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1.0 SUMMARY A S S E S S M E N T A N D R E C O M M E N D A T I O N S 

1.1 I N T R O D U C T I O N 

T h i s report descr ibes and assesses all ex ist ing wood preservat ion faci l i t ies in 

Br i t i sh Columbia and concludes the f i rs t phase of a project init iated in(T982] 

by the Environmental Protection S e r v i c e , Pacif ic and Y u k o n Reg ion . Phase 

two of the project will commence in J a n u a r y , 1984 and will entail the 

preparat ion of a code of good pract ice for the wood preservat ion, i n d u s t r y . 

T h i s project was motivated by c i rcumstances s u r r o u n d i n g the 1982 decom­

missioning of a large wood preservat ion plant which operated for more than 

f i f ty years at a site in the Lower Mainland of B r i t i s h Columbia . T h e 

environmental assessment which accompanied c losure of the facil i ty showed 

that substantial amounts of wood preservat i ve chemicals had accumulated at 

the site over its operat ing l i fe. A f t e r c l e a n - u p act iv i t ies d i rected by 

government agenc ies , many quest ions about the environmental s igni f icance of 

contamination at the site still remain unanswered , a l though it is now clear 

that restoration of the site to its or iginal condit ion is unreal is t ic , both 

economically and phys ica l l y . 

T h e importance of p revent ing site contamination from o c c u r r i n g in the f i rst 

place was clear ly indicated by this exper ience . T h e realization that little was 

known about most wood preservat ion plants in B . C . led to the commissioning 

of phase one of the project desc r ibed in this report . T h e objectives of the 

project were t o g a t h e r informatIaa.^,Qut the design and operat iqn_of .^x ls t ing 

wood-—preservat ion plants _ t h r o u q h _ the Pj^oyince_.^an(^ the 

effect iveness o f _ i n - h o u s e and external.^ agency controls for p revent ing 

chemical releases to the workplace and to the env i ronment . 

T h e assessment reported herein is pr imari ly based ori observat ions made by 

the authors d u r i n g site v is i ts to each of the ( f i f t e e n ) operat ing wood 

preservat ion facil it ies in B r i t i sh Columbia (as of J u l y , 1983) and on detailed 

d iscuss ions with facil ity management and operators . Interviews were also 

conducted with: 
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• wood presiervative chemical supp l ie rs , 

• indust ry associations represent ing B . C . facil it ies (the Canadian 

Institute of T reated Wood and the Canadian Wood Preservat ion 

Assoc iat ion) , 

• personnel from regulatory agencies in B . C . inc lud ing the Environmental 

Protection Se rv i ce , the Waste Management B r a n c h of the B . C . Min is t ry 

of the Env i ronment , and the B . C . Workers' Compensation B o a r d , and 

• numerous expert indiv iduals from international regulatory agencies and 

industry associat ions. 

T h i s report presents an overview and assessment of all avai lable ex ist ing 

information about B . C . wood preservat ion faci l i t ies. T h e descr ipt ion and 

assessment of s i te -spec i f ic information are not l inked with company identi t ies, 

but suff icient detail is p rov ided to clearly descr ibe the range of features and 

practices at ex ist ing faci l i t ies. 

T h i s report will serve as a resource document for phase two of the project, 

the preparat ion of a code ô ^ pract ice for the wood preservat ion 

indus t r y . D u r i n g site v is i ts for phase one of the project, management and 

operators at wood preservat ion plants in B r i t i sh Columbia indicated clear 

support for the preparat ion of a code which would prov ide consistent 

standards fQJl_Jl2g,.JndJygtEy-' T h i s is indicative of the h igh pr ior i ty which 

indus t r y personnel place on the safety of workers and the envi ronment . It is 

anticipated that the process of p repar ing a code of pract ice for the wood 

preservat ion indust ry will serve as a posit ive example of how indust ry and 

r eg u I a to r y agen c i e s ___£La a wonk co -operat ive ly to achieve responsible 

management of toxic chemicals. 

1.2 INDUSTRY OVERVIEW 

T h e locations of the f i f teen ex ist ing wood preservat ion plants in B r i t i s h 

Columbia are shown in F igure 1.1. Tab le 1.1 summarizes the preservat ive 

chemical (s ) , t ypes of treated wood products and character is t ics of treatment 

vessels associated with each of these faci l i t ies. T h e l isted facil it ies treat a 

wide var iety of wood products with one or more preservat ive chemicals to 



3 

^awsqn Creek (10) 

LEGEND 

(2) denotes 2 operating plants 
at the indicated location 

(IC) denotes 1 closed plant 

(IP) denotes 1 proposed plant 

ft (IP) \-Skookt 
.am loops (MlT 
•Monte Lake\(1) 

•Lumby (1) 
^Princeton (1) 

osedale (10) ' 
.Oliver 

ihuck (1) 

Surrey (2, IC) 
New Westminster (2) 

Burnaby (IC) 
North Vancouver (IC) 

F I G U R E 1.1 L O C A T I O N O F WOOD P R E S E R V A T I O N F A C I L I T I E S 
IN BRIT ISH C O L U M B I A 



T R E A T M E N T VESSELS 

COMPANY NAME L O C A T I O N P R E S E R V A T I V E ' 

DIMENSIONS^ 
(feet) 

N O . / T Y P E (DIa. x Length) 
PRINCIPAL 
P R O D U C T S ' 

A C T I V E P L A N T S 

A & A Post and Rail Kamloops C C A 1 P R E S S . C Y L . 4x38 POSTS 

Ainsworth Lumber C o . L td . Chasm C C A 1 P R E S S . C Y L . 6x51 POSTS 

) B . C . Clean Wood 
Preservers L t d . 

Surrey C C A - 2 P R E S S . C Y L . 6x34 
6x106 

MIXED 

I ^ B e l l Pole C o . L t d . Lumby PCP (thermal) 1 F U L L - L E N G T H 
T A N K 

1 B U T T T A N K 

8x11x113 

14x14x16 

POLES 

l_^Ganada Cedar Pole 
Preservers 

Calloway PCP (thermal) 3 F U L L - L E N G T H 
T A N K S 

2 B U T T T A N K S 

11x10x81 
10x11x46 
13x10x20 

11x11 E A . 

POLES 

vJJofntar Chemicals L t d . — '2 New Westminster P C P , Creosote 3 P R E S S . C Y L . 7x135 
7x166 
7x166 

P O L E S , T IES 

A C A 1 P R E S S . C Y L . 6x126 POLES 

t>omtar Chemicals L t d . Pr ince George PCP 2 P R E S S . C Y L . 7x98 
7x100 

T I E S , POLES 

L Kootenay Wood 
Preservers L t d . 

Cranbrook C C A 2 P R E S S . C Y L . 6x80 E A . MIXED 

L.,MacMillan Bloedel Pole 
and Piling 

New Westminster A C A 1 P R E S S . C Y L . P O L E S , PILING 

Uardis Logging Skookumchuk C C A 1 P R E S S . C Y L . 5x54 POSTS 

V - P a c i f i c Wood Preservation 
Services L t d . 

Surrey C C A 1 P R E S S . C Y L . 6x86 MIXED 

— Prince George Wood 
^ Preserv ing L t d . 

Prince George C C A 1 P R E S S . C Y L . 6x50 MIXED 

Princeton Wood Preservers Princeton C C A 1 P R E S S . C Y L . 5x100 POSTS 

Summit Wood Preservers Monte U k e C C A 1 P R E S S . C Y L . 5x43 P O S T S , MIXED 

The Wlldflower Place Ol iver C C A 1 P R E S S . C Y L . 4x8 POSTS 

PROPOSED P L A N T S 

Pinette and Ther r ien 
Mills L td . 

Ashcrof t Creosote, PCP 2 P R E S S . C Y L . - TIES 

CLOSED P L A N T S 

Cranbrook Wood Preservers Cranbrook PCP 

Domtar Chemicals L t d . Dawson Creek P C P 

Canadian Creosote L t d . North Vancouver Creosote 

Koppers International 
Canada L t d . 

Burnaby P C P , Creosote, 
C C A 

MacCillis and C ibbs Ter race PCP 

Princeton Wood Preservers Princeton PCP (see 
"Act ive plants") 

Silvacan Resources L t d . Takia Lake P C P , Creosote 

Westcan Wood Preservers Rosedale PCP 

Name unknown Port Kells (Surrey) ? 

'Pressure impregnation unless otherwise noted. 'Major product type only; posts denotes small dimension items such 
'Diameter x Length for pressure cylinders; °' P°.f.'^ poles denotes large dimension items 
Depth X Width X Length for rectangular thermal tanks; °' " " ' " > ; P°'"i '".'"^'^ T^'^^f^ plywood and lumber (for 
Depth X Diameter for vertical cylindrical thermal tanks. ^essure wood foundations, decks), shingles, shakes, fence mater 

lals and other lumber products. 
'Also pressure-impregnation with inorganic and resin-based fire 
retardants. 

— T A B L E 1.1 KNOWN WOOD P R E S E R V A T I O N P L A N T S 
IN BRIT ISH C O L U M B I A 
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prov ide long- term protection of wood against decay or insect damage. Only 

one facil i ty cu r rent l y treats wood witli f ire-rjBtardant cl^emicals. 

T h e four treatment chemicals in cur rent use in B r i t i s h Columbia a r e : 

• C C A (chromated copper a rsenate ) , 

• A C A (ammoniacal copper a rsenate ) , 

• Creosote , and 

• P C P (pentachlorophenol ) . 

T h e quantit ies of act ive ingredients in these chemicals used annual ly in B . C . 

wood preservat ion plants is of the o rder of millions,,of kMograms^ T h e annual 

quant i ty of treated wood produced by the indust ry is of the o r d e r of one 

quar ter of a million cub[c meters. Much of this product ion is sold local ly , 

with the balance serv ing markets pr imari ly in Western Canada and the 

Western United States , Products range from railway ties to wood intended for 

residential uses such as p reserved wood foundat ions , decks or p layground 

equipment . 

T h e B . C . indust ry can be convenient ly d iv ided into four segments accord ing 

to the type of p reservat i ve appl ied (water -borne or o i l -borne) and the 

nature of the treatment process (p ressure or thermal ) . T h e detai led 

descr ipt ion of these processes and the physical features of facil it ies (Section 

2 . 0 ) is subd iv ided accord ing to these four major indust ry segments which 

a r e : 

• C C A (water -borne) p r e s s u r e t reaters , 

• A C A (water -borne) p r e s s u r e t reaters , 

• P C P or creosote (o i l -borne) p r e s s u r e t reaters , and 

• P C P (oi l -borne) thermal t reaters . 

A br ie f overview of each of these indust ry segments is presented in the 

following sect ions . 

I Q 1 . 2 . 1 C C A P R E S S U R E T R E A T E R S t -X- I - IwI -XvIvXW^^^ 

T h e largest indust ry segment, in terms of numbers of faci l i t ies is the 

water -borne C C A p r e s s u r e t reaters , cu r ren t l y compris ing ten operations 

located through Br i t i sh Columbia . Facil it ies vary considerably with respect to 

treated p roducts . Some plants produce a single product such as(ferTce postsj) 



6 

others produce a range of p roducts including(postspi|)oI^^^ 

and other btuilding materials for outdoor use . ""̂  

C C A treatment plants a re typical ly owned by local bus inessmen, al though the 

chemical suppl iers prov ide a st rong un i f y ing inf luence for this indust ry 

segment. A l l facil it ies purchase C C A from omem^tv/o U . S . - b a s e d manufacturers , 

and both suppl iers prov ide a high level of support serv ices inc luding facil i ty 

d e s i g n , r o ^ i n e ^ _ s a f e t y ^ ^ ana I y t i caj[̂  s e r v i ces 

and consul t ing expert ise oj i .^ .ergt ioj^^, maintenarice and emergency response 

jgTOceduir^ T h e approach has prov ided a general ly high level of control 

over preservat ive use at most B . C . facil it ies which use C C A . T h e indust ry 

segment can be general ly character ized as responsib ly and effect ively 

se l f - regu lated with respect to releases of chemical to the workplace and to 

the envi ronment . Government agencies have played a minor role in regulat ing 

C C A releases. 

Section 2.1 descr ibes the C C A p r e s s u r e t reat ing process and assesses the 

features of B . C . treatment faci l i t ies. T h e treatment chemical is suppl ied as a 

pre-miXed.,„pon,<;: ,entrate and the handl ing and appl ication of the chemical 

general ly occurs in closed systems with minimal d i rect exposure to workers 

or to the environment. Most facil it ies prov ide paved storage pads (roofed at 

two facilities) to isolate and collect d r ips from f resh l y - t rea ted wood. Dry 

treated wood is general ly stored on di r t surfaces pending shipment . C C A 

plants are designed and operated to recycle all contaminated l iquid streams 

( including contaminated runoff from storage pads) and l iquid wastes are not 

p roduced . Small quantit ies of C C A - c o n t a m i n a t e d debr is are generated and the 

perceived requirements and actual pract ices for disposal are v a r i e d . 

F igu re 1.2 shows the general movement of C C A through the treatment 

process and indicates the pr inc ipal points of worker exposure and 

environmental release. Tab le 1.2 presents an overview of the indust ry 

segment in terms of worker and environmental exposure.^ 

^Figures 7. 2- 7. 5 and Tables 7. 2- 7. 5 follow Section 7. 2. 4. 
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1.2.2 A C A P R E S S U R E T R E A T E R S I - X v I v X - V v X v w ^ 

Two Br i t i sh Columbia facil it ies p ressure - impregnate wood ^ p r i n c i p a l l y poles) 

with water -borne A C A preserva t i ve . Both facil it ies are owned~"ByTarg^ 
corporat ions and facil ity des ign and operat ing pract ices are ind iv idual i zed . A 

reasonable level of overal l control of p reservat i ve chemical is p rov ided at 

A C A p lants . Government agencies have p layed a signif icant role in the 

regulation of treatment chemicals at one of the s i tes . 

Section 2.2 descr ibes the A C A p r e s s u r e t reat ing process and assesses B . C . 

faci l i t ies. A C A is manually mixed on -s i te from ingredient chemicals (aqueous 

ammonia, 3i[ff2l£-.-.f£i5 '̂ SEESL-̂ ESî ^ • Subsequent handl ing and 

appl icat ion of the chemical general ly occur in closed systems which are 

similar in concept to systems employed at C C A faci l i t ies. Both A C A plants in 

B . C . have instal led containment systems to collect and recyc le chemical 

d r i p s , a l though the plants represent d i f ferent levels of sophist ication in 

terms of the implementation and effect iveness of these features . Neither 

faci l i ty prov ides d r i p containment areas for s tor ing f r e s h l y - t r e a t e d wood and 

treated wood is t r a n s f e r r e d d i rect ly to unsur faced y a r d s for s torage. A s 

with C C A p lants , no l iquid wastes are generated and disposal requirements 

are not wel l -def ined for the small quant i t ies of solid debr is which are 

p r o d u c e d . 

F igu re 1.3 t racks A C A through the treatment process and indicates the 

pr inc ipal points of worker exposure and environmental release. Tab le 1.3 

presents an overv iew of worker and environmental exposure to A C A . 

1 .2 .3 P C P A N D C R E O S O T E P R E S S U R E TREATERS[<W>:\<^>:<\<rt<<^^ 

^ W o / B . C . facil it ies p rov ide o i l - bo rne P C P p r e s s u r e t reatment^for poles o r 

railway t ies. ,6nej of these facil it ies also prov ides creosote or o i l - bo rne 

_creosote treatment of BioJLes..ajidLJties. Both faci l i t ies are owned by the same 

large corporat ion and the faci l i ty des igns a re similar. T h e c u r r e n t level of 

overal l control of treatment chemicals can be character i zed as general ly 

acceptable but some improvements in physical facil it ies and/or operational 

p rocedures would be des i rab le . Containment and process features are 
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generally based on older design concepts at both plants, although there has 
been a reasonable attempt to compensate for design limitations through 
stringent operational controls. Government agencies have played a significant 
role in regulating chemical releases at one of the sites. 

Section 2.3 describes the oil-borne pressure treatment process and assesses 
B.C. facilities. Creosote is delivered in bulk to the single user site and is 
applied to wood directly or as a fifty percent solution in carrier oil. Mixing 
is carried out in closed systems and does not require direct contact with 
workers. PCP is supplied as bagged solid granules which are manually 
emptied into a carrier oil mixing tank. All subsequent phases of the pressure 
treating operations with both chemicals are carried out in closed systems. 

The chemical tank farms and exterior process areas at both facilities were 
originally unpaved and process areas have been retrofitted with sand-filled 
dykes. A staged program of containment improvements is in progress at the 
older of the two plants and the tank farm is now paved and contained with 
concrete dykes. These improvements have been initiated at the older site as 
a result of intensive regulatory agency involvement in response to treatment 
chemical spills and releases. 

Oil-borne plants produce relatively large volumes of contaminated liquid 
waste (of the order of hundreds of thousands of Igallons annually). One 
facility currently provides flocculation/activated carbon treatment followed by 
discharge to a municipal sewer system. "Clean" cooling waters and site 
runoff are discharged directly to an adjacent river. Both discharges are 
controlled by regulatory permits. The second facility uses evaporation to 
reduce the volume of liquid wastes and discharges excess wastes and site 
runoff to an on-site exfiltration lagoon. Small quantities of solid debris and 
cleanout sludges are produced and stored at both sites pending the 
identification of suitable disposal for these wastes. 

Figure 1.4 and Table 1.4 track creosote and PCP through the treatment 
process and provide an overview of worker and environmental exposure to 
these treatment chemicals. 



9 

1.2.4 P C P T H E R M A L T R E A T E R S X v X v X - X w ^ ^ 

Two "Br i t i sh Columbia facil it ies thermally impregnate wood (pr inc ipal ly poles) 

with o i l - bo rne P C P p reserva t i ve . Both plants a re located in unpopulated 

areas . One faci l i ty is locally owned and has operated at the c u r r e n t site for 

more than f i f ty y e a r s . T h e second faci l i ty is more modern in design and 

replaced an o lder plant which was prev ious ly operated at the site by the 

same company. T h e plant is owned by a moderately large company which 

owns and operates other thermal facil it ies in the Uni ted States . A l though 

both facil it ies use the thermal treatment p rocess , the des ign and operational 

pract ices employed at the two plants are h igh ly ind iv idua l i zed . 

T h e overal l control of actual environmental releases of P C P is acceptable at 

both facil it ies a l though there is potential for ser ious environmental 

contamination at both p lants . Government agencies have played a relatively 

minor role in regulat ing release of treatment chemicals at the s i tes . 

Section 2.4 descr ibes the thermal treatment process and assesses B . C . 

faci l i t ies. Spi l l containment is ent i re ly absent at the older p lant , a l though 

there has been an effect ive attempt to compensate for this def ic iency through 

carefu l operat ion . Good containment is p rov ided for p reservat i ve at the 

second facil i ty a l though the h igh water table and adjacent stream const i tute a 

site environment which is more sensi t ive to P C P releases. T r e a t e d wood is 

stored on unprotected g r o u n d at both s i tes , but the treated product from 

the thermal process is essential ly d r i p - f r e e and there is no v is ib le g round 

contamination in treated wood storage areas at either s i te . 

Worker exposure to P C P vapors is a ser ious potential concern at both sites 

s ince the hot oil treatment process is car r ied out in open tanks . Shor t - te rm 

exposure of treatment operators is carefu l ly control led at both sites by 

employing breath ing protect ion and careful operat ing pract ices . T h e 

long - te rm exposure of workers to ambient levels of P C P throughout the plant 

site has not been invest igated and the implications of such exposure are 

c u r r e n t l y unknown but are of concern to the authors . 
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PREMIXED LIQUID 
CCA CONCENTRATE (BULK) i 

POTENTIAL OR ACTUAL RELEASES 

CHEMICAL DELIVERY 
(BULK TANKERS) 

DRIPS, SPILLS 

^ (RECOVERED; 

I 
CHEMICAL STORAGE 

(TANKAGE) 

R E C Y C L E I 
CONTAMINATED 

SOLUTION 
(TANKAGE) 

2£ 

CHEMICAL DILUTION 
(CLOSED SYSTEM) 

LTER la 

I 
TREATMENT SOLUTION 
STORAGE (TANKAGE) 

SOLUllSffl-

DRIPS. S P I L L S 

^t3 {sUMPs)jon| 
• 
a 
n 
• 
a 
0 
0 
• 
q 

i FILTER Joaoopoa|aonaopat30^ 
EXCESS 

PRESSURE TREATMENT 
(RETORT CYLINDER) 

DRIPS, RAINWASH 
(RECOVERED) 

FRESHLY TREATED 
WOOD STORAGE 

„D^A?^PADS^ GROUND 

(E) DRIPS. SPILLS 

AEROSOLS 
(TANK VENTS) 

AEROSOLS 
(TANK VENTS) 

DRIPS. S P L A T T E R S 
( A C C E S S POINTS) 

AEROSOLS 
(TANK VENTS) 

AEROSOLS 

DOOR OPENINGS 

V A C U U M E X H A U S T 

D 
DRIPS 
RAINWASH 

T R A C K I N G 

KILN DRYING p a o n n i c a o a o t ^ ® AEROSOLS 

T O GROUND 

TO AIR 

TO GROUND 

TO CHEMICAL LANDFILL 
TO MUNICIPAL LANDFILL 
T O GROUND 
TO AIR (BURNED) 

TO AIR 

TO AIR 

A S F ILTER 
SLUDGES 

TO GROUND 
OR S U R F A C E RUNOFF 

TO GROUND 

TO AIR 

T O AIR 

DRY-TREATED 
WOOD STORAGE 
(GROUND) 

anoa'^ © DRIPS 

9 RAINWASH 
o : 

OOO^ ® DUST 

T O GROUND 
S U R F A C E RUNOFF 

* denotes alternate routes at different facilities 

© of potential significance to environment (see Table 1.2) 

® of potential significance to workers (see Table 1.2) 

F IGURE 1.2 C H E M I C A L R E L E A S E S FROM 
C C A P R E S S U R E T R E A T I N G P L A N T S 
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EXISTING PLANTS 10 

OVERALL CHEMICAL MANAGEMENT ' 

ANNUAL CHEMICAL USE 1,700,000 KILOCRAMS/YEAR (50% liquid concentrate 
as delivered to site] 

WORKPLACE EXCELLENT (5), ACCEPTABLE (3), POOR (2)^ 

SITE ENVIRONMENT EXCELLENT (6). ACCEPTABLE (3), POOR (1)^ 

OVERALL SPILL CONTAINMENT 
FEATURES' EXCELLENT ( « ) , ACCEPTABLE (1), POOR (2)^ 

OVERALL SURFACE PROTECTION ' EXCELLENT (7), ACCEPTABLE (2), POOR (1)' 

RELEASES TO THE ENVIRONMENT' 
(FROM ROUTINE OPERATIONS) 

SOURCES ENVIRONMENTAL 
SIGNIFICANCE* 

TO LAND 

DRIPS FROM FRESHLY TREATED WOOD 

TRACKING FROM DRIP PADS FOR 
FRESHLY TREATED WOOD 

WASHOFF FROM DRY TREATED WOOD 

DUMPING OF SOLID WASTES 

LOW 

OF CONCERN (L) 

OF CONCERN (L) 

OF CONCERN (L) 

UNKNOWN 

TO WATER 

TO AIR 

EXCESS RUNOFF FROM DRIP PADS 

RUNOFF FROM TREATED WOOD STORAGE AREAS 

LOW, LESS THAN DRINKING 
WATER STANDARDS PRIOR 
TO POINT OF DISCHARGE 

UNKNOWN 

RETORT DOOR OPENINGS 

TANK VENTS (ROUTINE TRANSFERS) 

TANK VENTS (RETURN OF RETORT CONTENTS) 

VACUUM EXHAUST 

KILN EXHAUST 

• LOW 

• LOW 

• LOW 

• OF CONCERN,(L) 

• OF CONCERN (L) 

SEE 
WORKER 
EXPOSURE 

PROCESS WASTES SOURCES 

LIQUID 

SOLID 

NONE 

DEBRIS FROM 
RECYCLE FILTERS 
AND SUMP CLEAN-
OUT SLUDGES 

DISPOSAL ENVIRONMENTAL 
SIGNIFICANCE" 

N/A 

STORED 
CHEMICAL 
LANDFILL 
MUNICIPAL 
LANDFILL 
DUMPED ON-SITE 

NONE 

NONE 
NONE 

UNKNOWN 

UNKNOWN 

WORKER EXPOSURE' SOURCES SIGNIFICANCE TO WORKERS" 

TO LIQUID 

TO AEROSOLS 
OR VAPORS 

DRIPS, LEAKS IN PROCESS AREA 

SURFACE RESIDUAL IN CONTAINMENT AREAS 

RESIDUAL ON TREATED WOOD 

OF CONCERN (S)TO 
LOW 

OF CONCERN (L) 

LOW 

RETORT DOOR OPENING 

TANK VENTS TO WORKPLACE 

VACUUM EXHAUSTS 

KILN EXHAUST 

PARTICULATES IN YARD DUST 

OF CONCERN (L) 

OF CONCERN (L) 

OF CONCERN (L) 

OF CONCERN (L) 

OF CONCERN (L) 

^(n) denotes n facilities in the indicated category. 
Ratings are subjective judgments of the authors: 

Excellent = few or no potential concerns identified; 
Acceptable = minor to moderate potential concerns; 
Poor = serious potential concerns. 

'"Poor" ratings ore based on deficient current practices 
which pose immediate and serious potential hazards. 
^Lists only releases (as identified in Figure 1. 2) of 
potential significance to workers or the environment 
at one or more existing facilities. 

''Subjective judgments of the authors: 
Low = no observed or inferred effects; 
Of Concern = short-term (S) or long-term (L) effects 
may occur or seem likely; 
Unknown = insufficient information to judge significance 
of releases. 

T A B L E 1.2 SUMMARY A S S E S S M E N T O F C C A M A N A G E M E N T A T 
EX IST ING P R E S S U R E T R E A T I N G P L A N T S IN B . C . 
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• COPPER OXIDE (DRUMS) 

• ARSENIC ACID (DRUMS) 

• AMMONIA (BULK) POTENTIAL OR ACTUAL RELEASES 1 
CHEMICAL DELIVERY 
(BULK & CONTAINER) 

I 
DRIPS, SPILLS 
VAPOURS (AMMONIA) 

T O GROUND. WATER 
T O AIR 

[ SCRUBBER 

VAPOURS 

Qd anaoaoaDoa 
n DRIPS, SPILLS 

CHEMICAL STORAGE 

AMMONIA ARSENIC ACID 
I.. iJANKAGE). . ^DRUMS) b n ^ ® SPILLS TO GROUND 

^CONTAMINATED] 
SOLUTION 
(TANKAGE) 

.RECYCLE, 
l a a a a b f CHEMICAL MIXING 

(INGREDIENTS MANUALLY 
ADDED TO MIXING TANK) 

a L E A K S . SPILLS _ 
a 

D 
0 
Odf SCRUBBER 

VAPOURS_ I 
aab ® VAPOURS, AEROSOLS 

(AMMONIA. ARSENIC ACID) 

WOO 
ffta TREATMENT SOLUTION STORAGE 

D 
Q L E A K S C 7 ^ 

0DRIPS cx 
n 

u SCONDENSATE 
0 vbcaacaaca 

(TANKAGE) 

SOLUTION I ® 

PRESSURE TREATMENT 
(RETORT CYLINDER) Jai3> © 

SUMPS 

DRIPS( 

D a E s a a c a D c s c a t a c T O C3t3ac3^ (D SLUDGES 

LEAKS 
(SEEPAGE FROM 
CONTAINMENT) 

CONTAINMENT 
RESIDUAL 

A E R O S O L S . VAPOURS 
(DOOR OPENINGS, 
VENTS) 
DRIPS, LEAKS 
(SEEPAGE FROM 
CONTAINMENT) 

TO GROUND. WATER 

TO AIR 

TO GROUND 

T O LANDFILL 

TREATED WOOD STORAGE 

| n D ^ © DRIPS, RAINWASH TO GROUND 
OR 
S U R F A C E 
RUNOFF 

F IGURE 1.3 C H E M I C A L R E L E A S E S FROM 
A C A P R E S S U R E T R E A T I N G P L A N T S 
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EXISTING PLANTS 2 ANNUAL CHEMICAL USE 1(00,000 IMPERIAL GALLONS (as 3% solution) 

OVERALL CHEMICAL MANAGEMENT WORKPLACE 
SITE ENVIRONMENT 

EXCELLENT (1) , ACCEPTABLE (1), POOR ( ) 
EXCELLENT (1), ACCEPTABLE ( ), POOR (1)^ 

OVERALL SPILL CONTAINMENT 
FEATURES EXCELLENT (1) , ACCEPTABLE (1), POOR ( ) 

OVERALL SURFACE PROTECTION EXCELLENT (1), ACCEPTABLE ( ), POOR (1)' 

RELEASES TO THE ENVIRONMENT 
(FROM ROUTINE OPERATIONS) 

SOURCES ENVIRONMENTAL 
SIGNIFICANCE 

TO LAND 
• DRIPS FROM FRESHLY TREATED WOOD 
• WASHOFF FROM TREATED WOOD 
• DUMPING OF SOLID WASTES 

• OF CONCERN (L) 
• LOW 
• UNKNOWN 

TO WATER 
• LEAKAGE FROM CONTAINMENT AREAS 
• GENERAL SITE RUNOFF 

• OF CONCERN (S,L) 
• UNKNOWN 

TO AIR 

• RETORT DOOR OPENING 
• TANK VENTS 
• VACUUM EXHAUSTS 

• LOW 
• LOW SEE 

WORKER 
(GENERALLY EXPOS-
CONTROLLED URE 
WITH 
SCRUBBERS) 

PROCESS WASTES SOURCES DISPOSAL ENVIRONMENTAL 
SIGNIFICANCE 

LIQUID • NONE • N/A • NONE 

SOLID • SLUDGE, DEBRIS 
FROM CLEANOUT 
OF DRUMS, 
RETORTS 

• CHEMICAL LANDFILLS 
OR STORAGE 

• UNKNOWN 

WORKER EXPOSURE SOURCES SIGNIFICANCE TO WORKERS 

TO LIQUID • DRIPS, LEAKS IN PROCESS AREA 
• SURFACE RESIDUAL, CONTAINMENT AREAS 

• CHEMICAL MIXING 

• OF CONCERN (L) 
• PROBABLY LOW, OF 

CONCERN (L) 
• OF CONCERN (S,L) 

TO AEROSOLS 
OR VAPORS 

• RESIDUAL ON TREATED WOOD 
• RETORT DOOR OPENING 
• TANK VENTS, VACUUM EXHAUSTS 
• CHEMICAL MIXING 

• LOW 
• OF CONCERN (S;L) 
• LOW 
• OF CONCERN (S,L) 

'See explanatory footnotes 1, 3, and 1 on Table 1. 2. 
'Poor rating results from past practices and design features which hove 
contributed to extensive site contamination. Current practices and 
remedial measures are rated as acceptable. 

T A B L E 1.3 SUMMARY A S S E S S M E N T OF A C A M A N A G E M E N T A T 
EX IST ING P R E S S U R E T R E A T I N G P L A N T S IN B . C . 
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PCP GRANULES (BAGS) OIL (BULK) POTENTIAL OR ACTUAL RELEASES 

1 1 
f CHEMICAL DELIVERY 
^CONTAINER) (BULK) 

CHEMICAL 
STORAGE 

, TCP" 
t... (•BACS) 

n INFILTRATING 
JJ WATER. 

JTANKACEU 5 
CHEMICAL 

MIXING 

(MANUAL PCP 
DEBAGGING) 

TREATMENT SOLUTION 
STORAGE 
(TANKAGE) 

OIL/WATER 
SEPARATION M P P O P O O 

/JnlsUMPskaotS 

I 
PRESSURE TREATMENT^nH^ 
(RETORT CYLINDER) 

'ft© o n 

• ( W A T E R ) 

D 
D 
D 

DRIPS. SPILLS 

tifevAPORATlOMaanata n a a a a c a c a a a c a a n ^ 
0 g @ 
V ^ a a a a a a a a a c i D c i a c s c i c s a 

WASTE 
[TREATMENT 

d a c 3 a a a c i c 3 c i c 3 c 3 i a a a a a a o c a a a a p i g ) 

Q C3 a D a d o a C3 c=i C3 C31=11=1 a ca a c3 ca c=i C3 ^ 

TREATED WOOD 

GROUND 

LEAKS, SPILLS 

C B a a | o c 3 a t3 a c a o t a ^ 

© 

DRIPS. LEAKS 

DUST 

VAPOURS 

VAPOURS 
DUST (PCP) 

VAPOURS 
(TANK VENTS) 
LEAKS, DRIPS 
(CONTAINMENT LEAKS) 

VAPOURS 
(DOOR OPENINGS) 

DRIPS. LEAKS 
(CONTAINMENT LEAKS) 

"CLEAN WATER" 
(e.g. COOLING WATER) 

SLUDGES 

VAPOURS 

EXCESS 
EFFLUENT 

SLUDGES 

TO GROUND 

J o a ^ DRIPS, WASHOFF 

TO GROUND 

TO GROUND 

TO AIR 

TO AIR 
TO GROUND 

TO AIR 

TO GROUND 

TO AIR 

TO GROUND 

TO RECEIVING 
WATERS OR' 
EXFILTRATION 
LAGOON 

STORED 

TO AIR 

TO GROUND 
(EXFILTRATION 
LAGOON) 

STORED OR 
TO CHEMICAL 
LANDFILL 

TO GROUND 

t releases from Creosote plants are similar 
except for chemical storage and mixing areas 

] alternate paths al different locations 

F IGURE 1.4 C H E M I C A L R E L E A S E S FROM 

P C P P R E S S U R E T R E A T I N G P L A N T S 
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EXISTING PLANTS 2 

ANNUAL CHEMICAL USE PCP 320,000 KILOGRAMS/YEAR (solid granules, as supplied In bags) — ''-^ > C ^ i - , „ i c i -
CREOSOTE 930,000 IMPERIAL GALLONS/YEAR (bulk liquid, as supplied) 

OVERALL CHEMICAL MANAGEMENT WORKPLACE EXCELLENT ( ), ACCEPTABLE (2 ), POOR ( ) 
SITE ENVIRONMENT EXCELLENT ( ), ACCEPTABLE (1 ), POOR(l) ' 

OVERALL SPILL CONTAINMENT 
FEATURES EXCELLENT ( ), ACCEPTABLE (2), POOR ( ) 

OVERALL SURFACE PROTECTION ' EXCELLENT ( ), ACCEPTABLE (1), P00R(1) = 

RELEASES TO THE ENVIRONMENT 
(FROM ROUTINE OPERATIONS) 

SOURCES ENVIRONMENTAL 
SIGNIFICANCE 

TO LAND 

TO WATER 

TO AIR 

• DRIPS OR SPILLS IN TANK FARMS 

• DRIPS FROM FRESHLY TREATED WOOD 

• WASHOFF FROM DRY TREATED WOOD 

• OIL LOSSES DURING DELIVERY (1) 

• DUMPING OR BURIAL OF WASTES (1) 

• OF CONCERN (L) 
• UNKNOWN, OF POTENTIAL 

CONCERN (L) 
• UNKNOWN, OF POTENTIAL 

CONCERN (L) 

• OF CONCERN (L) 
(CONTAINS NO 
PRESERVATIVE) 

• UNKNOWN 

TO LAND 

TO WATER 

TO AIR 

• RUNOFF FROM TREATED WOOD 
STORAGE AREAS 

• "CLEAN" COOLING WATERS, STEAM 
CONDENSATE 

• TREATED LIQUID PROCESS WASTES 

• OF CONCERN (S,L) 

• OF CONCERN WHEN CON- r 
TAMINATION OCCURS 

• LOW WHEN TREATMENT 
SYSTEM FUNCTIONS 
PROPERLY 

TO LAND 

TO WATER 

TO AIR 

• RETORT DOOR OPENING 
• TANK VENTS 
• VACUUM EXHAUSTS 
• FORCED EVAPORATION OF LIQUID WASTES 

• LOW 
. LOW SEE 

WORKER 
• LOW EXPOS-
• OF CONCERN (L) " " ^ 

PROCESS WASTES SOURCES DISPOSAL ENVIRONMENTAL 
SIGNIFICANCE 

LIQUID 

SOLID 

• TREATED 
PROCESS 
EFFLUENT 

• EVAPORATED 
PROCESS 
EFFLUENT 

• "CLEAN" COOL­
ING WATERS AND 
CONDENSATES 

• BOILER 
SLOWDOWN 

• TO MUNICIPAL SEWER 

• TO EXFILTRATION 
LAGOON WHEN EVAP­
ORATION CAPACITY 
IS EXCEEDED 

• TO EXFILTRATION 
LAGOON 

• TO ADJACENT RIVER 

• TO EXFILTRATION 
LAGOON 

• LOW 

• UNKNOWN 

• LOW 

• OF CONCERN (S.L) (WHEN 
CONTAMINATION OCCURS) 

• LOW 

LIQUID 

SOLID 

• DEBRIS FROM 
SUMPS, RETORTS 

• TANK SLUDGES 

• SPENT ACTI­
VATED CARBON 

• RESUSPENOED IN 
TREATMENT FLUID 

• REGENERATED FOR 
RE-USE 

• PROBABLY LOW 

• OF POTENTIAL CONCERN 
(WASHOFF FROM TREATED 
WOOD IS UNKNOWN) 

• NONE (SIGNIFICANCE AT 
POINT OF REGENERATION 
IS UNKNOWN) 

WORKER EXPOSURE SOURCES SIGNIFICANCE TO WORKERS 

TO LIQUID 

TO AEROSOLS 
OR VAPORS 

TO SOLID 

• SURFACE RESIDUAL IN CONTAINMENT AREAS 
• CREOSOTE MIXING 
• PCP MIXING 

• ENTERING RETORT (CLEANING. JAMS) 

• TANK VENTS, VACUUM EXHAUSTS 
• PCP MIXING 
• ENTERING RETORTS (CLEANING, JAMS) 
• RETORT DOOR OPENINGS 

• PCP MIXING (GRANULES) 

• OF CONCERN (S.L) 
• LOW 
• OF CONCERN (S.L) 
• OF CONCERN (S.L) 

• OF CONCERN (L) 
• OF CONCERN (S.L) 
• OF CONCERN (S.L) 
• OF CONCERN (L) 

• OF CONCERN (S.L) 

' S e e explanatory footnotes 1, 3, and 1 on Table 1. 2; 
'Poor rating results from past practices and design features which have 
contributed to extensive site contamination. Current practices and 
remedial measures are rated as acceptable. 

T A B L E 1.4 SUMMARY A S S E S S M E N T O F P C P A N D 
C R E O S O T E M A N A G E M E N T A T EX IST ING 
P R E S S U R E T R E A T I N G P L A N T S IN B . C . 
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Q 
D 
D 

a 
D n n 
D 
a 
D 
§ 
UOIL 

PCP 
(SOLID BLOCKS) 

OIL 
(BULK) POTENTIAL OR ACTUAL RELEASES 

LI 
CHEMICAL DELIVERY CHIPS. DUST (PCP) TO GROUND 

CHEMICAL STORAGE 

TCP \ BTC 

^ o a a a a l o c n c i t a c a ^ CHIPS, OUST (PCP) 

j b n ^ DRIPS. LEAKS (OIL) 

CHEMICAL MIXING 
(DISSOLUTION IN 

OPEN TANKS) 

I 
TREATMENT SOLUTION STORAGE 

(TANKAGE) 

EXCESS 
SOLUTION I 

SPLASHES, DRIPS 

VAPOURS (PCP) 

LEAKS, DRIPS 
PRECIPITATION 
RUNOFF 
VAPOURS 
(TANK VENTS) 

INCINERATED 

TREATMENT 

(OPEN TANKS) 

annf) 

a n t © 

t 
SLUDGES 
VAPOURS 
SPLASHES. OVERFLOWS 
SUBSURFACE 
TANK LEAKS 

OIL/WATER 
SEPARATION 

"^WATER* 

kjDal CONTAINMENT 

D 
INFILTRATING n 

WATER " 
>aac3 C 3 C 3 cii=> V 

TO GROUND 

TO GROUND 

TO GROUND 

TO AIR 

TO GROUND 

TO AIR 

TO AIR 

STORED 
TO AIR 
TO GROUND 
TO GROUND 

WATER 
.TREATMENT TREATED EFFLUENT TO GROUND 

TREATED WOOD STORAGE 
DRIPS 
RAIN WASHOFF 

TO GROUND 
TO GROUND 

denotes alternate routei of rdaaie 
at different locatloni 

F IGURE 1.5 C H E M I C A L R E L E A S E S FROM 
P C P T H E R M A L T R E A T I N G P L A N T S 
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EXISTING PLANTS 2 
ANNUAL CHEMICAL USE 125,000 KILOGRAMS AS SOLID 

OVERALL CHEMICAL MANAGEMENT WORKPLACE EXCELLENT (1 ), A C C E P T A B L E (1), POOR ( ) 
SITE ENVIRONMENT EXCELLENT (1 ), A C C E P T A B L E (1), POOR ( ) 

OVERALL SPILL CONTAINMENT 
FEATURES EXCELLENT (1 ), A C C E P T A B L E ( ), POOR (1 ) 

OVERALL SURFACE PROTECTION EXCELLENT (1 ), A C C E P T A B L E ( ), POOR (1)' 

RELEASES TO THE ENVIRONMENT 
(FROM ROUTINE OPERATIONS) 

SOURCES ENVIRONMENTAL 
SIGNIFICANCE 

TO LAND 

TO WATER 

TO AIR 

• DRIPS FROM FRESHLY TREATED WOOD 
• WASHOFF FROM DRY TREATED WOOD 
• LEAKAGE/SPILLAGE OF SLUDGE 
• CHIPPING FROM PCP BLOCKS 

• LOW 
• LOW 
• OF CONCERN (L) 
• OF CONCERN (L) 

TO LAND 

TO WATER 

TO AIR 

• WASHOFF FROM TREATED WOOD 
• DISCHARGE OF TREATED INFILTRATING 
GROUNDWATER 

• OF CONCERN (L) 
• OF CONCERN (L) 

TO LAND 

TO WATER 

TO AIR 
• VAPORS FROM TREATING TANKS 
• VAPORS FROM STORAGE TANK VENTS 
• EMISSIONS FROM SLUDGE (INCINERATION) 

•OF CONCERN (L) 
• LOW 
• OF CONCERN (L) 

PROCESS WASTES SOURCES DISPOSAL ENVIRONMENTAL 
SIGNIFICANCE 

LIQUID 

SOLID 

• GROUNDWATER 
INFILTRATING 
TO TANK SHELL 

• TANK SLUDGES 

• ON-SITE TREATMENT 

• ON-SITE STORAGE 

• OF CONCERN (L). 

• OF CONCERN (L) 

WORKER EXPOSURE SOURCES SIGNIFICANCE TO WORKER 

TO SOLID 

TO LIQUID 

TO AEROSOLS 
OR VAPORS 

• STORAGE, TRANSPORT OF PCP BLOCKS 

• TREATMENT TANKS 

• RESIDUAL ON TR E A T E D WOOD 
• TREATMENT TANKS 
• SLUDGE INCINERATION 

• LOW 

• OF .CONCERN, (S) , 

• LOW 
• OF CONCERN (L) 
• OF CONCERN (L) 

' S e e explanatory notes 1, 3, and Ion Table 1.2. 
'Poor ratings based on high potential risk from unsurfaced ground beneath 
all workings and chemical storage areas. Careful practices have prevented 
obvious ground contamination from actually occurring. 

' T A B L E 1.5 SUMMARY A S S E S S M E N T OF P C P M A N A G E M E N T A T 
EX IST ING T H E R M A L T R E A T I N G P L A N T S IN B . C . 
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The principal waste stream produced at thermal facilities is a PCP tank 
sludge which is generated in moderate quantities (of the order of one 
thousand Igallons per year). The requirements for safe disposal of PCP 
sludges are not clearly established. One facility currently has a regulatory 
permit to incinerate the sludge in a wood waste burner, although the oil 
content in the sludge has caused the burner to overheat and the practice 
has been discontinued. Both facilities currently store the sludge on-site and 
the conditions of storage are inadequate at one of the facilities. 

Figure 1.5 and Table 1.5 track PCP through the thermal treating process 
and provide an overview of worker and environmental exposure to the 
treatment chemical. Detailed discussion of design and practices at thermal 
facilities is presented in Section 2. 

1.3 A CODE OF GOOD PRACTICE FOR THE INDUSTRY 

The authors of this report recommend that a code of good practice be 
established for the wood preservation industry in British Columbia. This 
recommendation is motivated by the potential gravity and permanency of 
environmental and/or human health impacts which can result from major 
releases of wood preservative chemicals. This has been demonstrated by 
instances of site contamination which have occurred at facilities no longer in 
operation. Although the current level of overall control of wood preservative 
chemicals at existing facilities is generally acceptable (in some cases 
commendable), the adoption of uniform, industry-wide minimum requirements 
is needed to ensure that these controls are consistently and effectively 
applied in the long term. 

The general objective of a code of good practice would be to facilitate an 
appropriate level of environmental and worker protection through the 
establishment of consistent, industry-wide guidelines for the design and 
operation of wood preservation facilities. The principal benefits which are 
anticipated from an effective code of good practices include: 

• Improved overall control of wood preservative chemicals. 
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• Fewer instances of companies gaining unfair competitive advantage by 
neglecting expenditures for measures to properly control chemical 
releases, 

• The elimination of "moving targets" for control measures required of 
industry by regulatory agencies, and 

• Enhanced communication and liaison between industry and government 
agencies. 

The principal topics which should be addressed in preparing a code of good 
practice are highlighted in Table 1.6. Detailed discussion of these topics is 
presented in Sections 2 through 5 of this report. The suggested role of a 
code of practice in addressing each of these areas of concern is presented in 
Table 1.6 and briefly discussed below. 

• FACILITY DESIGN 

An ideal facility design should provide effective and economical preservative 
treatment while minimizing chemical releases from spills, drips or washoff 
from treated wood and while minimizing worker exposure to the chemical. 
Designs which provide good surface protection, spill containment and worker 
protection are readily available, although these designs have not been 
utilized by all existing facilities in B.C. 

A code of practice should strive to achieve a reasonable and consistent level 
of environmental and worker protection by stipulating general conceptual 
design objectives for key facility elements such as ground protection and 
spill containment. The code would specify broad objectives, not specific 
detailed designs for meeting these objectives. New facilities would be 
expected to provide features which meet the minimum requirements of the 
design objectives. Existing facilities would be expected to upgrade to these 
objectives where practicable or to provide an equivalent level of protection 
through alternative design or operational safeguards. 
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SUBJECT AREA ROLE & SCOPE OF 
THE CODE 

FACILITY 
DESIGN 

•SPILL PREVENTION AND DETECTION 
•SPILL CONTAINMENT AND RECOVERY 
•LEAK PREVENTION, DETECTION AND 
CONTAINMENT 
•DRIP ISOLATION AND CONTAINMENT 
•WORKER PROTECTION 
•CHEMICAL RECYCLE 
•WASTE TREATMENT 
•AIR EMISSION CONTROL (ENVIRON­
MENTAL AND WORKPLACE) 
•SHELTER 
•GROUND PROTECTION 
•SITE RUNOFF CONTROL 

•STIPULATE UNIFORM 
REQUIREMENTS FOR 
CONCEPTUAL DESIGN 
OBJECTIVES 

IN-HOUSE 
PROCEDURES 

•ROUTINE OPERATIONS AND 
MAINTENANCE 
•HOUSEKEEPING 
•EMERGENCY RESPONSE 

•STIPULATE CONSISTENT 
MINIMUM REQUIREMENTS 
FOR CONCEPTUAL PRO­
CEDURAL OBJECTIVES 

SITE 
MONITORING 
PROCEDURES 

•PRE-CONSTRUCTION SITE ASSESS­
MENT 
•ROUTINE WORKPLACE AND SITE 
MONITORING 
•SPILL AND CONTAMINATED SITE 
ASSESSMENT 

•DEFINE UNIFORM 
MONITORING AND 
SAMPLING PROTOCOLS 
AND ESTABLISH CON­
SISTENT ASSESSMENT 
CRITERIA AND 
PROCEDURES 

•DATA PRESERVATION •ESTABLISH A MECHAN­
ISM FOR A PERMANENT 
DATA ARCHIVE 

REGULATORY 
AGENCY 
REQUIREMENTS 

•SITE SELECTION 
•SITE CLOSURE 
•SOLID WASTE DISPOSAL 
•PERMISSIBLE CONTAMINANT LEVELS 
•LIQUID EFFLUENT 
•AIR EMISSIONS TO THE 
ENVIRONMENT AND 
WORKPLACE 

•SUMMARIZE ALL 
RELEVANT POLICIES, 
GUIDELINES, REGULA­
TIONS 
•ESTABLISH A MECHAN­
ISM FOR CLARIFYING 
AGENCY POLICIES OR 
PRACTICES 
•IDENTIFY CHANNELS OF 
INDUSTRY-AGENCY 
COMMUNICATION 

•WORKPLACE AND ENVIRONMENTAL 
HAZARD DEFINITION 

•ESTABLISH UNIFORM 
DEFINITION OF CHEMI­
CAL HAZARDS 

•KNOWLEDGE GAPS AND RESEARCH 
PROGRAMS 

•ESTABLISH A MECHAN­
ISM FOR FILLING 
KNOWLEDGE GAPS 

T A B L E 1.6 OVERVIEW OF A P R O P O S E D C O D E OF 
G O O D P R A C T I C E FOR T H E B . C . WOOD 
P R E S E R V A T I O N I N D U S T R Y 
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• IN-HOUSE PROCEDURES 

ROUTINE OPERATIONS OF FACILITIES • 

Most facilities have developed effective policies and procedures for routine 
operation although specific practices vary widely from plant to plant. While a 
generally high standard of operational control is observed at most B.C. 
plants, the present project identified several specific practices which are of 
potential concern. In some cases, ambiguous regulatory agency requirements 
have created confusion or inconsistencies. A particular area of concern is 
the handling, storage and disposal of solid waste residues generated by wood 
preservation operations. In-house procedures are poorly defined at most 
B.C. facilities and practices are inconsistent from plant to plant. The 
requirements of regulatory agencies are ambiguous and adequate off-site 
disposal facilities are not currently available in B.C. 

A code of good practice should strive to establish uniform procedural 
objectives for operating facilities in a manner which provides adequate 
protection for workers and for the environment. As with facility design, the 
code would stipulate minimum requirements in terms of conceptual objectives, 
leaving the development of specific detailed procedures to facility management. 

EMERGENCY RESPONSE REQUIREMENTS H 

General emergency response plans are in existence at most B.C. plants. 
However, it appears that these plans are often deficient in specific detail 
and are inadequately rehearsed to function smoothly in actual emergency 
situations. A code of practice should establish minimum specific requirements 
for response to emergency situations (such as spills or fires) involving wood 
preservation chemicals. 

• FACILITY AND SITE MONITORING 

It is generally acknowledged that releases of preservative chemical to the 
environment should be minimized. However, almost no reliable quantitative 
information is available to support the development of this aspect of facility 
design and operational procedures. A code of practice should remedy this 
deficiency by establishing an overall plan for site and facility monitoring 
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including the use of mass balance information to develop a quantitative 
picture of preservative releases at all steps in the treatment process (from 
drips during chemical delivery to washoff from treated wood by rain). 
Pre-facility site assessments should be required to identify and characterize 
essential site features such as hydrogeology and subsurface soils. Sampling 
and analytical protocols should be established for routine monitoring of soils, 
water and air at plant sites. Similar protocols should also be established for 
monitoring spills and contaminated sites, and a central and official file of 
monitoring and process information should be established in order to provide 
an accessible, permanent record of essential data for assessment activities. 

• REGULATORY AGENCY POLICY AND GUIDELINES 

Current legislation is adequate for the development of regulatory controls on 
the release of wood preservative chemicals to the workplace and to the 
environment. However, the requirements of these controls have not been 
uniformly communicated or consistently applied to wood preservation plants 
throughout B.C. In some instances, agency policies have not been developed 
for areas which are significant for good overall control of toxic chemicals. 

A code of practice should present a summary of all relevant regulatory 
agency policies, guidelines and regulations which affect the management of 
toxic chemicals at wood preservation plants. Where possible, ambiguous, 
deficient or inconsistent policies should be clarified and developed by the 
appropriate agencies in order that industry is presented with a clear 
statement of expectations and requirements. Other specific items identified in 
Table 1.6 should also be addressed with a view to clarifying and unifying 
existing regulations and opening channels of improved interagency and 
industry-agency communications. 
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2.0 DESCRIPTION AND ASSESSMENT OF PHYSICAL FACILITIES 

2.1 CCA PRESSURE TREATMENT PLANTS 

• I • > • I I V V 11—II « « « « « « « « « « « « « « « • « « • • _ • • • • • • • • • • . • . • . • • . • . « . • . • , • • , • . • • 

• GENERAL DESCRIPTION 

Ten facilities in British Columbia currently provide treatment of wood with 
CCA (chromated copper arsenate) preservative. A typical CCA pressure 
treating plant is shown conceptually in Figure 2.1. The preservative chemical 
is normally purchased as a 50 percent concentrate which is delivered by bulk 
truck or rail tanker. The concentrate is stored in tankage and diluted with 
water to 1.5 to 4.0 percent strength working solution which is applied to the 
wood in a pressure retort cylinder. The treated wood is usually drained in a 
segregated drip containment area, followed by kilning and/or removal to dry 
treated wood storage to await shipment. 

PRESERVATIVE APPLICATION B 

The full cell treatment process is always used to apply preservative in CCA 
treatment plants (see Appendix 1). The treatment cycle is carried out in the 
pressure retort cylinder and consists of the following steps: 

• application of an initial vacuum, 
• flooding with CCA working solution and pressurization (at 120 to 150 
psig) until the target CCA retention level is achieved, 

• draining of the excess CCA working solution (to the working tank for 
re-use with subsequent charges), and 

• application of a final vacuum. 

The specific treatment times and pressures are dictated by the species of 
wood, the type of wood product (for example, plywood or polies) and the 
moisture content of the wood. A predetermined range of process parameters 
is defined by the applicable treatment standards (see Appendix 2) and 
numerous quality control tests are carried out to ensure that a minimum 
treated product quality is achieved. 
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CHEMICAL CONTAINMENT AND RECOVERY • 

The toxicity and high cost of the treatment chemicals have led to the 
utilization of closed treatment systems which contain, collect and re-use the 
chemical to the greatest possible extent. The use and design of specific 
features vary significantly from plant to plant. However, the primary 
elements which may be incorporated in CCA containment and recycle systems 
are illustrated in Figure 2.1 and include: 

• leakproof containment surfaces and dyking of major process components 
including the retort and CCA tankage, 

• containment surfaces for chemical drips from treated wood on the retort 
charging track and in the freshly-treated wood storage area, and 

• a collection sump to receive residual preservative from the retort 
(following the treatment cycle) and the accumulated contaminated runoff 
from other containment surfaces. 

Contaminated liquids entering the sump are pumped through cartridge filters 
to remove yard dust and wood debris. The filtered solution is stored in a 
holding tank(s) and is returned to the process as makeup water for 
preparing fresh working preservative solution for subsequent charges, 
incidental liquid streams (for example, seal water from vacuum pumps) are 
also collected and returned to the collection tank. 

CHEMICAL DISCHARGES • 

Treatment plants with the features described above recycle all contaminated 
process liquids. Depending on the type, extent and effectiveness of the 
containment surfaces employed, incidental drips or washoff of treatment 
chemical from treated wood may be released to ground surfaces or contained 
in site runoff. The only solid waste generated by CCA facilities is 
miscellaneous debris which is periodically scooped from the sump and retort 
and/or removed from the cartridge filters. Intermittent sources of air 
emissions include the vacuum pump exhaust, retort doors and tank vents. 
Some preservative chemical may also be entrained in kiln emissions when 
treated product (such as plywood) is dried following treatment. 
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2.1.2 TRANSPORTATION AND OFF-LOADING OF CCA /XvXvXvXvX^W^^ 

• DESCRIPTION 

The supply and transportation of CCA preservative to B.C. plants is 
described in Table 2.1. Figure 2.2 illustrates the various configurations for 
off-loading CCA at plant sites. All CCA used in B.C. is currently supplied 
as a liquid concentrate by either Koppers-Hickson Canada Ltd. or Osmose 
Wood Preserving Corporation of America. 

SUPPLIER 
NO. 
OF 

USERS 

SUPPLY FORMAT DELIVERY FORMAT 

SUPPLIER 
NO. 
OF 

USERS 
Bulk 

(50% Strength) 
275-Pound Drums 

(72% Strength) 

Rail 
Tank 
Car 

Tank 
Truck 

Container 
Freight 
Truck 

KOPPERS-HICKSON 
CANADA LTD. 

3 • e 

OSMOSE WOOD 
PRESERVING 
CORPORATION 
OF AMERICA 

3 • • OSMOSE WOOD 
PRESERVING 
CORPORATION 
OF AMERICA 

2 • • 
OSMOSE WOOD 
PRESERVING 
CORPORATION 
OF AMERICA 

2 • « 

TABLE 2.1 SUPPLY AND DELIVERY OF CCA CONCENTRATE 
TO B.C. USERS 

Two small facilities purchase 72% concentrate in 275-pound metal drum 
containers. Drums are delivered to one facility by common carrier. The other 
facility transports the drums in its own vehicle from a pickup point in 
Spokane, Washington. All other plants purchase 50% concentrate which is 
supplied in bulk and delivered by tank truck or rail tank cars. 



28 

2 FACILITIES 

manual unloading of 
275-pound drums of 
concentrate (72*) to 
an interior or exter­
ior drum Storage area 

unprotected ground 
in off-loading area 

2 FACILITIES 

• off-loading of bulk 
tank trucks via 
flexible hose through 
a doorway to a top 
hatch of the concen­
trate tank 

• unprotected ground 
in off-loading area 

COMPRESSED 
AtR 

1 FACILITIES 

• off-loading of bulk 
tank trucks via rigid 
pipe connections to 
the interior concen­
trate tank 

• unprotected ground 
in off-loading area 

2 FACILITIES 

• off-loading of bulk 
cars via rigid buried 
pipe or above-ground 
flexible hose to the 
interior concentrate 
tank 

• unprotected ground 
in off-loading area 

FIGURE 2.2 OFF-LOADING OF CCA CONCENTRATE 
AT B.C. PLANTS 
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Two companies receive bull< concentrate by rail and take responsibility for 
off-loading operations at their plant sites. In both cases, off-loading from 
rail tankers takes place over unprotected ground surfaces. In one instance, 
connection to tankage is via rigid, buried piping. The second plant utilizes a 
flexible hose system and a rental pump for off-loading. 

Six facilities receive CCA via bulk tank truck. CCA is transported directly 
from the manufacturing facilities In Atlanta, Georgia (for Koppers-Hickson), 
or Memphis, Tennessee (for Osmose). The tank trucks are owned and 
operated by the CCA suppliers and the tanks are reportedly of special 
design with steel reinforcement bands to provide added strength. The 
transporters retain full responsibility for the chemical until it is transferred 
into the customer's storage tank. This ensures a high level of specialized 
control over the chemical throughout all phases of delivery from 
manufacturer to user. The transporters are specially trained for routine and 
emergency handling of CCA and follow carefully planned procedures for 
off-loading CCA concentrate. Delivery runs are made by an established crew 
so that the delivery personnel develop familiarity with the customer facilities. 

Off-loading of CCA is accomplished by pressurizing truck tanks with 
compressed air. None of the facilities receiving bulk deliveries by truck 
provides ground protection (paving or curbing) at the point of off-loading, 
nor is containment provided for major spillage from the delivery tanker. The 
point of hookup for delivery is at exterior locations for three facilities and 
requires access to the treatment area at three plants. Two plants do not 
have permanent rigid-pipe delivery systems and employ temporary flexible 
hoses for CCA delivery. Locking valves are provided for, security at two 
plants. At three facilities the concentrate storage tank is not directly or 
easily visible from the tanker hookup. 

Visual level indicators (sight gages or interior floats with mechanical tape 
linkages) are provided at all plants and serve as the only means of 
indicating fluid level in the concentrate tanks. Overflow (level) alarms or 
shutoffs are not provided at any facility. Concentrate tank overflow 
protection (for example, direct piping to a sump or isolated containment 
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area) is provided at two facilities. The high cost of carrying a chemical 
inventory has generally caused facilities to receive concentrate delivery when 
the concentrate tank is at a low level and the empty tank capacity exceeds 
the delivery load. When delivery is received at such times, tank overflow is 
impossible. 

Facility operators generally receive bulk deliveries as soon as possible after 
the tanker arrives (to avoid car demurrage and/or to facilitate rapid 
turnaround for drivers after the long haul to B.C.). This often results in a 
delivery time at night or outside the hours of regular working shift. 

• ASSESSMENT 

The supply and delivery of CCA to B.C. plants is generally well-controlled. 
Although the authors did not witness actual delivery, all reports indicate 
that procedures are well thought out and conscientiously implemented. 
Historically, no significant spills of CCA are known to have occurred during 
the transport or off-loading of CCA preservative in this province. This 
record reflects the careful procedures which are used by chemical suppliers 
for this segment of the industry. 

The following items have been identified as practices or conditions which 
contribute to potential risk of a CCA spill and which should receive careful 
review during the preparation of a code of practice. 

GROUND PROTECTION • 

A minimum standard should be established for ground protection at 
off-loading points. Bulk rail and truck vehicle delivery stations are 
unsurfaced (unprotected ground) at all existing plants. No facility provides 
permanent spill containment or drip protection for delivery vehicles. 

DELIVERY MODE • 

The relative safety of alternate delivery modes should be reviewed. Delivery 
of CCA in bulk by rail or in drums by truck is inherently controlled less 
stringently than bulk truck deliveries. Transport by bulk rail and delivery 
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of drums by truck both involve non-specialized third parties and/or common 
carriers who do not have specific training to respond to CCA spills. 
Responsibility for mishap is less clearly defined and is transferred two or 
more times during shipment. The shipper may not be familiar with specific 
practices for the safe handling of the chemical in non-routine circumstances. 
The responsibility of off-loading lies with the user, who may not be as 
highly qualified or as practiced as manufacturer-trained specialists 
specifically trained to off-load the chemical. 

POINT-OF-DELIVERY CONNECTIONS « 

A consistent minimum standard for chemical delivery systems (vehicle to 
tank) should be adopted. The use of temporary flexible hoses to deliver CCA 
through tank-top hatches has a relatively high potential for spillage. Leaks 
are not readily detectable with buried or hidden delivery pipelines. Locking 
valves and backflow preventers are not universally used. 

VISIBILITY OF THE DELIVERY SYSTEM » 

A minimum standard should be established for the visibility of chemical 
delivery systems. The overall safety of off-loading would be improved if all 
parts of the delivery system were visible to operators. In several instances, 
the receiving tank and delivery system cannot be readily observed from the 
point of connection to the delivery vehicle. This increases the potential for 
tank overflow or undetected leakage from delivery lines while the preserva­
tive is being transferred. 

TIME OF DELIVERY • 

Criteria should be developed for determining the time of delivery for CCA 
shipments. Operator alertness and the availability of emergency response 
personnel should be factors in determining delivery times. In order to; allow 
fast turnaround, bulk trucks are often off-loaded immediately upon arrival at 
the user facility. This contributes to the potential for off-loading by 
personnel who are tired after the long delivery haul. This also results in 
deliveries at nighttime when facilities are not manned and/or support for 
emergency response would be difficult to mobilize. 



1 FACILITY 
• 275-pound drums 

on exterior dyked, 
concrete containment 
pad 

1 FACILITY 

• exterior tank on 
paved surface 

• above-ground thin-walled 
"swimming pool" dyke 

• contained runoff from 
paved surrounding area 

2 FACILITIES 

• interior tank on 
paved surface in 
the process area 

• no dyking or curbing 
pf tank or building 
perimeter 

5 FACILITIES 

• interior tank on 
paved surface in 
the process area 

• fu l l or partial 
sp i l l containment 
with concrete dyke 
walls or curbs 

FIGURE 2.3 CCA CONCENTRATE STORAGE 
AT B,C. PLANTS 
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2.1.3 CCA CONCENTRATE STORAGE I-I-XvI-rvIvXvIvIv:™^^ 

• DESCRIPTION 

Figure 2.3 shows the configurations used for storing CCA concentrate 
solutions at B.C. facilities. Both plants which purchase 72% concentrate in 
metal drums also store the solution in these containers. In one instance, 
storage is under roof on unprotected ground. The other plant stores the drums 
on an exterior, dyked, concrete pad which contains the retort and treatment 
area. In both cases, the plants are somewhat remote, and no fencing or 
locked security is provided. 

Storage configurations for facilities which use bulk concentrate are also 
shown in Figure 2.3. One facility utilizes exterior tankage for concentrate 
storage. Effective containment is provided by an above-ground, plastic, 
thin-walled "swimming pool" which surrounds the concentrate tanks. Surfaces 
are paved and the area is located on a larger drip-pad which is paved, 
curbed and drains to a collection sump. All surface runoff is collected and 
pumped to tankage. 

Two plants use interior tank storage which is located on level paved floors 
with no continuous curbing or containment dyking. In both cases, the 
enclosed tanks are near unprotected ground which is located adjacent to the 
enclosing structure. Also in both cases, the tankage is adjacent to the retort 
area so that minor spillage or leakage could be diverted to the retort sump. 
Major spillage would escape to unprotected ground. 

Five plants use enclosed, interior tank storage with partial or full tank 
capacity spill protection provided by paved, dyked areas served by sumps 
which could be used to transfer major spills to alternate tankage. Storage 
area floors are subgrade at four facilities and grade-level with a curbed 
perimeter at the fifth. At three of these plants, pumps and other major 
process components are located within the dyked containment area. A major 
spill of concentrate or solution from the retort or other tankage in the area 
would flood this equipment and probably render pumps and other electrical 
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equipment inoperable. Two facilities have avoided this potential circumstance 
by mounting process components above the liquid containment level of a 
major spill. 

Both vertical and horizontal cylindrical tankage are utilized for concentrate 
storage. The tanks appear to be sound and in good condition at all facilities 
except one. The latter plant has employed used tanks for solution storage 
and the tanks are in battered condition with numerous dents, distortions and 
surface rust. 

Concentrate tanks at all plants are in secure locations with respect to 
mechanical damage from vehicles. Tankage is generally mounted in a 
physically stable manner and/or anchored. One plant (utilizing a horizontal 
tank) has not provided permanent anchors and the support blocking could be 
dislodged by a relatively minor blow or tank movement. Flexible pipe with a 
force fit connection (no clamping) is used for the discharge piping in this 
plant. All other facilities utilize permanent rigid piping for process 
connections to the concentrate storage tank. 

• ASSESSMENT 

The concentrate solution is the most potent form of the preservative chemical 
used at CCA treatment plants. Preventing the direct exposure of workers 
and the environment to this chemical is a primary objective in the design and 
operation of CCA plants. B.C. facilities have been generally very successful 
at achieving this objective although the potential for concentrate spills exists 
at several facilities. The significant items which should be reviewed in 
preparing a code of good practice include: 

SPILL CONTAINMENT • 

A minimum standard should be established for the design of systems to 
contain spills of CCA liquid concentrate solution. Full and effective spill 
containment should be provided for stored quantities of bulk liquid 
concentrate. Piping should direct tank overflow (should it occur) to isolated 
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sumps or containment areas. Two of the eight facilities would currently lose 
part or all stored concentrate to unprotected ground in the event of a major 
concentrate tank spill. 

A containment standard should develop criteria for the placement of process 
components in containment areas. Essential process components such as 
pumps and controls should be isolated from the potentially-flooded area of 
containment in order to prevent loss of function during spills. 

DRIP CONTAINMENT « 

Guidelines should be established for minimizing and isolating minor leakage 
from process components. Local containment should be provided to isolate 
drips of concentrate from flanges, seals and other potential leak points. Most 
facilities do not currently provide local drip catchment. 

FLUID LEVEL INDICATION o 

A consistent standard of safe and accurate level indication should be 
adopted. The accuracy and reliability of level indication on concentrate tanks 
at current facilities is highly variable. The use of unprotected or makeshift 
glass tube sight gages creates potential risk of concentrate spillage in the 
event of breakage. 

LEVEL ALARMS a 

The necessity for tank level alarms should be considered and (if 
appropriate) a minimum standard should be established. Fluid level alarms to 
protect against overfilling concentrate tanks are not currently in use at any 
facility. Overfill protection is prudent for all plants and especially advisable 
for facilities having concentrate tanks which are not readily visible from 
control points during filling and transfer operations. 
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BACKFLOW PREVENTION • 

A consistent standard of safeguards should be adopted to prevent 
inadvertent fluid transfers to and from the concentrate tank. The types and 
effectiveness of safeguards at current facilities vary widely. Consideration 
should be given to locking security valves, double valving and the use of 
backflow preventors to block loss of concentrate through the delivery line or 
entry of other solution to the tank through discharge lines. 

PIPING SYSTEMS • 

A uniform standard for concentrate fluid piping systems should be 
considered. Existing plants show wide variation in the permanence, 
visibility, color-coding (uncommon) and accessibility of piping. 
Non-permanent, poorly marked and/or unaccessible piping enhances the 
potential for mishap, reduces the ease and likelihood of maintenance, and 
makes leak detection and repair difficult. 

TANK CONDITION, LOCATION AND MOUNTING • 

A minimum standard should be established for the condition, location and 
mounting of concentrate tanks. Concentrate storage tanks should be 
maintained in good physical condition, and securely mounted in a location 
which is sheltered from the elements, vandalism and vehicle impact. Only one 
existing facility uses a concentrate tank which is not in satisfactory physical 
condition. Two facilities have unanchored concentrate tanks which could 
conceivably be tipped or rolled by accidental impact. All but two facilities 
have concentrate tanks which are housed in enclosed areas and are 
reasonably secure against accidental or intentional damage. 
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2.1.4 TREATMENT PROCESS SYSTEMS XvI-XvX-XvXW^^ 

• DESCRIPTION 

All CCA plants are similar in conceptual design and the principal elements of 
the total facility (as described in Section 2.1.1) include: 

• a tracked charging area where wood is trammed to and from the 
pressure treating cylinder(s), 

• a preservative treatment area where preservative concentrate is stored, 
diluted and applied to the wood in the treatment cylinder, and 

• one or more areas for post-treatment dripping, drying and treated 
product storage. 

The preservative treatment process area is normally centralized in CCA 
plants and houses all major process tankage and equipment required for the 
application and containment of the preservative chemical. The preservative 
treatment area includes: 

• the retort cylinder(s), 
• CCA concentrate, mixing and working solution storage tanks, 
• process pumps (transfer, pressure and vacuum), 
• all piping and controls, and 
• the chemical recycling system, including collection sumps, pumps and 
tankage for storing contaminated surface runoff. 

Figure 2.4 shows the major variations for the shelter, containment and 
placement of process components in treatment areas currently in use in B.C. 
plants. 

SHELTER • 

The major components of all but one of the B.C. facilities are sheltered by 
roofed enclosures. The unsheltered facility is totally contained on a 
subgrade, dyked concrete pad. The facility was newly constructed in 1982 
and the owner intends to enclose the plant subject to the successful 
negotiation of a long-term lease for the site. 
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1 FACILITY 

• enclosed 

• retorts and tanks on 
subgrade, unsurfaced 
ground 

• one burled working 
solution tank 

• concentrate tank on 
separate exterior, 
paved and dyked area 

1 FACILITIES 

• enclosed 

• retorts and tanks on 
grade-level concrete 
floor 

• discontinuous (or lack 
of) curbs around area 
perimeter 

• variable use (none to 
extensive) of curbs 
around process com­
ponents 

5 FACILITIES 

• 4 enclosed, 1 exterior 

• retorts and tanks on 
subgrade concrete floor 

• continuous concrete wall 
dykes around area 
perimeter 

• additional wall dykes 
segregating tanks and 
retorts at 1 f a c i l i t y 

• (buried effluent tank 
at 1 fac i l i t y ) 

FIGURE 2.4 SHELTER AND CONTAINMENT IN PROCESS AREAS 
AT CCA PLANTS IN B.C. 
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The treatment areas of all other facilities ai-e enclosed by buildings, which 
generally contain all major process components. The only exception is one 
facility which has exterior concentrate tanks. 

SURFACES B 

Only one facility has an unsurfaced work area in the treatment building. The 
area beneath the retort and the chemical storage tanks is unsurfaced ground 
consisting primarily of fine sandy fill material. Access to process components 
is provided by wooden walkways. Tankage in the area contains working 
solution of preservative as well as concentrate and working solutions of two 
flame retardant chemicals. All other facilities have fully paved floors in the 
process buildings although the nature and extent of perimeter containment 
vary considerably. 

SPILL CONTAINMENT a 

Figure 2.1 shows the various types of containment measures used in CCA 
treatment areas. The design and anticipated effectiveness of containment 
systems vary significantly among the existing facilities. 

The single facility which does not have continuous paving in the treatment 
area has devoted special attention to spill prevention safeguards in order to 
compensate for the lack of paving. For example, double valving is being 
installed on all storage tanks and the installation of 2a-hour monitored level 
alarms is under consideration. These safeguards are appropriate, since a 
major spill in this area would probably result in substantial loss of liquid to 
the sandy soil beneath the process area. 

Four facilities have grade-level concrete floors with noncontinuous or no 
containment curbs or dykes around the building perimeter. One of these 
plants has provided effective spill containment by installing concrete curbs 
around all process components with drainage directed to sumps. It is likely 
that all but major spills (for example, the rapid loss of the contents of a full 
tank) would be contained by this system. The other three facilities with 
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grade-level concrete floors provide limited local containment of process 
components. Moderate to minor spills could be contained and recovered 
through the sump systems at these plants, although major spillage would 
probably escape to unprotected ground beyond the treatment buildings. 

The remaining five facilities have subgrade concrete floors with dyked 
perimeters designed to provide full containment of any. ruptured tank or 
cylinder. The containment areas are served by sumps or sump systems to 
allow return of major or minor spillage to available tankage. 

DRIP CONTAINMENT • 

Potential points of leaking or dripping from process components (pump seals, 
flanges, valves) are not generally provided with local drip containment. 
These process components are normally located in the larger containment area 
serving the treatment plant and leaks or drips are periodically washed down 
to sumps. 

CHEMICAL RECYCLE SYSTEMS • 

In all cases, residual preservative solution from the retort, door drippings, 
and containment runoff or drips from exterior drip pads drain to a sump 
located beneath the retort door. One retort is mounted with a rear-sloping 
angle and drains to a sump beneath the back end. The door sumps and/or 
connecting sumps beneath the retort in the treatment area receive all 
contaminated liquid streams and serve as collection points for pumping or 
draining these fluids to an "effluent" tank. This fluid is then filtered and 
re-used in the preparation of fresh working solution. All but one facility 
pump drainage from the sumps to above-floor effluent tanks. One facility 
drains the door sump to a subgrade tank and periodically pumps the 
contents to surface mounted tankage. 

Four facilities provide at least partial segregation of containment surfaces in 
the different process areas so that minor spills in one area will not spread to 
floors in other areas. Only three facilities have mounted pumps and electric 
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components above the maximum fluid level of containment (two facilities have 
elevated pumps, the third has floor level pumps but the sump drains to a 
subgrade tank). It is likely that all other contained facilities would flood 
process pumps and piping in the event of a major spill or tank rupture. 

PIPING B 

Interconnecting piping from sumps is buried subgrade at all facilities. Most 
interconnecting process piping is above grade and relatively visible and 
physically accessible at all but one plant. The latter facility utilizes 
considerable sub-floor and/or buried piping. A second plant uses a 
concentrate feed line consisting of a combination of flexible (non-anchored) 
above-ground pipe and buried pipe. A third plant uses buried piping to link 
the door sump to a buried effluent tank. A fourth facility uses exterior 
flush-mounted drains to return preservative runoff from the adjacent freshly 
treated storage pad to the segregated retort containment area. 

Two facilities have color-coded portions of the process systems although no 
plant uses a consistent color-coding scheme throughout the process area. 
The piping at most facilities can be visually traced, but with some difficulty. 

PROCESS CONTROL a 

A wide range of types of process control is employed at CCA plants. The 
simplest plant is totally manually controlled with no centralized control or 
indicator panel. The most sophisticated plant is fully-automated with most 
process functions indicated and recorded on a centralized control panel. 

Five plants use centralized control panels with the treatment process being 
controlled remotely from a control room. Two of these plants are controlled 
from points adjacent to the process area with at least partial visibility of the 
retorts and process components. Three of the facilities are controlled from 
points visually remote from the process area. Only the smaller and simpler 
plants are controlled from positions from which all parts of the plant 
(including the cylinder door area) can be readily observed. 
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RETORT CYLINDERS • 

Retort cylinders are subject to all inspections and certifications required for 
any pressure vessel. Retorts at all plants are appropriately constructed and 
rated for the actual service requirements of pressure treatment. Retorts at 
several facilities were previously installed at other plants but there is no 
evidence of cracks, structural weakness, leakage or other drainage-related 
problems. All retorts are supported on concrete piles placed at several 
locations along the cylinder length. One plant provided longitudinal 
structural steel reinforcement to minimize the stresses of cylinder expansion 
from temperature fluctuations during the treatment cycle. 

RETORT DOORS • 

Two types of retort doors are employed at CCA facilities. Two facilities use 
simple non-hinged, gasketed doors which are sealed with multiple bolts 
around the perimeter flange. Eight facilities use retorts with hinged "quick 
opening" doors which utilize a rotating flange (on the cylinder) to engage 
protruding stops spaced at regular intervals around the door perimeter. The 
closing mechanism on quick-opening doors is hydraulically operated and the 
actuating switch is mechanically interlocked to a positive warning safety 
device designed to prevent inadvertant opening of the door while the retort 
is in use. This device utilizes a small valve which visibly vents preservative 
fluid to the sump when the retort is full during the treatment cycle. One of 
the facilities with quick-opening doors has intentionally defeated the function 
of the warning device on the retort door. One of the two facilities with 
bolting doors has added a vent-type warning device actuated by a valve 
adjacent to the door seal. At four facilities, the treatment process is 
controlled remotely from a central control panel which has electrical 
interlocks to prevent door openings from occurring while the treatment cycle 
is in process. 

WASTE TREATMENT • 

All contaminated liquids are recovered and returned to the process as 
described in the description of chemical recycle systems. As a result, no 
liquid process waste streams are produced at CCA plants in B.C. 
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Air emissions from tank vents are normally uncontrolled and discharged 
directly to enclosing structures. Vacuum pump exhausts are normally vented 
directly to the atmosphere and only two facilities provide devices to reduce 
and collect entrained preservative droplets. 

Contaminated solid residues are produced from the cleanout of sumps and 
chemical recycle filters. Quantities of debris are reportedly of the order of 
one 45 Imperial gallon drum annually. One facility dumps this residue on the 
ground surface adjacent to the treatment area. A second facility burns 
contaminated residue. A third facility disposes of solid residues at a 
municipal sanitary landfill. The remaining facilities store solid wastes on site 
pending identification of acceptable disposal methods. 

• ASSESSMENT 

The overall assessment of treatment process systems at CCA treatment plants 
is positive. The industry segment consists largely of relatively new plants 
which have been built with the general intent of providing good containment 
and control of the preservative chemical. This stems from a general 
awareness and acceptance of the toxic potential of CCA by suppliers and 
facility operators. 

Only one of the existing plants is considered to be generally deficient in the 
nature and condition of its process treatment systems and the current 
conditions may represent actual damage to the environment and/or worker 
health. Serious specific deficiencies were noted at two other facilities. In 
both cases the deficiencies constitute potential risks but have not caused 
actual undesirable occurrences. 

Nearly all facilities would benefit from upgrading of one or more areas in 
process treatment systems, and specific items which should be considered in 
preparing a code of good practice include: 



SHELTER, SURFACES, AND SPILL CONTAINMENT • 

There is a need to adopt a uniform standard of facility design which 
integrates the requirements for shelter, interior work surfaces and spill 
containment. A degree of uniform design input is provided by the chemical 
suppliers, although several facilities have failed to develop the most effective 
housing and containment structures because their systems evolved over a 
period of time and needs changed as the system developed. 

DRIP CONTAINMENT • 

A uniform standard of local drip containment should be developed. Isolation 
of minor routine drippage from process components would improve the level 
of chemical control in existing facilities by eliminating the dispersal of minor 
chemical releases within the general process containment area. 

CHEMICAL RECYCLE SYSTEMS • 

A uniform design standard for chemical recycle systems should be developed. 
This standard should give consideration to the following objectives: 

• The overall system should be enclosed, physically sound and effective 
at containing and recycling the chemical with the least possible 
dispersal. 

• Individual components of the system should be visible and physically 
accessible. 

• Closed components should be used to the greatest possible extent. 
• Process areas should be segregated to isolate spills and prevent 
dispersal to the total containment area. 

• Process components should be isolated from, or elevated above the 
maximum level of spilled fluid in containment areas. 

• Sub-floor components should be minimized and should incorporate 
features for preventing and detecting sub-surface leakage. 
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Chemical recycle systems constitute a major and integral part of the process 
plant. Consequently, a design standard for recycle systems should be 
directed primarily at new facilities. Existing facilities should be encouraged 
to upgrade to an equivalent standard within a reasonable period of time. 
Although most existing plants meet most of the general objectives listed 
above, no facility meets them all. Deficiencies at existing plants are 
considered to be minor except in one instance. In several cases, deficiencies 
could be removed or decreased by relatively simple modifications of the 
existing system. 

PIPING • 

A uniform standard of piping system design should be adopted to facilitate 
leak detection and repair and to enhance functional control of the process. 
Existing facilities vary significantly in the complexity of piping systems. 
Complex and non-visible (or buried) piping systems increase the potential 
for undetected leaks and increase the difficulty of repair if leaks do occur. 
Complex piping and the lack of color coding generally reduce the level of 
functional understanding of the process (by operators) and increase the 
potential for error during repiping, maintenance and repair operations. 

PROCESS CONTROL as 

A uniform standard of process control should be adopted. Components of the 
standard should include: 

• simplicity, 
• a clear relationship between controls and process functions, 
• visibility of process components from the control point, and 
• emphasis on the use of effective alarms and interlocks to prevent 
safety-related operator errors. 

RETORT CYLINDERS • 

The current requirements for testing and certifying pressure vessels appear 
to provide an adequate standard for retort vessel specifications and 
mechanical condition. 
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RETORT DOORS • 

A minimum standard for door-opening-linked protective devices should be 
established. The positive warning devices in current use on quick^opening 
doors appear to provide reasonable protection against inadvertant door 
openings when cylinders are filled and pressurized. These devices may not 
be effective for all parts of the process cycle and the requirement for 
back-up indicators and process interlocks should be considered, especially 
where the process is remotely controlled. 

WASTE TREATMENT • 

A minimum standard should be established for controlling tank vent emissions 
and vacuum pump exhausts. The current practices have apparently not been 
quantitatively assessed and appropriate monitoring studies should be 
undertaken to provide a basis for determining the significance of the levels 
of preservative chemicals contained in current emissions. Qualitatively, the 
discharge of tank vents to the workplace is undesirable in principle. 
Substantial volumes of emissions are discharged when preservation is 
transferred from retorts to tanks. In at least two instances, vacuum exhaust 
systems have resulted in the visible accumulation of preservative on surfaces 
or soils adjacent to treating areas and improved control of these emissions 
should be considered. 

Unambiguous guidelines should be established for the disposal of solid 
residues generated by CCA treatment processes. Although waste quantities 
are minor, there is considerable difference of opinion about the hazards and 
requirements for handling these wastes and clearly defined disposal options 
should be determined. 
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2.1.5 CHEMICAL MIXING AND HANDLING XwIvIvX^-Xwr-XvIW 

• DESCRIPTION 

The CCA concentrate is diluted to a working solution of concentration 
ranging from 1.5 to 4.0 percent. The two plants which use drummed CCA 
concentrate both handle the concentrate directly in preparing the working 
solution. At one plant, the concentrate is pumped from an open drum 
(located in a dyked containment area) into the closed work solution tank and 
dilution is carried out by recirculation through the closed tank. The 
operator of the other plant simply pours the required quantity of concentrate 
into the retort, and pumps the solution from the retort to the work tank 
where it is diluted to the desired concentration. This facility has no curbing 
or sump to contain spillage. 

The eight facilities which use bulk concentrate carry out the preparation of 
the dilute working solution by pump transfer between the closed concentrate 
tank and the work tank. In one case, an intermediate mixing tank is used. 
The entire mixing process occurs in closed systems at all of these plants and 
workers do not come into direct contact with the solution at any stage of 
mixing. 

In all but one facility the mixing transfers are controlled from areas which 
have good visual access to pumps and tanks. The plant which has a remote 
control area also utilizes sub-floor piping and one work tank which is buried 
beneath the working area. 

Overflow prevention for work tanks is visual only in ail cases (by observing 
tank level indicators or actual overflow if it were to occur). At one plant, 
working solution overflow would fall directly onto unsurfaced ground adjacent 
to the tank. At two plants, overflow would fall onto the paved floor in the 
retort area. Both of these plants are enclosed and there is no continuous 
curbing or dyking of the tanks which are adjacent to sumps on the building 
interior and adjacent to unprotected ground on the building exterior. 
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Several plants have installed backflow preventers or piping configurations 
which prevent contamination of the water supply systems with CCA. There 
have been no reported or known instances of water system contamination 
from chemical backflow in B.C. plants. 

Simple pipe vents are provided on tanks. These vents are normally open to 
the atmosphere and discharge (during filling operations) to the workplace at 
enclosed facilities. CCA staining was observed on ceilings above working 
solution tanks at some facilities. Discussion with operators confirmed that 
liquid preservative solution can be entrained in vent discharges when the 
solution is transferred under pressure from the treatment cylinder to the 
storage tank. 

• ASSESSMENT 

Eight of ten B.C. plants use liquid bulk CCA concentrate which is diluted, 
mixed and transferred entirely in closed systems. This pattern of operation 
is generally clean and very effective in isolating workers from direct contact 
with the chemical. Two exceptions to the generally good control of chemical 
were observed, including one facility which was generally deficient in good 
housekeeping and maintenance procedures. One instance of minor working 
tank solution overflow was observed. The spilled solution was totally 
contained. Although this is apparently a rare occurrence, it underscores the 
importance of providing safeguards against tank overflow. Several specific 
concerns were identified for consideration in a code of good practice and 
these include: 

FEED SYSTEMS • 

Consideration should be given to a minimum standard which would require 
chemical concentrate and mixing systems to be totally closed. One existing 
facility feeds concentrate to the mixing/work tank via an open pipe discharge 
to a funnel which is joined to the feed pump by sub-floor piping. This 
arrangement causes considerable spatter of concentrate during transfer 
operations and unnecessarily exposes workers to the preservative chemical. 
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PROCESS CONTROL » 

A minimum standard sliould be established for the visibility of treatment 
systems from control points. Ideally, process components (especially tankage) 
for mixing and transfer should be clearly visible from the point of process 
control operations. Blind operation increases the potential for tank overflow 
or incorrect transfer of solution between storage tanks. 

OVERFLOW PREVENTION B 

A standard should be considered for stipulating minimum requirements for 
devices or alarms intended to prevent tank overflows from occurring. 
Positive overflow protection should be provided by means of float-switch 
pump shut-offs and/or level alarms. Existing facilities are generally lacking 
in level alarms or automated shutdown of tank feeds in case of overfill. 

OVERFLOW CONTAINMENT • 

Tank overflow should be isolated (for example, by direct discharge to a 
sump) to prevent any overflow from flooding the general dyked process 
containment area. A minimum standard of containment dyking should be 
adopted to ensure a safe and consistent degree of ground protection against 
spilled working solution. 

BACKFLOW PROTECTION a 

Backflow preventors on chemical mixing feed lines.should be mandatory and a 
uniform standard should be developed for isolating chemical systems from 
water supply lines. 

TANK VENTS B 

Emissions from tank vents should be assessed and a standard for allowable 
emissions should be developed. Vents should be vented externally (rather 
than to interior workplaces) and emission control devices should be provided 
(if appropriate). 
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2 FACILITIES 

• tracks on unprotected ground 

• CCA drippage and runoff 
soaks into ground 

6 FACILITIES 

• tracks on paved drip pad 

• CCA drippage and runoff 
returned to process 

2 FACILITIES 

• tracks on paved drip pad 
(roofed and/or enclosed) 

• CCA drippage and runoff 
returned to process 

NOTE: Retort enclosures omitted for clarity 

FIGURE 2.5 RETORT CHARGING AREAS 
AT CCA PLANTS IN B.C. 
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2.1.6 RETORT CHARGING TRACK CONTAINMENT r-XvX-X-XvXX-XsXX^W^^ 

• DESCRIPTION 

All facilities except one use standard rail trams for loading wood into the 
treatment retort. The non-standard facility is an atypically small plant using 
an 8-foot long retort which is manually loaded. The retort and charging area 
is enclosed and underlain by a grade-level concrete floor with no containment 
curbs. 

Figure 2.5 shows the three basic configurations of charging track areas of 
the nine other B.C. plants which use CCA preservative. Two facilities 
provide no ground protection beneath the charging track and drips from 
freshly-treated wood soak into the ground during unloading. The remaining 
seven facilities have all installed paving in the charging track area. The 
width of the paved area varies from a limited pad (the width of the rail 
trams) to complete surfacing of the charging area. The track pads are 
generally graded to direct drainage from the tracks to the retort sump for 
return to process. Six of these facilities employ pads which lack well-defined 
curbs, although there was no evidence of preservative drainage from the pad 
edges. Preservative may be tracked from the pads by vehicles which remove 
treated wood from the trams. Tracking of preservative chemical from pad 
areas (by vehicles) was actually observed at several facilities which treat 
high-drip products such as plywood or shakes. Two facilities provide roofing 
over the total track area, while a third provides partial roofing over the far 
end of the charging track. 
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I FACILITIES 

• Storage of all treated wood' 
on unprotected ground follow­
ing initial drippage in the 
retort (post-treatment hold­
ing time in the retort varies 
with facility - from minutes 
to hours) 

• drips and washoff soak into 
ground 

'posts at 3 plants, posts/lumber 
(70/30) at 1 plant 

g FACILITIES 

• Storage of freshly treated wood' 
on unroofed, paved and curbed 
drip pads 

• drainage and runoff collected 
and returned to process 

• drained or kilned (often plastic-
wrapped) treated wood stored on 
unsurfaced ground (3 plants) or 
paved yard (1 plant) 

• washoff soaks into ground or is 
contained in site drainage at the 
paved site 

'posts or rails at 2 plants, posts 
and considerable lumber/plywood at 
2 plants 

2 FACILITIES 

• storage of freshly treated wood' 
on roofed, paved drip pads 

• drainage collected and returned 
to process 

• drained or kilned (often plastic-
wrapped) treated wood stored on 
unsurfaced ground 

• washoff soaks into unsurfaced 
ground or is contained in site 
drainage 

'posts at 1 plant, lumber/ 
plywood at 1 plant 

FIGURE 2.6 FRESH AND DRAINED TREATED WOOD STORAGE 
AT CCA PLANTS IN B.C. 
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2.1.7 FRESHLY-TREATED WOOD STORAGE I-IvXvI-X.rvXvX-I^^w^ 

• DESCRIPTION 

Figure 2.6 shows the various types of freshly-treated wood storage used at 
CCA treatment facilities in B.C. Four facilities have no contained drip areas 
and deposit freshly-treated wood from the retort directly on unsurfaced 
ground. Three of these facilities treat predominantly posts or poles (which 
readily absorb residual surface preservative liquid) and these storage areas 
show little visible evidence of ground contamination. The fourth facility 
treats substantial quantities of dimension lumber and ground contamination in 
the storage area as visually obvious. 

Six facilities provide paved drip areas for freshly-treated wood. The drip 
areas at three facilities are unroofed. One facility has both roofed and 
unroofed drip areas. Two facilities (one in the Lower Mainland, one in the 
Northern Interior) provide fully-roofed, paved storage for freshly-treated 
lumber. In addition, one of these facilities has enclosed the storage area on 
three sides to prevent infiltration of precipitation and dustfall. 

In all cases, paved drip areas are graded to direct drainage to the retort 
sump(s). Drips and contaminated runoff are pumped to tankage for eventual 
use as makeup water for working treatment solution. One facility which uses 
unroofed storage pads is located in the Lower Mainland in an area of heavy 
coastal winter rainfall. The requirement to collect and store large quantities 
of contaminated surface runoff causes the plant to discontinue the use of 
large exterior drip pads during rainy periods. Unused pads are washed 
down and runoff is discharged off-site to a surface storm water drainage 
ditch which ultimately discharges to the Fraser River. The other facilities 
with exterior (unroofed) paved drip pads are located in drier regions, and 
large quantities of contaminated storm water are not generated. 
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2.1.8 DRY TREATED WOOD STORAGE IvIvIvX-IvX - r W ^ 

• DESCRIPTION 

Figure 2.6 also shows the range of practices for storing treated wood on site 
pending shipment. The potential for chemical losses from "dry" treated wood 
in storage areas depends on: 

• the type of product, 
• the extent to which residual preservative has drained from the 
freshly-treated product before it is placed in the storage area, and 

• the length of the storage time period. 

"High-drip" products such as plywood and shakes must be artificially dried 
following treatment to reduce the moisture content to an acceptable level for 
transportation and sale. All three facilities which treat these products 
provide segregated drip areas for freshly-treated wood. The drained product 
is then kiln-dried before transfer to a dry product storage area while 
awaiting shipment. Depending on customer requirements, the dried product 
may be plastic wrapped (top and sides) to protect it from rainfall during 
storage and while in transit. One facility provides paved storage for dry 
product and stores part of its dry-treated material under roof. The other 
two facilities which produce these high-drip products provide exterior 
storage on unsurfaced ground. Storage times for these materials are usually 
relatively short, ranging from a few hours to several days. 

One facility which produces dimension lumber (a moderate-drip product) 
provides no initial drip area and all treated material is placed directly on the 
exterior unsurfaced yard while awaiting shipment. This is the single plant 
which places wet, dripping wood on unprotected ground for storage. 

The remaining six facilities treat primarily posts and poles which are 
relatively low-drip products. Three of these plants have little or no drip 
containment for freshly-treated product and the treated posts and poles are 
removed directly from the retort cylinder to dry wood storage on 
unprotected ground. 
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2.1.9 CHARGING AND WOOD STORAGE AREA CONTAINMENTXvivX-XsvIW^ 

• ASSESSMENT 

The quantity of preservative chemical lost to the environment is the true 
measure of the effectiveness of treated wood storage containment systems. 
None of the CCA preservative plants in B.C. has developed data to allow 
direct or indirect quantitative estimates of chemical losses. Assessments of 
containment effectiveness are herein based exclusively on visual evaluation of 
sites and facilities. On this basis, it is concluded that good overall control 
of preservative is achieved by the CCA segment of the preservative 
industry. With one exception, facilities have installed and implemented 
effective control measures to prevent the obvious loss of treatment chemical 
contained in drips and wastes from treated wood. A variety of approaches 
has been used, with individual facilities adopting specific measures which 
best suit their own process requirements and environmental circumstances. 
Each approach has strengths and weaknesses and a code of practice can 
contribute to a more effective overall system design by drawing on the 
accumulated experience of existing facilities. Specific subjects which should 
be reviewed in preparing a code include: 

QUANTITATIVE CHEMICAL RELEASE SURVEY B 

CCA losses in drips and washoff from treated wood should be quantified and 
evaluated in light of total chemical losses. The minor release of treatment 
chemical from wood is unavoidable and occurs at all sites. However, the 
evaluation of the significance of these losses and the formulation of realistic 
control measures cannot proceed meaningfully in the absence of data which 
estimate the absolute and relative magnitude of these losses. 

SITE MONITORING STANDARDS • 

Minimum standards should be developed for mohitoring preservative chemical 
levels in site environments (soils, water and air). To date, only one CCA 
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plant (on its own initiative) monitors treatment chemical in its off-site 
surface runoff. No plants have undertaken any soil monitoring to assess 
preservative loss to and accumulation in soils or on surfaces of wood storage 
areas. No facility has undertaken preconstruction site assessments to 
determine background levels of treatment chemical constituents in the site 
environment or to identify site characteristics which warrant special 
consideration in the design and operation of storage area containment. The 
necessity for these types of monitoring efforts should be determined and 
uniform procedures should be established for their undertaking. 

STORAGE AREA DESIGN STANDARDS • 

Uniform treated wood storage design standards should be adopted and these 
standards should give integrated consideration to all factors which affect and 
are affected by area containment. Effective storage area containment must 
achieve several objectives including: 

• effective collection of drips and runoff from freshly-treated and 
dry-treated wood, 

• efficient drainage and recovery of the collected liquids without dispersal 
from tracking by vehicles or personnel, 

• protection of the recycled chemical from infiltrating dust, ash and 
debris (which must be filtered and disposed of), and 

• minimization and containment of contaminated site runoff. 

The design and operation of wood storage systems should achieve a balance 
of these objectives and existing plants are generally deficient in at least one 
area. 

FRESHLY-TREATED WOOD STORAGE • 

A minimum standard should be established for the containment of drips and 
runoff from freshly-treated wood. Proper containment of freshly-treated wood 
is essential to prevent CCA contamination of the ground, groundwater and/or 
off-site drainage. For CCA treatment plants, the freshly-treated wood 
storage area is the primary interface between exposed treatment chemical and 
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the site environment. Releases of chemical from the subsequent storage of 
"dry" wood are thought to be relatively minor when sufficient dripping and 
fixation time is provided in the initial storage of freshly-treated wood. 

Although most facilities have implemented reasonable (in some cases 
excellent) measures to collect obvious drips and runoff, one facility has no 
ground-protected area for storing high-drip treated product and losses of 
chemical to the ground are of serious concern at this site. Visual inspection 
does not indicate serious concerns about ground contamination at plants 
which treat low-drip products such as posts, but quantitative data should be 
developed to confirm this conclusion. 

Facility operators generally indicate that at least 48 hours is required for 
fixation of the preservative chemical in treated wood, and a uniform standard 
should be established for the required safe holding time before subsequent 
processing. The assessment leading to this standard should include 
consideration of chemical carry-over and/or release during post-storage steps 
when the preservative is not completely fixed in the wood. This should 
include consideration of customer and transporter handling practices and the 
development of quantitative data describing preservative chemicals in kiln 
exhaust gases. 

Two factors directly influence the design and effectiveness of containment 
areas for freshly-treated wood: 

• the type of treated product, and 
• the quantity and frequency of rainfall falling on the wood. 

The type of product determines the quantity and duration of preservative 
drippage from freshly-treated wood. For example, fence posts are highly 
absorbant, drain quickly during the final vacuum cycle in the retort, and 
may be nearly dry to the touch immediately following pressure treatment. In 
contrast, plywood sheets or cedar shakes retain large amounts of 
preservative liquid as free surface residual, and liquid preservative 
continues to bleed and drip from treated wood for 24 to 48 hours after 
removal from the retort. 
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The amount of precipitation incident on freshly-treated material determines 
the amount of residual chemical washed from the surface of the wood as well 
as the total volume of contaminated runoff. The quantity and frequency of 
precipitation vary substantially with geographical location in B.C. Areas of 
high rainfall can generate several Imperial gallons of contaminated runoff per 
square meter of storage surface per hour and facilities with exterior storage 
must provide holding capacity for thousands of gallons of runoff. 

STORAGE TIME FOR FRESHLY-TREATED WOOD • 

Quantitative data should be developed to allow assessment of storage times 
required for freshly-treated wood prior to subsequent processing, handling 
and customer pickup. Post storage procedures vary widely and include: 

• customer pickup without further treatment, 
• transportation by common carrier without further treatment, 
• kiln drying. 

CONTAINMENT OF SURFACE DRAINAGE • 

A minimum standard should be adopted for the design of effective drainage 
from surfaces in treated wood storage areas; Existing plants have 
experienced a variety of difficulties including: 

• settlement of paved drainage surfaces (creating pools), 
• inadequate slope of drainage surfaces (slowing drainage), and 
• inadequate curbing of drainage surfaces (leading to loss of chemical to 
adjacent areas). 

ISOLATION OF CONTAINMENT SURFACES • 

Uniform guidelines should be developed for isolating drainage and runoff 
return surfaces from vehicle and pedestrian traffic. At least two plants 
provide extensive paved drip containment systems whose effectiveness is 
diminished by continual tracking of contaminated liquids from the areas by 
vehicles and workers. A third plant effectively isolates the wood storage 
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area but returns the drainage to the process via containment surfaces in a 
work area subjected to frequent pedestrian traffic. 

PROTECTION FROM THE ELEMENTS • 

The need for enclosing or sheltering wood storage areas should be assessed 
and minimum standards should be developed. Site specific factors (such as 
the amount of rainfall or infiltrating dust) and economic factors (such as the 
cost of roofing versus the cost of collecting contaminated runoff) have 
generally dictated specific decisions about enclosure. One factor which has 
not been assessed is the long-term effect of chemical dispersal via 
contaminated dust generated from drainage surfaces. It appears that 
substantial quantities of contaminated dust can be produced at some sites, 
and the development of enclosure criteria should include the quantitative 
assessment of this factor. 

DRY-TREATED WOOD STORAGE • 

The need for ground protection in dry wood storage areas should be 
assessed and minimum standards should be developed. Visual inspection of 
dry wood storage suggests that ground contamination is minor. Quantitative 
data should be developed to confirm this conclusion and to clarify the 
long-term adequacy of current practices of storing dry-treated wood on 
unprotected ground. 
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2.2 ACA PRESSURE TREATMENT PLANTS 

2.2.1 FACILITY OVERVIEVV I-XyXvXvX-Xvrv^^^^^ 

• GENERAL DESCRIPTION 

Two facilities in British Columbia currently provide pressure treatment of 
wood (chiefly poles) with ACA (ammoniacal copper arsenate) preservative. A 
typical ACA preservative treating plant is shown conceptually in Figure 27. 
The ACA treatment solution is mixed on-site from copper oxide pellets, 
arsenic acid and aqueous ammonia. The site-mixed twelve percent concentrate 
is diluted to a two percent strength working solution which is applied to the 
wood in a pressure retort cylinder. Treated wood is then removed to a 
storage yard to await shipment. 

PRESERVATIVE APPLICATION • 

The full cell treatment process is always used to apply ACA preservative 
(see Appendix I). The treatment cycle is analogous to the CCA treatment 
cycle described in Section 2.1.1. 

CHEMICAL CONTAINMENT AND RECOVERY • 

The design and operation of the closed system utilized by ACA plants is 
similar to that employed by CCA plants (Section 2.1.1). A longer vacuum 
period (60 minutes) is used in the ACA process. Excess treatment solution is 
recovered and re-used. Contaminated fluids from containment areas are 
collected, filtered, stored and re-used as make-up water for preparing new 
treatment solution. Containment systems are utilized for process areas and 
tank storage, but B.C. plants do not provide containment surfaces in retort 
charging or wood storage areas. All treated wood is stored on unprotected 
ground surfaces. 

CHEMICAL DISCHARGES • 

ACA treatment plants attempt to recycle all contaminated process liquids and 
no process liquid waste streams are discharged. Minor drips or washoff of 
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treatment chemical from treated wood may be released to the ground or 
contained in site runoff. Debris from the retort sump, the retort and the 
filters constitutes the only solid waste generated by the process. 
Intermittent sources of air emissions include the vacuum pump exhaust, tank 
vents, and fugitive emissions from mixing operations. Air emissions from 
ammonia storage tanks and vacuum exhaust systems are scrubbed and 
contaminated fluids are returned to process. 
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2.2. 2 SUPPLY AND STORAGE OF CHEMICALS IvX-IvI-XvX-IvXv^v 

• DESCRIPTION 

Both B.C. plants prepare ACA solution on-site by mixing the, chemical 
ingredients. Copper is supplied as solid copper oxide pellets packaged in 
227.5 pound metal drums. These drums are stored in an enclosed, paved 
process area at one facility and on an exterior platform adjacent to the 
chemical mixing area at the second facility. 

Arsenic acid is supplied as 75% concentrate in 450 pound returnable plastic 
drums. One facility stores the arsenic acid inventory (about 30 drums) with 
other chemicals in a roofed, concrete block wall building. The building has a 
flat, drain-free floor which is several centimeters below grade. The second 
facility stores arsenic acid drums in a fenced, exterior area located on 
unsurfaced ground with no containment curbs. 

Ammonia is supplied as a 29% liquid concentrate which is delivered by bulk 
tank trucks at both facilities. Full tank containment capacity is provided in a 
roofed, concrete-paved and dyked storage area at one facility. The delivery 
pad area is paved but not curbed at this site. The second facility provides 
limited containment of the exterior ammonia storage tank which is mounted on 
unsurfaced ground and surrounded by a 0,5 meter high concrete curb. The 
delivery pad for this tank is located on unprotected ground. The ammonia 
concentrate storage tanks at both facilities are vented to scrubbers and 
liquid effluent from the scrubbers is returned to the process as dilution 
water for preparing the treating solution. 

• ASSESSMENT 

No actual mishaps associated with chemical storage were reported at either 
ACA treatment facility, although several current practices and circumstances 
contribute to the risk of a mishap which might present significant danger to 
workers or the environment. The general level of maintenance, housekeeping 
and safety awareness was exceptionally good at one facility and acceptable 
but limited by design constraints at the second, older facility. This suggests 
that a review of operating procedures should be undertaken with a view to 
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establishing minimum standards of design which facilitate maintenance and 
housekeeping. 

The acceptability of unsegregated storage of several chemicals in a common 
storage area should be reviewed and minimum standards of isolation should 
be established. One facility stores drums of arsenic acid adjacent to a large 
inventory of bagged PCP granules. Other non-toxic chemicals are also stored 
in this area on a casual basis. These circumstances create the potential for 
the inadvertent (and perhaps undetected) cross-contamination of chemicals. 
A major spill in the area would create a very difficult cleanup situation. 

Minimum standards of shelter should be established for the storage of 
containerized chemicals. One of the facilities stores arsenic acid in an 
exterior location. The acceptability of unroofed storage for such 
highly-toxic, water-soluble chemicals should be carefully reviewed. 

Several of the general conditions and requirements for CCA handling and 
storage (discussed in Sections 2.1.2 and 2.1.3) are also applicable to ACA 
plants. The specific items which should receive careful review during the 
preparation of a code of practice include the determination of minimum 
requirements for: 

• ground protection in delivery and storage areas, 
• spill and drip containment for ammonia storage, 
• fluid level indication for ammonia tanks, 
• level alarms and overflow protection, and 
• backflow prevention. 

Although no spills or overflows of ammonia were reported, there was visual 
evidence that tank overflow has occurred at one of the facilities. A minimum 
standard should be established for positive measures to preyent tank 
overflow spills from occurring. The need for spill prevention is particularly 
important at the facility which provides dyked tank containment on 
unsurfaced ground. Rainfall in the exterior, dyked area creates a high 
potential for groundwater contamination. 
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2.2.3 CHEMICAL MIXING AND HANDLINGIvX-I-X^-I-X-XvX-rv^^^^ 

• DESCRIPTION 

Concentrated ACA solution at twelve percent concentration is prepared by 
mixing the copper oxide, arsenic acid and ammonia in an agitated mixing 
tank. The concentrate is then further diluted to obtain the working 
preservative treatment solution o f concentration of approximately two 
percent. 

Both facilities prepare the, ACA concentrate by manually adding the copper 
and arsenic ingredients to the mixing tank. Solid copper oxide is added 
through an access hatch in the mixing tank. One facility uses a top hatch 
and a permanent mechanical support frame positions and holds the copper 
oxide drums during addition to the tank. The second facility uses a side 
hatch located near the bottom of the tank and copper oxide is manually 
added through the hatch. At both facilities, arsenic acid is pumped directly 
from the drums to the mixing tank. The tank is then sealed and filled to the 
appropriate level with ammonia solution. 

The mixing tank and platform at one facility is in an exterior location and is 
totally exposed to the elements. The work area is a wooden platform elevated 
one meter above grade and underlain by unsurfaced ground contained by a 
concrete curb. The tank and working area at the second facility are in a 
totally enclosed building with a paved concrete floor. The mixing tank area 
is contained by a concrete curb and drains to a larger paved and dyked 
containment area which is provided for the liquid storage tanks, 

• ASSESSMENT 

There are two principal concerns about current facilities and procedures for 
mixing ACA solutions from chemical ingredients: 

• the extent of manual operations required, and 
• shelter and containment of the mixing systems. 

The preparation of treatment solution from individual ingredients is a process 
which inherently requires considerable manual handling of the chemicals. 
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Although the safety procedures at both facilities are well-defined and 
rigorously implemented, there should be a review of the equipment and 
procedures to determine if it is possible to reduce the extent of manual 
handling and direct exposure to the chemicals. This review should give 
consideration to minimum standards for shelter of the working area. It is 
likely that the exposed working area at one facility significantly increases 
the risk of mishap during inclement weather. On the other hand, the 
exterior working area reduces the probability of exposure to air emissions. 

A minimum standard should be established for spill and drip containment in 
the mixing area. ACA releases to unprotected ground surfaces create the 
potential for groundwater contamination. 

In preparing a code of good practice, the mixing facilities at ACA treatment 
plants (including tankage for dilution of mixed concentrate to working 
treatment solution) are generally subject to a review of process features 
which are similar to those for CCA mixing systems (discussed in Section 
2.1.5). This review should include the consideration of minimum standards 
for: 

• solution concentrate feed systems, 
• process control, 
• overflow prevention and containment, and 
• backflow prevention. 

2.2. H TREATMENT PROCESS SYSTEMS XvXwI-XvX-XW^^^ 

• DESCRIPTION 

Process systems for ACA facilities are similar in concept to the features 
described for CCA treatment plants (Section 2.1.4). The variations in key 
features of the two B.C. facilities using ACA preservatives are summarized 
on the following page: 
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SHELTER • 

One facility provides permanent roofing (with exposed sides) over the 
solution storage tank containment area. Polyethylene tarps have been used'to 
fashion improvised (but effective) shelter for the pressure treating cylinder. 
Infiltrating precipitation is blocked and the volume of contaminated runoff 
which is collected by the containment system is greatly reduced. The process 
components of the second facility are fully exposed to the elements. The 
treatment process control areas are enclosed at both facilities. 

SURFACES AND SPILL CONTAINMENT • 

All process components at both facilities are isolated by containment curbs or 
dykes. Curbs are installed on unsurfaced ground at one facility. These 
curbs are fashioned from concrete poured in vertical plywood forms which 
have been left in place. The maximum curb height is 0.5 meters and the 
total containment volume is substantially less than the volume of the largest 
contained component. 

Containment at the second facility consists of concrete curbs or dykes and 
integral concrete containment floors. The contained volume is substantially 
greater than the volume of the largest single process component and tankage 
is available to provide additional containment volume for contaminated 
precipitation which is collected by the dyked containment system. 

DRIP CONTAINMENT o 

Effective local drip containment is provided for pumps and valving located in 
the enclosed process area of one facility. No local drip containment is 
provided at the second facility and leaks from pump seals, flanges or valves 
mix with other fluids which accumulate in the curbed process area. 

CHEMICAL RECYCLE SYSTEMS " 

Both facilities collect and re-use treatment solution and contaminated runoff 
in the same manner as that described for CCA plants (Section 2.1.4). Both 
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facilities use subgrade door sumps as the primary collection point for 
residual treatment solution which drains from the treatment cylinder. Both 
facilities accumulate returned fluids in above-ground tankage. Substantial 
reserve capacity is provided for storing infiltrating precipitation at one 
facility and pumps are located above the maximum fluid level of the subgrade 
spill containment area. Major process components at this facility are isolated 
from each other by containment curbing. The second facility does not isolate 
individual process components and transfer pumps are located below the 
maximum fluid level of the common containment area. 

PIPING • 

Most interconnecting piping at both facilities is above ground and reasonably 
accessible. Piping is generally located over containment areas and one facility 
provides accessible containment channels for subgrade piping which connects 
the isolated retort, process and tankage areas. 

PROCESS CONTROLS • 

Both plants use centralized control panels with control of the treatment 
process from a remote area. Visibility of the treatment area from the control 
point is reasonably good at one facility, and poor at the second. 

RETORT CYLINDERS AND DOORS • 

Both facilities use typical pressure retort cylinders with conventional positive 
warning devices to prevent inadvertent door opening when the cylinder is 
pressurized with fluid. One facility uses a hinged, quick-opening door and 
the second uses a suspended door which is sealed with multiple bolts. 

WASTE TREATMENT • 

ACA plants operate as closed systems and do not require waste treatment 
facilities. All contaminated liquids are recovered and returned to the process 
as described previously. As a result, no liquid process waste streams are 
produced directly by ACA plants in B.C. 
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Ammonia storage tanl< vent emissions exiiausted from the vacuum pump 
systems are discharged through scrubbers and ail fluids are re-used as 
make-up water for preparing treating solutions. 

Small quantities of solid debris are produced from cleanout of the retorts and 
retort sumps (reportedly no more than a few drums annually) and this 
material is stored on-site pending identification of suitable disposal. 

• ASSESSMENT 

The two existing ACA facilities represent different levels of sophistication in 
design safeguards. One facility generally exhibits a wider range of 
safeguards which were incorporated as a part of a total system design and 
installed during the construction of the plant. The other facility was 
originally built without containment systems and many of the current 
safeguards have been added on over the years. This forms a practical 
constraint to the effectiveness of safeguards which have been or could be 
retro-fitted at the latter facility. It is likely that significant additional 
upgrading at this facility cannot occur without substantial renovating and 
reconstruction. 

Specific features which should be considered in preparing a code of good 
practice are the same as those discussed for CCA plants (Section 2.1.4) and 
include the development of minimum standards for: 

• shelter, surfaces and spill containment, 
• drip containment, 
• chemical recycle systems, 
• piping, 
• process controls, 
• retort cylinders and doors, and 
• disposition of solid process residues. 
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2.2.5 CHARGING AND WOOD STORAGE AREA CONTAINMENT I'X-X.XvX.:.:.:.: 

• DESCRIPTION AND ASSESSMENT 

The charging track and treated wood storage at both ACA facilities are 
located on exterior, unsurfaced ground. Both facilities are primarily used for 
treating poles, which are relatively low-drip products (compared to high-drip 
products such as lumber and plywood). A major problem of ground 
contamination is not apparent from visual inspections of either facility 
although occasional evidence of chemical drippage can be found. As with the 
CCA industry, there is an inadequate quantitative information base for 
evaluating chemical losses from treated wood. Limited site monitoring has 
been undertaken at both ACA sites and these data are discussed in Section 
4.3.2. Although the containment requirements for poles are less stringent 
than for high-drip products, the specific subjects which should be 
considered in preparing a code are identical to those discussed in the 
assessment of the CCA industry (Section 2 . 1 . 9 ) . This review should 
establish minimum requirements for: 

• a quantitative chemical release survey, 
• site monitoring standards, 
• wood storage area design standards, 
• freshly-treated wood storage containment and minimum storage time, 
• containment and isolation of site drainage, 
• protection from the elements, and 
• dry treated wood storage. 
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2.3 CREOSOTE AND PCP PRESSURE TREATMENT PLANTS 

2. 3.1 FACILITY OVERVIEW IvXvIvX-X-IW^^ 

• GENERAL DESCRIPTION 

Two British Columbia facilities currently provide oil-borne creosote and/or 
oil-borne PCP pressure treatment of wood. A typical oil-borne pressure 
treatment plant is shown conceptually in Figure 2.8. Creosote and heavy and 
light petroleum oils (carriers for creosote and PCP) are delivered by bulk 
truck or rail tanker and stored in a tank farm. PCP is supplied as solid 
granules and mixed with the light petroleum oil to form a 5 percent strength 
PCP treating solution. Creosote is applied directly or as a 50 percent 
solution in heavy petroleum oil. All treating solutions are applied to wood in 
pressure retort cylinders. The treated wood is then removed directly to yard 
storage to await shipment. 

WOOD CONDITIONING • 

One of several conditioning processes is used to reduce the moisture content 
of the wood to the proper level for preservative application (Appendix I). 
Conditioning processes which are carried out in the treatment cylinder 
include direct or indirect steaming, heating under pressure, and boiling 
under a vacuum in the presence of the treating solution (Boultonizing). 
Specific allowable conditioning processes are stipulated by CSA and AWPA 
standards for given wood products (Appendix 2). 

PRESERVATIVE APPLICATION o 

Both full cell and empty cell treatment processes are used to apply oil-borne 
preservatives (Appendix I). The treatment cycle is carried out in the 
pressure retort cylinder and consists of some combination of the following 
steps: 

• conditioning (as described above), 
• flooding of the cylinder with hot oil, or. 
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•application of air pressure and flooding of the cylinder with hot oil 
while maintaining this pressure, 

• pressurization until the target preservative retention level is achieved, 
• application of an "expansion bath" (reheating to the maximum 
temperature), draining of the excess preservative to the work tank (for 
subsequent re-use), and, 

• application of a final vacuum and/or steaming. 

The specific allowable processes for a given wood product are dictated by 
CSA and AWPA standards (Appendix 2). These standards also define the 
acceptable range of treatment times, temperature and pressures. 

CHEMICAL CONTAINMENT AND RECOVERY • 

Oil-borne pressure treatment facilities in B.C. do not provide the same 
degree of chemical containment and recovery found in most water-borne 
systems. Water from wood moisture and infiltrating precipitation limit the 
recovery and re-use of treatment oils. The difficulty and high cost of 
separating and treating oil-water mixtures have retarded the development of 
recovery systems at these plants. 

Both existing facilities have provided collection sumps to recover residual 
preservative from door drippings. Containment surfaces have not been 
provided for the retort charging track areas or the treated wood storage 
areas at either facility in B.C. Neither plant provided retort nor tank farm 
containment in the original design and both plants have been upgraded with 
improvised perimeter dykes. 

CHEMICAL DISCHARGES • 

Oil-borne treatment plants produce substantial quantities of preservative 
contaminated process water which is composed of: 

• condensed moisture extracted from wood, 
• infiltrating precipitation, and, 
• miscellaneous washdown, sealing, and cooling waters. 
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B.C. plants currently provide or plan to provide wastewater treatment for 
these liquid discharges. "Uncontaminated" process liquids (such as indirect 
cooling water) are generated and discharged without treatment at both 
plants. As with other types of facilities, minor drips or washoff of treatment 
chemicals from treated wood may be released to the ground or contained in 
site runoff. 

In addition to solid wastes consisting of sump and retort debris, one 
oil-borne plant in B.C. generates sludges from wastewater flocculation and 
spent carbon wastes from activated carbon treatment systems. All of these 
solid wastes are contaminated with preservative chemicals. Spent carbon is 
currently regenerated in the U.S.A. All other solid wastes are stored on-site 
and economical, approved disposal alternatives have not been identified. 

Sources of intermittent air emissions Include vacuum system condenser 
exhausts, retort doors, and tank vents. Fugitive emissions of PCP dust and 
vapors may also be produced during mixing operations. No treatment of 
discharges to air is currently provided at either B.C. facility. 
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2.3.2 TRANSPORTATION, OFF-LOADING AND STORAGE 

• DESCRIPTION 
PCP B 

Both facilities currently use solid PCP granules which are packaged in 
50-pound plastic bags. These granules are manufactured by UniRoyal at Fort 
Saskatchewan, Alberta for distribution by Domtar Chemicals Inc.^ The bags 
are palletized with a plastic overwrap and delivered by truck or rail. 

Both facilities maintain an inventory of several hundred bags of PCP. 
Storage for PCP is enclosed at both plants. One facility stores PCP with 
other chemicals in a roofed, concrete block wall building which is segregated 
from the treatment area. The building has a flat, drain-free floor which is 
several centimeters below grade. The second facility stores PCP in a roofed 
and enclosed building which houses the PCP/oil mixing facility. The elevated 
floor of the storage area also serves as the unloading platform for rail 
deliveries of PCP. 

CREOSOTE » 

Creosote is used at only one facility in B.C. and is manufactured by Domtar 
in Hamilton, Ontario and delivered by bulk rail or truck tankers. Unloading 
points are located on unsurfaced ground with no containment dyking. At the 
time of delivery, creosote is pumped directly to tank storage via permanent 
piping systems which incorporate both above-ground and buried piping. Bulk 
creosote tanks are located in a tank farm which also contains storage tanks 
for creosote/heavy oil and PCP/light oil treating solutions. The tank farm is 
segregated, paved with asphalt, and surrounded by a concrete dyke 
designed to contain the volume Of the largest tank. 

PETROLEUM OILS B 

A heavy petroleum oil is used to dilute creosote to 50 percent solution for 
treating wood products which do not require treatment with pure creosote. A 

^PCP production by this company was discontinued in December 1983. 
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light petroleum oil is used for preparing the 5 percent treating solution of 
PCP. These oils are delivered by bulk truck or rail tankers and the oils are 
normally mixed with the appropriate preservative chemical at the time of 
unloading (Section 2.3.3). Unloading points at both facilities are located on 
unsurfaced ground with no containment dyking. 

Petroleum oil storage at one facility is in the paved, dyked and segregated 
tank farm described above. Storage of oils at the second facility is in a tank 
farm located on unsurfaced ground and dyked by sand-filled plywood curbs 
designed to contain the volume of the largest tank. The tank farm is not 
totally segregated from the adjacent treatment facility and some of the tanks 
are contained by dyking which also encompasses the retort cylinders and 
other equipment in the treatment area. 

• ASSESSMENT 

Visual evidence (chemical stains on tank sides) indicates that minor spills or 
storage tank overflows have occurred at oil-borne treatment facilities 
although the circumstances of these releases have not been documented. 
There is also substantial accumulation of petroleum oil (preservative-free) in 
surface soils at the rail off-loading site at one facility. This residue 
reportedly originates from drippage of oil from the exterior of rail cars 
contaminated during cold weather loading at the source of supply. The 
congealed oil is reliquified and lost to ground when the contents of the rail 
cars are heated during off-loading operations in cold weather. These oil 
releases are uncontained and enter the surface drainage ditch system serving 
the site. 

These examples underscore the need for a careful review of the adequacy of 
current spill or drip prevention and containment measures in off-loading and 
storage areas at oil-borne preservative treatment facilities. Specific factors 
which should receive special attention during the review include: 

• the detection of leaks in insulated tanks, 
• the adequacy of unprotected ground as a surface in areas subject to 

spills and drips of preservative chemicals, and. 
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• the feasibility and effectiveness of recovery and clean-up operations if 
a spill were to occur in an unsurfaced containment area. 

Consistent minimum standards of isolation should be developed for bagged 
PCP storage areas. One facility stores PCP adjacent to other toxic chemicals 
(arsenic acid) and other non-toxic materials are stored in the enclosure on a 
casual basis. The second facility stores bagged PCP in a multi-use area 
which includes activities associated with the off-loading from bulk rail 
tankers. 

In addition to consideration of the above items, many of the general 
conditions and requirements for chemical handling and storage (discussed in 
Section 2.1,3) are applicable to oil-borne treatment plants. Items which 
should receive careful review during the preparation of a code of practice 
include the determination of minimum requirements for: 

• fluid level indication, 
• level alarms and overflow protection, and, 
• piping standards, 

2. 3. 3 CHEMICAL MIXING AND HANDLING XvXvX-IvXW^^ 

• DESCRIPTION 

PCP » 

The equipment and procedures for preparing PCP/light oil treating solutions 
are similar at the two existing plants in B.C. In order to reduce storage and 
handling requirements, the mixing procedure is normally carried out when 
the light petroleum oil is off-loaded. The required quantity of PCP granules 
is added to oil in a blending tank, mixed, and recirculated through the 
treating oil storage tank to ensure a uniform concentration. 
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The blending tank is a non-agitated, closed vessel of approximately 350 
Imperial gallons capacity. Unlike U.S. practices for handling bulk PGP 
granules (NIOSH, 1983), bagged PCP granules are added manually through a 
top hatch and the door of the hatch is then sealed while the initial mixing 
takes place (by recirculation). Full protective equipment is required for 
workers during handling operations with PCP and detailed safety procedures 
are stipulated (see Section 5.4.3). 

The mixing tank at one facility is located within the paved and dyked 
containment area of the oil tank farm. The area is segregated from the tank 
farm containment by a concrete curb which encompasses the mixing tank and 
associated pump and piping. The curbed area is roofed but not enclosed. 

The mixing tank at the second facility is located in an enclosed, corrugated 
metal building. The elevated working platform also serves as the storage 
area for PCP bags and the unloading platform for rail deliveries of the 
bagged chemical and bulk oils. The mixing tank is located on a concrete 
floor which has a low (5 centimeters) concrete curb around the perimeter. 
The entire building area is served by an exhaust fan,and a sheet metal hood 
above the tank loading hatch provides local ventilation during PCP handling 
operations. 

CREOSOTE • 

Creosote blending with oil occurs in a closed piping system. Mixing occurs 
within the tank farm area which is described in Section 2.3.2. Mixing 
operations are normally undertaken when oil is delivered in order to minimize 
the number of transfer operations. 

• ASSESSMENT 

PCP • 

The primary concerns about the mixing and handling of chemicals at 
oil-borne preservative plants are related to the exposure of the workers to 
PCP. Current practices at both plants require the manual dumping of PCP 
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granules from bags to the open hatch of a mixing vessel. Although stringent 
procedural safeguards are applied, the potential for worker exposure is 
inherent to this "open" transfer process. It is recommended that the 
preparation of a code of practice include an assessment of the feasibility of 
utilizing totally enclosed hatch systems which would eliminate direct worker 
exposure to dust or vapors from PCP during debagging. If open transfer 
systems are to be retained, there should be a review of the effectiveness of 
measures for worker protection which are currently required during PCP 
mixing operations. This review should include a quantitative assessment of 
fugitive PCP dust levels in mixing areas and should lead to: ^ 

• the establishment of minimum requirements for face and breathing 
protection used during PCP handling operations, and, 

• minimum standards for local and area ventilation in interior mixing 
areas, 

CREOSOTE • 

No serious design deficiencies were identified for physical facilities for 
mixing and handling creosote. Mixing and transfer of creosote and 
creosote-containing oils are carried out in closed systems at the single B.C. 
plant which uses these preservative fluids, and improper exposure to 
workers and the environment does not occur under normal circumstances. As 
noted in Section 5.5.3, an apparent complacency of workers about the 
potential hazards of creosote exposure suggests that the effectiveness of 
worker education programs should be reviewed. 

2.3.4 TREATMENT PROCESS SYSTEMS I-rvI-v-V-X-X-X-X-XŴ ^̂  

• DESCRIPTION 

Process systems for oil-borne preservative facilities are similar in concept to 
those described for CCA treatment plants (Section 2.1.4). As described in 
Section 2.3.1, the principal differences between the two systems arise from 
the unavoidable presence of oil/water mixtures in the oil-borne treatment 
process and the subsequent requirements for containing and treating these 
mixtures. 
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The older of the two B.C. oil-borne plants was established in 1930. The 
historical development of this facility took place prior to the development of 
the current level of environmental awareness and economic pressures to 
recover treatment chemicals. As a consequence, containment and chemical 
recovery systems for oil-borne plants are less sophisticated than CCA plant 
systems which have generally developed in the last decade. In contrast with 
CCA facilities, oil-borne plants have evolved waste treatment systems to 
treat aqueous waste streams which are generated by the process and cannot 
be recycled because they are incompatible with the preservative oil. 

SHELTERB 

Both B.C. facilities are similar in the type and extent of shelter. Retorts 
and tank farms are exterior. One of the facilities provides roofing (but not 
enclosure) of the retorts to minimize infiltration Of precipitation to local 
containment curbs around the retorts. Major process components (including 
pumps, valving, and process control components) are centralized and located 
in heated enclosed buildings. 

SURFACES AND SPILL CONTAINMENT B 

The process treatment buildings at both facilities have paved concrete floors. 
Pumps for transferring preservative between the retort and tankage are 
located in a subgrade work area at both facilities. Fluids which leak or 
infiltrate to these areas are collected and pumped to the waste treatment 
system. All other process components in the treatment building are located at 
or above grade level. Neither facility has provided curbs or dykes around 
the foundation perimeter of the treatment building, but the buildings at both 
facilities are within the larger dyked areas which contain the treatment 
retorts. 

A common feature at both facilities is the use of sandfilled plywood dykes 
surrounding the perimeter of the treatment area (including the process 
building and the retorts). Except for the process buildings, the exposed 
ground within this containment area is unsurfaced at both facilities. 
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Containment features wliicii are different at tfie two facilities including the 
following: 

1. One facility provides no segregation of the retorts, which are mounted on 
unsurfaced ground within the larger dyked treatment area. Incidental 
precipitation soaks into the ground surface. The second facility provides 
concrete curbs around each retort to isolate it from the larger dyked process 
area. Surface runoff from the dyked area is collected and pumped to the 
waste treatment system. 

2. The dyked process area contains the complete tank farm at one facility. 
The second facility has a segregated tank farm. Working preservative 
solution tanks at this facility are located above the process building within 
the dyked treatment area. 

3. The PCP mixing building is contained within the treatment area at one 
facility. At the second plant the PCP mixing facility is located outside the 
treatment area (in the segregated tank farm). 

DRIP CONTAINMENT B 

Local containment of drips from valves, flanges, pumps, seals and other 
process equipment is not provided at either facility. Drips are generally 
confined to the larger containment surfaces within the treatment process 
area. Within the process building, drips are washed down to sumps and 
pumped to the waste handling system with other contaminated liquids. 
Incidental drips in exterior contained areas generally accumulate on ground 
surfaces. 

CHEMICAL RECYCLE SYSTEMS" 

Vapors withdrawn from the retort cylinder during the conditioning portion of 
the treatment cycle contain both oil-borne preservative and water. This 
vapor stream is condensed, collected in "drip" tanks and pumped to settling 
tanks where the oil phase is separated from the water phase. The 
preservative oil is returned to the storage tanks for re-use and the 
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contaminated water is pumped to the waste treatment systems described in a 
subsequent section. Other miscellaneous contaminated mixtures generated in 
the treatment process (for example, drips from door sumps, wash waters and 
leakes from glands, valves and fittings) are also settled to recover the free 
preservative fluid and the aqueous phase is then treated. 

PIPING • 

Both facilities are of older design and piping systems are complex relative to 
CCA plants. The older of the two plants has undergone considerable 
modification in its fifty-plus years of existence and much of the piping is 
buried or inaccessible. 

PROCESS CONTROL • 

Monitoring of process parameters (temperatures, pressures and preservative 
fluid working tank levels) is centralized at both plants. Most process valving 
and component functions are controlled manually at the location of the 
process component. 

RETORT CYLINDERS AND DOORS • 

Conventional retort cylinders are employed at both facilities. These cylinders 
are subject to all inspections and certifications required for any pressure 
vessel. As with other types of preservative plants, the cylinders are 
supported on concrete piles placed at intervals along the length of the 
cylinder. Hinged, bolt closure doors and hydraulically operated 
"quick-opening" doors are used at both facilities. 

WASTE TREATMENT SYSTEMS • 

LIQUID WASTES ° 

A process diagram of waste treatment systems employed at one of the 
facilities is shown in Figure 2.9. Contaminated process streams are collected 
in settling tanks to recover preservative oil. The aqueous phase is then 
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treated with polymer and flocculated to remove emulsified oils. The sludge Is 
removed for disposal (to an approved secure chemical landfill in the United 
States) and the aqueous effluent is then passed through two activated 
carbon columns in series to remove phenols, chlorophenols and dissolved 
oils. Treated effluent is discharged to a municipal sanitary sewer system 
under the terms of a permit administered by the Greater Vancouver Regional 
District. 

General surface drainage from the yard, steam condensate and condenser 
cooling water from closed systems are treated as uncontaminated fluids. 
These streams are discharged via surface drainage ditches to an adjacent 
river and this discharge is regulated under the terms of a Waste Management 
Branch permit (see Section 4.4.3). 

The second facility does not currently have a comparable waste treatment 
system although the installation of sand filters and activated carbon 
treatment columns is planned. Settling is currently provided for contaminated 
waste streams. The settled water is then accumulated in a storage tank, 
heated to concentrate the oil phase by evaporating water, skimmed and 
discharged to an on-site exfiltration lagoon located adjacent to the wood 
treating area. The lagoon also receives site surface drainage, boiler 
blowdown from on-site steam generation, compressor cooling water and 
backwash from water softeners. Waste streams discharged to the lagoon are 
regulated under the terms of a permit administered by the regional Waste 
Management Branch. 

SOLID WASTES • 

Solid wastes produced at oil-borne treatment plants include: 
• waste treatment system residues (flocculation sludge and spent activated 
carbon), and, 

• sludge and debris from infrequent periodic cleaning of retorts. 

Waste treatment residues are currently produced at only one site. 
Flocculation sludges are drummed and stored on-site pending the development 
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of approved disposal options in B.C. Activated carbon is shipped to a U.S. 
firm for regeneration. Reportedly, small quantities of miscellaneous cleanout 
sludge and debris are produced at both sites (of the order of a few drums 
per year). This residue is currently drummed and stored pending 
identification of an acceptable disposal method. Until recently, one of the 
facilities burned sludge and solid debris from the treatment process. 

AIR EMISSIONS • 

Intermittent air emissions containing PCP and creosote vapors are produced 
at various process points including: 

• tank vents, 
• vacuum system exhausts, 
• condenser exhausts, and, 
• retort doors. 

Although vapor and odor control systems have been installed at similar 
oil-borne plants in other provinces, neither B.C. facility currently provides 
treatment of any of its discharges to air. 

• ASSESSMENT 

This statement of assessment for existing oil-borne pressure treatment 
facilities acknowledges that the older of the two existing B.C. facilities was 
designed and built in an era of low environmental awareness relative to 
current standards. The age and design of the physical facilities place 
inherent constraints on the feasibility of retrofitting this facility with modern 
process and containment features. It is also acknowledged that many of the 
more obvious deficiencies of the plant have been recognized by the plant 
management and are being mitigated by a planned program of improvements 
which has been negotiated between the plant management and the B.C. Waste 
Management Branch. 
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SHELTER, SURFACES AND SPILL CONTAINMENT • 

There is a need to adopt a uniform standard of facility conceptual design 
which integrates the requirements for shelter, surfaces and spill 
containment. This standard should stipulate minimum requirements for shelter 
and ground surfaces in process treatment areas. Unsheltered, unsurfaced, 
dyked areas do not provide effective containment for spills. Cleanup of major 
spills from such areas would be cumbersome and inefficient. Infiltrating 
rainfall generates contaminated aqueous wastes and unsurfaced ground 
creates the potential for ongoing contamination of groundwater beneath the 
process area. 

A minimum standard should be established for the construction and 
effectiveness of containment dykes. Reinforced concrete curbs or dykes are 
in common use in most industries and sand- or earth-filled dykes are 
outdated and of questionable effectiveness. 

A minimum standard should be established for process component 
segregation. Containment curbs currently in use at both B.C. facilities 
generally encompass large areas. Isolation of major individual process 
components by local curbing or dyking within these areas would enhance 
control and cleanup of spills. 

The requirement for subgrade pump mounting should be critically assessed at 
sites which have high water tables. A minimum standard for hydrogeological 
isolation should be established for circumstances which require subgrade 
installations. Groundwater infiltration to subgrade pump mounting areas 
generates substantial quantities of contaminated water at one of the existing 
facilities. 

Minimum requirements should also be determined for features which would 
facilitate the cleanup of spills which might occur in contained areas. For 
example, controlled drainage to pump out sumps should be provided in spill 
containment areas. Potentially flooded surfaces within these areas should be 
accessible and cleanable. Containment areas at existing facilities do not fulfill 
these requirements. 
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DRIP CONTAINMENT « 

A minimum requirement should be established for features to localize minor 
drippage from process components. 

CHEMICAL RECYCLE SYSTEMS « 

The chemical recycle systems at existing facilities have evolved over the life 
of the plants and neither facility was designed for high efficiency recovery 
of preservative chemicals. The older facility utilizes steam ejectors for, 
producing vacuum in some of the retort systems and this contributes to the 
volume of aqueous waste which is produced. Because of its age and location 
in an area of high rainfall, the facility is generally subject to extensive 
infiltration of groundwater and precipitation. These conditions interfere with 
efficient chemical recovery. 

The second facility is similar to the first in design and construction of 
recycle systems but currently has less efficient separation capability for 
recovering oils from oil/water mixtures (see Waste Treatment Systems). 
However, it is likely that better overall control of preservative is achieved 
at the younger facility because of its generally better physical condition and 
more careful attention to maintenance and housekeeping. 

If new oil-borne pressure treatment plants are built within B.C., a stringent 
and comprehensive conceptual design standard should be established for 
chemical recycle systems. New plants should be subject to the requirements 
of this standard. 

The requirements of a new design standard would impose major modifications 
on both existing facilities and this is unrealistic. A more productive 
approach would entail a review of existing recycle systems to quantitatively 
assess the efficiency of chemical recovery and to identify p>oints of 
significant chemical loss from existing systems. A minimum requirement 
should be established for overall chemical recovery of preservative at 
existing oil-borne treatment facilities. This would first require a quantitative 
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mass balance to determine current recovery efficiencies and to identify 
routes of preservative loss that can be improved or eliminated. It is 
acknowledged that precise quantification of preservative movement in 
recovery systems is unrealistic. The objective of the mass balance approach 
is to provide a tool for assessing (and therefore improving) the current 
performance of recovery systems. 

A minimum standard should be established for containment area- conceptual 
design to prevent tracking and unnecessary exposure of workers to 
accumulated preservative fluids. For example, one facility uses a door sump 
configuration which requires workers to stand in accumulated drippings and 
debris on the sump floor while the retort door is being positioned or 
secured. The second facility overcomes this difficulty by using over-floor 
grates to provide a clean, sound footing for workers during this activity. 

PIPING • 

A minimum standard should be established for the conceptual design and 
maintenance of piping systems. This standard should strive for simplicity 
and accessibility. V/here practicable, existing plants should upgrade piping 
systems to meet this standard. One undesirable feature of existing facilities 
(particularly the older plant) is the extensive use of buried and inaccessible 
piping. This contributes to the potential for undetected leaks. A second 
feature inherent to older plants is the complexity of the piping systems (as a 
result of modifications and disused piping). This obscures the functional 
relationship between process components and contributes to the potential for 
operator error or neglect of proper maintenance and housekeeping. 

PROCESS CONTROL • 

A uniform standard of process control should be established. Where 
practicable, existing facilities should upgrade any deficient control systems 
to comply with this standard. Components of the standard should include: 

• simplicity, 
• clarity of relationship between controls and process functions. 
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• visibility of process components from the control point, and, 
• emphasis on the use of effective alarms and interlocks to prevent 
safety-related operator errors. 

RETORT CYLINDERS AND DOORS a 

No problems directly involving retort cylinders or doors were identified. The 
current requirements for testing and certifying pressure vessels appear to 
provide an adequate standard for retort vessel specifications and mechanical 
condition. A minimum requirement should be established for the provision of 
protective devices to prevent inadvertant door openings and a mandatory 
requirement for door opening indicators and process interlocks should be 
considered where control points are remotely located (as is the case with 
both existing facilities). 

WASTE TREATMENT SYSTEMS • 
LIQUID WASTES • 

A consistent minimum standard should be established for the treatment, 
monitoring and analysis of liquid wastes which are discharged from the sites 
of oil-borne treatment facilities. These wastes can be adequately treated 
using conventional physical/chemical processes which have been developed by 
the industry. Although the discharge of liquid wastes now appears to be 
adequately regulated at the one facility which provides treatment (see 
Section 4.4.2), the proper disposition of these wastes is relatively recent. 
During the early history of the plant, these wastes were discharged to 
vacant portions of the site, released to the adjacent river or "incinerated" in 
an ineffective liquid waste burner. The second facility currently controls 
dispersal of the untreated liquid waste streams by discharge to an on-site 
"exfiltration" lagoon. The facility is located in a relatively dry climate and 
the liquids eventually soak into the ground. The installation of a waste 
treatment system is being planned although a firm commitment to this 
improvement is contingent upon the overall economic performance of the 
plant. 
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SOLID WASTES • 

Acceptable disposal options should be identified and stipulated as mandatory 
for PCP and creosote containing solid waste residues. An approved, 
controlled, in-Province disposal facility is needed for the proper ongoing 
disposal of these wastes. 

AIR EMISSIONS ° 

A minimum standard should be established for controlling the numerous 
sources of PCP and creosote vapor emissions to air. Although most of these 
discharges are vented directly to the atmosphere (as opposed to the 
workplace), it appears that these emissions have not been quantitatively 
assessed to determine the significance of emissions to the workplace or to the 
environment. This is not thought to be a significant problem, but the 
appropriate monitoring studies should be undertaken to provide a sound 
quantitative basis for regulatory decision making. 

2.3.5 CHARGING AND TREATED WOOD STORAGE CONTAINMENT 

• DESCRIPTION 

Both existing British Columbia oil-borne pressure treatment plants use 
standard rail trams for charging the treatment retorts. At both facilities, the 
charging areas and all wood storage areas are located on exterior, 
unsurfaced ground. It is characteristic of these plants that wood storage 
areas are extensive (of the order of fifty acres) and wood storage times may 
be long (of the order of months). 

• ASSESSMENT 

Based on visual evaluation, it appears that acceptable overall control of 
preservative losses to ground is achieved at wood storage areas on both 
existing sites. Occasional minor drippage of preservative to ground was 
observed in wood storage areas. Charging areas were more visibly 
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contaminated. A borelioie in the charging tracl< area at one facility showed 
high concentrations of oils and phenols to a distance of 12 feet below ground 
level (see Section 4.4.2). 

Neither existing plant has developed comprehensive data to allow quantitative 
estimates of chemical losses, and the extent and long-term significance of 
chemical migration off-site (in surface or groundwaters) is not clear. It is 
acknowledged that site-specific factors strongly influence such an 
assessment. These considerations should be reviewed in preparing a code of 
practice and the following specific items should be addressed: 

QUANTITATIVE CHEMICAL RELEASE SURVEY • 

As with CCA release (Section 2.1.9). a chemical release survey should be 
undertaken to quantify releases of treatment chemicals from treated wood. 
The formulations of realistic control measures should be based on data which 
will allow an evaluation of the significance of chemical losses in the context 
of losses which occur throughout the treatment process. 

SITE MONITORING STANDARDS • 

Minimum requirements should be developed for monitoring preservative 
chemical levels in site environments (soils, groundwaters and surface 
runoff). The required types of monitoring should be identified and uniform 
procedures should be established for their undertaking. 

SURFACES • 

A minimum conceptual design standard should be established for surface 
protection and containment of drip areas. The requirements for surface 
protection should be based on the assessment of the quantitative release 
survey described above and should determine and specify the necessity for 
paved surfaces in charging and freshly-treated wood storage areas. If 
appropriate, storage area design standards should be stipulated. 
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2.4 PCP THERMAL TREATMENT PLANTS 

fl 1 F A i l l l l Y 0 \ /FR\ / IFW • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * • 

• GENERAL DESCRIPTION 

Two facilities in British Columbia currently provide thermal treatment of 
wood (chiefly poles) with PCP (pentachlorophenol). A typical PCP thermal 
treatment plant is shown in Figure 2.10. The preservative chemical is 
purchased as a solid in 1000 or 2000 pound blocks which are delivered by 
truck. Treatment solution is prepared by dissolving these blocks in P-9 oil 
(AWPA standard. Appendix 2) to a concentration of 5 percent. Successive 
applications of hot and cold treatment solutions are applied to poles in open 
immersion tanks. The excess oil is then returned to storage tanks, the poles 
are drained in place in the treatment tanks, and the poles are removed to 
treated wood storage to await shipment. 

PRESERVATIVE APPLICATION • 

Thermal treatment with PCP in oil is a non-pressure process which is 
analogous to the full cell pressure treatihg process (see Appendix 1). The 
treatment cycle is carried out in horizontal, rectangular tanks with 
hold-down bars for full-pole treatment and in horizontal, rectangular or 
vertical, cylindrical tanks for upright butt treatment of pole ends. Full 
length tanks are normally covered with simple plywood lids during treatment. 
The treatment cycle consists of the following steps: 

• flooding of the tank with hot treating oil (220 to 230 degrees F), 
• immersion until sufficient moisture has been driven from the poles 

(generally two to ten hours), 
• return of the hot oil to storage tanks and flooding of the treatment 
tank with cold oil (125 degrees F) for a period of one to six hours, 

• return of the cold oil to the storage tank and draining of the poles in 
place. 

Specific treatment times and temperatures are" stipulated by standards 
(Appendix 2) and var-y with the species and moisture content of the wood. 
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Operator judgment is involved in regulating the treatment of specific charges 
to a much greater extent than for pressure treatment. 

CHEMICAL CONTAINMENT AND RECOVERY • 

Treatment oils are returned to bulk tankage following the treatment cycle. 
Spill containment for storage and treatment tanks is provided at one of the 
existing facilities. Both plants drain poles in place in the treatment tanks 
and treated poles are subsequently stored on unprotected ground. 

CHEMICAL DISCHARGES • 

Based on visual inspection of storage areas, little chemical is lost to the 
ground as drippage from treated poles during storage. Washoff of 
preservative chemical may be released to the ground or contained in site 
runoff. Spills, drips or splashes of preservative oil are occasionally lost to 
the ground adjacent to the open treatment tanks. Containment of treating 
tanks is not universal. Groundwater which infiltrates the tank containment 
system at one site receives treatment as a waste stream prior to discharge. 
The only solid waste produced during treatment is an oily sludge which is 
periodically scraped from the treatment tanks. These sludges are currently 
stored on-site (indefinitely) or are burned in wood waste burners. 
Intermittent sources of air emissions from the thermal treating process 
include tank vents and vapors which escape from the treatment tanks during 
the treatment cycle. 
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2.4.2 TRANSPORTATION, OFF-LOADING AND STORAGE OF PCP I-X-X-X'X*: 

• DESCRIPTION 

Both thermal treatment facilities in British Columbia use solid PCP supplied 
as 1000 or 2000 pound blocks. The blocks are supplied exclusively by 
Reichhold Limited from their manufacturing facility in Tacoma, Washington 
(via Reichhold's sales offices in Port Moody, B.C.). The blocks are wrapped 
in heavy plastic and shipped on pallets by common carrier from the point of 
supply to the point of use. 

Both facilities maintain an inventory of several PCP blocks. Storage is 
provided in roofed wooden shelters which are enclosed on three sjdes and 
open on the front (without doors). The blocks are stored on unprotected 
ground at both facilities. One facility also uses the PCP shed for the storage 
of other materials including heat transfer oil. 

One facility uses bagged PCP granules for adjusting the PCP concentration 
of the final treatment oil mix. Up to 200 bags are stored in a separate 
enclosed metal building with a concrete floor. 

•ASSESSMENT 

The handling and storage of solid PCP blocks is inherently safer than the 
management of chemical flakes. Although significant workplace or 
environmental concerns were not identified at either B.C. thermal treatment 
facility, storage and handling practices are somewhat casual and potential 
risks can be largely eliminated by attention to the following areas: 

TRANSPORTATION • 

Standards of packaging and practices for handling PCP blocks in transit will 
ultimately be dictated by the Transportation of Dangerous Goods Act. It 
appears that blocks may be damaged in transit and current packaging and 
shipping practices should be evaluated and modified in anticipation of 
specific proposed Regulations under the Act. 
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SECURITY • 

A standard of security should be developed for chemical storage areas. PCP 
is stored in semi-enclosed structures at both B.C. plants and unauthorized 
workers or non-employees have relatively free access to the area. This is an 
inadequate level of security for the storage of toxic chemicals such as PCP. 
Furthermore, storage under non-secure conditions is in itself an 
inappropriate implicit message to employees about the need for careful 
management of PCP. 

STORAGE AREA DESIGN • 

Minimum standards should be established for the conceptual design of PCP 
block storage areas. Improved mechanical protection for blocks should be 
provided. Impact chipping and breakage of block edges was observed and 
this creates PCP dust which is lost to the ground and/or exposes workers. 
Blocks are loosely wrapped with heavy plastic which provides inadequate 
containment of dust from minor block damage during storage or transit. 
Ground protection is not provided at either facility so that PCP chips or 
dust cannot be contained and accumulates on the ground in the storage area. 

Blocks are not totally protected from the elements and PCP dust lost to the 
ground may migrate with runoff. Other materials {for example, drums of heat 
exchange fluid) are stored and piled adjacent to the blocks at one facility. 
This contributes to the potential for mechanical damage of blocks, potential 
fire hazards, and use of the area by personnel who may not recognize PCP 
hazards. The storage building and contained materials at both sites are 
wooden and easily combustible, a potentially highly dangerous circumstance. 

Storage areas for PCP blocks are well ventilated at both plants and 
reasonably (but not totally) protected from the elements. If more stringent 
standards for enclosure evolve, appropriate consideration must be given to 
maintaining adequate ventilation for Worker protection. 
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2. H, 3 CHEMICAL MIXING AND HANDLING IvX-XvXWrw^^ 

• DESCRIPTION 

The blocks of solid PCP are dissolved in hot treatment oil to a final 
concentration of 5 percent. The P-9 treatment oil (approximately equivalent 
to number 3 diesel oil) is delivered in bulk by rail tanker and dissolution of 
the PCP is normally carried out when the oil is off-loaded. The required 
number of PCP blocks are transferred to a treating tank with a front-end 
loader, utilizing a steel lifting hook which is imbedded in the top of each 
block. The treatment tank is then covered and flooded with hot treating oil 
(at about 200 degrees F) which is recirculated through the storage tank 
until the blocks are completely dissolved, One facility adds bagged PCP 
granules to the tank to make final adjustments of the PCP concentration. 

• ASSESSMENT 
PCP BLOCKS • 

The dissolution of solid PCP blocks in treatment tanks entails minimal 
exposure of the chemical to workers or to the environment and the overall 
process is judged to be reasonably safe. Neither plant reported the 
occurrence of actual dangerous events associated with the mixing process. 
The potential risks of circulating large volumes of hot pCP oil through the 
open treatment tanks are considered in Section 2.4.5. 

An improved standard should be considered for the containment of PCP 
blocks during transit from storage to the tanks since any flaking from the 
blocks is lost to the unprotected ground during this transfer. The distance 
between storage and mixing points is of the order of 500 feet at both 
facilities. 

BAGGED PCP B 

A minimum standard of safety sholild be established for the design and 
operation of facilities using bagged PCP granules. These bagged materials 
are inherently more susceptible to dispersal during mixing operations and 
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stringent safety precautions are required for workers engaged in mixing 
activities. The necessity of using bagged PCP at thermal plants should be 
carefully reviewed and consideration should be given to alternative 
procedures which would allow the exclusive use of PCP blocks. If the 
continued use of bagged PCP is necessary, the feasibility of utilizing 
"closed" debagging equipment should be considered. 

2.4.4 TREATING OIL STORAGE r-r-X-I-XWXvXw^^^ 

• DESCRIPTION 

Hot and cold treating oil are stored in exterior bulk tanks at both British 
Columbia facilities. The storage tanks are in a segregated common area at 
one facility and asphalt ground cover and full-capacity containment dyking 
has been installed. Runoff which accumulates in the dyked area is 
discharged to the ground adjacent to the storage area. Tanks are scattered 
throughout the treating area at the second facility and no ground cover or 
containment dyking is provided. 

Level indication is by sight gages at one facility. The second facility uses 
float gages linked by steel tape to external indicators. Overflow alarms on 
storage tanks are absent at both facilities. 

•ASSESSMENT 

Minimum design and containment standards should be established for PCP 
treating oil storage facilities. Several of the considerations discussed in 
Seciton 2.1.3 are applicable to PCP treating oil storage and should be 
reviewed in preparing a code of good practice. These include the 
determination of minimum standards for: 

• spill containment, 
• drip containment, 
• fluid level indication, 
• level alarms, and, 
• tank condition, location and security. 
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Although no major releases of oil have been reported at either facility, tanks 
at both plants show evidence of minor releases from overfilling. Positive 
measures (both design and procedural) should be taken to prevent 
overfilling and to contain spillage when it does occur. 

2. U. 5 TREATMENT PROCESS S\STEMS:<'yr>:^<<<<<'y^^ 

• DESCRIPTION 

The treatment process systems for both British Columbia facilities are 
relatively straightforward, consisting chiefly of oil storage tanks, transfer 
pumps and piping, and an indirect heat exchange system for heating the 
preservative oil. 

SHELTER • 

Both facilities provide only limited enclosure for process components. 
Electrical controls and heat exchange equipment are housed and both plants 
provide enclosure for some of the process piping and valving. Storage tanks 
and all treatment tanks are fully exposed to the elements at both facilities. 
Removable plywood or steel lids are used to cover the treatment tanks and 
the lids are lifted from the tanks (by crane or front-end loader) and set 
aside during the loading and unloading of poles. 

SURFACES • 

Ground surfaces in exterior areas are generally unsurfaced (with the 
exception of the dyked tank storage area at one facility). Both facilities 
utilize above-ground planking for walkways between process components and 
around tanks, although walkways are limited to the tank perimeter at one 
facility. The ground adjacent to treating tanks is unsurfaced at both plants. 

SPILL AND DRIP CONTAINMENT • 

One facility provides no spill or drip containment for any of its tankage or 
process components. The second facility provides full spill containment for 
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TANK MOUNTING WITHOUT CONTAINMENT 

TANK MOUNTING WITH CONTAINMENT 

FIGURE 2.11 CONSTRUCTION AND CONTAINMENT 
OF THERMAL TREATING PLANTS 
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the segregated oil tankage and has installed sub-grade containment for leaks 
from the treating tank. Neither facility provides collection or containment of 
surface runoff from process areas or wood storage areas. 

VAPOR CONTAINMENT " 

As described under SHELTER (this Section), removable steel or plywood lids 
are used to cover full-pole treating tanks during the treating cycle. The lids 
are not gasketed and simply rest on the tank edges. These lids are intended 
to protect the treating oil from the elements rather than to provide a barrier 
for PCP vapor release (although they presumably do significantly reduce 
vapor emissions). Butt treating tanks remain open to the atmosphere during 
the treating cycle. 

TREATING TANKS • 
CONSTRUCTION AND CONFIGURATION • 

Horizontal tanks for treating whole poles are rectangular and constructed of 
heavy steel plate (for example 7/16 inch thickness) with appropriate external 
steel reinforcement and bracing to provide strength and rigidity. Tank sizes 
vary with the dimensions of poles treated at a particular facility, ranging 
from 51 feet x 11 feet x 10 feet (length by width by depth) to 112.5 feet x 
11 feet X 8 feet. Smaller rectangular tanks are used for butt-treating poles 
at both facilities and one plant also uses two vertical, cylindrical tanks for 
butt-treating (11 feet diameter x IT feet depth). 

MOUNTING AND CONTAINMENT • 

Treating tanks are mounted partially below grade to provide thermal 
insulation, structural support, and to facilitate top-loading of poles from 
ground level. The older of the two B.C. facilities uses a traditional mounting 
achieved by simple excavation of the ground and burial of the tanks with 
about 2 feet protruding above ground level. The liquid level in the filled 
tanks is approximately at grade (Figure 2.11). Earth has been backfilled to 
the tank wall and vertical wooden posts are buried in place against the tank 
exterior walls to provide structural support for the tank. No spill or leak 
containment has been provided with this type of mounting. 
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Mounting for the tanks at tlie newer facility is much more sophisticated and 
designed to provide in-situ containment of treating oil leakage (Figure 2.11). 
The tanks are mounted with the bottoms 5 to 6 feet below grade, and a 
concrete "bath tub" outer shell has been installed to contain and collect tank 
leakage. The base of the concrete shell is mounted on pilings and the shell 
walls extend vertically above grade level. The tank is structurally supported 
by a lip on the side of the tank which rests on the top of the concrete 
shell. Drainage for tank leaks is provided by gravel fill between the 
concrete base and the tank bottom. An enclosed collection sump has been 
installed at one end of the tank to allow recovery of any treating oil leakage 
which occurs. 

TANK OVERFLOW PROTECTION D 

During the treatment cycle, oil is recirculated through the oil heaters. One 
facility has installed a level alarm on its full-length treating tank to provide 
an audible warning of overfill when the tank is initially flooded. No alarms 
are provided on tanks at the second facility. 

OIL HEATING SYSTEMS" 

Both B.C. plants use gas-fired heaters to warm a heat exchange medium 
which is recirculated to oil storage tanks in a closed system. Energy from 
the heat exchange medium is then transferred to the preservative oil by 
standard shell and tube heat exchanger. 

PIPING • 

Piping systems at both facilities are partially above-ground and partially 
buried. Buried systems have been used for bottom connections to treating 
tanks (for draining oil). Much of the interconnecting piping at one facility is 
located in concrete channels which form part of the tank containment system. 
No containment is provided for any of the piping at the second facility. 
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PROCESS CONTROLS • 

Valving and process controls are predominantly manual at both facilities. 
Many of the control functions have been centralized in an enclosed area at 
one facility. Controls are generally decentralized at the second plant, 

• ASSESSMENT 

There have been no reported major releases of PCP-containing chemicals from 
existing thermal plants. At one of the facilities, relatively careful operating 
procedures have compensated for generally inadequate containment systems. 
A code of good practice should consider design safeguards and improvements 
in several areas including: 

SHELTER, SURFACES AND CONTAINMENT • 

There is need to adopt a uniform standard of facility conceptual design 
integrating the requirements for shelter, surfacing and drip and surface 
spill containment in the treatment process area. Because of the general lack 
of ground surfacing at one facility, the potential for PCP oil loss to the 
ground is especially high. It is emphasized that actual significant losses have 
apparently not occurred because of carefully controlled operating 
procedures. 

A minimum standard should be developed for the conceptual design of ground 
protection and spill containment around the treatment tanks. The ground 
surface adjacent to treatment tanks is unprotected at both facilities and 
ground contamination is visually apparent at both sites. There has been no 
quantitative assessment of this contamination, but the lack of ground 
protection around the treatment tanks should not be acceptable. 

PCP VAPOR LOSS FROM TREATING TANKS • 

A quantitative assessment should be undertaken to determine the magnitude 
and significance of PCP vapor losses from treating tanks during the treating 



104 

cycle. It appears that substantial quantities of PCP-containing vapor are 
released from treating tanks even though full lids are now used to cover all 
full-pole treating tanks. Assessments of PCP losses to air have been limited 
(see Section 5.4.2) and concerned solely with PCP vapor concentrations in 
working areas immediately adjacent to the tank. There have been no 
assessments of downwind PCP levels or the significance of long-term releases 
to the site environment via tank vapor emissions. The presumed 
insignificance of these emissions should be confirmed by monitoring studies. 

TREATING TANK DESIGN AND CONTAINMENT" 

Comprehensive standards should be established for the design of treatment 
tanks and subgrade containment systems. These standards should give 
careful consideration to site-specific factors such as groundwater 
hydrogeology. Tanks are subject to substantial static and impact loads as 
well as thermal stresses during the operating cycle. Although no instances of 
actual tank leakage or rupture were reported, provision should be made for 
detecting and containing subgrade tank leakage. Minor but ongoing subgrade 
leakage can lead to substantial release of chemical over a prolonged time 
period. The facility which has uncontained treatment tanks is at high risk 
with respect to this potential occurrence. The migration of such subsurface 
contamination at this site does not appear likely, although this conclusion is 
based on observation of superficial site conditions and has not been 
confirmed by a scientific assessment of subsurface soils and hydrogeology. 

The subsurface containment system which has been installed at the second 
facility adequately meets requirements for containing minor or major tank 
ruptures. Early detection of minor leakage would be retarded by the limited 
accessibility for visual inspection. Considerable leakage from the tank could 
occur before contaminated oil would visually appear at the collection sump for 
the containment system. This is unavoidable with integral containment shells 
and the feasibility of containment systems which allow access for inspection 
should be considered. 
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Design of containment shells should provide protection against groundwater 
infiltration. The sump of the existing containment system is frequently 
flooded with groundwater which leaks through joints and cracks in the 
containment shell. Significant quantities of contaminated water must be 
continually removed from the containment system and treated to remove PCP. 
If a major volume of treatment oil were released from the tank to the 
containment shell, the cleanup would be significantly complicated by the 
infiltrating groundwater. 

TANK OVERFLOW PROTECTION • 

A standard should be developed for the conceptual design Of features to 
prevent treatment tank overflow. Although one facility has installed level 
alarms, rapid filling of the treatment tanks has still caused minor occasional 
overflow and loss of oil to the ground. Neither facility has positive design 
measures to prevent overflow or to recycle spillage to the tank when it does 
occur. 

OIL HEATING SYSTEMS • 

The indirect closed heat exchange system employed at both B.C. facilities 
provides effective isolation of the gas-fired heaters from the PCP treatment 
oil. A standard procedure should be established for routine monitoring of the 
heat exchange medium to detect any contamination with PCP from leaks which 
might develop in the heat exchanger. 

PIPING B 

A standard should be developed for the conceptual design of containment 
for process piping systems. Consideration should also be given to provisions 
for inspection and maintenance accessibility of piping systems and effective 
routine procedures should be developed for checking the integrity of buried 
or inaccessible piping. 
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PROCESS CONTROLS• 

A uniform standard of process control should be adopted for thermal 
treatment plants. Development of the standard should include consideration 
of the following: 

• simplicity, 
• a clear relationship between controls and process functions, 
• visibility of process components from the control point, 
• emphasis on the use of effective alarms and interlocks to prevent 
safety-related operator errors, and, 

• emergency override switches adjacent to operating components which are 
remote from the control point. 

2.4.6 WASTE TREATMENT l^^^Wl^^ll-lwl^^^^ 

• DESCRIPTION 

SOLID WASTES • 

The only process waste produced at thermal plants Is the pentachlorophenol 
sludge which precipitates from the treating oil during the treating cycle. 
This sludge also contains dust and fly ash which Is carried into treating 
tanks on the poles. The total volume of this sludge is of the order of 
hundreds of Imperial gallons per year and the sludge is manually removed 
from the treatment tanks at both facilities. Although one of the facilities has 
a current Waste Management Branch Permit to dispose of the sludge in its 
wood waste burner, the burner overheats when sludge is fed and sludge 
burning has been discontinued. As a consequence, both plants now store 
sludge on-site pending identification of a satisfactory disposal method. One 
facility uses a closed 5000 Imperial gallon tank for sludge storage. The 
second facility uses an exterior, open-top cylindrical tank of approximately 
1000 Imperial gallon capacity. The tank is located on unprotected ground 
with no provision for containing spillage. 
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LIQUID WASTES • 

Liquid process wastes are not generated by the thermal treating process. 
However, a contaminated water discharge is generated at one facility and a 
treatment system has been devised to treat this liquid. The discharge 
originates from groundwater which infiltrates through the walls of the 
concrete shell containing the leakage from the treatment tank. The high 
water table at the site causes groundwater to leak into the drainage system 
beneath the treating tank at an estimated average rate of 3000 Imperial 
gallons per day. 

A filtration/adsorption system is used to treat infiltrating groundwater. The 
water is pumped to holding tanks where separation of entrained oil takes 
place (negligible amounts of oil are recovered). Effluent from the holding 
tanks flows by gravity to two 250 Imperial gallon filtration units in series 
configuration. Each filter consists of an open-top tank containing bark 
sawdust held within a metal cage and covered with fiberglass mats. 
Contaminated water is sprayed onto the fiberglass and trickles through the 
bark dust which absorbs the treating oil contained in the water feed. 
Effluent from these filters passes through a 45 Imperial gallon drum 
containing additional fiberglass mats and activated charcoal to adsorb any 
remaining treating oil. The effluent from this system is discharged to the 
ground surface adjacent to the treating area. Solid bark residue from the 
filters is removed biweekly and disposed of in the wood waste burner. 
Disposal procedures for spent carbon have not yet been determined. 

AIR EMISSIONS • 

No continuous process air emissions are produced by the thermal treating 
process. Intermittent emissions of PCP vapor are released from storage tank 
vents and from treating tanks during the treatment cycle (see VAPOR 
CONTAINMENT, Section 2.4.5). No air emission control devices are used for 
any of these discharges to air. 
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• ASSESSMENT 

' SOLID WASTES • 

A consistent technical and regulatory standard should be developed for the 
acceptable disposal of chlorophenol sludges and other solids contaminated 
with PCP treating oil. The Waste Management Branch does not currently have 
established criteria for determining the acceptability of PCP sludge disposal 
in specific wood waste burners and the Regional Waste Management Branch 
Offices are inconsistent in their requirements. Where air emission permits 
have been issued for PCP sludge disposal in burners, there are inadequate 
technical and regulatory controls on combustion conditions when sludge is 
being burned. Smoke opacity is generally used as the criterion for judging 
the acceptability of combustion conditions and documentation of sludge 
burning is not required. 

Uniform minimum standards should be established for sludge storage pending 
disposal. There is visual evidence that sludge has overflowed from the open 
tank storage utilized at one facility. Such uncontrolled storage of 
PCP-containing substances is inappropriate. 

LIQUID WASTES • 

Liquid waste treatment systems are not normally required by thermal plant 
operators. The treatment system for contaminated infiltrating groundwater at 
one facility has been installed at the initiative of the plant management. PCP 
levels in the treated groundwater are currently being monitored and the 
efficiency of the treatment system should be reviewed in light of these data. 

AIR EMISSIONS • 

As discussed in Section 2.4.5, PCP vapor emissions from thermal treating 
tanks should be quantitatively assessed. If appropriate, minimum standards 
for vapor control systems should be established on the basis of this 
assessment. 
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2.4.7 TREATED WOOD STORAGE XvIvIvXvIvIvIW^ 

• DESCRIPTION 

Unprotected ground is used for treated wood storage at both British 
Columbia facilities. Poles are normally held in the drained treatment tanks 
following the treatment cycle in order to contain the initial drippage and to 
allow time for absorption of residual treatment oil left on the surface of the 
poles. 

• ASSESSMENT 

A chemical release survey should be undertaken to quantify the current 
levels of PCP release from treated wood to the sites of thermal treating 
plants. Visual inspection of the unloading and treated pole storage areas 
indicates that there is no detectable drippage of treatment oil from the 
treated poles. The poles are highly absorptive and dry to the touch when 
removed from the treatment tanks. There is no discoloration of ground 
surfaces in pole storage areas and the visual inspection suggests that 
current pole storage practices are adequate. 

As with CCA facilities (Section 2.1.9), quantitative data have not been 
developed to confirm this visual assessment and to quantify the amounts of 
PCP washed from the poles by rain or lost by minor drippage which cannot 
be detected visually. This information should be developed in support of a 
detailed assessment to determine the significance of PCP losses and to define 
an effective strategy for controlling PCP release to the sites of thermal 
treating plants. 
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3.0 DESCRIPTION AND ASSESSMENT OF PROCEDURAL AND 
LEGISLATIVE CONTROLS 

3.1 OVERVIEW 

SUMMARY a 

Three types of control measures are currently used to manage the use and 
release of wood preservative chemicals at treatment plants in British 
Columbia: 

• direct physical controls incorporated into the facility design, 
• procedural controls stipulated by the plant management, and, 
• legislative controls externally imposed by regulatory agencies. 

Physical controls which are related to facility design are discussed in 
Section 2. To complement good physical design, a wood preservation facility 
must also have effective in-house procedural controls to minimize 
environmental releases and to minimize worker hazards. In addition to 
operating and maintenance practices, these procedural controls include 
worker educational programs, facility evaluations by external expertise, and 
definition of emergency actions. 

An additional level of institutional control measures are those of government 
legislation which is externally imposed on industrial plants. The dominant 
agencies in B.C. which can influence the operation of wood preservation 
facilities under federal and/or provincial legislation include: 

• The B.C. Workers' Compensation Board, 
• The B.C. Ministry of Environment, 
• The Environmental Protection Service of Environment Canada, and, 
• The Department of Fisheries and Oceans. 

Overall, the in-house and external institutional controls for the B.C. wood 
preservation industry are quite extensive. Table 3.1 provides an overview 
of these control measures and summarizes the problems in implementation 
and interpretation which have occasionally occurred. The information in 
Table 3.1 reflects the assessment of the authors and is based on detailed 
discussion with industry personnel. 
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SECTOR CONTROLS CONCERNS' RECOMMENDED ACTIONS' 

CCA 
SUPPLIERS 

•PROVISION OF DETAILED 
TECHNICAL INFORMATION, 
PLANT ASSESSMENTS, 
EMERGENCY SERVICES, 
OPERATOR TRAINING. 

•SUPPLIERS' ASSESSMENTS OF 
HEALTH AND ENVIRONMENTAL 
HAZARDS OF CCA REQUIRE 
OBJECTIVE REVIEW. 

•LIAISON WITH CANADIAN 
REGULATORY AGENCIES 
SHOULD BE IMPROVED. 

•REVIEW SUPPLIER ASSESSMENTS 
OF CCA HEALTH HAZARDS. 

•ENCOURAGE IMPROVED COMMUN­
ICATION WITH REGULATORY 
AGENCIES. 

CCA 
USERS 

•DEFINITION OF OPERATING 
AND MAINTENANCE 
PRACTICES. 

•EXCEPTIONS TO GOOD OPERA­
TIONS EXIST. COMPLIANCE 
LIMITED BY FINANCIAL 
RESOURCES. DISPOSAL 
PRACTICES NOT DEFINED. 

•DEFINE MINIMUM REQUIREMENTS 
FOR OtM, HEALTH PROTECTION 
AND ENVIRONMENTAL CONTROL. 

•PARTICIPATION IN 
EDUCATIONAL PROGRAMS. 

•EDUCATIONAL PROGRAMS 
LIMITED BY RESOURCES AND 
ATTITUDES. WEAKNESS IN 
HAZARD ASSESSMENTS 
HINDERS EDUCATIONAL 
PROGRAMS. 

•EVALUATE EXISTING INFORMA­
TION ON ENVIRONMENTAL AND 
HEALTH EFFECTS OF ARSENIC, 
CHROMIUM, AND COPPER. 

•DEFINITION OF EMERGENCY 
RESPONSE MEASURES. 

•EMERGENCY RESPONSE 
MEASURES VARIABLE IN 
QUALITY AND READINESS 
FOR IMPLEMENTATION. 
SITE-SPECIFIC CONDITIONS 
OFTEN NOT CONSIDERED. 

•DEFINE MINIMUM RESPONSE 
REQUIREMENTS IN ACCORDANCE 
WITH B.C. AND CANADIAN 
REGULATIONS. 

ACA 
SUPPLIERS 

•PROVISION OF TECHNICAL 
INFORMATION ON CHEMICAL 
CONTAINERS. 

•PRODUCT TECHNICAL INFOR­
MATION IS MINIMAL AND MAY 
BE INADEQUATE FOR SAFE­
GUARD PLANNING. 

•ASSESS RESPONSIBILITIES OF 
CHEMICAL SUPPLIERS. 

ACA 
USERS 

•DEFINITION OF OPERATION 
AND MAINTENANCE 
PRACTICES. 

•DEGREE OF MANUAL HANDLING 
OF CHEMICALS IS VERY HIGH. 
DISPOSAL PRACTICES 
UNDEFINED. 

•ASSESS AND DEFINE WORKER 
SAFETY REQUIREMENTS FOR 
HANDLING OF CHEMICALS. 
DEFINE CONSISTENT DISPOSAL 
PRACTICES. 

• DEFINITION OF EMERGENCY 
RESPONSE MEASURES. 

•CONTINGENCY MEASURES ARE 
INCONSISTENT IN SCOPE AND 
EXTENT. 

•ASSESS AND DEFINE ADEQUATE 
CONTINGENCY MEASURES. 

•UNDERTAKING OF HEALTH 
AND ENVIRONMENTAL 
MONITORING TO ENSURE 
ADEQUATE CONTROLS. 

•MONITORING CRITERIA AND 
PROCEDURES ARE INCONSIS­
TENT. 

•ESTABLISH UNIFORM MONITOR­
ING REQUIREMENTS. 

PCP 
SUPPLIERS 

•PROVISION OF LIMITED 
TECHNICAL INFORMATION 
ON PACKAGES. 

•ACCURACY OF INTERPRETATION 
OF INFORMATION BY USERS IS 
UNCERTAIN. 

•ASSESS RESPONSIBILITIES OF 
SUPPLIERS. 

•DETAILED TECHNICAL INFOR­
MATION PROVIDED ON 
REQUEST. 

•MINIMAL INTERACTION WITH 
USERS. 

•ENCOURAGE SUPPLIER INTER­
ACTIONS WITH USERS. 

PCP 
USERS 

•DEFINITION OF OPERATION 
AND MAINTENANCE 
PROCEDURES. 

•OPERATIONAL PROCEDURES MAY 
BE INADEQUATE, PARTICULARLY 
IN USE OF PCP GRANULES. 
DISPOSAL PROCEDURES FOR PCP 
SLUDGES AND EFFLUENTS MAY 
BE INADEQUATE. 
HAZARDS WITH PCP VAPORS ARE 
POORLY DEFINED. 
EDUCATIONAL PROGRAMS FOR 
OPERATORS ARE LIMITED. 

•DEFINE MINIMUM REQUIREMENTS 
FOR OPERATION AND MAINTEN­
ANCE PROCEDURES. 

•DEFINE MINIMUM REQUIREMENTS 
FOR HANDLING AND STORAGE 
OF PCP. 

•ASSESS AND DEFINE DISPOSAL 
OPTIONS FOR EFFLUENTS AND 
SOLIDS. 

•ASSESS ADEQUACY OF EXISTING 
PCP AIR STANDARDS. 

•OPERATOR SELECTION CRITERIA 
AND TRAINING PROGRAMS. 

•DEFINITION OF EMERGENCY 
RESPONSE PROCEDURES 

•EMERGENCY RESPONSE PRO­
CEDURES ARE INCOMPLETE, 
ESPECIALLY FOR FIRE RESPONSE. 

•DEFINE ADEQUATE CONTIN­
GENCY MEASURES. 

TABLE 3.1 OVERVIEW OF PROCEDURAL AND LEGISLATIVE r 
CONTROL MEASURES FOR WOOD PRESERVATION 
PLANTS IN B.C. 
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S E C T O R C O N T R O L S C O N C E R N S ' R E C O M M E N D E D A C T I O N S ' 

C R E O S O T E 
S U P P L I E R S 
A N D 
U S E R S 

•DEFINITION O F O P E R A T I O N 
A N D M A I N T E N A N C E P R O ­
C E D U R E S . 

•WORKER A T T I T U D E S S O M E W H A T 
" L A X " T O W A R D S C R E O S O T E . 

• A C C E P T A B L E D I S P O S A L P R A C ­
T I C E S F O R S O L I D W A S T E S N O T 
D E F I N E D . 

•ASSESS (ON B A S I S O F E X I S T I N G 
K N O W L E D G E ) I M P A C T O F C R E O ­
S O T E T O W O R K E R S A N D T H E 
E N V I R O N M E N T . 

•DEFINE MINIMUM R E Q U I R E M E N T S 
F O R O P E R A T I O N A N D M A I N T E N ­
A N C E P R O C E D U R E S . 

•DEFINE W A S T E D I S P O S A L 
P R A C T I C E S . 

P R O V I N C I A L 
G O V E R N M E N T 

•MINISTRY O F 
E N V I R O N M E N T 

• ISSUE P E R M I T S F O R W A S T E 
D I S C H A R G E S . 

•ISSUE WORK O R D E R S T O 
S T I P U L A T E R E M E D I A L 
M E A S U R E S . 

•LAY L E G A L C H A R G E S 
A G A I N S T O F F E N D E R S . 

• I N C O N S I S T E N T C O N S I D E R A T I O N 
O F F A C I L I T I E S . 

. R E G I O N A L P E R S O N N E L O F T E N 
N O T FAMIL IAR WITH WOOD 
P R E S E R V A T I O N P R O C E S S E S . 

•RAPPORT WITH I N D U S T R Y 
N E E D S I M P R O V E M E N T . 

•DISPOSAL P R A C T I C E S N O T 
D E F I N E D . 

• S T I P U L A T E C O N S I S T E N T 
MINIMUM R E Q U I R E M E N T S F O R 
E F F L U E N T D I S C H A R G E , 
D I S P O S A L . 

•DEFINE M E A N S T O A C H I E V E 
B E T T E R I N D U S T R Y -
G O V E R N M E N T L I A I S O N . 

•OTHER R E Q U I R E D A C T I O N S 
A R E I N T E R N A L IN N A T U R E . 

. W C B •INSPECTION A N D WORK 
O R D E R S . 

• A S S E S S M E N T S E M P H A S I Z E 
M E C H A N I C A L R A T H E R T H A N 
C H E M I C A L H A Z A R D S . 

•REGIONAL P E R S O N N E L O F T E N 
N O T F A M I L I A R WITH WOOD 
P R E S E R V A T I O N P R O C E S S E S . 

• I N T E R A C T I O N WITH E N V I R O N ­
M E N T A L A G E N C I E S 
I N A D E Q U A T E . 

•DEFINE MINIMUM A S S E S S M E N T 
P R O C E D U R E S F O R H E A L T H 
P R O T E C T I O N . 

•DEFINE M E A N S T O A C H I E V E 
L IA ISON WITH E N V I R O N M E N T ­
A L A G E N C I E S . 

F E D E R A L 
G O V E R N M E N T 
•EPS 

•FISHERIES 
E O C E A N S 

•POLLUTION C O N T R O L T E C H ­
N O L O G Y D E V E L O P M E N T . 

•FISHERIES A C T E N F O R C E M E N T 
• P L A N T I N S P E C T I O N S 
•LEGAL C H A R G E S 

•COMMENTS F O R MOE ( A B O V E ) 
A P P L I C A B L E F O R F E D E R A L 
A G E N C I E S . 

• F E D E R A L - P R O V I N C I A L L I A I S O N 
N E E D S I M P R O V E M E N T . 

• I N T E R A G E N C Y L I A I S O N N E E D S 
I M P R O V E M E N T . 

• O V E R L A P P I N G M A N D A T E S 
P E R C E I V E D B Y I N D U S T R Y 

• E N C O U R A G E M O R E E F F E C ­
T I V E L IA ISON WITH 
I N D U S T R Y A N D O T H E R 
A G E N C I E S . . 

•CLARIFY M A N D A T E S O F 
F E D E R A L D E P A R T M E N T S . 

'These concerns should be evaluated in the context of ^Some recommended actions are beyond the scope of 
the overall effectiveness of controls as described in a code of good practice, 
the report text. For example, many in-house pro­
cedural controls are highly effective, but would be 
improved by addressing the identified concern. 

TABLE 3.1 OVERVIEW OF PROCEDURAL AND LEGISLATIVE -
CONTROL MEASURES FOR WOOD PRESERVATION 
PLANTS IN B.C. 
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Although there are industry-wide inconsistencies in the scope and 
implementation of design and in-house procedural controls, these forms of 
self-regulation have been generally effective and have provided the 
dominant controls on chemical use in the wood preservation industry in 
British Columbia. Current legislation provides an adequate framework for 
governmental regulation of the use of wood preservation chemicals. However 
the authors believe that the approaches of regulatory agencies in 
complementing the self-regulating activities of industry could be improved. 

IN-HOUSE PROCEDURAL CONTROLS • 

In-house procedural controls vary considerably among members of the B.C. 
wood preservation industry. Most facilities have at least some operational 
and maintenance procedures which are Implemented as part of company 
policy. The degree of formality in company policy usually Increases 
proportionately with company size. In general, procedural controls at 
facilities have improved considerably over the years because of the 
increasing concerns about chemical safety and because of legislation to 
improve environmental and worker safety. Problems in appropriate 
implementation of company procedural controls still do occur. In part 
because: 

• there is confusion about the actual health hazards of exposure to wood 
preservation chemicals, 

• individual companies vary in the allocation of resources for control 
measures, and, 

• there is poor liaison between industry and government agencies. 

LEGISLATIVE CONTROLS" 

Legislation is an important institutional control on the safe use of 
preservative chemicals. However, the implementation of legislative controls 
in B.C. should be cimproved for reasons detailed in Table 3.1. The 
effectiveness of controls would be improved by: 

• encouraging a generally preventative (as opposed to reactive) stance 
by regulatory agencies, 

• increasing the degree of industry-specific expertise among government 
agencies. 
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• striving for improved continuity in government requirements of the 
industry when personnel or government policies change, and 

• enhancing inter-agency liaison. 

RECOMMENDED ACTIONS • 

Table 3.1 summarizes several actions which would lead to a more consistent 
statement and implementation of in-house and external regulatory measures in 
the wood preservation industry. A code of good practice could play a 
significant role in achieving this end by defining industry-wide minimum 
standards for crucial areas of operation. Key subjects which should be 
addressed by a code of good practice include: 

• operations and maintenance policy and procedures, 
• emergency response procedures, 
• operator selection and training, 
• clarification of environmental and health effects of wood preservative 
chemicals, and, 

• government agency-industry liaison» 
• waste disposal procedures. 

3.2 CONTROL MEASURES OF PRESERVATIVE SUPPLIERS AND USERS 

• ^ • ' r\ ••••• • 

• DESCRIPTION 

SUPPLIERS B 

At the time of this study, all CCA used in British Columbia was provided by 
two suppliers: Koppers-Hickson Canada Ltd. and Osmose Wood Preserving 
Corporation of America (Section 2.1.2). Both suppliers are very competitive 
and offer a wide range of technical support services to attract customers. 
These services are highly regarded by users, and it appears that the CCA 
supplier strategy is to assure good self-regulation so that government 
regulation will not be required. Services offered by suppliers are provided 
at no extra cost and include: 
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• Design and engineering services for the construction of new plants^ 
alterations to existing plants, and improvements for containment of the 
treatment chemical. 

• Annual assessments of plant operations and maintenance procedures. 
Assessments are undertaken by experienced specialists and emphasize 
minimization of CCA release with assurance of appropriate product 
quality. Plant design, equipment condition and operating practices are 
evaluated. Minor repairs and fine tuning of process equipment may also 
occur during inspections. Recommendations of the. specialists are 
reported in writing to plant management. Users of CCA 
supplier-registered trademarks generally heed recommendations, 
particularly when quality control of product may be affected. Non-users 
of registered trademarks have variable responses to recommendations. 

• Emergency services by provision of information by telephone or by 
presence of specialists. 

• Provision of technical information by telephone or by mailing of written 
material. The written material supplements the already extensive 
background information provided to operators. 

• Operator training seminars. 

• Analytical services for determination of CCA concentrations in work 
solutions, surface runoff, groundwaters, and in soils. 

USERS • 

The greatest incentive for users to control CCA releases is the high cost of 
the chemical (approximately $2.00 per pound). Consequently, B.C. plants 
incorporate many design features for CCA containment (Section 2.1). Since 
most users of CCA can be considered as "small business operations" (one 
owner, one site), the incorporation of design controls has often been limited 
by the availability of capital and/or the in-house expertise used for site 
design. 
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Most users rely solely on suppliers' expertise for definition of proper 
operating and maintenance procedures. Two plants supplement suppliers' 
information with more precise operating, maintenance and emergency 
procedures. Users who maintain trademark and/or standards certification 
often use more strict operating procedures. For example, CSA standards 
require that all equipment must be well maintained in accordance with 
certification inspections, Coincidentally, the probability of emissions from 
such equipment is decreased. 

All but two facilities post suppliers' emergency procedures in the operations 
areas. However, site-specific response procedures have not been developed 
at most facilities. Users express a moderate degree of concern about 
potential health and environmental hazards of CCA, consistent with suppliers' 
claims about the relative health safety of the chemical (see Section 5). 

ASSESSMENT • 

The visual inspections at CCA facilities showed that the technology is 
available to design and operate systems which are essentially "pollution-free" 
and which safely control hazards to workers. The general operation and 
maintenance of CCA facilities in B.C. is very good, with at least one 
exception. CCA suppliers have played a significant role in assisting facilities 
to achieve good overall control of the preservative chemical. 

Some inconsistencies in the control efforts of CCA users were identified 
during this study. These inconsistencies often stem from users' reluctance to 
implement controls which have been recommended by suppliers (as opposed to 
users not knowing what improvements are advisable). Capital expenditures 
for these controls reduce profits or raise prices and affect the user's 
competitive advantage in the marketplace. A code of practice should attempt 
to achieve an industry-wide concensus about the minimum requirements for 
controls, thereby reducing the temptation for users to operate substandard 
facilities in order to gain competitive advantage. 

Specific subjects which should be addressed during the preparation of a code 
of good practice include: 
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OPERATIONS AND MAINTENANCE 
POLICY AND PROCEDURES * 

Consistent industry-wide minimum standards should be established for 
operations and maintenance policy and procedures. These standards should 
be objective-oriented in order to maximize the flexibility of facility 
management in stipulating specific detail of how these objectives are to be 
achieved. In the case of the CCA industry, supplier-developed procedures 
appear to be carefully and competently prepared. It is suggested that a code 
of practice should endorse these procedures (after appropriate review) as 
one acceptable means of fulfilling the objectives which evolve and are 
specified by the code of practice, 

EMERGENCY RESPONSE PROCEDURES • 

Uniform emergency response procedures (including reporting requirements) 
should be developed. Despite technical assistance by suppliers, emergency 
procedures to deal with major spills or worker exposure vary considerably in 
scope and detail. Some plants have developed extensive adaptations of 
suppliers' recommended procedures, and responsibilities of personnel are 
well-defined to enable rapid and co-ordinated responses to emergencies. On 
the other hand, one plant has no defined emergency plan. Most plants fall 
between these two extremes. 

The suppliers' emergency procedures are adequate in concept and technical 
content. However, they are oriented to U.S. customers and local or 
provincial requirements have not been adequately considered at some existing 
plants. 

CLARIFICATION OF 
HUMAN HEALTH EFFECTS • 

Suppliers' claims about health effects of CCA should be objectively evaluated 
in light of the differing assessments of some health authorities (see Section 
5.2.4). For example, suppliers claim that the chemical form of arsenic 
present in CCA is non-cumulative and it is implied that human intake of this 
form is relatively safe compared to intake of arsenic with other chemical 
valences. A distinctly different attitude is expressed by many Canadian 



119 

health authorities and by NIOSH in the U.S. Since users often determine the 
extent of safety procedures on the basis of suppliers' claims, confirmation of 
the validity of health effect information is extremely important. 

GOVERNMENT-INDUSTRY LIAISON • 

Increased information exchange between regulatory agencies and chemical 
suppliers would be beneficial. More interaction with chemical suppliers would 
enhance the familiarity of regulatory agencies with existing processes and 
control measures and perhaps eliminate some of the misunderstandings which 
exist between government and the industry with respect to existing 
procedural controls (see Section 3.3). It is anticipated that improved liaison 
would occur as a natural outgrowth of the government agency-industry 
interaction which would take place during the preparation of a code of good 
practice. 

• DESCRIPTION 

SUPPLIERS • 

Copper oxide pellets, arsenic acid, and bulk liquid ammonia are used to 
prepare ACA on-site (Section 2.2). Supplier involvement regarding proper 
use of ACA is limited to labelling of copper oxide and arsenic acid containers 
and providing information on possible hazards and emergency procedures. 

USERS • 

The two existing users of ACA are operating divisions of two large Canadian 
corporations, and have access to technical expertise which would not 
normally be available to small business operations. Therefore, both ACA 
wood preservation plants have developed their own work standards for ACA 
preparation and these standards are defined in detailed operations manuals 
which are provided to operators. The standards are thorough and contain 
background information on toxicity and proper practices for the preparation 
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and handling of ACA. The recommended handling practices appear to be 
rigidly enforced at both sites. For example, the management at one plant site 
requires individuals who prepare ACA solutions to sign a statement that all 
precautions have been taken. The precautions include the use of a full-face 
canister mask, gloves and coveralls. A shower is required after completion of 
the chemical mixing task. Post-use handling procedures for gloves, coveralls 
and face mask are also defined. Facility operators indicate a high level of 
compliance with these procedures, although rare exceptions were reported. 

The operating manuals at both plant sites also describe all components of the 
process equipment and the required maintenance procedures. Emergency 
response plans for spills, fires and electrical problems are well detailed. 
Responsibilities of personnel are defined in case of emergencies. 

Environmental monitoring has occurred at both ACA plant sites for 
compliance with regulatory requirements and/or for self-assessment of 
efficiency of control efforts. The industrial hygiene division of one company 
has reportedly undertaken air monitoring studies to assess worker exposure 
to ACA. 

ASSESSMENT • 

As in the case of CCA facilities, the technology is readily available to design 
and operate ACA systems which are essentially "pollution-free" and which 
safely control hazards to workers. Procedural controls are well-developed 
and compliance with these controls is strictly enforced. In some cases, 
weaknesses in design features diminish the effectiveness of procedural 
controls. There are significant differences in design features of the two 
existing ACA facilities (see Section 2.2) and this imposes different 
constraints for operation of the two plants. It is recommended that design 
features be reviewed to identify minimum requirements for features which are 
consistent with the implementation of effective procedural controls. 

In addition to establishing design features which complement procedural 
controls, it is recommended that the following items be considered within a 
code of good practice to assure the continued minimal exposure of the 
environment and workers to ACA: 
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OPERATIONS AND MAINTENANCE 
POLICY AND PROCEDURES • 

As in the case of CCA facilities, consistent industry-wide minimum standards 
should be established for operations and maintenance policy and procedures. 
Operational standards for ACA facilities already exist at individual facilities, 
and it is suggested that the code of practice should review, and if 
acceptable, endorse those standards as complying with the requirements of 
the code of good practice. 

EMERGENCY RESPONSE PROCEDURES " 

Uniform emergency response procedures (including reporting requirements) 
should be developed for the ACA industry. Unlike CCA users, ACA facility 
personnel are dependent solely on their own resources for information on 
appropriate emergency response procedures. Each of the two ACA facilities 
has its own response procedures, and the code of good practice should 
review, and if acceptable, endorse those procedures. 

CLARIFICATION OF ENVIRONMENTAL 
AND HEALTH EFFECTS B 

Adequate data exist on the environmental and health effects of ammonia and 
copper. However, the industry is unclear about the potential effects of the 
valence ( + 5) form of arsenic used in the ACA treatment process. Generally, 
the CCA and ACA industry are under the impression that this form of 
arsenic is essentially not of great concern to human health or the 
environment. Procedural controls for arsenic concentrate storage and 
handling are in accordance with this perception. Therefore it is suggested 
that environmental and health effect information about arsenic be assessed 
and clarified during the preparation of a code of good practice. 

HANDLING AND MIXING PROCEDURES a 

Handling and mixing procedures associated with ACA solution preparation 
vary considerably within the industry. Extensive manual handling of the 
components is required. The proposed code of good practice should review 
and suggest minimum requirements for handling and mixing procedures. 
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GOVERNMENT-INDUSTRY LIAISON • 

Improved government-industry liaison would facilitate the development of 
procedural controls which meet the requirements of regulatory agencies. 

• DESCRIPTION 

SUPPLIERS • 

The two existing thermal treatment facilities purchase PCP in 1,000 and 2,000 
pound blocks from Reichhold Ltd. (Section 2.4). Although the sales are 
handled by Reichhold's Port Moody, B.C. office, the blocks are delivered 
directly to the facilities from Tacoma, Washington. General information on 
handling and toxicity of PCP blocks is provided on the polyethylene 
wrapping used to envelop the blocks. 

Both of the existing pressure treatment facilities use UNIROYAL granular 
PCP which was distributed in Canada by the DOMTAR Chemicals Croup 
(Section 2.3).''̂  Information on handling and toxicity is contained on each 45 
pound package of the PCP granules. No bulk deliveries of granular PCP 
occur in B .C. 

Specific information on handling, toxicity or emergency procedures is 
provided on request by the PCP manufacturers who are well-qualified to 
provide such information. Unlike CCA suppliers, however, PCP 
manufacturers do not provide inspection services or educational programs to 
assure the proper implementation of handling practices by users. 

USERS • 

All four users of PCP have a high degree of respect for hazards associated 
with the use of the compound. The in-house procedural control measures at 
the four sites are highlighted in Table 3.2. 

^See footnote page 75. 
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TREATMENT 
PROCESS 

COMPANY 
AFFILIATION 

PCP 
FORM 

OPERATING 
MANUALS 

HYGIENE 
PRACTICES 

EMERGENCY 
RESPONSE 

PROCEDURES 

PRESSURE CANADIAN 
CORPORATION 

GRANULAR COMPREHENSIVE MINIMUM PRACTICES 
DEFINED. ADEQUACY 
NOT EVALUATED. 

DEFINED 

PRESSURE CANADIAN 
CORPORATION 

GRANULAR COMPREHENSIVE MINIMUM PRACTICES 
DEFINED. ADEQUACY 
NOT EVALUATED. 

DEFINED 

THERMAL U.S. 
CORPORATION 

BLOCK MODERATELY 
DETAILED 

DEFINED PRACTICES. 
APPARENTLY ADE­
QUATE. 
EXCEPTIONAL HOUSE­
KEEPING 

DEFINED 

THERMAL INDEPENDENTLY 
OWNED 

BLOCK MINIMAL. 
REFERENCE TO 
EPA DOCUMEN­
TATION FOR 
HAZARD 
ASSESSMENT 

NOT WELL DEFINED 
BUT CARE IS 
OBSERVED 

NOT APPARENT. 
RELIANCE ON 
PLANT MANAGER 
FOR DIRECTION 
IN EACH SITUA­
TION 

TABLE 3.2 IN-HOUSE PROCEDURAL CONTROLS ON PCP USE 
AT FOUR B.C. FACILITIES 
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The two PCP pressure treatment facilities in B.C. are both owned by one 
company. Technical resources are available from the company's headquarters 
office in Eastern Canada. The headquarters technical staff developed the 
existing operating and emergency response procedures. These procedures 
are supplemented with information on local and provincial requirements. The 
management at each plant has autonomy in implementing procedures and 
operating, maintenance, and control measures vary considerably at the two 
B.C. sites. 

The two PCP thermal treatment plants in B.C. function with more 
independence than their counterparts in the pressure treating industry. 
Although one operation is part of a U.S. corporation, the facility procedures 
are entirely derived by the local site management. The other thermal plant 
operation is independently owned and operating practices are defined by site 
management. The practices at this facility are reportedly conveyed to plant 
personnel verbally and by example. Hardcopy procedures are not available at 
this plant, and the management does not consider this to be a deficiency. 

ASSESSMENT" 

There is a trend among PCP treaters towards minimizing of worker contact 
with PCP and PCP-treated products. This change is being accomplished by 
increasing the use of remote operations, by reducing worker contact time 
with the chemical, and/or by increasing the use of safety equipment. There 
is a need for a code of good practice which, in addition to consideration of 
design features (Sections 2.3 and 2.4), will address the following topics: 

OPERATIONS AND MAINTENANCE 
POLICY AND PROCEDURES " 

Differences in operating practices were observed at PCP treatment facilities. 
There is a need to assure that minimum standards of operation and 
maintenance are achieved. The lack of such guidelines was in part 
responsible for existing contamination at two closed facility sites (Section 
4.4.2). 
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EMERGENCY RESPONSE PROCEDURES • 

Uniform emergency response procedures (including reporting requirements) 
should be developed, with special attention to spill and fire emergencies. All 
four existing facilities have evolved procedures which would be used in case 
of large scale spills. However, fire contingency procedures are judged to be 
inadequate at most facilities, in particular with respect to fire control 
methodology and the protection of firefighters. 

CLARIFICATION OF 
ENVIRONMENTAL EFFECTS o 

Plant managers and operators have at hand many different sources of 
information on environmental persistence and health effects of PCP. This 
information is not always in agreement with data which form the basis for 
policy development by regulatory agencies. For example, managers and 
operators at treatment facilities frequently referred to data indicative of low 
PCP persistence (high biodegradation) in the environment. Procedural 
controls for the handling and storage of PCP and/or PCP-treated wood at 
these facilities have been developed in accordance with this information. 
Other data in the literature suggest that PCP is highly persistent. 

Since handling procedures are based on perceptions of hazards, it is 
recommended that the preparation of a code of gopd practice should include a 
review by environmental agencies of existing data to provide an "official 
assessment" of environmental persistence and effects of PCP. 

OPERATOR SELECTION 
AND TRAINING • 

A code of good practice should stipulate minimum requirements for operator 
selection criteria based on health considerations. Medical prescreening of 
employees should be considered by the industry to assure that employees 
with potential sensitivity to PCP are not assigned inappropriate tasks. 
Minimum standards should also be established for operator training programs. 
Operator awareness of processes and equipment functions is necessary to 
alleviate dangerous actions or inappropriate PCP exposure. Some shift 
operators interviewed during this study were not adequately aware of the use 
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and functions of process equipment whicli is employed outside of their 
immediate area of responsibility. 

PCP HANDLING AND 
STORAGE PROCEDURES • 

Minimum requirements should be defined for PCP handling procedures. 
Casual practices were observed for storage of PCP at some sites (see 
Sections 2.3.2 and 2.1.2). Granules of PCP were found on the floors of 
storage areas for bagged PCP. At two sites other chemicals such as arsenic 
acid and heat transfer oil were stored with PCP. Storage areas varied from 
well contained to freely accessible to unauthorized personnel. 

Manual handling of PCP blocks is minimal compared to the handling 
requirements for bagged granules. Dust levels during cutting and emptying 
of bagged PCP are generally high and control requirements may be elaborate 
(see Sections 2.3.3 and 2.4.3). This aspect is discussed further in the 
following chapter on health effects. 

SLUDGE HANDLING PROCEDURES • 

Minimum requirements should be established for PCP sludge handling and 
storage procedures. Precautions for handling and storing PCP sludges are 
inconsistent among existing facilities, and procedures are generally not 
clearly defined. Worker precautions during cleanup or transfer operations 
with PCP sludges are lacking or casually implemented at some facilities. 

GOVERNMENT-INDUSTRY LIAISON • 

Improved government-industry liaison is required to facilitate the 
development of procedural controls which meet the reqijirements of regulatory 
agencies. 
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3.2.4 CREOSOTE IXXvIvX-XW^^^^ 

• DESCRIPTION 

SUPPLIERS AND USERS • 

The supplier and user of creosote at the single existing creosote pressure 
treating plant in B.C, are both under the same company structure. Creosote 
is shipped in bulk from Eastern Canada, Procedures for handling creosote 
were primarily developed by the user's headquarters office in Eastern 
Canada and give consideration to local and provincial requirements. The 
control of environmental emissions and precautions necessary for protection 
of human health are both addressed by the procedures. 

The creosote treating facility is the oldest operating plant in B.C., and was 
designed much prior to the time of concern about environmental pollution. 
The plant is currently under Waste Management Branch Order to enhance 
containment features, and compliance with the Order should be completed by 
1984. 

ASSESSMENT • 

Improvements to physical features at the existing creosote treating facility 
are stipulated by the existing Waste Management Branch Order, The required 
modifications will substantially improve creosote containment at the plant and 
the terms of the Order are realistic with respect to physical constraints 
imposed by the original design and location of the plant. 

As in the case of PCP facilities, there is a need for a code of good practice 
to develop uniform guidelines for the following areas: 

OPERATIONS AND MAINTENANCE 
POLICY AND PROCEDURES • 

The lack of guidelines or minimum standards for operation and maintenance 
procedures were in part responsible for creosote contamination which 
occurred at the sites of two creosote treating facilities which are now closed 
(see Section 4,5.2). Although only one facility currently uses creosote in 
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B.C., another facility is planned and this plant will be located near an 
ecologically sensitive area. This underscores the need for an immediate 
definition of minimum requirements for operations and maintenance at creosote 
treating plants. 

EMERGENCY RESPONSE PROCEDURES • 

Minimum requirements should be established for emergency response 
procedures at creosote treating plants. Creosote is a mixture of many 
compounds. Upon addition of creosote to water, some components float, 
others remain suspended in the water column, and others sink to the bottom. 
It appears that existing spill control contingency measures have not 
adequately considered the behavior of such heterogeneous mixtures. 
Furthermore the adequacy of existing fire control procedures should be 
reviewed. 

CLARIFICATION OF ENVIRONMENTAL 
AND HEALTH EFFECTS • 

Many of the compounds found in creosote have been described as carcinogens 
or co-carcinogens. Some workers who have used creosote for many years 
have casual regard for safety precautions. Familiarity with creosote has 
softened perceptions of potential hazards of exposure or releases to the 
environment. An assessment of epidemiological and environmental data is 
required to provide an accurate definition of potential hazards associated 
with creosote usage, A code of good practice should present the official 
position of regulatory agencies regarding these issues. 

OPERATOR SELECTION CRITERIA AND 
SUBSEQUENT TRAINING PROGRAMS • 

A code of good practice should stipulate minimum requirements for operator 
selection criteria based on health considerations. Individuals may have 
particular sensitivities to creosote, and medical prescreening should be 
required prior to employment. Operator understanding of processes and 
equipment function should be enhanced through expanded training programs. 
Minimum requirements for such training programs should be established and 
specified in a code of good practice. 
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HANDLING PROCEDURES FOR 
CREOSOTE-CONTAMINATED WASTES • 

Minimum requirements should be defined for precautions for handling and 
storing creosote sludges. Due to the physical nature of creosote, such 
sludges are difficult to handle, and equipment, facilities, and clothing are 
easily contaminated. 

GOVERNMENT-INDUSTRY LIAISON • 

As noted for other segments of the wood preservation industry, improved 
government-industry liaison is needed to assure the development of 
procedural controls which meet the requirements of regulatory agencies. 

3.3 CONTROL MEASURES OF UNIONS 

Inquiries for the purposes of this study were not made directly to unions. 
Discussions with employees and management revealed no previous union 
complaints specifically associated with . the use of any preservative chemical 
formulations. 

All unionized wood preservation facilities are staffed by IWA members. These 
facilities include all PCP plants (and the single creosote plant), one ACA 
plant and three CCA plants. 

3.4 CONTROL MEASURES OF REGULATORY AGENCIES 

The several regulatory agencies which have been involved in the assessment 
of wood preservation facilities are listed in Table 3.3. This table indicates 
the legislative acts which empower these regulatory agencies, and indicates 
the manner and scope of their assessment and regulatory activities. The 
description and assessment which follow represent the opinion of the authors 
based on detailed discussions with industry personnel. 
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REGULATORY AGENCY ENABLING LEGISLATION REGULATORY MECHANISM PRINCIPAL ACTIVITIES 

PROVINCIAL: 

• B . C . WORKERS' 
COMPENSATION BOARD 

WORKERS' COMPENSATION 
A C T 

INSPECTION AND ORDER HUMAN HEALTH AND SAFETY: 
•EVALUATION OF AIR EMISSIONS 

(LIMITED) 
•URINALYSIS (LIMITED) 
•MECHANICAL SAFETY 

EVALUATION 

• B . C . WASTE MANAGE­
MENT BRANCH 

WASTE MANAGEMENT A C T INSPECTION, PERMIT OR 
ORDER, LEGAL CHARGES 

ENVIRONMENTAL PROTECTION: 
•ASSESSMENT OF RELEASES TO 

ENVIRONMENT 

• B . C . MINISTRY OF 
LABOUR 

POWER ENGINEERS BOILER 
AND PRESSURE VESSEL 
SAFETY A C T 

INSPECTION AND CERTIF I ­
CATION 

WORKER SAFETY: 
•RETORT TANK INTEGRITY 

FEDERAL: 

• INLAND WATERS 
DIRECTORATE 

• ENVIRONMENTAL 
PROTECTION SERVICE 

CANADA WATER A C T 

FISHERIES A C T 

ENVIRONMENTAL MONITOR­
ING 

INFORMATION GATHERING 
AND ASSESSMENT 

•INSPECTION, L E G A L 
C H A R G E S , REVIEW OF 
PROVINCIAL REGULA ­
TORY PERMITS 

ENVIRONMENTAL PROTECTION: 
•GROUNDWATER ASSESSMENT 
•SURFACE WATER QUALITY 
ENVIRONMENTAL PROTECTION: 
•RECEIVING WATER QUALITY 
AND REMEDIAL PROGRAM 
ASSESSMENT 

ENVIRONMENTAL 
CONTAMINANTS A C T 

INFORMATION GATHERING 
AND ASSESSMENT 
•IMPOSITION OF USE , 

IMPORT AND RELEASE 
RESTRICTIONS 

ENVIRONMENTAL PROTECTION: 
• INVENTORY OF CHEMICAL 

USAGE 
• DEVELOPMENT OF GUIDELINES 

AND REGULATIONS 

•FISHERIES AND 
OCEANS 

FISHERIES A C T INSPECTION, LEGAL 
CHARGES 

PROTECTION OF FISHERY 
RESOURCES: 
•RECEIVING WATER QUALITY 

•HEALTH AND WELFARE CANADA HEALTH A C T ADVISE OTHER AGENCIES ASSESSMENT OF HUMAN 
HEALTH EFFECTS 

TABLE 3.3 OVERVIEW OF REGULATORY AGENCY 
ASSESSMENTS AT B.C. WOOD 
PRESERVATION FACILITIES 
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3.4.1 WORKERS' COMPENSATION BOARD OF BRITISH COLUMBIA (WCB):-:.:-:-: 

• DESCRIPTION 

Under the Workers' Compensation Act of British Columbia, the Board is 
charged with the responsibility of inspecting places of employment and 
subsequently with issuing orders and directions (where necessary) which 
specify the means for the prevention of injuries and industrial diseases. 
Officers of the Board are also responsible for the investigation of accidents 
and causes of industrial diseases, for assisting and advising employers and 
employees in the development of industrial health and safety programs, and 
for the education in industrial health and safety matters, of persons 
employed in British Columbia industry. 

ASSESSMENT • 

In 1976 a review and assessment of the overall industry was prepared by the 
Industrial Hygiene Department of WCB (Whitehead and Riegert). The 
recommendations of the review do not appear to have been implemented. 
Subsequently, in 1978, the WCB assessed PCP concentrations in air at four 
facilities. The results are shown and discussed in Section 5. 

Interviews (conducted by the authors of this report) with facility 
management and employees indicated that most regional WCB assessments 
have emphasized mechanical safety and the evaluation of noise, light and 
dust levels. To date, field assessments of the adequacy of chemical handling 
procedures have been minimal. Field inspectors appear to be unaware of the 
review and recommendations of Whitehead and Riegert. Discussions with WCB 
field personnel indicate that more emphasis on chemical safety will occur in 
the future. For example, the industrial hygiene division of WCB will be 
decentralized to some extent with transfer of occupational health inspectors 
to other areas of B.C. 

It is suggested that the effectiveness of the WCB in the wood preservation 
workplace would be improved if consistent evaluations of chemical safety were 
conducted on an industry-wide basis. This might be accomplished by 
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providing field inspectors with ready access to a higher degree of in-house 
chemical safety expertise specifically relevant to the use of wood 
preservatives. 

It is further suggested that improved liaison of the WCB with environmental 
agencies should be encouraged. WCB inspectors are frequent visitors to 
many wood preservation facilities and their activities could effectively 
complement the activities of local WMB officers. WCB inspectors should be 
trained to identify the circumstances of significant actual or potential 
environmental contamination. When situations of environmental concern are 
identified, local WMB officers should be alerted. 

3.4.2 WASTE MANAGEMENT BRANCH (WMB), 
B.C. MINISTRY OF T H E E N V I R O N M E N T X V X - X N V X - X W ^ ^ ^ ^ 

• DESCRIPTION 

The Waste Management Branch (WMB) of the B.C. Ministry of the 
Environment is charged with the responsibility of assuring that industry is 
in compliance with the Waste Management Act (1982). The Act empowers the 
WMB to regulate the on-site storage, transportation and ultimate disposal of 
wood preservative wastes which fall into the category of "special wastes". 
The Act also contains provisions which allow the WMB to regulate discharges 
to water, land and air by requiring compliance with Permits issued by the 
Waste Management Branch. The Waste Management Branch is the agency with 
the most important ongoing and potential legislative control of the Wood 

preservation industry in British Columbia. 

Past WMB assessments of wood preservation plants range from visual site 
inspections to Intensive sampling and analysis of site soils and adjacent 
streams and water bodies. However, only one region has attempted a holistic 
assessment which integrates the consideration of chemical use practices and 
emissions to air, water and land. Only 2 of the 15 wood preservation 
facilities currently have wastewater discharge permits. Other facilities have 
air discharge permits for incineration of bark and wood debris. Incineration 
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of PCP sludges Is inconsistently regulated. All permit holders are requlr'ed 
to undertake (at specified intervals) analyses of air or wastewater 
discharges. The quality of wastewater discharges from the two permitted 
facilities |s discussed In Section 4. 

ASSESSMENT • 

Assessment procedures and regulation of environmental discharges from wood 
preservation plants could be improved. Presently, resources at the regional 
level are restrained. Inspectors at regional offices must deal with a wide 
range of industries, and rarely have the opportunity to specialize in 
particular processes. In some regions wood preservation processes are not 
given high priority because the industry is considered to use "closed 
processes" with minimal discharge to the environment. As a result, WMB has 
not carried out detailed assessments at most facilities, and their activities 
have been generally limited to responsive action in emergency situations such 
as spills or fires which have occurred at specific facilities. 

It is suggested that the assessment of wood preservation facilities by the 
WMB would be facilitated by the establishment of industry-specific expertise 
in order to: 

• provide consistent assessments of wood preservation plants throughout 
the Province, 

• encourage the development of improved industry-agency liaison, 
• support provincial emergency response measures, 
• provide consistent regulatory targets for the industry, and, 
• fulfill a need of the industry by acting as a resource to aid in 
alleviating environmental concerns. 

Industry personnel conveyed a general consensus that agency specialists 
should have an appreciation for economic viability and furthermore should be 
in a position to act on behalf of their agency. 
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3.4.3 B . c . M i N i s T R Y O F L A B o u R 

• DESCRIPTION 

Among the requirements of this Ministry |s the implementation of regulations 
under the 1982 Power Engineers Boiler and Pressure Vessel Safety Act. This 
act (and its predecessor) are used to assure the integrity of pressure 
retorts including those of the wood preservation industry. All retorts must 
be built to a pressure vessel code listed in the regulations. The design must 
be registered with the Ministry. The unit is inspected on installation and a 
certificate of inspection is given upon approval. Subsequent inspections 
occur at frequencies dependent upon location and usage factors. For 
example, retorts with quick opening doors are subject to more frequent 
subsequent inspections. These inspections would include an assessment of 
pressure-release valves and safety piping. Steam coils which are used to 
heat retorts are also inspected, although associated pumps, gauges and 
valves are not. 

ASSESSMENT • 

The tests and certifications of the Ministry play an important role in 
minimizing the probability of major spills due to tank ruptures. The activities 
of Ministry personnel appear to be reasonably matched to the requirements of 
fulfilling the Ministry's regulatory role at wood preservation plants. It 
should be noted that the data bank of the Safety Engineering Services 
Division contains information on all existing retorts in B.C. Since retorts 
from closed plants are generally re-used at other facilities, the data bank 
may provide a source of information on previous operations. 
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3.4.4 CANADIAN FEDERAL GOVERNMENT AGENCIES XWI-X-r-X-XvIv̂ ^̂ ^̂ ^̂  

• DESCRIPTION 

Environmental protection in Canada is a shared responsibility of the 
provinces and the Federal Government. Federal involvement occurs: 

• when transboundary waters or marine waters are involved, 
• when migratory fish and wildlife species are involved, 
• where joint federal-provincial agreements exist, 
• when federal legislation exists (e.g. The Clean Air Act, The 
Contaminants Act), 

• when federal lands and activities are involved. 

Table 3.3 outlines some of the activities of Canadian federal agencies which 
are relevant to the wood preservation industry. It is the opinion of the 
authors of this study that many of the smaller facilities have minimal 
appreciation of the responsibilities and resources of any Federal Government 
environmental agency. The greatest degree of federal agency participation 
with the B.C. wood preservation industry (prior to the current project 
reported herein) occurred during an assessment and site clean-up of a 
now-closed wood preservation site in the Lower Mainland. The development of 
decommissioning procedures and site clean-up measures involved 
representatives of the wood preservation plant management and 
representatives of the following agencies: 

• B.C. Waste Management Branch, 
• Environmental Protection Service and the Inland Waters Directorate of 
Environment Canada, and, 

• Department of Fisheries and Oceans. 
Interactions among the different groups did result in a remedial plan which 
required considerable compromise by all parties. 

Other federal-industry interactions have occurred during previous nationwide 
assessments including: 
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• A 1974 EPS survey of wastewater characteristics of 100 Canadian wood 
preservation plants, as part of an assessment of abatement technology 
in the wood and timber processing industry (Report Number 
EPS-3WP-77-2). 

• A 1980 study by the Wastewater Technology Centre of EPS to improve 
wood preservation plant effluent treatment, and to characterize wastes 
from various facilities. 

• A 1976 investigation by Health and Welfare Canada representatives of 
wood preservation plants in B.C. to assess worker protection measures, 
with particular emphasis on handling of PCP. 

On a local basis, one wood preserver requested EPS, Pacific and Yukon 
Region, to assess the adequacy of runoff control measures to prevent the 
eventual discharge of CCA components to the Fraser River. 

ASSESSMENT • 

Federal agencies have been increasingly active In undertaking programs to 
provide environmental and health overviews and assessments of industry. 
These programs generally involve other key regulatory agencies and, while 
not fully successful in the past, these efforts have generally fostered a 
heightened awareness of the need for improved co-ordination and 
co-operation among regulatory agencies. 

A review of federal agency activities at wood preservation plants identified 
several areas where improvements could be made to enhance the effectiveness 
of regulatory programs. These improvements include the following: 

• There is a need for the development of internal guidelines for the 
assessment of wood preservation plants. Past circumstances have 
occasionally necessitated the involvement of agency personnel not 
familiar with wood preservation processes. 

• Improved co-ordination between all agencies Is required in order to 
achieve more cohesive and holistic responses to environmental concerns 
in the industry. Variances have occasionally occurred because 
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assessments have been carried but independently by different 
environmental agencies. 

•An improved mechanism for industry-agency communication is needed. 
For example, considerable efforts have been expended on government 
agency assessments of PCP control measures during the past six years. 
Despite this, few results of the assessments are known to the plant 
operators. PCP users have expressed the opinion that U.S. EPA 
documentation is more readily available. 

Several of the above-listed concerns can be addressed only indirectly by a 
code of good practice. However, it is anticipated that the process of 
preparing and approving a code would in itself provide an improved level of 
communications between agencies and industry. Insofar as possible, the code 
should also attempt to clarify jurisdictional ambiguities between agencies and 
to clearly communicate regulatory agency expectations to industry. 
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4.0 DESCRIPTION AND ASSESSMENT OF ENVIRONMENTAL IMPACTS 

4.1 OVERVIEW 

The wood preservatives currently used in British Columbia are generally 
classed as highly toxic chemicals. The potential environmental impacts from 
the improper release of these chemicals can be substantial. The 
documentation of actual impacts at B.C. sites can best be characterized as 
sketchy, and the real-world significance of such releases is not known. 

Historical evidence does show that extensive site contamination has occurred 
at older wood preservation plants in B.C. This contamination resulted from 
spillage and from minor ongoing releases associated with: 

• poor containment design, 
• inadequate maintenance, operating and housekeeping procedures, 
and, 

• improper on-site disposal of liquid and solid wastes. 

The environmental significance of this contamination and the nature and 
extent of its migration off-site are simply not known. What is clear is that 
once major contamination does occur, a thorough and proper cleanup (which 
removes constraints on future site use) becomes physically impossible and 
prohibitively expensive. 

The serious problems associated with decommissioning a contaminated site 
were recently illustrated when a large B.C. wood preservation plant was 
closed after fifty years of operation. Soils and groundwater were found to be 
extensively contaminated with wood preservative chemicals throughout the 
25-acre site. The concentration of contaminants ranged from trace levels 
(parts per billion) to high concentrations (percent), and contamination 
extended to a depth of sixty feet. Begging the question of the significance 
of this contamination (the question has not been definitively answered), 
restoration of the site to its original condition is realistically impossible. The 
cost of a partial site cleanup now totals in the hundreds of thousands of 
dollars. 
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This section summarizes the general status of existing knowledge about 
environmental impacts from releases of wood preservative chemicals at sites 
in British Columbia. The intent is to present an overview of environmental 
considerations for the industry as a whole, rather than to characterize 
detailed impacts at individual sites. The key elements of the overall picture 
include the following conclusions: 

• Environmental assessments of B.C. sites have been few and limited in 

scope. 

Most sites have not been assessed at all. The assessments which 
have occurred have generally been superficial, limited in scope and 
inconsistent in approach. No sites have undertaken preconstruction 
assessments. Routine monitoring of site environments is rare. 

• Past environmental assessments at B.C. sites have not clearly defined 

actual impacts from environmental releases of wood preservation 

chemicals. 

This situation has resulted from numerous factors including: 
• the high cost of assessment, 
• the lack of defined protocols for sampling and analysis of 

soils and groundwaters, 
• the lack of adequate scientific information on the 
environmental fate of wood preservation chemicals, 

• the failure to consider (and/or the inability to obtain) site 
history in designing monitoring programs and Interpreting 
results, 

• the design of sampling programs which addressed specific 
problems in isolation rather than in a holistic context of total 
emissions from all activities at the plant site, and, 

• the failure of regulatory agencies to integrate and co-ordinate 
their efforts and requirements. 

• The significance of environmental releases of wood preservative 

chemicals is not known. 

This results in part from inadequacies and conflicts in the base of 
scientific knowledge (both site-specific and general) and in part 
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from the failure of environmental regulatory agencies to address 
the isssue of significance. The overall regulatory process in B.C. 
is at a relatively immature stage of development and is significantly 
influenced by economic and potential constraints. 

• Spills or accumulated minor ongoing chemical releases (such as drips or 

washoff from treated lumber) probably constitute the primary potential 

sources of significant environmental contamination at modern wood 

preservation facilities in B.C. 

With the exception of two oil-borne pressure treating facilities, 
continuous liquid waste streams are not produced at B.C. plants. 
Solid wastes are produced intermittently and are relatively small in 
volume. A quantitative mass balance approach has not been applied 
to the movement of wood preservative chemicals at treatment sites, 
and such a quantitative approach is required to accurately identify 
and define chemical releases at wood preservation plants. 

A code of good practice can play a significant role in improving the 
consistency and effectiveness of measures to monitor and assess 
environmental releases of wood preservative chemicals. This improvement 
would be achieved through establishing minimum industry-wide requirements 
and protocols for: 

• pre-facility site monitoring and development, 
• ongoing routine site monitoring, 
• assessment of contaminated sites, 
• disposal of contaminated solid wastes, 
• facility decommissioning and site closure, and, 
• archiving of historical and assessment information about wood 
preservation facilities and sites. 
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4.2 CCA FACILITIES 

4.2.1 REVIEW OF CCA RELEASES X-X-XvX-XvI-Xvr^-IvX-IvX^^vX-X^^^^^ 

The potential sources of CCA releases from routine activities at wood 
preservation plants were identified in Section 2.1. The sources and reported 
or estimated approximate quantities of releases from routine operations are 
summarized in Figure 4.1. The figure does not include estimates of releases 
from accidental major spills. The figure indicates that under normal operating 
conditions, releases of CCA to the environment should be minimal. The most 
probable source of release, if any, during normal conditions, likely occurs 
during drippage of freshly treated wood, especially when drip pads are not 
provided. There have been no known efforts to quantify the dripped solution 
nor to assess the possible environmental impacts of CCA dispersal on site 
soils. 

4.2.2 REVIEW OF ENVIRONMENTAL MONITORING STUDIES X'XvX'X-XvX-X-X 

EXISTING PLANT SITES • 

As indicated in Section 2.1, visual inspections at most existing CCA plants 
found minimal evidence of obvious site contamination. No pre-facility site 
assessments have been made at any existing CCA plants. As a result, 
background concentrations of copper, chromium or arsenic are not known 
and little or no information is available about site soils and hydrogeology. 

Only one of the ten existing CCA plant sites undertakes any type of periodic 
on-site monitoring. This assessment was self-initiated by the company in 
January 1983 to evaluate the effectiveness of its control of contaminated 
surface runoff water. The analyses of site runoff water in drainage ditches 
adjacent to the site show that releases of CCA components do occur. 
However, concentrations in downstream ditch waters (which eventually reach 
a flowing stream) were less than published water quality criteria values for 
protection of aquatic biota (U.S. EPA, 1976; International Joint Commission, 
1979). 
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CLOSED PLANT SITES • 

There are at least two sites in B.C. on which CCA facilities were previously 
located. The exact location of one site is not known, but it is said to have 
been at Port Kells (currently within the Surrey municipality). There is no 
known documentation of activities at this site. 

The second facility was located on the banks of the Fraser River in the 
Lower Mainland. Pressure treatment of wood with CCA took place at this site 
during a portion of the facility's fifty year life span. Operations were 
discontinued in 1982 and the site was intensively studied by industry and 
government. Arsenic was used as an indicator of CCA pollution at the site, 
and the highest concentrations (7 and 11 milligrams per liter) Were found In 
groundwater wells In the vicinity of the CCA retort. Other groundwaters 
from depths to fifty feet beneath the yard had concentrations of arsenic 
ranging from 0.002 to 4.95 milligrams per liter. The Canadian Drinking Water 
Objective is a maximum of 0.05 milligrams per liter (Health and Welfare 
Canada, 1978). Dispersal of arsenic was sporadic throughout the yard, 
indicating multiple points of contamination from poor operating practices as 
well as migration of CCA from the points of contamination. Arsenic in excess 
of 170 milligrams per kilogram and chromium In excess of 200 milligrams per 
kilogram were found in several soil samples from the yard. Background 
values for arsenic and chromium were estimated to be in the vicinity of 3 
milligrams per kilogr-am and 10-20 milligrams per kilogram, respectively. 
During excavation of soils near the CCA retort, large quantities of 
crystalline CCA were found. The origin of this contamination Is not known 
although possible sources of the crystals include: 

• dripped CCA solution from freshly treated wood, 
• dumped, improperly blended CCA concentrate, and, 
• storage and retort tank sludges. 

Definition of cleanup procedures for this site presented a dilemma to 
environmental regulatory agencies. Significant gaps in site assessments and 
general scientific knowledge prevented the agencies from making a definitive 
assessment of the actual hazard posed by the chemicals in soil and 
groundwater at the site. In view of the high costs of complete cleanup, the 
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agencies required tiiat the company remove only high-contaminated soils for 
disposal at a secure landfill in the U.S. The closed plant site is now 
blacktopped, and contaminant levels in groundwaters will be monitored at 
regular intervals. Future industrial/commercial activities (primarily 
warehousing) are planned for the site. 

4.2.3 ASSESSMENT X X X X X X W ^ 

Environmental monitoring of CCA facilities in B.C. has been limited to 
groundwater (1 site), soils (1 site) and runoff waters (1 site). Ambient air 
or water bodies adjacent to facilities have not been assessed. Nevertheless, 
the data reported in Section 4.2.2 suggest that CCA facilities have the 
potential for serious contamination of the site environment. The contamination 
of the closed site described above is attributed to serious deficiencies in 
design and to poor operating and maintenance procedures. It is quite likely 
that containment designs and more carefully controlled operating practices 
employed at the more modern existing CCA plants will largely eliminate the 
type of extensive site contamination seen at the older plant. 

There are no obvious short-term environmental impacts from existing CCA 
facilities. The existing information base is inadequate to quantify and to 
properly assess potential and actual long-term environmental impacts of these 
facilities. In order to remedy this deficiency, the code of practice should 
give consideration to a mechanism for developing guidelines and minimum 
standards for the following: 

PRE-FACILITY STUDIES • 

Pre-facility site monitoring and development requirements should be 
established (see Section 2.1.9). No CCA facility in B.C. has background 
information on groundwater or soil characteristics prior to facility 
development. Most facilities have little knowledge of groundwater depths or 
movement below their sites. Pre-site assessment requirements should be 
defined for wood preservation plants to support the site-specific design of 
effective containment features and to provide a baseline for the evaluation of 
potential environmental impacts. 
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ROUTINE SITE MONITORING • 

Routine site monitoring requirements should be defined (see Section 2.1.9). 
Existing scientific information on chromium, copper and arsenic surface and 
subsurface migration and subsequent environmental effects should be 
reviewed, and used to assist the determination of monitoring requirements 
for CCA facilities. Monitoring requirements for air, water and soils should be 
considered. The review may indicate that only sites adjacent to water bodies 
or with high groundwater levels require frequent monitoring efforts. 
Consideration of water quality will require consultation with regulatory 
agencies since the Waste Management Branch currently has no formal water 
quality objectives or standards. 

ASSESSMENT OF CONTAMINATION • 

Site contamination assessment requirements should be determined (see Section 
2.1.9). Guidelines are required for assessing sites which have been 
contaminated by spills or ongoing releases of chemicals. These guidelines 
should specify approved sampling methodologies, analytical requirements, and 
reporting procedures. 

SOLID WASTE DISPOSAL • 

As described in Section 2.1.4, minor quantities of solid waste are generated 
by CCA treatment systems. Disposal options for CCA-contaminated wastes 
should be assessed, and "best practice" disposal procedures should be 
developed. There is considerable uncertainty and disparity among users 
regarding disposal practices of CCA contaminated solid wastes. Current 
disposal practices include: shipment to a secure landfill site in the U.S.; 
disposal in local sanitary landfills; storage in drums with undefined plans for 
disposal; and, dispersal or storage on the ground at the yard site. 

SITE CLOSURE REQUIREMENTS • 

Site closure procedures should be established. As a pre-requisite, consistent 
objectives for site closures must be developed by regulatory agencies. For 
example, one possible objective would be to assure that the site is left as it 
was prior to establishment of the treatment facility. "Acceptable" levels of 
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contamination should be defined for the closed site. Minimum standards and 
procedures for decommissioning the site should be established and standard 
procedures for assessing and approving the closed site should be specified. 

SITE DATA RETRIEVAL » 

Historical archives should be established for site information. There is a 
need to preserve and centralize information which documents process 
activities and site monitoring data. The establishment of an archive would 
assure accessibility and long-term availability of information required by 
regulatory agencies. This approach would eliminate duplication of 
information-gathering efforts by regulatory agencies, would provide an 
accurate and consistent record for site evaluations, and would provide a 
permanent record of information for assessing land use constraints for closed 
sites. 

Existing information on industrial sites is fragmented, dispersed among 
numerous agencies, and often not current or complete. Closed files are often 
difficult to access and key information on future land use is not flagged. For 
example, this study identified the existence of several closed sites of wood 
preservation plants which can no longer be specifically located. If serious 
contamination exists at these sites, future developers may be faced with 
dangerous or expensive assessment and site reclamation. 

4.3 ACA FACILITIES 

4.3.1 REVIEW OF ACA RELEASES l^^^^^l^^^l^^lKW 

The potential sources of ACA release from wood preservation operations were 
identified in Section 2.2. The sources and reported or estimated approximate 
quantities of the routine releases are summarized in Figure 4.2. The figure 
does not include estimates of releases from accidental major spills. The figure 
indicates that releases of ACA to the environment are expected to be 
minimal. Sources, if any, during normal operating procedures include release 
of ACA from stored timbers during rainfall events and air emissions during 
removal of charges. There have been no efforts to accurately quantify 
chemical releases from ACA facilities. 
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4.3.2 REVIEW OF ENVIRONMENTAL MONITORING STUDIES X-Xv^vX-Xv:-:.:-:-: 

No pre-facility assessments have been undertaken for either of the two 
existing AGA facilities. Environmental monitoring of wood preservative 
chemicals at the sites has been limited to assessments of soil and 
groundwater contamination. Ammonia emissions to air are controlled by 
scrubbers and regulated by air emission permits. 

One of the sites has been assessed by two different private consultants who 
were hired, by the company to obtain data for a Waste Management Branch 
review. A program of facility improvements is currently being undertaken by 
the plant management after extensive negotiations with the WMB. The plant 
provides pressure treatment of wood with ACA and oil-borne preservatives 
and has been in operation for more than fifty years. ACA has been used on 
the site for the past 10 years. 

The site was assessed by use of 20 drill holes (from 20 to 50 feet in depth) 
which were arranged in a large grid pattern. Trace contamination by copper 
and arsenic was evident in soils throughout the yard. Most of the 
contamination was confined to surface soils. Arsenic appeared to be the most 
mobile component of ACA and it Was found at levels above background in 
most monitoring wells. With the exception of one sample (near the retort), 
concentrations of arsenic were below the Canadian Drinking Water Objective 
of 0.05 milligrams per liter. 

The dispersal patterns of ACA components in surface soils throughout the 
yard appeared to be consistent with surface water drainage patterns and 
storage sites for treated timbers and sludge wastes. No evidence could be 
found to indicate that ACA components have migrated from the yard. Copper 
or arsenic were not found in soils outside the yard or in foreshore samples 
from an adjacent river. The impact of existing ACA contamination was judged 
by the consultant to be insignificant to the environment outside the yard. 

The second existing plant is of relatively modern design and appears to have 
provided good overall control of preservative releases. Three groundwater 
monitoring wells have been installed at 4-foot depths in the vicinity of the 
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treatment plant to warn of ACA seepage. No evidence of contamination was 
reported, although the data were not available for review by the authors of 
the present report. 

CLOSED SITES • 

There are no known closed ACA treatment facilities in B.C., and 
environmental evaluations of ACA facilities are limited to the two instances 
described above. 

U 3 3 ASSESSMENT •.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.*.•.•.•.•.•.•.•.•.•.•.•.•.•.• 

As with CCA facilities, ACA plants have the potential for serious 
contamination of the environment, particuarly when deficiencies exist in 
design, or in operating and maintenance procedures. Good overall control of 
ACA can be achieved with available technology. There are some deficiencies 
in the containment features employed at one of the existing facilities, 
although upgrading by retrofitting would be difficult. 

There is no obvious visual evidence of ACA contamination at existing sites. 
On the basis of existing knowledge, it is difficult to assess the actual 
environmental implications of the low to moderate degrees of contamination 
which are indicated by monitoring at one of the sites. 

The proper assessment of existing and potential environmental impacts of 
ACA facilities will require the development of guidelines similar to those 
suggested for CCA plants (Section 4.2.3). These guidelines should address 
the requirements for: 

• pre-facility monitoring and development, 
• routine site monitoring, and, 
• site contamination assessment (see also Section 2.2.5). 

Guidelines should also be established for: 
• solid waste disposal requirements (see Section 2.2.4), 
• site closure, and, 
• archiving of historical site and facility information. 
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4.4 PCP FACILITIES 

4.4.1 REVlEW OF PCP RELEASES >>:<<<<<\<<<<<̂ >:\<̂ ^ 

The potential sources of PCP releases from routine activities at pressure and 
thermal wood preservation plants were identified in Section 2.3 and 2.4. The 
sources and reported or estimated approximate quantities of normal releases 
are summarized in Figures 4.3 (for pressure treatment) and 4.4 (for thermal 
treatment). Figure 4.3 indicates that unlike CCA, ACA or PCP thermal 
facilities, waste water effluents are important sources of chemical release 
from PCP pressure facilities. Drippage from freshly treated wood and sludges 
is also an important potential source of PCP release during normal operating 
conditions. Efforts to quantify chemical releases have not occurred. Thermal 
facilities as shown in Table 4.4 have several sources of release during 
normal operating conditions which include vapor release from the thermal 
tank and sludges from the treatment tanks. PCP releases due to frothing of 
the thermal tanks or due to spillage from the tanks are also highly probable. 
Again, releases have not been quantified. 

4.4.2 REVIEW OF ENVIRONMENTAL MONITORING STUDIESXvIvX-XXvXvIv^^^ 

Due to its high aquatic toxicity, pentachlorophenol has a greater potential 
for causing environmental effects than does any other wood preservative. 
The known environmental studies at existing and closed PCP wood 
preservation facilities in British Columbia are summarized in Table 4.1. The 
table shows that environmental monitoring at or near PCP treatment facilities 
has been relatively more extensive than monitoring at other types of wood 
preservative plants. Monitoring has included the analysis of soil, 
groundwater and surface runoff samples. Foreshore (riverbank) sediments 
have been analysed at two sites, as have water and biota from an area 
adjacent to one site. It should be noted that most PCP monitoring has been 
undertaken since 1980 even though two of the four PCP facilities have been 
in operation for several decades. 
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H.H.3 ASSESSMENT 

Of those sites evaluated and summarized in Table U.I, on-site releases of 
PCP to ground were evident particularly at older plants which were initially 
designed and operated before the importance of environmental control was 
recognized. Table 4.1 also shows that thermal facility sites have not been 
evaluated as frequently nor as extensively as pressure facility sites. 

POTENTIAL IMPACTS • 

Several environmental studies have been carried out at one PCP facility site 
in B.C., and the results illustrate the potential severity of PCP releases to 
the environment. Fish placed in contaminated groundwaters from the closed 
site reacted immediately and died within 15 minutes. Water mixed with 
contaminated foreshore sediments obtained adjacent to the closed site showed 
a high degree of toxicity to aquatic organisms in the laboratory. 

ACTUAL IMPACTS • 

Although the site described above is considered to be seriously 
contaminated, biological effects on natural populations have not been 
documented in the water body adjacent to the site, More generally, in-situ 

environmental impacts have been neither observed nor documented adjacent 
to contaminated sites except when direct spills have occurred. It is not 
known whether the lack of observed effects is accurately descriptive or 
simply reflects limitations in the field monitoring studies. 

CONTAMINANT MIGRATION • 

The analytical data available indicate that the soils and groundwaters of some 
B.C. sites are contaminated to a high degree. The ability of PCP to migrate 
to surface waters via groundwaters and soils is unknown. Migration studies 
were attempted at one closed site, but contaminant migration could not be 
verified because of the high degree of previous sporadic spillage which 
contaminated many areas of the site. It is acknowledged that groundwaters 
may be substantially diluted in waters adjacent to existing sites, however it 
is the view of the investigators that pentachlorophenol contamination of soils 
and groundwaters constitutes a problem of undefined magnitude and requires 
more investigation. 
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SAMPLING PROTOCOL B 

Due to the lack of knowledge on sub-surface contaminant migration, there 
are no standard protocols for environmental assessments of contaminated land 
sites. At one PCP facility site, different approaches were taken by 3 study 
groups and occasionally there was not complete agreement during the 
subsequent assessment efforts. Differences occurred in:; 

• sampling protocols (borehole sizes, casing, depth and grid patterns), 
• groundwater sampling methods, 
• chemical analyses (total phenols versus PCP), and, 
• groundwater movement assessments. 

In several instances, total phenol analyses were erroneously assumed to 
include PCP, despite the limitations defined in Standard Methods 
(APHA-AWWA-WPCF, 1980). The results of the studies are therefore difficult 
to compare. Much of the data describing PCP concentrations were found to 
underestimate actual levels. 

CLEANUP COSTS • 

The costs for assessment and cleanup of contaminated sites can be 
substantial. At one recently closed site near a major river, many options for 
removal and disposal of contaminated soils were considered on the basis of 
both technical and economic feasibility. Direct costs to the company for 
assessing site contamination and formulating remedial measures were estimated 
to be of the order of ̂ $200,000?)The site cleanup required by the WMB was 
limited to excavation of areas of high contamination and disposal of this 
material at a secure landfill in the U^S. The costs of excavation and disposal 
were estimated to be an additional(^$20^^000^ 

REGULATORY APPROACH • 

The studies and deliberations involving the closed site mentioned previously 
have fostered an increased awareness by regulatory agency personnel of the 
potential environmental hazards of wood preservation chemicals. The situation 
did exemplify the urgent need for hazardous waste disposal facilities in 
B.C., the need for more careful and holistic assessment of the industry, and 
the need for consistency of approach by regulatory agencies. 
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RECOMMENDED ACTIONS • 

As described for CCA plant sites (Section 4.2.3), guidelines should be 
developed to facilitate the proper assessment of potential and existing 
environmental impacts from PCP facilities. These guidelines should include 
the minimum standards and requirements for: 
• Pre-facility monitoring and development, 

• Routine site monitoring for PCP in air, water and soils. 

Particular attention is required for definition of analytical 
methodologies for PCP. Large discrepancies were found in results 
reported by different laboratories. Some analyses of water report 
PCP concentrations which greatly exceed known solubilities of PCP. 
Of particular concern is the common misconception that the 
Standard Methods test for "total phenols" includes 
pentachlorophenol. Techniques used in commercial laboratories for 
"total phenols" do not simultaneously quantitate (and include) 
pentachlorophenol. Many environmental assessments of PCP 
facilities in B.C. have shown PCP concentrations (determined by 
gas chromatography) to be greater than "total phenols" 
(determined colorimetrically). 

• Site contamination assessment. 

• Solid waste disposal. 

• Site closure procedures. 

• Historical archiving of site data. 

In addition to the above requirements, several specific research needs were 
identified during the course of the current review. These include the need 
for: 

• the determination of PCP migration and persistence in various soil types 
and clarification of the influence of oil phage, oxygep levels, pH, and 
groundwater migration rates, 

• development of a methodology for more accurate determination of the 
direction and rate of PCP movement in groundwaters under field 
conditions, 

• formulation of cost-effective assessment procedures for contaminated 
sites. 
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• determination of tlie degradation rates of PCP under surface and 
sub-surface conditions, 

• development of simplified laboratory and field procedures for PCP 
analysis, 

• definition of monitoring requirements for facilities which incinerate PCP 
sludges, and, 

• determination of overall mass balances for PCP in both pressure and 
thermal treatment facilities. 

H.5 CREOSOTE FACILITIES 

4.5.1 REVIEW OF CREOSOTE RELEASES I-X-I-X^-I^-IvXvXw^^ 

Section 2 discusses potential sources of creosote releases from wood 
preservation activities and indicates design features which are currently in 
use to minimize such releases. The sources and reported or estimated 
quantities of normal releases from these activities are summarized in Figure 
4.5. Due to the similarity of the PCP and creosote pressure treatment 
processes. Figure 4.5 closely resembles Figure 4.3. Figure 4.5 Indicates that 
retort sludges and drippage from freshly treated wood are the major 
potential sources of release of creosote to the environment, in addition to the 
condensate waters. As for other wood preservatives, the releases have not 
been accurately quantified. 

4.5.2 REVIEW OF ENVIRONMENTAL MONITORING STUDIES X'X'X'X'X'XvXvX 

SITES OF EXISTING FACILITIES • 

Only one creosote wood preservation plant remains in the Province. The 
facility has been in operation for more than fifty years and also provides 
pressure treatment of wood with PCP and ACA. Two separate consultant 
evaluations of creosote distribution occurred at the yard site during 1980 
and 1981. "Oil and grease" analyses were used as indicators of creosote 
contamination by both consultants. Contamination was evident in soils 
throughout the yard as indicated by "oil and grease" concentrations ranging 
from 13 parts per million to 12000 parts per million. Except in the Immediate 
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area of the retort, the widespread distribution of creosote was mostiy on 
surface soils and was attributed to the accumulated releases from routine 
operations at the site over fifty years. Groundwaters 20 feet below the PCP 
and creosote retorts were contaminated with layers of oil. Although the oil 
layer was found to contain large quantities of PCP, it was not known what 
fraction of the oil was due to the creosote treating process. Boreholes 
outside the retort area showed little or no "oil and grease" or 
pentachlorophenol and the consultants concluded that there was no evidence 
of creosote migration from the site. 

The company is under WMB order to excavate the more contaminated soils 
near the retorts. The currently unsurfaced ground in these areas will 
subsequently be resurfaced with an impermeable material such as concrete. 

CLOSED SITES • 

There are two known closed sites in B.C. where creosote treatment plants 
were formerly located. One site was located in a remote area of Northern 
B.C. and reportedly the operation was unknown to regulatory agencies prior 
to a major creosote spill. Regional WMB files indicate that a creosote spill 
occurred at the site In 1975. The spill was covered with wood shavings and 
soil in accordance with discussions with the WMB. When the operation was 
closed in 1975, the site structures were burned at the direction of the WMB. 

The second facility was located in the Lower Mainland and provided creosote, 
PCP and CCA pressure treatment of wood over a fifty-year period. The 
operation was dismantled in 1982 and the closed facility was subjected to 
considerable investigation. Three methods for assessing creosote distribution 
were used: 

• fluorometric analyses, 
• polyaromatic hydrocarbon (PAH) analyses, and, 
• phenol analyses. 

Fluorometric and phenol analyses were used to minimize analytic costs. The 
fluorometric analytical procedure was readily adaptable for field analyses. 
The analyses showed high levels of surface contamination in various sections 
of the plant site. Areas near retorts were reported to have bands of high 
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creosote concentrations at 15 feet below the surface. These bands were 
caused by the layering of the oil-borne contaminants on subsurface clay 
deposits. The degree of creosote contaminations was assessed on the basis of 
simultaneous PCP analyses. Certain areas with high concentrations of oil 
were found to have low PCP concentrations and thus were attributed to 
creosote contamination. 

Analyses for phenols showed high concentrations of phenols in groundwaters 
obtained from test well sites near areas of known creosote usage. Phenols 
were found in concentrations as high as 161 milligrams per liter. 

Historically, a high degree of creosote spillage reportedly occurred 
throughout the entire yard. As a result, studies were unsuccessful in 
assessing the degree of migration of creosote or components of creosote. 
Polyaromatic hydrocarbons (PAHs) analyses were used to assess the 
acceptability of ocean dumping of foreshore sediments from the adjacent 
river. PAH levels were elevated and it is not known if the observed 
concentrations were due to sub-surface migration from the yard site or due 
to contaminated surface runoff from the yard. Prior to complete closute^ of 
the site in 1983, the company was required to dredge foreshore sediments 
and to excavate areas of the yard which were heavily contaminated with wood 
preservative chemicals. 

Creosote is a complex mixture of chemicals which includes at least 160 PAH 
compounds. Some PAHs are slightly soluble in water, although the mixture is 
essentially nonsoluble. As a result, any environmental contamination by 
creosote can be considered "long-term" and serious contamination of the site 
would limit future alternate land uses for many years. Many of the PAH 
compounds in creosote have been identified as potential or actual carcinogens 
and this supports the need for concern about the impact of 
creosote-contaminated sites on the environment. 

Environmental contamination by creosote has occurred at all past and present 
B.C. creosote treatment facilities. However, the significance of this 
contamination is difficult to define. Some components of creosote are 
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biodegradable (Konasewich et al. , 1982) whereas others are persistent in 
the environment for many years. Data on the mobility and toxicity of the 
persistent components are generally limited. Furthermore, analytical 
assessments of site contamination are difficult to undertake due to the 
complexity of the creosote mixture. It is not known which of oil and grease, 
total phenols, fluorometric or PAH analyses are adequate as indicators to 
assess dispersal of creosote in the environment. 

There is a clear need for uniformity in the assessment of creosote treatment 
facilities. As described in previous sections, guidelines should be developed 
to establish minimum standards and uniform requirements for: 
• Pre-facility site monitoring and development. 

• Routine site monitoring. 

Special attention should be given to identifying reliable tracer 
compounds which can be used to monitor creosote migration. 

• Site contamination assessment. 

• Site closure procedures. 

• Historical archiving of site information. 
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5.0 DESCRIPTION AND ASSESSMENT OF HUMAN HEALTH CONCERNS 

5.1 OVERVIEW 

Wood preservatives are potentially dangerous chemicals which should present 
little or no hazard to workers if appropriate protective measures are 
observed. Existing information suggests that relatively little occupational 
illness has been attributed to the use of wood preservatives at workplaces in 
British Columbia (Whitehead, 1976). The current study of the B.C. wood 
preservation industry found no reported evidence of severe acute 
(short-term) health effects resulting from exposure to the chemicals in use. 
The effects identified during the study were restricted to skin rashes and 
respiratory responses (coughing). There have been no epidemiological health 
studies to assess whether wood preservation workers in B.C. suffer from 
effects due to long-term exposure (for example, cancer, heart attacks). 
There has been no evidence in the literature that such effects occur from 
routine workplace exposure. 

In 1976 a review of the industry was provided by two WCB representatives 
(Whitehead, Riegert). Their recommendations still remain valid, and include: 

• the need for medical testing to identify employees most likely at risk, 
• the need for education at all levels to make workers aware of hazards, 
how they occur and how they may affect an individual, 

• the use of mechanized systems to minimize skin contact with 
preservatives, 

• the use of strict work schedules for general plant maintenance and 
housekeeping, and, 

• the use of proper protective clothing. 

Specific concern was expressed about worker exposure during the handling 
of PCP granules and the opening of PCP or creosote retorts. Whitehead and 
Riegert observed a high degree of variability in worker practices in handling 
wood preservatives and suggested that consistent guidelines are required for 
the industry. The necessary precautions were noted to be generally quite 
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simple, and investigators stated that there should be no excuse for misuse of 
wood preservation chemicals In the workplace. 

The authors of this report are In general agreement with the observations 
and conclusions of the WCB review cited above. Ironically, the WCB has 
played a relatively minor role In monitoring and assessing chemical safety at 
wood preservation plants since the 1976 overview assessment. It Is 
recommended that the WCB become more active In programs directed at 
ensuring that the objectives of the 1976 assessment are fulfilled. In 
particular increasing the level of workplace monitoring of chemical exposure 
levels in the wood preservation industry. The consistent Implementation of 
WCB objectives should be assisted and complemented by a code of good 
practice. The code should provide: 

• clarification of the potential hazards associated with exposure to wood 
preservative chemicals, and, 

• establishment of consistent requirements for workplace procedures and 
precautions which will ensure worker safety. 

5.2 CCA FACILITIES 

5.2.1 HEALTH STUDIES REPORTED IN THE LITERATURE X-XvI-X-XvI-X-XXv: 

The occupational exposure of workers to CCA has been assessed In at least 
three separate studies conducted by NIOSH (the U.S. National Institute of 
Occupational Safety and Health). In a NIOSH sponsored study of a U.S. 
Weyerhaeuser plant. It was found that arsenic In urine of CCA wood 
preservation workers was at levels not significantly different from control 
samples (Markeland and Lucas, 1979). A 1983 study at a second plant 
indicated the absence of measurable emissions of chromium, copper or arsenic 
in air collected adjacent to a cylinder door during opening and adjacent to 
freshly treated wood (Todd and Timbie, 1983). One low positive result for 
chromium was obtained from air in the treatment building adjacent to the 
concentrate mix tank. The study team expressed concern about the 
possibility of exposure to CCA by skin contact. Swab samples of freshly 
treated wet and dry wood showed potential for the transfer of chromium, 
copper or arsenic to skin if proper precautions were hot taken by workers. 
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The results of the studies reported above differ with the findings of a third 
NIOSH assessment of a Tacoma wood preservation plant (Todd and Timbie, 
1981. Concentrations of arsenic and copper in air were found to approach 
permissible limits near the CCA retort during door openings. 

5.2.2 HEALTH STUDIES IN B.C. \%%\v.\v.%\%v.*.v.v.v.v.v.*.'.v.v.v.v.v.v.v.v 

Only one of the ten existing CCA facilities in B.C. has been studied to 
assess exposure of workers to CCA. A WCB study was reportedly 
undertaken at the request of management, and found arsenic, copper and 
chromium to be much below acceptable concentrations in workplace air and in 
urine of the two workers tested. The results of the study are summarized in 
Table 5,1. It should be noted that workplace precautions at the tested 
facility are generally above average for the CCA wood preservation industry 
in British Columbia. WCB evaluations at other CCA facilities have been 
limited to assessments of mechanical safety. 

Chemical 
Concentration 
in Air (mg/m^) 

WMB Limit in 
Air (mg/m)^ 

Concentration 
in Urine (ppm) 

As 0.002-0.004 
(n=4)^ 

0.5 

Cr 0.005-0.012 
(n=6) 

0.05 

Cu 0.005-0.018 
(n=6) 

0.2 

As 0.048-0.060 
(n=2) 

WCB limit: 1.5 

n = number of samples analysed 
2Permissible concentrations specified in Appendix A of the 
B.C. WCB Regulations 

TABLE 5.1 LEVELS OF CCA IN THE WORKPLACE 
AT ONE CCA FACILITY IN B.C. 
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5.2.3 HEALTH PRECAUTIONS IN B.C. X-v.X-XvXvXvX^^^^^^ 

Warning signs, handling procedures, recommended hygiene practices and 
spill control measures are provided by suppliers of CCA (see Section 3.2.1). 
At most plant sites in B.C., the CCA warning signs are prominently posted 
and notebooks with the suppliers' Information are readily available, generally 
at the operator's desk. Most users have attended previous training seminars 
which were sponsored by the suppliers. These seminars Include consideration 
of safety measures In the use of CCA. 

As noted in Section 3.2.1, suppliers provide yearly facility inspections which 
include assessments of safety practices. In most instances, the advice of 
inspectors is heeded, although some exceptions were observed during 
inspections of facilities by the authors of this report. For example, worker 
precautions were atypically poor at one site where It was observed that: 

• workers were exposed to CCA from leaking pumps and valves, 
• eating and smoking occurred In the process areas, 
• emergency procedures were not defined, 
• personnel wore CCA-soaked clothing, and, 
• the plant site was freely accessible to all personnel and pets. 

Workers at most CCA facilities usually wear gloves when handling treated 
lumber. Some workers were observed to wear CCA-soaked gloves which 
would provide little protection. Another concern is the disparity among CCA 
plants in providing emergency eyewash fountains and/or showers. These 
facilities are considered to be a luxury at some plant sites, and considered 
to be essential by other employers. 

Employee attitudes about CCA vary considerably. Most operators typically 
voiced respect for potential hazards of CCA exposure. Some operators noted 
differences in hazard assessment by suppliers and by regulatory agencies. 
In an extreme case, one operator concluded that exposure is not serious 
because he experienced no burning sensation during direct skin contact. 
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5.2.4 ASSESSMENT ::::::::::::::.::::.:<.:%.:.:v.:.:v:v:.:.v% 

The human health precautions taken by workers and employers in the use of 
CCA are generally quite good. CCA is handled in closed systems which are 
highly mechanized and minimal skin contact occurs at existing facilities in 
B.C. Suppliers play a significant role in developing good worker safety 
practices. Although the degree of self-regulation by the industry is 
impressive, it is likely that a higher and more uniform level of worker safety 
would be achieved if the following areas were addressed: 

WCB ROLE ffl 

It is recommended that the WCB establish a more active role in assessing 
worker precautions for chemical handling at CCA facilities. Most WCB 
assessments to date have addressed mechanical safety with little or no 
attention paid to chemical safety (see Section 3.4.1). Conflicting literature 
and information about air levels of CCA at treatment plants, a general lack 
of quantitative monitoring studies at B.C. facilities, and widely varying 
practices in the workplace at CCA plants in B.C. all indicate the need for 
an increased level of field assessment and support on the part of the WCB. 

STANDARDS OF WORKER PROTECTION • 

It is recommended that a code of practice should establish industry-wide 
minimum standards and uniform guidelines for measures to protect human 
health in the workplace. Suppliers' existing manuals and expertise can 
provide an invaluable resource for this task. The endorsement of suppliers' 
guidelines by the code is suggested (with modifications only as required). It 
is likely that this would achieve a higher degree of uniformity in the 
acceptance and implementation of procedures and precautions which are 
recommended by suppliers. 

CLARIFICATION OF 
HUMAN HEALTH EFFECTS a 

It is recommended that existing information on potential health effects of 
CCA be critically reviewed by regulatory health agencies, and the results of 
those assessments should be applied to guideline development (see Section 
3.2.1). Workers in the industry express some confusion about the "real" 
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hazards of CCA exposure. This confusion apparently stems from differences 
in assessments by the suppliers and by various health agencies. For 
example, suppliers claim that the chemical form of arsenic found in CCA is 
not cumulative in animal and human systems and is of limited toxicity. This 
is in conflict with NIOSH assessments which suggest that chromium and 
arsenic have the potential for serious health effects if overexposure does 
occur (Todd and Timbie, 1983). 

GUIDELINES FOR 
TREATED PRODUCT HANDLING • 

CCA-treated products have the potential for a greater degree of handling by 
the general public than other treated woods because of the wide variety of 
CCA-treated products which include playground equipment, patio wood and 
cedar shingles. The need for public awareness of necessary precautions 
associated with the use of CCA-treated wood should be considered. This 
should include consideration of the acceptability of burning treated wood 
debris. Some (not all) treatment facilities in B.C. distribute precautionary 
literature to purchasers of treated wood, although this information often is 
not passed on to the end user by contractors or distributors. 

Another concern associated with handling is the acceptability of some 
existing transport practices. Personnel interviewed during this study 
reported that trucks which haul grain from Alberta to B.C. may return to 
Alberta with CCA-treated products in the truck holds. The possible effects 
of this practice on subsequent grain containment in the truck holds should 
be assessed. 

5.3 ACA FACILITIES 

5.3.1 HEALTH STUDIES REPORTED IN THE LITERATURE XwXvX-I-XvX-:-:-:^^ 

Worker safety was recently evaluated at one ACA facility in the U.S. (Todd 
and Timbie, 1983), Air samples were taken adjacent to the cylinder door and 
above freshly treated lumber. Airborne levels of arsenic and copper were 
below the limits of analytical detection, and the investigators concluded "that 
there were negligible emissions of trace metal contaminants during the 
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cylinder opening". However, "ammonia levels were readily evident by odor 
and eye irritation at the cylinder door and adjacent to freshly treated 
wood". 

Crab samples for ammonia during ACA cylinder door openings showed 
airborne levels as high as 250 ppm. Operators at the test site wore canister 
respirators approved for ammonia fumes, and worker exposure was assumed 
to be unmeasurable. A sample two feet downwind of treated material after its 
removal from the cylinder also showed 250 ppm ammonia. A 15-minute 
maximum permissible limit of 35 ppm ammonia is stipulated by the Workers' 
Compensation Board of B.C. (1980). This suggests that occasional exposure 
of workers to excessive levels of ammonia can occur at ACA facilities when 
proper precautions are not observed. 

Wipe-sample analyses of air-dried ACA-treated wood indicated that surface 
salts are more readily removable than with CCA-treated material. The data 
suggest possible skin contamination problems if freshly treated wood is 
handled directly without gloves. 

5.3.2 HEALTH STUDIES IN B.C. .v.%\\s%%v/.NNV.%%%%%%V.%V.%%%%%%%NV 

No assessments of ACA facilities were reported by the WCB, although the 
management at one existing plant reported that the WCB had evaluated the 
facility and found no problems with emissions or existing worker precautions. 
The same facility is said to be assessed periodically by its in-house 
industrial hygiene department. 

5.3.3 HEALTH PRECAUTIONS IN B.C. X-I-X-X-X-X-XŴ ^̂  

Both existing ACA facilities in B.C. are owned and operated by major 
Canadian corporations. Both facilities have readily available access to 
technical and health expertise, although one of the corporations has recently 
eliminated its occupational health department. Both facilities have elaborate 
written procedures for handling of ACA to minimize any possible health 
hazards. 
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At both user sites, plant personnel wear special clothing and face-shields 
during the preparation of ACA solution. Copper and arsenic formulations aire 

containerized, and direct handling of small drums is required. Arsenic acid 
is pumped manually from the drums. Following the completion of the ACA 
stock solution preparation, personnel Involved with the preparation are 
required to shower immediately. One site requires the operator to certify 
that all stipulated precautions have been observed. 

5 3 4 ASSESSMENT ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^!^•^!^^^^ 
<J ̂  T /» • ^ • J L . ^ a J I V I I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Extensive workplace procedures and precautions have been stipulated and 
implemented at existing ACA facilities in B.C. However, It is difficult to 
assess the adequacy of health precautions because of the absence of 
workplace assessments by the WCB. The substantial design differences at the 
two facilities (see Section 2.2) have resulted in significantly different 
constraints for operating procedures at the two plants. The absence of 
shelter in the mixing area of one plant and apparent differences in 
housekeeping and procedural standards at the two plants suggest that the 
role of a code of practice should be to establish minimum requirements for 
health protection at ACA plants. Consistent guidelines should be established 
for implementing the required safety measures. 

5.4 PCP FACILITIES 

5.4.1 HEALTH STUDIES REPORTED IN THE LITERATUREI-X-X-XvIvX-IvX-Iv^ 

Reported assessments of PCP facilities have included evaluations of health 
symptoms and determinations of PCP concentrations In air. Air monitoring 
studies have generally been constrained by problems with sampling and 
analytical procedures (Todd and Timbie, 1979; Stewart-Todd Assoc., 1979; 
Todd and Tirnble, 1983). Errors as great as ten-fold (both too high and too 
low) were found during quality control studies using NIOSH standard 
procedures (Todd and Timbie, 1983). A method developed by Dow reportedly 
gives more acceptable results (Todd and Timbie, 1983). 
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Results of health symptoms and effect studies are therefore more meaningful 
for PCP evaluations.. In a study of workers at a Weyerhaeuser plant in the 
U.S. (described as the world's largest wood preservation facility), the most 
apparent hazard was associated with the manual dumping of bagged PCP 
(Markel and Lucas, 1975). Handlers of the bagged material had high levels 
of PCP in urine, marked chloracne, hypertension and possible hepatic 
dysfunction. PCP concentrations in urine of all facility workers varied from 
0.11 to 1.85 ppm. The level of influence of PCP in urine is reportedly 1 ppm 
(Markel and Lucas, 1975). The higher concentrations (greater than 1 ppm) 
were found in urine of handlers of bagged PCP. Six of twelve air samples 
from the manual dumping area exceeded the A.C.C.I.H. Threshold Limit 
Value (TLV) of 0.5 milligrams per cubic meter. PCP concentrations at Other 
sites within the Weyerhaeuser plant were judged to be well below the 
maximum allowable concentrations. 

During a Koppers site evaluation in the U.S., 9 of 10 workers related that 
they had occasionally experienced burning or redness of the eyes, and H of 
11 experienced skin discoloration (Markel et al. , 1977). No chloracne was 
observed. PCP levels in urine of workers from the Koppers site varied from 
0. 01 to 5, 2 ppm. 

Klemmer et al. (1980), in an investigation of 47 wood treatment workers, 
concluded that PCP-exposed workers had not developed any serious 
exposure-related health effects. The study determined that open vat 
operators had concentrations of PCP in blood serum and in urine more than 
double the blood and urine levels of pressure tank wood treatment workers 
(3.78 ppm versus 1.72 ppm in blood serum; 0.95 ppm versus 0.27 in urine). 
Normally unexposed (background) individuals had 0.32 ppm PCP in blood 
serum and 0.03 ppm in urine. Conjuctivitis, chronic sinusitis and chronic 
upper respiratory disorders were significantly more frequent among 
PCP-exposed workers. 

A more recent study found that PCP exposure levels in air at a thermal 
treatment and a pressure treatment facility were less than the current 
permissible occupational limit of 0.5 milligrams per cubic meter (Todd and 
Timbie, 1983). At the thermal facility, the pole inspector was exposed to the 
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highest level of PCP (34% of the permissible limit). The exposure occurred 
when the worker was taking routine pole borings from the treated wood 
before it was removed from the full-length treatment tanks. The exposure of 
treatment process oprators varied from 0.005 to 0.275 milligrams per cubic 
meter and the magnitude of exposure was related to wind direction and 
velocity. 

Treatment operators, locomotive crew members and/or fork lift operators were 
the most significantly exposed personnel at the pressure treating facility. 
Exposures were highest during cylinder opening and unloading and varied 
from 0.013 to 0.137 milligrams per cubic meter. One sample was taken in a 
PCP block storage area, and an airborne level of 0.011 milligrams per cubic 
meter was determined. The exposure was not significant, but indicates that 
sublimation of PCP occurs and underscores the requirement for proper 
ventilation. Although concentrations of PCP in air were generally low, the 
authors of the study expressed concern about yard crew skin contact with 
freshly treated wood during sorting and stacking. 

5 , , A i i ^ A i - r - i i r*T - i i rx i r~r* i k i r> /~» • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .4.2 HEALTH STUDIES IN B.C. .v.\%%%\\\\\%%\v.v.%\v.v.v.v.v.v.v.v.v.v.V. 

Workplace monitoring for PCP at B.C. treatment facilities has been quite 
limited in scope and extent. Sampling for PCP exposure is generally not part 
of routine WCB assessments. 

The WCB has conducted air emission studies at four PCP wood preservation 
facilities during two occasions (1976 and 1980). One of the facilities is no 
longer in operation. The results are summarized in Table 5.2. 

The WCB data suggest that occupational hazards may exist with the use of 
pentachlorophenol. One sampling at a thermal treatment facility showed a PCP 
concentration in air (1.2 milligrams per cubic meter) which was above the 
WCB limit of 0.5 milligrams per cubic meter. The WCB has subsequently 
suggested that respirators be worn by operators working in the vicinity of 
thermal treatment tanks. 
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TYPE OF 
FACILITY CHEMICAL LOCATION 

CONCENTRATION 
IN AIR (mg/M^) 

CONCENTRATION 
IN URINE OF 

EXPOSED WORKERS 
(mg/L=ppm) 

THERMAL 
TREATING 

PCP 

PCP 

TCP^ 

96' FROM 
TREATING 
TANK 
12' FROM 
TREATING 
TANK 

0.064 

0.215 

0.073-0.809 
(n=5)^ 

< 0.01-0. 069 
(n=5) 

THERMAL 
TREATING 

PCP 
(1980) 
TCP 

AT TANK 1-2 

0,3 
PCP 
(1976) 

TANK 
WALKWAY 

0.1 

TCP 0.03 

THERMAL 
TREATING 

PCP 

TCP 

0.438-1.701 
(n=4) 

<0.01-0.07 

PRESSURE 
TREATING 

PCP 

TCP 

0.028-0.325 
(n=2) 
0.01 

^ Trichlorophenol 

= number of samples 

TABLE 5.2 RESULTS OF WCB AIR MONITORING STUDIES 
AT PCP FACILITIES 
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The WCB has also monitored the urine of workers exposed to PCP at three 
treatment facilities in B.C. Only one urine sample (1.7 ppm) exceeded the 1 
ppm level of Influence suggested by NIOSH (Markel and Lucas, 1975). Of the 
11 urinalyses results obtained from the WCB, 7 samples were in excess of 
0.t ppm. 

5.4.3 HEALTH PRECAUTIONS IN B.C. I-XvXvX-X-X-Iw^^^^ 

All PCP wood preservation plants have implemented relatively stringent 
precautions for worker protection. The precautions for PCP use are almost 
entirely derived by the users rather than by the suppliers. The precautions 
are usually quite elaborate, and based on assessments by company personnel 
responsible for plant safety. U.S. EPA documentation is generally at hand 
and constitutes a major information source. 

No special concerns about PCP exposure were expressed by workers at the 
two sites where PCP blocks were used. Blocks are labelled by the suppliers 
and actual skin contact with PCP is unlikely. 

Workers did express concerns about the unloading of bagged PCP granules 
which are used at three of the existing plant sites. These concerns 
addressed the adequacy of existing ventilation in loading areas. At the 
pressure treatment facilities, PCP bags are opened manually, lifted and 
emptied through a hatch Into a hot oil mixing tank. Rigid handling 
procedures have been developed for these activities and workers must sign a 
statement verifying that the stipulated precautions have been followed. These 
precautions include: 

• the use of a local fume-hpod over the hatch door of the hot oil tank, 
• the use of a self-contained "air purifying helmet" type respiratory 
protection during opening and emptying of the bags, 

• the one-time use of a disposal worksult, 
• the use of gloves, and, 
• showering immediately after completion of the task. 
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At the thermal treating operations, different approaches for personnel safety 
are used. At one facility handling procedures are quite rigid and defined in 
writing. Housekeeping at this plant site was exceptionally good. Workplace 
clothing must remain at the plant site. Laundering is provided by the 
employer, who expressed concern that commercial launderers were not 
segregating this clothing from the clothing of other clients, despite being 
warned about the use of PCP at the plant site. 

The second thermal treating facility reportedly uses rigorous personnel 
precautions, although procedures are not defined in writing. The 
management of this facility considers the use of verbal instructions and 
teaching by example, to be effective in maintaining a safe level of worker 
precautions in handling PCP. 

J . H . 4 M O O C O D i V I C r N I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

PCP is given a high degree of respect among industry personnel due to 
recent publicity about possible long-term human health and environmental 
effects. In most cases, precautions are formal and elaborate. Based on the 
existing literature it appears that additional safeguards for PCP handling 
should be recommended for the B.C. industry. The safeguards should be 
consistently applied at all facilities and should include consideration of: 

• procedures for handling PCP granules, 
• change of clothing requirements, 
• ventilation requirements in control rooms and pump room facilities, 
• design features to minimize the degree and duration of exposure, and, 
• procedures for pre-employment and periodic ongoing medical 

surveillance. 
Furthermore, the adequacy of the existing WCB permissible limit for 
exposure to PCP in air should be assessed in view of uncertainties about the 
accuracy of PCP monitoring techniques which are identified in the current 
literature. The consistent implementation of these measures should be 
achieved through a code of good practice which establishes minimum 
requirements for safety precautions and procedures for handling PCP. 
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5.5 CREOSOTE FACILITIES 

5. 5.1 HEALTH STUDIES REPORTED IN THE LITERATURE 

As with PCP, analytical problems are encountered in determination of 
creosote concentrations in air. The use of different techniques has resulted 
in ten-fold disparities in measured concentrations (Todd and Timbie, 1983). 
Nonetheless, data reported In the literature suggest that the potential for 
significant exposures to creosote can occur for very brief periods of time 
during cylinder or tank unloading. 

A study at a Tacoma wood preserving facility (Todd and Timbie, 1981) found 
that high exposure to creosote vapors could occur upon opening of the 
cylinder door. The concentrations of creosote occasionally approached the 
recommended limits of 0.2 milligrams per cubic meter. For example, the 
maximum measured concentration of creosote In air was 0.112 milligrams per 
cubic meter. 

Photosensitization is a common effect on workers who experience skin contact 
with creosote and/or its vapors (Markel ef o/. , 1977; NIOSH, 1980). The 
effect is essentially that of an enhanced sunburn, which results In intense 
burning and itching. Photosensitization can be reduced by the use of barrier 
creams (Stewart-Todd Assoc., 1979). Other symptoms of exposure to 
creosote include mild oil folliculitis and pitch warts (Markel ef o/., 1977). 
Many components of creosote are reported to be known or suspected 
carcinogens (Todd and Timbie, 1983). 

5.5.2 HEALTH STUDIES IN B.C.IvIvXvIvI-XvX 

No health assessments at creosote facilities are known to have occurred in 
B.C. 

5,5. 3 HEALTH PRECAUTIONS IN B.C. X-X-X-X-X%vX-X-X-XvX-X<%W^ 

Creosote is used at one existing B.C. facility. Precautions for use have been 
developed by the facility's headquarters personnel. The precautions include 
use of protective clothing, respiratory equipment and defined handling and 
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emergency procedures. Most operators at the site have long-term experience 
with creosote and occupational exposure may have occurred over periods as 
long as 25 to 35 years. The operators generally claim that no III effects have 
resulted from exposure to creosote. 

5. 5. a ASSESSMENT IvI'IvIvXsvXvIvX-I-Xw^^ 

Assessment of the adequacy of human health precautions at the single B.C. 
creosote treating facility Is beyond the scope of this study. Occupational 
exposure to low concentrations of creosote vapors occurs constantly at this 
site due to the continual odors which were noticed during all visits to the 
site. Although the concentratlns are probably lower than existing health 
standards, the adequacy of the standards is unknown. This situation exists 
because current standards aire based on the use of a "gross measurable 
parameter" which is assumed to be a reliable Indicator for creosote 
concentration. For example, n-hexane extractables or ultraviblet absorption 
may be used to monitor creosote presence, but inveistlgators are uncertain of 
whether these parameters are truly representative of actual creosote 
concentrations. 

In the absence of reliable methods to monitor worker exposure, it is 
important to minimize worker contact with creosote and its vapors and to 
periodically monitor the health of workers. A code of practice should 
establish minimum standards for worker protection consistent with current 
knowledge about creosote exposure. 
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APPENDIX I WOOD PRESERVATION PROCESSES 

it is beyond the scope of this report to provide detailed descriptions of 
industrial processes for conditioning and applying preservatives to wood. As 
helpful background for lay readers, this Appendix presents excerpts from a 
reference text which generally describes the major processes utilized at wood 
preservation facilities in British Columbia. The text cited is: Wood 

Preservation, by Barry A. Richardson, published in 1978 by the 
Construction Press, Lancaster, London and New York. 
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Whilst the increasing sophistication of the chemical industry threatened 
to reduce the effectiveness of creosote it was also ultimately responsible 
for the development of compounds such as pentachlorophenol and the 
organo-chlorine insecticides which made the formulation of organic 
solvent-based preservatives possible, as described in Chapter 4. Fortuna­
tely Tidy had already shown that anthracene had only weak timber-
preserving properties so that there was no "tug of war" between dye 
manufacturers and creosote users. Other changes in the composition of 
creosote were caused by the different methods of coking used and the 
varying grades of coal. All this made it more important that the principal 
wood-preserving components in creosote should be determined. Work has 
continued to the present day but despite improved methods the preserva­
tive action of creosote is still imperfectly understood. In 1951 Mayfield 
concluded that "the toxicity of creosote is not due to one or a very few 
highly effective materials but is due to the many and varied compounds 
which occur throughout the boiling range. The value of creosote as a 
wood preservative depends largely on whether or not it remains in the 
wood under the conditions and throughout the period of service." 
Essentially this means that a particular grade of creosote cannot be said 
to be efficient on the merits of its chemical composition alone. The only 
true test is to use it and to see how it stands up to the conditions. The 
difficulty is the length of hfe expected of creosote; the fence tested by 
Boulton in 1884 lasted about 70 years. Even then it was demolished only 
to make way for another structure and was still reasonably preserved. 
Any field test would take as long so that evaluation of new preservatives 
is often based on laboratory comparisons of preservative toxicity. 

Application methods Little has been said of the methods used for applying preservatives. An 
effective preservative can be a complete failure if inefficiently applied and 
this is the explanation of the early failures of creosote in the United 
States. Vacuum and pressure methods of impregnation undoubtedly give 
the greatest certainty of lasting preservation. Breant is said to have been 
the inventor of the process when he took out a patent in 1831 but in 
Great Britain Bethell was granted a patent in 1838 which included 
amongst other substances creosote applied by this means. The method 
soon became known as the full-ceU or Bethell process, although it was 
modified to its present commercial form, which will be described in detail 
in Chapter 3, by Burt who was granted a patent for his improvements to 
the method. With creosote the method is ineffective when applied to 
unseasoned or wet wood, which means that extensive storage facilities are 
required for drying and seasoning. In 1879 Boulton was granted a patent 
for his "Boiling under Vacuum" process, using hot creosote to boil off the 
water in the wood. This process may be followed by the full-cell process 
or an empty-cell process such as the Riiping process. Steaming and 
steaming-and-vacuum processes were tried as alternatives to the Boulton 
process but with no great success. 
There are several difficulties encountered with the full-cell process. 

"Bleeding" is likely to occur, an annoying factor in the case of fences and 
poles that pedestrians and animals are likely to encounter. Another aspect 
is the quantity of preservative used, a very important point in countries 
where preservatives, especially creosote, are scarce and expensive. The 
empty-cell processes are a great improvement for bleeding is less likely to 
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occur and there is a 40-60% reduction in the use of preservative. The 
latter is especially important in the case of particularly permeable timbers 
and those with a high proportion of sapwood. The empty-cell methods in 
common use, the Riiping and Lowry processes, will be described in 
Chapter 3. 
The Riiping process was initially patented by Wassermann in Germany 

in 1902, although Ruping applied the process commercially and American 
patents were subsequently granted in his name. The process is commenced 
by the application of an initial air pressure. When the entire process is 
complete the pressure is released, the compressed air in the cells drives out 
some of the preservative and a short period of vacuum recovers more 
preservative so that the net retention in the wood is only about 40% of 
the gross absorption, a saving in preservative of 60%. The Lowry process, 
which was patented in America in 1906, differs only in that it relies on 
compression of air at atmo^heric pressure for return of excess preserva­
tive so that there is no initial compression stage. The recovery of preserva­
tive is about 40%. 
Other similar processes due to Hiilsbert, including the Nordheim 

process, 1907, have been entirely superseded by the Riiping process. In 
1912 Riitgerswerke AG were granted a patent for treatment of insuf­
ficiently dry timber by the Riiping process. It is identical with Boulton's 
patent except that an oil used for evaporating the water is drawn off 
before the Riiping process is applied. The vacuum and pressure methods 
are the most important and most effective methods used for the applica­
tion of wood preservatives. They suffer, however, from the great dis­
advantage that the plant required is considerable and it is often impossible 
or uneconomical to send wood to the plant to undergo treatment.Numer-
ous non-pressure methods are available but are suitable for use only with 
specially developed preservatives such as the low viscosity, organic solvent 
products for spray and dip treatment of dry wood and the concentrated 
borate solutions which can be used for diffusion treatment of high 
moisture content, freshly-felled wood. Preservation processes are discussed 
in detail in Chapter 3. 

1.1 Preservation principles 

The simplest method to avoid deterioration is to use only naturally 
durable wood. Durability is an embarrassment in nature as it delays the 
disposal of dead trees and it can therefore be appreciated that only a 
limited number of wood species are, in fact, truly durable. This durability 
is almost invariably confmed to the heartwood but the elimination of 
sapwood, coupled with selection from a very limited range of species, is 
now unrealistic unless unusually high costs can be tolerated. Usually it is 
far more realistic to select the wood species for its physical properties and 
then to take suitable precautions to ensure that deterioration is avoided. 
This does not necessarily mean the use of preservation treatments. For 
example, the most efficient method to avoid fungal decay is to keep wood 
dry, and this is most simply achieved by structural design, such as the 
incorporation of overhanging eaves and gutters to dispose of rainfall and 
damp-proof membranes to isolate structural wood from dampness in the 
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Pressure and vacuum Wood impregnation in cylinders can be achieved using a variety of treat-
units ment cycles but before discussing these in detail it is necessary to consideir 

the units of pressure and vacuum which are used to describe them. Firstly 
it must be remembered that the atmosphere is under a pressure, most 
conveniently described as 1 atmosphere (atm). Drawing a vacuum is an 
attempt to decrease this pressure to 0. One method to describe both 
pressure and vacuum is to consider that a complete vacuum has 0 absolute 
pressure, so that the atmosphere is at an absolute pressure of 1 atm, and 
any additional pressure applied on top of atmospheric pressure is, of 
course, additional. Thus the application of 5 atm will result in an absolute 
pressure of 6 atm, whilst the drawing of a complete vacuum will result in 
an absolute pressure of 0 atm. This book is intended to be practical and, 
whilst it is necessary to interpret some of the more complex treatment 
cycles in terms of absolute pressure, it is far more convenient to consider 
the actual plant requirements, so that cycles will be quoted in terms of the 
pressure in atm that must actually be applied and the efficiency of the 
vacuum, as a percentage, that must be drawn. Whilst some perfectionists 
will object to the use of atm as the pressure unit and percentage as the 
vacuum unit it must be clearly understood that these are, in fact, the 
only universal units that are widely understood by scientists, technolo­
gists and plant operators. 
Atmospheric pressure is sometimes described as 1 bar (b), a unit of 

pressure that gives rise to the more familiar millibar (mb) used by 
meteorologists. Atmospheric pressure is also frequently derived directly 
from the height of a mercury barometer and described as 760 mm Hg or 
30" Hg. In the metric system pressure is expressed in terms of dynes (dyn) 
or Newtons (N) per unit area, and for all practical purposes it can be 
assumed that 1 atm is equivalent to 100 kN/m̂  or 1 000 000 dyn/cm*. 
Whilst the current metric standards demand that we should use the units 
involving Newtons, they are still not widely understood and it is more 
usual at commercial plants to use traditional units; thus 1 atm becomes, 
for practical purposes, 15 lb/in* or 1 kg/cm̂ . The torr has also been fairly 
widely adopted as a unit of low pressure, particularly vacuum-expressed 
on the absolute scale. A torr is, in fact, 1 mm Hg, so that complete 
vacuum is 0 torr whilst atmospheric pressure is 760 torr. In view of the 
maze of current units that are used to express pressure and vacuum the 
need to confine our descriptions to very simple units, the atmosphere for 
pressure and the percentage for vacuum, becomes clearly apparent. 

Full-cell impregnation In a full-cell process the aim is to achieve the complete impregnation of 
the porous spaces within wood in the hope that a proportion of the 
preservative will penetrate the surrounding cell waUs or that they will at 
least be protected by the very high loadings of preservative around them. 
In the empty-cell process the initial impregnation treatment is basically 
similar but this is followed by a recovery process designed to empty the 
porous spaces whilst leaving an adequate coating of preservatives on the 
cell walls. 
In the traditional full-cell process a sequence of vacuum and pressure is 

employed to achieve complete impregnation of all the porous spaces 
Bethell process within the wood. This impregnation process is currently known as the 

Bethell method, although it was actually first developed.by Breant, and 
Bethell was responsible only for its adaptation to creosote treatments. In 
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the normal commercial process the wood is introduced into the cylinder 
and a vacuum drawn of 90% or more, the time varying from 15 minutes to 
several hours, depending upon the permeability and cross-section of the 
wood involved. The vacuum, which removes most of the air from the 
porous spaces within the wood, is maintained whilst the cylinder is flooded 
with preservative; water-borne preservatives are generally used at ambient 
temperatures, perhaps warmed only to prevent freezing, crystallisation or 
sludging in cold climates, whereas creosote is typically applied at 140-
176°F (60-80°C), principally to reduce the viscosity and improve pene­
tration. When the cylinder is full the vacuum is released and the preserva­
tive commences to move into the porous spaces in the wood under the 
influence of atmospheric pressure. 

Figure 3.5 Bethell full- In order to encourage penetration a pressure is then applied, typically 
cell cycle (F, flood; D, 7-14 atm, and maintained for as long as is necessary to achieve the desired 
dfain). penetration and retention, typically 1-5 hours but occasionally several 

days, depending upon permeability and cross-section. Sometimes treat­
ment is specified "to refusal", indicating that the pressure must be main­
tained until gauges fitted to the plant indicate that there is no further 
absorption. With some species of wood, particularly Eucalypts in 
Australia, much higher pressures are employed but this is unrealistic with, 
for example, the softwoods grown in temperate climates where physical 
damage known as collapse or washboarding is liable to occur if excessive 
pressures are applied. With some very permeable species of wood the 
atmospheric pressure on release of the vacuum is sufficient to ensure the 
necessary penetration, or only a relatively low pressure of 1 or 2 atm is 
necessary; a process involving a vacuum without a superimposed pressure 
stage is known as a vacuum process whilst one involving a superimposed 
pressure of less than 5 atm is described as a low pressure process. After 
the necessary period the pressure is released and the preservative is 
removed from the treatment cylinder. Typically a final vacuum is then 
drawn in an attempt to prevent the bleeding of the preservative from the 
treated wood after its removal from the cylinder. 

In theory this final vacuum is intended to induce the expansion of any 
residual trapped air within the wood, forcing excess preservative to the 
surface where it can drip clear, although in practice the process often leads 
to excessive surface deposits of high viscosity preservatives such as 
creosote. A more important function of the final vacuum is perhaps to 
relieve the compressed state of the wood, thus allowing any excess 
preservative to be properly absorbed. Whatever the true mechanism, 
resistance to bleeding can be achieved with creosote only if heating is 
maintained throughout the treatment process so that the viscosity of the 
preservative remains relatively low. 
With a creosote treatment the nett retention, defined as the loading of 

perservative that remains after completion of the entire cycle, varies from 
5-15.6 Ib/f (80-250 kg/m') in softwoods, depending upon the species, 
the cross-section and the proportion of heartwood and sapwood present. 
In the case of a water-borne salt preservative the nett retention depends, 
of course, upon the concentration of salt in the preservative solution but 
typically 0.25-1.75 Ih/P (4-28 kg/m̂ ) of dry salt is achieved, depending 
upon the nature of the preservative involved and the purpose for which 
the treatment is intended. The Bethell full-cell process is normally used 
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for the appHcation of water-borne preservatives and also for creosote 
where exceptionally high nett retentions are required in wood for use in 
extreme hazard situations, such as for marine piles. Full-cell impregnation, 
but without the use of a superimposed pressure, is also normally used in 
the laboratory for the impregnation of standard test blocks with preservâ  
tives for biocidal evaluation. 

Empty-cell In empty-cell processes wood is impregnated with preservative under 
impregnation high pressure on top of air trapped within the wood. This trapped air is 

later permitted to expand, ejecting preservative from the porous spaces 
but leaving the cell walls impregnated or coated with preservative. With 
empty-cell processes it is far easier to achieve treatments that are free 
from bleeding in service, but empty-cell treatments can be used only when 
the necessary retentions can be achieved despite the recovery of preserva­
tive from the porous spaces within the wood. 

Riiping process There are two empty-cell processes in common use, both originally 
designed for use with creosote. The earliest empty-cell process was 
developed by Wassermann but it is usually known by the name of Riiping, 
who first developed the process commercially. After the cylinder has been 
loaded and sealed an air pressure is applied, usually 1.7-4.0 atm for a 
period of 10-60 minutes depending upon the permeability and sizes of the 
pieces of wood in the charge. The cylinder is then flooded with preserva­
tive, usually creosote, without releasing the pressure, which is then 
increased up to perhaps 14 atm, about 10 atm above the original air 
pressure, and this pressure is maintained until the required gross 
absorption of preservative is obtained, as indicated by the plant gauges. 
The pressure is then released and the preservative removed from the 
cylinder, permitting the air trapped within the wood to expand and eject 
preservative from the porous spaces. 

In practice a vacuum of about 60% is drawn during this stage to 
encourage the expansion of the trapped air and to ensure that, despite the 
relatively high viscosity of the preservative, there are no pockets of air at a 
pressure in excess of atmospheric; if the pressure is not released in this 
way there is a danger that the remaining pressurised air will cause 
continuing bleeding of preservative at the surface of the wood, whereas 
the drawing of a vacuum will tend to reduce the pressure of the trapped 
air to below atmospheric and result in a tendency for excess preservative 
to move inwards under the influence of atmospheric pressure when the 
vacuum is released, giving a particularly clean treated surface. Although 
this final vacuum was not incorporated in the original Ruping process, its 
value in reducing bleeding from empty-cell treated wood will be apparent 
from these comments. Indeed, whatever the empty-cell process, it is 
essential, if bleeding is to be avoided, to ensure that any trapped air is 
under vacuum at the completion of the process if subsequent bleeding is 
to be avoided. 

The required gross absorption during the pressure stage is generally 
defined for individual species of wood taking account of their permeabili­
ties, so that a gross absorption requirement is really a means to ensure 
adequate penetration. When the pressure is released and the vacuum 
recovery period completed a substantial proportion of the preservative 
will have been removed from the open, porous spaces within the wood so 

Figure 3.6 Riiping 
empty-cell cycle (F, 
flood; D, drain). 
P F D 
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that the nett retention of preservative may be as low as 40% of the gross 
absorption, slightly less than 40% of the retention from a full-cell process, 
whilst achieving ahnost as good penetration. For example, in transmission 
poles penetration is essential but, in most temperate areas, a full-cell 
process is unnecessary with creosote as it will achieve an unnecessarily 
high retention. Typically a retention of perhaps 15.6 Ih/P (250 kg/m̂ ) 
will be achieved with a full-cell process but with the Ruping empty-cell 
process the penetration will be virtually the same but with a retention of 
only about 6.87 Ih/P (110 kg/m'). Preservative usage is thus substantially 
reduced, yet this nett retention is still adequate to prevent the fungal 
degradation at the ground line that represents the principal hazard, and 
the empty-cell process can, of course, achieve freedom from surface 
bleeding. However, it must be fully appreciated that good penetration 
coupled with high recovery and low nett retention can be achieved only 
with preservatives of relatively low viscosity and this necessarily means 
that creosote can be used only at relatively high temperatures. In addition, 
creosote will not satisfactorily coat or penetrate the cell walls if the wood 
has a moisture content in excess of about 20%. 
The Ruping and other empty-cell processes are generally employed for 

creosote treatments, although they can also be used with water-borne 
preservatives possessing slow fixation reactions, particularly those that fix 
only when a component is lost, such as the ammonia-based preservatives 
which fix as a result of the pH change which occurs when the ammonia 
volatilises. Empty-cell processes are also particularly suitable for the 
application of low viscosity, organic-solvent preservatives, achieving 
excellent distribution combined with limited consumption of preserva­
tive, although with these low viscosity systems it is unnecessary to use 
high pressures to achieve the required penetration; a description will be 
given later of a double vacuum process which is a normal empty-cell 
process operating with very low pressure differentials. 
Whilst Ruping is the most widely used empty-cell process, particularly 

for the treatment of transmission poles with creosote in Europe, there are 
a number of other empty-cell processes of importance. The double 
Ruping process was used on the German railways from about 1909. This 
process involved a normal Riiping cycle except that, during the impregna­
tion stage, a short period of pressure was followed by a vacuum, without 
emptying the cyhnder, and then a return to pressure and the completion 
of a normal Ruping pressure cycle. The advantages of this modified 
process are not clear. The additional vacuum would appear to serve only 
to reduce the effect of the initial pressure, perhaps thus improving pene­
tration compared with a normal Ruping cycle but also increasing the nett 
retention. The process would also appear to have an unnecessarily high 
energy demand arising from the application of an initially high air pressure 
which is later effectively reduced by the application of a vacuum involving 
the expenditure of further energy. In theory it would seem to be more 
sensible to reduce the initial pressure alone, but this is effectively the 
Lowry empty-cell process that was developed as an alternative to the 
Ruping process in the United States. 

In the Lowry process there is no initial air pressure and the preservative 
is therefore impregnated on top of air at normal atmospheric pressure. A 
more intense final vacuum is desirable, perhaps as high as 90%, so as to 
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achieve the maximum recovery but, in this respect, the Lowry process is 
never as efficient as the Riiping process; the final nett retention is 
typically about 60% of the gross absorption compared with as low as 40% 
with the Riiping process using a low viscosity preservative. However, 
Lowry treatment results in less bleeding than the Riiping process, clearly 
because any air trapped at the end of the treatment cycle is at a lower 
pressure. In addition a Lowry-treatment plant is less elaborate than a 
Riiping plant as there is no need for a separate air pressure pump. This 
was at one time considered to be an important economic factor but it is 
less significant today as many air vacuum pumps can also function as 
pressure pumps, so that an initial air pressure can be achieved simply at 
the cost of additional pipe work and valves. 

The Nordheim process was an adaptation of the Lowry process, which 
attempted to achieve further operating economies. During the impregna­
tion stage the pressure was raised to between 2 and 7 atm and the cylinder 

V valves then sealed, avoiding the necessity for continuous pumping to 
maintain the pressure. In fact the pressure reduced steadily as the 
preservative penetrated into the wood or through leaks in the plant, giving 
erratic results, so the process was eventually abandoned. 

Energy considerations It is unfortunate that impregnation processes are often developed by 
wood technologists with chemical or biological training as such specialists 
largely ignore energy considerations when designing treatment cycles or 
preparing plant performance specifications. During the impregnation stage 
it is important to pressurise using a preservative feed pump as this ensures 
that the level is maintained while the preservative is being absorbed into 
the wood. A pressure pump of this type, usually a piston pump, need have 
only a relatively low capacity in view of the slow rate of penetration of 
preservative into wood and the relative ease with which a fluid can be 
pressurised in a short period due to its non-compressibility. However, a 
high pressure pump of low capacity is quite unsuitable for transferring 
preservative between the storage tank and pressure cylinder. The pump 
can, of course, be increased in capacity but this also increases the power 
consumption whilst maintaining the pressure and it may be more 
economic to provide a second, ceiitrifugal, high capacity pump to achieve 
rapid fluid transfer. 
During the impregnation stage it is essential that the cylinder should be 

filled with preservative without any air space being left at the top as the 
compression of this trapped air would absorb considerable energy, delay­
ing the pressurising of the cylinder and increasing the cost of operation 
without achieving any advantage. Pressurising air or drawing a vacuum in 
air also requires considerable energy and it is therefore essential to ensure 
that the cylinder is loaded with the maximum charge that can be accom­
modated in order to ensure that air space is at a minimum. One possibility 
is to flood with preservative before drawing a vacuum but, whilst the 
vacuum can certainly be achieved more quickly, capillary forces between 
the preservative and the wood result in the full effect of the vacuum not 
being transferred to spaces within the wood; a 90% vacuum above the 
preservative may represent a 60% vacuum or less within the wood. In 
addition simple hydrostatic forces are significant in a large cylinder so that 
the effective vacuum within the wood is considerably reduced at the 
bottom of the cylinder, where wood is subjected to the hydrostatic 

Figure 3.7 Lowry 
empty-cell cycle (F, 
flood; D, drain). 

P 
fP D 
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typically giving a retention of 5 Ib/P (80 kg/m') for the butt but only 
2.5 Ib/f̂  (40 kg/m') for the rest of the pole. 
One problem is the limited penetration that can be achieved when 

wood is wet. Even with water-borne preservatives there must be sufficient 
space within the wood to accommodate the necessary absorption of 
preservative solution and this means that preservative should never be 
applied when wood has a moisture content in excess of the fibre satura­
tion point of about 30%. With creosote and other preservatives that are 
largely immiscible with water a much lower moisture content is desirable 
in order to ensure penetration of the cell wall, although in practice a 

Boulton process maximum moisture content of about 25% is usually specified. If the 
moisture content is higher and kiln-seasoning is unrealistic, as with trans­
mission poles to be treated during the winter months, it is possible to 
remove water during the treatment process. Creosote is generally heated 
to reduce its viscosity and, in the Boulton process, this hot creosote is 
used to boil off the water. Generally the creosote is heated to about 
140°F (60° C) and a vacuum applied to induce boiling. When foaming 
ceases pressure is applied as in a normal Bethell full-cell process. When 
Boulton originally introduced the process, boiling under vacuum was used 
to avoid the necessity of heating the creosote above 212°F (100°C); some 
creosotes at that time possessed very high phenol contents which were 
appreciably volatile at that temperature, particularly in steam, and it was 
also feared that high temperatures would damage the wood. In fact 
damage does not occur and some treatment plant operators are now using 
248° F (120°C), boiling off water during a normal Raping or Lowry 
empty-cell process without the need for an additional vacuum stage. 
The use of very hot creosote also helps to reduce bleeding as the 

viscosity of the preservative is low, achieving both good penetration and 
recovery, although it must be appreciated that bleeding can be avoided 
completely only if the cycle is designed to ensure that, at the end of the 
process, any trapped air has a pressure below atmospheric. Thus any 
movement of preservative will be inwards rather than outwards. In view of 
the volatile losses that can occur from creosote during Boultonising a 
modified technique was devised by Riitgerswerke, in which the cylinder 
was first flooded with a separate, hot oil for the water removal stage, if 
necessary with the application of a vacuum to induce boiling. This heating 
oil was then removed and creosote applied using a normal Riiping cycle. 

Bleeding after empty- The normal Bethell, Riiping and Lowry impregnation processes have 
cell treatment been used for many years and enjoy considerable success provided appro­

priate precautions are taken to ensure that the moisture content of wood 
is sufficiently low and that the species used are sufficiently permeable. In 
recent years the major problem has been bleeding, largely because of the 
complete lack of appreciation that trapped air must have a pressure of less 
than atmospheric at the completion of an empty-cell treatment cycle. 
The most serious bleeding is associated with the Riiping process, which 

involves an initial air pressure followed by impregnation with preservative. 
In the original process the pressure in the trapped air was relied upon to 
eject excess preservative from the wood but this expulsion would con­
tinue, particularly with creosote of relatively high viscosity, for a consider­
able period after the timber was removed from the treatment cylinder. In 
many yards poles were stored for 6 to 12 months to permit the creosote 
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APPENDIX 2 WOOD PRESERVATION STANDARDS AND CERTIFICATION 

The application and use of wood preservation chemicals is the subject of 
standards and/or certifications Issued by several organizations including: 

• The Canadian Standards Association (CSA), 
• The American Wood Preservers Association (AWPA), 
• Underwriters Laboratories of Canada (ULC), and, 
• The International Conference of Building Officials (ICBO). 

CSA STANDARD 080 Is the most important Canadian standard which governs 
the use of preservative chemicals. This comprehensive document addresses 
the use of oil-borne preservatives, water-borne preservatives, carrier 
solvents and fire retardants. 

Specific standards stipulate: 
• the composition of preservative chemicals, 
• methods of chemical analysis, 
• seasoning, pre-treatment and treatment conditions, and process 
parameters, 

• methods for treated product inspection and quality control, and, 
• allowable uses of treated products. 

Selected pages from CSA 080 are reproduced in this appendix to illustrate 
the scope and level of detail of this standard. CSA also provides a 
certification service for manufacturers who (under license from CSA) wish to 
use registered CSA Marks on products which have been treated in conformity 
with CSA Standards. Certification is voluntary and requires detailed periodic 
facility and product inspections. 

The AWPA issues standards similar to CSA 080 which govern wood 
preservation in the U.S. Canadian facilities frequently use AWPA standards 
as resource documents and Canadian treated product which is exported to 
the U.S. must comply with AWPA Standards. Compliance is designated by a 
product stamp applied in accordance with the AWP Bureau. 
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U.L.C. is a policing body which issues procedural instructions for the use 
of treated wood products in order to comply with defined classes of safety. 
U.L.C. Marks and instruction labels are used in B.C. only in conjunction 
with fire retardant treated materials such as shakes or shingles. In Canada, 
instruction labels stipulate details of Installation (as per the National 
Building Code of Canada) to comply with Class "B" or "C" fire retardant 
ratings. The Class "C" system Is further recognized by the I.C.B.O. and is 
so indicated on treated products exported for use in the U.S. 
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OM, WOOD PRESERVATION 17 

P5-77 

S T A N D A R D S F O R W A T E R - B O R N E P R E S E R V A T I V E S 

Replace Clauses 2. 3, 4, and S of P5 with the following Clauses 2 and 3: 

2.. AMMONIACAL COPPER ARSENATE (ACA) 
2.1 7\mmoniacaI copper arsenate shall have the following 
composition: 

Copper as CuO 49.8% to 63.0% 
Arsenic as AsjOs 37.0% to 50.2% 

subject to the tolerances listed in Clause 2.2. 
2.2 The composition of the preservative present in a 
treating solution may vary within the following limits: 

Min. % Max. % 
Copper as CuO 47.7 63.0 
Arsenic as AS2O5 36.0 50.2 

2.3 The solid preservative or treating solution shall be 
made up of compounds selected from the following groups, 
each in excess of 95 per cent purity on an anhydrous basis: 

Copper, e.g.,hydrated copper oxide, basic 
copper sulphate, copper 
carbonate, copper metal; 

Arsenic, e.g.,arsenic trioxide 
arsenic pentoxide 
arsenic acid 

Carbonate, e.g.,ammonium carbonate 
ammonium bicarbonate 

The general preservative shall be labelled as to its 
total content of active ingredients listed in Clause 2.1. 
2.4 The treating solution shall be made up by dissolving the 
selected compounds in a solution of ammonia (NH3) in 
water, in the presence of air, so as to ensure the conversion 
of the arsenic to the pentavalent form. The weight of 
ammonia contained in a treating solution shall be from 1.5 
to 3.5 times the weight of the copper oxide. The weight of 
the carbonate (expressedas CO2) in the treating solution 
shall be sufficient to ensure solubility of the selected 
compounds and will range 0 to 0.8 times the weight of 
copper oxide. 
2.5 Tests to establish conformity with the foregoing 
requirements shall be made in accordance with the 
standard methods of analysis contained in CSA Stan­
dard O80.A2, Standard Methods for Analysis of Water-
Borne Preservatives and Fire-Retardant Formulations. 

Date of issue 07/79 
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OM, WOOD PRESERVATION 
P 9 - 7 7 

S T A N D A R D F O R S O L V E N T S 
F O R O R G A N I C P R E S E R V A T I V E S Y S T E M S 

21 

Revise P9 to read as follows: 

STANDARD FOR HYDROCARBON SOLVENTS FOR PRESERVATIVES 

1. SCOPE 
1.1 This Standard covers hydrocarbon solvents for prepar­
ing solutions of preservatives. 

2. TYPES 
2.1 The hydrocarbon solvents covered by this Standard 
include four types as follows: 

(a) Type A — For preparing solutions of pen­
tachlorophenol and copper naphthenate; 

(b) Type B (Volatile Petroleum Solvent-LPG) — For 
preparing solutions of pentachlorophenol, napth-
enate and copper-8-quinolinolate; 

(c) Type C (Light Hydrocarbon Solvent with Au­
xiliary Solvent) — For preparing solutions of 
pentachlorophenol; 

(d) Type D (Chlorinated Hydrocarbon Solvent-
inhibited grade of methylene chloride) — For 
preparing solutions of pentachlorophenol. 

3. TYPE A HYDROCARBON 
SOLVENT 

3.1 Physical Requirements. Type A Hydrocarbon Solvent 
shall conform to the requirements prescribed in Table 1. 

TABLE 1 
REQUIREMENTS FOR TYPE A HYDROCARBON 

SOLVENT 
Property Maximum Minimum 

Specific Gravity, 60/60°F* — 0.85 

Water and Sediment, per cent 0.5 — 

Flash Point (Pensky-Martens Closed Tester) — 150°F 

Distillation: 
Total volume of fractions distilling below 

500°F, per cent by volume 
Total volume of fractions distilling below 

600°F, per cent by volume 

50 

90 

— 

Kinematic Viscosity at 100°F, centistokest 13.0 — 

Solvency at 75°F, per cent by weightt — 10 

* Equivalent API Gravity is 35° maximum by AS TM Standard 
D287. API Gravity of Crude Petroleum and Petroleum 
Products (Hydrometer Method). 

^Equivalent Saybolt Viscosity at lOO'F is 69.7 SUS maximum by 
ASTM Standard D88, Saybolt Viscosity. Petroleum oils of higher 
viscosity may be used provided penetration requirements are met. 

tThis requirement does not apply to solvents used to prepare 
copper rutphthenate solution. 

3.2 Methods of Test. The properties enumerated in Table 
1 shall be determined in accordance with the appropriate 

Standard listed below: 
(a) Specific Gravity — ASTM Standard D1298, 

Etensity, Specific Gravity or API Gravity of Crude 
Petroleum and Liquid Petroleum Products by 
Hydrometer Method; 

(b) Water and Sediment — ASTM Standard D96, 
Water and Sediment in Crude Oils; 

(c) Flash Point — ASTM Standard D93, Flash Point 
by Pensky-Martens Closed Tester; 

(d) Distillation — ASTM Standard D86, Distillation 
of Petroleum Products; 

(e) Kinematic Viscosity — ASTM Standard D445, 
Kinematic Viscosity of Transparent and Opaque 
Liquids (and the Calculation of Dynamic Viscos­
ity); 

(0 Solvency — CSA Standard O80-A5, Standard 
Methods for Analysis of Oil-Borne Preservatives. 

4. TYPE B HYDROCARBON SOLVENT 
4.1 Physical Requirements 

4.1.1 Type B Hydrocarbon Solvent shall conform to 
the requirements prescribed in Table 2. 

TABLE 2 
REQUIREMENTS FOR TYPE B HYDROCARBON 

SOLVENT 
Property Maximum Minimum 

Vapour pressure at IOO°F, psig 200 — 

Distillation, 95 per cent volume 
distilling point 36°F 

NOTE: An auxiliary solvent may be used providing it conforms to 
the requirements prescribed in Clause 4J .2. 

4.1.2 The auxiliary solvent shall conform to the 
following requirements: 

(a) Dry Point — The dry point shall be not more than 
leO'F; 

(b) The auxiliary solvent shall not exceed 5 per cent of 
die total volume of the combined solvent and which 
will not increase the 95 per cent boiling point of the 
liquefied petroleum gas above 36'F. 

NOTE: In using petaachlorophenol dissolved in Type B Hydrocar­
bon Solvent, the usual requirement for solution concentra­
tion does not apply. The wood is treated using a full cell 
process and the retention is controlled by adjusting the 
solution concentration. Results of treatment, with respect 
to retention, are determined either by assaying the treated 
wood or by inventorying the preservative in solution before 
and(tfter a charge. 

Date of issue 07179 
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O80, WOOD PRESERVATION 25 
APPENDIX A 

The American Wood-Preservers' Association Standards and ASTM Standards listed in this Appendix are adopted 
by the Canadian Standards Association under Clause 2.1 of CSA Standard O80. The two figures following the 
designation number of each Standard indicate the year of issue. 

Standard Method of Testing Wood Preserva­
tives by Laboratory Soil-Block Cultures; 
Standard Method to Determine Comparative 
Leachability of Wood Preservatives; 
Standard Method for Laboratory Evaluation 
to Determine Resistance to Subterranean 
Termites; 
A Guideline for the Physical Inspection of 
Poles in Service; 

Introduction to Book of Standards: 
AI—77 Standard Methods for Analysis of Creosote 

and Oil-Type Preservatives; 
A2—77 Standard Methods for Analysis of Water-

Borne Preservatives and Fire-Retardant For­
mulations (see also Clause 4, herein); 

A3—77 Standard Methods for Determining Penetra­
tion of Preservatives and Fire Retardants; 

A4—56 Standard Methods for Sampling Wood Pre­
servatives; 

A5—77 Standard Methods for Analysis of Oil-Borne 
Preservatives (see also Clause 4, herein); 

A6—76 Method for the Determination of Oil-Type 
Preservatives and Water in Wood; 

A7—75 Standard Wet Ashing Procedure for Preparing 
Wood for Chemical Analysis; 

A8—67 Qualitative Recovery of Creosote or 
Creosote-Coal Tar Solution from Freshly 
Treated Piles, Poles, or Timber (Squeeze 
Method); 

A9—70* Standard Method for Analysis of Treated 
Wood and Treating Solutions by X-Ray 
Emission Spectroscopy; 

A10—72 Standard Methods of Analysis of CCA Treat­
ing Solutions and CCA Treated Wood by 
Colorimetry; 

All—74 Standard Method for Analysis of Treated 
Wood and Treating Solutions by Atomic Ab­
sorption Spectroscopy; 

Fl—51 Volume and Specific Gravity Correction Ta­
bles for Creosote, Creosote-CToal Tar Solution 
(up to 50<7f Tar) and Coal Tar (Coke Oven 
Tar); 

F2—74 Standard Abridged Volume and Specific 
Gravity Correction Tables for Petroleum Oils 
and Pentachlorophenol Solutions; 

F3—77 Standard Volumes of Round Forest Products; 
F4—51 Standard Volume Correction Table for 

Creosote-Petroleum Solutions; 
F5—51 Volume Correction Factors for Preservative 

Salt Solutions; 
F6—72 Miscellaneous Conversion Factors and Cor­

rection Tables; 
Ml—76 Standard for the Purchase of Treated Wood 

Products (see also Clause 4, herein); 
M2—77t Standard for Inspection of Treated Timber 

Products (see also Clause 4, herein); 
M3—70 Standard Quality Control Procedures for 

Wood Preserving Plants; 
M4—77 Standard for the Care of Preservative-Treated 

Wood Products (see also Clause 4, herein); 
M5—77 Glossary of Terms Used in Wood Preserva­

tion; 
M7—73 Standard Methods for Field Tests with Stakes; 
M8—56 Standard Method for Field Tests with Posts; 

Ml 0—77 

Mil—66 

Ml 2—72 

Ml 3—72 

M14—72 Standard Method of Conducting Controlled 
Velocity Laboratory Corrosion Tests; 

M15—74 Guide lo Standards for Testing Plant 
Effluents; 

Ml6—77 Performance Index of Preservatives in 
Stake and Post Tests; 

D2481—66T1: Accelerated Evaluating of WoOd Preserva­
tives for Marine Service by Means of Small-
Size Specimens; 

D2688—681: Test for Corrosivity of Water in the Absence 
of Heat Transfer (Methods B and D only); 

PI—65 Standard for Coal Tar Creosote for Land and 
Fresh Water Use; 

P3—67 Standard for Creosote-Petroleum Oil Solu­
tion; 

P4—70 Standard for Petroleum Oil for Blending with 
Creosote; 

P5—77 Standards for Water-Borne Preservatives (see 
also Clause 4, herein); 

P7—72 Standard for Creosote for Brush or Spray 
Treatment for Field Cuts; 

P8—77 Standards for Oil-Borne Preservatives (see 
also Clause 4, herein); 

P9—77 Standard for Solvents for Organic Pre­
servative Systems (see also Clause 4, 
herein); 

PI I—70 Standard for Creosote-Pentachlorophenol 
Wood Preservative Solution; 

P12—68 Standard for Creosote-Coal Tar Solution to be 
Used in the Treatment of Marine (Coastal 
Waters) Piles and Timbers; 

P13—65 Standard for Coal Tar Creosote to be Used in 
the Treatment of Marine. (Coastal Waters) 
Piles and Timbers. 

*Approved with exception of Clause 12.2.4. Clause 12.2.5 now 
becomes 12.2.4 with the first line revised as follows: "12.2.4 
Example IV CCA. Compressed . . .". Clause 12.2.6 becomes 
12.2.5 and is reworded as follows; "The calculation procedures 
for other water-borne preservatives and fire-retardanis is appa­
rent from Example IV". 

]In ninth line. Clause 5.4, revise "one-tenth" to "one-eighth", 
and, in Clause 5.94, revise paragraph dealing with poles as 
follows: "Borings shall be taken from poles to a depth at least 
equal to the maximum depth of the zone specified for assay. 

USTM Standards. 
^Delete footnote "b". 

Date of issue 07/79 
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O80.1 

PRESERVATIVE TREATMENT OF ALL 
TIMBER PRODUCTS BY PRESSURE PROCESSES 

NOTE: This Standard consists of 4 pages dated as follows: 29, 07/79:30-31, 12/76; and 32. 07/79. 
1. SCOPE 

29 

1.1 This Standard covers the preservative treatment of all 
timber products by pressure processes. 

2. GENERAL REQUIREMENTS 
2.1 General 

2.1.1 The requirements of this Standard, except as 
modified or supplemented by the other CSA Commodity 
Standards for the various species and types of material, shall 
apply to each of the treating processes and to all species and 
types of material. If these requirements are to be otherwise 
modified to meet special conditions, complete detailed 
instructions shall be given. 

2.1.2 Maximum time duration (total elapsed time of a 
treating phase) maximum temperature, and maximum 
pressure limits shall not be exceeded. A phase shall begin 
when a change in conditions within the cylinder is initiated 
and shall end when either new conditions are imposed or the 
cylinder is emptied of preservative. For example, the period 
of steaming shall begin when steam is first introduced to the 
cylinder and end when the steam is shut off from the 
cylinder and the cylinder vented. 

2.1.3 The minimum time duration when stipulated for 
a phase, shall be the period of time after the minimum 
conditions have been attained and until the end of that 
phase. 
2.2 Plant Equipment. Treating plants shall be equipped 
with the thermometers and gauges necessary to indicate and 
record accurately the conditions at all stages, of treatment, 
and all equipment shall be maintained in acceptable, proper 
working condition. The apparatus and chemicals necessary 
for making the analyses and tests required by the purchaser 
also shall be provided by plant operators, and kept in 
condition for use at all times. If the plant operators do not 
provide for laboratory facilities at the treating plants for the 
analysis and assays or other tests for retention of 
water-borne preservatives, they shall provide for these at a 
central laboratory. 
2.3 Conditioning 

2.3.1 Material shall be conditioned by air-seasoning, 
by kiln-drying, by steaming, by heating in the preservative 
either at atmospheric pressure or under vacuum, or by a 
combination of them as agreed upon, in such a manner as 
will not cause damage for the use intended. Ice-coated or 
frozen material may be steamed prior to conditioning or 
treatment for a total period not to exceed 2 hours; the 
temperature shall not exceed 240°F. 

2.3.2 When air-seasoning is used, it shall be done as 
far as practicable, according to CSA Standard O80-MI, 
Standard for the Purchase of Treated Wood Products. 

2.3.3 When steam conditioning is used, material shall 
be steamed in the cylinder at the temperature specified for 
the individual type of material or species but, in any case, 
the maximum temperature specified shall not be reached in 
less than I hour. The cylinder shall be provided with vents 
to relieve it of air and ensure proper distribution of steam. 

Two types of steam sources are allowable; steam directly 
from the boiler (live steam) and steam generated within the 
cylinder by the use of water over the heating coils (closed 
steam). With live steam, the cylinder shall be drained 
continuously or frequently enough during the steaming to 
prevent condensate from accumulating in sufficient quantity 
to reach the wood. With closed steam, the water level will 
be limited to covering the heating coils and no venting is 
needed after maximum temperature levels are reached. 
After steaming is completed, a vacuum as specified for the 
individual type of material or species may be created in the 
cylinder. Before the preservative is introduced, the cylinder 
shall be drained of condensate. 

When material to be treated with either chromated 
copper arsenate preservative or acid cupric chromate 
preservative is presteamed prior to treatment, the material 
must be removed from the cylinder following the condition­
ing phase of the cycle and cooled to I20°F or below. 
Following the cooling, the material shall be returned to the 
cylinder and treated by appropriate standard procedure. 
With CCA and ACC preservatives, steam conditioning is 
limited to ice-coated or frozen material. 

2.3.4 When conditioning by heating in the preserva­
tive is used, the preservative shall cover the material in the 
cylinder. The temperature of the preservative during the 
conditioning period shall not exceed the maximum specified 
for the individual type of material or species. 

2.3.5 If a vacuum is drawn during the conditioning 
period, it shall be of sufficient intensity to evaporate water 
from the material at the temperature of the preservative. The 
intensity of the vacuum, or the temperature of the 
preservative, or both, shall be adjusted so as to regulate the 
evaporation of the water satisfactorily. The conditioning 
shall continue until the material is sufficiently heated and 
enough water removed to permit proper penetration. The 
preservative shall be removed from the cylinder and air 
admitted before an empty-cell process is applied. 
2.4 Sorting and Spacing. Whenever it is practicable, the 
material in any charge shall consist of pieces of the same 
species similar in form and size, moisture content and 
receptivity to treatment, and so separated as to ensure 
contact of treating medium with all surfaces. 

V 2.5 Machining. All cutting, such as adzing, boring, 
chamfering,""framing, gaining, surfacing, trimming, etc., 
shall be done prior to treatment. In the event that cutting 
becomes absolutely necessary after treatment, the cut 
surfaces shall be treated in accordance with CSA Standard 
O80-M4, Standard for the Care of Pressure-Treated Wood 

. Products. 
2.6 Incising. Woods which are difficult to penetrate shall 
be incised. When required or recommended in subsequent 
Standards, material shall be incised prior to treatment by a 
method that will provide at least the minimum penetration 
specified without damage and with the least loss in strength 
with the exception that incising shall be waived when it will 
make the material unfit for the use intended. 

Date of issue 07/79 
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3. TREATMENT 
3.1 Manner of Treatment. The material shall be impreg­
nated with preservative by a combination of such processes 
and under such conditions as will produce a satisfactory 
product for the use intended. 
3.2 Oil Treatment. Following the conditioning period, the 
material shall be treated by an empty-cell process whenever 
practicable, unless otherwise specified, to obtain as deep 
and uniform penetration as possible with the retention of 
preservative stipulated. Material shall be treated by the 
full-cell process only when the maximum net retention is 
desired and where pressure is held to refusal, or when the 
stipulated retention is greater than can be obtained by the 
use of an empty-cell process. 
3.3 Salt Treatment. Following the conditioning period all 
round material of any size and sawn material 5 inches and 
over in thickness shall be treated by the full-cell process. 

Lumber less than 5 inches in thickness, and plywood 
shall be treated by a Lowry, a full-cell or a modified 
full-cell process. Using the modified full-cell process, the 
cylinder pressure shall be adjusted prior to filling, to any 
desired level between atmospheric pressure and total 
vacuum. 
3.4 Standard Processes 

3.4.1 Initial Air Pressure or Vacuum 
3.4.1.1 General. The initial air pressure or 

vacuum shall be maintained while the cylinder is being 
filled with preservative. 

3.4.1.2 Empty-Cell. Material shall be sub­
jected to atmospheric air pressure (Lowry) or to higher air 
pressure (Rueping) of the necessary intensity and duration. 

3.4.1.3 Full-Cell. Material shall be subjected to 
a vacuum of not less than 22 inches at sea level for not less 
than 30 minutes either before the cylinder is filled or during 
the period of heating in preservative. 

3.4.1.4 Refusal. When maximum possible re­
tention by full-cell process or treatment to refusal is 
specified, the pressure and temperature shall be maintained 
constant or be increased within a range consistent with good 
practice for the material being treated until the quantity of 
preservative absorbed in each of any two consecutive V2 
hours is not more than 2 per cent of the amount already 
injected. 

3.4.2 Pressure Period 
3.4.2.1 General. Pressure shall be increased to 

at least the minimum but not higher than the maximum 
specified and shall be maintained until the desired 
volumetric injection has been obtained. Pressure shall be 
reduced to atmospheric either before or while the cylinder is 
emptied of preservative. A vacuum of not less than 22 
inches at sea level shall be created and maintained until the 
wood can be removed free of dripping preservative, except 
that a vacuum need not be used after a full-cell or refusal 
treatment when the maximum possible retention is desired. 

3.4.2.2 Temperature of Preservative. The 
temperature of the preservative during the entire pressure 
period shall not exceed the maximum temperatures 
specified in Table 1. 

TABLE 1 
TEMPERATURE OF PRESERVATIVES 

Temperature 

Preservative Maximum 
°F 

Creosote or Creosole Solutions 
Western Red Cedar 200 
All Other species 210 

Oil-Borne Preservatives 
Ponderosa. Jack, Red and Lodgepole Pines 210 
Western Red Cedar 200 
All Other species 210 

Water-Borne Preservatives 
Acid copper chromate (ACC) 120, 
Ammoniacal copper arsenate (ACA) 150 
Chromated copper arsenate (CCA) 120 
Chromated zinc chloride (CZC) 140 
Fluorchrome arsenate phenol (FCAP) 140 

3.4.3 Expansion Bath. When permitted by CSA 
Standards O80.2, Preservative Treatment of Lumber, 
Timber, Bridge Ties and Mine Ties by Pressure Processes, 
O80.3. Preservative Treatment of Piles by Pressure 
Processes, O80.4, Preservative Treatment of Poles by 
Pressure Processes O80.5, Preservative Treatment of Posts 
by Pressure Processes, O80.6, Preservative Treatment of 
Crossties and Switch Ties by Pressure Processes, 080.11, 
Preservative Treatment of Wood Blocks for Floors and 
Platforms by Pressure Processes, or 080.25, Preservative 
Treatment of Sawn Crossarms by Pressure Processes, an 
expansion bath may be applied after pressure of an oil 
treatment is completed and before removal of preservative 
from the cylinder, by quickly reheating the oil surrounding 
the material to the maximum temperature permitted by the 
individual species specification, either at atmospheric 
jressure or under vacuum, the steam to be turned off the 
leating coils immediately the maximum temperature is 
reached. The cylinder shall then be emptied speedily of 
preservative and a vacuum of not less than 22 inches at sea 
level created promptly and maintained until the wood can be 
removed from the cylinder free of dripping preservative. 

3.4.4 Final Steaming. At the completion of an oil 
treatment, material may be cleaned by final steaming as 
specified for the individual type of material or species. 

4. RESULTS OF TREATMENT 
4.1 Retention of Preservative 

4.1.1 General 
NOTE: The retention may be specified by the purchaser in 

accordance with the use requirements but should be not 
less than that specified for the type of material or species. 

4.1.1.1 The amount of preservative solution 
retained shall be determined from readings of working tank 
gauges or scales, or from weights before and after treatment 
of loaded trams on suitable track scales, with the necessary 
corrections for changes in moisture content. 

If retention is determined from readings of working 
tank gauges or scales, the retention of"preservatives shall be 
calculated after correcting the volume of creosote type 
preservative to 100°F and of penta-petroleum type preserva­
tive to 60°F. Corrections of volume or specific gravity shall 
be made using the factors contained in CSA O80-F Series of 
Standards (Conversion Factors and Correction Tables). 

Date of issue 12/76 
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O80.3 37 
PRESERVATIVE TREATMENT OF PILES 

BY PRESSURE PROCESSES 
NOTE: This Standard consists of 4 pages from 37 to 40 dated 07179. 

FOREWORD 

This Standard is to be used in conjunction with, and 
is supplementary to, the requirements of CSA Standard 
080.1, Preservative Treatment of All Timber Products by 
Pressure Processes. 

1 . SCOPE 
1.1 This Standard covers the preservative treatment by 
pressure processes of land and fresh water piles and 
foundation piles of the following species; Pacific Coast 
Douglas Fir, Western Larch, Intermountain Douglas Fir, 
Jack Pine, Lodgepole Pine, Red Pine, Ponderosa Pine, 
Southern Yellow Pine and Oak; and marine piles of the 
following species; Pacific Coast Douglas Fir, Jack Pine, Red 
Pine, and Southern Yellow Pine. 

2. GENERAL REQUIREMENTS 

2.1 General. All piles selected for preservative treatment 
shall meet the requirements of CSA Standard 056, Round 
Timber Piles. 

2.2 Land and Fresh Water Piles. Land and fresh water piles 
shall be treated in accordance with the requirements of C S A 
Standard O80.1, except as modified or supplemented by 
Table 1. 
2.3 Marine Piles. Marine piles shall be treated in 
accordance with the requirements of CSA Standard O80.1, 
except as modified or supplemented by Table 2. 
2.4 Foundation Piles. Foundation piles shall be treated in 
accordance with the requirements of CSA Standard O80.1, 
except as modified or supplemented by Table 3. 

3. CARE AFTER TREATMENT 

3.1 Care After Treatment. Pile heads, after making final 
cutoff, shall be given two heavy coats of hot creosote, 
followed by the application of a heavy coat of coal-tar 
pitch. There shall be sufficient interval between 
applications to permit absorption of each coat before the 
succeeding one is applied. Kiln drying of pile after 
treatment with ACA or CCA is not permitted. 
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TABLE 2 
SPECIFIC R E Q U I R E M E N T S - M A R I N E PILES 

Pacific Coast 
Douglas Fir Jack Pine | Red Pine 

Southern Yellow 
Pine 

Conditioning 

Steaming 
Tfemperatuie-Maximum F 
Duration-Maximum Hours 
V a c u u m -

Inches at Sea L e v e l -
Minimum 

Heating in Preservative 
Temperature-Maximum F 
Duration-Maximum Hours 

Air-seasoning or 
kiln-drying or heat­
ing in preservative 
or a combination. 

Not Permitted 

Seasoned Green 
210 220 

6 No Limit 

Air-seasoning or kijn-c 
(for ice-coated ot froz 
heating in preservative 

240 
6 

22 

220 
Optional 

tying or steaming 
en piles only) or 
or a combination* 

240 
6 

22 

220 
Optional 

Air-seasoning, kiln-drying, heating 
in the preservative or a combina­
tion. 

240 
20 

22 

220 
Optional 

Treatment 
Pressure-Minimum psig 

Maximum psig 
Expansion Bath 

Temperature-Maximum F 
Duration-Maximum Hours 

Final Steaming 

75 
150 

220 
1 hour 

Not Permitted 

100 
150 

220 
1 hour 

Not Permitted 

100 
150 

220 
1 hour 

Not Permitted 

125 
200 

220 
1 hour 

Not Permitted 

Results of Treatment 

Retention-Minimum pcff 
Creosote J 

By gauge or weight 

Water-Borne Preservatives 
By gauge or weight 
A C A 
C C A 

Pacific Atlantic 
Coast Coast 

14 full-cell 12 full-cell 

Pacific Atlantic 
Coast Coast 

14 full-cell 12 full-cell 

Paciflc Atlantic 
Coast Coast 

18 full-cell 16 full-cell 

Pacific Atlantic 
Coast Coast 

20 full-cell 18fuil-cell 

Results of Treatment 

Retention-Minimum pcff 
Creosote J 

By gauge or weight 

Water-Borne Preservatives 
By gauge or weight 
A C A 
C C A 

1.2 
1.2 

1.2 
1.2 

1.: 2.0 
2.0 

Penetration in Inches or Per 
Cent of Sapwood-Minimum § 7/8 3/4 1.0 and 85 2.5 or 85 4.0 or 90 

Determination of Penetration Four borer cores shall he taken in each pile..Tliese four borer 
cores shall be evenly spaced longitudinally and radially through­
out the middle third of the pile. A l l four borer cores shall meet 

the penetration requirements. 

Preservatives A l l standard preservatives listed above. 

* Air-seasoning is the preferred method of conditioning; however, when climatic conditions are unfavourable or delivery will be delayed 
because of conditioning requirements stated above, the material may be steamed for a total of not more than 6 hours at temperatures not 
in excess of 245° F, except Southern Yellow Pine, which can be steamed up to 20 hours. 

t The recommended lower retention for the A tiantic Coast is a generalization. If for any reason, Limnoria activity is increasing, the higher 
retention recommended for the Pacific Coast should be used. 

J Creosote shall conform to CSA Standard O80-P13, Standard for Coal Tar Creosote to be Used in the Treatment of Marine (Coastal Waters) 
Piles and Timbers. 

§ Effective penetration must be continuously black and concentrated with both summerwood and springwood penetrated. 

N O T E : / / the concentration of preservative in a pile is in doubt, the four borer cores from each of (he doubtful piles shall be assayed. 
These borer cores shall be cut to the length of the specified depth of penetration, +1/32 inch and the concentration of preservative 
in the assayed cores shall be not less than the following quantity: 

(a) Pacific Coast Douglas Fir - 26 j>ounds per cubic foot; 
(b) Jack and Red Pine - 20 pounds per cubic foot; 
(c) Southern Yellow Pine - 20 pounds per cubic foot. 
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