l l   i n   t h e   s a m p l e .  

I 5 



Combustible  Material 
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Calculation 
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Method Code 

6555101 

Calculation 
1 -  

Subtracq the  result  of  the  insoluble  solids  ash  analysis 
(method 6545403)  from  the  result  of  the  insoluble  dustfall 
determination  (method 6 5 2 5 4 0 3 ) .  Add  this  figure, which 
represents  the  combustible  material  in  the  insoluble 
portion, to  the  amount  of  combustible material in the 
soluble por t ion .  The  combustible  material in the  soluble 
portion is found  by  subtracting  the  result of the  soluble 
dustfall  ash analysis (method 6535303)  from  the  result of 
the  soluble  dustfall  determination (method 6515303). 

Conversion to  standard  dustfall  units: 

1. to  Tons/mile2  /month 

Tons/mile'/month = F x W 

where: 

W = weight  in  grams 

F = dustfall  factor  found  by F = 5650 30 
D i r X i "  

Di = diameter of canister  in  inches 

N = number  of  sampling  days 

2. to mg/cm2/day 

mg/cm2/day = 1000 W 
(Dc) 'N 

4 

where : 

W = weight  in  grams 

Dc = diameter of canister  in  centimeters 
N = number of sampling  days 
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