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ABSTRACT 

Ready mix  concrete  operat ions  generate  h igh pH and  suspended s o l i d s  

wastewaters   wh ich   a re   o f ten   unacceptab le   fo r   d i rec t   d ischarge  to   sur face  

waters.   This  report   presents an ove rv iew   o f   t he   ready   m ix   i ndus t r y   i nc lud ing  

wastewater  treatment  and  recycl ing  practices,  based on a rev iew   o f   t he  

1 i t e r a t u r e  and v i   s i t s   t o  17 p l a n t s   i n   t h e   G r e a t e r  Vancouver  area. 

Recommendations are made for   improved management o f  process and storm  waters, 

as we l l  as  waste so l ids .  



RESUME 

Les opirations des centrales i b6ton g6nhrent  des  eaux  us6es q u i  
sont souvent inacceptables pour dicharge directe aux eaux  de surface i cause 
d ' u n  pH e t  des  sol ides en suspension 61 ev6s. Ce rapport priisente une  vue 
d'ensemble de l'industrie des centrales i b6ton incluant l e  traitement des 
eaux usies e t   les  pratiques de recycl age, basiie sur 1 a revue de 1 a 
1 i t t irature  et  1 a visi  te de 17 usines dans 1 a r6gion du Grand Vancouver.  Des 
recommendations sont fa i  tes pour une gestion am61 ior6e des  eaux  de  proc6d6 e t  
de pl  uie, ai  nsi que  des diichets  sol ides. 
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1 INTRODUCTION 

n 

The ready mix concrete indus t ry  generates 1 arge volumes of 
contaminated  process  water and stormwater characterized by elevated pH and 
suspended solids.  When the  receiving environment supports a federal 
f i sher ies   resource   (e .g .   sa lmon) ,  i t  i s  the  federal  government's 
responsibility t o  ensure  the  protection of that  resource and i t s  h a b i t a t ,  as 
mandated by the  federal  Fisheries Act. 

This report  presents an overview of the ready mix industry i n  
British Columbia and includes socio-economic information, an inventory of 
p l an t s ,  a summary o f  process effluent and stormwater character is t ics  and 
associated environmental  concerns, and recommendations for improving current 
waste management practices. 

1.1 Study Approach 
An i n i t i a l   l i s t i n g  of ready mix f a c i l i t i e s  was obtained through an 

inventory of industrial  effluent  discharges  maintained by Conservation and 
Protection. This l i s t  was augmented by information  provided by the B.C. 
Ready-Mixed Concrete  Association that  identified  close  to 100 f a c i l i t i e s  
province wide, both association members and non-members (Appendix I ) .  

. .  

Manual  and computerized  searches were conducted.  to  locate  relevant 
publications on wastewater  treatment  practices w i t h i n  this  industry  sector, 
b u t  not many pub1 ications were found. Several good references,  particularly 
studies by the U.S. Environmental Protection Agency ( E P A ) ,  were obtained 
from the American National Ready  Mixed Concrete  Association. 

Site  inspections were conducted a t  seventeen ready mix p l an t s  i n  
the Lower Mainland, selected  to  provide a representative  cross  section o f  the 
industry. Their  wastewater and s o l i d  waste management practices,  including 
the  extent of recycling, were  documented. Information was obtained on plant 
production,  truck f lee t   s ize ,  and stockpiles of feedstocks and admixtures. 

Based  on information i n  the 1 i terature  and from s i t e  visits, 
recommendations for improved water,  wastewater, and solid waste management 
are made. 
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1.2 L e g i  sl a t i  on 
Effluent p o l l u t i o n  control  for  this  industry  is  exercised 

principally through the British Columbia Waste  Management Act and the federal 
Fisheries Act. I n  1975, the B.C. Ministry of Environment published po l lu t ion  
control objectives  for  this industry t h a t  stipulate  effluent qua l i ty  
requirements and w h i c h  provide guidance t o  the Ministry staff when issuing 
effluent permits (10). The objectives  are presented i n  Table 1. 

TABLE 1: PROVINCIAL EFFLUENT OBJECTIVES FOR READY M I X  PLANTS 

PARAMETER UNIT LEVEL 
A B C 

Suspended S o l i d s  1 b./100 yd3 product 0.6 4.2 16.5 
Total Sol ids 1 b./100 yd3 product 2 1  29 62 
pH Range 6.5 t o  8.5 

Note: Total Sol ids i s  n o t  appl  i cab1 e t o  discharges t o  marine waters; pH 
range i s  the same for a1 1 three 1 eve1 s; reporting frequency i s  four times  per 
year. Level A applies t o  new facil i t ies,  and t o  existing  facilities  after 
staged upgrading. 

Discharges t o  fish-bearing streams or marine waters are  subject t o  
t he  general  provisions of  the  federal  Fisheries Act, specifically 
Section 33(2) w h i c h  prohibits the "...deposit of a deleterious substance of 
any type i n  water frequented by fish or i n  any place under any condi t ion 
where  such deleterious substance or any other deleterious substance tha t  
results from the  deposit of such deleterious substance may enter any such 
water". Also, Section 31 of this Act states, "NO person shall  carry on any 
work or undertaking t h a t  results i n  the harmful a1 teration,  disruption or 
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d e s t r u c t i o n   o f   f i s h   h a b i t a t " ,  and i s   a p p l i c a b l e  due t o   t h e   h i g h  

c o n c e n t r a t i o n s   o f   s e t t l e a b l e   s o l i d s   i n  many ready   mix   p lan t   e f f luen ts .   Th is  

Sec t ion   o f   the   F isher ies   Ac t   i s   admin is te red   by   the   Depar tment   o f   F isher ies  

and Oceans (DFO) whereas Sect ion 3 3 ( 2 )  i s  co-administered  by DFO and 

Environment Canada. 

Federal  requirements  for  wastewater  qual i ty  are  assessed on 
s i te-speci f ic   env i ronmenta l   cons iderat ions.  A permi t   re fe r ra l   p rocess  

establ ished  by  the  Min is t ry   o f   Env i ronment  and Parks  ensures t h a t   i n p u t  and 

recommendations  from  the  federal  agencies  are  considered  during  permit 

preparat ion.  

Pe rm i t s   usua l l y   spec i f y   e f f l uen t   concen t ra t i on  1 i m i t s   r a t h e r   t h a n  
pounds o f  so l   ids /yd3  o f   product  as i n   t he   ob jec t i ves .   Pe rm i t   requ i remen ts  

f o r   s e l e c t e d  Lower Mainland  ready  mix  operations  are  presented i n  Table 2. 

TABLE 2: TYPICAL  EFFLUENT  PERMIT  REQUIREMENTS 

PLANT MAX. DAILY FLOW T.S.S. pH RANGE TEMP . 
# (m3) (mg/L 1 (Cel s i  us 

3 879 50  6.5 - 9.5 N.S. 
17 Two indeterminate 50  6.5 - 8.5 N.S. 
17 discharges indeterminate 160  6.5 - 8.5 N.S. 
13 630 100  6.0 - 9.0 25 
10 N.S. 125 6.0 - 9.0 N.S. 
14 1600 50  6.5  -10.0 N.S. 

Note: N.S. - Not  Speci f ied.  

P1 an t  #3: permi t ted  d ischarge i s  stormwater to   d i t ch ,   wh ich   f l ows   t o   mar ine  
waters. 
P l a n t  #17: perm i t ted   d i scha rge   i s   s to rmwate r   t o   d i t ch ,   wh ich   f l ows   t o   mar ine  
waters. 
P lan ts  #lo, #13 ,  #14: permi t ted  d ischarge i s  combined  stormwater  and  process 
water. 
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2 INDUSTRY OVERV I EW 

The ready  mix  concrete  industry i s   p r i m a r i l y  comprised  of smal 1- t o  

medium-sized f a c i l i t i e s  engaged i n  manufactur ing  por t land cement concrete and 

d e l i v e r i n g  i t  t o  customers i n  a p l a s t i c  (unhardened)  state. 

2.1 Econorni c P r o f  i 1 e 

Table 3  summarizes t h e   l a t e s t   S t a t i s t i c s  Canada economic d a t a   f o r  
t h e   i n d u s t r y   n a t i o n a l l y ,  as we l l  as f o r  B.C. f o r   t h e   p e r i o d  1980-1985 (15).  

(More d e t a i l e d   i n f o r m a t i o n   i s   p r e s e n t e d   i n   T a b l e s  1 B  and 1 C  i n  Appendix  1). 
I n  1985, there  were almost 600 r e a d y   m i x   c o n c r e t e   f a c i l i t i e s   i n  Canada and 95 

i n  B.C., employing 9210  and  1300, respec t ive ly .  The va lue   o f  goods 

manufactured  by  the  industry i n  B.C. dur ing  1985 was $135,000,000. Dur ing 
th i s   f i ve -yea r   pe r iod ,   t he  number o f   f a c i l   i t i e s   i n  B.C.  and across Canada 

grew s t e a d i l y ,  a1 though  the number of  employees  and va lue   o f  goods remained 

constant. It i s  unders tandab le   tha t   the   indus t ry   d id   no t  grow substant i  a1 l y  

d u r i  ng th is   recess i   onary   per iod   s ince  it i s   c l o s e l y   t i e d   t o  economic 

a c t i v i t y .  The va lue   o f  goods has 1 ike ly   inc reased  s ince  1985 as the  Canadian 

and B.C. economies  have experienced  higher  growth  rates. 

2.2 Manufacturing  Process 

A t y p i c a l   f a c i l i t y   c o n s i s t s   o f  a ya rd   a rea   f o r   t he   s to rage   o f  

aggregate, a washout s t a t i o n   f o r   t r u c k  drums w i t h   s e t t l i n g   f a c i l i t i e s ,  a 

concrete  mix and l o a d i n g   f a c i  1 i ty i n c l u d i n g  a s i  1 o f o r   p o r t l  and  cement,  a 

parking  area, a s to rage  a rea   fo r   add i t i ves ,  and  an o f f i c e .  When a p l a n t  

operator  receives an o r d e r   f o r  a speci f i  c concrete  formulat ion,   the  concrete 

i s  mixed t o   s p e c i f i c a t i o n  and d i scha rged   (g rav i t y   f ed )   t o  a t ruck  mixer.  The 

t r u c k  drum e x t e r i o r   i s  washed of f   before 1 e a v i n g   f o r   t h e   j o b   s i t e .  Upon 

r e t u r n i n g   t o   t h e   p l a n t ,   t h e   t r u c k   d r i v e r  may wash ou t   t he   m ixe r  drum before 

r e c e i v i n g  a new batch   o f   concre te .  

Two manufacturing  processes  are used, d ry   ba tch ing  and wet  mixing 

(F igure  1). A t  ba tch   p lan ts ,   por t l  and  cement  and f i n e  and coarse  aggregate 

a r e   i n d i v i d u a l l y  weighed i n  hoppers  and  discharged t o   t h e   t r u c k  drum. Water 
and admixtures  are  metered  into  the drum  and t h e   c o n c r e t e   i s  mixed i n   t h e  

t ruck  drum on r o u t e   t o   t h e   j o b   s i t e .  
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TABLE 3: SUHMARY OF READY MIX CONCRETE INDUSTRY ECONOMIC  STATUS 

- 
YEAR 

1980 

1981 

1982 

1983 

1984 

1985 

- 

- 

NO. OF 
FACILITIES 

-. 

6. C . CANADA 

77 500 

81 527 

87  533 

85  564 

91  584 

95  584 

NO. OF 
EMPLOYEES 
- 

B .C. CANADA 

1366 9348 

1549 10053 

1302 8042 

1258 8390 

1357 8801 

1302 9210 

SALARIES & WAGES VALUE OF GOODS 
(MILLIONS OF DOLLARS) 

6. C . CANADA 

34  192 

43  227 

40 200 

41  216 

44  229 

43  254 

6. C . CANAOA 

138  898 

195  1085 

184  992 

151 1030 

154  106 1 

135  1197 

Reference: S t a t i s t i c s  Canada 

A t  wet  mix f a c i l i t i e s ,   t h e   c o n c r e t e  components a re   de l i ve red   t o  a 
cent ra l   m ixer   fo r   m ix ing   be fore   be ing   d ischarged  to   the   t ruck  drum, The 

weighing  and  metering  of  separate components i n   b o t h   b a t c h  and mix  operat ions 

i s  now la rge ly   compu te r i zed   resu l t i ng   i n   improved   qua l i t y   con t ro l .  
Ready m i x   f a c i l i t i e s  can  be f u r t h e r   c l a s s i f i e d   a s   f o l l o w s  (2): 

1) Permanent P lan ts  - t h e s e   f a c i l i t i e s   u t i l i z e   m i x e r   t r u c k s   t o   d e l i v e r  
concrete  to  customers  f rom a cen t ra l ,  permanent  batch  plant. All 
f a c i l i t i e s   i n s p e c t e d   d u r i n g   t h e   c o u r s e   o f   t h i s   s t u d y  were  permanent 
p lants .  

2) Por tab le   P lan ts  - t h e s e   a r e   d e d i c a t e d   f a c i l i t i e s   s e t  up f o r   v e r y   l a r g e  
cons t ruc t i on   p ro jec ts  (e.g. highway o r   a i r p o r t  runway pav ing) .  The 
concrete i s  produced i n  a p o r t a b l e   c e n t r a l   m i x e r   a t   t h e   j o b   s i t e  and 
d e l i v e r e d   i n   t r u c k s ,   o r   d r y   b a t c h e d   a t  a permanent p l a n t  and d e l i v e r e d   t o  
a p o r t a b l e   m i x e r   a t   t h e  job s i t e .  

3) Mobi le   P lants  - these  small f a c i l i t i e s   a r e   c a p a b l e   o f   m e a s u r i n g  and mix ing 
concrete components a t   t h e   j o b   s i t e .  The concrete components w e  
t ranspor ted  to ,  and s to red   a t ,   the   job   s i te .  
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The three p l a n t  types u t i l i z e  somewhat different  equipment and 
operat ing  procedures ,   and  therefore   have different waste  generation  and 
disposal   considerat ions.   General ly ,   permanent   plants   have  superior  
wastewater  treatment works due t o  their  permanency  and g rea t e r   l and  
a v a i l a b i l i t y .  

Production  from  any  given  plant  can  vary widely from  day t o  day 
depending on product demand. In a survey of medium t o   l a r g e   p l a n t s ,  the U.S. 

Environmental   Protection Agency e s t i m a t e d   t h a t  the average  ready mix truck 
load was 5.2 m3 and  each  truck  averaged  4.2 trips per day ( 6 ) .  The 
f l u c t u a t i o n  i n  da i ly   p roduct ion  i s  i l l u s t r a t e d  i n  Table 4. 

TABLE 4: VARIATION I N  D A I L Y  PRODUCTION 

Production (% of  Average  Daily) 

Average  Daily  Production* 
Poor Day ( 10 /y r )  
Good  Day (40-50/yr) 
Excel 1 en t Day ( 10/yr )  
Maxi mum 

100 
23 

151 
190 
247 

* Average 257 operat ing  days per year ,   range 200-304 days. 

2.3  Concrete  Fundamentals 

2.3.1  Composition Concrete i s  a mixture i n  which a pas te   o f   por t land  
cement and  water binds m a t e r i a l s  such as   sand  and  gravel   into a rock l ike  
mass. The paste   hardens due t o  chemical   react ions between the cement and 
water (1). 

Concrete  can be viewed as   compr is ing  two principal  components,  
aggregate   and  paste ,  w i t h  the paste   being a mixture  o f  por t land  cement, 
w a t e r ,   e n t r a i n e d   a i r ,  and admix tu re ( s ) .  The aggrega te   genera l ly   occupies  
60-80% of   concre te  by volume,  and the pas t e  20-40%. Table 5 presents the 
composi t ion  of   typical   concrete ,  by both mass  and  volume. 

c 
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TABLE 5: COMPOSITION OF TYPICAL AIR-ENTRAINED CONCRETE 

Component kg/& (1) % v/v (2) 

f i  ne aggregate 410 24 - 28% 
coarse aggregate 625 31 - 51% 
portl and cement  174 7 - 15% 
water 104 14 - 18% 
admixture 0.26-0.28 
a i r  "- 4 -  8% 

The density of normal concrete ranges from  2166-2568 kg/m3, whi 1 e 
densities  for  structural 1 ightweight and insulating concretes are usually 
between  1364-1846 kg/& and 241-1445 .kg/$ , respectively. 

There i s  some over1 ap between f ine  and coarse aggregate s i z ing ,  as 
determined by the Canadian Standards Association (CSA) standards A23.2-2A and 
A23.2-5A (1). Fine aggregate has a size range  between 1.25 mm - 10 mm, whi 1 e 
coarse aggregate between 1.25 mm - 112 mn. 

Potable water and some non-potabl e waters are sui table  for 
ba tch ing .  The water:cement ratio  is  the main parameter t h a t  determines 
concrete qual i ty .  Other factors being equal, a low water:cement ratio w i  11 
improve a concrete's compressive and flexural  strength,  watertightness, 
resistance t o  weathering and some other  characteri  stics. 

2.3.2 Portland Cement I n  1824, an Engl i shman Joseph  Aspdin obtained 
a patent for what he called por t l and  cement. He chose this name because the 
material was simi 1 ar i n  colour t o  the 1 imestone quarries on the Is1 e of 
Port1 and. Canada imported portl  and cement  from England u n t i  1 the f i r s t  
domestic p lan t  was b u i l t  i n  H u l l ,  Quebec i n  1889. Portland cement  was f i r s t  
produced on the west coast a t  Vancouver i n  1893 (1 

Portland cement now refers t o  a group of hydraulic cements which 
require water t o  harden and do not  disintegrate i n  water. The  chemical 
reactions between  cement and water are complex. For the purpose of this 
report, i t  i s  sufficient t o  say the subsequent  hardening invo l  ves b o t h  
hydrolysis and hydration of the cement  components. 
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Raw mater ia l  s requ i red   fo r   the   manufac ture   o f   por t land  cement 

inc lude  l ime,   s i l i ca ,   a lumina and i r o n  which  are  found  in, among o the r  

substances, 1 imestone, sand, c l a y  and i ron   o re ,   respec t ive ly .   Appropr ia te  
volumes o f  each are  crushed and blended  together, i n   e i t h e r  a dry   or   wet  

process.  This  mixture i s  then  charged t o  a k i l n  and sub jec ted   t o  

temperatures  between 1400oC and 165OOC where the  raw mix i s  t rans fo rmed   to  

po r t l and  cement c l   i n k e r .  Gypsum i s  then added t o   t h e   c o o l e d   c l   i n k e r   t o  
r e g u l a t e   s e t t i n g  time and the  new mix tu re   i s   aga in   c rushed  to   p roduce 

p o r t l  and  cement. 
Por t1  and  cement i s  a m i x t u r e   o f  many compounds, but   four   account  

f o r  90% o r  more b y   w e i g h t :   t r i c a l c i u m   s i l i c a t e ,   d i c a l c i u m   s i l i c a t e ,  

t r i c a l c i u m   a l u m i n a t e  and te t raca lc ium  a lum ino fe r r i t e .   Va ry ing   p ropor t i ons   o f  

these compounds are  found i n   t h e   d i f f e r e n t   p o r t l  and  cements. The CSA 

Standard CAN3-ASM77 s p e c i f i e s   f i v e   t y p e s  of por t l and  cement as f o l l o w s   ( 1 )  : 

TYPE DESCRIPTION 

10 Normal 
20 Moderate 
30 High  Ear ly  Strength 
40 Low Heat of Hydrat ion 
50 Sul phate  Resistant 

The two  ca lc ium  s i l i ca tes   (wh ich   account   fo r   approx imate ly  75% o f  
p o r t l  and  cement) reac t   w i th   water   to   fo rm  ca lc ium  hydrox ide  and a ca lc ium 

s i l i c a t e   h y d r a t e  (CSH). The CSH pr imar i l y   de termines   the   concre te 's  
engineer ing  proper t ies,  such  as s e t t i n g  time, strength  development, and 

d imens iona l   s tab i l i t y .  
The a c u t e   t o x i c i t y   o f   p o r t l a n d  cement t o   f i s h  has  been  documented. 

Bioassays  conducted i n  1983 determined LT50 ( t h e  time f o r  50% m o r t a l i t y )  

va lues   fo r   ra inbow  t rou t  exposed t o   p o r t l a n d  cement concen t ra t i ons   o f  1000, 

500 and 300 mg/L t o  be 29, 45 and 68 minutes,   respect ive ly   (12) .  A f i s h  

bioassay  conducted  by  Environment Canada i n  1986  on No. 10 p o r t l  and  cement 

determined  the LC50 ( c o n c e n t r a t i o n   w h i c h   r e s u l   t s   i n  50% morta l  i t y  i n  96 

hours) t o  be 36 mg/ L. The t o x i c i t y   o f   p o r t l a n d  cement i s  due t o   t h e  

a l k a l i n i t y   ( h i g h  pH) o f   t h i s   m a t e r i a l .  
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2.3.3 Ahfx tures  Admixtures  are compounds added to   concrete  batches 

a long   w i th   po r t1  and  cement, water, and aggregate. They a r e   p r i m a r i l y  1 i q u i d  

fo rmu la t i ons   des igned   to   impar t   spec ia l   cha rac te r i s t i cs   t o   t he   conc re te .  The 

changes in  concrete  chemistry  that   admixtures  promote  are  very  complex,  and 

will n o t  be discussed  here.  Most o f  t hese   des i red   cha rac te r i s t i cs  can a l s o  

be obtained  by  using  special ly  b lended cements, b u t   t h i s   r e q u i r e s  a 

p r o h i b i t i v e  amount o f   inventory .   There fore ,   the   indus t ry   u t i l i zes   admix tu res  

extensively.   Most  admixtures  are  mixed  according  to  general   formulas,   but  

spec i f ic   product   composi t ion may be  propr ie tary .  
Admixtures may contr ibute  contaminants  to  concrete  wastewaters,   but  

since  they  general ly  comprise  such a sma l l   f r ac t i on   ( l ess   t han  1% by  weight)  

o f   the  concrete  mix ,   the i r   presence  in   the  wastewater  i s   l i k e l y   n o t   o f  

concern.  Environment Canada conducted  f ish  b ioassays on a water-reducing 
accelerat ing  admixture and an a i r -en t ra in ing   adm. i x tu re   i n  1986. The 96 hour 

LC50 va lues   fo r   the   acce le ra to r  and the   en t ra ine r  were  16432 ppm and 

35.4 ppm, respec t i ve l y .  The t o x i c i t i e s   o f   o t h e r   a d m i x t u r e s   a r e   n o t  known. 
However, based on t h e   e n t r a i n e r   t o x i c i t y ,   s p i l l s   d u r i n g   t r a n s p o r t a t i o n  or  
storage  coul d resu l  t i n   s i   g n i  f icant  envi   ronmental   impacts.  

CSA Standard A266.2 (1 1, Chemical  Admixtures for   Concrete,  

speci f ies  admixtures commonly used. Most  admixtures enhance o r   a l t e r  more 

than one ' concre te   charac ter is t i c   (eg .  most  water  reducing  admixtures a1 so a c t  

as se t   re ta rde rs ) ,  and  more than one admixture may be  used i n  a batch. 

Admixtures  are  usual ly  categor ized in   f ou r   b road   g roups  as fo l lows:  

1 ) a i   r - e n t r a i   n i   n g  
2)  chemical 
3 pozzol  anic-mineral 
4 m i  sce l  1 aneous 

The B.C. ready   m ix   i ndus t r y   re l i es   heav i l y  on t h e   f i r s t   t h r e e  

groups o f  admixtures. I n   t h e  Lower Mainland  admixtures  are  suppl ied  to  ready 
m i x   f a c i l i t i e s   p r i m a r i l y  by f o u r  companies: Conchem, Master  Bui lders,  

Pozzolan ic   In ternat ional  and W.R. Grace & Co. 
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A i  r Entra in ing   Admix tures  Air entraining admixtures are surfactants t h a t  
increase the amount of evenly distributed microscopic a i r  bubbles entrained 
i n  the  concrete. This i s  desirable  for a number of reasons, b u t  primarily t o  
improve the durability of concrete exposed t o  freeze/thaw cycles. Entrained 
air a1 so substantially improves a concrete's  resistance t o  surface 
deterioration caused by deicing salts, and improves i t '  s workabi 1 i t y  
characteristics. I n  addi t ion ,  this group of admixtures frequently reduces  or 
el imi nates bleeding and segregation between pours, b u t  may 1 essen concrete 
strength. The loss i n  strength may be  overcome  through the a d d i t i o n  of 
another admixture. Manufacturers' suggested dosage rates  for 1 2  different 
air  entrainers range  from 0.2 - 1.95 mL/kg of portland cement ( n o t  
concrete). 

Air entraining admixtures have  been catagorized i n t o  7 broad groups 
as follows (14) :  

1) Salts of wood resins - primarily  neutralized ( w i t h  NaOH) vinsol resin, a 
complex mixture of phenolics,  carboxylic  acids and other substances. 

2 )  Synthetic  detergents - a1 kyl aryl sul  phonates; a1 kyl groups are  usually 
complex  petroleum residues reduced w i t h  benzene  then  sul  phonated and 
neutral ized. 

3 )  Salts of sulphonated 1 i g n i n  - by-products of the paper industry; u t i  
more f o r  their water reducing  and set retarding effects. 

4 )  Sal t s  of petroleum acids - by-products of petroleum refining; neutra 
( w i t h  NaOH) water soluble sul  phonates from petroleum sludges. 

1 i zed 

1 i zed 

5 )  Salts of proteinaceous material s - products of  animal and hide processing 
industries; complex mixtures of carboxyl ic and amino acids; n o t  widely 
used. 

6) Fat ty  and resinous acids and their  salts - produced  from various 
materials; saponification of animal f a t s ,  or vegetable oils. 

7 )  Organic sal t s  of sul  phonated  hydrocarbons - similar t o  Group 4 above, b u t  
neutral  ized w i t h  triethanolamine. 
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Chemi cal Admf xtures These admixtures may be sub-di  vided i n t o  three broad 
catagories; water reducers/retarders,  set  accelerators and strength 
i ncreasers. 

Water Reducers/Retarders: These  compounds increase  the slump of concrete 
for a g iven  water content and strength by reducing the water:cement ratio i n  
the concrete batch. Commercial water reducers/retarders can reduce  batch 
water  requirements by up t o  15% (14) .  Setting time may be retarded, or 
accelerated, depending on the particular admixture  used. Some brands  cause 
significant  increases i n  drying shrinkage (1 1. 

The active  ingredients i n  a typical water reducer/retarder  are 
water soluble organic compounds, usually divided i n t o  the f o l l  owing four 
groups: salts of 1 ignosul phonic acids conta in ing  u p  t o  30% carbohydrates 
( reduci ng sugars 1 ; hydroxycarboxyl i c aci ds pri mari 1 y gl uconi c b u t  i ncl udi ng 
ci tr ic,   tartaric,  mucic, malic, salicylic, heptonic, saccharic and tannic 
acids  or  triethanolamine salts; carbohydrates such as glucose and sucrose 
mixed w i t h  small  amounts of triethanolamine and calcium chloride; and other 
compounds  such as glycerol , polyvinyl alcohol or sul phani  1 i c acid (14) .  

Accelerators: These  compounds increase  the i n i t i a l  set and early  strength 
development of concrete, and usually  control drying shrinkage. Calcium 
chloride i s  the common active  ingredient. The amount of calci um chloride 
added  should not  exceed 2% by mass of cement t o  avoid corrosion of steel 
reinforcing rods (1). 

Many other compounds may be u t i 1  ized as accelerators incl uding: 
a lka l i  hydroxides, silicates,  fluorosilicates, calcium formate, calcium 
nitrate, calcium thiosulphate, a luminum chloride, potassium carbonate, and 
sodi um chl ori de ( 14 1 

Strength Increasers: These  compounds increase  the 28-day compressi ve 
strength of concrete by 15% t o  30%. Strength increasers reduce the cement 
content required t o  achieve a given strength w h i c h  i s  desirable i n  1 arge 
pours, where the heat of hydration may cause setting problems.  These 
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admixtures  a lso  can  re tard  set   t ime,   increase  workabi l i ty ,  and improve  the 

f i n i sh ing   cha rac te r i s t i cs   o f   t he   conc re te   su r face .   S t reng th   i nc reas ing  

admixtures  are  usual ly   mix tures  o f   carbohydrates (1). 

Pozzolanic-Mineral  Admixtures A pozzol an i s defined  by CSA Standard 

A266.3 (1) as ''a s i l i ceous   o r   a lum ino -s i l i ceous   ma te r ia l   wh ich ,   i n   f i ne l y  

divided  form  and i n   t h e  presence o f  mois ture,   chemical ly   reacts   wi th   ca lc ium 

hydrox ide  re leased  by  the  hydrat ion  o f   por t land cement t o   f o r m  compounds 

possessing  cement i   t ious  propert ies .I' 
Both  natural  materials  (eg.  diatomaceous  earth,  pumicites)  and 

man-made compounds (eg.  f lyash)  are  used as pozzol  ani  c-mineral  admixtures. 

These ma te r ia l  s are   o f ten   used  to  augment cement i n  batches, due t o   t h e i r   l o w  

cost ,  and t o  reduce  the   heat   o f   hydra t ion   in   mass ive   s t ruc tu res .   F lyash 

conta ins   vary ing  amounts o f  carbon, s i l i ca ,   a l ka l i es ,   su lphu r ,  and o ther  

elements (1). Pozzolans may a f f e c t  a concrete 's  water  requirements,   strength 

development,  shrinkage,  heat o f   h y d r a t i o n ,  and a lka l i -aggregate   reac t ion .  

M i s c e l l  aneous Admixtures These admix tu res   a re   no t   u t i 1   i zed   t o   t he  same 

ex ten t  as the  previous  groups. They include  workabi l i ty   agents,   dampproof ing 

and permeabi l i ty-reducing  agents,   grout ing  agents,  and gas forming  agents. 

Workabil i ty Agents :   Workab i l i t y   charac ter is t i cs   a re   impor tan t  i f  the 
concrete i s  t o  be  placed i n   h e a v i l y   r e i n f o r c e d  members, i s   t o  be pumped, o r  

i f  it requ i res  a t roweled  f in ish.   Workabi l  i ty  can  be  improved  by  increasing 

t h e   c o n t e n t   o f  cement, f ine  aggregate,   or  an a i r   e n t r a i n i n g   a g e n t .  

A superp las t i c i zo r  may be  added to   subs tan t i a l l y   i nc rease   p roduc t  

slump f o r  a l i m i t e d   l e n g t h  o f  t i m e   t o   a l l o w   d i f f i c u l t   p l a c i n g .  (1). 

Dampproofing  and  Permeability-Reducing  Agents: These admixtures  are 

genera l l y   water - repe l   lan ts   o r   pozzo lan ic   mater ia l  s used t o   i n c r e a s e   t h e  

water t ightness  o f   concrete.  
Concrete  permeabi l i ty  i s  governed  by  the  water:cement r a t i o  and  the 

t ime o f  mois t   cur ing.  A water:cement r a t i o   o f  0.45 or   less,   by  weight ,  will 

be wa te r t i gh t .  
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Dampproofing  admixtures  are  used t o  reduce  the  capi 11 a ry   f l ow   o f  

moisture  through  concrete i n   c o n t a c t   w i t h  damp ear th   o r   water  (1). 

2.4 Water Use 
Water i s  used  ex tens ive ly   fo r   concre te   p roduc t ion  and  equipment 

c lean up. S p e c i f i c  uses i n   o r d e r   o f   d e c r e a s i n g   q u a n t i t y   i n c l  ude: concrete 

b a t c h i n g ,   i n t e r i o r   t r u c k  drum washout, cen t ra l   m ixe r  washout, e x t e r i o r   t r u c k  

washoff, and m i  s c e l l  aneous uses i ncl   ud i   ng  aggregate  mois ture  cont ro l  , yard  

wash-down, and product  slump adjustment. 

Water  usage va r ies   w ide l y ,   bo th   da i l y  and f rom  p lan t   t o   p lan t .  

Water consumption depends on d a i l y   p l a n t   p r o d u c t i o n   w h i c h   i n   t u r n  i s  
determined  by  other  operational  factors, such  as the  number o f   o p e r a t i n g  
t rucks,   f requency  of   washoff  and  washout operat ions,   and  the volume o f  
miscellaneous  water use. It has  been es t ima ted   t ha t  on average, a p l a n t  will 

use 1900 1 i tres / t ruck /day  (6). Tab1 e 6 summarizes t h e   r e s u l t s   o f  a study on 

water usage a t   s e v e r a l   p l a n t s   i n   t h e  U.S. ( 3 ) .  

TABLE 6: 

P1 an t  

7305 
7363* 
7365 
7385 
744 1 
745 1 
7452 
7487* 
7542 
7543 
7544 
7545 
7699 
7729* 
7731 
7732* 
7736* 
7750 
7755 
7757* 

PROCESS  WATER USAGE FOR PERMANENT READY M I X  CONCRETE  PLANTS 
( u n i t s   a r e   l i t r e s   p e r   c u b i c   m e t e r  o f  product ion)  

Batch  Truck Truck Centra l   Mixer  
Water Washout Washoff Washout M i  sce l  1 aneous 

139  99 15 N i  1 
139  25 15 2 
139 15 5 N i  1 
149  50 2 3 
149  89  20 10 
173 149 25 N i  1 
173  124 25 N i  1 
129 
168 

50 
35 

15 
64 

168 25 64 
168 25 69 
168 
188 

20 
25 

54 
1 

N i  1 
N i  1 
N i  1 
N i  1 

5 
N i  1 

15 
N .A. 
N .A. 
248 

N.A. 
N .A. 
N.A. 
N.A. 
N.A. 
25 
20 
129 
15 

139  282 35 N i  1 N .A. 
139  84 10 N i  1 N .A. 
139  317 40 Nil N .A. 
144  45 15 N i  1 N .A. 
139  74 20 N i  1 N .A. 
149  64 5 5 N.A. 
149  139 10 N i  1 N .A. 

* These p l a n t s   r e u s e   c l a r i f i e d   m i x e r   t r u c k  washout  water  for a percentage  of 
batch  water. 
(Reference 3 ,  pp. 52) 
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2.4.1 Batch  Water  Batch  water i s   t h e   w a t e r  added t o   t h e  cement, 

aggregate,  and  admixtures t o  make the  concrete  s lur ry .   Potable  water  has 

t r a d i t i o n a l l y  been  used f o r   t h i s  purpose. However, water o f   l e s s e r   q u a l i t y  
i s   a l s o   a c c e p t a b l e .   I n   o r d e r   t o   a c h i e v e  a zero  wastewater  discharge, i t  i s  

essent ia l   tha t   t rea ted   was tewater  be u t i l i z e d  as batch  water. Water of 

q u e s t i o n a b l e   s u i t a b i l i t y  can  be  used f o r  making  concrete i f  mortar cubes made 

w i t h   t h i s   w a t e r  have  28-day s t r e n g t h s   e q u a l   t o   a t   l e a s t  90% o f  companion 

specimens made with  potable  water.   Mortars  should be made and t e s t e d   i n  

accordance w i t h  CSA Standard CAN3-A23.2-M8A (1 1. Add i t iona l   tes ts   shou ld  be 

conducted to   de te rm ine   t he   e f fec t  any impur i t y  may have on se t t i ng   t ime ,  

co lou ra t i on  and shrinkage, as these  factors ,  and not   s t rength  a lone,  

determine a w a t e r ' s   s u i t a b i l i t y   f o r   b a t c h i n g .  Water w i th   l ess   t han  2000 mg/L 

o f   t o t a l   d i s s o l v e d   s o l   i d s   i s   u s u a l l y   s u i   t a b 1  e for   batch  water ,  as i s  water 

w i t h  suspended so l ids  concentrat ions  less  than 2000 mg/L. Marine  water may 

be used fo r   un re in fo rced   conc re te   p rov ided   t he   concen t ra t i on   o f   d i sso l ved  

s a l t s  does n o t  exceed 35,000 mg/L. A1 ka l   i ne   wa te rs   w i th  sodium  hydroxide 

concentrat ions  less  than 0.5% by mass o f  concrete, and potassium  hydroxide up 
t o  1.2% may be  used f o r  some concre tes   w i thout   adverse ly   a f fec t ing   s t rength .  

Oil l e v e l s  up to   about  2% by  weight (20,000 ppm), do n o t   n o r m a l l y   a f f e c t  

concrete  qual i ty . Table 7 summarizes the  to1  erable  concentrat ions o f  cotmnon 

po l l u tan ts   i n   ba tch   wa te r   (13 ) .  

As noted,  the  concept o f  zero  discharge i s  based on the   reuse  o f  
wastewater as batch  water,  which i s  a r e l a t i v e l y  new p r a c t i c e   i n   t h e   r e a d y  

mix   indus t ry  and ra ises   ques t ions   regard ing   p roduc t   qua l i t y .  One exper t  has 
suggested t h i s   p r a c t i c e  may increase  the   s tandard   dev ia t ion   o f   the   concre te  

strength  which  must be of fset   by  increas ing  the  average  s t rength (7). This  

can  be  accomplished  by r a i s i n g   t h e  cement content  by  15-30 kg/m3, which  would 

increase  product   pr ice  by 2 t o  4%. Although  contaminants i n   r e c y c l e d   b a t c h  

water may, i n  some ins tances ,   adverse ly   a f fec t   the  appearance,  and s t rength  

c h a r a c t e r i s t i c s  o f  concrete, some s tud ies  have  concluded tha t   rec la imed  

wastewater may be  used  as  batch  water  without any ha rmfu l   e f fec ts  ( 1 3 ) .  

However, recycled  water may n o t  be s u i t a b l e   f o r  some special  jobs,  such as 

h ighway  pav ing ,   o r   o ther   p lacements   requ i r ing   s t r i c t   qua l i t y   con t ro l  . These 

jobs   on ly   account   fo r  a s m a l l   f r a c t i o n   o f   t o t a l   p r o d u c t i o n  and do not 
prec lude  the  use  o f   recyc led  water   for   the  major i ty   o f   concrete.  
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TABLE 7: COMPARISON OF POTABLE WATER QUALITIES WITH TOLERABLE LIMITS 
FOR CONCRETE  BATCH  WATER 

CONSTITUENTS 

Col our (HU) 
T u r b i d i t y  (JTU) 
8005 
coo 
Free ammonia 
(as N )  
N i t r i t e   n i t r o g e n  
(as N )  
Total  Hardness 
(as CaC03) 
PH 
Suspended s o l   i d s  
To ta l   so l   i ds  
Tota l  a1 k a l  i n i  t y  
(as CaC03) 
Carbonate 
Bicarbonate 
Sulphate 
Chl o r  i de 

TYPICAL 
POTABLE 

 WATER^ 

<5 
<1 
" 

" 

<O. 15 

" 

30 
7.5 
" 

50 

12 
" 

" 

8 
14 

TOLERABLE. 
 LIMIT^ 

" 

" 

" 

" 

" 

" 

3.0 
2,000 
4,000 

1,000 
1,000 

4 00 
1,000 

500 

Calcium 
Sodi um 
Magnesium 
Potassium 

12 
" 

18 
" 

~ 

Combined 
t o t a l  

<2,000 

Copper 
Lead 
Z inc 
Manganese 

" 

" 

" 

" 

500 
500 
500 
500 

1 U n i t s   a r e   i n  mg/L excep t   co lou r ,   t u rb id i t y ,  and pH. 
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2.4.2 Truck Washout A mixer   t ruck   re tu rn ing   to   the   p lan t   f rom a j o b  

s i t e  will u s u a l l y  have  unused conc re te   i n   t he   m ix ing  drum. This  concrete,  i f  

not  compat ib le  wi th  the  next  batch,  must be removed. 

Washout water i s  used t o   b r i n g   t h e   r e s i d u a l   c o n c r e t e   i n   t h e   m i x e r  

drum i n t o  suspension, i n   o r d e r   t h a t  i t  may be f lushed  out.   Therefore,  

potable  water i s   c e r t a i n l y   n o t   r e q u i r e d   f o r   t h i s  purpose,  and recycled  water 

i s   s u i t a b l e .  

Truck  washout  operat ions  usual ly  require a water volume  second on ly  

to   ba tch   water .  Water requirements  for  a s i n g l e  washout  vary  from 100 to 
over 1000 1 i t r e s  (5). T o t a l   d a i l y  washout  water demand i s   h i g h l y   v a r i a b l e ,  

depending on the  number o f   ope ra t i ng   t rucks ,   t he  number o f   c e n t r a l   m i x e r s  

(mix   p lan t   on ly ) ,   the  washout  frequency, and the  amount o f  water  used  per 

wash. W h i l e   t h e   f i r s t  two f a c t o r s   a r e   f i x e d ,   t h e   l a t t e r  two  are  not. An 

e f f i c i e n t  washout may be accomplished  with a s i n g l e   r i n s e   o f  950 l i t r e s ,   o r  a 
doub le   r inse   us ing  375 1 i t r e s   t w i c e   ( t o t a l   o f  750 1 i t r e s )  , o r  a t r i p l e   r i n s e  

us ing  190 l i t r e s   t h r e e   t i m e s   ( t o t a l   o f  570 l i t r e s )   ( 4 ) .  
Washout frequency i s  determined  by  the  t ime  interval  between  truck 

loading,  volume o f   re tu rned  concre te ,   charac ter is t i cs   o f   the   p reced ing   ba tch ,  

housekeeping  practices, and ambient  temperature. From a s tudy   invo lv ing  

ques t i ona i res   sen t   t o  25 f a c i l   i t i e s  (5), washout  frequency  per  truck  ranged 
from once per day t o  a f t e r  each  load;  approximately  1/3 of   the  respondents 

wash a f t e r  each  load;  the  major i ty  of   the  others wash o u t   o n l y   a t   t h e  end o f  
the  day, o r   a f t e r  a s i g n i f i c a n t   m i x  change. T h i s   l a t t e r  group may a l so  

washout a f t e r  a p a r t i c u l a r l y   l o n g   h a u l   o r  a long  wa i t .  

2.4.3 Truck Washoff The t r u c k   e x t e r i o r   i s   s o i l e d   d u r i n g   l o a d i n g  
operat ions,  more so at   ba tch   p lan ts   than  mix   p lan ts .  The truck  must  then be 
washed o f f   t o   p r e v e n t  cement b u i l d  up  on the   t ruck  drum e x t e r i o r  and t o  
improve  the  t ruck's  appearance  dur ing  t ransi t .   Washoff  i s   usua l l y   conduc ted  
concur ren t   to   p roduc t  slump adjustment a t   b a t c h   p l a n t s  and i n   t h e   l o a d i n g  bay 
a t  m ix   p lan ts .   Po tab le   c i t y   water   i s   normal ly   used  fo r   washof f   opera t ions  as 
recycled  water may 1 eave a film or   res idue  on the   t ruck  drum e x t e r i o r ,  due t o  
so l ids  concentrat ions.   Recyc led  water   could be used fo r   p re l im inary   washof f  
w i t h   c l e a n   w a t e r   u t i l i z e d   f o r   t h e   f i n a l   r i n s i n g   b u t   t h i s  may be  inconvenient. 
One study showed t h a t  73 o f  430 (17%)  plants  used  recycled  water  for   washoff  
( 3 ) .  
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The water volume  used for washoff operations i s  a1 so quite  variable 
b u t  the frequency is  constant. The  volume  used i s  dependent on p lan t  
housekeeping practices and driver preference. The average volume has, 
however,  been estimated a t  40 litres/truck/washoff ( 4 ) .  

2.4.4 M I  scell aneous Mi scel 1 aneous  water  use i s  h ighly  variable from 
p lan t  t o  p l a n t  and 
discharge chute ri 
stockpiles may be 
content throughout 
every mix.  Most mi 
water. 

from day t o  day. Uses include yard dust control, cement 
inse-off, and other equipment clean up. Aggregate 
sprayed occasionally t o  maintain a constant moisture 
the pile so batch water  requirements are  constant  for 
scell aneous water uses can be accomplished w i t h  recycled 

The  volume requirements have not  been comprehensively quantified 
but  one study  estimated i t  takes  about 4000 l i t r e s  t o  wash  down a 20-truck 

facil i t y  a t  the end of each day, or about 200 1 i tres per truck ( 4 ) .  
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3 WASTE MANAGEMENT PRACTICES . 
As discussed i n  Sect ion 2, water i s  used i n   t h e  ready mi x concrete 

i ndus t r y   f o r   t he   p roduc t i on   o f   conc re te ,   f o r   essen t ia l   t r uck  washout and 
washoff  operations and for  other  miscel laneous  uses such  as ya rd   dus t  
cont ro l ,   aggregate  mois ture  cont ro l ,   d ischarge  chute  r inse  o f f ,  and  equipment 
c l  ean  up.  These uses, except  water  used  for  batching,  generate a 
wastewater. 

P lant   product ion,   which i s  h igh ly   var iab le ,   la rge ly   de termines  
1 i qui d  and so l   i ds  waste  generation  rates.  Truck  mixer  washout  accounts  for 
the major i ty   o f   process  e f f luent .   Contaminated  s tormwater   f rom  var ious  p lant  
areas may  a1 so p r o v i d e   s i g n i f i c a n t  volumes o f  wastewater. 

Water a v a i l a b i l i t y  and c o s t   a f f e c t s  usage. When water i s  abundant 
and inexpensive,  operators  tend  to  use more which  increases  the volume 
requi r ing  t reatment .   Whi le   th is   reduces  the  so l ids  concentrat ion,   the  to ta l  
so l   ids   loading  remains  the same. 

S e t t l   i n g  t o  remove suspended sol i d s   i s   t h e  most common wastewater 
t rea tmen t   p rac t i sed   w i th in   t he   i ndus t r y .  The h igh  suspended so l   ids   load ings  
of the  waste  streams  results i n  the  generat ion  o f  a 1 arge volume o f  waste 
sol  i ds. 

3.1 Process  Water 
For  waste management considerat ions,  it i s  necessary t o   d i s t i n g u i s h  

process  from  non-process  eff luents.  Process  eff luent i s  water  which,  during 
the  manufacturing  process, comes i n t o   d i r e c t   c o n t a c t   w i t h  any raw mater ia l ,  
intermediate  product,   by-product  or   product  used i n   o r   r e s u l t i n g   f r o m   t h e  
process.  Non-process  wastewater i s  any w a t e r   t h a t   i s  used f o r   a u x i l l i a r y  
operat ions  necessary  for   the  manufacture of a p roduc t   bu t   no t   con tac t ing   the  
process . m a t e r i a l s  (eg.  non-contact   cool ing  water  for  pumps and a i r  
compressors). By d e f i n i t i o n ,   p r o c e s s   e f f  1 uent i s   t h e r e f o r e  compri  sed o f  
batch  water,  truck  washout and  washoff  water,  and  central  mixer  washout. 

Batch  water,  although  defined above  as process  water,  can  be 
ignored as i t  i s  incorpora ted   w i th   the   p roduc t   t ranspor ted   o f f   s i te ,  and  does 
not  generate a waste  stream.  Wastewater q u a n t i t y  and q u a l i t y   i s   d e t e r m i n e d  
by production,  housekeeping and wastewater management p r a c t i c e s  and i s ,  
t he re fo re ,   h i   gh l y   va r iab l  e. 
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F igure  2 presents  wastewater  volumes  generated a t  ready  mix 

f a c i l i t i e s  on a l i t r e / m 3   o f   p r o d u c t i o n   b a s i s  ( 3 ) .  The da ta   i nd i ca tes   t ha t  
the mean volume f o r   t h e  385 plants  surveyed i s   s l   i g h t l y   l e s s   t h a n  50 

1 i t res/m3. It was es t ima ted   t ha t  80% o f  wastewater volume i s  made up of 

washout and washof f   e f f luen t .  

3.1.1 S i g n i f i c a n t   P o l l u t a n t s  The po l l u tan t   pa ramete rs   o f   conce rn   i n  
ready  mix  concrete  wastewaters  include pH, suspended so l   ids ,  and t o  a l esse r  

e x t e n t ,   o i l  and grease and d isso lved  so l   ids .  

pH Technica l ly ,  pH i s   t h e   n e g a t i v e   l o g a r i t h m   o f   t h e  hydrogen i o n  
c o n c e n t r a t i o n   i n  a g iven  so lu t ion .  A h igh   o r   l ow  pH i s   s t r e s s f u l  and may be 

f a t a l   t o  some aqua t i c   l i f e .   Genera l l y ,   f r eshwa te r   so lu t i ons   w i th  a pH >10 
a r e   a c u t e l y   t o x i c  t o  young  salmonid  f ish (12). Another impor tan t  

c o n s i d e r a t i o n   i s   t h a t   t h e   t o x i c i t y   t o   a q u a t i c   o r g a n i s m s  o f  many compounds 

dramat ica l l y   inc reases  when the  pH changes ( 3 ) .  Wastewaters  from  the  ready 

m i x   c o n c r e t e   i n d u s t r y   t y p i c a l l y  have h igh  pH l e v e l s   ( i . e .  >9.0) due t o   t h e  

1 ime content  (60-66% CaO) o f   p o r t l a n d  cement. 

Suspended Sol ids  Suspended s o l   i d s   i n c l u d e   b o t h   s e t t l e a b l e  and 

non-se t t l eab le   so l i ds   wh ich   a re   pa r t i c l es   t ha t  can  be ext racted  f rom a 

wastewater  by a s t a n d a r d   l a b o r a t o r y   f i l t r a t i o n   p r o c e d u r e  and may inc lude  bo th  

organic  and  inorganic components. Organ ic   so l   ids   can   exh ib i t  an oxygen 

demand i n   r e c e i v i n g   w a t e r s   b u t   a r e   n o t   s i g n i f i c a n t  i n  concre te   ba tch   p lan t  

e f f l u e n t s .  Suspended s o l i d s   a d v e r s e l y   a f f e c t   a q u a t i c   f l o r a  and  fauna  by 

i nc reas ing   wa te r   t u rb id i t y ,   t he reby   reduc ing   ava i l ab le   sun l i gh t   t o   aqua t i c  

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

bo t tom-dwe l l i ng   aqua t i c   l i f e .   A l so ,   f i sh  and s h e l l f i s h  may be k i l l e d  by 

h a v i n g   t h e i r   g i l l s   o r   r e s p i r a t o r y  passages  blocked.  Wastewaters  from t h i s  

indus t ry   a re   charac ter ized   by   h igh  suspended s o l i d s   c o n s i s t i n g   o f   p o r t l a n d  

cement  and t h e   f i n e   p a r t i c l e   f r a c t i o n   o f  sand. 
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Oil and Grease Oil and grease i s  a broad category t h a t  includes  all  oily 
wastes such as l i g h t  and heavy hydrocarbons, lubricants and cutt ing f lu ids .  
These compounds may se t t le   o r   f loa t  and may be 1 i q u i d  or sol i d .  The 1 ethal 
concentration  to  aquatic organisms  ranges  widely  depending on the  type of oi l  
and grease, b u t  can be as low as 1 mg/L (1 1. Even i n  small q u a n t i  t i e s ,  o i l  
and grease can a f fec t   t as te  and cause odor i n  fish. In the ready mix 
industry o i l  and grease  originate  primarily from trucks and other machinery. 

3.1.2 Treatment The type and extent of treatment will depend on 
whether the wastewater i s   t o  be recycled or discharged of f  s i t e .  Qual i t y  
requirements  for  recycled  water  are  usually  not as stringent  as  are  those  for 
discharged  water. I f  the  effluent i s  to  be recycled,  settling  is  usually 
adequate. I f  the   eff luent   is   to  be discharged from the plant  property, 
further  treatment  (e.g. pH adjustment and lower suspended s o l i d s )  may be 

required, depending on the  uses and resources of the  receiving environment. 
The U.S. EPA has identified  various wastewater treatment  levels  for this 
industry from no treatment  to  total wastewater recycle and aggregate  recovery 
( 2 ) :  

no treatment 
pond s e t t l i ng  of suspended  sol ids;  no aggregate  recovery; no pH 
adjustment 
same as (b) plus pH adjustment 
sloped  slab system; aggregate  recovery;  partial  recycle of processed 
wastewater; no cement fines recovery; no pH adjustment 
same as ( d l  pl  us pH adjustment 
mechanical clarification;  aggregate  recovery;  partial  recycle of 
processed  wastewater; no cement fines  recovery; no pH adjustment 
same as ( f )  w i t h  pH adjustment 
same as   ( f  1 w i t h  mechanical evaporation of excess  wastewater 
total  recycle of  wastewater w i t h  recovery and reuse of aggregate and 
cement 

Treatment  system costs  are determined by: value of land;  cost of 
l a n d  development; cost  of equipment; cost  of operation and maintenance; 
e f fec t  on plant  production;  cost of water and sewer charges; and cost  of 
meeting regulatory  requirements. Most systems are  not energy intensive, b u t  
some pumping equipment i s  usually  required. 
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S e t t l  i n g   S e t t l i n g ,   o r   s e d i m e n t a t i o n ,   f a c i l i t i e s   i n c l u d e :   e a r t h  ponds o r  
bas ins,   concrete  tanks  or  ponds, s loped  s lab   bas ins ,   mechan ica l   c la r i f i ca t ion  

u n i t s ,   o r  a combination o f  these. The s i z e   o f   t h e   f a c i l i t y  depends  on the  

water  qual i ty requ i red  and the  volume o f  wastewater t o  be t rea ted .  The 

removal e f f i c i e n c y   i s   d e t e r m i n e d  by t h e   s p e c i f i c   g r a v i t y  and p a r t i c l e   s i z e   o f  

the  suspended so l   ids .   Other   parameters   be ing   equa l ,   smal l   par t i c les   se t t le  

more s lowly   than 1 a rge   pa r t i c l es .  Tab1  e 8 p r e s e n t s   t h e o r e t i c a l   s e t t l   i n g  

r a t e s   f o r   f i n e  sand  and  cement p a r t i c l e s  as ca lcu la ted   by   S toke ’s  Law. Note 

however, t h a t  cement p r o b a b l y   s e t t l e s   f a s t e r   t h a n   i s   i n d i c a t e d  due t o  

f l o c c u l a t i o n  (5). 

TABLE 8: SEDIMENTATION  RATES  AND  CRITICAL  HORIZONTAL  WATER  VELOCITIES 

DIAMETER  OF  DESCRIPTION 
PARTICLE 
( inches 1 

0.01 f i n e  sand 
0.001 cement 
0.0005 cement 
0.0001 cement 

SPECIFIC  TIME  SETTLING 
GRAVITY  REG’ D VELOCITY 

TO (ft./min.) 
SETTLE 
(min/ f t . )  

2.65 0.0877 11.4 
3.15 6.75 0.148 
3.15 26.9 0.0372 
3.15 675 0.00148 

ALLOWABLE 
MAX. HORIZ. 
VELOCITY 
(ft./min) 

4.0 
0.4 
0.2 
0.04 

F igu re  3 provides a g r a p h i c   i l l u s t r a t i o n   o f   o b s e r v e d   s e t t l   i n g   r a t e s  

f o r  suspended s o l i d s   i n  drum washout ( 3 ) .  P a r t i c l e s   i n  a ready  mix   t ruck 
washout s l u r r y   v a r y   i n   s i z e   f r o m   l a r g e   c o a r s e   a g g r e g a t e   t o   f i n e  cement. As 

the  graph shows it takes  about an hour t o  reduce  the suspended so l i ds   by  90% 

from 1000 t o  100 mg/L. 

” 

The f a c t o r s   t o   c o n s i d e r   i n   d e s i g n i n g  a s e t t  
a )   ava i lab le   land   a rea  
b )   a v a i l  ab1  e equipment 
c )   l o c a l   r e g u l a t i o n s  and cond i t i ons  
d)  volume o f  washout  and returned  concrete  processed 

l i n g  bas 

d a i l y  

i n  i nc l  ude: 

e )  maximum  number o f   m i x e r s   o r   t r u c k s   t o  be washed a t  any t ime 
f )  water  qual i t y  des i red  
g)  method o f   c l a r i f i e d   w a t e r   d i s p o s a l   o r   r e u s e  
h)   f requency   o f   so l   ids  removal 
i ) method o f   s o l   i d s  removal  and  disposal o r   reuse 
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S i te   cond i t ions   de termine  the  1 oca t ion  and design o f   t h e  pond. A 
concrete  bas in i s   u s u a l l y  more expensive,   but  i t  i s   e a s i e r   t o   c l e a n  and  has a 
super io r   appearance  to   tha t   o f  an earthen  basin.  Earthen  basins  can be 

simply  excavated on p lan t   p roper t y  and  as sediment  accumulates  they can  be 

abandoned o r   c l e a n e d .   S i g n i f i c a n t   i n f i l   t r a t i o n / p e r c o l a t i o n  may occur  from 

earthen ponds. A t  some s i t e s   t h i s  may be a problem and i n   o t h e r  cases  the 

pond may be  designed f o r   t h i s   p r o c e s s   r a t h e r   t h a n   d i s c h a r g i n g   d i r e c t l y   t o  a 

surface  water. 

S e t t l i n g   b a s i n s   a r e   o f  two  general  types - cont inuous   f low  o r  

i n t e r m i t t e n t   f l o w .   I n   c o n t i n u o u s   f l o w  systems,  wastewater i s   i n t r o d u c e d   t o  

the  bas in  cont inuously ,  and moves i n  a p lug   f l ow  manner a t   l o w   v e l o c i t y  

a l l o w i n g   s o l i d s   t o   s e t t l e ;   c l a r i f i e d   e f f l u e n t   c o n t i n u o u s l y   o v e r f l o w s  and 

s e t t l e d   s o l i d s   a r e  removed c o n t i n u o u s l y ,   o r   i n t e r m i t t e n t l y .   I n   i n t e r m i t t e n t  

systems, the  wastewater i s  in t roduced as a ba tch   i n to   t he   bas in  and r e t a i n e d  

t h e r e   u n t i l   s o l   i d s  have s e t t l e d ;   a t   t h e  end o f   t h i s   p e r i o d ,   c l a r i f i e d   w a t e r  

i s  drawn f rom  the   top   fo r   recyc le   o r   d ischarge.   Se t t led   so l   ids   a re  removed 

as r e q u i r e d   t o   m a i n t a i n  an adequate  residence  t ime i n   t h e   b a s i n .  

In te rmi t ten t   f low  type   se t t l ing   bas ins   a re   p redominant ly  used i n  

B.C. as  most f a c i l i t i e s   a r e   b a t c h   p l a n t s .  The basins  can be convenient ly  

operated  wi th  an overn ight   re tent ion,   producing a c l a r i f i e d  water  ready t o  be 

withdrawn" i n   t h e  morning. 

A m u l t i p l e   s t a g e   s e t t l i n g  system  improves  the  t reatment  ef f ic iency.  
The i n i t i a l  stage removes t h e   l a r g e r   f r a c t i o n  o f  se t t l eab le   so l i ds ,   a l l ow ing  
the   f i na l   s tage (  s )  enhanced  removal o f  f i n e r   s o l   i d s  due t o  reduced  turbulence 

and s o l   i d s   b u i l  d-up. The i n i t i a l  stage may have a gent ly   s lop ing  dec l   ined 

apron  which  retains  the  coarser  aggregate and/ o r  a b a s i n   w i t h  a sho r t  

residence time which  serves  the same purpose. I f  t ruck  washout i s  discharged 

t o  a decl  ined  plane, an est imated 75% o f  t h e   t o t a l   s o l   i d s   i s   r e t a i n e d  on the 

slope  and may be eas i l y   recovered ( 3 ) .  This   e l im ina tes  75% o f   t he   s ludge  

t h a t  will even tua l l y  have t o  be recovered  f rom  the  bottom  of   the  basin.  The 

mu1 t i p l e  stage  system  requires more land  area  for   the  t reatment   works  than 
does a s imple  2-cel l  system,  and consequently has n o t  been widely  adopted by 

Lower  Mai n l  and f a c i  1 i t i e s .  
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pH Adjustment I f  wastewater i s   t o  be d i s c h a r g e d   o f f   s i t e ,   r e g u l a t o r y  

requi rements  usual ly   requi re   the pH be c o n t r o l l e d  (<9) so t h a t   t h e   e f f l u e n t  
i s   n o t   a c u t e l y   t o x i c   t o   f i s h   o r   o t h e r   b i o t a .   T h i s  can  be accomplished  with 
the   add i t i on   o f   ac id .   F igu re  4 i nd i ca tes   t he  volumes o f   s u l p h u r i c   a c i d  

requ i red   t o   l ower   t he  pH o f  a typ ica l   concrete  wastewater   to  7. Note as the 

e f f l u e n t  approaches  neutral , the  pH i s   r a p i d l y   r e d u c e d  ( 3 ) .  

3.2 Stormwater  Stormwater  can be s ign i f i can t l y   con tamina ted  
depending on the  source and housekeeping  practices. Because o f   t h e   h i g h l y  

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

3.2.1 Sources  and  Quant i ty  Stormwater,   or   yard  runoff ,   must  be 

managed accord ing   to  it' s o r i g i n  and  path o f   f l o w   b o t h   o f   w h i c h   d e t e r m i n e   i t s  
qual i ty. P rec ip i t a t i on   con tac t i ng   ac t i ve   p lan t   a reas  such as truck 

washout  and  washoff,  truck  loading  areas, and waste  treatment  or  containment 

f a c i l i t i e s   ( i n c l u d i n g   s l u d g e   d r y i n g   c e l l s ) ,   i s   l i k e l y   t o  have e leva ted  pH and 

suspended so l ids   leve ls .   Prec ip i ta t ion   con tac t ing   aggregate   s tockp i le   a reas  

may p i c k  up subs tan t i a l  suspended s o l   i d s   b u t   u s u a l l y  has an acceptable pH. 

The source o f   t he   so l   i ds   i s   no t   no rma l l y   t he   agg rega te ,   wh ich   i s   de l   i ve red   t o  

t h e   r e a d y   m i x   f a c i l i t y  pre-washed, b u t   s o l i d s   f r o m   t h e  unpaved aggregate 

s tockpi le   areas and f u g i t i v e  cement par t i c les   f rom  the   ba tch ing   opera t ion .  

The extent   o f   s tormwater   contaminat ion  var ies  wi th   the  f requency,  

dura t ion  and i n t e n s i t y   o f  each p r e c i p i t a t i o n   e v e n t .   A f t e r   t h e   i n i t i a l  

r a i n f a l l ,   t h e   s o l i d s   c o n c e n t r a t i o n  will drop   s ign i f i can t l y .   The re fo re ,  

stormwater may n o t  be  contaminated a t   a l l  t imes. The concept o f   z e r o  

discharge may n o t  be a t t a i n a b l e   i n   h i g h   p r e c i p i t a t i o n   a r e a s ,  as more 

stormwater will be co l lec ted   than can  be recyc led  as batch  or  washout  water. 

Another  potential  stormwater  problem i s   r u n o f f   o r i g i n a t i n g   f r o m  

ad jo in ing   p roper t i es   o r   ad jacen t   s t ree ts .  I f  a f a c i l i t y  has  been s i t u a t e d   i n  

a low-ly ing  area, it may have t o  deal   wi th  a vol  ume o f  stormwater many t imes 

the  vol  ume o f   t h a t   o r i g i n a t i n g  on i t s   p r o p e r t y .   P r o p e r l y   s i t u a t e d  and 

cons t ruc ted   i n te rcep t ion   d i t ches   a re   usua l l y   t he   bes t   p rac t i ca l  method o f  

d i v e r t i n g   o f f - s i t e   s t o r m w a t e r .  
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P r e c i p i t a t i o n ,  and therefore  stormwater,  can  vary s i  g n i   f i c a n t l y  

both  geographica l ly  and seasonally.  For example, the  mean annual r a i n f a l l  

var ies  f rom 1067 mm a t  the Vancouver a i r p o r t   t o  1778 mm i n   N o r t h  Vancouver. 
Similarly, the maximum r e c o r d e d   p r e c i p i t a t i o n   i n  24 hours  varies  from  about 

64 mm t o  140 mm depending on l o c a t i o n   w i t h i n   t h e  Lower  Main1  and (9 ) .  

3.2.2 Treatment The des ign   capac i ty   o f  a stormwater  treatment  system 

i s  determined  by  the  f low  ra te,  suspended so l i ds   concen t ra t i on ,   so l i ds  

s e t t l i n g   r a t e  and r e q u i r e d   e f f l u e n t   q u a l i t y .  The f l ow   ra te   i s   de te rm ined   by  

t h e   r u n o f f  area, c o e f f i c i e n t   o f   i n f i l t r a t i o n  and p r e c i p i t a t i o n   i n t e n s i t y .  

The approp r ia te   p rec ip i t a t i on   even t   f o r   des ign   i s   deba tab le .  However, it i s  
l o g i c a l   t h a t   t h e  system capac i ty  be  designed  based on a t   l e a s t  a maximum 

24-hour p r e c i p i t a t i o n   e v e n t   t h a t  can  occur once i n  10 years.  While  system 
capaci ty  then has some marg in   o f   sa fe ty ,  a p r e c i p i t a t i o n   e v e n t  will 

eventual ly  occur  which will over tax  the system. Therefore,  treatment  systems 

should be designed to   min imize  the  env i ronmenta l   impact   f rom  these 
infrequent,  but  unavoidable  discharges. 

Treated  (set t led)  stormwater  should be s u i t a b l e  as  batch  water and 

f o r  washout. However, i n   t h e  Lower  Mainland, r a i n f a l l  does n o t   c o i n c i d e   w i t h  

product ion.   Dur ing  per iods  o f   pro1 onged r a i n f a l l  when stormwater i s  most 
abundant,  it i s   l i k e l y   t h a t   p l a n t   p r o d u c t i o n   a n d   a s s o c i a t e d   w a t e r  

requirements  are  low.  Conversely, when the  weather i s  good ( d r y )  and 

product ion  requi res heavy water usage, s u f f i c i e n t   s t o r m w a t e r   i s   n o t  

ava i lab le .  One Lower  Mainland  operator  est imated  that  90% o f   h i s  annual 

product ion  occurs between A p r i l  and November which  co inc ides  wi th   the seasons 

o f   r e l a t i v e l y   l o w   p r e c i p i t a t i o n .  
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3.3 Waste Sol i d s  
Ready mix  concrete  product ion  generates  the  fo l lowing  waste  sol ids 

which  must  be managed ( 3 )  : 

1) returned  concrete - approximately 1%-4% o f   p r o d u c t i o n  

2 )  so l ids  recovered  f rom  set t l ing  bas ins  generated  by:  

a )   cen t ra l   m ixer  washout - 73 kg/washout/m3 cent ra l   m ixer  volume, 

average o f  1 washout/day 

b)  truck  washout - 59 kg/washout/m3 mixer volume,  average o f  1.5 

washouts/truck/day 

c )   t ruck   washof f  - va r iab le ,   bu t   re1   a t i ve l y   m ino r  compared w i th   o the r  

sources 
There  are  several  options  avai 1 able  which  reduce  the  environmental 

impact  and  the management costs  of   these  sol id  waste  streams. 

3.3.1 Returned  Concrete The genera l   indust ry   pract ice i s   t o   o r d e r  
more concrete  than i s  needed f o r   t h e   j o b ,   t o   e n s u r e   t h e r e   i s  enough. 

There fore ,   t rucks   re tu rn ing   to   the   p lan t   usua l l y   con ta in  some conc re te   t ha t  

has a1 ready been pa id   f o r .  Unused concrete may be unloaded a t   t h e   j o b   s i t e ,  

b u t   t h i s   i s   u s u a l l y   u n a c c e p t a b l e .   I n  some instances it i s  given away be fore  

t h e   t r u c k   r e t u r n s   t o   t h e   p l a n t .  
The volume o f  re tu rned  concre te   f luc tua tes   g rea t ly   bu t  has  been 

e s t i m a t e d   a t  1.5-2% o f   p roduc t ion   (4 ) .   Another   s tudy   es t imated   tha t  between 

1-4% o f   p r o d u c t i o n  was re tu rned   t o   t he   p lan t   (3 ) .  I f  the  re turned  concrete 
i s   s t i l l   o f  good q u a l i t y  and s i m i l a r   i n   c o m p o s i t i o n   t o   t h e   f o r m u l a t i o n   o f   t h e  

next  batch, i t  may be i n c o r p o r a t e d   i n   t h a t   b a t c h .  The frequency o f  

i n c o r p o r a t i o n   i s   d i f f i c u l t   t o   d e t e r m i n e ,   b u t  one Lower Main land  p lant  

est imated it a t  60%, whi le   another   smal le r   p lan t   es t imated   on ly  10%. The 

lower   est imate may be   b iased  to   avo id   ques t ions   o f   concre te   qua l i t y .  

Returned  concrete i s  most l i ke l y   i nco rpo ra ted   i n to   t he   succeed ing   ba tch  more 

than 10% o f   t he   t ime .  I f  r e t u r n e d   c o n c r e t e   i s   n o t   s u i t a b l e   f o r   t h e   n e x t  

batch, it must be used e i t h e r  f o r  an a1 ternative  purpose  or  disposed. 

When the   re tu rned  concre te   i s   no t   compat ib le   w i th   the   nex t   ba tch ,  

b u t   s t i  11 of   reasonable  qual  i ty  , i t  may be used t o  pave t h e   y a r d   ( i n  a 

va r ie t y   o f   app l i ca t i ons ) ,   o r   i n   p recas t   conc re te   p roduc ts ,   bo th   o f   wh ich   a re  



- 30 - 

environmental l y  acceptabl e waste management pract ices.   There  are,  however, 

costs   assoc iated  wi th   these  uses  inc l   ud ing  the  t ime  requi red  to  pave 

e f f e c t i v e l y  and the   cos t  and maintenance o f   the   fo rms,   bu t   these  cos ts  may be 
o f f s e t  by  reduced  waste  sol  ids hand1 i n g  expenses. One Lower  Main1  and 

operator   est imates  that   making  re turned  concrete  products  has reduced h i s  

annual so l ids  d isposal   costs   by a f a c t o r   o f  2.5. 
S u b s t a n t i a l   r e s e a r c h   h a s   b e e n   c o n d u c t e d   i n   a s s e s s i n g   t h e  

f e a s i b i l i t y   o f   u s i n g   a l l   r e t u r n e d   c o n c r e t e   i n  subsequent  batches.  Conrock, a 
Cal i f o r n i a  company , has devel  oped a system f o r   r e c y c l   i n g  100% o f   r e t u r n e d  

concrete.  Returned  concrete i s   d i l u t e d   w i t h   w a t e r   a t  75  L/m3 o f   conc re te ,  

aggregate i s  recovered  f rom  the  s lur ry  , and t h e   s l u r r y   i s   t h e n  used as 

batching  water.  Any admixture i n   t h e   s l u r r y   i s  so d i l u t e ,  it i s   n o t   b e l i e v e d  

t o  cause a compat ib i l  i t y  problem (4). A s i m i l a r  system  produced  by  Schwing 
America  Inc. i s   ava i l ab le   t h rough   Conc re te  Systems Inc.  i n  B.C. The major 

disadvantage o f  these  systems i s   t h e i r   c a p i t a l   c o s t ,  and there fore   they  may 

on ly  be a f f o r d a b l e   t o   l a r g e   p l a n t s .  

Master  Bui lders has recent ly   developed  another   system  for   recyc l ing 

re tu rned  concre te ,   ca l led   the  DELVO system. The DELVO system u t i 1   i z e s  two 

chemical compounds, a cement s tab i l i ze r   wh ich   re ta rds   hyd ra t i on  and a cement 

a c t i v a t o r .  The day's  returned  concrete i s  d i scha rged   i n to  a large,   dedicated 
cent ra l   m ixer ,  and m i x e d   w i t h   t h e   s t a b i l i z e r  and  water. The nex t  day, the 

a c t i v a t o r   i s  added  and t h e   s l u r r y   i s  used  as a po r t i on   o f   ba tch   wa te r .   Th i s  

system i s  a1 so expensive.  While  the DELVO system was developed  based on 

economic considerat ions,   the  a t tendant   env i ronmenta l   benef i ts   are  obv ious 

when no waste i s  generated  from  returned  concrete. 

One 1 arge  ready  mix company, w i t h   s e v e r a l   o p e r a t i o n s   i n   t h e  Lower 

Mainland,  has  been us ing  a p a r t i a l  DELVO system  since mid-1987.  These 

f a c i l i t i e s  do no t   d ischarge  re tu rned  concre te   to  a c e n t r a l   m i x e r ,   b u t   u t i l i z e  

the  DELVO s t a b i l   i z e r   t o   e l   i m i n a t e   t r u c k  washout a t   t h e  end o f   t h e  day. 

(Apparent ly   the volume  and c h a r a c t e r i s t i c s   o f   t h e   r e t u r n e d   c o n c r e t e   r a r e l y  

p revent   th is   opera t ion   f rom  be ing   conducted . )   A f te r   re tu rned  concre te  i s  

discharged,  water  and s t a b i l i z e r   a r e   i n j e c t e d   i n t o   t h e  drum mixer. The drum 

i s   r o t a t e d  a few t imes  to  ensure  thorough  mixing  and  the  s lurry i s   r e t a i n e d  

in   t he   m ixe r   ove rn igh t   f o r   i nco rpo ra t i on   i n to   t he   nex t   morn ing ' s   ba tch .  The 
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system i s  new, and long- te rm  e f fec ts  on p r o d u c t   q u a l i t y  have no t  been 

conclusively  determined. However, the company i s  pleased  with  performance 
thus   fa r ,  and  even t h e   p a r t i a l  system el iminates  wastes  from  f inal  washout 

and reduces  water usage. 
Some re tu rned   conc re te   w i th   poo r   cemen t i   t i ous   qua l   i t i es ,   i s  no 

l o n g e r   s u i t a b l e   f o r  normal  concrete  appl icat ions,  and therefore  must be 

otherwise managed.  The s implest   and  lowest   cost  method i s   t o  dump the 

concrete on the  ground, but   un less  the  contaminated  runof f  i s  conta ined and 
t r e a t e d   t h i s  method is   usua l l y   no t   env i ronmenta l l y   acceptab le .  Once the 

concrete has set ,  i t  has t o  be  broken up and  can  be  used as fill. Many 

p lants   d ischarge  the  excess  concrete  wi th   the drum washout i n t o   t h e   s e t t l i n g  

basin,   and  therefore i t  becomes par t   o f   the   was te   so l   ids .  However, t h i s  
i n c r e a s e s   t h e   s o l i d s   l o a d i n g   i n   t h e   s e t t l i n g   b a s i n   w h i c h   r e q u i r e s  more 

f requent   c l   eanout .  

Returned  concrete  can be d ischarged  to  an aggregate  recovery  uni t  

i n   t h e   f i r s t   s t a g e   o f   t h e  wastewater  treatment  system.  There  are  two 
mechanical  aggregate  recovery  systems  used in   t he   ready   m ix   i ndus t r y ,  sand 

screws  and drag  chains, and many v a r i a t i o n s   e x i s t   o f  each. Generally,  screw 

dev ices   a re   super io r   to   d rag   cha in   un i ts  as the  former has  been found t o  wear 

b e t t e r  and require  less  maintenance. 

A sand  screw (F igure  5) operates as f o l  1 ows: A .  s l u r r y   o f   r e t u r n e d  

concrete i s   i n t r o d u c e d   t o   t h e   u n i t   a t   t h e   b o t t o m   o f  an inc l ined  t rough  which 
houses the  screw. As the  screw ro ta tes ,   l a rge   agg rega te   i s   ca r r i ed  up and i s  

discharged  over   the  top,   whi le   the  smal ler   f ract ion i s   c a r r i e d  back w i t h  

the  f lush  water.  Screens  can  be  used  to  sort  the  recovered  aggregate. 
A drag   cha in   un i t ,   o r  washer, u s u a l l y   c o n s i s t s   o f  two  chambers 

(F igure  6) .  Truck  washout i s  d i s c h a r g e d   i n t o   t h e   f i r s t  chamber, where the  

l a rge r   f rac t i on   o f   t he   s lu r r y   d rops   ou t .   Th i s   sed imen t  i s  conveyed v i a  a 

drag  chain  across  the  bottom  then up  and ou t   t he  end o f   t h e   u n i t .  The f i n e s  

s e t t l e   i n   t h e  second chamber and are removed by a slower  drag  chain i n  a 

s i m i l a r  manner.  These u n i t s   a r e   q u i t e  compact - approximately 6 x 18 x 1 
metre deep and  can  handle  washout  from  approximately 20 trucks/day ( 3 ) .  
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3.3.2 Recovered Solids S1 udge accumulating i n  aggregate  recovery 
un i ts   as  wel l   as  wastewater   set t l ing  bas ins,   must  be  removed p e r i o d i c a l l y .  

The s ludge  composi t ion  var ies  accord ing  to   the  t reatment  works, b u t   i s  

p r imar i l y   compr ised  o f  sand  and  cement f i nes .  The recovered  sludge has a 

high  moisture  content and an e levated pH. The water  content i s   u s u a l l y  

reduced  by  simply  pi1  ing  the  recovered  sludge on the  ground and l e t t i n g   t h e  

water  drain and  evaporate. The leachate must be contained and may need 

treatment because o f   t h e   h i g h  pH. 

Depending on the   d ry   s ludge 's   charac ter is t i cs ,  it i s   s o l d   o r   g i v e n  

away as  pond sand, road base, o r  back fill. I f  a c l i e n t   c a n n o t  be l oca ted  

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

away t o  a l a n d f i l l   a t   s u b s t a n t i a l   c o s t   t o   t h e  company. 



- 35 - 

4 .O OVERVIEW OF SELECTED  PLANTS I N  THE  LOWER  MAINLAND 

Data were o b t a i n e d   d u r i n g   s i t e   v i s i t s   t o  17 p l a n t s   i n   t h e  Lower 

Main1 and, s e l e c t e d   t o  be representa t ive   o f   the   ready   mix   concre te   indus t ry .  

Table 9 summarizes the   in fo rmat ion  and an i n s p e c t i o n   r e p o r t   f o r  each s i t e   i s  

presented i n  Appendix 2. 
A p p r o x i m a t e l y   t h r e e - q u a r t e r s   o f   t h e   f a c i l i t i e s   a r e   b a t c h   t y p e  

o p e r a t i o n s ,   w h i l e   f o u r   p l a n t s   u t i l i z e  a cent ra l   m ixer   fo r   p roduc t ion .   F lee t  

s ize   var ies   f rom 5 t o  40 trucks.   Rated  design  capaci ty and  average d a i l y  

production  range  from 35 t o  300 m3 per  hour, and 45 t o  700 m3 per  day, 

respect ive ly ,   based on p lant   operators '   est imates.  

Some degree o f  p rocess   e f f l uen t   recyc l i ng   i s   p rac t i ced   by  82% (14 

o f   1 7 )   o f   t h e   f a c i l i t i e s   v i s i t e d   ( T a b l e   1 0 ) .  One o f   t h e   t h r e e   p l a n t s   n o t  

c u r r e n t l y   r e c y c l i n g ,   p l a n s   t o  do so s t a r t i n g   i n  1988. Recycled  wastewater i s  

used f o r   t r u c k  drum washout a t  71% (12 o f  17) o f   t h e   p l a n t s ,   w h i l e  53% ( 9   o f  

17) use  recycled  water as makeup to   batch  water ;  41% ( 7   o f   1 7 )  use recyc led  

water   fo r   bo th  drum washout and batch  water. 

Process  e f f luent   t reatment   by some t y p e   o f   s e t t l i n g   i s  conducted by 
a l l  17 p lan ts :  65% ( 1 1   o f   1 7 )  have  concrete  s loped  s lab  ce l l  ( 5 )  w h i l e   f o u r  

o f  17 have   conc re te   l i ned   se t t l i ng   bas ins .   F i f t y - th ree   pe rcen t  (9 o f  1 7 )  

employ  an i n f i l t r a t i o n  system. 

Mechanical  aggregate  recovery  units  are  used  by 5 p lan ts ,  3 use 
sand  screws  and 2 use  drag  chain  devices. The drag  chain a t  one p l a n t  i s  

used o n l y   f o r   c l a r i f i c a t i o n   w i t h  no aggregate  recovery. One f a c i l i t y   a d j u s t s  
e f f l u e n t  pH b y   d i l u t i o n .  None o f   t he   p lan ts   neu t ra l   i ze   was tewa te r  by adding 

acid.   Table 11 p r e s e n t s   t h e   r e s u l t s   o f  pH measurements taken a t   v a r i o u s  

l o c a t i o n s   a t   t h e   p l a n t   s i t e s .  The pH values  ranged  from 7 t o  13 w i t h  most 
ef f luents   about  11. No p l a n t s  add a f l occu la t i ng   agen t   o r   po l ye lec t ro l y te  t o  
enhance s e t t l i n g   o f  suspended so l i ds .  

The process  area i s   u s u a l l y   s m a l l ,   e s t i m a t e d   a t   l e s s   t h a n  5% o f   t h e  

t o t a l   p r o p e r t y .  Waters contact ing  process  areas  general ly have e leva ted  pH 

l e v e l s  because o f   s p i l l e d  cement. This  contaminated  runoff,   generated from 
e i the r   p rec ip i t a t i on   o r   wash ing   ope ra t i ons  i s  reasonab ly   we l l   co l lec ted  and 

conta ined i n  b a s i n s   a t  59% (10   o f   17 )  o f  t he   p lan ts ,   wh i l e   f ou r   p lan ts  (24%)  
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TABLE 10: EFFLUENT TREATMENT PRACTICES AT INSPECTED FACILITIES 

Plant  Infiltration  Settling Sloped Mechanical pH Reuseof 

- ( Imemable )  cell ($1 
Basin  Basin Slab Clarifier Mjust wastewater 

- 
1 

2 

3 

4 

5 

6 
7 

8 
9 

10 
11 

12 

13 

14 

15 

16 
17 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 
X X 

X 

X 

X* 
X 

X 
X X 

% o f  plants: 5 3 %  24% 65% 29% 6% 82% 

* this  plant attenpts to neutralize pH by dilution with spring water 
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TABLE 11: EFFLUENT pH VALUES  AT INSPECTED FACILITIES 

S i t e  - 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  

Truck 

Load i   n2  

10 
11 
11 
11 
10 

7 
11 
11 
11 
12 
N.A. 
10 
N.A. 
N.A. 
11.5 
11 
11.5 

Truck 

Washoff 

11 
11 
12 
N.A. 
11 
N.A. 
11 
11 
N.A. 
11 
11 
9 
8.5 

11.5 
11.5 
11 
8.5 

Truck 

Washout 

12 
11 
N.A. 
12 
11.5 

9 
12.5 
11 
12 
N .A. 
13 
12 
12.5 
11.5 
12 
11.5 
11.5 

Aggregate 

Storage 

N .A. 
N.A. 

9 
N.A. 
N.A. 
N .A. 

7 
N.A. 
9 

N.A. 
N.A. 
N.A. 

7 
N.A. 
10 
N.A. 

7 

S1 udge 
Ory i  ng 

Area 

N .A. 
11 
N .A. 
10.5 
N.A. 
N.A. 
N.A. 
N.A. 
11.5 
N .A. 
N.A. 
N .A. 
11 
N.A. 
N .A. 
N.A. 
12 

Note: N.A. = n o t   a v a i l a b l e  

Truck  Loading  area pH values  ranged  between 7 - 12, w i t h  93% o f  14 

measurements reco rd ing  pH 10 or   g rea ter .  

Truck  Washoff pH values  ranged  between 8.5 - 12, w i t h  79% o f  14 measurements 

reco rd ing  pH 10 or   greater .  

Truck Washout pH values  ranged  between 9 - 13, w i t h  93% o f  15 measurements 

reco rd ing  pH 11 or   g rea ter .  

Sludge  Drying  Area  values  ranged  between 10.5 - 12, w i t h  100% o f  5 
measurements reco rd ing  pH 10.5 or   g rea ter .  

Aggregate  Storage  area pH values  ranged  between 7 - 10, w i t h  83% o f  6 

measurements reco rd ing  pH 9 o r   l ess .  
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achieved  only  part ia l   containment.   Three  plants have a s i g n i f i c a n t   p o t e n t i a l  

for   the  d ischarge  o f   contaminated  wastewater   to   sur face  waters .  
As discussed i n   S e c t i o n  2.3.3 admixtures  are  used  extensively i n  

the  ready  mix   indust ry  and are  of  environmental  concern due t o   t h e i r  

p o t e n t i a l   t o x i c i t y .   T a b l e  12 summarizes the  admixture  informat ion  for   the 

p l a n t s   v i s i t e d ,   i n c l u d i n g   t h e   c o n t a i n e r   c a p a c i t i e s  and  method of   s torage.  

Treatment o f  stormwater  runoff i s   p r a c t i s e d  by  only  two f a c i l i t i e s  

(12%) ; one c o l l   e c t s  most r u n o f f   i n   t h e   p l a n t  sewer system  and  discharges i t  

t o  an i n f i l t r a t i o n  lagoon, and t h e   o t h e r   p l a n t   d i r e c t s   r u n o f f   s t r a i g h t   t o  an 

i n f i l t r a t i o n   p i t .  

Zero  discharge o f  process  water i s  accomplished  by 76% (13 o f  17) 

o f   f a c i l i t i e s   i n s p e c t e d ,  based on t h e   f a c t   t h a t   e f f l u e n t   p e r m i t s   a r e   n o t  

requ i red  by the  prov ince.   Th is  does n o t  mean  a1 1 wastewaters  are  retained on 

company property.  Stormwater and p r o c e s s   e f f l u e n t s   i n  some cases  cross 

property  boundar ies as r u n o f f  and i n  groundwater  migrating  from  unl  ined 

p o n d i n g   f a c i l i t i e s .   S e t t l i n g   b a s i n s   o r  ponds l i k e l y   o v e r f l o w   a t  most  p lants 

dur ing   per iods  o f  h i g h   p r e c i p i t a t i o n .  



rnNN I 2  IN I 
c 
U 

II II II 



- 41 - 

5 .O SUMMARY  AND  RECOMMENDATIONS 

The ready  mix  concrete  industry i n  B.C. has a s i g n i f i c a n t  economic 

ro le ,   producing goods worth i n  excess o f  $35,000,000 and d i rec t l y   emp loy ing  

more than 1000 people. 

Many of   the  approximate 100 f a c i l i t i e s   i n  B.C.  are  located  ad jacent  

to   sur face  waters .   Consequent ly ,   the  per iod ic   or   cont inuous  d ischarge  o f  

contaminated  process  eff luent  and/or  stormwater  to  the  surface  waters,  can 

r e s u l t   i n   a c u t e   o r   c h r o n i c   t o x i c i t y   t o   a q u a t i c   b i o t a ,  and d e s t r u c t i o n   o f  

h a b i t a t .  
The primary  contaminants o f  concern  are pH and  suspended  sol i ds .  

Because o f   t h e   h i g h  a1 k a l   i n i  ty  of   por t land cement, any water   contact ing i t  

q u i c k l y   i n c r e a s e s   i n  pH. Water w i t h  a pH o f   app rox ima te l y  10 o r  more i s  
a c u t e l y   l e t h a l   t o   f i s h .  Suspended s o l   i d s   r e s u l t   f r o m   t h e  washdown o f  process 

equipment  and  stormwater  runoff  from  the  site. Suspended s o l i d s  can d i r e c t l y  

a f f e c t   f i s h  b y   p l u g g i n g   t h e i r   g i l l s ,  and adve rse l y   a f fec t   hab i ta t   by   reduc ing  

l ight   penetrat ion  and/or  smother ing  stream  or ocean bottoms. 

The environmental  impacts of   the  ready  mix   concrete  indust ry  can  be 

s i g n i f i c a n t l y  reduced o r   e l i m i n a t e d  by employing  appropriate  waste management 

p rac t ices   inc lud ing   water  use reduc t ion  and recyc l i ng ,  good housekeeping, 

stormwater  segregation and cont ro l ,   e f fec t i ve   was tewater   t rea tment  systems, 

and progress ive  so l  i d  waste management techniques. A1 though each ready  mix 
f a c i l i t y   i s  somewhat unique,  combinations o f  these  approaches  can be 

e f f e c t i v e l y   a p p l i e d .  
The primary, and l i k e l y   e a s i e s t  and l e a s t   c o s t l y  way t o  minimize, 

and i n  most  cases  el iminate,   process  ef f luent i s   t o  reduce  fresh  water usage 

and recyc le  process  water   to   the  greatest   extent   poss ib le .   Fresh  water  
should be r e s t r i c t e d   t o   s p e c i f i c  uses  such  as t ruck   ex te r io r   washo f f  and 

hot  water  product ion.  I f  fresh  water i s  deemed necessary  for   washoff ,   f low 

r e s t r i c t i n g   n o z z l e s   w i t h   s p r i n g - 1  oaded t r iggers   shou ld  be i n s t a l   l e d  on hoses, 

and  employees should be t r a i n e d   t o  use no more water  than i s   a b s o l u t e l y  

necessary. 

Recycled  process  water  and/or  stormwater  should be  used f o r   b a t c h  

water,   t ruck drum washout, and f o r  washdown a c t i v i t i e s   n o t   r e q u i r i n g   c l e a n  
water. I n   t u r n ,  drum washout  water  should be minimized, by s e r i e s   r i n s i n g  i f  

necessary. 
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Zero  discharge o f  process  water i s  a t ta inab le   th rough sound 

wastewater management p rac t i ces   wh ich   mus t   i nc lude   t he   u t i l i za t i on   o f  

recycled  water as batch  water.  Research  over  the  past 20 years has 

demonstrated  that  good qua l i t y   conc re te  can  be made using  water  which i s  
con tamina ted   w i th in   ce r ta in   l im i t s .  The to1  erable 1 imi t s   f o r  many 

contaminants  have been i d e n t i f i e d ,  below  which  the  concrete 's  strength 

development  and overa l l   qual  i t y  should  not  be a f fec ted .  Many Lower  Main1  and 

ready  mix  producers  have  accepted t h i s   p r a c t i c e .  If producers  are  informed 

o f   t he   bene f i t s   o f   recyc l i ng ,   t he   reuse   o f   t rea ted   was tewa te r   f o r   ba tch ing  

purposes will cont inue  to   ga in  indust ry   acceptance.  The o n l y   c o n s t r a i n t   f o r  

us ing  recyc led  process  water   for   batch  water  i s  1 ow temperature.  Batching 

requ i rements   d ic ta te  a cer ta in   temperature be maintained,  and  dur ing  cold 

months recycled  water  stored  outside may n o t  be s u i t a b l e .   I n  many instances, 
t h i s   c o n s t r a i n t  i s  overcome  by combin ing  hot   water   wi th   the  co lder   recyc led 

water. The recycled  water may n o t  be o f   h i g h  enough q u a l i t y   t o   c h a r g e  

through  the  heater.  
A l though  the   leve l   o f   con taminat ion   in   s to rmwater   tends   to  be  lower 

than i n  process  water, management i s  more d i  f f  i c u l  t because the  frequency and 

i n t e n s i t y   o f   p r e c i p i t a t i o n   e v e n t s   a r e   h i g h l y   v a r i a b l e .  The eas ies t  and l e a s t  

c o s t l y  method of   min imiz ing  s tormwater   contaminat ion i s   t o   p r e v e n t  

contamination i n  the   f i r s t   p lace   by   emp loy ing  good  housekeeping prac t ices .  

I n   p a r t i c u l a r ,   s p i l l  s should be minimized and cleaned up as  soon  as they 

occur .   Th is   app l ies   espec ia l l y   to   por t land cement  because o f   i t s   h i g h  

t o x i c i t y   t o   f i s h ,   b u t  a1 so t o   o t h e r   f i n e   m a t e r i  a1 s t h a t  can increase  the 

suspended so l   ids   in   s tormwater   runof f .   Other   s teps  that  can minimize 

stormwater  volumes  and  contamination  include:  minimize  the  plant  process 

area, d i v e r t   o f f s i   t e   s t o r m w a t e r   a r o u n d  and away f rom  the   p lan t ,  pave  as much 

o f   t h e   y a r d  as i s p r a c t i c a l  , and s lope  the   yard  so stormwater i s  removed  as 

generated  and  d i rected  to  an a p p r o p r i a t e l y   s i z e d   s e t t l i n g   b a s i n .   C l a r i f i e d  

stormwater  should be contained and r e c y c l e d   t o  supplement  recycled  process 

water as necessary. 

Process  water   and  s tormwater   requi re   set t l ing  to  remove s o l i d s .  

The m a j o r i t y  o f  process  water i s  generated  by  truck drum washout. I f  
aggregate  recovery  equipment i s   n o t  used, s e t t l i n g   s h o u l d  be done i n  a sloped 

concrete  bas in  which  over f lows  in to  a second b a s i n   f o r   f u r t h e r   c l a r i f i c a t i o n  
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p r i o r   t o   r e c y c l i n g .  These basins  should be l oca ted  so other  process  streams, 

such as equipment  runoff,  will flow  to  these  basins  for   t reatment.   Al though 

t o t a l   r e c y c l e   i s   g e n e r a l l y   f e a s i b l e   f o r   p r o c e s s   w a t e r ,  i f  discharge i s  
necessary,   then  neutra l izat ion will be r e q u i r e d   i n  most  cases  where discharge 

i s   t o   s u r f a c e   w a t e r s .  

A separate  set t l   ing  bas in  should  be  prov ided  for   s tormwater .  The 

s i ze  will depend on s e v e r a l   f a c t o r s   i n c l u d i n g   a r e a   s e r v i c e d ,   i n f i l t r a t i o n  

c o e f f i c i e n t  o f  unpaved service  areas,  housekeeping  practices, and l o c a l  

p rec ip i t a t i on   t rends .  The basin  should be s i zed   t o   p rov ide   adequa te   se t t l i ng  

f o r  a p rec ip i ta t ion   event   occur i   ng  once i n   a t   l e a s t  10 years.  Discharged 

stormwater  should  not need pH adjustment  unless  housekeeping  practices  are 

poor  or  process  water i s  contaminating  the  stormwater. 

I f  pos i t i ve   d i scha rge   o f   p rocess   e f f l uen t   o r   s to rmwate r   i s  

unavoidable, a p o t e n t i a l  a1 t e r n a t i  ve t o  a d i r e c t   d i s c h a r g e   i s  a p roper l y  

designed and c o n s t r u c t e d   i n f i l t r a t i o n   b a s i n .  

Whenever possible  returned  concrete  should be incorporated i n   t h e  

succeeding  batch. Where t h i s   i s   n o t   a c c e p t a b l e   f o r   q u a l  i t y  con t ro l  , re turned 

concrete  should  not  be discharged  to  the  treatment  works  but  used  for  making 

concrete  products  (eg. ,   b locks,   s labs,   curbstones).   This  pract ice  e l iminates 

l i q u i d  and s o l i d  waste  generat ion,   s igni f icant ly  lowers  waste  water  t reatment 
and sludge  disposal   costs , and y ie lds   use fu l   sa leab le   p roduc ts .  

Pe r iod i ca l  1 y s ludge  f rom  set t l   ing  bas ins  or   aggregate  recovery 
equipment  must be removed because i t s  accumulation  reduces  residence  t ime and 

the re fo re  suspended so l   ids   removal   e f f ic iency.   Th is   mater ia l   should be 

s tored where the  leachate  can be contained, and t r e a t e d  i f  necessary. A t  

l eas t ,   t he   ma te r ia l   shou ld  be s to red  so any leachate i s   d i r e c t e d   t o   t h e  

process  water  treatment system. When d r y ,   t h e   s o l i d i f i e d   m a t e r i a l  can  be 
used  as fill. 

Admixtures  are  chemicals   that   are  potent ia l ly   hazardous  to  human 

health  and/or  the  environment.  Admixture  tanks  should be l oca ted   i ndoors   t o  

p r o t e c t  them from  the  elements and p o t e n t i a l  damage from  mobile  equipment. 

The f loor   should  be  sealed and curbed t o  ensure  containment o f  leaks. 

A d d i t i o n a l   t o x i c i t y   i n f o r m a t i o n   i s   r e q u i r e d   i n   o r d e r   t o   f u r t h e r  assess  the 

potent ia l   environmental   impacts  of   these  mater ia l  s .  
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As previously  noted  each  ready mix f ac i l i t y  i s  unique and, 
therefore, not  a l l  of the  preceding recommendations will  universally apply.  
However, many of these  waste management techniques can  be incorporated by a l l  
plants and  will resu l t  i n  reduced  environmental  impacts by this  industry. 
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APPENDIX 1 

READY M I X  CONCRETE INDUSTRY 
ECONOMIC AND INVENTORY  INFORMATION 



TABLE  1A : LIST OF B.C. READY MIX CONCRETE  PLANTS 

eLANT 

AGASSIZ  READY-MIX  CONCRETE 
ALLIED  READY  MIX LTD. 
B.A. CONCRETE LTD. 
BAIRD  BROS.  LTD. 
BANNERT  READY MIX LTD. 
BAY CONCRETE  LTD. 
BLACKHAMS  CONSTRUCTION 
BLUE  CANYON  CONCRETE  LTD. 
BUILDERS  CHOICE  READY MIX LTD. 
BUTLER  BROS.  SUPPLIES  LTD. 
CANNON  CONTRACTING 
CARDINAL  CONCRETE LTD. 
CARIB00  REDI-MIX & CONTRACTING 
CHEHALIS  REDI MIX 
CHETWYND  REDI  MIX  LTD. 
COAST  AGGREGATES LTD. 
COLUMBIA  READY-MIX LTD. 
COMOX  VALLEY  READY MIX LTD, 
CONCO  HOLDINGS  LTD. 
COQUITLAM  CONCRETE  PROD. LTD. 
COQUITLAM  READY MIX 
DENRAL  CONCRETE 
DOLAN'S CONCRETE LTD. 
EAGLE  VALLEY  CONCRETE  CO. LTD. 
ECONO  MIX  LTD 
ECONO MIX LTD. 
ELK  VALLEY  READY  MIX LTD. 
EVER  REDI  CONCRETE 
EVANS  REDI-MIX LTD. 
F.J.H. CONSTRUCTION LTD. 
FLINTSTONE  CONCRETE 
GARRETT READY HIX LTD. 
GATOR  REDI  MIX 
GENERAL  ENTERPRISES LTD. 
GIBSONS  READY  MIX 
GLACIER  CONCRETE LTD. 
GLACIER  CONCRETE LTD. 
GLENDALE  REDI-MIX  LTD. 
GOLDEN  CONCRETE  PRODUCTS 
GOOD'S REDI-MIX 
GOODBRAND  CONSTRUCTION LTD. 
GOODBRAND  READY MIX 
GRAND  FORKS  READY-MIX  CONCRETE 
GRAVEL  HILL  SUPPLIES 
GULF  COAST  MATERIALS LTD. 
H & J READY  MIX LTD. 
H 6 R REDI-HIX LTD. 
HASLER'S CONCRETE 
HOPE  READY  MIX  LTD. 
INLAND  READY MIX LTD. 
ISLAND  READY  MIX LTD. 
ISLAND  READY MIX LTD. 
JOPP 8 SONS  REDI-MIX 

STREET 

5383  HCCALLUM RD. 
13980  MITCHELL RD. 
R.R. #I 
P . O .  BOX  189 
P.O. BOX  543 
P.O.  BOX 640 

P.O. BOX  1359 
P.O. BOX  8 
P.O. BOX 4066  STN.  A 

P.O. BOX  336 
P.O. BOX  4129 
R.R. #I 
P.O. BOX 1240 
BOX 1098 
860  ATTREE  RD . 
P.O. BOX 3157 

1530  PIPELINE RD. 

P.O. BOX 1710 
4747  ROGER ST. 
R.R.#1 

P.O. BOX 3862 

P.O.  BOX  4369 
P.O. BOX 10 
4434  LAKELSE AVE. 
P.O. BOX  335 
e.0.  BOX 10923 
P.O. BOX  816 
120 INDUSTRIAL RD. 
P.O. BOX 737 

P.O. BOX  379 

P.O. BOX  2066 
1691  FAIRVIEU RD. 

P . 0 .  BOX  2158 
1455  COWICHAN  BAY RD. 
RAINBOW RD. 
P.O. BOX 1759 
23616 RIVER  ROAD 

P.O. BOX  1095 

w 
AGASSIZ 
RICHMOND 
KAMLOOPS 
ENDERBY 
GRAND  FORKS 
QUALICUtl BEACH 
CHILL I WACK 
FORT NELSON 
ABBOTSFORD 
VI CTOR I A 
MISSION 
SQUAMI  SH 
QUESNEL 
AGASS I Z 
CHETWYND 
SQUAMISH 
VICTORIA 
COURTENAY 
VERNON 
COQUI  TLAM 
COQU I TLAM 
FERN1  E 
PT. ALBERNI 
s I CAMOUS 
LANGLEY 
VANCOUVER 
ELKFORD 
QUESNEL 
DUNCAN 
TERRACE 
BURNS  LAKE 
SPARWOOD 
VANDERHOOF 
WHITEHORSE 
GIBSONS 
TERRACE 
KITIMAT 
WILLIAMS  LAKE 
GOLDEN 
PENTI  CTON 
SURREY 
MATSQUI 
GRAND  FORKS 
COBBLE  HILL 
GANGES 
REVELSTOKE 
MAPLE  RIDGE 
KAMLOOPS 
HOPE 
NAKUSP 
COURTENAY 
CAMPBELL  RIVER 
I NVERMERE 



KASK BROS. READY MIX LTD. 
KELOWNA  READY  MIX INC. 
KETTLE  VALLEY  READY MIX 
KITIMAT  VALLEY  CONCRETE LTD. 
KON  KAST  PRODUCTS LTD. 
KORPACK  CEMENT  PRODUCTS LTD. 
LAFARGE  CONCRETE LTD. 
LAFARGE  CONCRETE LTD. 
LAFARGE  CONCRETE  LTD. 
LAFARGE  CONCRETE  LTD. 
LAFARGE  CONCRETE LTD. 
LOUIS  SALVADOR & SON LTD. 
LOUIS  SALVADOR & SON  LTD. 
M & K READY  MIX LTD. 
MACKENZIE  REDI-MIX CO.  LTD. 
MANNING  KUMAGAI  JOINT  VENTURE 
MARC'S  U-CART  READY  MIX LTD. 
MAX  HELMER  CONST.  LTD. 
MAX HELMER  CONST.  LTD. 
M A X ' S  READY-MIX  LTD. 
MAYCO-MIX 
MCBRIDE  TRANSIT  MIX LTD. 

7500 BARNET 
1 1 3 1  ELLIS ST. 

P.O. BOX 288 

1 5 4  WELLINGTON ST. 

1 0 5 1  MAIN  ST 

P.O. BOX 583 
P.O. BOX 218 
2401-43 ST. 
P.O. BOX 29 
9807  - 196A ST. 
2250 ROSS  RD. 
P.O. BOX 400 

P.O. BOX 1 6 4 9  
1125  FARQUHAR 

MCGAULEY  READY MIX CONCRETE CO. 
MCGAULEY  READY  MIX  CONCRETE CO. 
MCGAULEY  READY-MIX  CONCRETE CO. P.O. BOX 194  
MISSION  READY-MIX  LTD. 
MOJO ENTERPRISES LTD. 
HOLDER  CONCRETE 
NECHAKO  REDI-MIX  LTD. 
NELSON  READY-MIX  CONCRETE 
NEWTON  READY MIX LTD. 
NORGAARD  READY-MIX 
NORGAARD  READY-MIX 
0 K BUILDERS  SUPPLY LTD. 
0 K BUILDERS  SUPPLY  LTD. 
OCEAN  CONST.  SUPPLIES  LTD. 
OCEAN  CONST.  SUPPLIES  LTD. 
OCEAN  CONST.  SUPPLIES  LTD. 
OCEAN  CONST.  SUPPLIES  LTD. 
OCEAN  CONST. SUPPLIES LTD. 
OCEAN  CONST.  SUPPLIES LTD. 
OLIVER  READY  MIX LTD. 
OMINICA  REDI-MIX LTD. 
OSOYOOS  READY HIX LTD. 
P.R. TRU  MIX  LTD. 
PACIFIC  RIM  READY  MIX  LTD. 
PACIFIC  SITE  CONCRETE  LTD. 
PORT  MCNEILL  ENTERPRISES 
PRINCETON  REDI  MIX  LTD. 
R & J READY  MIX 
REBAR  REDI MIX LTD. 
REMPEL BROS. CONCRETE  LTD. 
REMPEL  BROS.  CONCRETE  LTD. 
REMPEL  BROS.  CONCRETE  LTD. 
REMPEL BROS. CONCRETE  LTD. 
REMPEL  BROS.  CONCRETE  LTD. 
RESIDENTIAL  READY  MIX  LTD. 
REVELSTOKE CONC. PRODUCTS 

P.O. BOX 3083 
P.O.  BOX 5 0  
P.O. BOX 2354  
P.O. BOX 2 
P.O. BOX 1 8 0  
14744 HYLAND RD. 

P.O. BOX 636  

925  ELLIS ST. 
P.O. BOX 1 2 7 0  
666  N. NECHAKO RD. 

P.O. BOX 2300 
R.R. X3 
P.O. BOX. 577 
P.O. BOX 1 6 3  
4520 FRANKLIN AVE. 

3629 W. 2 AVE. 
P.O. BOX 459 
P.O. BOX 1 8 5  

1 3 6 1 1  MITCHELL RD. 

P.O. BOX 187 

376 E. KENT 

BURNABY 
KELOWNA 
KETTLE  VALLEY 
KITIMAT 
KELOWNA 
TRAIL 
NANAI MO 
NORTH  VANCOUVER 
VANCOUVER 
RICHMOND 
COQUITLAM 
CRESTON 
CRANBROOK 
VERNON 
MACKENZ I E 
LANGLEY 
KELOWNA 
RADIUM  HOT SPR. 
ATHALMER 
PRINCETON 
NANAI MO 
MCBR I DE 
ELKFORD 
SPARWOOD 
TRAIL 
MISSION 
L.NICOLA  VALLEY 
SMITHERS 
VANDERHOOF 
NELSON 
SURREY 
HERR I TT 
PRINCE  RUPERT 
SUMMERLAND 
KELOWNA 
VICTORIA 
PRINCE  GEORGE 
KAMLOOPS 
NANAIMO 
TERRACE 
VANCOUVER 
OLIVER 
FORT ST.  JOHN 
osoYoos 
POWELL  RIVER 
PRINCE  RUPERT 
VANCOUVER 
PORT  MCNEILL 
PRINCETON 
PENT1  CTON 
RICHMOND 
COQUI  TLAM 
ABBOTSFORD 
CHILL I WACK 
VANCOUVER 
NORTH  VANCOUVER 
VANCOUVER 
REVELSTOKE 



REVELSTOKE CONCRETE INC. 
RIVTOW INDUSTRIES 
ROCKET REDI-HIX LTD. 
ROLLING MIX CONCRETE 
ROOSTER  READY  HIX 

SARDIS READY-MIX LTD. 
SKANDIA CONCRETE LTD. 
SPEEDWAY CONCRETE SALES  LTD. 

SWANSON'S READY-MIX LTD, 
SWANSON'S READY-HIX LTD. 
TINSLEY  BROS.  ENT. LTD. 
TRI LAKE READY MIX LTD. 
TRI-B CONCRETE LTD. 
TRI-MAC CONCRETE LTD. 
TRIO READY-MIX LTD. 
TRIO  READY-MIX  LTD. 
UPLAND READY-MIX LTD. 
VALLEY  RITE-MIX  LTD. 
VALLEY RITE-MIX LTD. 
VIEVIRA  BROS CONCRETE 
WEST  FRASER CONCRETE LTD. 
WEST K CONCRETE LTD. 
WEST A R M  CONCRETE LTD. 
YARD-AT-A-TIHE CONCRETE LTD. 

SALMON ARn READY MIX LTD. 

STRONG ARn CONCRETE 

10616  - 87  AVE. 

P.O. BOX 904 
P.O. BOX 2298 
R.R. I1  
P.O. BOX 1317  

P.O. BOX 2700 
1 1 5  MOUNTAIN  HIGHWAY 
3640 ARTHUR  DR. 

P.O. BOX 1 7 2  
P.O.  BOX 295 
P.O. BOX 530 
P.O.  BOX 679 
6245 RIVER  RD. 

773 CORDOVA BAY  RD. 
1920  ANTONELLI  RD. 

P.O.  BOX 367 

19685  - 0 AVE. 
411 - 9 Am. 
UPPER JOHNSTONE RD. 
9180  RIVER  ROAD 

FORT ST. JOHN 
NELSON 
DAWSON  CREEK 
PRINCE GEORGE 
WINLAW 
SALMON ARM 
SARD1 S 
I NVERHERE 
NORTH  VANCOUVER 
LADNER 
KLEINDALE 
SECHELT 
VALEHOUNT 
CHASE 
LILLOOET 
DELTA 
SAANICH 
VI CTOR I A 
CAMPBELL  RIVER 
CHILLIWACK 
ABBOTSFORD 
OSOY 00s 
SURREY 
CASTLEGAR 
NELSON 
DELTA 
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APPENDIX 2 

SITE VISIT REPORTS 



Jntroduction 

The following 17 s i t e   v i s i t s  were carried out i n  November, 
1 9 8 7 .  Although believed  to be reasonably  accurate, much of the 
information is based on estimates by the author or plant  personnel. 
The pH values  reported  are Erom one time grab samples  taken  during the 
v i s i t s .  



Operation:  Central mix - two central  mixers - 6 ti 8 cu. m 
Fleet  Size: 35 trucks,  average 10 cu.m/truck 
Avg. Daily  Production: 550 cu.m 
Max.  Hour Production: 300 cu.m 

Recycled water is used fo r  truck wash-out. Wastewater treatment works 
u t i l i ze  mechanical aggregate  recovery and five sumps. Operations are 
summarized as f o l l o w s :  

Truck Loading: Trucks drive i n t o  the  loading  area and are   f i l l ed  w i t h  
a premixed concrete  batch. The batch water is c i t y  water. During the 
f i l l i n g  operation a spray bar cleans  the  exterior w i t h  c i t y  water. 
The loading  area is paved t o  direct  runoff(pH 10) from t h i s  operation 
t o  a concrete  ditch runn ing  east/west  along  the  south  plant boundary. 
T h i s  ditch has sumps a t  both ends, b u t  effluent runs primarily t o  the 
west sump. 

water each and some gravel t o  provide a scouring  effect. T h i s  
effluent is discharged t o  a truck mixer  which then  deposits t h i s  load 
i n  a drag  chain washout u n i t .  

The central  mixers are washed daily w i t h  approx. 1000 L of c i t y  

Truck  Wash-Off: After f i l l i n g ,  trucks proceed t o  the wash rack where 
they wash o f f  the back of the  truck w i t h  an estimated 20 L of c i t y  
water. T h i s  area is paved  and sloped t o  the  east t o  d i rect  r u n o f f  t o  
a nearby sump (pH 11). 

Truck  Wash-Out:  Come-back concrete is primarily used t o  make pre-cast 
blocks or is incorporated i n  the  next  batch. I t  may be  dumped near the 
temporary holding  area i f  i t  is n o t  suitable for e i ther  of the above. 
If i t  is dumped i t  is la te r  broken down w i t h  a loader and hauled 
away.  The returning  trucks back up t o  a two trough  aggregate  recovery 
u n i t .  An estimated 450 L of recycled water from the 12 trough (pH 12) 
is used t o  f l u s h   t h e   t r u c k  mixer. The r e s u l t a n t   s l u r r y  is t h e n  
discharged t o  the I1 trough. Recovered aggregate is discharged from 
the end  of the #l u n i t  and sold  as f i l l ,  while effluent is directed t o  
the 12 trough fo r  recycle. 

t o  a sump a t  the west side of  the u n i t .  T h i s  effluent is pumped on 
level  control t o  another sump 20  m south on the  yard's west boundary. 
T h i s  sump drains t o  c i t y  sewer. 

discharged t o  a temporary hold ing  area near the  aggregate  stockpiles. 
A 0.5 m sludge berm h o l d s  back the  larger s o l i d s ,  while leachate runs 
west t o  an adjacent sump. The f l u s h  water for t h i s  operation is c i t y  
water. 

The sumps are cleaned by a loader on a weekly basis;  the 
recovered  sludge is hauled away a t  an estimated  cost of $40,000 per 
year, based on an annual cost of $70,000 for all   three  operating 
plants t h i s  company owns i n  the Lower Mainland. The haulage fees 
would be approximately 2 . 5  times  higher i f  the company d i d  not produce 
blocks w i t h  come-back concrete. 

A small trench around the  drag  chain washer u n i t  d i rec ts  runoff  

If the  drag  chain washer u n i t  is down, truck wash-out is 



Stormwater:  The lot is effectively  paved  and  sloped  predominantly  to 
the south,  but specific  operation  areas  may  direct  runoff  to  one  of 
five  sumps. 

Feedstocks:  This  plant  has  one  silo  containing  a  maximum of 2000 
tonnes  of  type 10 cement.  A  maximum of 150  tonnes of type 30 cement 
is kept  in  a silo  above  the  loading  area.  Additionally, 80 tonnes 
each of flyash  and  lasonite  (coloured  pozzolan)  are  kept in pigs 
(cylindrical  steel  vessels)  beside  the  loading area. 

securely  housed in the  elevated  batch  plant  control room: 
Admixtures  are  supplied  by  Conchem  and  Master  Builders  and  are 

TYPE  EFFECT  VOLUME ( L ) 

Procrete-N water  reducer 11000 Conchem 
HE-202 early  strength pozz. 11000 n 
Procrete-R set  retarder 1000 
AES air  entrainer 1000 M.B. 
555-A non-corrosive  accel. 1000 f l  

PS-847 plastisizor 1ooo n 

n 

Total 26000 
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Operation: central  mix - 7 . 5  cu.m 
Fleet  Size: 1 0  trucks,  average 8 . 4  cu.m/truck 
Avg. Daily Product ion:  250 cu.m 
Max.  Hour Production: 175 cu.m 

T h i s  medium sized  operation is located near an industrialized 
waterfront  property;  the  process  area is an estimated 1 km from 
Burrard Inlet .  Water is n o t  currently  recycled, but  plans have  been 
prepared t o  u t i l i ze  recycled water for  truck wash-out early i n  1988. 
Wastewater treatment works u t i l i ze  an in f i l t r a t ion  p i t  and a 
collection  ditch; a mechanical aggregate  recovery u n i t  (drag  chain 
type) on s i t e  ha5 n o t  worked for a number o f  years.  Operations  are 
summarized as fo l lows:  

Truck Loading: Trucks back i n t o  the  loading  area and are   f i l l ed  w i t h  
a premixed concrete  batch. The batch water is c i t y  water. A spray 
bar cleans  the  exterior drum during t h e  f i l l i n g  operation wi th  c i t y  
water. The loading  area is paved  and most runoff  (pH 11) from t h i s  
operation meanders t o  a winding ditch (pH 11) approx. 4 X 30 X 2 m 
deep. 

c i t y  water and some gravel. This s lurry is discharged t o  a truck 
mixer  and disposed of a t  the  inf i l t ra t ion p i t .  

The central  mixer is washed o u t  daily w i t h  an  estimated 1000  L 

c 

Truck  Wash-Off: After f i l l i n g ,  trucks proceed t o  the wash rack where 
they wash off  the back  end of the  truck w i t h  c i t y  water. T h i s  area is 
paved  and sloped t o  direct  runoff (pH 11) t o  the  ditch. The 
accumulated solids i n  the  ditch  are  cleaned o u t  approx. once every two 
years. 

Truck Wash-Out:  Come-back concrete is used t o  pave the  neighbouring 
property. The aggregate  recovery u n i t  has n o t  been operational for  a 
number of years .  

water from the wash rack and the  slurry is then  discharged t o  an 
in f i l t r a t ion  p i t  (approx. 6 X 6 X 4 m deep). Sludge is recovered 
weekly  and piled i n  one  of  two concrete block holding s t a l l s  t o  dry. 
A pool of  water i n  t h i s  area had a pH of 11. The dried  sludge has 
recently been used as f i l l  a t  a neighbouring  property ; i n  the  absence 
of t h i s  option  the  sludge is hauled away.  Annual haulage fees  for  the 
three  facil i t ies  operated by t h i s  company i n  the Lower Mainland are 
estimated  to be $35,000. 

Empty truck mixers are  flushed w i t h  an estimated 675 L of c i t y  

Stormwater: The process  area of the l o t  is paved  and runoff  drains t o  
the  ditch. A small fraction  (estimated between 5 and l o $ )  of runoff 
contacting a process  area may drain i n t o  a ditch runn ing  along  the 
west plant boundary. 

Feedstocks: T h i s  plant has one four  compartment s i l o  above the 
loading  area which contains a maximum of  40 tonnes each of  type 10 ,  30 
and 50 cements and flyash. A very  large 800 tonne s i lo  fo r  type 1 0  
cement is located i n  the  aggregate  section of the  yard. 



Admixtures are  supplied by  Grace  and are  securely housed i n  
p last ic   vesse ls  i n  a room under the  batch plant. 

TYPE  EFFECT VOLUME ( L 1 

Daratard-17 s e t  retarder 2400 

Daravair air  entrainer 2400 

CaCl2 set  accelerator 13000 

WRDA- 1 9  superplastisizor 2400 

WRDA- 8 2 water reducer 3200  

Total 23400 
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Operation:  batch  plant 
Fleet Size: 8 trucks, average 8 cu.m/truck 
Avg. Daily  Production:  125 cu.m 
Max. Hour  Production: 100 cu.m 

This  operation is located  in  a  somewhat  undeveloped  but  industrialized 
area  approx. 1 km  from  Burrard Inlet.  Recycled  water is used  for batch 
water, unless hot  water is required.  Wastewater  treatment  works 
include  a  mechanical  aggregate  recovery  unit  (sand  screw)  and  an 
infiltration  lagoon.  Operations  are  summarized as follows: 

Truck  Loading:  Trucks back into  the  loading  area  and  are  filled  with 
premeasured  concrete  components.  The  batch  water is recycled  water 
drawn  from  the  lagoon  unless  hot  water is required. A spray bar 
cleans  the  drum  exterior  during  the  filling  operation  with  city 
water.  The  loading  area is effectively paved to  direct  runoff  from 
this  operation  (pH 11) to  the  infiltration  lagoon  (pH 12; 10 X 15 X 5 
m  deep). 

Truck Wash-Off:  After  filling, trucks  proceed  to  one of two 
wash/slump  racks  where  they  wash o f f  the  back  end of the  truck  and 
adjust  the  product  slump  as  required  with  city water. This  area is 
paved and  sloped  to  direct  runoff  to  the  settling pond. 

Truck Wash-Out:  Come-back concrete is usually used to  make pre-cast 
products  at  a  neighboring  lumber yard. The  company  does  not  charge 
for the  concrete.  If  the  lumber  yard is closed  the  concrete  may be 
discharged  to  the  sand  screw.  Reclaimed  aggregate is discharged  at 
the  elevated  end  of  the screw, while  effluent  drains  from  the  lower 
end of the  device  into  the pond. Flush  water for the.screw is 
recycled  water  drawn  from  the pond. 

and 1 L of Master  Builders stabilizer PB-134. This s lurry  is mixed a 
couple of times and  left in the mixer, to be incorporated  with  the 
next day's initial batch. This  system  does  not  generate  any 
wastewater  during  wash-out  operations. 

which  then  required  cleaning  twice per  month. Now  the  cleaning 
frequency  has  been  reduced  to  every 6 weeks, depending  on plant 
production.  Recovered  sludge is piled  to dry in the  aggregate  storage 
area, and  is  hauled  to  the company's gravel  operation in Chilliwack 
for  landfilling. 

The  empty  truck  mixer  receives  approximately 100 L of city water 

Prior  to  this system, truck  wash-out  was  discharged to  the pond, 

Stormwater:  The  process  area of the  lot is paved  and  sloped to  drain 
runoff to  the  settling pond. The  aggregate  area  of  the  yard is not 
paved  and  stormwater  either  pools (pH 9) or infiltrates. 

Feedstocks: This plant  maintains  a  maximum of 70 tonnes of type 10 
cement  and 70 tonnes of flyash in a  silo  above  the  truck  loading 
area. 

are  stored in steel vessels, uncovered  beside  the  loading  area. 
Admixtures  are  supplied  by  Master Builders, except for CaC12, and 



TYPE 

3 4 4 4  
HE-202 
AES 
300-N 
CaCl2 

EFFECT VOLUME ( L 1 

water reducer 9000 
early  strength 9000 
air  entrainer 2250  
s e t  retarder 2250 
accelerator 4500 

Total 27000 
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Operation:  batch  plant 
Fleet Size: 14 trucks, average 9 cu.m/truck 
Avg. Daily Production: 400 cu.m 
Hax.  Hour  Production: 100 cu.m 

This medium sized plant is located in an industrial park  and  utilizes 
recycled  water for  batch  water (unless hot  water  is required) and for 
truck  wash-out. Effluent treatment works include  a two-stage settling 
basin with associated overflow pond  and  a  mechanical aggregate 
recovery unit. Operations are summarized as follows: 

Truck  Loading: Trucks back  into the  loading area and are filled  with 
a premeasured concrete components. A spray bar cleans the  exterior 
drum during the filling operations with city water. This area of  the 
lot is paved  and effectively directs runoff (pH 11) to an overflow 
pond (pH 12) formed at the  north  end of the settling basin. Basin 
overflow and  process  and yard runoff contribute to this pond. The 
pond volume fluctuates with weather conditions and was approx. 10 X 10 
X 1 m deep during this inspection. 

Truck  Wash-Off:  After  loading,  the  truck  proceeds  to  the settling 
basin discharge area where city water is  used  to clean off  the  back 
end of the  truck  and adjust product slump as required. This runoff is 
effectively channeled to  the overflow pond. 

Truck  Wash-Out:  Come-back concrete is primarily used  to  make  pre-cast 
blocks or  is incorporated  in  the next batch. It may also be dumped 
into  the sand screw after dilution, for aggregate recovery. 

of two discharge bays at the two-celled settling basin. The slope of 
the approach effectively directs runoff from this operation to the 
overflow pond. 

rinse out the  drum. The slurry is then discharged to a declined 
trough (pH 12) where a flush line (recycled water) helps move the 
slurry toward  the sand screw. The inclined sand screw,  perpendicular 
to the trough, accepts the slurry and discharges recovered aggregate 
from its top end. 

Overflow near the bottom of the sand screw passes into cell I1 
(approx, 10 X 15 X 5 m deep). A 0.3 m notch in the  wall dividing the 
two settling cells allows supernatant from cell #l to overflow into 
cell 12 (approx. 10 X 30 X 8 m deep). Supernatant from cell 12 in 
turn spills into the overflow pond at the end  of the clarification 
works . 

The settling cells are cleaned approx. twice per  month, depending 
on  plant  production. The recovered sludge is piled  to dry behind  the 
settling basin in  a  three-walled concrete block  stall.  A  puddle  in 
this area had a pH of 10.5. Dried sludge is hauled away at  an annual 
cost of $30,000. 

The returning truck  backs up an inclined,  paved approach to  one 

Recycled  water drawn from either t h e  pond or ce l l  X2 is used t o  



Stormwater:  The  process  areas  at  this  facility  are  paved  and  sloped  to 
direct  runoff  to  the  overflow pond. The  non-process  aggregate  storage 
areas  are not  paved  and  infiltration  occurs. 

Feedstocks:  This  plant  maintains  a max. of 77  tonnes of type 10 cement 
and 88 tonnes of flyash in silos  above  the  truck  loading  area. 

beside  the  batch  plant  control room, except  for  CaC12  and  Daraccel, 
which are located  outside  the  building. 

Admixtures  are  supplied  by  Grace  and  are  kept  inside a building 

TYPE  EFFECT VOLUME ( L 1 

WRDA- 8 2 water  reducer 6000 
Daratard-17  set  retarder 2000 
Deracem-100  superplasticizor 2000 
Dera-700  superplasticizor 2000 
Daraccel  water  reducing  accelerator 6000 
CaCl2  set  accelerator 13500 

Total  31500 
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Plant 5 

Operation:  batch  plant 
Fleet Size: 12 trucks, average 6 cu.m/truck 
Avg. Daily Production: 100 cu.m 
Max.  Hour  Production: 50 cu.m 

This medium sized plant is located  in an undeveloped area and utilizes 
recycled  water for  its  batch water,  unless  hot  water is required,  and 
for  truck  wash-out. Effluent treatment works include a three-celled 
settling basin and  two  infiltration  pits.  Operations are summarized 
as follows: 

Truck. Loading: Trucks back  into the  loading area and are filled  with 
premeasured concrete components.  Batch  water is recycled  water unless 
hot  water is required. A spray bar (city water) cleans the  exterior 
drum during the  filling operations. A fire  hose (city water) is  used 
to  wash the area down. This process area is concreted and sloped to 
direct runoff (pH  10) to  the  three-celled settling basin. The 
settling basin was formerly used  for  truck  wash-out,  but now only 
receives runoff  and  wash-off  water. 

Truck Wash-Off:  After  loading  the  truck  proceeds to the  wash/slump 
rack  to clean the  back  end  of  the  truck  and adjust the  product slump 
as required (city water). This area is  paved  and  sloped to direct 
runoff (pH 11) to  the settling basin. 

declined slab opening  to  the 111 cell receives runoff from truck 
loading  and  wash-off operations and  yard  runoff from these process 
areas. Supernatant from cell #1 enters cell 12 via a small V-notch 
weir. This cell is divided from cell t3 by  a  half height wall. A 
board floating on  the surface prevents  floating debris from reaching 
the final stage.  Recycled  water is drawn from the  final stage (pH 8 ) .  

Sludge is recovered approx. every 6 weeks, depending on plant 
production,  and  piled t o  dry near the   wash-out   p i t .  

The  three-celled settling basin is positioned such that  the 

Truck  Wash-Out:  Come-back concrete is used  to  make  pre-cast concrete 
blocks or is incorporated in the next  batch. The empty truck  backs up 
t o  the  loading area where it receives an estimated 900 L of recycled 
water drawn from settling cell 1 3 .  The truck  then drives approx. 100 
m south, and discharges the slurry into  a  lagoon (approx. 30 X 30 X 5 
m, pH 11.5). This lagoon gravity drains into  a smaller lagoon (pH 
11.5). The second  process  lagoon in turn drains into  the  second  of 
a series of four  non-process  lagoons. All lagoons gravity feed  by 2 
ft. diameter  pipes. The connecting pipes  were all visible as the 
water  level was low. The first non-process lagoon had  a pH 7, while 
the  second (receiving effluent from the 112 process  lagoon) non-process 
lagoon  was pH 9.5. The  final non-process lagoon  was pH 7. 

The two  process  lagoons are cleaned with a front end  loader every 
month;  recovered sludge is piled nearby to dry. A sister gravel 
company adjacent to  the ready mix facility stockpiles the  dried sludge 
on site. On occasion, they have  been able to sell the dry residue as 
pond sand. 



Stormwater: The loading and  wash-off process  areas  are paved t o  d i r ec t  
runoff to   the  set t l ing  basin.  The truck wash-out lagoon area is not 
paved  and runoff from t h i s  area  either  drains i n t o  the lagoons or 
in f i l t r a t e s   t he  ground. 

Feedstocks: T h i s  plant maintains a maximum of  9 2  tonnes of type 10 
cement  and 42 tonnes of flyash i n  silos above the  truck  loading  area. 

Admixtures are  supplied by Conchem, and are  securely  stored i n  
steel  vessels  inside  the  batch  plant  control  building. 

TYPE EFFECT VOLUME ( L ) 

AES a i r   en t ra iner  2250 
HE-202 h i g h  ea r ly   s e t  4500 
Procrete-N water reducer 4500 
Procrete-R se t   re ta rder  2250 

Total 13500 
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Operation:  batch  plant 
Fleet  Size: 5 trucks,  average 8 cu.m/truck 
Avg. Daily  Production: 80 cu.m 
Max.  Hour Production: 200 cu.m 

T h i s  small  plant is located i n  an undeveloped area and u t i l i zes  
recycled water for batch  water,  unless h o t  water is required. T h i s  
operation does n o t  generate any truck wash-out effluent;  instead it 
u t i l i zes  a new type of  concrete  stabilizer. Wastewater treatment 
works include an inf i l t ra t ion  pond. Operations are summarized as 
f 01 lows : 

Truck Loading: Trucks back i n t o  the  loading  area and are   f i l l ed  w i t h  
premeasured concrete components. A spray bar (city  water)  cleans  the 
exterior drum d u r i n g  the f i l l i n g  operations. A f i r e  hose provides 
c i t y  water t o  wash the  area down. T h i s  process  area is concreted and 
sloped t o  direct  runof f  (pH 7) t o  the lagoon (approx. 1 5  X 1 0  X 5 m 
deep). 

water t o  recover  the  supernatent  batch  water. 
The  pump intake a t  the pond is on a lever and is t i l t ed   in to   the  

Truck  Wash-Off: After f i l l ing  the  truck proceeds s t ra ight  ahead t o  
one of two wash/slump racks t o  clean  the back  end of  the  truck and 
adjust  the  product slump as  required w i t h  c i t y  water. T h i s  process 
area is well paved  and sloped t o  d i rec t  runoff (pH 9 )  i n t o  the 
lagoon. 

Truck  Wash-Out:  Come-back concrete is used t o  make pre-cast  concrete 
blocks or is incorporated i n  the  next  batch. T h i s  operation does n o t  
generate any process  effluent from wash-out operations. A stabi l iz ing 
admixture and approx. 100 L of  c i t y  water is added t o  the  truck 
mixer. The s lur ry  is mixed br ief ly  and l e f t  overnight t o  be 
incorporated in the  next morning's first batch .  

Stormwater: The truck loading and  wash-off areas  are  well  sloped t o  
direct  any yard  runoff t o  the   inf i l t ra t ion lagoon (pH 9). With the 
new system n o t  generating  slurry from truck wash-out, the lagoon only 
requires  cleaning on a yearly  basis;  prior  to  the new system, it was 
cleaned 2 or 3 times  per  year. The recovered  sludge is piled  beside 
the lagoon t o  d r y  and is la te r  hauled away t o  the company's gravel 
operation f o r  landfil l ing.  



Admixtures: T h i s  plant  maintains a maximum of 200 tonnes of type 1 0  
cement  and 70 tonnes of flyash i n  silos above the  loading  area. 
Admixtures are  supplied by Master Builders and are  securely housed i n  
steel   vessels i n  a b u i l d i n g  beside  the  loading  area. 

TYPE EFFECT VOLUME ( L ) 

3 4 4 4  water  reducer 9000 
300-N se t   re ta rder  9000 
H.E. h i g h  ear ly  13500 
Microair a i r   entrainer  4500 
CaC12 set   accelerator  9000 

Total 45000 
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Operation:  batch  plant 
Fleet Size: 1 4  trucks, average 7 . 4  cu.m/truck 
Avg. Daily Production: 275 cu.m 
Uax.  Hour  Production: 100 cu.m 

This medium sized  plant is located  in an industrial  area.  Recycled 
water is  used  for  truck wash-out.  Effluent  treatment  works  include  a 
three-celled settling basin  and  sumps. Operations are summarized as 
follows: 

Truck  Loading: Trucks back into the loading area and are filled  with 
premeasured concrete components. A wash bar provides city water  to 
clean the  exterior drum during filling operations. The loading area 
is paved  and somewhat effective in directing runoff  to  a small 
infiltration sump (pH 11) approx. 3 X 3 X 2 m deep. This sump 
requires cleaning every two weeks;  the  recovered sludge is piled  to 
dry near  the settling basin  and  later  hauled away. 

Truck  Wash-Off:  After  filling,  trucks  proceed  to  the  wash/slump rack 
where city water is  used to clean the back  end  of the  truck  and to 
adjust the product slump.  Runoff from this operation is effectively 
collected in  a sump (pH 11) approx. 4 X 3 x 1 m deep,  which connects 
to  the  plant sewer system. 

Truck  Wash-Out:  Come-back concrete is used to pave  the  yard.  A 
three-celled settling basin is located adjacent to the Fraser River, 
approx. 70 m south of the  truck  loading  area.  While this discharge 
facility is located in close proximity t o  the Fraser River  (approx. 5 
m), effluent appears to be well contained in the basin.  Should an 
overflow occur,  the effluent would  flood  the  immediate area, and  not 
spill directly into  the  Fraser. 

The empty   truck  backs  up a paved, inclined slab to one of three 
wash  rack/discharge  stalls. The truck drum is flushed  with  recycled 
water drawn from cell 113; the resulting slurry is discharged  to cell 
111 (pH 1 2 . 5 ) .  The 112 cell (pH 1 3 )  is separated from cell 111 by a wall 
with a small weir  which allows supernatant to overflow into 112. The 
two cells share a comon sloped slab which allows access by a front 
end  loader  for  cleaning.  Both cells are approx. 4 X 13 X 6 m  deep. 
Effluent from cell 112 is pumped to cell t 3  (approx. 5 X 1 5  X 3 m 
deep). The pump  intake  head is maintained 30 cm above the cell 
bottom. 

The heaviest solids drop out in cell X 1 ,  and  further settling 
occurs in cell 112. The supernatant in cell 113 appears relatively free 
of suspended solids but had a high pH of 12. 

Sludge is recovered from the settling basin approximately weekly, 
depending on plant  production.  All recovered sludge is piled  to dry 
in a  three  walled concrete block structure just  north of the settling 
basin. Leachate from the sludge drains back into  the  basin. The dried 
sludge is hauled  away. 



Stormwater:  Aside from truck  loading and wash-off/slump  process  areas 
and the approach t o  the  sett l ing  basin,   the l o t  is n o t  paved. The 
paved areas do n o t  completely  channel  runoff t o  e i ther  of the 
available sumps. Consequently yard runoff pools  randomly and/or 
i n f i l t r a t e s .  A puddle i n  the  aggregate  storage  area had a pH of 7 .  

north of  the  loading  area sump, will co l lec t  runof f  from around the 
batch  plant  control room. 

A stormwater  basin  (approx. 5 X 5 X 3 m), under construction jus t  

Feedstocks: T h i s  plant  maintains a maximum of 60 tonnes of type 10  
cement, 60  tonnes of  type 30 cement  and 75 tonnes of flyash i n  two 
silos above the  truck  load  area. 

vessels,  located  inside  the  control b u i l d i n g .  
Admixtures supplied by Conchem are  securely  stored i n  s t e e l  

TYPE EFFECT VOLUME ( L 1 

Procrete-N water  reducer 4500 
HE-202 set   accelerator 9000 
AES air   entrainer  2250 
Procrete-R set   re tarder  4500 

Total 20250 
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Operation:  batch  plant 
Fleet Size: 16 trucks, average 9 . 2  cu.m/truck 
Avg. Daily Production: 300 cu.m 
Max.  Hour  Production: 120 cu.m 

This large operation is located on an industrial  island in the Fraser 
River.  Recycled  water is utilized for batch  water,  unless  hot  water 
is required,  and  for  truck  wash-out. Effluent treatment works include 
a  three-celled settling basin  and  a stormwater basin. Operations are 
summarized as follows: 

Truck Loading: Trucks back  into the loading area and are filled with 
premeasured concrete components.  A  wash bar cleans the  exterior drum 
with city water during the filling  operations. This area of the lot 
is concreted and  runoff is effectively directed  to  the stormwater 
basin (pH 11; approx. 10 X 15 X 5 m deep). This basin is cleaned 
approximately twice per year  with  the  recovered sludge piled  to  dry, 
and later s o l d  as roadfill. 

Truck Wash-Off:  After  filling, trucks proceed to the approach of the 
settling basin  where they wash  off  the back  end  of  the  truck  and 
adjust the product slump with city water from a fire hose. This area 
is paved  and  runoff is effectively channeled to the stormwater basin. 

Truck  Wash-Out:  Come-back concrete is taken to a neighbouring 
business and used  for  pre-cast  blocks. The company receives a token 
payment  for providing the  concrete. 

stalls and  flush  the  mixer drum with  recycled  water. The resulting 
slurry is discharged to cell fl (pH 11). This cell's.north side is 
open  and slopes downward to the  south. As the water  level  rises, 
partially  clarified effluent flows  around  the open end  of #I and 
enters cell #2.  This effluent entrains the smaller fraction of 
solids.  Both  these cells are approximately 15 X 5 X 4 m deep. 
Effluent from cell # 2  is then pumped to a final settling cell (approx. 
5 X 5 X 4 m deep) from which  the  recycled  water  for  batching  and  truck 
wash-out  is  drawn. The pump  intake  head is  fixed  approx. 1 rn above 
the cell bottom. 

basin is cleaned  twice per  year. The recovered sludge from these 
sources is piled  to dry in the aggregate storage area,  and  sold as 
roadf ill. 

$16,000. 

Empty trucks back up to  one  of  three settling basin discharge 

Cell t l  requires cleaning every two weeks, while the stormwater 

Cells # 2  and 13 are cleaned twice per  year at an annual cost of 

Stormwater: The process areas are paved  and  sloped to channel runoff 
to  the stormwater basin. The aggregate storage areas are not paved 
which likely results in some infiltration. Some yard runoff may flow 
north o f f  plant property via  the  roadway. 



Feedstocks: T h i s  plant  maintains a maximum of 150 tonnes of type 1 0  
cement ( 2  X 75  tonnes silos) and 75 tonnes of  flyash i n  silos above 
the  truck  load  area. 

outside,  beside  the  loading  area. 
Admixtures are  supplied by Grace and are  located i n  s teel   vessels  

TYPE EFFECT VOLUME ( L  1 

WRDA- 8 2 water  reducer 13500 
Daracce 1 set   accelerator 22500 
Derex M A  a i r   en t ra iner  2250 
Deratard-17 set   re tarder  2250 

Total 40500 
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Plant 9 

Operation:  batch  plant 
Fleet Size: 7 trucks, average 6 cu.m/truck 
Avg. Daily Production: 65 cu.m 
Max. Hour Production: 40 cu.m 

This small operation is located on an industrial island  in the Fraser 
River.  Recycled  water is not  utilized.  The  process area is approx. 
50 m south of  the  Fraser River; the entire  lot slopes gradually to the 
south.  Effluent  treatment  works  include  three small infiltration  pits 
in series. Operations are summarized as follows: 

Truck Loading: Trucks back  into the  loading area and are filled  with 
premeasured concrete components. A fire  hose provides city water  to 
clean the  back  end of  the  truck  and adjust product slump as required. 
This immediate  area of the  lot is paved  and  runoff is channeled  to  a 
small infiltration ditch (pH 11). A gasoline/oil slick was  visible on 
the  water surface. 

Truck  Wash-Off:  There is no dedicated wash/slump  rack at this plant. 
Trucks are washed  and slumped in the  loading area and runoff flows to 
the infiltration ditch, or pools on the  ground. 

Truck  Wash-Out:  Come back concrete is used  to  make  pre-cast  blocks or 
is incorporated in the  next  batch. This plant has three small 
infiltration  pits in series. The pits are small, approximately 4 X 4 
X 2 m deep. 

The empty truck  backs  up  to  the  unpaved approach to  the first pit 
where a Eire hose supplies fresh water  to flush the  drum. The 
resultipg slurry is discharged  to  the  first pit. Overflow then enters 
the second and  third  pits successively. 

The pits require cleaning out every 2 t o  3 weeks. The 
recovered sludge is  piled beside  the  pits  in a concrete block stall t o  
dry. The dry sludge is hauled away a t  no c o s t  and  used  for  road 
base.  Prior  to  this, annual haulage costs ranged from $1000 - $2000.  

Stormwater: The lot is not paved except for  the  loading area and 
stormwater tends to  pool (pH 9 )  or infiltrate. Some yard  runoff may 
flow south of€ plant  property. 



Feedstocks: T h i s  plant  maintains a maximum of  25 tonnes of  type 1 0  
cement i n  a s i l o  above the  loading  area. 

overhead cover, and are  located  beside  the  loading  area. 
Admixtures supplied by Master Builders  are n o t  enclosed, b u t  have 

TYPE EFFECT VOLUME ( L  ) 

MicroAir 
344-N 
H.E. 
122-R 

a i r   entrainer  675 
water reducer 1 7 0 0  
e a r l y   s e t  1125 
set   re tarder  5 

Total 3505 
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Operation:  batch  plant 
Fleet Size: 8 trucks,  average  10 cu.m/truck 
Avg. Daily  Production: 200 cu.m 
Max. Hour  Production: 200 cu.m 

This  small  plant is located in an  industrial  area  near  the  Fraser 
River.  While  the  property  line  extends  to  the  river front, the 
process  areas  are  approx. 50 m  north of the river,  and  well sloped to 
direct  process  effluents  to  the  north. 

Recycled  water is used  for batch water, unless hot water is 
required,  product  slump  adjustment,  and  truck  wash-out.  Effluent 
treatment  works  include  a  three-celled  settling  basin  and  an 
infiltration pond. This  plant  does not generate  any  effluent  during 
truck  wash-out.  Operations  are  summarized  as follows: 

Truck  Loading:  Trucks back  into the  loading  area  and  are  filled  with 
premeasured  concrete  components.  A  spray bar cleans  the  exterior  drum 
during  the  filling  operations  with  city  water.  Runoff  collects in 
either  a  small  infiltration  sump  (pH 12, approx. 2 X 1 X .5 m  deep) or 
cell 11. 

Truck  Wash-Off:  After  filling,  trucks  proceed  to  one of two 
wash/slump  racks  where  they  wash  off  the  back  end  of  the  truck  with 
city  water.  Product  slump is adjusted, as required,  with  recycled 
water.  All  runoff (pH  11)  from  this  operation is effectively 
channeled  to  cell 11. 

Truck  Wash-Out:  Come-back  concrete is used to  produce pre-cast 
blocks,  or is incorporated in  the  next  batch.  The  empty  truck  mixer 
then  receives  approx.  1 L of PE-134 (a Haster  Builders  cement 
stabilizer)  and  100 L of recycled water. This  slurry is left in the 
truck  overnight  and  incorporated in the  first  batch  on  the  next day. 
Before t h i s  system was utilized an estimated 500 L of recycled  water 
was  required  to  flush  the  mixer. 

Settling Basin: This  settling  basin  consists of three  cells in 
series.  The X 1  and 12 cells  share  a  concrete  bottom  and  a  sloped  slab 
open  to  the  south  which  allows  a  front end  loader  access for clean 
out. Both  cells  slope  to  the  north  and  are  approximately  10 X 4 X 3 m 
deep. As the  water  level in cell 11 (pH 10.5)  rises, partially 
clarified  effluent  flows  around  the  open end into  cell 12 (pH 10.5). 
Supernatant  from 12 flows  through  a  small  weir into cell 13 (approx.  5 
X 8 X 3 m deep). The  recycled  batch  and  slump  water is drawn  from 
cell 13. 

Cells  11  and  12  require  cleaning  approximately  once per month, 
while X3 is cleaned  quarterly.  Recovered  sludge is piled to  dry on 
site in three  walled  concrete  block  stalls.  The  dry  sludge is taken 
to  the company's gravel  operation in Chilliwack to be landfilled. 

Before  the  concrete  stabilizing  system  was  utilized,  truck 
wash-out  was  discharged  to  cell  11  and  the  cleaning  frequency was once 
per week. 

4 



Stormwater: The process  area is paved  and sloped t o  channel  process 
effluent and storm  runoff t o  the I1 c e l l .  The aggregate  storage  areas 
are  not paved  and slope  moderately toward the  r iver .  Non-process yard 
runoff  tends t o  i n f i l t r a t e   t he  ground. 

To the  east  of the  sett l ing  basin and just north of the  batch 
plant  control room is a sump. In  times of  extreme precipi ta t ion,   cel l  
#3 overflows i n t o  t h i s  sump. The  sump is connected by underground 
pipe t o  a la rge   in f i l t ra t ion  p i t  (approx. 8 X 8 X 15 m deep)  located 
s o u t h  of the  process  area, near the  Fraser  River. 

Feedstocks: T h i s  plant  maintains 140 tonnes of type 1 0  cement and 70 
tonnes of flyash i n  two silos above the  loading  area. 

A l l  admixtures  are  supplied by Master Builders,  except  for 
calcium  chloride which comes from Firewater, a Seatt le,  Wa. company. 
The admixture  vessels  are n o t  enclosed and are  located t o  the west of  
the  loading  area. The plant has  experienced problems i n  the  past w i t h  
trucks and other machinery hit t ing  the  valves of the  containers. 
Should a rupture occur the  liquid  admixtures would f low towards the 
set t l ing  basin.  

TYPE EFFECT VOLUME ( L ) 

t i icroair   a i r   entrainer  2250 
344-N water  reducer 9000 
300-N se t   re ta rder  2250 
HE-133 set   accelerator  9000 
CaC12 set   accelerator  9000 

Total 31500 
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Operation:  batch  plant 
Fleet  Size: 1 4  trucks,  average 7 cu.m/truck 
Avg. Daily  Production: 185 cu.m 
Max.  Hour Production: 120 cu.m 

T h i s  medium sized  operation is located i n  an industrial  area near the 
Fraser  River. Recycled water is mixed w i t h  c i t y  water for  batching, 
unless h o t  water is required, and for truck wash-out. Effluent 
treatment works include mechanical aggregate  recovery and a two-celled 
sett l ing  basin.  Operations are summarized as  follows: 

Truck Loading: Trucks back i n t o  the  loading  area, which is paved  and 
sloped, and are   f i l l ed  w i t h  premeasured concrete components. A spray 
bar cleans  the  exterior drum during  the  filling  operation. T h i s  
r u n o f f  is effectively channeled t o  c e l l  f 2 .  

Truck  Wash-Off: After  filling,  trucks proceed t o  the wash/slump rack 
where they wash o f f  the back  end of the  truck and adjust  the  product 
slump as  required w i t h  c i t y  water. T h i s  area is paved  and slopes 
predominantly s o u t h  and s l i g h t l y  east .  The majority of runoff from 
t h i s  operation  drains t o  c e l l  12 b u t  some  may enter a creek/  ditch 
running  along  the  plant's  east boundary. There is no berm t o  
intercept this f low.  

Truck Wash-Out:  Come-back concrete is used t o  make pre-cast  blocks, 
is incorporated i n  the  next  batch, or is discharged t o  the sand  screw 
or c e l l  #I. 

The empty truck backs up t o  the sand screw  discharge  apron which 
is paved  and sloped. I t  is located  approx. 1 5  m s o u t h  of the   set t l ing 
ponds. Recycled water is available t o  f l u s h  the drum o u t  and the 
resul t ing  s lurry is discharged t o  the sand screw. The f l u s h  water i n  
t h e  sand screw is also  recycled  water. 

Coarse aggregate i n  t h e  s lur ry  is drawn up the  length of the 
screw by the  auger and is discharged. I t  is later  stockpiled by a 
loader. The recovered  aggregate is so ld  as f i l l ;  i t  is n o t  suitable 
for  rebatching.  Effluent from the screw (pH 13), heavily  laden w i t h  
cement fines and some sand, is discharged t o  c e l l  11 via an open 15  cm 
diameter  pipe. 

Recycling System: The sett l ing  basin  consists of two se t t l i ng   ce l l s  
i n  ser ies .  Truck  wash-out from the sand screw, and sometimes d i rec t ly  
from the truck ( a t  which time f l u s h  water is city  water) is discharged 
t o  c e l l  11. A weir i n  the  wall d i v i d i n g  ce l l s  11 and 12 allows 
supernatant  to overflow i n t o  c e l l  12. A hole i n  c e l l  11, 
approximately 1 meter from the t o p  of the  eastern  side,  allows 
effluent t o  freely  drain t o  the  ditch/creek running along  the  plant's 
east  boundary. There was l i t t l e  f low i n  t h i s  waterway, but  i t  
appeared t o  be running   nor th  (away from the  Fraser) toward the  city 
storm  sewer. However, the waterway was contaminated w i t h  what 
appeared t o  be cement residue, and the  plant manager informed me that  
they had arrangements t o  clean t h i s  o u t  on occasion. 



Cells 11 and 12 share a common sloped s lab which allows a f r o n t  
end loader t o  clean them o u t .  Both  ponds are approx. 5 X 15 X 3 m 
deep. Recycled water for  batching and  wash-out operations is drawn 
from c e l l  12. 

is piled t o  dry i n  the  aggregate  storage  area. The dried  sludge is 
hauled away a t  an annual cost of approximately $42,000 per year. 

Sludge is recovered from ce l l s  X 1  and 12 on a monthly basis and 

Stormwater: The loading and  slump/wash areas of the l o t  are paved  and 
are somewhat, b u t  n o t  totally,   effective i n  directing runoff  t o  the 
sett l ing  basin.  The aggregate  storage  (non-process)  area of  the  yard 
is n o t  paved. Some yard runoff  may f l o w  nor th  past  the  plant boundary 
and enter  the  city  storm  drain  via  the roadway,  and some  may enter  the 
ditch running  along  the  east  plant boundary. 

Feedstocks: T h i s  plant  maintains a maximum of  85 tonnes of type 1 0  
cement  and 38 tonnes of flyash i n  silos above the  loading  area. 

Admixtures are  supplied by Grace  and Master Builders and are 
securely  stored i n  a bu i ld ing  near  the  loading  area,  except  for  the 
accelerators, which are  isolated from the  process  area near the  batch 
plant  control  office. 

TYPE EFFECT VOLUME ( L ) 

Darex AEA a i r   entrainer  2250 Grace 
WRDA- 8 2 water reducer 4500 n 
WRDA-86 accel./water  reducer 200 It 

Deratard-17 set   re tarder  1100 I( 

Daraccel accel./water  reducer 9000 n 

Aeralone air   entrainer  1100 Master 
355-N accel./water  reducer 3000 Builders 

Total 21150 
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Operation: central  mix - 4.2 and 4.0 cu.m mixers 
Fleet  Size: 25 trucks,  average 8 cu.m/truck 
Avg. Daily  Production: 400 cu.m 
Max.  Hour Production: 200  cu.m 

T h i s  large  operation is located on an indusrial  island i n  the  Fraser 
River. The process  areas  are i n  close  proximity t o  the  Fraser River 
(30 m l  . Recycled water is used for truck wash-out. Wastewater 
treatment works include a two-celled se t t l i ng  basin and sump. 
Operations are summarized as fol lows:  

Truck Loading: Trucks back i n t o  one of  two loading bays (one under 
each central  mixer) and are   f i l l ed  w i t h  a premixed concrete  batch. 
The batch water is c i t y  water. A spray bar cleans  the  exterior drum 
w i t h  c i t y  water during  the  filling  operations. The loading  areas  are 
paved. Runoff from the  north  loading bay is effect ively channeled t o  
a sump (pH 10) ;  only  about one half of the  runoff from the  south bay 
runs t o  the sump, the remainder pools  on the  gravel  yard. A 
gasoline/oil   sl ick was vis ible  on the  surface of the sump. 

The central  mixers are washed o u t  dai ly  w i t h  approx. 1000  L c i t y  
water and  some gravel. T h i s  s o l u t i o n  is discharged t o  a mixing truck 
and discharged t o  the I1 s e t t l i n g   c e l l .  

. 

Truck  Wash-Off: There is no dedicated wash rack a t  t h i s  plant,  as 
central  mix plants do n o t  contaminate  the back  end of  the  truck mixer 
t o  the same extent  as  batch  plants.  City water is supplied a t  the 
loading bays to  clean  off  the  the  trucks. 

Truck Wash-Out:  Come-back concrete is used fo r  pre-cast blocks or  is 
incorporated i n  the  next  batch i f  suitable.  Empty trucks back up a 
sloped  slab approach t o  one of f o u r  discharge bays a t  the  set t l ing 
basin. The approach is inclinded away  from the  basin and causes 
runoff  t o  poo l  there (pH 9 ) .  

overhead l ines provide  recycled water drawn from c e l l  12 for  truck 
wash-out . The resul t ing  s lurry is discharged t o  c e l l  11. Effluent 
in c e l l  11 (pH 1 2 )  is allowed t o  s e t t l e  overnight and is pumped t o  
c e l l  1 2  (pH 1 1 . 5 )  each morning. The  pump intake head is allowed t o  
r e s t  on the  cel l  bottom during pump-over, t h u s  entraining some set t led 
fines.  Effluent from the truck loading sump is pumped on level 
control t o  c e l l  12.  

ef for t  has been made t o  b u i l d  a concrete berm a t  the  plant/river 
boundary, process  runoff does n o t  appear t o  enter  the  Fraser, b u t  
poo l s  s o u t h  of  the se t t l i ng  basin  discharge  stalls. 

twice per month (depending on plant  production) and piled t o  dry i n  
one of two three-walled s t a l l s  approx. 1 0  m s o u t h  of the  r iver.  The 
leachate from the  sludge does n o t  appear t o  discharge  directly i n t o  
t h e  Fraser. The dried  sludge is hauled away. 

The two-celled sett l ing  basin is approx. 20 X 8 X 4 m deep. Four 

The Fraser  River is approximately 1 0  m north of the  basin. An 

Sludge is recovered from the s e t t l i n g  c e l l s  approx. 



Stormwater: The process  area of  the l o t  is paved b u t  does n o t  
effectively  direct   runoff t o  the sump or the  set t l ing  basin.  However, 
runoff from the  process  areas does n o t  appear t o  threaten  the  Fraser 
River. The aggregate  stockpiling  areas  are n o t  paved  and runoff p o o l s  
and i n f i l t r a t e s .  

Feedstocks: T h i s  plant  maintains a maximum of 600 tonnes of  type 1 0  
cement, 300 tonnes of type 30 cement and 300 tonnes of flyash i n  three 
large ground level  storage silos beside  the  loading  area. 
Approximately 30 tonnes of  type 50 cement are  also  stored on s i t e .  

plastic  vessels i n  a b u i l d i n g  beside  the  loading  area. 
Admixtures are  supplied by Grace and are  securely housed i n  

TYPE EFFECT VOLUME ( L ) 

Daratard-17 set   re tarder  2400 

Darava i r a i r   en t ra iner  2400 

Daracem-100 superplasticizor 2400 

WRDA-19 superplastisizor 4000 

WRDA-62 water  reducer 3000 

Total 1 4 2 0 0  

a 
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Operation:  batch 
Fleet Size: 7 trucks, average 6 cu.m/truck 
Avg. Daily  Production: 125 cu.m 
Max.  Hour Production:  85 cu.m 

This  small  operation is located on  North Vancouver's industrialized 
shoreline.  The  process  areas  are  approximately 100 m  north of Burrard 
Inlet. Recycled  water is used for  truck wash-out. Wastewater 
treatment  works  include  a  two-celled  settling basin, two  sumps  and  an 
infiltration pit. Operations  are  summarized  as  follows: 

Truck  Loading:  Trucks back  into the  loading  area  and  are  filled  with 
premeasured  concrete  components.  The  batch  water is city water.  This 
area is paved and  effectively  sloped  to  direct  runoff  to  the  process 
area  sump  (pH 8.5). 

Truck Wash-Off:  After  filling, the  truck  proceeds  to  the  wash/slump 
rack  where  the back  end of the  truck is cleaned  and  product  slump 
adjusted  as  required  with  city water. This  area is paved  and  sloped 
to  direct  runoff (pH 8.5) from  this  operation  to  the  process  sump. 
This  sump is connected  via  underground  pipe to a  large ( 9  X 3 X 6 m 
deep)  runoff  sump (pH 7) which  collects  runoff  from  unpaved  areas of 
the lot. 

The  runoff  sump is connected via underground  pipe  to  an 
infiltration  pit (3 X 3 X 2 m deep, full of 3/4 inch rock)  at  the 
shore of Burrard Inlet.  Yard runoff  entering  this  pit  from  the 
aggregate  area had a pH of 7.5. 

clean  concrete build up  off  the  truck  drum  exterior. No set  schedule 
is fdllowed  for  this  procedure,  and  the  trucks  are  washed in the 
wash/s  lump  area. 

It was  estimated  that  approx. 46 L of HC1 is used each  month  to 

Truck  Wash-Out:  Come-back concrete is used for pre-cast blocks. A 
neighbouring  company  maintains  the  forms  and is not  charged for the 
concrete. 

Empty  trucks back  up  a  sloped  slab  approach  to  one  of  three 
discharge  bays  at  the  two-celled  settling  basin  which  measures  approx. 
20 X 6 X 6 m deep overall.  Three  overhead  lines  provide  recycled  wash 
out  water drawn  from  cell 112. The  resulting  slurry is discharged  to 
cell #l (pH 12.5). Effluent in cell fl1 is allowed  to  settle  overnight 
and is pumped to  cell 12 (pH 12.5) each morning.  The  pump  intake is a 
pipe  fixed  above  the  cell  bottom to prevent  entraining  settled  solids 
during  this  operation. 

Sludge is recovered  daily  from  the  settling  cells  and  piled 
nearby  to  dry (pH 11). Partially  dried  sludge in this  pile is in turn 
transferred  to  the  south  east  area of the  lot  for  further  drying  and 
stockpiling.  This  sludge is occasionally  sold  as fill. 



Stormwater: The process  area of  the l o t  is paved and sloped t o  d i rec t  
runoff t o  e i ther  of  the  available sumps. The yard  slopes  towards 
Burrard In l e t  and puddles i n  the  aggregate  storage  area had a pH of 
7 .  Yard runoff  e i ther   in f i l t ra tes   the  ground or enters  the 
i n f i l t r a t i o n   p i t  (pH 7 . 5 )  at   the   foreshore.  

Feedstocks: T h i s  plant  maintains a maximum of 800 tonnes of type 1 0  
cement ( p l u s  85 tonnes i n  a day s i l o ) ,  2 2  tonnes of type 30 cement and 
85  tonnes of flyash i n  silos beside  the  loading  area. 

b u i l d i n g  beside  the  loading  area i n  s teel   vessels .  
Admixtures are  supplied by  Conchem and are  securely housed i n  a 

TYPE EFFECT VOLUME (L ) 

Procrete-N water  reducer 4500 
Procrete-R se t   re ta rder  4500 
HE-202 early  strength pozz. 6750 
AES a i r   en t ra iner  

Tots 1 18000 
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Plant 14 

Operation:  batch 
Fleet  Size: 40 trucks,  average 6 . 2  cu.m/truck 
Avg. Daily  Production: 700 cu.m 
Max. Hour Production: 270 cu.m 

T h i s  large  operation is located near  Burrard Inlet .  Water is n o t  
normally  recycled fo r  ready mix operations and a positive  discharge is 
directed t o  Burrard in l e t .  However, water treatment works u t i l i ze  two 
large  set t l ing ponds and d i l u t i o n  from existing  well  water. 
Operations are  summarized as  fol lows:  

Truck Loading: Trucks back i n t o  one of two loading bays and are 
f i l l ed  w i t h  premeasured concrete components. The batch water is c i t y  
water. A spray bar cleans  the  exterior  truck drum d u r i n g  the   f i l l ing  
operations w i t h  c i t y  water. T h i s  area is well paved  and effectively 
sloped t o  channel  runoff (pH 1 0 )  t o  the  concrete  lined 11 lagoon 
(approx. 45 X 20 X 6 m deep, pH 11 .5 ) .  Fresh spring water enters 
through the bottom of the lagoon a t  approximately  three  locations. 

* 

Truck  Wash-Off: After f i l l i n g ,  the  trucks proceed t o  one of six 
wash/slump bays, which are  also used for  truck wash-out, a t  t h e  X 1  
lagoon. The  back  end of  the  truck is rinsed o f f  and product s lump 
adjusted  as  required w i t h  c i t y  water. T h i s  area is paved  and sloped 
t o  direct  runoff t o  the 11 lagoon. 

Truck  Wash-Out:  Come-back concrete is used fo r  pre-cast  products, for 
paving the yard  or is incorporated i n  the  next  batch. 

Empty trucks back up t o  one of s i x  wash s t a l l s   a t  the 11 lagoon. 
T h i s  is the same f a c i l i t y  used for  cleaning  after f i l l i n g  operations. 
City water is used t o  clean  the  interior of the drum mixer; the  slurry 
is discharged t o  the  lagoon. I f  a l l  six bays are  occupied,  the empty 
truck may proceed t o  the  concrete-lined 1 2  lagoon (approx. 20  X 20 X 6 
m deep, pH 1 0 )  f o r  wash-out. T h i s  wash area is s u p p l i e d  w i t h  spring 
water pumped from the 13 lagoon, and is normally ut i l ized by the 
company's gravel dump trucks. I t  is paved t o  d i rec t  runoff i n t o  the 
t2 lagoon. 

The X1 lagoon receives a l l  process  effluent and runoff  from the 
process  area. An overflow i n  t h e  north  east  corner of the lagoon 
discharges  supernatant  via a small V-notch weir t o  an open 6 inch 
culvert which connects t o  the  unlined 13 lagoon (approx. 20 X 30 X 1 0  
m deep), Spr ing  water enters from the bottom of t h i s  lagoon as well 
and dilutes  the  process  effluent. The diluted  effluent is then 
discharged t o  a ditch, which runs i n t o  Burrard In le t .  

east  corner of the  plant runs paral le l  t o  the  process  effluent 
culvert, b u t  does n o t  enter  the 13 lagoon.  Instead, t h i s  fresh water 
runs d i rec t ly  t o  the  ditch t o  further  dilute  the  discharge from the 13 
lagoon. 

Sludge is recovered from the 11 lagoon twice per year. The larger 
aggregate  located near the wash racks is dried and so ld  as f i l l ,  while 
the  finer  fraction i n  the  northern  section of the lagoon is dried and 
buried on s i t e .  

Another  open culvert  carrying  fresh  spring water from the  north 



Stormwater: The process  area of t h e  l o t  is paved  and effectively 
sloped t o  direct  runoff t o  the I1 lagoon. 

Feedstocks: T h i s  plant  maintains a maximum of 375 tonnes of  type 10 
cement to t a l  i n  three silos, and no flyash. 

Admixtures are  supplied by Grace and Master Builders and s to red  
i n  steel   vessels which are housed i n  a heated  enclosed  area under the 
batch  plant  control room. CaC12, supplied by Pozzolanic, is located 
outside i n  a steel   container.  

TYPE  EFFECT  VOLUHE  (L ) 

300-N set   re tarder  1 3 5 0  Master 
3 4 4 4  water reducer 1350 Builders 
122-R set   re tarder  1 3 5 0  
HE-133 set   accelerator 1 3 5 0  H 

Daracem superplasticizor 1 3 5 0  Grace 
A . E . S .  air   entrainer  1 3 5 0  *I 

CaCl2 set   accelerator 9000  

U 

I( 

Total 1 7 1 0 0  
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Operation:  batch 
Fleet Size: 16 trucks, average 8 cu.m/truck 
Avg. Daily  Production: 250 cu.m 
Max.  Hour Production: 100 cu.m 

This  medium  sized  operation is located  near  a  fish  bearing  creek, in a 
relatively  undeveloped  area.  Recycled  water is normally used for 
batch  water  and for truck wash-out. A new  configuration  produces  a 
positive  discharge of clarified  process  water  to  city  sewer.  Treatment 
works  include a large  infiltration pond and  a  three-celled  settling 
basin.  Operations  are  summarized  as  follows: 

Truck  Loading:  Trucks back  into the  loading  bay  and  are  filled  with 
premeasured  concrete  conponents.  Water  pumped  from  the  lagoon  has 
been  used  for  batch  water  for  approx 5 years, unless hot  water is 
required.  A spray bar cleans  the  exterior  truck  drum  during  the 
filling  operations  with  city water. This  area is paved  and 
effectively  sloped  to  direct  runoff (pH 11.5) to  a  sump  which 
discharges  to  the  lagoon. 

Truck  Wash-Off:  After  filling,  the  truck  proceeds to  one of the  two 
wash/slump  racks  located  at  the  three-celled  settling basin. Here  the 
back  end  of the  truck is rinsed off and  product  slump  adjusted  as 
required  with  city water. 

This  area is quite  well  paved  and  sloped  to  direct  runoff (pH 
11.5) into cell 11. During  wash-off  operations water pools  beside 
cell Y 1  before  flowing  around  and  into  the  open  cell end. Additional 
paving  could  eliminate  this  pooling. An oil  slick  was  visible on the 
pooled  water. 

Truck Wash-Out:  Come-back concrete is used  for pre-cast blocks, or is 
incorporated in the  next  batch.  The  company  only  has 5 block forms 
and if they are unavailable, the  concrete is spread  on  the  sludge 
pile. The  concrete is later  broken  down  and  incorporated  into the 
sludge,  which  actually  improves  the  dried sludge's fill 
characteristics. 

overhead  racks  provide  recycled  wash-out  water  drawn  from  cell 12. 
City  water is also provided.  The  slurry is discharged  to  the 13 
cell.  This  area is also  well paved and  sloped  to  channel  runoff (pH 
11) from  this  operation  into  cell 13. 

Empty  trucks back  up to  one of two wash-out  bays  at  cell 13 where 

Stormwater:  Approximately 90% of the  yard  area is paved and 
effectively  directs  most  non-process  yard  runoff  to  the  plant  sewer 
system.  The  plant  sewer  system  discharges  to  the  infiltration lagoon, 
or may be diverted  during  heavy  rainfall  into  an  adjacent  creek.  The 
process  areas  are  also paved  to collect  process  runoff in either  the 
lagoon or settling basin. 



Effluent  Handling  Overview: A s e r i e s  of p l an t   s ewers   co l l ec t   ya rd  
runoff  and  discharge it  t o   t h e   i n f i l t r a t i o n   l a g o o n .  Lagoon water is 
used for   ba tch   water .   Dur ing   heavy  ra infa l l   events ,   yard   runoff  can be 
diver ted  f rom the lagoon  and  discharged  to a nearby  creek.  

When t h e  lagoon is nea r   capac i ty ,   e f f luen t  is pumped on l e v e l  
c o n t r o l   t o  the 1 2  s e t t l i n g  basin c e l l .   P r e v i o u s l y ,  t h i s  pond flooded 
over i t s  no r th  west s i d e   i n t o  an a d j a c e n t  creek. The company has a l s o  
s u n k  concre te   b locks  i n  the  north  west   corner  of the lagoon to   p revent  
pond seepage   in to   the   c reek .  

Runoff  from the   t ruck   l oad ing   ope ra t ions  is e f f e c t i v e l y   c o l l e c t e d  
and  discharged  to   the  lagoon  via   plant   sewer .  Wash-off  and  wash-out 
ope ra t ions  are conducted a t  t h e   t h r e e - c e l l e d   s e t t l i n g   b a s i n .  Wash-off 
and  wash-out e f f l u e n t s   a r e   c o l l e c t e d  and  channeled  to ce l l  11 and 1 3  
r e s p e c t i v e l y .   E f f l u e n t   i n  11 and 13 is allowed t o  s e t t l e  overnight  
and i n  the  morning is pumped t o   c e l l  12 .  The pump intake  heads i n  11 
and X3 a r e   t i e d   o f f  and  suspended  above  the ce l l  bottoms t o   p r e v e n t  
entrainment of s o l i d s   d u r i n g  pump-over ope ra t ions .  The intake head i n  
# 3  is kept   o f f   the   bo t tom  v ia  a b a l l  f l o a t .  The r ecyc led  c e l l  12 
e f f l u e n t  is used  for truck wash-out  and  for  yard wash  down. If c e l l  1 2  
is t o o  f u l l ,  e f f l u e n t  may be d ischarged   to   sewer .  

Sludge is reclaimed  from  the s e t t l i n g  bas in   every  two weeks, 
depending on plant   product ion,   and is p i l e d   t o   d r y .  The  company is 
hoping t o  s e l l  i t  as f i l l .  

Feedstocks: T h i s  p lan t   main ta ins  a maximum of 175 tonnes of type 1 0  
cement ( 9 5  t 80 tonnes)  and 40 tonnes of f l y a s h   i n   s i l o s   a b o v e   t h e  
truck loading area. Another 50 t o n n e   s i l o  is usua l ly   kep t  empty f o r  a 
s p e c i a l  cement  e.g.  type  50. 

Admixtures are supp l i ed  by Conchem, and are loca ted   ou t s ide   nea r  
the  loading  bay i n  p las t ic  v e s s e l s .  Old s tee l   admixture   vesse ls   f rom 
Master Bu i lde r s   a r e  s t i l l  on s i t e  a l though   t hey   a r e  no longer  used. 

TYPE EFFECT VOLUME ( L ) 

MSN water reducer 4500 
P roc re t e -R   s e t   r e t a rde r  2250 
HE-202 h i g h   e a r l y   s t r e n g t h  2250 
P roa i r  a i r  e n t r a i n e r  1800 
cac12 set a c c e l e r a t o r  9ooo 

. 

Tota 1 19800 
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Operation:  batch 
Fleet Size: 4 trucks, average 5 . 5  cu.m/truck 
Avg. Daily Production: 4 5  cu.m 
Max.  Hour Production: 35 cu.m 

This small operation is located in a small ravine in a relatively 
undeveloped  area. A fish bearing  creek roughly disects the 
operation. This plant is not connected to a municipal water supply; 
all fresh water is drawn from a well. Recycled  water is normally used 
for  batch  water  and  for  truck  wash-out. Treatment works include  a 
two-celled settling basin. The loading bay acts as a large  sump. 
Operations are summarized as follows: 

Truck  Loading: Trucks back into  the  loading  bay  and are filled with 
premeasured concrete conponents.  A spray bar cleans the  exterior 
truck drum during the filling operations with well water. The loading 
bay is a concrete lined cell and is very effective in collecting and 
holding runoff associated  with  loading  operations.  Water  pooling in 
this  bay (pH 11) is used  for  batch  water. A gasoline/oil  slick  was 
visible on the  surface. 

Truck Wash-Off:  After  filling, the truck stays in the  loading bay. A 
hose supplied with  fresh  well  water is used to rinse off  the  back  end 
of the  truck  and to adjust product as required.  All  runoff from 
wash-off operations is held  in  this  bay. 

Truck  Wash-Out:  Come-back concrete is not  utilized  for any purpose, 
if it cannot be incorporated in the  next  batch. The company feels 
that the cost of preparing  the forms outweighs the  benefit  of such 
effort.  Instead, trucks back  up  to  a  two-celled settling basin, south 
of  the  creek. The discharge area is paved  and  sloped  to some extent, 
but chould be improved due to  the proximity of  the  creek  (approx. 1 0  m 
north). The north side near the creek is bermed to prevent any direct 
discharge,  but effluent may flow around  the  west side and  enter  the 
creek. 

Overhead racks provide recycled wash-out water drawn from cell 
12, which is used to dilute the come-back concrete in the truck 
mixer. This requires more  water than is needed to wash out a mixer 
drum that has discharged its come-back concrete. The slurry is then 
discharged t o  cell #1 and allowed to settle overnight. In the morning 
cell 11 effluent is pumped t o  cell 12.  The pump  intake  head is tied 
off to prevent settled solids from being entrained with  the  pumped 
effluent . 
dry in an area just east of the settling basin. 

Sludge is usually recovered daily from the 2 cells,  and  piled to 

Stormwater: The operation is located in a small valley, so runoff 
runs toward  the  creek from the  north  and  south. The truck  loading 
area is north of the creek,  and the wash-out discharge area to the 
south. 



Effluent  generated  during  truck  load  operations is well  contained 
i n  the  loading bay. The wash-out area is bermed, b u t  is n o t  
completely effective i n  keeping r u n o f f  from entering  the  creek. 

contamination from the  loading  operation. Storm r u n o f f  originating 
near  or beyond the s o u t h  plant boundary may f l o w  over the  discharge 
area, t h u s  becoming contaminated, and enter  the  creek. 

Some yard  runoff enters  the  creek  directly, bu t  shou ld  be free of  

Feedstocks: T h i s  plant  maintains a maximum of 35 tonnes of  type 10 
cement  and 30 tonnes of flyash i n  two silos above the  truck  f i l l ing 
area. 

batch plant  control room i n  plastic  vessels.  They are  elevated and 
out of the way of  machinery. Should a vessel  rupture, some of the 
l i q u i d  would l ike ly  reach  the  creek, and some would f low i n t o  the 
truck  loading ce l l .  

Admixtures are  supplied by Grace and are kept  outside,  near  the 

TYPE EFFECT VOLUME ( L 1 

Daraccel water  reducing  accelerator 2250 
Hicol early  strength 2250 
Derex AEA air   entrainer  la00 

Total 6300 

t 
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Operation:  central  mixer (5.5 cu.m) 
Fleet  Size: 20 trucks, average 7.6 cu.m/truck 
Avg. Daily  Production:  125 cu.m 
Max. Hour Production: 160 cu.m 

This  large  operation is located  within  downtown  Vancouver,  adjacent to 
marine waters.. The  entire lot is paved  and  recycled  water is used for 
truck wash-out. Treatment  works  include  a  single-celled  settling  basin 
and  a  drag  chain  mechanical  aggregate  recovery unit. Operations  are 
summarized  as follows: 

Truck  Loading:  Trucks  enter  the  loading  bay  and  are  loaded  with  a 
premixed  concrete batch. A spray bar cleans  the  exterior  truck  drum 
with  city  water  during  the  filling  operations.  City  water is used for 
truck  wash-off.  The  loading  bay  area  slopes  north  (towards  the  water) 
and  runoff  from  this  operation  flows  towards  the  bulk  aggregate 
storage  silo bays  on  the  north  plant boundary, where it is collected 
in a  sump and  discharged  with  yard  runoff to  marine waters. While 
effluent  pooling in the  loading  area had a pH of 11.5, the  combined 
yard  and  truck  loading  runoff  entering  the  storage  silo  sump had a pH 
of 8.5. A gasoline/oil  slick  was  visible  on  the  surface  of  the  water 
entering  the sump. 

Truck Wash-Off: There is no  dedicated  wash-off  rack at  this 
operation.  Wash-off, if  required, is conducted in the  loading bay. 

Truck Wash-Out:  Come-back concrete is used  for  pre-cast  blocks, is 
dumped  (after  dilution)  into  the  settling basin, or is incorporated 
into  the  next batch. 

concrete  lined  single-celled  settling  basin  (approx.  25 X 4 X 6 m 
deep).  The  discharge  approach is paved  and  sloped  west to  direct 
runoff  into  the basin. The  basin  itself  slopes  downward  towards  the 
north  while  the  south end is open, allowing  a  front  end  loader  access 
to  clean  out  settled  solids.  Four  overhead  racks  provide  recycled 
water (pH 11.5) drawn  from  the  drag  chain  unit  for  truck wash-out. 
The  resulting  slurry in the  truck  mixer is discharged  to  the  settling 
basin  and  allowed  to  settle  overnight. 

In  the morning, the  clarified  basin  effluent is pumped  into  the 
drag  chain unit. The  intake  head  on  the  pump is tied  off  to  prevent 
it from  resting  on  the  bottom  of  the  settling basin. 

The  drag  chains  are  used  as  required  (approximately  weekly) to 
recover  the  entrained  fine  solids.  The  recovered  material is piled 
with  other  recovered  sludge.  While  the  unit is designed  to  recover 
aggregate, it is primarily used at  this  facility  as  a  second  stage 
holding tank. 

Sludge is recovered  from  the  basin  on  a  weekly basis, depending 
on  plant  production,  and is piled to  dry in a  three  walled  concrete 
block  stall  immediately  south  west of the  drag  chain unit. Leachate 
from  this  sludge  flows  around  the  east  side of the  containment  and is 
directed  by  a  small  berm  into  a  covered  trench  which  discharges  to  the 
settling basin. The  berm  prevents  the  leachate (pH 12)  from  directly 

Empty  trucks back up  to  one of four  discharge  stalls  at  the 



entering the marine  water,  but if the trench plugs due to solids build 
up, the  leachate  will overflow the  berm. Immediately east of  the  berm 
is a  hole in the wharf  beside the bulk aggregate storage silos, 
opening  to  the receiving water.  A  gasoline/oil  slick  was  visible on 
the yard  runoff (pH 11) discharging through this opening. 

Stormwater: The entire lot is paved  and  sloped at this  facility.  A 
small crest running east/west roughly divides the lot in  half, 
directing half  the  yard  runoff  toward  the  water. 

the northern half  of  the  lot.  Runoff from the  loading area is 
collected and discharged via collection sumps in the aggregate silo 
loading  bays  to  marine  water, while runoff in the discharge area is 
directed t o  the settling basin. 

a pH  of 7 and 8 .  

Both process areas (truck loading and discharge) are located  in 

Water  pooling  in the non-process, southern portion of the lot had 

Feedstocks: This plant maintains a maximum of 800 tonnes of type 1 0  
cement in a large silo east of the  truck  loading bay and 75  tonnes of 
both flyash and type 30 cement in  a  four compartment silo above the 
loading bay. The remaining two compartments are usually kept empty to 
store cement for a specialty order, or  for additional capacity. 

Admixtures are supplied by Grace and are securely housed in a 
room beside the loading bay in plastic vessels. Calcium chloride is 
kept outside in a steel container. 

TYPE EFFECT VOLUME ( L ) 

Daratard set retarder 2400 
Daravair air entrainer 1200  
WRDA- 8 2 water reducer 6000 
WRDA-19 superplastisizor 2400 
CaCl2 set accelerator 9ooo 

7 

Total 21000 
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