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1.0 INTRODUCTION 
One of the major problems associated with s o l i d waste 

l a n d f i l l i n g i s the production of leachates. This problem 

i s p a r t i c u l a r l y acute i n areas of high r a i n f a l l ' s u c h as 

the Greater Vancouver area of B r i t i s h Columbia. The 

migration of leachate to surface and groundwaters i s a 

serious p o l l u t i o n problem. Determining the magnitude of 

the p o l l u t i o n problem requires a thorough evaluation of 

the l a n d f i l l operation and the hydrogeological s e t t i n g . 

2.0 RICHMOND LMTOFILL 

2.1 S i t e 

The Richmond L a n d f i l l s i t e (Figure 2.1) located ^ 

i n the Municipality of Richmond and owned by the 

Fraser River Harbour Commission, i s a proposed 

development s i t e f o r an i n d u s t r i a l park and port 

f a c i l i t y . The s i t e , shown i n Figure 2.2, was 

acquired from the Munici p a l i t y of Richmond who 

operated i t as a municipal dximp. The s i t e , 

presently operated by a pr i v a t e contractor, i s the 

point of discharge for the Munici p a l i t y of Richmond 

municipal waste, as well as a large proportion of 

contract disposal waste for the Greater Vancouver 

area. The active s i t e presently involves 365 acres 

However, two a d d i t i o n a l 300 acre parcels of land 

recently acquired separately by the FRHC and the 
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l a n d f i l l operators, appears destined f o r l a n d f i l l i n g 

as w e l l . The resultant s i t e , shown i n Figure 2 . 3 , 

would be the second largest l a n d f i l l s i t e i n 

B r i t i s h Columbia, second only to the C i t y of Vancouver 

l a n d f i l l s i t e . 

2 . 2 Study Impetus 

The l a n d f i l l i s located on a peat bog with a high 

water table. As a r e s u l t , l a n d f i l l leachate d i s ­

charges to surface drainage ditches which, i n turn, , 

discharge to the Fraser River. The Federal A c t i v i ­

t i e s P o l l u t i o n Abatement Group became involved as 

a r e s u l t of resident complaints of leachate i n 

l o c a l a g r i c u l t u r a l ditches. The l a n d f i l l i s not 

not regulated by the P r o v i n c i a l P o l l u t i o n Control 

Branch. 

2 . 3 S i t e Operation 

The l a n d f i l l operation i s generally c o n t r o l l e d by 

s p e c i f i c a t i o n s l a i d down by the Department of Public 

Works which have been determined by future develop­

ment loading requirements. B a s i c a l l y , the operation 

involves construction of put r e s c i b l e c e l l s on a 

demolition wood v;aste mattress. The cover material 

used i s sand, dredged and stockpiled twice per year. 

Figure 2 . 3 shows the s i t e development plan. The 



Figure 2 . 3 Active and Proposed L a n d f i l l Area 
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rate of s i t e f i l l i n g i s approaching 50 acres per 

year. Drainage ditches have been cut i n the s i t e 

to d i r e c t a l l drainage d i r e c t l y to the Fraser 

River. However, due to peat f a i l u r e of the d i t c h 

walls, dredging, or high r i v e r l e v e l , the ditches 

are frequently blocked o f f , r e s u l t i n g i n a r e v e r s a l 

of d i t c h flow to adjacent a g r i c u l t u r a l ditches-

3.0 STUDY OBJECTIVE 
The main goal of the Richmond L a n d f i l l assessment study 

i s to i d e n t i f y and quantify the environmental impacts 

y r e s u l t i n g from the l a n d f i l l operation. Although the 

surface flow of t o x i c leachates entering the Fraser River 

has been previously addressed by monitoring studies, no 

d e t a i l e d evaluation had been c a r r i e d out on any of the 

several l a n d f i l l s located i n a s i m i l a r g e o l o g i c a l s e t t i n g 

as to the sub-surface movement of leachates and the p o t e n t i a l 

f o r contamination of the underlying aquifer. Consequently, 

i t was decided to carry out a comprehensive evaluation 

involving i n v e s t i g a t i o n of the sub-surface geology by 

c o l l a t i n g past bore hole information and the i n s t a l l a t i o n 

of piezometer and monitoring wells for hydrogeological 

and sub-surface water chemistry i n v e s t i g a t i o n s . A d d i t i o n a l 

and confirming geological information was obtained i n con­

junction with the well i n s t a l l a t i o n s . The general study 

format i s attached as Appendix 1. 
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4.0 STUDY IMPLICATIONS 

As mentioned, the study i s intended to i d e n t i f y environ­

mental impacts r e s u l t i n g from the e x i s t i n g l a n d f i l l 

operation. To t h i s end, i t i s anticipated that recommenda­

tions would be formulated with respect to the materials 

disposed, methods of handling, drainage a l t e r a t i o n s and 

possible applications of leachate c o l l e c t i o n and treatment 

systems. 

I t i s also anticipated that the study findings have im­

p l i c a t i o n s on the future d i r e c t i o n to be taken i n the 

development of the a d d i t i o n a l land a c q u i s i t i o n s . In t h i s 

regard, the study findings w i l l provide useful input to 

the environmental screening process of t h i s land a c q u i s i ­

t i o n . 

As w e l l , the Richmond L a n d f i l l s i t e i s located i n the 

flood p l a i n of the Fraser River with a geologic s e t t i n g 

common to many other major l a n d f i l l s i t e s i n the Lower 

Fraser V a l l e y . Consequently, the study w i l l have a broader 

implication due to the anticipated a p p l i c a t i o n of the 

study r e s u l t s to the i n v e s t i g a t i o n of these other s i t e s . 

5.0 STUDY TEAM 
Due to the many facetted aspects required of any l a n d f i l l 

study and i n order to further develop an in-house c a p a b i l i t y 
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i n e v a l u a t i n g l a n d f i l l s , i t was d e c i d e d t h a t the study 

shoud be c a r r i e d out in-house, u t i l i z i n g the s p e c i a l i z e d 

s e r v i c e s o f o t h e r agency p e r s o n n e l and c o n s u l t a n t s p e c i a l i s t s 

The team d i r e c t l y i n v o l v e d i n the study i n c l u d e s two 

F e d e r a l A c t i v i t i e s P o l l u t i o n Abatement Group e n g i n e e r s , 

a s i t e t e c h n i c i a n and a UBC p r o f e s s o r , both h i r e d on 

p e r s o n a l s e r v i c e s c o n t r a c t s , and a h y d r o g e o l o g i s t from 

the Hydrology Research D i v i s i o n of I n l a n d Waters D i r e c t o r a t e . 

The o n - s i t e bore h o l e and w e l l d r i l l i n g work was c a r r i e d 

out over a f o u r month p e r i o d by t h e M i n i s t r y o f T r a n s p o r t 

s o i l s l a b p e r s o n n e l a t no c o s t t o the Envi r o n m e n t a l Pro­

t e c t i o n S e r v i c e . 

6:.0 STUDY APPROACH 

In o r d e r t o develop a p r e d i c t i v e model of the s u b - s u r f a c e 

l e a c h a t e m i g r a t i o n , i t i s n e c e s s a r y t o d e f i n e the complete 

h y d r o g e o l o g i c s e t t i n g and monitor the s u b - s u r f a c e water 

c h e m i s t r y . 

6.1 G e o l o g i c S e t t i n g 

From p r e v i o u s g e o l o g i c i n v e s t i g a t i o n s on the 

Richmond L a n d f i l l s i t e , t h e r e was c o n s i d e r a b l e bore 

h o l e d a t a a v a i l a b l e . T h i s data was p l o t t e d t o show 

the s i t e s t r a t i g r a p h y . The p r e l i m i n a r y g e o l o g i c 
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s e t t i n g developed indicated the s i t e was situated 

on peat and overlying d e l t a i c deposits of clay s , 

s i l t s and sands. The most i n t e r e s t i n g aspect of 

the geologic s e t t i n g was i t s undulating s t r a t i -

graphic units . Peats ranged i n thickness between 

5 and, 20 feet, and the clay layer between the peats 

and s i l t - s a n d s ranged from 2 to 20 feet. 

Previous p r e d i c t i v e models of leachate movement had 

indicated a continuous stratigraphy with surface 

d i t c h interception of almost the t o t a l leachate 

flow. However, the geologic setting,determined 

from the preliminary evaluation of the geologic data, 

indicated that there were s i g n i f i c a n t highs and lows. 

This, coupled with the known compressibility of 

peat r e s u l t i n g from the l a n d f i l l loading, indicated 

that i n t e r c e p t i o n of a l l the leachate by surface 

ditches may not occur. Hence, a thorough understanding 

of the hydrogeology was required. 

6.2 Hyd rog e o1og i c a1 Inve s t igations 

Based on the known geology, a d r i l l i n g program was 

i n i t i a t e d to provide further bore hole information, 

and i n s t a l l monitoring wells for static/piezometric 

groundwater l e v e l measurement and water chemistry 

sampling. 
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The w e l l s were l o c a t e d so as t o p r o v i d e hydro- . 

l o g i c a l and water c h e m i s t r y m o n i t o r i n g a t the base 

of the garbage, i n the peats and below the c l a y s . 

The l o c a t i o n l a y o u t i s shown i n F i g u r e 6.1. A 

s u b - c l a y c o n t r o l w e l l v/as a l s o l o c a t e d a p p r o x i ­

mately .5 m i l e s t o the e a s t of the l a n d f i l l s i t e . 

F i g u r e 6.2 shows the g e o l o g i c p r o f i l e o f the s i t e . 

The w e l l c o n s t r u c t i o n , c o n s i s t i n g of 3 i n c h d i a . 

pvc p i p e (to a l l o w f o r l e v e l r e c o r d e r f l o a t ) and 

a 2 f o o t X 2 i n c h d i a . w e l l s c r e e n , s l o t t e d and 

wrapped w i t h f i b r e g l a s s tape i s shown i n F i g u r e 6.3, 

and the w e l l i n s t a l l a t i o n procedure i n F i g u r e 6.4. 

To date 22 w e l l s , i n c l u d i n g the c o n t r o l w e l l , have 

been i n s t a l l e d . 

7.0 PRELIMINARY FINDINGS 

7.1 Hydrogeology 

From the l i m i t e d e v a l u a t i o n o f the p r e l i m i n a r y 

s t a t i c l e v e l measurements t o date, the f o l l o w i n g 

t e n t a t i v e c o n c l u s i o n s have been drawn: 

1. There are t h r e e independent a q u i f e r s u n d e r l y i n g 

the s i t e : 

a) a r a i s e d or mounded l o c a l i z e d water t a b l e , 

r e s u l t i n g from the garbage l i f t s ; t h i s 

garbage water t a b l e responds d i r e c t l y t o 

r a i n f a l l v/ith a 5 hour l a g p e r i o d ; 
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Cap 

Hacksaw Slot 
for air vent 

• 

3" j^ P.V.C Pipe 

.Z"6 X 2" Reducer 

2" 0 X 2 ' -0" P.V.C Pipe slotted 
at 1" Intervals and wrapped 
with f ibreglass tape 

2" jef Cap 

F i g u r e 6 . 3 

P I E Z O M E T E R CONSTRUCT ION 

- 14 -



tn 

u 
rH rH 
rH rH 
O H H 

•a 
<u 

•o 
t C rH 
ro S 0 

o 
0) 

0) 
•P •P n 

o o 
o • a x i 
*i u 

<u 0) fl) 
•o -u •n £ 
a) 10 HJ 

Tl 
o C >»-i 
10 c ro 0 

H J (0 01 
+J « 4J 
ro rH >, 0 

O <u o 
m u <« 
•H Xi <u 

4J 
+J-H c x: 
•H ? o +> 

s D - a c 
VO 0 

c in rH -rl 
0) c 1 x: 

cn 
D 

u iw O 
10 - a O 

B 0 
<u .H (0 U -P 

rH 0) 
0) o> 

o » C 10 C 
•H « -H 

•-1 0) M XI to 
cu 4: 10 10 

t* o < o 
rH 
I-H 
o m • rH CM 

c to 
Cn (0 3 
c rH 

•rl Dl 3 
IA G C 
(d -H c 

a c 
to -H tJl fl) 
^ to C fl) •H V4 
rH ro 01 u 
rH -H ro 01 
•H (0 O 
V4 rH 
•O O fl) rH 

X; fl) <U +> S 
X "O 
JJ fl) C 0) 

•a S X 
o -a o +J 
+> (0 •a 
c T) 

•H n ro C 
fl) fl) 3 •a j j M O 

fl) (0 3 H 
0 <d 

fl) O. 
3 a M 
O lO • 01 U 
rH 0) ro •H 10 

rH 0) 0. 
01 o a -d 
•H 0. c -a 

x: <o rd c 
tJ ip u 01 ro 
C -H 01 

•H > fl) >i 
01 01 fl) to 
ro C 10 n 
O S O tt) tt) 

+> T) 
rH -a rH C -H 
rH rH 0 > 
tt) rQ fl) a 0 » fl) ^ 

o 
fl) )H 0) rH 
x: o 1 o H tH 4J 

• • 
o 

•o 
•H fl) 
0 •a 

•o 10 
m 01 

-H 
>« 
3 4J 
E" c 

fl) • 
fl) E fl) 
J-> tti a 
•H O -H 
c a 
o X 1 

-H 
c E C 
fl) 1 ro 
XI 0 P 

U 01 
•a c 
B fl) 
(0 - x : 

c +> 
•o o 
fl) -H - a 
rH 4J c 
rH (0 3 
3 o o 
cu o u 

rH ra 01 
•H rH fl) 

rH O 
fl) rO 

c -a S >M 
•H O S-i 
01 -O O 3 
ro ra x: 01 
O 10 p 

01 0] c c 
H -rl O 3 
0) o 
rH " £71 U 
rH rH C 
•n fl) •rl 
n o r3 fl) 

c x: n3 1 
r3 fl) 
c x: 

X tt) 4J 
fl) -H Cu 
X! 3 tt) 4J 

Q 10 

in v£> 

- 15 -



b) a confined aquifer i n the underlying peats 

due to compression of the peat surface by 

the garbage l i f t ; 

c ) underlying aquifer i n the d e l t a i c materials 

which responds to f l u c t u a t i o n s i n the Fraser 

River. 

2. The clay u n i t appears to be continuous through­

out the s i t e . Therefore, i t i s u n l i k e l y that 

there could be an interconnection between the 

upper two and lower aquifers. 

3. The lower aquifer flow gradient i s northwest 

towards the north arm of the Fraser River and 

p a r a l l e l to the mainstem. 

Water Chemistry 

Two sets of samples have been c o l l e c t e d from the 

monitoring wells f o r water chemistry analysis 

following a two month development period. The 

generalized findings are as follows: 

- the underlying aquifer water appears uncontaminated 

(to be confirmed by c o n t r o l w e l l which i s yet to 

be sampled); 

- the peat aquifer water^ due to the compressioi;!. 

caused impermeable i n t e r f a c e t y p i c a l of peat 

water; 
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- the garbage a q u i f e r , as expected, i s contaminated. 

The above c o n c l u s i o n s are o n l y p r e l i m i n a r y as the 

s t a t i c l e v e l s and water c h e m i s t r y m o n i t o r i n g has 

j u s t been i n i t i a t e d . The complete m o n i t o r i n g o f 

the e n t i r e s i t e f o r an extended p e r i o d i n v o l v i n g 

v a r y i n g p r e c i p i t a t i o n and F r a s e r R i v e r l e v e l , i s 

hoped t o p r o v i d e a complete h y d r o g e o l o g i c p i c t u r e 

as i t r e l a t e s t o the s u b - s u r f a c e l e a c h a t e movement. 

8.0 FURTHER STUDY REQUIREMENTS 

8.1 S u r f a c e Hydrology 

T h i s a s p e c t of the study i s extremely complex t o 

q u a n t i f y due t o the dynamic nature o f the c o n t r o l l i n g 

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

F r a s e r R i v e r l e v e l , c o n s t a n t d r a i n a g e d i t c h blockage, 

sand cover d r e d g i n g o p e r a t i o n . N e v e r t h e l e s s , the ' 

s u r f a c e h y d r o l o g y i s c o n s i d e r e d o f extreme importance 

i n the o v e r a l l development of the d e s i r e d p r e d i c t i v e 

model. Consequently, i t i s hoped t o proceed w i t h 

d e v e l o p i n g methods by which t o q u a n t i f y t h i s a s p e c t . 

8.2 S i t e O p e r a t i o n 

The s i t e o p e r a t i o n i n terms of the amount, type and 

l o c a t i o n o f waste d i s p o s a l must be p r e c i s e l y quan­

t i f i e d . 
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8.3 Surface Discharge of Leachates 

Need f o r : 

- drainage modification 

- c o l l e c t i o n 

- treatment 

9.0 SUMMARY 
The Richmond L a n d f i l l Study involves a complex set of 

i n t e r a c t i n g v a r i a b l e s . The basic hardware for the necessary 

hydrogeological studies i s now i n place. The hydrogeological/ 

water chemistry data, together with surface hydrology and 

s i t e operation information w i l l enable development of a 

p r e d i c t i v e model on leachate movement i n peat bog land­

f i l l s . 

This information w i l l provide the input f o r assessment of 

any present or future operational requirements necessary 

to minimize the impact of the Richmond L a n d f i l l on the 

receiving environment. As w e l l , i t i s a n t i c i p a t e d that 

the'study r e s u l t s w i l l be useful i n developing an o v e r a l l 

understanding of l a n d f i l l i n g peat bogs. 
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Appendix 1 
RICHMOND LANDFILL STUDY FORI-IAT 

A. BACKGROUND INFORMATION 

1. H i s t o r y - general h i s t o r y of s i t e when operated by 
m u n i c i p a l i t y o f Richmond and p e r i o d from 
take over to p r e s e n t under Richmond L a n d f i l l 
o p e r a t i o n . 

2. S i t e S p e c i f i c a t i o n s - requirements as l a i d down by DPW 
and the F r a s e r R i v e r Harbour Commission f o r 
c e l l composition, f i n a l grade, e l e v a t i o n s , 
e t c . 

3. Terms of agreement - d e t a i l s of agreement under which 
Richmond L a n d f i l l L t d . operate s i t e , i . e . 
excluded m a t e r i a l s , e t c . 

4 . Management - d e t a i l s o f c o n t r a c t u a l arrangement between 
Richmond L a n d f i l l L t d . and d i s c h a r g e r s , r e ­
cords of v e h i c l e s e n t e r i n g s i t e , e t c . 

B. FILL INF0R!'1ATI0N 

1. Q u a n t i t i e s and Q u a l i t i e s - estimate of volume and pro-
4'"'/"v p o r t i o n of m a t e r i a l s discharged." 

2. Depth of d a i l y c e l l s . 

3. Depth of cover. 

4 . Cover m a t e r i a l s . 

5. S p e c i a l D i s p o s a l Procedures, i . e . waste o i l s and s o l v e n t 
d i s p o s a l , i n t e r n a t i o n a l waste, t i r e s , dead 
animals 

6. General day-to-day o p e r a t i o n . 

C. DISPOSAL ENVIRONMENT 

1. C l i m a t i c data. 

2. S o i l s i n f o r m a t i o n ( t e s t h o l e l o g s ) . 

• 3. S i t e hydrology and hydrogeology. 

D. INTERACTION OF 'B' and 'C 

1. Leachate o u t l e t s and flow r a t e . 
\; 

2. E f f e c t of leachate on r i v e r , i . e . background water, 
analyses, sediment sampling. 

3. Ion exchange c a p a c i t y of l e a c h a t e i n f l u e n c e d and non-

i n f l u e n c e d s o i l . 

E. ALTERNATIVES AND FUTURE CONSIDERATIONS 

1. Continuing monitoring program. 

2. Leachate treatment - a t t e n u a t i o n by peat f i l t r a t i o n , 
a e r a t i o n , e t c . 

3. Recommendation along the l i n e s o f management procedures 
and m a t e r i a l s e x c l u s i o n . 

• 4 . C o n s i d e r a t i o n of gas v e n t i n g requirements i f impermeable 
l a y e r planned f o r completed s i t e . 
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