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1.0 SlJ"Y AND INTRODUCTION - 
Numerous environmental  studies  related  to  the  proposed Hat 

Creek  thermal power devel.opment  have  been  conducted  over  the past three 

years. To provide more d.etailed background  environmental  data, and t o  

fulfill the  requirements of our exploration  pennit ,  some of these s tudies  

have  been  continued.  These  include: 

0 a i r   q u a l i t y  and  surface  and  groundwater  monitoring  programs 

to   be t te r   def ine   ex is t ing   condi t ions ;  

0 leachate   s tudies  t o  assess c h a r a c t e r i s t i c s  of lea'chates  from 

waste c o a l   m a t e r i a l s ;  

e t race   e lement   s tud ies   to   def ine   ex is t ing   na tura l   l eve ls .  

e During 1977 a reclamation test program was i n i t i a t e d  using 

waste  materials from the Bulk  Sample  Program. This program 

was designed to   assess   the  revegetat ion  potent ia l  of various 

waste overburden  materials and to   evaluate   other   var iables  

per t inent   to   successfu l   revegeta t ion   of  these was't,e mater ia l s .  

The i n i t i a l   p l a n t  was c a r r i e d   o u t   i n   t h e   f a l l  of 11977.  The 

success of this work was assessed  during 1978  and a d d i t i o n a l  

remedial  measures  were  taken  to  improve t h e  reclamation 

where necessary. 

0 The exp lo ra t ion   d r i l l i ng  program continued  during  1978. These 

d r i l l   s i t e s   r e l a t e d   d i s t u r b a n c e s  and those from previous years 

explorat ion were reclaimed  during  1978. 

This docoument reports  on a l l  environmental  studies and f i e l d  

pro8:rams ca r r i ed   ou t  in 1978.  Detailed  results  are  presented and discussed. 

1 - 1  



2.0  - REVEGETATION PROGRAMS 

2 ..I ALEECE LAKE TEST PLOTS 
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2 . 1 . 1  Introduction 

The Bulk  Sample  Program was carr ied  out   during 1977 to  

assess  mining  operations and to  obtain  coal  samples f o r  l a rge  

sca l e  combustion t e s t s .  During t h e  mining  program,  overburden  and 

was te   mater ia l s   tha t   po ten t ia l ly  would require  reclamation were 

iden t i f i ed  and analysed.  Eight  such  materials were iden t i f i ed  and 

revegetation test p lo t s  of   these  e ight   mater ia ls  were establ ished 

near  Aleece Lake,. These p lo t s  were f e r t i l i z e d  and seeded w i t h  

var ious   types   o f   p lan ts  i n  October 1977 conrmencing a program to  

assess  the  reveg:etation  potential  of the  various  waste  materials 

t o  b e  expected f r o m  the f u l l  sca le   p ro jec t .  A complete  description 

of t h e  Aleece La.ke r evege ta t ion   t e s t  program is  contained i n  the 

report   prepared  for B.C. Hydro i n  1977 by Acres  Consulting  Services . 1 

In   the  spr ing of 1978 soil samples  were  collected from 

the   e igh t   p lo t s   fo r   nu t r i en t  and trace  element  analyses and the  

p lo t s  were f e r t i l i z e d  as required.  I n  July and August 1978 a 

counting and  sampling  program was conducted to  assess  germination 

success and plant  growth  during  the  f irst   year and to   obtain 
vegetation  samples  for  trace  element  analyses. A description  of 

the 1978 revegetat ion t e s t ing  program,  the  results and a discussion 

of t he   r e su l t s   a r e   p re sen ted   i n  t h i s  sect ion.  

2.:L.2 Soi l  Nutrient  Analyses  and  Ferti l izer  Additions 

1 .  

The e ight  s o i l  mater ia l s   a t   Aleece  Lake  and soils a t  

o the r   t e s t   a r eas  were sampled  on 25 and 26 Apri l  1978 to  provide 

samples f o r   n u t r i e n t  and t r ace  element analyses. A t  Aleece Lake 

each soil material  was sampled on the  non-topsoil   treated  side of 

the  p l o t .  Samples  were obtained by f i r s t   l ocsen ing   t he  soil 

2 - 1  
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su r face   t o  a depth  of  approximately 20 cm with a shovel  blade 

and sampling along the  untouched  surface  with a heavy p l a s t i c  

scoop.  Four individual  samples  were  collected from each p l o t .  

Three  samples  were  collected from the  f ly   ash  plot   because  of  

the  smaller  area  of t h i s  plot.  These  were  placed  onto  dry  white 

paper  sheets,  thoroughly  mixed, and  sub-sampled. The samples 

f o r   n u t r i e n t   a n d y s e s  were placed in p l a s t i c  bags and sen t  t o  

the Soi l s  Testing  Laboratdry  of  the B.C. Department of Agriculture 

in   Keloma,  B.C. The samples f o r  mercury  analyses  were  placed 

directly  into  white  paper  bags which  were  then  placed in double 

c l e a r   p l a s t i c  bags  with twist tops.  Excess a i r  was d r a m   o f f  

w i t h  a straw. The samples for   t race  e lement   analyses  were  spread 

out   to   a i r -dry and a f t e r  six days  were  rebagged i n  wh:tte paper 

bags. The samples  were  stored in a cool ,  d r y  p lace   p r ior   to  

shipment for   ana lys i s .  

The soils c h a r a c t e r i s t i c s  and nut r ien t   conten t  were 

determined using standard  agr icul tural   tes t   procedures .  These 

procedures  are  described  in  Acres '   report   to B.C. Hydro . The 

r e s u l t s  of the  analyses  are  presented  in  Table 2-1. 

8 

The repor t  from the   Soi l s  T e s t i n g  Laboratory  also 

recommended n u t r i e n t  and soil amendments to  be  applied  for good 

gr&th of a grass and legume crop based on the  soils t e s t s .  The 

reconnuended nut r ien t   addi t ions  were made 12 June 1978 with a 

hand-operated  cyclone  spreader  using  standard  commercial  fertilizers. 

The types and q u a n t i t i e s   t h a t  were added a r e  summarized i n  Table 2-2. 

2.1.3 Vegetation Sampl.ing and  Handling Methods 

The 1Ll.eece Lake t e s t   p l o t s   c o n t a i n  46 populations.  There 

a r e   e i g h t   p l o t s  of d i f f e r e n t  s o i l  materials. Half  of  each  plot 
was t rea ted  with a l aye r  of  about: 5 cm of  topsoil .  Seven of  the 

e ight   p lo ts  were planted on both  the  topsoi l   t reated and untreated 

2 - 2  



TABLE 2-1 

ANALYSIS OF SOIL MATERIALS AT ALEECE  LAKE 

Samplcd: 25/26 April 1918 
Analyzed: B . C .  Department of Agricultural Soil Testing Laboratory, Keloma. 
N.D. - No Data. 



TABLE 2-2 

FERTILIZER  ADDITIONS  AT ALEECE LAKE TEST  PLOTS 
June  12,  1978 

T 
Descript ion 

Carbonaceous  Shale 

Coal Waste 

Bentonitic  Clay 

Gr i t s tone  

Colluvium 

Baked Clay 

Glac ia l  Gravels 

Fly Ash 

F e r t i l i z e r   A d d i t j  

46-0-0 11-48-0 

8 3  

62 

104 

40 

0-0-60 

IS ( lb/acre)* 

16-20-0-14 
(21.1%  boron) 

Borate  68 

- 
19 

24 

19 
- 

* Standard  fertilizer  nomenclature  where  the.number  indicate  percent  by  weight of 

N, P205. K 0 and S respect ively.  2 
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halves  with  three seed mixtures.  The eighth p l o t  is  smaller 

and was planted  with only two seed  mixtures.  These  are shown 

i n  photograph 1. 

Aer ia l  view  of Aleece Lake Test P lo ts  
Photograph 1 - 

Each population was  sampled a t  eighteen randomly 

selected  locations  along  three  transects (A .  B and C)  spaced one 

meter apar t .  Marker stakes  indicated  the  ends of each  transect.  

Fluorescent  orange  stakes  indicated  the  middle  transect and 

purple   s takes   indicated  the  outs ide  t ransects .  

Rtenty  equidistant  points were located  along  each 

t ransec t   a f te r   a l lowing  f o r  edge e f f ec t s .  The points  were  located 

31.7 cm apart, equivalent  to  the  inside  dimension of  t h e  quadrat 

used for sampling. Sixty poin ts  were located  for 'each  population. 

Transect   locat ions  are  shown i n  F i y t e s  2-1 and 2-2 and point  

spacings  are   show  in   Table  2-3. PkocoFaph 2 shows the  sampling 

points  being  located on t h e  ca3onr;eous  3hale  plot. 

2 - 5  
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TABLE 2-3 

- POINT SPACING ALONG TRANSECTS 

POINT NU"BE11 

Transect Transect Transect 
A B C 

01 2 1  4 1  

0 2  22 42 

0 3  23 4 3 -  

0 4  24 44 

05 25 45 

06 26 4 6 .  
07 27 47 

08  28 48 

09  29 49 

10 30 50 

11 31  51 
12 32 52 
13 33  53  

14 34 54 
15 35 55  

16 36 56 

17 37 57 
18 38 58 

19 39 59 

20 40  60  

EDGE EDGE EDGE 

- 

I 

Distance From Xnd 
of Transect 

175.1 

206.8 

,238.5 

270.2 

301.9 

333.6 

365.3 

397 .o 
428.7 

460.4 

492 .1  
523.8 
5 5 5 . 5  

587.2 

618.9 

650.6 

682.3 

720.0 

2 - 8  
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Sampling on Carbonaceous  Shale  Plot. 
Photograph 2 - 

Note Transect  Lines. 

I t  vas  decided  based on review  of l i t e r a t u r e   r e f e r e n c e s  

that useful  germfnation and p lan t  growth  information c:ould be 

obtained by sampling  about 5% of t h e   t o t a l   a r e a  of the? p l o t s  . 2 

Thus eighteen 0.12m quadrats were sampled in each  population. 
The eighteen sampling poin ts  i n  each population vere randomly 

se lec ted  from t h e  s ixty  nmbered  points  using a method. described 

by Zar . This method involved  generating  six sets of eighteen 

numbers by random se lec t ion  from the   s ix ty  numbered pa in ts .  The 

s ix  sets o f  randomly se lec ted  numbers a re  shovn i n  Table 2 - 4 .  

These numbers were used to   l oca t e   t he   cen t r e  of each 31.7m square 

quadrat  for  vegetation  sampling. The six s e t s  of random numbers 

vere  employed t o  sample  the slx  populations in each  of  the  eight 

test p lo t s  as shown I n  Table 2-5. 

3 

Vegetat ion  col lzct icn ar.d handling  methods  vere  based 

on those recommended  by :h 3 . C .  X d s t q  of Environment . Samplers 4 

rl 
2 - 9  
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TABLE 2-4 

RANDOH 5ELECTI:ON OF S I X  SETS OF SAMPLING POINTS 

quadrat 
Number 

1 
2 
3 
4 

5 

6 

7 
8 

9 
10 
11 
12  

1 3  

14 

15 
16 

17 
18 

- 

SAMPLING POINTS SELECTED 
- 

Set 
1 

Sec . S e t  
2  3 

Set 
4 

S e t  Set 
5 6 

08 02 0 3  05 05 01 
09 0 8  05 10 10 0 5 

11 09 . 09 17 11 08 

12 12  10 23 12 09 
15 15 14 24' 13 15 
19 16 16 28 15 I. 7 
2 1  30 17 29 17 ;I 6 
22 40 20 3 1  19 31 
24  44 21  32 21  :I 7 
28 45 28 35 29 3'9 
36 46 36 36 38 43 
39 47 39 42  39 44 

4 1  49 45  43 40 46 
4 3  50 48 46 47 47 
44 54 50 47 50 48 
49 55 52 5 3  5 1  50  
54 58 54 51 53 5 ;3 
56 59  58 58 59 56 

, 

- 

m 

2 - 10 
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TABLE 2-5 

W O M  SAMPLE SET NUMBER ASSIGNMENTS 

- 
S o i l  Type and 

Treatment - - 
Sandstone: 

Without  topsoil 
With topsoi l  

Coal Waste: 

Without  topsoil 
With topsoi l  

Carbonaceous  Shale: 

Without  topsoil 
With topso i l  

13aked Clay: 

Without  topsoil 
With topsoi l  

Colluvium: 

Without t opso i l  
With topsoi l  

!3entonitic Clay: 
Without  topsoil 
With topsoi l  

(;lacia1  Gravels: 

Without  topsoil 
With topso i l  

Ply Ash: 

Without  topsoil 
With topsoi l  

- 

Seed Mix Seed Mix Seed Mix 
1 2 3 

1 3 
2 

5 
4 6 

3 
4 

2 
5 

4 
3 

6 4 
5 

2 
3 1 

4 5 '  
3 

6 
2 1 

2 4 
1 

6 
3 5 

1 
2 

6 
3 4 

5 

2 
3 4 - 

3 - 

2 - 11 
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wearing  plastic  gloves  clipped  each 0.1 ut' quadrat us:tng acid 

washed (10% HNOj) stainless s t e e l   s c i s s o r s .  Each  seeded  species 

was bagged separately in labelled,  bleached  white  paper  bags 

t o  minimize  contamination by trace  elements.  The sampling was 

performed  during late July and ea r ly  August 1978 when p lan ts  

were re l a t ive ly   d ry .  Only t he   ae r i a l   po r t ion  of each  plant  was 

co l lec ted .  Weed species  ( invaders)  were  identified and  counted 

and co l lec t ive ly   p laced  i n  one  bag per  population.  Typical 

sampling  quadrats  are shown in photographs 3 and 4 .  

Sampling  Ouadrat - Bentonitic  Clay 
Photograph 3 - 

2 - 12 
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Sample &adrat  - Colluvium Photograph 4 - 

During the  sampling,  the  total  number of  each  plant 

species,   average  plant  heights and percent ground cover  were 

recorded  for  each  quadrat.  These  data is  presented i n  the 46 

tables in Appendix 1. 

The bagged  samples  were  sent t o  B . C .  Hydro Research 

and  Development laboratory in Vancouver for   d ry ing  and weighing. 
The samples  were  generally l e f t  in the  paper  bags and dr ied i n  

a forced-air   c i rculat ion oven a t  100' C fo r  24 hours.  Selected 

samples f o r   t r a c e  element analyses  were  dried a t  45' C f o r  
72 hours   to  min!inize loss of volat i le   e lements .  

2 . 1 . 4  Resul ts  of Vegetxtion Sdmling 

1. 
Details of p l m r  counts and bicrmass produc,ed for each 

of t h e  e ight  test p l a t s  13 presented i n  Appendix 1 a d  Appendix 2 

These da ta   a r c  sl-rized Lz Tables 2-6 t o  2 - 9 .  
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ranked l a s t  in germination  success  of  grasses on both 

topsoi l  and non-topsoil. The  Rubens va r i e ty   i nd ica t e s  

much b e t t e r   r e s u l t s   t h a n  common Canada bluegrass b u t  is 

s t i l l  lower  than  originally  predicted by Acres . Perhaps 

t h e  success of t h i s   s p e c i e s  w i l l  i n c r e a s e   a f t e r   t h e   f i r s t  

6 

year .  

Flower  Development - The colluvium, baked c lay  and g l a c i a l  

g rave l   p lo ts  had a lower  percentage of plants  than  reached 

maturi ty  compared t o  some of  the  other  plots,  however, 

these soi ls  had a much higher  germination  success. Oa the  

soi ls  the   panicles  were larger and b e t t e r  developed  whereas 

the  panicles  on those  plants which grew on the  other  so i l s  

were rudimentary in s t ruc tu re .  

Overall ,   the Rubens species  appeared  healthy on t h e  better 

soi ls  exhibi t ing a dark  green  color on leaves and stems 

and of ten  the  basal   leaves were  dead o r  had brokt ish t i p s .  

Drylander Alfalf5: This l e g m e  was not  found t o   b e   a s   p r o l i f i c  

a s   o r i g i n a l l y  had  been  expected to  occur  based or1 laboratory 

s tudies  . The best r e s u l t s  were  produced on t he   f l y   a sh  

p lo t   wi th   topsoi l .   P lan ts   never   a t ta ined  height:; of more 
than 8.7 cm ( f l y  ash  with  topsoil)  and therefore  biomass 

production .fs Small. Carbonnceous soils produced  extremely 

poor results.  Highest  germination  success was obtained on 

colluvium  vlthout  topsoil .  

6 

Flower/Fruit Development - None of  the  plants obsierved had 

any  indicat:lon  of  flower  development. 

Leaf/Plant  Description - Generally  the  condition of t he  

plants  varied from p lo t   t o   p lo t   bu t   ove ra l l  t h e  plants  were 

erect (no lodging) and qui te   of ten  leaf   chlorosis ;   acd 

necrosis  war evident.  On t h e  whole the   p lan ts  seemed to 

2 - 2 9 -  "" 
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be  stunted and indicated  rudimentary  development. The 

undersides of leaves were connnonly found t o  b e  purpl ish 

in color .  When chloros is  was evident i t  was more 

prominent ou lower  leaves  than  upper, and occurred on 
the  periphery of the  leaves.  

Drylander  al.falfa was found t o  be the  second most 

successfu l l  legume (sa info in  was best)  when considering 

gemination  success  (both on NT and T). In  terms  of 

biomass i t  was the  lowest  producer of a l l  legumes. 

Sainfoin: The b e s t   r e s u l t s  were  obtained on t h e   f l y   a s h   p l o t ,  

wi th   topsoi l ,   y ie lding  plants  of the   h ighes t   to ta l  

biomass,  as  well  as  biomass  per  plant and highest  average 

plant   height .  Baked clay,  colluvium and g lac ia l   g rave ls  

a l s o  produced good resu l t s   bo th  w i t h  and without  topsoil .  

Coal  waste and carbonaceous  shale  produced  poorest  results. 

The b e s t  germinat ion  resul ts  were  obtained o n  baktzd clay 

(24 .92 ) .  however the  plants   did  not   a t ta in   high b.fomass. 

Perhaps  the  texture of the soil was the l i m i t i n g  Eactor, 

as i t  has  been  suggested  that  since  the baked c lay  was a 

f a i r ly   coa r se   t ex tu re ,  and a low organic  matter  content 
that t h e   a b i l i t y  of t h i s  mater ia l   to  hold plant-available 

water is l e s s  than optimum. 

Other  factors which might  i n h i b i t   t h e  growth of   the  sainfoin 

are  those  involved  with  the  nitrogen-fixing  bacterial 

nodules on t h e  roofs  of the   p lan t .  These  microorganisms 

requi re   e lements   essent ia l   for   the i r   wel l -be ing   tha t   a re  

o the rwise   no t   e s sen t i a l   t o   t he   p l an t   i t s e l f .   i . e . .  i t  has 

been  postulated  that   these  bacterial   organisms  require 

cer ta in   concent ra t ions  of cobalt  i n  order   to   f ix   ui t rogen - 
vhich is not  otherwise known to be  an  essent ia l  el.ements i n  
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plant .  In addi t ion  the molybdenum requirement of legumes 

is much higher when they  are  fixing  atmospheric  nitrogen 

than when u t i l i z i n g   n i t r a t e  or  ammonia. These two 

elements were  found t o  be present   in   higher   concentrat ions 

i n  the legumes  than in the   grasses   a t   Aleece Lake. 

Sainfoin had the  best  germination  'success of a l l   t h e  

legumes on both  topsoi l  and non-topsoil, and a l s o  produced 

the  highest  amount of biomass. 

Flower Deve1,opment - was poor on sainfoin  overall .   Fly  ash 

w i t h  t opso i l ,   r e su l t ed ' i n  h i g h e s t  percentage of mature 

p l a n t s  (3 10%). bu t   t he   r e s t  of the   p lo ts  had general ly  5% 

of p lan ts  in. a mature  s ta te .  Even on colluvium  with  topsoil 

a l l   t h e   p l a n . t s  were  immature. 

Plant Descr ipt ions - On the  colluvium, baked c lay  and g l a c i a l  

gravels   plots   the  plants   appeared  to   be  heal thy, .   exhibi t ing 

variable  shades of green   leaves   ( l igh t   to   dark) ,  whi le  on the  

o the r   so i l s ,   l ea f   t i p   ch lo ros i s  was apparent and ,often  the 

plant  appeared  to  be  dried  out. Minor chew on l e .wes  was 

evidenced  also. 

Swee t  Clover: This legme  appears  t o  have poor vigor  . a f t e r  i rs  

f irst  year  growth on a l l   s o i l s .  Germination  succ~zss was 

very low overa l l .  The be t t e r  soi ls  produced  the  best   results 

oa  aon-topsoils,   while  f ly  ash  with  topsoil  had h:Lghest 

biomass/plant  even  though  the  germination  success was not 

the   highest .  Zero growth was obtained on f ly   ash  without  

topsoi l .  

Flower Develppsent - Absent. 

Plant  D e s c r i m  - ?:ants on the   be t te r   so i l s   appeared  

h e a l t h i e r  than  chose m the  carbonaceous and o t h e r   s o i l s .  

-. 
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Damage by insects was apparent on many p lan ts   bu t  was not  

extensive.   General ly   the  plants  were clean and exhibited 

very few spo t s   o r  signs of  chlorosis.  Since sweet clover  

is a biennia.1 i t  is expected  to   perform  bet ter   af ter   the  

second  years  growth. 

Double  Cut Red Clover: This legume exhibited  poor  success and 

poor  vigor  overall .  Among the legumes i t  ranked l a s t  in 

terms  of  germination  success and was not a high  biomass 

producer among legume species.  Performance of th i s   spec ies  

was b e s t  on the   topsoi l  and non-topsoil  halves o f  the 

colluvium, baked clay-and  glacial   gravels   plots .   Moderate  

r e s u l t s  were obtained on t he   g r i t s tone  and bentoni t ic  

c lay  plots   with  poor   resul ts  on the  carbonaceous  shale and 

coal  waste  plots.  

The b e s t   r e s u l t s  were  obtained on baked c lay  w i t h  topsoi l .  

Flower Development - The only  occurrence of reproductive , 

organs was indicated on the  three b e t t e r   s o i l s .  :Flower 

development was noted  expecially on the  perimeter of these 

p lo t s ,  where very  large  red  clover  plants were present.  

Within  the  plots,  approsfmately 5% indicated  flower  develop- 

men t . 

Plant   Descr ip t ions  - The red  clover  generally exhibited 

stunted  growth  but  relatively  healthy  appearing  plants,  

leaves  were  uniformily  green, had  few chew marks, and the 

p lan ts  were e rec t .  

Seed Mix S p e c i e s   C m p a t i b i l i t r  

I 

Species  selected for the   f ie ld   revegetat ion program 

were  considered t o  be potent ia l ly   . rda?table  t o  the  severe  climate 

a t  Hat Creek.  Species  considered  comzafi5le in terms of root ing 
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competition and l i f e   c y c l e s  were selected  for  each  of 1:he 

three  seed  mixes  as  the  competit ion  for  the  l imited  moisture 

supply and nut r ien ts   can  be a major  factor in vegetation 

establishment. Legumes, a s  well as   g rasses ,  were  included i n  

the  seed mixes. 

The r e s u l t s  of a species  compatibil i ty  assessment 

a f t e r   t h e   f i r s t   y e a r ' s  growth  are  discussed in the fol:!owing 

and suggestions made fo r  improvements in seed mix se lec t ion .  

Seed Mix 1 

Seed m i x  1 consisted of the  following  four  species: 

crested  wheatgrass ,   drylander   a l fa l fa ,  Canada bluegrass and 

f a l l   r y e g r a s s .  

The s e l e c t i o n  of f a l l   r y e g r a s s  was based! on i ts  

expected  high  return of organic  matter  to  the soil. a f t e r  

t h e  f i r s t   y e a r ,   s i n c e  i t  is an  annual  species. R e  growth 

d a t a   a t  Aleece  Lake  indicate   that   fa l l   rye i s  a p a r t i c u l a r l y  

vigorous  species ,   exhibi t ing  excel lent  emergence  success and 

product ivi ty  on a l l   t h e  so i l s  t es ted .  I t  may have  caused 

an inh ib i t i on  in t h e  emergence and product ivi ty  of  the   other  
species i n  the seed mix, in par t i cu la r  with dry lander   a l fa l fa  

Although  longer  term  effects  are  not y e t  known, the  present 

da t a   i nd ica t e   t ha t  a lower app l i ca t ion   r a t e  of f a l l   r y e  may 

be  advantageous t o   t h e   f i r s t   y e a r  development  of o t h e r   l e s s  

vigorous  species. 

.. 

It was expected  that   the   fa l l   ryegrass ,  an annual 

species,  would d i e   o u t   a f t e r   t h e   f i r s t   y e a r  by  which time 

the  longer-ll.ved  species w u l d  be   su f f i c i en t ly   e s t ab l i shed  

to   take  their   p lace.   Crested  wheatgrass  and Canada bluegrass 

are  both  long-lived  species  selected  for  this  seed mix. 

These are  expected  to show greater  success in the  second  year. 
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Canada bluegrass  exhibited  extremely  poor 

germination  success and f i r s t   y e a r  biomass  production on 

a l l  s o i l  types. This may be a t t r i b u t e d   t o  l o w  seed 

v i a b i l i t y  in addition  to  poor  seedling  vigor  against   the 

f a l l   r y e g r a s s .  

Crested  wheatgrass  exhibited much better  performance 

than Canada bluegrass"  but t h e  emergence r a t e  was l e s s  than 

s m e  of  the  other  seed  species. It is  suspected  that  t h i s  

spec ies   a l so  would  show grea te r   success   in  t h e  ab'sence of 

t h e   f a l l   r y e g r a s s .  

Legumes a re  commonly used i n  associat ion  with 

grasses  on s o i l s  of low nitrogen  content.  The e f f e c t  of 

t h i s  combination i s  t o  increase t h e  root  biomass of the 

grasses  and increase  the  ni t rogen  concentrat ion  in   the soil. 

Drylander a l f a l f a   exh ib i t ed  low emergence and product ivi ty  

i n  comparison  with  other  grasses and legumes i n  ' the  other  

seed mixes. It is suspected tha t  the  presence of f a l l  rye- 

g r a s s   a t t r i b u t e d  t o  its poor success.  In areas  where t h e  

compecition  with f a l l   r y e g r a s s  was reduced, as a t   the   s loped  

p lo t s ,   d ry l ande r   a l f a l f a  showed dramatic improvem,ents i n  growth. 

This legume i s  expected t o  show increased  perfomance 

over  longer  periods  since i t  is a long-lived  species. 

Seed mix 1 exhibited  the  highest   values of biomass 

per mz compared to   the   o ther   seed  mixes on both  topsoil  and 

non-topsoi l   t reated  plots .  However t h i s  can b e  a t t r i b u t e d  

t o   t h e   f a l l   r y e g r a s s  which  accounted  for  most of the  biomass 

produced. I n  fact ,   seed mix 1 had the  lowest  average number 

of plants  per  m2 oa both  non-topsoil and topsoi l .  

In summary, the  performance of seed m i x  1 might  be  

impr.wed by .reducing  the  percentage  of fa l l   ryegrass   seeds ,  
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eliminating  the Canada bluegrass and subst i tut ing  another  

legume or  perhaps  another  perennial   grass.  

Seed Mix I1 

Seed m i x  11 consis ted of the following species:  

russ ian  w i l d ,  ryegrass,   slender  wheatgrass,   sainfoin and 

w e e  t clover .  

Russian w i l d  ryegrass and slender  wheatgrass  were 

se lec ted   for   th i s   seed  mix because of t h e i r   d i v e r s i t y  in 

charac te r i s t ics ,   such .as   roo t ing  systems, l i f e   c y c l e s  and 

ab i l i ty   to   wi ths tand   adverse   c l imate   condi t ions .  

Russian  wild  rye  exhibited  excellent  emergence 

on most soil  types,   al though  the  plant  size is r e l a t i v e l y  

small. This is, however, a r e s u l t  of slow seedling  develop- 

ment of russian w i l d  rye which is cha rac t e r i s t i ca l ly   s lower  

than  for most other   grasses .   Russian  wild  rye  plants   are  

knom t o   r e s i s t   i n v a s i o n  by weeds  and o ther   g rass :   th i s  may 

have had  some e f f e c t  on the  emergence  of  the slenGier wheat- 

grass. 

The slender wheatgrass w a s  expected t o  , e s t a b l i s h  

quickly.   Whils t   th is   species   did  not   exhibi t  eme'egence 

success as great a s   t h e  russian wild  rye, i t  show(:d higher 

product ivi ty .   Basical ly  it seems that these two grasses  

a re   ab l e   t o  compete successful ly   for   nutr ients ,   water  and 

space  without  adversely  affecting  one  another's  performance. 

These grasses  can  be  expected  to show grea te r  

success in poor soils in the  presence  of  legumes. Two legumes 

were se lec ted  f o r  this   seed  mix,   sa infoin and sweet clover.  

The sweet clover vas included since it  typica l ly   es tab l i shes  
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quickly.   Sainfoin  indicated  the b e s t  emergence  and 

product ivi ty  of a l l   t h e  legumes tes ted,   possibly  due  to  

its la rger   seed   s ize .  Sweet clover emergence was s l i g h t l y  

lower  than  the  other  legumes,  but  productivity WLLS good. 

The sweet c:tover  and  sainfoin  generally showed s imi l a r  

growth on topsoi l  and non-topsoi l   t reated  plots .  OEl many 

of the   p lo ts  t h e  legumes  appeared t o  do much bet ter   around 

the  periphery  of  the  plots,  where there  may have  been 

reduced  competition from grasses.  

Overall, seed m i x  I1 showed the  highest: number of 

p lan ts  growing per m2'on n e a r l y   a l l   t h e   s o i l s  teslted on both 

topso i l  and non-topsoil  plots.  Furthermore, weed species  

were l e s s  abundant on the  non-topsoil   treated p lc l t s  of  seed 

m i x  I1 than on the  non-topsoil   plots of seed m i x  I and 111. 
This may be a r e f l e c t i o n  of t h e   a b i l i t y  of the  species in 

seed m i x  I1 t o  resist invasion by  weeds. 

Seed m i x  IXX consis ted of the  following  species: 

smooth  bromegrass,  streambank.  wheatgrass, Canada bluegrass 

(Rubens) and. double  cut  red  clover. 

Al.1 of the  species  in th i s   seed  mix are  long-lived 

species. St:reambank wheatgrass and smooth bromegrass were 
selected  because  they  are sod grasses which es tab l i sh   qu ick ly .  

Canada bluegirass i s  also  long-lived and in additicn  has 

creeping  rhizome  roots. Double cut  red  clover is  a long-lived 

perennial  legume. 

The f i r s t   yea r   da t a   i nd ica t e   t ha t   compa t ib i l i t y  

between the  species  i s  r e l a t i v e l y  good.  Streambank  wheatgrass 

and  smooth  bromegrass bo:h exhibited good emergence  success 
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when compared wi th   the   o ther   g rass   spec ies   t es ted .   a t  

Aleece  Lake., These grasses help  s tabi l ize   the  scsi l   through 

t h e  combined e f f e c t s  of the i r   roo ts .  Smooth bromegrass  has 

creeping  rooted  rhizomes and  produces a good yield of root  

biomass,  while  streambank  wheatgrass  develops a dense, low- 

growing  sod  which gives good protect ion  to   the s o i l  and a l s o  

helps  to  keep  out weeds. 

Generally i t  is presumed tha t   these   g rasses   wi l l  

increase  their   root   product ion  i f   they  are   planted.  in 
assoc ia t ion  w i t h  a legume. Ln t h i s  seed m i x ,  double  cut 

red  clover was se lec ted .  This legume showed very  poor 

emergence on most so i l  types,   but  generally had an  overal l  

emergence similar to   t he   d ry l ande r   a l f a l f a .  

It: was observed  that   the  red  clover grew b e t t e r  

around  the  periphery  of  the p l o t s .  This  increased  peripheral 

growth was a l s o  noted  with  sweet  clover and sa info in .  The 

exact   reasons  for   the  re la t ive  success  on the, edges of the 

p lo ts   a re   unc lear ,  however,  the  most l ike ly   explana t ion  i s  

reduced  competition by  grasses .  

Caaada bluegrass  (rubens)  exhibited  better emergence 

and production  than the camman v a r i e t y  of Canada 'bluegrass, 

but  i t s  growth was poor r e l a t i v e   t o   o t h e r   g r a s s   % p e d e s  

tes ted  a t   Aleece Lake. It seems probable  that  the  poor 

success of t h i s   spec ie s  i s  r e l a t ed   t o  low seed v i a b i l i t y  and 

poor  seedling  vigor. 

Seed mix I11 produced similar  biomass  per m2 r e s u l t s  

as seed mix 11, but   indicated  s l ight ly   lower emergence success.  

This e f f e c t  may be a t t r i bu ted   t o   t he  poor  germinacion  success 

of Canada bluegrass.  The performance of seed m i x  I11 might  be 

improved by subst i tut ing  another  legume or grass   species   for  

the Canada bluegrass. 
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TABLE 2-10 

AVERAGE NUMBERS AND BIOMASS OF INVADERS AT ALEECE LAKE TEST  PLOTS 

N 

I 
w 
m 

Carbonaceous  Shale  

Coal Waste 

Bentoni t ic   Clay  

G r i t s t o n e  

Colluvium 

Baked Clay 

Glacial Gravel  

F ly  Ash 

Number o f 2  
Average 

Invaderalm 

14  

12 

14 

4 1  

6 

10 

9 

70 

With  Topsoil 

4 6 

3 5 

3 1 2  

10 1 7  

1 16  

2 9 

3 11 

36 69 

x 
3f T o t a l  
Biomass 

1 3  

11 

16 

19 

7 

6 

9 

36 

WI thou t Topso i l  

hvaders fm 1 1 f! 

Average  Average 
Number of2   o f   Tota l  Invader 

P l a n t s  ''om SS 
Im 

0 0 0 

2 1 
I I 

0.4 

3 1 0 . 6  

4 1 3 

3 < 1  a 

2 < 1  1 

3 < 1  3 

19  21 5 

2 
of T o t a l  
Biomass 

0 

6 

2 

9 

3 

<1 

2 

6 
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Weeds were  encountered in a l l  of  the  areas  sampled. 

The  number of weeds per  M and the weed biomass  as a percentage 

of t o t a l   p l o t   p l a n t s  and  biomass i s  shown in Table  2-10. The 

majori ty  of the weeds a re   loca ted  on the   topsoi l   half   of   the  

p lo t s  presumably  transported  there  as  seeds in the   topsoi l .  In 
terms of t o t a l  biomass  produced t h e  invader  species do not 

represent  a major obstacle   to   the growth  of  agronomics on the 

non-topsoil   treated  plots.  On the   topsoi l   por t ion of the p l o t s  

however,  weeds ccsmprise a greater   proport ion of the  biomass; on 

the   f l y   a sh   t h i s  amounts to  more than   ha l f   o f   the   to ta l  biomass 

and i t  i s  l i k e l y   t h a t  some competition from t h e  weeds occurred 

i n  t h i s   ca se .  

2 

The success of the weed species  on the   topsoi l   t rea ted  

half  of the   p lo ts ,   as  measured by  plants/m , shows a dependence 

on seed mix. Table 2-11 shows tha t   t he re  is  no subsfant ia l  

d i f fe rence  in the  abundance  of weeds on the   un t rea ted   so i l s ,  

hovever on t h e   t o p s o i l  i t  is evident  that   plots  seeded w i t h  seed 

m i x  I a r e   l e a s t   s u s c e p t i b l e  t o  weed invasion. This e f f e c t  can 

be   a t t r ibu ted   to  t h e  presence of t h e   f a l l   r y e g r a s s  which a c t s   a s  

a deter ren t   to  the  invasion of weed species .  

2 

TABLE 2-11 

- ABUNDANCE OF INVADER SPECIES BY SEED MIX 

0 .  
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The abundance and type of invaders on the   topsoi l  

t rea ted  and untreated soil p l o t s   a r e  shown in Tables 2-12 and 

2-13. The four  most  abundant weeds made  up over 75% of t h e  

t o t a l  found on t h e  non-topsoil  portions of t he   p lo t s  and over 

60% on the   topsoi l   t reated  port ions.   Invader   species  on the  

topso i l   t r ea t ed   po r t ions   i nd ica t e   s l i gh t ly  more spec ies   d ivers i ty ,  

21 species   as  compared t o  15 on the  untreated so i l s ,  but 

b a s i c a l l y  show t h e  sane d i s t r i b u t i o n .  

Shrub species  were present  but  not  abundant ,on the 

Aleece  Lake plots,  comprising  only 5% of the   to ta l   Invaders .  

Generally i t  is more d i f f i cu l t   fo r   sh rub   spec ie s   t o  become 

establ ished on rec la imat ion   s i tes   due   to  poor seedling  vigor 

and t h e   i n a b i l i t y  of seedl ings  to  compete successful ly   against  

the more aggressive  grasses.  

Generally t h e  invader  species  were more advanced, i n  

terms of plant  maturity  than  the  agronomics;  the weeds were a t  

the  flowering  or  seeding  stage  while  the  agronomics  were s t i l l  

in vegetative  growth. 

The cha rac t e r i s t i c s  of the  major  invader  species  are 

given below: 

Flixweed - 
- is an annual or biennial   plant  Kith  an  erect   stem. 

P lan ts  were most frequently  developed  to  the  point 

of maturity  (flowers or pods), and ranged in height  

from 3.0 an on the  carbonaceous shale p lo t   t o  80.0 cm 

on the  colluvium  plot.  Often  the  plants  were  devoid 

of  leaves. 

Pros t ra te  Knotweed 

- is an annual,  which grows in a creeping  or semi- 

erect   fashion.  a i s  species  indicated  exce1:lent  growth 

on all p lo t s ,  and u s u a l l y  displayed  flower  development. 

- 2 - :,i .. - .. - 
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OCCURRENCE OF INVADER SPECIES ON 

NON-TOPSOIL PORTIONS OF PLOTS 

Species 

1. 
2 .  

3 .  

4 .  

5 .  
6 .  

7 .  

a.  
9 .  
10. 
11. 
1 2 .  
13.  

14 .  
15. 

16. 

Flixweed 

Prostrate Knotweed 

Downy Brome 
Bluebur 

Compositae 

Sagebrush 

Pepperweed 

Chenopodialgae 

Shepherd's  Furse 

Wild Oats 

Foxtail  Barley 

Fringed Sage 

Lamb's Quarters 

Curciferae 
Slimleaf  Goosefoot 

Unknms 

Total 

Number 
Plants/M' 

27 

23 

- 12 
6 

4 

3 

2 

2 

2 

1 
1 
1 

1 

1 
1 
4 

-. 

90 

Percent of ~ 

-I 
Total 

30 

26 

13 

7 
4 

3 
2 

2 

2 

1 
1 

1 

1 
1 i 
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TABLE 2-13 

OCCURRENCE OF INVADER SPECIES ON 

TOPSOIL PORTIONS OF PLOTS 

~ 

Species 

1. 
2 .  

3.  

4 .  

5 .  

6 .  

* 7. 
* a. 

9 .  

10. 
11. 
12.  

* 13. 
1 4 .  

* 15. 
* 16. 
17. 
18. 

19 .  
* 20. 

* 21. 

22. 

Flixweed 

Prostrate Knotweed 

Downy  Brome 

Bluebur 

Iamb‘s Quarters 

Shepherds  Purse 

Stickweed 

Povertyweed 

Counnon Sagebrush 

Compositae 

Chenopodiace,ae 

Pepperweed 

Graminae 

Slimleaf  Goosefoot 

Falseflax 
Leguminosae 

Foxtail Barley 

Fringed  Sagebrush 

Cruciferae 

Brown-Eyed-Susan 

Wild Forget-Me-Not 

Unknowns 

Total 

- 
Number 

.Plants/M’ 

I16 
19 

44 

40 

26 

24 

16 
16 

13 

11 
7 
4 

3 

3 

2 
1 

1 

1 
1 
1 

1 
29 

- 

- 
439 - 

2 - 42 
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Plants   ranged  in   length from about 3.0 cm to about 

40 cm ;and averaged 20-25 cm. Leaves  were  green  most 

of ten  and some evidence of chewing was noted in 

variou:j  areas. 

Downy  Hrome 

- is an  annual   grass ,   s imilar   to  form t o  smooth brome- 

grass. On many p l o t s   t h i s  species indicatec. much 

lodging. The p l an t s  were  almost  always w i t h  an  in- 

florescent  development and averaged 25-30 CIII. Heights 

of up I:O 50 cm were  noted on the baked clay.  

Bluebull 

- i s  an  annual or winter  annual  species. I n  many 

instanc:es  the  plants  were  devoid of leaves b u t  indicated 

seed  development.  Average heights  of the  bluebur  are 

in the  range of 15-25 cm, but  heights of up t o  240 cut 

were  noted on some p lo t s .  

These spec ies   a re  t h e  m o s t  abundant a t  Aleece  Lake. 

They a r e   c h a r a c t e r i s t i c a l l y  found in the  native  environment on 

soils of  poor qua l i t y .  

1' 2 - 4 3  
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2 .2 S M P m  TEST PLOT AREAS 

2 . 2 . 1  Introduction 

In the  present  mining  plan a major  waste  disposal  area 

i t  to  be located a t  Houth Meadows. During 1977 slope3 revegetat ion 

t e s t   a r e a s  were  constructed  a t  Houth Meadows to  provide a l a rge  

sca le   a rea  where the -e f f ec t s  of embanbent  slope and o t h e r  

var iab les  on revegetation  success  could be s tudied.  

A t  Houth Headows three  s loped  tes t  p l o t s  w i t h  s l o p e s  

of 2 2 O ,  26' and 30' were constructed  using  recent  gravels from 

Trench B .  . .  

Houth Meadows Slope  Test  Plots 
Photograph 5 - 

A 5cm layer   of   topsoi l  from Trench B was appl ied  to   half  of 
each sloped plo t .  A l e v e l  area at   the  base  of  the  sloped p l o t s  

was also  included, ia the   revegeta t ion   tes t s .  The plot,s   face 

east-south-east  the sane direction  that   the  major embankment of 

t h e  proposed  wastg  2isJosal  area would face.  

2 - && 
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The second  major  waste  disposal  area  selected in the 

mining plan is i n  t h e   v i c i n i t y  of Medicine  Creek t o  t h e  e a s t  

of Houth Meadows. In 1977 a   s loped  revegetat ion  tes t   area was 

also  constructed:  near  Medicine  Creek. 

Medicine  Creek Sl.ope Test  Plots 
Photograph 6 - 

This   t es t   a rea  was s imi la r  t o  t h a t   a t  Houth Meadows 

except t ha t  t he   dopes   f ace  west r a the r  than east-south-east. 

Three t e s t   p lo t s   w i th   s lopes  of 2Z0, 26' and 30' were constructed 

of i n  s i t u  glacia.1 till .  No topsoi l  was added. 

These t e s t   p l o t s  were f e r t i l i z e d  and seeded :in 

September 1977. The sloped  plots and nost of the  leveL area 
were  hydro-seeded. A smal l   sec t ion   of   the   l eve l   a rea   a t  Houth 

Meadows  was harrowed and  hand planted. 

m 2 - 45 
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The second  major  waste  disposal  area  selected In the  

mining  plan is in t h e   v i c i n i t y  of Me'dicine  Creek t o   t h e   e a s t  

of Houth Meadows. In 1977 a s loped  revegetat ion  tes t   area was 

also  constructed  near  Medicine  Creek. 

Medicine  Creek  Slope  Test  Plots 
Photograph 6 - 

This t e s t   a r e a  was s i m i l a r   t o   t h a t   a t  Houth Meadows 

except  that   the  alopes  face  west  rather ' than  east-south-east .  

Three test p lo ts   wi th   s lopes  of 2 Z 0 ,  26' and 30° were constructed 

of i n   s i t u   g l a c i a . 1  till .  No topsoi l  was added. 

These t e s t   p l o t s  were f e r t i l i z e d  and seeded in 
September  1977. The sloped  plots and  most of the  level   area 

were hydro-seeded. A smal l   sec t ion   of   the   l eve l   a rea   a t  Houth 

Meadows  was harrowed and  hand planted. 

2 - 45 
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Houth Meadows Slope Test Plots  
Photograph 7 - 

Harrow and  Hydro-seeded port ions 
of l eve l   a r eas .  

Seed m i x  #1, one  of  the  three  seed  mixes  used a t   t h e  Aleece Lake 

t e s t   p l o t s ,  was used f o r   a l l  of t'he  seeding. 

A complete description of the design and coristruction 

of the   s loped   tes t   p lo ts  is presented In the  report  to B.C. Hydro 

by  Acres e n t i t l e d  "Environmental  Studies, Bulk  Sample  Program". . 
2.21.2 Soil Nutrient An.- 

Soil samples  were  collected a t  Houth Xeadovs  and 

Medicine  Creek s:loped test p l o t s  on 2 6  April  1978 in a. s h i l a r  

manner a s  used 81: Aleece  Lake. A composite  sample of so i l  was 

made by  combinins  samples  taken  from t h e  midslope  position  of 

each  slope a t  about  the  centre of the  plot .  A t  Bouth Mea*Jws, 

composite  samples  were  collected from both  the  topsoi l   t reated 

2 - 46 
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The success   of   the   revegetat ion  t r ia ls  i s  discussed 

i n   t h e   l i g h t  o f   t he   so i l s   cha rac t e r i s t i c s  of the  various  waste 

mater ia l s .  The e f f e c t  of t opso i l  and the  performance of t h e  

twelve  vegetation  species  tested is discussed  separately.  

S o i l s  a s  Growth M e d i a  

Based on their  chemical and phys ica l   p roper3es  

(Table 2-1) the  eight  waste  materials may conveniently be grouped 

into  four   categories:   carbonaceous,   sodic ,   a lkal ine and f ly   a sh  

materials. Results  of  biomass and p l an t s  produced  per un i t   a r ea  

are   given i n  Tables 2-6 and 2-9. 

Carbonaceous Mate- 

Both the  coaly  waste and  carbonaceous  shale  exhibited 

low pH and a moderately  high  soluble boron concentration.  Their 

dark  colour would be  expected  to  cause  high  surface  temperature 

and surface  drying. In addi t ion ,   the   sha le  is  somewhat-water 

r e p e l l e n t  and moisture   does  not   easi ly   penetrate   the  wrface.  

In terms of  biomass  produced and seedling emergence 

n e i t h e r  material proved t o  be  successful  growth medium (Tables 
2-6 and 2-8). m e  chemica l   cha tac te r i s t ics  of the  mat:erials 

appear   to   be  less   deterrent   to   plant  growth  than  do their physical  

p roper t ies  , p a r t i c u l a r l y  their  dark  colour and t h e  hydrophobic 

mature of the shale. The poor  plant emergence on these  mater ia ls  

may be a t t r ibu ted   to   unsui tab ly  low  soil moisture  conditions 

during  the  period of potential   germination. Average  biomass 

production per p:lant was low compared w i t h  that i n  other  s o i l s .  
Plants  rarely  progressed beyond the  seedling  stage.  

The addition  of  topsoil  increased  markedly  the  emergence 

success and total.  biomass  productlcn. 3iomass per plant  increased 

sharp ly   for   the   coa l  waste b u t   r e m i l e d   s s s e n t i a l l y  unchanged on 

the  shale.  &s is discussed fuz:hr, Are The Effects  of  Topsoil. 

2 - 14 
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Plot 

t- c 
Carbonaceous Shale 

Coal'  Waste 

Bentonitic Clay 

Gritstone 

Colluvium 

Baked Clay 

Glac ia l  Gravels 
Fly Ash 

Average 
L_ 

NUMBER OF PLANTS PRODUCED ON ALEECE LAKE PLOTS 

240 

170 230 

300  270 

310 140 

200 270 

T 
Average Number of  Plants Per .rd 

2 

- 

0 400 

110 

400 5 30 
430 510 

600 450 

520 480 

490  490 390 

370 500 

370 480 3 10 

x 3  

Topsoil  

360 

270 

330 

240 

520 

520 

190 
- 

350 

r Ave 

No Topsoil 

17  
147 

270 

293 
520 

350 

39 3 
340 

ee 
ropsoi l  

380 

333 
36 3 
360 

403 

410 

317 
320 

. 



TABLE 2-7 
EHERGENCE SUCCESS  RATIO - AVERAGE  NUKBER OF P U N T S  PRODUCED AS A PERCENT OF SEED SOWN 

FLY A s 1 1  AVERAGE 
ENTONITIC 

CLAY GRIT  STONE COLLWIUH B M M  CLAY 
GLACIAL 
GRAVELS :OAL  WASTE 

- 
T - 

37 

.5 

36 

40 

17 

22 

16 

3 

7 

16  

5 

1 
- 

- 
T - 

21 

0 

38 

30 

21 

45 

35 

4 

20 5 

3 

b 
- 

- 
T 
_. 

18 

0 

,e 
" I  

35 

9 

48 

32 

5 

6 

25 

3 

B 

- 
t - 

24  

0 

36 

35 

22 

15 

12 

4 

5 

16 

6 

3 
- 

__ 
T 

A 

T - 

24 

0 

25 

34 

21 

29 

24 

3 

5 

I8 

4 

3 - 

- 
T 

- 
T - 

21 

0 

ii 

27 

49 

22 

21  

1 

4 

I2 

2 

1 
- 

- 
T 
- 
- NT 

18 

0 

26 

33 

22 

16 

24 

0 

2 

12 

1 

0 
- 

- 
NT - 

12 

0 

58 

33 

27 

34 

19 

8 

2 

20 

7 

6 
- 

- 
NT - 

24 

1 

53  

38 

21 

40 

I8  

6 

8 

14 

5 

9 - 

- 
NT - 

17 

0 

32 29 

16 

25 

21 

2 

4 

9 

2 

j - 

- 
NT - 

1 2  

0 

i 5  

34 

14 

16  

25 

0 

4 

10 

2 

0 
- 

- 
NT - 

26 

1 

36 

4 3  

33 

62 

41 

I 

9 

16 

4 

9 
- 

36 

0 

45 

30 

16 

23 

30 

2 

4 

13 

2 

1 

20 

0 

26 

39 

16  

27 

22 

3 

7 

21 

4 

4 

tu - NO ~ o p s o i l  
T - With Topsoi l  
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Saadntone 

CYAI. Waste 

(:arLu..acrous Shale 

nAed Clay 

Colluvium 

Bentonitic  Clay 

Glacial Gravels 

Fly Ash 

t 
Average 

TABLE 2-8 

TOTAL BIOMASS PRODUCED ON ALEECE LAKE PLOTS 

Biomass  Produced In C/M2 * 
1 Seed Mix 1 I Seed Mix  2 

No Topsoil 

56 (57) 

6 (6) 

5 (5) 
320 (320) 

506  (517) 

4 1  (41) 

260  (260) 

142 (151) 

161 

81 (82) 0 (01 

322 (322) 104 (1041 

186 (491) 139 (1411 

120 (124) 20 (21) 

236 (237) 62  (63) 

L44 (196) 4  (41 

202 I 44 

Topsoil  

33 (57) 

17 (20) 

22 (36) 

14 (85) 

125  (145) 

35  (45) 

62  (69) 

103  (189) 

59 

Seed Mix  3 

o Topsoil 

16 (24) 

0 (0 )  

88 (91) 

171  (182) 

11 (1.1) 

67  (74) 
- 

51 

Tops01 

32 ( 5  

29 (3  

23 ( 2  

52 (6 

127 (15 

41  ( 5  

32 ( ( 5  
- 

48 

Aver, 

lo Topsoil  

31 

5 
1.7 

171  
272 

24 

130 

73 

e 

Topsoil 

12 

39 
42 

149 

246 

65 

110 

124 

* Figure in parenthesis   includes  invader   species .  
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TABLE 2-9 

AVERACE SIZE OF PLANTS PRODUCED I N  GRliNSlPIANT 

Carbonaceous 
s 

NT 
- 

0.02 
0 

1.17 

0 

0 
0 
0 

0 

0 
0 

0 
0 

- 

.e - 
T 

__ 

0.02 

0.01 

1.82 

0.01 

0.21 

0.09 

0.06 

0.03 

0.03 

0.08 

0.02 

0.03 

~ 

+ Coal waste 
T 

NT 
- 

0.01 

0 

0.21 

0.02 

0.04 

0.03 

0.03 

0 

0 

0.03 

0.01 
0 

T 

0.04 

0 

1.67 

0.02 

0.12 

0.21 

0.06 

0.07 

0.01 

0.05 

0.02 

0.02 

Bent< 
C .- 

NT 
- 

0.05 

0 

2.73 

0.02 

0.18 

0.04 

0.04 

0 

0.02 

0.05 

0.07 

0.04 

- 

1 i c  
" 

T 

0.13 

0.02 

4.64 

I). 04 

0.22 

0.14 

0.13 

0.07 

0.02 

0.06 

0.03 
0 . 0 6  

critstone C O l l U " i U *  

1 4 . 1  15.2 

0.12  0.13 

0.66 

0.31 0.35 

0.19  0.20 

0.90 

0.03 0.08 

Baked Clay 

NT 

0.11 

0 

5.90 

0.11 

0.52 

0.22 

0.30 

0.27 

0.01 

0.16 

0.13 

0.07 

- 
T 
- 

0.12 

0 

8.12 

0.08 

0.84 

0.20 

0.22 

0.11 

0.02 

0.13 

0.13 

0.15 

- 

c - 

0.08 

0.03 

5.12 

0.08 

0.34 

0.18 

0.22 

0.04 

0.01 

0.11 

0.07 

0.09 

- 

- 

0.12 

0.07 

6.67 

0.07 

0 .35  

0.18 

0.19 

0.05 

0.01 

0.11 

0.08 

0.04 

' l y  Ash 

- i k l  l u p s u i i  

T - With Topsoil 
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In general  terms p l a n t s  appeared  stunted and suffered 

from chloros is .  Most of the  grasses  showed only  1imi.ted  spike 

development  while  the  legumes  were  devoid of any sign:, of  maturity. 

Sodic  Materials 

The mater ia l s  in t h i s   ca t egory ,   ben ton i t i c   c l ay  and 

gr i ts tone,   exhibi ted  high  concentrat ions of sodium. llield ob- 

servat ions  indicated  that   the  soil s t ruc tu re  was poor  under 

extreme conditions of moisture ,   that  i s ,  gel - l ike  and swollen 

when sa tura ted ,  and severely  shrunken and cracked when dry.  

Results (Tables 2-6 and 2-8) indicated  that   those soils 
were moderately  successful in terms of seedling emergence  but 

biomass  production was r e l a t i v e l y  low. This may be  due t o   t h e  

high  concentration of sodium  which cont r ibu ted   to  poor s o i l  

s t ruc tu re  and nutrient  imbalances.  

The e f f e c t  of t opso i l  was to   i nc rease   subs t cn t i a l ly  

the  emergence  success and to   double   the  individual   plant   s ize .  

These aspec ts   a re   d i scussed   fur ther ,   see  The Effects  csf Topsoil. 

Plants  on the   becntoni t ic   c lay  and  gr i ts tone were 

s tunted and general ly   exhibi ted  leaf  t i p  chlorosis.   Grasses 

showed  up t o  20% inf lorescence   except   for   fa l l   rye  which 

exhibi ted a greater ,   a lmost  loo%, degree of maturity.  None of 

the legumes showed flower  development. 

Alkaline  Material2 

1 

I . 

These ma te r i a l s ,   co l luv im,  baked c lay  and g l a c i a l  

gravels, exhibited  moderately good s o i l  cha rac t e r i s t i c s .  There 

did  not  appear  to  be  any  potentially  adverse  consti tuents  to 

i n h i b i t   p l a n t  growth  although, a s   w i th  moyt other   mater ia l s  

tested,   they were. low in nitrogen.  Physically  they  were  rela- 

2 - 19 



r 
I 

L .. 
1 . 
I . 
I . 
I .  . 
u 

u 

N 

t ively  coarse.   Their  water  holding  capacity would therefore  be 

low and thus  they  were  expected t o  be  droughty  during  periods 

of low r a i n f a l l .  

Biomass production and seedl ing emergence  confirmed 

the  good soil c h a r a c t e r i s t i c s  of  these  materials  as  growth media 

(Tables 2-8 and i ! - 6 ) .  Although quan t i t a t ive   da t a  showed l e s s   o v e r a l l  

vegetative  growth on baked-clay and g l ac i a l   g rave l   a s  compared 

to  the  colluvium  plot,   quali tatively  they  appeared  similar;   growth 

in a l l   t h r e e   c a s e , s  was most  abundant.  Plants  appeared  healthy  with 

l i t t l e  sign of ch.lorosis.  

The e f f e c t  of topsoi l  on these  mater ia ls  was incon- 

s i s t e n t .  The g l ac i a l   g rave l s  and colluvium  exhibited  similar 

r e s u l t s  in that ove ra l l  emergence  success and biomass  production 

decreased  with  topsoil. The baked clay  did  not  show a cons is ten t  

t rend;   whils t  a grea te r  emergence  success  yielded mors plants/m 2 

with  topsoil  they  were  smaller in s i ze   r e su l t i ng  in a decrease 

in overa l l  biomass  production.  This  aspect is discussed  fur ther ,  

see The Effects  of  Topsoil. 

Fly Ash 

The f l y  ash is discussed  separately  because it is 

anthropogenic. I t  exh ib i t s  a high pH and a high so1ubl.e boron 

concentration whi'ch  might be  s u f f i c i e n t   t o  b e  detrimental   to 

plant  growth. Th.fs mater'ial was a uniform s i l t y  loam which 

maked i t  suscept ible   to  wind erosion in the  absence o f  a vegetation 

cover. 

The plan t  emergence data   suggests   that   the  f1.y ash 

provided a good environment for  seed  germination. However, 

t o t a l  biomass  production was low and individual   plants  were 

stunted  (Tables 2-6 and 2-8). It is suggested  that  metabolic 

tnterference  due t o  boron may have  occurred.  Plants  appeared 

dried out  and exh:!bited ch loro t ic   condi t ions .  

2 - 20 
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The topsoil   treatment had a pos i t i ve   e f f ec t  on average 

p lan t   s ize .  Biomass production was approximately  doubled y e t  

the  nlnnber of p l an t s   t ha t  emerged was approximately the same. 

The Effec ts  Of Topsoil  

Half  of  each so i l  mate r i a l   t e s t   p lo t   a t   A leece  Lake 

was covered  with a 5 'cm capping  of  topsoil. The seeds  were sown 

at equa l   r a t e s  on both  topsoil  and non-topsoil  portions.  Three 

different  seed  mfxes  were  tested on each soil material ,   except 

on t he   sma l l e r   f l y   a sh   p lo t  where only two seed  mixes  were  applied. 

Results  of  emergence  success and biomass  production  are shown 

i n  Tables 2-6 and 2-9 and Tables 2-7 and 2-8 for  the  three  seed 

mixes and twelve  individual  species  respectively.  

Considering f i r s t   t h e   e f f e c t  of topsoi l  on plant  emergence: 

on the   l eas t   successfu l   mater ia l s ,   the   carbonaceous   so i l s ,   the  

presence of topsoil   dramatically  increased  the number of plants   per  

m . A smal le r   bu t   never the less   subs tan t ia l   increase  also'  occurred 

with  the  gr i ts tone and bentonitic  clay  materials,   whereas  there 

was a marked dec rease   i n   ove ra l l  emergence  success on the  colluvium 

and g l ac i a l   g rave l s .  The baked c lay  and f l y   a s h  showed var iab le  

responses among the  seed mixes with  the  former showinE: a net   increase 
and the latter a s l i g h t   o v e r a l l  decrease. 

2 

Emergence on the   topsoi led  port ions of the   p lo ts  showed 

an  average  value of 363 plants lm  over   a l l   mater ia l s   wi th  a range 2 

of  values from 3117 t o  410 p l a n t s h  . This  consistency would be  

expected  for  vegetation  germinating  in t h e  same  medium.  The 

microenvironment  presented  to  the  seeds was c l e a r l y  improved i n  
the  topsoi l   as  compared with  the  carbonaceous  materiah,   bentonitic 

c lay  and g r i t s tone  where such  adverse  factors   as  s o i l  pH, soil 
s t ruc tu re  as i t  a f f e c t s   t h e  movement of gases and moisture, and 

s a l i n i t y   e x i s t e d .  

2 
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Surpr i , s ing ly ,   the   g lac ia l   g rave l  and col1uv:lum provided 
a more suitable  microenvironment  than  the  topsoil. 

The p r a c t i c e  of s t r i p p i n g  and s tockpi l ing  topsoi l  or 

other   sui table   surface  mater ia l   dur ing i n i t i a l  mining f o r  sub- 

sequent  surfacing  of  waste  materials i s  being  widely recommended 

as a method of  iuproving t h e  success of revegetation  programs. 

These r e su l t s '   i nd ica t e   t ha t   t he   s epa ra t e   s t r i pp ing  and s tockpi l ing 

of  only  topsoil   horizons  at  Hat  Creek  need t o  be  evaluated 

fu r the r .  It may be   benef ic ia l   to   inc lude   o ther   su i tab le  sub- 

sur face   mater ia l s   such   as   g rave ls  and colluvium i f  s o i l  for fu ture  

surfacing of dumps i s  t o  b e  re ta ined .  

Biomass r e s u l t s  and emergence da ta  showed s jmi la r  

trends  (Tables 2-6 and 2-61. However, although major inprovements 

were  noted on the  coal  waste,  carbonaceous  shale,  bent:onitic  clay 

and gr i t s tone ,   the   y ie lds   were   subs tan t ia l ly  less than. those ob- 

tained on other   mater ia l s   a t   Aleece  Lake. 

The reasons  for  these  effects  cannot be  defined  pre- 

cisely with  data  presently  available.   Nevertheless i t  seems c l e a r  

t h a t  t h e  plant   seedl ing,  as i t s  root  system penetrated  the  thin 

topsoil  layer,  eucountered  the  poorer  material where fu r the r   roo t  
development was f.nhibited. Thus t h e  continued  uptake of nu t r i en t s  

and consequently,, plant growth, was retarded.  The net  r e s u l t  

WAS t h a t  p l a n t s  were stunted  with a higher  incidence of ch loros is  

than  those  grovn on the   be t te r   mater ia l s .  It did  not  appear 

that   acute   toxic   condi t ions,   e .g .  due t o  boron, exis ted ,   s ince  

vegetation  continued  to  develop on, the   topsoi l - t rea ted   s ide  

throughout  the f i r s t  year of  growth. 

The e f f e c t  of topsoi l  on individual  species  .performance 

shcus,   essent ia l ly   the same trends  as   those  out l ined  foe  the  three 

seed  mixes.  Comylete data is given i n  Appendix 2 .  
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Twelve p lan t   spec ies  were t e s t ed  a t  Aleece Lake; 

e ight   g rasses  and four  legumes.  These  species  were  originally 

se lec ted  on t h e   b a s i s   o f   t h e i r   s u i t a b i l i t y   f o r  use on t h e   s o i l  

materials ava i lab le  and t h e i r  adaption  to  the  climate of t h e  

Hat Creek  Valley.,  Individual  species  were  examined,  counted 

and their biomass production  determined. Swnmaries o f  the  data 

are   reported on Tables 2-7 and 2 - 9 .  Results  are  discussed f o r  

each  species and c o l l e c t i v e l y   f o r  t h e  three  seed mFxes. 

Created  Wheatgrasz:  Overail,  colluvium soil produced the   g rea tes t  

biomass/plarrt and greatest   average  height .   Gri ts tone  with 

topsoi l  had highest  germination  success (36.9%) and carbon- 

aceous  shale!  without  topsoil had poorest  germination ( 3 . 2 2 ) .  

Spike  Development - Varied from one s o i l  type  to t h e  next. 

No developme,nt on non-topsoil  coal waste or on bentoni t ic  

c lay  without   topsoi l .  20-25% inflorescence  development on 
g l a c i a l   g r a v e l s  with topsoi l .   General ly ,   the   topsoi l  had 

best  spike  development.  Spike  length  varied from 2.5 cm 
carbonaceous  shale  to 4.0 an on the  glacial   grave. ls .  

Leaf  Descrip% - On a l l   p l o t s  i t  was found tha t   t he   basa l  

leaves were brown and/or  dead.  Generally  the upper  leaves 

were  green,  except a t  t i p s  which  were  brownish or   purple .  

Lodging  of p l a n t s  was not  apparent on any p lo ts .   P lan ts  were 

c l ean ;   f r ee  of v i s ib l e   dus t  and d i r t .  

Canada Bluegrass: This grass   species  had the  poorest  permination 

success of a l l  t h e  species s tudied,  on both  topsoil  and non- 

topsoi l .  Poor r e s u l t s  were  obtained on a l l  soi ls ,  and three 

soils;  baked c l a y ,   f l y   a s h  and c o a l  waste prduced  zero 

growth. O f  the  non-topsoil  materials  only  glacial.  gravels 

and colluvium  produced  any g r w t i .  Colluvium  produced b e s t  
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r e s u l t s  on aon-topsoil b u t  when topsoi l  was added  produced 

zero  growth.  GenUinatiOn  success was highest  on noa-topsoil 

g l ac i a l   g rave l s  (0.6%). Biomass production was exceedingly 

low. 

Flower Develo- - No panicle  development was evidenced 

on e i ther   topsoi l   o r   non- topsoi l   p lo ts .  

Plant  Description - Overall   the  plants had rudimentary 

development  generally  the  leaves  were  green and exhibited 

an in te rve ina l   purp l i sh   co lor ,   espec ia l ly  toward  .the leaf  

t i p s .  P lan ts   genera l ly  were clean. 

Fall  Ryegrass: This grass  was t h e  most successful1 of a l l   t h e  

species  tested,  producing  the  highest  germination  success 

on both  topsoil  and non- topsoi l   p lo ts .   Overa l l ,   fa l l  

rye  performed  best on topsoils,   al though on the  baked c lay ,  

g l ac i a l   g rave l s  and f l y   a s h ,  a higher  emergence-success was 

obtained on the  non-topsoil s i d e .  A greater  biomass/plant 

production on the   topsoi l   por t ions  of these same :30i1s was 

obtained.  Colluvium (NT and T) produced best resu l t s   over -  

a l l ,   v h i l e   t h e  carbonaceous soi ls  produced  poores't  growth. 

Spike  Development - Fall rye reached maturity (spike. develop- 

ment) on a l l   p l o t s ,  and general ly  90 to  100%  of the   p lan ts  

had spikes.  The spikes  ranged in length and s tage  of 

development  depending on t he   so i l   t ype  - i.e. poorer so i l  

types  such as carbonaceous  shale  resulted in small spikes  

(8.0 cm) while  the  preferred  soils  such  as baked  (clay had 

the  largest spikes  (12.0 cm). On some plots .  e.g. bentonitic 
c lay,   the   spikes  had already  released  seeds  while on other  

p lo ts   the   seeds  were retained on 100%  of p lan ts .  

P l a n t  Description - All p l a n t s  examined -ere found t o  have 

a l ight   greenish-blue t o  grey-white powder oc zhe stems and 
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leaves.  This 'powder' was found to  rub  off   with  the 

f inger .  A c!ommon feature   of   a l l   p lants   observed was 

dead and/or brown, dry  basal   leaves.  Upper leaves were 

general ly  mare healthy  (green  color)  but  invariable 

exhibited  brownish-yellow t i p s  and edges. 

Lodging was another  feature common t o   f a l l   r y e ,   b u t   v a r i e d  

between p l o t s .  No lodging was evidenced on the  non-topsoil 

baked clay.  Up t o  20% lodging was observed on coal  waste 

with  topsoil.. 

Although lodlging was common on a l l   p l o t s  i t  was noted that 

the  root  systems were s t i l l  in tac t   wi th   the  s o i l ,  allowing 

growth  to  continue.  Deficiencies of c e r t a i n   n u t r i e n t s  

such  as  pota.ssium  are known to  cause  lodging of plants  due 

to  a weakening  of s tacks and  by eas i ly   in fec ted   roo t   o rgans  

Note, thoughl, t h a t  5% lodging is  a normal l e v e l  i n  f a l l  

ryegrass  crc'ps. 

Russian Wild Ryegrass:  This grass was the  second  best  species 

tested  at  Aleece  Lake,  producing  the  second  highest 

germination  success on both  non-topsoil and topsoi l  

materials.  Russian  wild  rye  appears  to  have a s l i g h t  
preference c'n the  topsoiled  areas  overall .   Non-topsoil  

colluvium  produced  the  best   results  out of a11 s o i l s  
tested,  while  carbaonaceous soils (NT and TI exhi'bited 

poorest  growth,  (only  non-topsoil  carbonaceous  sh,ale 

resu l ted  in zero  growth).  Gritstone and bentoni t ic   c lay  

exhibited moderate  growth r e s u l t s  on both  non-top,soil and 

topsoi l .  

Flower  Development - No plan ts  on any so i l  type  produced 

flowers, or buds,  however it is noted  that   th is   s .pecies  

is par t i cu la r ly   s love r   t o   e s t ab l i sh  compared with s ini lnr  
t-e grasses .  
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Plant  Descriptions - Generally t h e  plants  exhibit:ed  green 

leaves  with yellow-brown t i p s ,  often  with  white :;pots b u t  

clean. The plant  appeared' to  be  dried  out on most of the 

p lo ts .  

Slender  Wheatgrass: The highest  biomass and g rea t e s t  nwnber of 

plants occurred on colluvium  with  topsoil .  The g rea t e s t  

germination  success  occurred on coal  waste  with  t:opsoil 

(48.773, however', this so i l   t ype   a l so  produced  the  lowest 

biomass r e s u l t s   ( t o t a l  G/M and  G/plant) .  The high germin- 

ation  success  of  the  slender  wheatgrass on t h e  coal  waste i s  

probably  an  effect  of topsoi l  and having  the  proper  conditions 

available  for  germina(tion - however, the  plants  were  not  able 

to  maintain  growth  once  the end of the  seedling  sitage was 

reached  due t o  poor  vigor  suggesting  that   the  init ial   growth 

(germination - seedling) was promoted by 8utr ient :s   wi thin  the 

seed itself and by the  early i n i t i a l   s t a g e s  of the  roots  wi th-  

i n  t h e  topsni l .  Once the  roots  had penetrated  the  topsoi l  

into  the  coal   waste   mater ia l  growth was inh ib i ted .  

2 

Flower  Development - On t h e   b e t t e r  soils,  baked clay,  colluvium 

and g l a c i a l  gravels, the  percentage of p lan ts  ths.t had spike 

developnent was highest  on both  topsoil  and non-t:opsoil (75 

to  lOOZ of plants   mature) .  On the  poorer   plots ,  where ger- 
mination  success w a s  low, the  percentage of p1ant:s with 

spike  development is low (0 t o  25%).  Slender  whe:atgrass  improved 

bes t  on t h e   f l y   a s h   p l o t ,  where the  non-topsoil hiad no plants  

wi th   sp ikes ,   to   the   topsoi l   s ide  which resu l ted  1.n 80% of t h e  

plants with  spikes.  

Plant  Descriptions - The plants   character is t ical1.y  indicated 

brownish-yellow  leaf  tips on a l l  plots.   GeneraUy  the  plants 

were clean !to s l i g h t l y   d i r t y  and  exhibited  white  spots on the 

blades on many p lo ts .  
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Smooth Bromegrass-: Overall, this  long-lived  sod grass1 ranked 

th i rd  among the  grasses  in terms of germination  siuccess. On 

the  non-topsoils  only  Carbonaceous  shale was found t o   i n h i b i t  

growth. The non-topsoil   bentonitic  clay and sandktone  plots 

produced  moderate  success,  while  the  noa-topsoil  colluvium, 

baked c l a y  and g l ac i a l   g rave l s   p lo t s  produced  exc.ellent 

r e s u l t s .  Colluvium s o i l   r e s u l t e d  in 62.1%  germination  success. 

The  same trend is found in biomass  produced. On t h e  t opso i l s ,  

baked c lay  was found t o  produce  the  best .   results: .  

Flower Devel.opment - The percentage of p lan ts  tha. t  reached 

the  reproductive  stage  ranged from 0 t o  10% on t h e   d i f f e r e n t  

so i l s .   Panc i l e  development  (dark  red-green o r  bxowaish-green 

panicles) 0c:curred must successful ly  on the  colluvium, 

baked clay  and  glacial   gravels   plots   while   the  ccal   waste  

and  carbonaceous  shale  produced  the  poorest  development. 

Plant   Descr ipt ions - The plants  appeared  to  have  stunted 

growth on the  carbonaceous soils (generally  rudimentary 

development), and  seemed to  be s l igh t ly   d r ied   ou t :  On the  

b e t t e r   s o i l s   t h e   p l a n t s  were much h e a l t h i e r  and  more wel l  

developed,  although  quite  often  the  basal  leaves  were 

brownish, p a r t i a l l y  chewed on and occassionally  exhibited 

white  spots  along  the r i b s  on some blades.  

Streambank  Wheatgrass: This grass is also  a  long-lived sod grass .  

The seeds   a re  large and  have good seedling vigor which 

makes them easy  to   es tabl ish.  Streambaak  wheatgrass  ranked 

fourth among the   grasses  i n  terms of germination  success. 

This grass  has strong  rhizomes that enable t h e  grass  t o  

spread  rapidly  to form a good, ground cover  thus giving good 

soil protect ion and helps  to  keep  out weeds through  competition. 

This grass  w i l l  have poor success if t h e   s i t e  is wet, due 

t o  crowding  out by o t h r  grasses. 

A t  Aleece Lake p l o t s  streambank  wheatgrass  performed  best 

on colluvium,  both m :;le :opsoil  and  non-topsoil,  but  performed 
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s l i g h t l y   b e t t e r  on non-topsoil.  Overall  performance was 

similar to  the smooth  bromegrass. 

Spike  Development - Best resu l t s   occur red  on t h e   b e t t e r  

s o i l s ,  - eg.  10  to 30% of p lan t s  have  reproductive  organs, 

g l a c i a l   g r a v e l s  produced b e s t  r e s u l t s  on topsoi l  and non- 

topsoi l .  The bentoni t ic   c lay  and g r i t s tone   p lo t s  had 

moderate  to  poor'spike  development  while  the  carbonaceous 

s o i l s  had very  poor   resul ts .  

Apparently :it is normal for streambank  wheatgrass  to 

produce few seeds and therefore  does  not  spread  quickly 

t o  new s i t e s  by seeding. 

Plant   Descr ipt ion - Stunted  growth  and  rudimentary 

development a r e   c h a r a c t e r i s t i c   r e s u l t s  of poorer   so i l s .  

For example, on the   bentoni t ic   c lay,   wi thout   toprioi l ,  

many of the   p lan ts   a re   on ly  3 to  4 cm in  height 'and  never  

progressed from the  seedl ing  s tage.  On the  three! b e t t e r  

soils the   p lan ts  were e r e c t  and not   as   d r ied   ou t   as  on 
the  other  p:lots. A bluish-green  dust   (or powder) was noted 

on the  stem.. and leaves of t h e  p lan ts  on the  a1ka:line  soils,  

in addi t ion  the younger p a r t s  of t he  p lan ts  was found to  be 

hea l th ies t   (greener ) ,   o f ten  t h e  basal  leaves were dead and 

the  upper  leaves had brown t i p s .  

Canada Bluegrass  (Reubens): 00 the  non-topsoil   matert .als  this 

grass exhibited  exceedingly poor vigor - only  col.luvium  and 

baked clay  established  bluegrass  growth, and even. t h i s  growth 

was very  poor.  Germination  success was low (6.2 t o  7.5%) on 

topsoi l   mater ia l s  Canada bluegrass   serformed  s l ight ly   bet ter  

- i .e.  germination  occurred on a l l   s o i l s ,  howeve,r, colluvium 

topsoi l   resu l ted  in dramatic  reductions in germin.ations 

success and biomass/plant.  Overs11  both  bluegras,s  species 
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and the  non-topsoil   treated  portions of each  slope.  The 

parent   mater ia l  was a composite  sample  obtained from t h e  

harrowed and hydroseeded  areas. 

The sa,mpling,  handling and testing  procedures used 

were ident ical   to   those  used  a t   Aleece Lake  and described in 

Section 2 . 1  of t h i s   r e p o r t .  
- 

The r e s u l t s  of  the s o i l s  analyses  are shown i n  Table 

2 - 1 4 .  No f e r t i l i z e r   a d d i t i o n s  were made during 1978. 

2 . 2 . 3  Vegetation Sampling and Handling  Hethods 

The upper and lower  sections  of  each  sloped  plot  were 

sampled  along  transect  l ines as shown i n  Figure 2 - 2 .  The l i n e  

for   the  upper   port ion of  each  slope was located one quarter  of 

the  dis tance down from the  top of the  slope.   Similarly  the l i n e  

of the  lower  portion of each  slope was located one quarter  of 

the   dis tance up from the  bottom  of  the  slope. The quad.rat 

sampling l i n e   ( a s  used a t  Aleece  Lake) was used for  sampling  f ive 

0.1 m quadra te ,   a rb i t ra r i ly   se lec ted   as   Quadra ts  1, ! j ,  10, 15 
and 20 or  where reasonable,  considering a number of factors  such 

as  disturbance b y  sampler  or  actual  plot  dimensions. 

2 

The l e v e l   a r e a   a t  Houth Meadows of a harrowed,  hand- 

seeded area and .a hydro-seeded area.  One t ransec t  line was run 
i n t o  each  area. The t r a n s e c t   l i n e s   b o t h   s t a r t e d   a t   t h e  same 

point ,  a marker  located in the  middle  of  the  south  boundary  between 

the  p lo t s .  The t ransect  l ines extended  about 16  m into  each p l o t  

w i t h  sampling  quadrats  located  every 1.5 m s ta r t ing   a t :  0.8 m. 

The sample c o l l e c t i o n  and handling  procedurm  were  the 

same as used a t  Aleece Lake  and described in Section 2 . 1  of t h i s  

repor t .  
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TABLE 2-14 

NUTRIENT  ANALYSES OF SOIL MATERIALS* ON SLOPED  PLOTS 

Sample  

T o p s o i l  

Rdcrnt Gravels 

Parent Material N 

I 

i. 
hr 

Medic ine   Creek 

I T i l l  

r S a l t s   A v a i l a b l e   P l a n t   N u t r i e n t s  S 

nmhoslcm 

NO -N 3 

0.34 I 10 

0.74  37 

0.32 4 

- 
P 
- 

100 

121 

6 

113 

* S a m p l e s   w e r e   c o l l e c t e d  26 April 1978 
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The t o t a l  biomass  produced on the  sloped  plots i s  

summarized in Tables 2-15 t o  2-18. Average plant  counts  and 

biomass product ion  data   for   the  s loped  tes t   p lots  i s  given in 

appendices 1 and 2 .  

There i s  no apparent  relationship  between  plot   slope 

and the amount of biomass grown on the   individual   tes t   p lots .  

However, the  average  values show the   g rea tes t   quant i ty  of 

biomass was prcduced on the 30' slope and t h e  l e a s t  on t h e  22' 

slope. The upper  area  of.the s l o p e  p lo ts   genera l ly  produced 

l e s s  biomass  than  the  lower  levels. This may be due t o  uneven 

d i s t r i b u t i o n  of t h e  seed  as  the  slopes  were  hydro-seeded  from 

below.  0bservat:ions  during  the  harvest  indicated  that  the 

mulch d i s t r i b u t i o n  was patchy  near  the  top of  the  sloped  plots.  

The number of plants  followed  similar  trends  as  the 

biomass  production.  There  were more p lan ts  produced on the 

lower pa r t s  of t:he sloped  plots.  The success   ra t io ,   the  number 

of p lan ts  produc:ed divided by the  calculated number of seeds 

sown expressed a.s a  percentage, was s igni f icant ly   h igher   for   the  

lower port ions c'f the  s loped  plots   as  shown in Table 10. The 
average number csf plants  produced was grea te s t  on the 30 p l o t  

and l e a s t  on the  22' p lo t .  

0 

The l e v e l   a r e a   a t   t h e   f o o t  of the  sloped p l o t s  was 

mainly  hydro-seeded  with  a  small  section,  about 1OZ of   the   a rea ,  

harrowed  and  han.d-seeded. The hydro-seeded area produced  a  very 

poor  crop. The f a l l   r y e ,  t h e  dominant species  where  seed m i x  1 

was planted, produced  almost no growth on the  hydro-seeded  level 

area.  The d ry lande r   a l f a l f a  however produced  a good crop which 

was reasonably  uniform  over  most of th.? l eve l   a r ea .  'fie reasons 

f o r  the  f a i l u r e  of f a l l  rye and re la t ive   success  o f  t h e   a l f a l f a   a r e  

not c lea r .  The most logical  explanation  vouX be  improper  seeding 

or  possibly t h e  larger   rye  seeds were mt ttcroughly mixed with 

the mulch. 
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The addi t ion of t o p s o i l   t o  t h e  sloped plot:; r e s u l t e d  

i n  a subs tan t ia l   decrease  i n  the number of p l an t s  produced and 

germination  success. The e f f e c t s  on biomass production  were 

inconsis tent ,   the   upper   s lopes had an  increase  while  the  biomass 

produced on the  lower  sloped  decreased when topso i l  was appl ied.  

The c h a r a c t e r i s t i c s  of the  recent   gravels  21t Houth 

Meadows resemble  closely  those  of  the  glacial  gravel:; a t  Aleece 

Lake,  as shown i n  Table  2-14 and 2-1. However t h e  plant  growth 

produced was not  similar. The g l ac i a l   g rave l s  showec higher 

s u c c e s s   r a t i o ,   f o r   a l l   s p e c i e s   e x c e p t   f a l l   r y e ,  and higher 

biomass  per p l a n t .  The l e g m e   i n  seed m i x  1, d ry lande r   a l f a l f a ,  

d i d  b e t t e r   a t  Hnuth Meadows, probably  due to  the  reduced 

competition from t h e   f a l l   r y e   g r a s s  which  produced felwer and 

small p l a n t s   a t  Houth Meadows than a t  Aleece  Lake. 

The r e s u l t s   a t  Medicine  Creek and Houth Meadows a r e  

very  s imilar .  The lower  portion  of  the  three  slopes'  produced 

more vegetation;; more p l an t s  grew on t h e  30 slopes t:han on the 

22' and 26' s lopes   a t   bo th   l oca t ions ,  and s imi la r  numbers of 

p l an t s  were produced,  except  for  the  lower  portions cNf the 22' 
and 26' slopes  at  Medicine  Creek  which  produced a low number of 

0 

p lan t s .  

Examination of these  slopes  at  both  Medicine  Creek and 

Houth Meadows indicated  that   waterborne  erosion was minimal 
i n  t h e   f i r s t   y e a r .  See f i e ld   no te s  on page 2-51. 

These r e s u l t s  show that the  revegetat ion of dump faces  

comprised  of e i t h e r   c o l l u v i m / t i l . l  or gravel  with  an  overall  

height  of 15 m and with  slopes up to  30' could  be  achieved in 

t h e   f i r s t   y e a r   a f t e r   s e e d i n g .  This conclus ion   i f   ver i f ied  in 
t h e  long term would r e s u l t   i n  reduced embankment mater ia l  

requirements a t  Hat Creek and therefore   substant ia l   cost   savings.  
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No weeds  were  found on the  non-topsoi l   por t ions of 
t he  test s l o p e s  o r  on t he   s eeded   l eve l   a r eas   a t   t he   foo t   o f  

t he  Houth Meadows s loped.   Eleven  species   of  weeds  were  found 

on t h e  t o p s o i l   p o r t i o n   a t  Houth Meadows s loped   p lo t s .  On 

average 42 Invaders per m were found on the  Houth Meadows 

p l o t s  compared t:o 9 per  m2 on t h e  g r a v e l   p l o t   a t   A l e e c e  Lake. 

This increased  invader   populat ion may have   con t r ibu ted   t o   t he  

lower number of p l a n t   p e r m  . Two weeds  (Stinkweed 41.5%, 

Flixweed 3 6 . 4 % )  make  up 78% of t h e   t o t a l  number of  weeds  found. 

No P r o s t r a t e  Knotweed a r e  found a t  Houth Meadows.  The abundance 

of  Stinkweed  and  the  occurance of Falseplax and  American  Dragon- 

head  a long  with  the  absense of P r o s t r a t e  Knotweed i n d i c a t e s  a 

d i f f e r e n t   t o p s o i l   t h a n   t h a t   u s e d   a t   A l e e c e  Lake. The t o p s o i l  

spread a t  Houth Meadows was taken  from  Trench B whi le   t he   t opso i l  

a t  Aleece  Lake c:ame from  near  Trench A .  

2 
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TABLE 2-15 

TOWd BIOMASS PRODUCED - G/M 2 

- HOUTH MEADOWS 

Plot . t  
22O 

(Incl.  Invaders) 
26' 

(1x1. Invaders) 
30' 

(Incl. Invaders) 

kverages 

Upper S - 
No Topsoil 

83 
-* 
65 
- 
208 
- 

119 
- 

* - ind:icates zero invaders 

pe 
Topsoil 

54 
102 
161 
182 
442 
497 

T 

219 
260 

Lower S 
No Topsoil  

245 
- 

327 
- 

306 
- 

293 
- 

pe 
Topsoil 

249 
307 
202 
218 
144 
159 

1- 

198 
228 

Average 

158 

189 

275 

2 - 54 



V - 
I . 
II 
I 

a 
I 

-.  

TABLE 2-16 

AVERAGE PLANT GROWIT DATA 
- H O U M  mAuous 

Plot 

:22O 

26 

:30° 

Average 

No. Of Plants Per 

Upper Sl.ope 

No Topsoil   Topsoil  

- 

94 

7% 8.8% 

168 

14% 15% 

121 
9 .6% 9.8% 

[ And % Success 2 

Lower 5 

Xo Topsoil  

223 

23% 

214 
18% 

212 

17% 

216 

19% 
" 

w 
Topsoil  

174 
17% 

130 

16% 

200 

14% 

168 
16% 

i 
Average 

13 1 
13% 

136 

13% 

180 

15% 

a. 
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TABLE 2-17 

AVERAGE PLANT G R O W  DATA 
- MEDICINE CREEK 

rplot Upper :Slope T 

22O 

26' 

30' 

I A v e r a g e  

Number Of 
P l a n t s - / M  

176 

130 
I. 

Success 
Ratio-% 

13 
6.8 

13 

11 

" 
Lower : 

Number Of 
P l a n t s - / M 2  

60 
loo 
186 

115 

i IC 

m -  
2 - 56 
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TABLE 2-18 

GROCJTH ON L E v n  AREAS 
HOUTH MEADOWS 

Per M R a t i o  - x 
Harrowed, 
Hand-Seeded 1 240 

1 Hydro-Seeded I a9 ' I 5 . 5  I 21 
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2.3 bIASTE PILES AT TRENCH ' A '  AND TRENCH 'B' 

2.3.1 - ln t roduct ion  

During  the B.ulk Sample  Program in 1977, waste materials were 

disposed o f  i n  dumps c.lose t o  the  t renches.  A t  Trench ' A ' ,  t he   l a rges t  

excavation,  overburden  materials were dumped t o  form three  benches a t  

elevations  3120'.  3140'  and 3160' a s  shown i n  photograph 8.  These were 

reclaimed by contouring and  hydro-seeding and hand-seeding i n  September 

1977. A t  Trench 'B', three  overburden  pi les   vere  made: t opso i l ,   r ecen t  

grave ls  and subso i l ,  which  resembles  topsoil  except f o r  a lclwer organic 

matter content.  'he grave l   p i le .  is shown i n  photograph 9 .  These waste 

p i l e s  were reclaimed by shaping and seeding  using  both  hydrc-seeding and 

hand-seeding  methods ir! September 1977. Seed mix 1 was used a t  both 

l 'ocations.  

Trench A Waste Dumps 
Photograph 8 - 
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‘Trench B - Gravel Waste P i l e  
Photograph 9 - 

2 . 3 . 2  - Vegetation  Sampling 

Six  populations were  sampled a t  Trench A: two on a l e v e l  

area and four on sloped  areas.  Because  of the sparseness of vegetat ion 

1 . 0  m quadrats were used  for  sampling as shown in photograph 10. 2 

Trench A - 1 m Sampling  Quadrat 
Photo  raph 10 - 1 

2 - 5 9  
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The level   area,   the   top of the  sandstone  bench a t   e l e v a t i o n  

3120'. contained a harcowed  hand-seeded a r e a  and an  area  that  was 
h:ydro-seeded.  These a reas   a re  shown in photograph 11. Two t h i r t y  

metre t ransec t  lines were run in northwest and southwest  directions 

from a cwpmon poin t   a t   the   southeas te rn   comer  of the harrowed area .  

Five  quadrats per popu:lation  were  sampled.  These  were  spaced  along 

t h e  t r a n s e c t   l i n e s   a t  :3 m ,  9 m, 15 m, 21 m and 27 m. Four populations 

consisting  of two s lopes,  30' and about Z O O ,  on the 3120'  sandstone 

p lo t   face  and two s lopes,  35' and 2 6 O ,  on the  3140'  baked  clay  plot 

face,  were  sampled. F2.fteen metre t r a n s e c t   l i n e s  were run asross the  

slopes  at  about  the  middle  of  the  slope.,  Three 1 .0  m quadrats were 

sampled a t  1.5 m, 7 m and 13 m along  the  t ransect   l ines .  

2 

Trench A - 312OV Dump - 
Photograph 11 - 

Dotted line  encloses  harrowseeded  area. 

A t  Trench 'B' five  populations were sampled;  three on the  

recent  gravel  waste p i l e ,  one on the   topsoi l   p i le  and one on t h e  sub- 

s o i l   p i l e .  A 0.1 m quadrat was used.  Vegetation was counted a t   a l l  

f ive  populat ions  but  on1.y the  vegetation  harvested from the   topsoi l  

p i l e  was retained fer  biomass determinations. The three  populations 

2 
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sampled on the  recent  gravel  waste  pile  included  hydro-seeded and 

hand seeded  level   areas  and  a  hydro-seeded  sloped  area. A X L  of 

t h e  f ive  populat ions were sampled a t   t en   l oca t ions   a long  a 1.5 m 

t ransec t  l ine  a t  1.5 m spacing. 

The sample  collection and handling  procedures  used a t  

Trench 'A' and Trench 'B' were the  same as   those  used a t  Alaece Lake 

and described in Section 2 .1  of t h i s   r e p o r t .  

2 . 3 . 3  Results of Vegetation  Sampling 

Average plant  count and success   r a t io s   fo r  Trench A and 

Trench B and biomass production  data  for  Trench B a r e  sunrmarized i n  

Table 2-19. Complete resu l t s   a re   p resented  i n  Appendix 2 .  

The average n.umber of plants  produced on a l l  of the 3120', 
sands tone   a r eas   a t  Tren.ch A were s imi l a r .  The 3 1 4 0 ' ,  baked clay,  

aueas produced  considerably  fewer  plants. Ttre 3160', carbonaceous 

shale   area produced negl igible   vegetat ion and  was not sampled.. There 

was no di f fe rence  in the  number of plants  prduced  between  the 20' and 

30' slopes.  The harrowed,  hand-seeded area  produced more plants  than 

the  similar  hydro-seeded  area. The test p lo t s  of the  three  s imilar  

mater ia l s   a t   Aleece  Lake produced  considerable  greater number of  plants 

than  produced a t  Trench A. The number of weeds found a t  Trench A was 
negl ig ib le .  Two weed p lan ts  were  found on the 3120 dump. 

- Trench A Waste Dumps 

A comparison  between t h e  number  and s i z e  o f  p lan ts  produced 

a t  the 3120'  sandstone  area a t  Trerich A and t h e  Aleece Lake sandstone 

p l o t  is  shown in Table 2-20. 
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TABLE 2-19 

VEGETATION PRODVJCED AT TRENCH A AND TRENCH B PLOTS 

P lo t  

'IXENCH "A" 

3,120'. l e v e l   a r e a ,  hydro-seeded 

3,120', level a rea ,  hand-seeded 

3120', sloped  area, 20'' 

3120',  sloped  area, 30" 

3140',  sloped  area, 35" 

3,140',  sloped  area, 26" 

laENCH "B" 
G,ravel ,   level   area,  hydro-seeded 

Gravel ,   level   area,  hand-seeded 

Gravel,  sloped  area, 5* 

Topsoil 

Topsoil  including  invaders 

Subsoil 

Number of 
Average 

P l a n t s  /M' 

60 

111 
99 

100 

34 
53 

70 

395 

126 

50 

137 

129 

Total   Total  

R a t i o 4  

1' 
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COMPARISON OF PLANT GROWTH AT TRENCH A AND ALEECE LAKE 

Species 

Average P lan t  H e y 1  

Number of  Plants  Per 2 
3120' Bench Aleece Lake 3120' Bench Aleece Lake 

Harrow Sandstone  Plot Hydro Harrow Sandstone  Plot Hydro 

Crested  h'heatgrass 

54.1 38.6 3 2 . 6  23 a..o 19 .4  F a l l  Ryegrass 

6.0 0 ' 0  0 .. 4 0 Canada Bluegrass 

2.0 1 .4  12 10.,4 7 . 8  Drylander  Alfalfa 

13.1 6.9 15 1 49..0  83.4 

Vegetation  success on the 3120' sandstone bench i s  considerably 

poorer  than  that on the  sandstone  plot   a t   Aleece Lake. This e f f e c t  

may be   a t t r ibu ted   to   phys ica l   d i s turbance  of t he   a r ea :   pa r t  of the dump 

surface was used a s   a n   a c c e s s   r o a d   t o   d r i l l   s i t e  which resu l ted  i n  
excessive  surface  compaction and poor  overall   revegetation  success.  

Invader  species  were  not  present.on  the 3120' sandstone  bench. 

I t  is i n t e re s t ing   t o   no te  t h a t  the  sloped  sandstone  areas 
produced p l a n t s  of a considerably  larger   s ize   than  those of the l e v e l  

areas  (see  Tabie 2-21).. This di f fe rence  i n  p l a n t   s i z e  is l ike ly   due  

to   the   na ture  of the  s lope  surface.  In resloping  the dump faces   cater-  

p i l l a r   t r a c t o r   t r a c k s  remained  and r i d g e s   c l e a r l y  enhanced p lan t  

growth.  This is accomplished  presunablg.  by  improving  the  microclimate 

f o r  seed  germination and by increased  moisture  retention. 

It is noteworthy  that,  while  the  germination  success  of  crested 

wiheatgrass on the  sandsitone  slopes was n,ot pa r t i cu la r ly  good in comparison 

w i t h  the  resul ts   obtained on the  Aleece Lake sandstor.? p h t ,  tb.e s i z e  

of the  p lan ts  produced on the  slopes was  substa5c:al:y greater   than  that  
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recorded  for  any  of  the  soils  tested a t  Aleece Lake. This  again  supports 

the  conclusion  that   the  r idges on the  sandstone  s lopes  are   par t icular ly  

good loca t ions   fo r   p l an t  development. 

TABLE 2-21 

PUNT SIZE ON LEVEL AND SLOPED 3120' SANDSTONE AREAS 

Species  Average  Plant  Heights - cm 

Sloped  Areas 

Rydro  Area 30' Slope 22' Slope 

Crested  Wheatgrass ti .9 13.1 

Fall  Ryegrass 32 .6  38.6 ' 1 66 .6  

15 .o Canada Bluegrass 0.0 11 .o 
6 . 1  Drylander  Alfalfa 1..4 2.0 

35.2 

6 9 . 3  

The r evege ta t ion   r e su l t s  from the  sloped 3140'  baked c l a y  

dumps a r e  summarized in Table 2-22. The ove ra l l  performance of seed mix 
mix 1 was s l i g h t l y   b e t t e r  on the  26' slope  than on the 35' slope.  This 

is l i k e l y   n o t  an  effect: of s lope  angle ,   but   ref lects   inconsis tency i n  
sseed mix appl ica t ion   ra tes .  

TABLE 2-22 

COMPARISON OF TRENCH A AND ALEECE LAKE PLANT GROWTH 

I Species  Heights - cm Number of 

Drylander  Alfalfa 

Canada Bluegrass 

Fall  Ryegrass 44.6 38.9 92.5 13.3 8 . 3  1, 5 2  
I 

@ '  
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The crested  wheatgrass and f a l l   r yeg ras s   exh ib i t ed  a lower 

percentage  of mature p:lants on t h e  26' s lope ;   for  example  the 26' 

s lope   ind ica tes  25% of f a l l   r ye   w i th   f l ower  development  while  the 

34' slope shows 90 to  100% f a l l   r y e  a t  matur i ty .   S imi la r   resu l t s  

were obtained  for  crested  wheatgrass.  There i s  no apparent  explanation 

a s   t o  why this   occurred.  

Vegetation  success in . terns   of   plants  per M on the  3140' 2 

baked clay  waste  dump is substant ia l ly   poorer   than on the  baked c lay  

p l o t   a t  Aleece Lake. However in other   a reas  when the number of   plants  

was reduced,  the  size of the  plants   increased.  This was not: the   case 

here. Baked c lay  was one of the more successful  growth  media tes ted 

a t  Aleece  Lake.  Plant  heights  are  generally  similar  except  for  the 

f a l l   r y e g r a s s  which shows p l a n t s  of  greater  height on the  ba.ked clay 

p l o t  a t  Aleece  Lake. The reasons  for  the  apparent poor success on 

the  baked c l ay   s lope   a t  Trench A a re   unc lear   bu t  i t  i s  speculated 

t h a t   t h i s  may be  due to a lower  hydroseed  application  rate.  Contrary 

to   expect ions,   the   vegetat ion  success  on the  3140 baked clay  s lopes 

is appreciably  poorer in canparison  with t h e  3120 sandstone  slopes; 

and t h i s  a lso  lends  support   to   the  conclusion  that   the  baked. c lay 

slopes may have  received a lower  hydroseeding  application  rate. 

The 3140 dump surface was also  hydro-seeded  but was not 

sampled  because  of  poor overal l   revegetat ion  success .  Use of the 
dump a s  a road  access t o  a d r i l l   s i t e   r e s u l t e d  i n  excessive  surface 

compaction. 

The 3160' carbonaceous  shale dump produced l i t t l e   v e g e t a t i o n  

growth. Growth that   d id   occur   did so in small depressions where 

moisture  could  collect .   Vegetation  succ,ess on the  dump face was 

c'onsiderably  greater t h a n  on the  surface.   hovever  this may be  due  to 

a greater   hydroseed  appl icat ion  ra te .   Par t   of   the  dump face was 

r,econtoured from the   na tu ra l  dump angle of 34 t o  26' t o   t e s t  

~ ~ e g e t a t i o n   a t   d i f f e r e n t :   s l o p e s .  No di f fe rence  in the  vegetation  success 

bfetween  the two slopes was visual ly   apparent .  

0 

I' 
2 - 65 



- Trench B Wsste Dumps 

A comparison between the number and size of p l an t s  produced 

on the r ecen t   g rave l   was t e   p i l e   a t  Trench B and the   g l ac i a l   g rave l  

p:Lot a t  Aleece  Lake is presented i n  Table 2 - 2 3 .  Growth was considerably 

more successful  on the  harrowed,  hand-seeded  section  of  the  gravel  pile 

due poss ib ly   to   h igher   seed   appl ica t ion   ra tes  and in part by the  manner 

of seeding;  the  fact   that   harrowing  provides a l a rge r  number of  preferred 

germina t ion   s i tes ,   par t icu lar ly  on grave l ly   mater ia l s  

On the  harrowed  hand-seeded portion of  the  recent  gravel 

p i l e   t h e   f a l l   r y e  showed excellent  growth, in terms  of  the number of 

p lan ts   per  M and the   p l an t s  were of comparible  size  to  those in t h e  

hydroseeded  areas. In contrast   the   crested  wheatgrass  and drylander 

a l f a l f a  were more successful  in terms  of  emergence  success b.ut  were 

qu i t e  small in comparison to   o the r   a r eas .  I t  is suspected t'hat when 

the   f a l l   r yeg ras s  is v e r y   p r o l i f i c  it has   the   e f fec t  of inhi'biting 

the growth of neighbouring  vegetation. This seems par t icu lar ly   apparent  

with  the  drylander   a l fa l fa .  These r e s u l t s  somewhat p a r a l l e l - t h o s e  

obta ined   a t  Aleece Lake p lo t s  where seed mix 1 was used. 

2 

TABLE 2-23 

COMPARISON OF PLANT GROWTH AT TRENCH B ANJJ ALEECE UJCE 

1 4 . 3  15.7 1 0 . 3  

Drylander  Alfalfa 14.5 1 8 . 3  

Canada Bluegrass 6 .O 4.5 
24 
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Invader  species  had l i t t l e   e f f e c t ,   i f  any, on the  vegetation 

a t  t h e  Trench 'B', recent   gravel   pi le .  

TABLE 2-24 

PLANT GRGWTH ON TRENCH B SUBSOIL AND TOPSOIL PILES 

Average Plant  Heights - cm 

Crested  Wheatgrass 3a 

D r y l a d e r   A l f a l f a  

Canada Bluegrass 

Fall  Ryegrass 

Invader  Species 

me number and size of plants  produced on the subsoil and 

topso i l   p i l e s  is shown i n  Table 2 - 2 4 .  The revegeta t ion   po ten t ia l  of 

the subsoil pi le   appears   subs tan t ia l ly   be t te r   than  that of the   topsoi l  

p i l e .  The reason  for  t h e  lower  success on t h e  topsoi l  pi!!e i s  

preslrmably  competition  with  weeds,  which make  up over 60% of t h e  p lan ts  

and 90% of the biomasr growing on the   topsoi l   p i le .  Weeds were l e s s  

abundant on t h e  subso.fl. The  number of f a l l   r yeg ras s   p l an t s  produced 

on t h e  subsoi l  p i l e  was low  compared t o   t h e   o t h e r   a r e a s   a t  Trench A 

and B and  Aleece  Lake. However a l l   f ou r   spec ie s  produced  very l a rge  

plants on the  subsoil pi le .  This may have  been  due t o   t h e   f a c t   t h a t  

t he   f a l l   r yeg ras s   vas   no t   a s  dominant. The reasons  for  the low number 

of f a l l   r y e   p l a n t s  i s  not known. 

No other   area examined a t  Hat Creek  produced  an  abundance 

o f  weeds comparable t o   t h a t   o f   t h e  Trench 'B' topsoi l  p i l e .  It is 
:suspected tha t   t he  weed species  were present in the   topsoi l .  Nine 

:species of invaders  dominated  the  topsoii  pile  as show! i n  'Cable 2 - 2 5 .  
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TABLE 2-25 

IEmADER SPECIES ON TOPSOIL PILE AT TRENCH B 

m - 
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" 
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r. 

r. 

L. 

Species Number of P lan ts  Average P lan t  

Reight - cm 

Blueburr 

American  Dragonhead 21 16 

Flixweed 

Falsef lax 

Lambs Quar te rs  

Chenopodiaieae 

P r o s t r a t e  Knotweed 
- 

PovertpYeed I 15 
Stinkweed , 12 

7 

I 3 

I 

I 30 
50 

75 
75 

2 10 

I 

i 
! 
I 

! , 
1 I 7 

i 
! 

1 11 

The invaders  accounted  for 68 percent of t h e  to ta l .   ae r ia l  

biomass and seemed to  have  caused a general  decrease in average  height, 

number of plants ,  and :success r a t i o   f o r   a l l   f o u r  agronomic species .  

The dominant weeds were  Blueburr, 39.1% of a t o t a l  number of weeds, 

American Dragonhead, 113.52, Poverty Weed, 13.8%, and  Stinkweed, 11.5%. 
Invader  species  are  present,   but not abundant on the   subsoi l .   p i le  and 

absent  at   the  other  revegetated  areas  near  Trench B. 

O f  the  invader  species  present: on the  Trench 'B' topsoi l  

pile,   only  one,  Stinkweed  (Thalspi  arvense) is known to  be  noxious. 

Apparently  the  seeds  produced by th i s   spec ies   conta ins   an  oil substance 

which  can  cause  gastric:  distress in l ives tock  upon ingest ion of gra in .  

" 
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2 . 4  SEEDING PRI3GRAM I N  1978 

Intro,duction - 
Waste d i s p o s a l   p i l e s   a t  Bulk  Sample  Program Trenches A. and B were 

seeded  during September 1977. Inspection o f  these  areas  in the summer of 

1978 . revealed  that   while  revegetation was general ly   successful   there  were 

notable  exceptions. In ad6l t ion  the.waste   pi les   a t   Trench C and the  over- 

burden  storage  areas  were  not  seeded i n  1977. To cor rec t   these   def ic ienc ies  

a seeding program was undertaken i n  September 1978. Seeding had t o  be  

car r ied   ou t   before   quant i ta , t ive   resu l t s  of the  growth  assessment  studies a t  

Aleece Lake  were known. Nevertheless i t  was possible   to   devise  a su i t ab le  

seeding program  based on th,e q u a l i t a t i v e   v i s u a l   i n s p e c t i o n  of the  areas .  

me  fol lowing  presents  a s c m a r y  of these  inspections and d e t a i l s  of  the  

1978 :seeding  program. 

Visual Growth Assessments of Areas  Seeded i n  September 1977 

The Hat Creek  area  receives  only 317 mm of prec ip i ta t ion   annual ly ,  

about  half of which f a l l s   i n  t h e  form of snow. Examination  of  the  waste  piles 

seeded  September 1977 showed evidence  that   the   lack of moisture seemed to  be 
major l i m i t i n g  f ac to r  in vegetation  success.  Whenever moisture  collected 

in depressions on waste dumps, growth was enhanced.  Thus, a smaU sec t ion  

of  the  Trench A 3160 dump and one of  the  Trench C dumps were sub:jected to  
surfac:e  treatment in improve water  retention  before  seeding i n  September 

1978. 

Trench[ A - 3160 Dump 

The dump surface was almost  entirely  devoid of vegetatlon  both 

on the,  hydroseeded and harrowseeded  areas. Growth tha t  d i d  OCCUK did so 

in small   depressicns where moisture had co l lec ted .  This growth  appeared 

very   sa t i s fac tory .  
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The surface material on t h i s  dump is  exclusively  carbonaceous 

shale. .  The na ture   o f   th i s   sha le  is such  that  it does not 'wet', so t ha t  

any  water  that   does  collect   penetrates  only a very  short   d is tance (5-10 mm) 

below  which the  material  remains powder dry. This occurs  even wT?en f r ee  

standing  water is present  on the   surface.  Hence, wa te r   s t r e s s ,  and not  

the low pH of the so i l  (4.5) appears   to   have  contr ibuted  to   the poor 

vegetation  success on the dump surface.  

Vegetation succes:3 was considerably  greater on the dump face 

than on the  surface  possibly  due t o  the  greater  hydroseed  application on 

t h e  faces .  No di f fe rence  111 vegetation  success was evident between  the 

part of the dump f a c e   l e f t   a t   t h e   n a t u r a l  dump angle of 34' and t h a t  

par t   recontoured  a t  a 26 angle t o  t e s t   r evege ta t ion   a t   d i f f e ren t   s lopes .  0 

It was concluded  t:hat a major e f f o r t  will be necessary  to  encourage 

successful  revegetation on the dump surface  whereas  the dump €ace  needs no 

f u r t h e r   a t t e n t i o n   a t  t h i s  time. 

Both the  dump surface and face were hydroseeded i n  September 1911.  

The duutp sur face  showed successful  early growth i n  most areas,   but  use  of  the 

dump as a d r i l l  s i t e   a c c e s s  .road resul ted in excessive  surface  compaction and 

poor overall   revegetation  success.  The surface  mater ia l  on t h i s  clump is baked 
c lay ,  one of the  more succesaful  growth media t e s t e d   a t  Aleece Lak.e. 

The dump face showed inconsis tent   success ,  however, i t  was evident 

upon dose  examination dur ing  September 1978 tha t   t he re  was a h i g h  concentration 

of   juveni le   plants ,  which  should  develop  further  during the spring  of 1 9 7 9 .  

No di f fe rence  in vegetation  s,uccess was apparent  between  the dump faces 

recontoured  to a slope  of 26' and   t he   s lopes   l e f t   a t  t h e  na tura l  dump angle  of 34' 

It was concluded t h a t  t!?e dump surface which was used a s  a road 

required  breaking up  and reseeding,  while  the t l u m p  face  was considered. 

sat isfac. tory.  
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The sur face   mater ia l  on t h i s  dump is  baked c lay  on the  western 

portion and claystone/gr i ts tone on the   eastern  port ion,   including  the 

dump face. 

As with  the 3140 dump, pa r t  of the  baked clay  surface was used 

as  a d r i l l  s i te  access  road,  consequently  vegetation  could  not tlecome 

establ ished.  On the   c laystone  mater ia l   vegetat ion  success  was mixed w i t h  

some large  areas  of  poor  success.  It appears   that  when the  clayey  material 

wets  then d r i e s  a hard  surface  crust  i s  formed  which inhibi ts   p l .ant  

development.  Moisture s t r e s s  was apparent  since in the  small   depressions 

where water   could  col lect  growth was enhanced. Also the   c laystone  mater ia l  

is  qu i t e   s a l ine .  

On the  dump face,   slopes  of ZOO, 30' and t h e  n a t u r a l  dump angle 

of 38" were seeded in September 1977.  Good success was achieved on the . 
20' and 30' slopes  particu1,arly i n  r u t s   l e f t ,  by the  bulldozer. '  This again 

suggests  that   lack  of  moisture may be a major l imi t a t ion   t o   success fu l  

reveg(atat ion  a t  Hat Creek. On the  38' slope  only  limited  revegetation 

succe:3s was achieved,  possibly  due in par t   t o   t he  non-compacted surface 

and the tendancy of the  cla.yey  material   to "flow" somewhat down t h e  s teep  

s lope when wet, and  form a hard  surface  crust  when dr ied .  No major  difference 

was evident between  hydroseeded  and  harrowseeded  areas. It was ,concluded 
tha t  Ithe  dump surface which  had been  used a s  a road and two sma1:ler a reas  

required  reseeding.  Although  revegetation on the s teepes t  dump face  s lope 

was unsa t i s fac tory ,  i t  was decided  to  leave it  unattended  for a fur ther  

year.  

Coaly Waste Pile 

This  dmp i s  made  up of carbonaceous  material  which,  although 

giving  the  appearance of coal  i s  of.such  lcw  quality as to  be  unusable. 

The  dump surface  mater ia l  was harrowseeded and the dump faces  hydroseeded 

in September 1977.  The surface  mater ia l  on the dump face was s imi la r   to   the  
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carbonaceous  shale on the :3160 dump, very  f ine and dusty,  and vegetat ion 

success was not good.  Examination of the  slopes showed that  gem.ination 

and growth  most often  occurred  in  small   level  areas  such  as  thor;e made 

by footpr in ts .  I t  is presumed that   these  areas   provide a small.  catchment 

f o r  moisture  thereby  improving  the  local  microclimate  for  seed  $:emination. 

On the  harrowseeded dump surface  the  mater ia l  i s  more typ ica l  of 

coal.   Vegetation  geminated well in . the  spr ing and ea r ly  growth. was 

encouraging. However, the  dark  colour of the  material  caused  ex:cess  heating 

during  the summer months r e su l t i ng  i n  very  dry  surface  condition,s.  Never- 

the less  the  vegetation  survived  as  evidenced by renewed growth i n  ea r ly  

September  following  rain. 

Although  success on the  dump faces was not good i t  was decided t o  

give  the  vegetation a fur ther   season t o  develop. The dump surface was 

considered  sat isfactory.  

z l l  and  Waste Storage A s  

These a reas  were or ig ina l ly   c leared  and grubbed pr ior   to   l ay ing  

down cropsoil   and  waste  material   for  later use a t  Aleece  Lake. ' h o  p i l e s ,  

one colluvium and one  carbonaceous  shale,  remained i n  the  waste  storage 

area.  This area  had not  been  seeded i n  1977 however,  invasion o f  na t ive  

species  and regeneration of vegetat ion  rerraining  af ter   c lear ing lhad occurred 
to a :Limited extent.  Leveling of t he   p i l e s  will be required  before  seeding. 

Trench B - Major Dump - -. 
- .  
1 .  

" 

This dump contained t h e  a l luv ia l   g rave l s   ex t r ac t ed  from above 

the  coal i n  Trench 8 .  R e  dump was hydroseeded i n  September 1977 except 

for a small area ,  S O '  x loo ' ,  which was harrowseeded.  Early  spring growth 

o n  the  harrowseeded  portion seemed p a r t i c u l a r l y  good, much thicker  than 

on che hydroseeded  areas. L t  is  suspected  that  t h i s  i s  due i n  pairt  t o  a 

lower  seeding  rate on the  hydroseeded part and in p a r t  t o  the manner of 
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seeding.  Harrowseeding  provides a la rge  number of a t t ract ive  germinat ion 

s i t e s   p a r t i c u l a r l y  on grave l ly   mater ia l .  

Late summer examination showed an in t e re s t ing   d i f f e rence  between 

the two areas .  On the  harrowseeded  portion  the f a l l   r y e  was very  dense 

while  the  crested  wheat and a l f a l f a   s eed ings  were healthy  but s t i l l  qu i t e  

small. On the more sparcely  populated (in terms of f a l l   r y e )  hydroseeded 

area ,  t h e  a l f a l f a  was very  well   established,  being on occassion clver 18 cm 

t a l l .  These resu l t s   para l le l   those   ob ta ined  on th'e Aleece  Lake p lo t s  where 

seed mix I was used. I t  would seem logical   to   conclude  that   the   rye  grass ,  

when p r o l i f i c ,   i n h i b i t s  development  of less   vigorous  species  by out-competing 

them f '3r  the  available  moisture or l i g h t .  Si.nce f a l l  rye i s  an  annual and 

should  therefore  largely  die  out,  i t  w i l l  be interest ing  to   fol low  the 

develolpment of  the fa l l   rye   "pro tec ted"   vege ta t ion  in the  harrowseeded  area. 

I t  may be that  the  growth of a l f a l f a   cou ld   l a t e r   su rpass   t ha t  on the  other  

a reas  where the  rye grass was less dense. 

SubsoiLDump 

This material   has  the same tex ture   as   the   topsoi l   bu t  it: has a 

lower  organic  matter  content.  Vegetation  success was excel lant  though a s  

w i t h  ot:her  areas where f a l l  rye was very  dense,  development of a l f a l f a  and 

crested:  wheatgrass was slow. In  addi t ion  to   the agronomic  species:  hydro- 

seeded, a w i d e  range of weed:s were a l so   p resent .  . These species wa!re probably 
transported  into  the  pile  during  excavation. 

The topsoi l  p i l e  was hydroseeded in September 1977 but  almost a l l  

t h e  growth consisted of weed species  transported  during  excavation. Growth 

was quite  dense  indicating that th i s   ma te r i a l  is well   sui ted  for   plant  growth. 

Since  vegetation growth was s a t i s f a c t o r y  on a l l   t h r e e  Trench B 
dumps no further  a:tention  appeared  necessary. 
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Three  waste dumps e x i s t   a t  Trench C ,  which is an  excavat ion  into 

bentoni t ic   c lay  mater ia l   west  of Trench A.  These areas  were not: seeded 

during 1977 and consequenclly no vegetat ion was present on them. I t  was 

decided,  based on the  Aleece Lake p lo ts ,   tha t   topsoi l   t rea tment  and d i f f e r e n t  

seed  species  should  be  tried  here. 

1 2 . 4 . 3  =Selection - 

-. 
- L  

I. 

-. 

The purpose of the  1978 seeding  program was to   revegeta te   the  

waste dumps not  seeded i n  1.977 and those  areas  which.were  seeded  but 

where  growth was unsatisfac:tory.  These  waste dumps comprised of t h e  

following  materials:  carbonaceous  shale, baked clay,  sandstone and bentoni t ic  

c lay.  

Eased on t h e   r e s u l t s  from the  Aleece Lake test p l o t s ,  so i l  s a l i n i t y  

in the  sandstone and bentoni t ic   c lay  mater ia ls   appeared  to  be a :serious 

growth inh ib i to r .  In addi t ion ,   the   ac id i ty  of the  coaly  materials may have 

contributed  to t h e  lack  of  success on these  mater ia ls .  Thus a fur ther   search 

for acrid and sa l ine   to le ran t   spec ies  was made and several  new species 

se1ect:ed for t e s t ing .  

As a r e s u l t  of the inter-species  competition  noted  previously, seed 

was sa" ind iv idua l ly   as  we:Ll a s  in mixes  comprised  of  compatible  species 

t o  assess  t h e  effects   compet i t ion might  have on vegetation  growth. 

" - Seed Species 

The following  species  were  selected  for t h e  seeding  program. The 
f i rs t  seven  were  selected from t h e  12 orl ,ginal  species  seeded i n  1977 
while   the  las t   four   are  new species.  

Crested Wheat Grass ( C X g .  '!lordan) - While emergence r a t e s  were  not 

a s   g rea t   a s  w i t h  some orher  species,  the  presence of f a l l   r y e ,  which 

i s  a p a r t i c u l a r l y  v:g:c~ous species ,  may have  caused a reduction in 
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r!mergence or product ivi ty  by out-competing CWG for   the   ava i lab le  

nlosi ture ,   l ight   and/or   nutr ients .  CWG d i d  well on the  acidic  carbonaceous 

materials r e l a t ive   t o   o the r   spec ie s .  

- !;lender  Wheatgrass - This  species  showed  good emergence and product ivi ty  

on untreated  bentoni t ic   c lay and sandstone. 

Smooth Bromegrass  (Manchar) - Average  emergence was achieved w i t h  t h i s  

species  on both  the  carbonaceous and sa l ine   ma te r i a l s .   I f  emergence 

wccess  could be  sustained it could   ac t   as  a good minor  species i n  a mix. 

- 

- Streambank  Wheatgrass (Sodat) - This species  appears  to  be 2% p a r t i c u l a r l y  

8:ood spec ies   for   rec lamat ion   a t  Hat Creek. I t  showed  good emergence on 

tloth  carbonaceous and sal ine  mater ia ls .   General ly  i t  is shor t  and 

provides good ground  cover. 

- Alfalfa  (Drylander) - ’Emergence and  productivity were qu i t e  low when 
compared with t h e  grass   species   but ,   as  w i t h  the  crested  wheatgrass,  i t  

m y  have  suffered from competition w i t h  f a l l   r y e .  In areas  where 

competition was absent   the  s ize   of   plants  was dramatically  1.arger. 

- Sainfoin  (Melrose) - Showed c l e a r l y  t h e  best emergence  of  al.1  the  legumes 
tes ted  and good product ivi ty .  In comparison w l t h  other  legcunes, the 
seed of t h i s  species was quite l a rge  which may have contributed t o  its 

success. 

- Double C u t  Red Clover .- Showed poor  emergence on the  carbonaceous and 
sa l ine   ma te r i a l s .  However, i t  was decided t o  try i t  again  since  the 

ove ra l l  emergence was s i m i l a r   t o   a l f a l f a .  

- Hard Fescue  (Durar) - lais is a drought and cold  tolerant,   long-lived 
b,unch grass which,  although slow to  develop, was se lec ted   for   use  on 

c,*rbonaceous shale because of its reported  acid  tolerance.  

- T a l l  Fescue  (Altar) - This species  is n o t  as drought  tolerant  as  hard 
Eescue but  develops  rapidly. 
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- Tal1  Wheatgrass  (Alkar) - Although  not  particularly  drought  tolerant 
and s low  to   es tabl ish,  t h i s  species  i s  well adapted  to   sal ine and 

a lka l ine  soi ls  making i t  po ten t i a l ly   u se fu l  on t h e  sandstone and  benton- 

i t i c   c l a y   m a t e r i a l s .  

- Birdsfoot   Trefoi l  (Leo) - This legume is t o l e r a n t   t o  a wide  'range  of 
soil reac t ion  (PHI and was selected  pr imari ly   for  its acid  tolerance.  

XI: is adapted  to a wide v a r i e t y  of f e r t i l i t y  and moisture;  however, 

i t  i s  not known whether i t  i s  suff ic ient ly   drought   tolerant   .€or   use  a t  

Hat Creek. 

Of t h e  or iginal   species   the  fol lowing were not  used in the 1978 

revegetation work on the   t rench dump area:  

- Ca,nada Blue  Grass  (both  varieties) - Both  Canada blue  grasses  were 
rejected  because  of  very  poor  emergence and growth. The p resen t   t e s t  

areas  w i l l  b e  monitored to   s ee   i f   t hese   g ra s ses   deve lop   l a t e r .  

. -  F a u R y e  - This  specie:; was the most success fu l   o f   a l i   t hose . t e s t ed :  

It is  a t a l l  growing annual which would be  expected to d i e  o f f   a f t e r  

t h e   f i r s t   y e a r ,   a p a r t  from any natural   seeding which might  oc:cur. The 

reasons  for  using i t  included its r a p i d  development  which was, expected 

t o  protect   the   other   seeds and seedlings from wind erosion and the   fac t  
t ha t  i t  was an annual and therefore  in dying would return  org;anic 

mat te r   to   the  s o i l ,  a most desirable  consequence  considering  the  lack 

of organic  matter in the   mater ia ls   being  revegetated.  However, i t  would 

appear t h a t  an  appreciable  degree  of  competition  takes  place  between  the 

f a l l   r y e  and other  species  seeded  with  i t : ,  which i n h i b i t s   t h e  development 

of t h e   l a t t e r .  Uhilst still  considered a,n excel lent  first year   species  

for   revegetat ion i t  was decided to omit i t  from the 1978 program  and 

to  continue  monitoring  t:hose  areas  seeded  with Seedmix I to assess any 

natural   reseeding  of   fa l l   rye and the   fu r the r  development  of the  other  

species  seeded  with i t .  
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- Russian Wild Rye - This species  proved  to be  an  excellent  performer 
f o r   a l l  soil t ypes   bu t the  more acid  carbonaceous  materials. The 
emergence  success r a t e  was h i g h  on untreated soi ls  although  the  individual 

plant  size was small. It was decided t o  omit  the  species from the 1978 
program  simply t o   a c c m o d a t e   o t h e r   s p e c i e s   i n   t h e   t e s t i n g  program. 

- Sweet Clover - This showed s l i g h t l y  lower  emergence  success  and h ighe r  
productivity  than t h e  other  legumes sown i n  1977. Although  not  rejected 

a:3 a potent ia l   revepeta , t ion  species ,  i t  i s  present ly  less favoured  than 

e i t h e r   s a i n f o i n  or a l fa . l fa .  

2.4.4 - Selection  of Seed Mixes and F e r t f l i z e r  

Three  seed  mixes  were  devised  depending on s o i l  material .  Two 

legumes and three  grasses  were selected  for   each mix with  equal   nwbers  

of seed  for  each  species.  As i n  1977 the  seeding  rate was 2:L50 seeds/m . 
In addition  to  using  seed  mixtures,   seeds were sown individual ly  in 
3 m wide s t r i p s   a t  a r a t e  of 2150 seeds/m . Deta i l s  of seed  mixes a r e  

shown i n  Tables 2-25,  2-26 and 2-27. 

2 

2 

Fert i l izer   requirements  were based on 1977 analyses and addi t ions 

were made as  necessary  during  the September 1978 seeding. 

2.4.5 - Surface  Preparations and Seedings Methods 

L' 

All areas  were hasrowseeded, that is ,  seed was spread using 
e i t h e r  a hand-held o r  tractor-mounted  broadcaster and then  the area 

vas  harrowed. 50 hp rubber- t i red  t ractors  were  used to  seed, f e r t i l i z e  

and to  drag  harrows. A spring-tooth  harrow was used to  break, up compacted 

areas  a t  the  trench A and C dumps and a 48 cm single  blade plow was 

used to   create   furrows.  A diamond-drag  harrow was used  before  seeding 

19 scarify  the  surface,ehen  after  seeding, and f e r t i l i z i n g   t o  bury  the 

seed. 
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Grass   or  Legume 
(Variety) 

Smooth Bromegrass 
(Nanchar) 

Crested  Wheatgrass 
(Nordan) 

(Fairway) 

Slender  Wheatgrass 

Sainfoin 
Rielrose) 

Al fa l fa  
(Drylander) 

- 

TABLE 2-25 

SEED MIX I V  

Charac te r i s t ics  

1. cold  tolerant,   moderately 
drought   to le ran t  

2. long-lived  sod  grass 

3. e s t a b l i s h e s   e a s i l y  

4 .  creep  rooted  rhizomonous 

1. very drought and co ld   to le ran t  

2. long-lived  bunchgrass 

3. e a s y   t o   e s t a b l i s h  

4 .  extensive  root  system 

1. cold  and  drought  tolerant 

2. short   l ived  bunchgrass 

3 .  es tab l i shes   qu ick ly  

4 .  grows i n   f a i r l y  poor s o i l  

1. cold  and  drought  tolerant 

2. perennial   forage legume 
3. easy  to  estab:Lish 

4 .  deep  branched  tap  root 

5 .  begins  spring  growth  prior  to 
a l f a l f a  

1. very  drought  and  cold  tolerant 

2 .  long   l ived  

3.  capable  of  f ixing  nitrogen 

4 .  creeping  rooted 

5 .  not  recomended on s o i l   o f  
pli (6 

Seedslkg. 
no00 

T 

385 

440 

353 

40 

469 

M i x  
Weight 

i o  

7 

5 

69 

6 9 

" 

Total  weight of seed  per h,zctaze 156 kg 

il 
(139 l b / r r e )  
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Cras s   o r  Legume 

... Crested  Wheatgrass 
(Nordan) 

I (Fairway) 

.I' 

I 
q *Hard  Fescue I (Durar) 

T 
Tall  Fescue 

(A1 t a )  

r 
f (Melrose) 

Sainfoin 

r 
r 

Birdsfoot   Trefo i l  r (Cascade) 

TABLE 2-26 

SEED Mx V 

C h a r a c t e r i s t i c s  

1. very  drought   and  cold  tolerant  

2. long-lived  bunchgrass. . 
3. e a s y   t o   e s t a b l i s h  

4 .  extensive  root  system 

1. drought  and  cold  tolerant 

2. long-lived  bunchgrass 

3 .  slow t o  e s t a b l i s h  

4. deep  rooted 

5 .  ac id   t o l e ran t  

1. rapid  developing  long-lived 
bunchgrass 

2. produces good ground  cover 

3.  not   par t icu lar ly   d rought   to le ran t  

4. extensive  root  system 

1. coid and drought  toierant 

2. perennial  forage legume 

3. e a s y   t o   e s t a b l i s h  

4 .  deep  branched  tap  root 

5. begins  spring  growth  prior  to 
a l f a l f a  

1. perennial   forage legume 

2. to le ran t   to   v ide   range  of s o i l  
reac t ion  

3. adapted  to   wide  var ie ty   of  
f e r t i l i t y  and moisture 

Seedslk 
x1000 Seed Z 

" 

1245 

" 

" 

" 

Mix 
Weight 2 kgjha 

8 11 

3 3 

8 11 

78 io9  

3 4 

Total   veight  of seed p e r  hec ta re  138 kg 
(123 lb /acre)  

1 
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' Crass   o r  Legume 
(Variety) fr 

1- ~~~~~ Streambank Wheatgram 

7 (Soda r) 

- 'r S lende r   hea tg ras s  

.. - 
Tall  Wheatgrass 

(Altar)  

-1 
I 

- 
Birdsfoot   Trefo i l  

(Cascade) 

'1 
- I  

-I 

TABLE 2-27 

SEED HIX V I  

C h a r a c t e r i s t i c s  , Seedslkg 
x1000 

1. drought   to le ran t  
2 .  long-lived sod 

375 

3. es tab l i shed   qu ick ly  

1. cold and drought   tolerant  

2 .  short   l ived  bunchgrass  

353 

4 .  grows i n  f a i r l y  poor s o i l  

3. es tab l i shes   qu ick ly  
3 .  . 

1. cold   to le ran t  

2. slow t o   e s t a b l i s h  

174  

4 .  adapted  to   very  sal ine and 

3. long-lived  bunchgrass 

a l k a l i n e  soils. 
5 .  not   par t icu lar ly   d rought   to le ran t  

1. perennia l   forage   l egme 

2 .  t o l e r a n t   t o  wide  range  of so i l  
1036 

reac t ion  

3. adapted t o  wide range of 
f e r t i l i t y  and moisture  

1. very  drought m d   c o l d   t o l e r a n t  

2 .  long-lived 

496 

4 .  creeping  rooted 

3. capable of fixing nit rogen 

5. not  recommended on s o i l  of 
PB Q 

T o t a l  weight of  seed  per  hectare 61 kg 
(148 l b l ac re )  

I 

1 

d 
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Trench A - 3160 Dump 

Three different   surface  preparat ions  were used on t h i s  dump. 

Half  the  surface  vas  covered  with  about 15 cm of topso i l  from the  Trench A 

s tockpi le .  Of the  remaining  half of the dump, one th i rd  was l e f t  an i t  

was, i .e. merely a s  dumped, and e s s e n t i a l l y  smooth. The renaicing  port ion 

was furrowed  perpendicular  to t h e  dump f a l l   l i n e   u s i n g  a 45 cm single   blade 

plough  (photo  12).  Here  the  intent was to   c r ea t e  a moisture   re ta ining 

surface in t h e  hope of reducing t h e  apparent   moisture   s t ress  on t h i s  dump. 

For seeding  purposes  the  furrowed  area  vas  divided in h a l f .  

Two di f fe ren t   seed  mixes vere  used. In addi t ion  seeds were SOM 

independently in rovs 3 m vide.  The seeding  pattern  used is  shown on Figure 2-3. , 

F e r t i l i z e r   a d d i t i o n s  and seed  quant i t ies   are   given in Table 2 - 28. 

Seed and f e r t i l i z e r   v e r e   s p r e a d  using a hand-held  broadcaster 

(photo 13)'. The entire  area  vas  then  chain  harroved in a lengthvis,e 

d i rec t ion ;  this d i r e c t i o n  was p a r t i c u l a r l y   s e l e c t e d   f o r  tbe furrowed  area 

in the  hope  of  ConStNCtinB small moisture  collecting  basins  (Photographs 

14 and U). 

- 3140  Dmp 

The dump surface had  been  compacted by v e h i c u l a r   t r a f f i c  arid 

some of the baked c lay  had been  quarried  for use on other  area8 a t  Halt 

Creek. The quarry was waothed using a D6 bulldozer  and  the  road  compaction 

broken v i t h  a heavily  weighted  spring-tooth brrw (Photo 16).  Seed. mix IV 
and f e r t i l i z e r  vera applied using a tractor-Qounted  broadcaster  (Photo 17) 
and the  a r e a  vas harrowed  (Photo 18). Details af   seed a d  f e r t i l i z e r  

appl ica t ions   a re   g iven  in Table 2 - 28. 

.- 3120 Dump 

Ibad  compaction vas broken using the  veighted  spring-tooth harrow. 

In addi t ion ,  tu0 other  small a reas   t o  be seeded vere harroved since wscathering 

m 
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Photograph 1.4 - 
chain  harrowing 
f u r r o w  

3160 Dump 
across  
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Photograph 15 - 3160 Dump 
moisture col lec t ing  
basins 
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TABLE 2-28 

I 

I 

TEENCII A 

3160 Dump 

DETAILS OF SEED AND FERTILIZER USED IN 1978 

SEEDING PROGRAM 

Plot 

Seeding  Pat tern 

" 
Furrows 

Topsoi l  

I n d i v i d u a l  C 

D 

E 

F 

Balance  Bala  

1 

S t r i p  

1 A  

C 
D 
E 

a 

"1 ". "o&or...2 

2 A  

C 
B 

D 
E 
F 

2 + 3 + 4  
Balance 

3 A  
B 
C 
D 

F 
E 

, included 
Balance 

'ur.der 2 above 1 

2 

" 

Area (ha) 

0..012 

c .I "9 

0 .. 012 

0.097 

i 0.006 

3 4 5 

Seed Kg 
- 
- 

Smooth Brone 

A l f a l f a  
Cres t ed   Wea tg ras s  

6 . 3 5  Sa in fo in  
0.9'1 

0.613 

Slender  Wheatgrass 
0.41; 
0.7:) 

S 2 e k i x  I? 7.7:t 

Hard  Fescue 0.23 
Double C u t  Red Clover 0.4:i 
Tall   Wheatgrass  
B i r d s f o o t   T r e f o i l  0.23 

1.45 

Streambark 
Tal l   Fescue 

0.68 
0.64 

Seedmix V 14.5 

Crested  Wheatgrass 0.36 
Sa in fo in  
Hard Fescue 

3.27 

Birdsfoot :   Trefoi l  
0.11. 

Streambank 
0.11 

Tall Fesc:ue 
0.3tI 
0.73 

(Conrinued . .) 
2 - a4 
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Table 2-28 (cont inued)  

F e r t i l i z e r *  

S t r i o  1 Area. (ha) 

4 A  
B 
C 
D 
E 
F 

0.006 

Balance 
inc luded  

"under 2 above 1 
5 A  

B 
C 
D 
E 

0.006 

Balance  0.020 

11 - 48 - 0 
16  - 20 - 0 
0 -  0 - 6 0  

3140 Dump 

Area 0.19 ha 
Seednix IV 30 Kg 
F e r t i l i z e r *  11 - 48 - 0 

1 6  - 20 - 0 

3120 Dump 

Seed I Ke 

Cres t ed   [ ' hea tg ras s  
Sa in fo in  
Hard  Fescue 
Bi rdsfoot :   Trefo i l  
Streambank 
T a l l  Fescue 

0.36 

0.1:t 
3.27 

0.1:t 
0.36 
0.73 

Double  Cut Red Clover 

A l f a l f a  
Slender  Wheatgrass 

0.45 Smooth Brome 
0.23 

0 . 2 3  
T a l l  Wheatgrass 

0.36 

3.18 
0 .73  

Seedmix I:V 

224 Kglha 
56 Kgfha. 

112 Kgfha 

168  Kglha 
56  Kglha. 

0.015 Seedmix VI b 

F e r t i l i z e r *  11 - 48 - 0 
16  - 20 - 0 168 Kg/ha 

56  Kglha 

* F e r t i l i z e r   a d d i t i o n s   w e r e  made based on s o i l  a n a l y s e s   c a r r i e d  out  i n  1-177. 
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Topsoil and Material  Storage  Area 

Area 0 . 4 4  ha 
Seedmix IV 24.5 Kg 
F e r t i l i z e r *  11 - 4a - o 

0 -  0 - 6 0  

Miscellaneous  Areas 

Area .061 ha  
Seedmix I V  9.5 Kg 
F e r t i l i z e r *  11 - 48 - 0 

TRENCH C 

Dump 3 

280 Kg/ha 
1 1 2  Rg/ha 

224 Kg/ha 

Seeding  Pattern 

I I 
I 
I I 
1, . I 
I I 

Alfa l fa  
T a l l  Wheatgrass 

Birdsfoot   Trefoi l  
0.32 
0.12 

Slender  Wheatgrass 0 . 3 4  
Vacant 

Balance 

Dump 1, 2 ,  Scraped  area and Palance of Dum:, 3 

Area 1.7% ha 
Seedmix V I  11: x: 
F e r t i l i z e r "  11 - - 0 22; Kg/ha 

( a l l   a r e a s )  15 - 30 - 9 56 Kglha 

2 - a6  
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Photograph 17  - 3140 Dump - 
appl ica t ion  of  seed and 

mounted broadcaster 
f e r t i l i z e r  using  a t r ac to r -  



I 

m 

I 

of the  clayey material had -resulted i n  the  formation of a hard  surface 

crust. Seed Xix V I  and f e r c i l i z e r  were applied  using  both  hand-held  and 

tractor-mounted  broadcasters  as  appropriate and the area chain  harrowed. 

The a reas   t rea ted  are shown in  Figure 2-3 and d e t a i l s  of seed and f e r t i l i z e r  

given  in  Table 2-28. 

Trench A - Topsoil and Waste Storage Area 

The remaining small s t o r a g e   p i l e s  of carbonaceous  shale  and 

colluvium were spread  and  the  topsoil   quarry smoothed out .  The area was 

chain  harrowed,  seeded  and  fertilized u s i n g  a tractor-mounted  brmdcaster 

and  than  harrowed  again. The area  seeded is  shom  in   F igu re  2-3 and d e t a i l s  

of seed. and f e r t i l i z e r   a d d i t i o n   r a t e s   a r e   g i v e n  i n  Table 2-28. 

- Miscellaneous Areas 

Two small areas  adjacent  to  roads  around  Trench A were seeded 

using Seed Mix LV a s  shown in   F igure  2-3; Following  seeding  and  fert i l izing, 

the   a reas  were  harrowed  where poss ib le .  

Trench 

No s e e d i n g   o r   f e r t i l i z i n g  was carried  out  during  1978.  xaintenance 

E e r t i l i z i n g  may be   ca r r i ed   ou t   i n  1979.  

There are three  dunps a t  Trench C a r ' b i t r a r i l y  der.oted 1, 2 and 3 

as ~howci in   F igure  2 - 4 .  Topsoil 10 to  15 cm th ick  was applied t o  approximately 
half   the   area o f  the dumps including  both  surface and siope  faces  (Photographs 

i g  & 2 0 ) .  Slopes of dump faces   were   l e f t  a t  t he   na tu ra l  dcnp  angle!  of 38'. 
4eeds were sown i n   i n d i v i d u a l  3 m rows on both raw was;e and topsoiled  waste 

mterial on 3(Fig'Jre 2 - 4 ) .  Otherwise Seed Mix V; was used a s   s h o m   i n  

Lable 2-,?8. I n  p laces   where   weather ing   of   the   sur face   mter ia l  snd vehicular ," 
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Photograph 19 - looking west toward Trench C 
and dumps 

c 

L 

L 
PhotograFi: 20 - Imking south toward  Trench C 

d u p  faces 
c 
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t r a f f i c  had caused  excessive  compaction i t  was necessary  to r i p  t h e  surface 

v i t h  a  bulldozer;  otherwise t:he spring-tooth  harrow was used. 

On dump 2 surface  t , reatment   to   create   small   water   col lect ion 

basins was car r ied   ou t  i n  a manner s i m i l a r   t o   t h a t  used a t  Trench A .  An 

attempt was  made t o   p u l l  a  dfamond-drag  harrow across   the dump face.  Bowever, 

t h i s  proved  unsuccessful  and  con.sequently  seed was l e f t   a s  it f e l l  on the 

dump €aces,  although i n  walking  around  the  faces  during  seeding,  a  measure 

of burytng d i d  occur. 

. A n  e a r l y   c u t   t h a t  had  been made i n t o   t h e   h i l l  immediately  adjacent 

and southeast  of  Trench C was seeded  using Seed Mix VI, f e r t i l i z e d  and then 

harrowed. 

c 
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2.5 DRILL SITES 
" 

Introduction 

I 

Revegetation  of d r i l l   s i t e s  and access  roads was c o n t i ~ ~ u e d  

during  1978. A l l  d r i l l  sites from 1978  and previous  years  were  ~:eclaimed 

i n  1978. Some roads  are  s t :f l l  in   use   for   p iezometr ic  measuremen1:s  and 

general  access and have  not  yet  been  reclaimed. The following  describes 

the d r i l l  s i te   reclamation  carr ied  out   during  1978.  

" 
Reclamation  Program i n  1978 

During  1978 74 exploratory  holes were d r i l l e d  which  had a 

t o t a l   d r i l l e d   l e n g t h  of  over 15,000 m. These disturbed 6 .7  hectares  

of land.  Access  roads  to  these  si tes  disturbed  another 2.3 hectares .  

The d r i l l   s i t e s  and roadways; a r e  shown on Figure 2-5. 

All of the d r i l l  s i t e s  from  1978  and  from previous  years 

were seeded ,   f e r t i l i zed  and harrowed i n  1978. In  to ta l   about  29 

hectares  of d r i l l  s i t e s  and 4 . 5  hectares  of  roads  (equivalent t o  about 

7.5 !a)  were  reclaimed. The d r i l l  s i t e s  were  seeded, f e r t i l i z e d  then 

drag-harrowed  to bury t h e  seed.  Access  roads were draf-harrowed  before 

and af te r   seeding  and f e r t i l i z a t i o n .  

I- 
The following seed mixes were  used on the  d r i l l   s i t e  and 

access  road  areas: 

Seed Mix I 

I Crested  Wheatgrass (Nordan) 

Alfalfa  (Drlyander) 

Fall  Rye 

Canada Bluegzxs  

Rate  of  Seeding 
kglha 
22.4 
11.2 
22.4 

1.1 

57.0 
1 - 91 
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Approximately 37'2 of  the  area was seeded  with  this  seed mix. 

Seed Mix XI 

Streambank  Wheatgrass 

Crested  Wheatgrass (Llordan) 

Smooth Bromegrass  (Manchar) 

Alfalfa  (Drylander  or  Vernal) 

Rate  of  Seeding 
kglha 

11 .:z 
16 .13 

15 . '7 

13.4 

This mix with   a l fa l fa   d ry lander  was applied  to  approximately 

43% o f  the  seeded  area, and w i t h  a l fa l fa   verna l   to   approximate ly  20% 

of  the seeded  area. 

L 

F e r t i l i z e r  was appl ied  as   fol lows:  

N '2'5 K20 Application  Rate - - .- 
11 48 0 280 kglha 

0 0 62 1 1 2  kglha 

These f e r t i l i z e r   a p p l i c a t i o n   r a t e s  were  based on soilri  analyses 
done i n  1977. 
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2 . 6  

2 . 6 . 1  

2 . 6 . 2  

TRACE: ELEMENT TESTING 

Introduct ion 

The Aleece  Lake  experimental  progran was designed  to  tevaluate, 

on a l a rge   s ca l e ,   t he   r evege ta t ion   po ten t i a l   o f   va r ious   was t e   mte r i a l s  

from the  proposed  coal mine  and thermal power p lan t .  Many of  these  waste 

mater ia l s   conta in   concent r , s t ions   o f   t race   e lements   d i f fe ren t  from t h a t  

found in surface soi ls .  The manner in which these  trace  elements  could 

be r d e a s e d   t o  t h e  environment  through  leaching and uptake by p lan ts  is  
presently  not well underst,ood. As p a r t  of the  experimental   revegetation 

program, the re fo re ,   t o t a l  ,and leachable  trace  element  levels in the 

varieus  waste  materials and the  levels   of   t race  e lements  in plants  grown 

on these  waste  materials  were  determined. 

Twenty-three  elements  were  studied  including some macronutrient 

elements  as  well   as  trace  elements,  which were defined as elements  present 

in concentrations of less   than 1000 ppm. The selection  of  thest?  elements 

was based upon many fac tors   inc luding:   po ten t ia l   envi ronmenta l   e f fec ts ;  

l eve l s  known to  be p re sen t   i n   s imi l a r   was t e s ;   ab i l i t y   o f   p l an t s   t o  

concentrate   cer ta in   e lements;   mobil i ty  in the  environment and tox ic i ty   t o  

p lan ts  and animals. 

The methods of t e s t ing  and r e s u l t s  of these  trace  element  analyses 

are  presented and discussed in t h i s   s e c t i o n .  

Total  Trace  Elements in S o i l  Materials 

So i l  samples  were  collected on 25 and 26 A p r i l  1978 from the 

e igh t   t e s t   p lo t s   a t   A leece  Lake  and from the   s loped   tes t   p lo ts   a t  Houth 

Meadaws and Medicine  Creek. The sample  collection and handling  procedures 

are  described i n  Section 2-1 of this   report . .   Thir teen wet  and  t:hirteen 

air-dried  samples  were  anatysed  for  trace  elements by  Chemw Labs Ltd. ,  

North  Vancouver. The v e t  :3amples were  analysed as received  for  Hg only; 

the  dried  samples fo.: all :23 elements. The air-dried  samples  were  oven-dried 
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o v e r n i g h t ' a t  55 t o  60' C Ln aluminum trays,  screened on 10 mesh screen 

and the minus 10 mesh f r ac t ion  was pulverized in a tungsten-carbide  mill  

to  a f i n e  powder. Subsamples  were acid  digested and analysed t:o determine 

total   element  concentrations.  A l l  analyses were  done in dup1ic:ate and 

one  sample was divided and submitted  as a dupl icate   bl ind  to   as isess   the 

accuracy of the  analyses.  

Analyt ical  methods  used f o r   t h e  soils analyses   a re  as; follows: 

Cu, Mo, Pb, An, Cd, N i ,  Fe, Mo: Samples were wet-ashed  with a 

combination  of n i t r i c  and perchlor ic   acids  and each  metal was 

determined by direct   a tomic  absorpt ion.  Background correct ions 

were appl ied   to  Dc, N i  and Pb determinations. 

As, Se: An al iquot   of   the  above so lu t ion  was reduced  and  both 

elements  were  analyzed  as  their   hydrides  via  hot  vapeur  f lame- 

less atomic  absorption. 

Hg: .Samples  were  digested  with  nitr ic and sulphuric  acids,   pot-  

assium  permanganate  and  potassium  persulfate. Mercury was 

reduced  and  analyzed  via  cold  vapour U.V. absorption. 

S r ,  Cr, Co, Be, V. K, S r  Mg, Th, U: Samples  were  dry-ashed a t  

550' C. d iges ted   wi th   n i t r ic   perch lor ic  and hydroflucric  acids 
and analyzed by d i r e c t  atomic  absorption. 

F: Samples  were  ashed a t  550' C using NaOH as  an  ashing  aid. 

The ash was fustrd with sodium carbonate,  leached w i t h  water, 

buffered and analyzed  for   f luoride  with a spec i f i c  ion electrode.  

Boron:  Samples  were  ashed  overnight a t  550' C and the  ash was 

dissolved in hydrochloric and ni t r ic   acids .   Pyrex  glassware 

(bo ros i l i ca t e  gl.acc) was not  used.  Samples  were  ashed and 

leached i n  polye thylene   cmta iners .  The resu l t ing   so lu t ions  

were analyzed by Cantest L:d.$ Vancouver, using an inductively- 

coupled  plasma  torch. 

2 - 5 .  



The results of t:he soils analyses   are   presented in  Table 2-29. 

Each value  reported is  tha  average  of two duplicate   analyses .  Average 

resu.Lts  of  analyses  of  local soi ls  done  by ER? a s  part of a txace  element 

stud:g are shown in Table 1:-29. These va lues   a re  t h e  mean resu1.t from 25 
surface  soil   samples  collcicted in October  1976,  January 1977 and May 1977 
from f i v e  sampling  locations in the  Hat  Creek  region.  Average  results 

from 15 so i l  samples  collected a t  the  same f i v e  sampling  locations i n  
October 1978 are   a l so   repor ted- in   Table  2-29. 

Except f o r   t h e  f l y  a s h   p l o t   a t  Al.eece Lake, a l l  trace.  element 

data  are  within  the  range  of  values  normally  found in n a t u r a l  s o i l s  . The 

1eve.Ls of  arsenic,  boron and  copper were higher i n  t h e  f ly   a sh  w h i l e  the 

f luo.cine  level  was much lwer. 

6 

All of   these  soi ls   analyses  were done in dupl ica te .  Most of 

the  (duplicate  analyses  agreed well, only  about 10 percent of the more than 

300 )pairs of   analyses   differed by more than  10  percent. The r e s u l t s   f o r  

the  divided  sample, which was analysed  as  two unrelated  samples, show an 

average  difference of 9.2  percent  for  the 23 element  analysed. .Six r e s u l t s  

d i f f e r e d  by  more than 20 percent,  mainly when t h e   r e s u l t s  were c lose   to  

the  detect ion limits of   the   t es t s .  

Mercury l eve l s  were  determined on both  air/oven-dried  samples and 

on undried,   as-collected siamples. The mercury  concentration  measured  in 
the  undried  samples  averaged 26 percent  higher  than  the  concentration 

measured in those  samples  dried  overnight a . t  60' C. 

2 . 6 . 3  - Extr.xtable  Trace Elements1 in Soi l s  

Many di f fe ren t   ana ly t ica l   p rocedures   a re  commonly used to   obtain 

est imates   of   the   quant i t ies  of various s o i l  const ' tuents  that  may be ava i lab le  

to   plants .  Most of  these  methods  have been  developed  for  agricultural 

purposes and have  not   been  correlated  with  actual   p lant   uptake,   except   for  

impo.ctant nu t r i en t  materiah. To obtain an e s t b a r e  cf t race  e lements   that  

could  potent ia l ly  be  ava i l ab le   t o  p l a n t s ,  soil ex?zsctions  were  carried  out 
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TABLE 2-29 - SOILS ANALYSES* - TOTAL TRACE ELEHENTS 

-__ 
r l t s t o n e  

6 

8.8 
2.0 

<0.2 
133 
18 

200 
46 

0.95 
2.33 

6 
0.55 

330 

95 

94 

2 
51 
<1 

205 
20 

145 
82  

1.75 

0.5 

17   12  
1.5 I 2.0 

~~ 

105 110 
11 

69  55 
16 

198 

i 0 . 2  CO.2 

0.51 
2.50 

6 
0.1 

140 
0.20 

200 

80 

157 130 

115 

4 3 
45 55 
<1 <1 

80 110 
10 
CO.5 <0.5 

20 

150 190 
57 . 57 

0.27 0.20 

i 
J- 

__ 

Baked 
Clay 

9 
2.5 

13  
C O . 2  

135 
14 

123 
61  

3.1 
0.5 
3 
0.5 

453 

45 

52 

3 
60 
<1 

300 
10 
<0.5 

24 5 
51 

0.7 

I c:ay 

C0.2 e0.2 
125  123 

40 
203 265 

2.63 2.65 
1.02 
4 

1.23 
7 

533 
0.78 

313 
0.68 

90 170 

108 254 

45 
2 

52 
2 

<1 <1 

275 255 
20 30 

135 
C 0 . 5  <O. 5 

75 
130 

hH 

1.70 1.93 

I 

: lacia1 ._~ 1 - 
J L a V C L J  

6 

1 5  
2.0 

140 
<0.2 

14 
44 

160 

0.82 
3.03 

3 

668 
1.26 

65 

81 

2 
59 
<1 

205 
10 
<0.5 
160. 
75 

1.30 

__ 

l y  Ash 

16 
2.0 

178 
<0.2 

128 
10 

530 
20 

2.30 
0.61 
2 

288 
0.48 

50 

64 

5 . 5  
53  
<1 

250 
10 
<0.5 

270 
40 

0.62 

i 
L 

! ledkine 
"_I_ -11 
L C C h  1 1 1  

6 
1.5 

<20 
<o. 2 

155 
14 
4 1  

218 

1.12 
2.65 

1.5 
la40  

675 

50 

65 

2.5 
6 1  
<1 

220 
10 
~0.5 

130 
71 

1.45 

" 

:opsoi1 
from 

:rench I 

6 
1.8 

<20 
<0.2 

155 
1 5  

213 
38 

2.90 
1.12 
3 
1.25 

780 

50 

66 

1.5 
53 
<1 

295 
10 
<0.5 

140 
81 

1.80 

Recent 

from 
rench I 

- - . . - 1 - 
L ( L " S I D  

4 
1.5 

<20 
<0.2 

157 
12  

173 
29 

2.63 
1.00 
1.5 
1.33 

643 

40 

41 

1.5 
50 
<1 

290 
10 
~ 0 . 5  

135 
" 59 

2.00 

Hou t h  

Parenc 
lateria: 

5 

<20 
1.0 

120 
0.2 

7 
23 

2 60 

,"A".- 
IE(L"""J 

0.51 
1.45 

1.11 
1.3 

393 

58 

49 

3 
24 
<1 

390 
10 
<0.5 
90 
" 5? 

0.93 

i 
>' 

L 

307 

>0.1 
2.e  >0.1 

228 

7 >0.1 
7 <4 
- 

945 - 
113  76 

- - 
2.87 - 45.5 

<1 

<1 2.2 

378 201 
>0.1 - 

<5.4 - 
147  121 
<3.6C ~ 0 . 1  

* Analyses by Chemex Labs  Ltd., samples collected  April   1978 



using 0.1 N hydrochloric  acid.  These t e s t s  were done with a l i q u i d  t o   s o i l  

r a t i o  of 10 t o  1, by shaking  for  30 minutes a t  room temperature. No 

re ferences   cor re la t ing   0 .1  X hydrochloric  acl.d  extracted  trace  elements  to 

actual   uptake by p l an t s  were  found. However, the  B.C. Departnent of 

Agricu.Lture  and  ochers7  indicate  that  this test provides a useful   indicat ion 

of the long t e n r a v a i l a b i 1 i t : y  of a wide  range  of  trace  elements;  conditions 

i n   t h e  immediate v i c i n i t y  o f  p lan t   roo ts   a re   mi ld ly   ac id ic .  

The s o i l s  samples  used  for  the  extraction  tests were  th.ose from 

the Aheece  Lake p lo t s  which  were co l lec ted  25 and 26 April  1978 and  had been 

a n a l y s e d   f o r   t o t a l   t r a c e   e l a e n t s .  Each sample  had  been  dried  overnight a t  

60' C, screened and the minus 10 mesh f r ac t ion  was pulver ized   in  a tungsten- 

carbide mill to  a f i n e  powder and sea l ed   i n  a p l a s t i c  bag. Some of the 

sanp1e:s  were subdivided and sent  t o  two d i f f e r e n t   l a b o r a t o r i e s  for similar  analyses.  

The a n a l y t i c a l  met:hods used a t  the two labora tor ies  were not   exact ly  

the same. The methods  used by  Beak Consultants  Limited  were  given  as  follows: 

1. The following  elements  were  run  directly by  atomic  absorption 

spectrophotometry: 

Cadmium 

Manganese 
Copper 

Zinc 
Sodium 

Chromium 
Iron 
Magnesium 
Lead 

Cdbal t  

Nickel 
Po t a  ss ium 

Strotium 

2 .  Arsenic was run using a hydride  generator. 

3.  Beryllium was run using a plasma emission  spectrometer. 

I 

" 

" 

4 .  Boron was mn by evaporating t h e  ac id i f i ed  sample i n  the  presence 

of curcumin. When the  sample  contains  boron, a red-colored  product, 

rosocyanine, is  formed. The rosocyanine i s  taken up i n  952 ethanol 

and the  color i s  measured spec t rophotometr ica l ly   a t  540 nm. 

5. Fluoride was measured  using a specific  ion  meter.  
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6 .  

7. 

8. 

9. 

10. 

(ii) 

Mercury was run b.y f i r s t   ox id i z ing   t he  sample  with  suliuric  acid 

and  potassium  pennanganate. When t h i s  i s  followed by :reduction 

w i t h  ac id i c  S ~ ~ M I J U S  s u l f a t e  - hydroxylamine s u l f a t e ,  ;my mercury 

i s  aerated from t h e  so lu t ion  as a vapor  which is  carried  over in 

the   a i rs t ream t o  .a quartz   cuvet te  and measured  using  an  atomic 

absorption  spectrophotometer. 

Molybdenum  was r u n  using an  atomic  absorption  spectrophotometer 

equipped  with a graphite  furnace.  

.. . . 

Selenium was run by f i r s t   o x i d i z i n g   t h e  sample to  convl?rt  any 

selenium compounds to   se lena te  by  acid  permanganate. The se lena te  

is then reduced t o  seleni te .   Addi t ion of diaminobenzidine  reagent 

forms t h e  piazselenol  complex  which i s  extracted  into  toluene.  The 

color  i s  measured spectrophotometrically a t  420 mu. 

Vanadium  was run using a combination of plasma emission,   d i rect  

atomic  absorption, and graphite  furnace  techniques,  depending upon 

the   l eve l   p resent .  

Uranium was run fluorornetsically.  

The a n a l y t i c a l  methods  used by  Chemex Labs L t d .  were  given as follows: 

The following  elenents  were  determined by direct   a tomic  absorpt ion:  

Be, Cd. Cr, Co, C u ,  Fe, K, Mn, Mg. no, N i ,  Ma, Pb ,  S r ,  V, t n .  
Those cor rec ted   for  background absorption were Cd,  Co, N i ,  Pb.  

As and Se were  analyzed as their   hydrides   via   hot   vapour   f lameless  

atomic  absorption. 

B was determined  .using  an  inductively-coupled plasma torch. 

F was determined u e i q  a spec i f ic   ion   e lec t rode .  

4 



(V) Hg was determined  using  cold  vapour U . V .  absorption. 

il 

* 

( v i )  T h  was determined  colorimetrically  as i t s  arsenazo I11 comp1.e~. 

U was determined  fluor!.metrically  as i ts  f luor ide  complex. 

The r e s u l t s  of  the 0.1 N hydrochlor ic   acid  extract ion of tho: Aleece 

Lake s o i l  materials  are  given i n  Table 2-30 along  with t h e  to ta l   t race   e lement  

concentratim3ns. In  addi t ion   to  !:he Aleece Lake s a i l   m a t e r i a l s  a samp1.e of f l y  

ash  col lected  a t   Bat t le   River   during  the  tes t   burn was also  analysed. This 

sample had been kept i n  a c losed   conta iner   s ince   the   t es t s   in  mid 1 9 7 7 .  In Table 

2-30 ,  the  analyses done  by Beak a re   l abe l l ed  '1' and those  done by Chemex are   l abe l led  

' 2 ' .  A l l  o f  the  analyses done by  Chemex were  done i n   d u p l i c a t e  and the   nmber  
reported is the  average of the  two r e su l t s .  Two samples, t h e  colluvium and g l a c i a l  

gravels,   were  submitted  to Beak as blind  duplicates  to  enable  assessment of the 

precis ion oE t h e   t e s t   r e s u l t s .  

The f l y  ash and coa l   wx te   ma te r i a l s  showed higher  concentra.tions of 

some acid  extractable  elements  than t h e  other  soil .   materials.   These  included 

As, 9. Cu a:nd Ho. The g r i t s tone   ma te r i a l   a l so  had h i g h e r  l eve l s  of ex:tractable 

elements  than  the  other  materials. 

Other  extractions  have  been  done on the  same soi l   mater ia l   samples .  The 

B.C. Department of Agr icu l ture  t e s t s  given in Tabl,e 2-1 report ammonium ace t a t e  

ex t rac t ions   for  magnesium, potasaiim  and sodium  and hot  water  extraction  for  boron. 

Acres'  repo'ct results f o r  multip1.e  water  extractions on f ly   a sh  and coal  waste 

mater ia ls  which are   s imilar   to   the  Aleece Lake mater ia ls .  

T'he amount of boron  ext,racted w i t h  the  hot  water was s imi la r  t o  t h a t  

extracted w:Lth 0.1 N hydrochloric  acid f o r  a l l  of the   so i l   mater ia l s   except   the  

f l y  ash whe.ce the  acid  extracted  ten  times  the  quantity  of  boron. The quan t i t i e s  

of magnesfrnn and  sodium  extracted.  were s imilar   in   the  amonium  acetate  and hydro- 

ch lor ic   ac id   ex t rac t ions   except  for t h e  f l y  ash. ?!le amounts of potassium  extracted 

by the  acid were less than  for   the  acetate   except  i n  ?:?e f l y   a s h  where  the  acid 

ex t rac ted   l a rger   quant i t ies .  
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- The multiple  water  extractions  reported  by  Acres were a lka l ine  and 

a 

m t h u s  d i f f e r e d   s u b s t a n t i a l l y  from the   ac id   ex t rac t ions .  In general ,  grc!ater 

.- quant i t ies   o f  B, Fe, Mg, Sr, V were ex t rac ted  by  the  acid;   the  water  extractions 

= 
extracted  greater  amounts of F and Zn. 

- 
The resu l t s   ob ta ined  by Beak on the  blind  duplicate  samples show tha t  

111 the  precision  of  the  test   procedures was exce l len t .  Only three of the 46 pa i r s  
- 

of ana lyses   d i f fe red  by more than 10%:. Ninety-two  analyses  were  done on s imi la r  

samples by Beak and Chemex. These results  also  agree  extremely well considering 
1 

- the   var ia t ion ,   re f lec ts   the  non-homogeneity of the  s o i l  mate r i a l s ,   t he   va r i a t ion  

- Nine of  the 92 pa i r s  of results d i f fe red  by 50% as more. All of  the  f luoride 
I 

i n  extraction  procedures and conditions and the   d i f f e rences   i n   ana ly t i ca l  methods. 

analyses done by Chemex showed higher   resul ts   than  those of Beak. Other  elements 
1 - ' that  showed la rge   d i f fe rences  were i ron ,  molybdenum, uranium  and  zinc. 

2 . 6 . 4  Trace Elemen.ts i n   Tes t   P lo t  Veget:- 

Vegetation  samples  for  trace  element  analyses  were  collected  at  Aleece 

Lake t e s t   p l o t s  in July  and  August. Each sample was a composite  of  vegetation of 

a s ing le   spec ies   co l lec ted  from 18 quadrats on each s o i l  type. The sample  collection 

and handling;  procedures  are  described in Section 2.1 of t h i s  report .  The samples 

selected  for   t race  e lement   analyses  were d r i e d   a t  40' C for  approximately 72 hours, 

mil led  to  mi.nus 20 mesh and placed in plast ic   bags  for   analyses .   Analyt ical  methods 

were the same as  those employed for  the  trace  element  analyses of soilr;.  These 
methods  were described in t h e  to ta l   t race   e lements  i n  s o i l s '  sec t ion  of t h i s   r e p o r t .  

Vegetation  samples from the  colluvium,  glacial   gravels and f l y  ash t e s t  

p l o t s   a t  Aleece  Lake were analysed for 17 trace  elements.  Vegetation was harvested 

and analysed from both  topsoiled and nontopsoiled  halves of the  colluvium  plot, 

and from only  the  nontopsoiled  halves of t he   g l ac i a l   g rave l  and f ly   a sh   p lo t s .  

Results  are  given i n  Tables 2-31 through 2-35. 

011 the  colluvium and glacial   gravel   plots   the  concentrat ions of t r ace  

elements i n  vegetation were very  s imilar  and were all   within  rhe  range  normally 

found i n  natural  environments . The trace  element  testing dcx. 37 FRT" and i n  5 
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October 19713 by B.C. Hydro (deta.iled in Section 5.0 of t h i s   r epor t )  show s imi l a r  

l e v e l s  in nlit ive  vegetation growtng in the  Hat Creek  region.  Generally  levels 

in legumes were h ighe r  than  those in the   g rasses .  Some elements such  as   arsenic ,  

t i n  and selenium  were below the i r   de t ec t ion   l imi t s  in both  grasses  and legumes. 

Topsoil  appeared  to  have no major e f f e c t  on trace  element  concentrations as 
shown by t h e   r e s u l t s  from the  co1,luvium  plot. Comparison  of l eve l s  in vegetat ion 

w i t h  t h e  to ta l   concent ra t ions  in so i l s  shows t h a t  only Boron  and Molybdenum 

concentrated in the   vegetat ion to '  g rea te r  levels than in the  so i l s ,  Table 2-36. 

Zinc  and Cadmium showed concentration in the  vegetation  of  about  one  half  of  that 

in t he  s o i l .  

A:; may be  expected  the  ra t io   of . t race  e lement   concentrat ions in vegetation 

to   t ha t   ex t r ac t ab le   i n   t he  so i l s  is  larger   than  that   involving t h e  

t o t a l  s o i l  concentration. Of pa r t i cu la r   no te   a r e  t h e  r a t i o s   f o r  Boron,  Copper, 

iron,  mercury, molybdenum and zinc.  (Table 2-36) .  

Trace  element  concentractions in vegetat ion grown on the   f ly   ash   p lo t  

were d i f f e ren t  from t h e  colluvium.  and g l ac i a l   g rave l   p lo t s .  The 1ev.els  of  arsenic 

boron, copper, molybdenum and  selenium  were  greater  than i n  the  vegetat ion grown 

on the  other  plots and greater  than found in natura l   vege ta t ion  growing i n  the 

Hat Creek  area;   the  level of manganese was considerably  lower. The trace  element 

concentrations found in t h e  vegetat ion grown on the   f ly   ash   p lo t   c lose ly   fo l low 

t h e  l e v e l s  llound in t h e   t o t a l  and extract ion  analyses   of   the   mater ia l .  The l eve l s  

of  trace  elements found in   the  vegetat ion may have  been  increased  by dust and d i r t  
on the   p lan ts .  me f ly   a sh   ma te r i a l  is very   f ine  and it  was impossible  not  to 

d i s tu rb  the mater ia l  and c rea t e  d u s t  during  sampling. Also, i t  was very  dusty  due 

to  winds the day the  f ly   ash  vegetat ion was sampled. 

Because  of  the small sample s i z e ,  no trace  element  analyses  were done 

on vegetation growing on the  acid s o i l  materials ,   coal   waste  and  carbonaceous 

shale .  These t e s t s  w i l l  be  done when suff ic ient   vegetat ion  develops.  
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TABLE 2-30 - SOILS ANALYSES* - TOTAL AND 0.1 N HCL FXTRACTIONS 

AS 
B e  

Cd 
B 

C C  

c 0 

C U  
I.' 
Y i. 
K 
r b  
Mg 

Hg 
Hn 

Mo 
N i  
Se 
Na 

Th 
Sr 

U 
V 
Zn 

G r i t s t o n e  

<O. 5 <o. 2 

8 .6  

2.0 
2400  23300 

200 

4 20 9500 
2 . 0  6 
2600 5500 
51 - 330 

<0.0025  0.095 
0.07 
19  51 

2 

4 . n 3  : 1 
1100 17500 
28 205 - 20 

<O. 5 - 
0.98 
1 7  82  

145 

Coal Waste 

<O. 5 <o. 2 

4 .O 
3.0 

11 
55 

16000 

0.07 

2 1  
2700 
80  
1 0  

16 
11 

150 
57 

l- Carbonaceous r 
Extrac t  

Sha 

0.29 
0.59 

< 0 . 5  
1 . 7  

1 

0.8 
3.0 

0.5 
96 
180 

< 1  
1300 
72  

<0.002: 
0.07 

0.03 
12  

40 
. 130 

- 

3.2 
8.1 

- 

To ta l  

8 
2.0 

C0.2 
1 2  

110 
16 
69 
198 

25000 
5100 
6 

2000 

0.136 
200 

3 
55 

C l  
2000 

110 
20 

<0 .5  
190 
57 

Baked Clay 

Ex t rac t  

0.25 
0.22 
1.1 
<0.5 

3.0 
2.6 
2.7 

< 0 . 5  

490 
28 

< 1  
1200 
14 0 

<O .0025 
0.06 

:0.03 
3.0 

240 
46 - 
- 

2 . 1  
3 .3  

To t a l  

9 

1 3  
2 . 5  

<0.2 

1 4  
135 

61  
123  

31000 
5000 

3 
5000 

0.049 
453 

3 
60 

C l  

7000 

10  
300 

<0.5  
245 
51 

Ben ton i t i c  

T'F 8.0 3.4 

3.25 265 
480 

1400 
2 . 1  

12300 5  30 
26500 

7 
6800 

92 
<0.0025 0.212 

313 

0.07 2 
4.9 52 
:0.03 < 1 

40 
2100  19300 

255 
30 

<0 .5  
5.0 130 
11 68 

I 
* Extrac t ions   and   ana lyses  by Beak Consul tants   Limited 

T o t a l   a n a l y s e s  by Chernex Labs L t d .  



TABLE 2-30 (Cont'd) 

I Eiemenr I Colluvium 

A s  
Be 
B 
cd 
Cr 
c o  
cu 
F 
Fe 

P t  
K 

ti, 
Nn 
'!X 
!:<, 
t! ! 
iir 
Na 
Sr 
Th 
U 
V 
Zn 

2.4 2.0  2.8 

2.6 1.1 
6.7 

4 .O 
6.8 50 

?70 270 410 
<1 <1 
2: 'M 2100  2040 

<1 

-0.0025 lJd I <0.0025 130 I <0.005 150 
u.u3 0.05 
3.0 2.7 
.;i1.03 <0.03 ~0.5 
200 
52 

200  208 
5 1  26 - 0.17 <10 

- 0.10 1.8 
<0.10 <0.10 2 
1.1 1.0 2.3 

Total 

10 
2.0 
11 
<0.2 
125 
15 
39 

26300 
203 

10200 
4 
7800 
533 
0.100 
2 
45 
<1 

17000 
275 
20 

<0.5 

7 5  
135 

Glacial  Gravels 

1 

<o. 10 
<0.03 

~0.5 
a.0 

<1 

<0.5 
<1 

2.9 
1.5 
160 
<1 
900 
100 

:0.0025 
0.06 

<O .03 
1.8 

57 
58 
- 

0.18 
- 

<0.5 

cactia 

1 

co.10 
<O. 03 
<1 .o 
~0.5 
<1 

~0.5 
<1 

2.6 
2.7 
160 

890 
<1 

98 
0.002: 
0.06 

<O .03 
1.8 

61 
59 

- 
- 

- 
- 

0.19 
<0.5 
__ 

- 
2 

<1 
<o. 1 
0.65 
<O.l 
1 

0.5 
<1 
5.9 
<5 
270 
<1 
875 
120 

<O .005 
<1 

<O .5 
1.5 

75 
31 

<10 
~0.5 
< 2  
1 

- 

~ 

Total 

6 
2.0 
15 

<o. 2 
140 
14 
44 

30300 
160 

8200 
3 

12600 
668 
0.073 
2 

59 
<1 
13000 
205 
10 

~ 0 . 5  
160 
75 

Fly Ash Battle   River  Fly Ash 

Extra1 

1 

6.4 
0.26 
120 
<0.5 
2.5 
<1 
180 
0.70 
860 
180 
<1 
670 

:O .0025 
39 

0.88 
2.8 
<O .03 
200 
55  
0.1 . 
0.29 
18 
0.90 

i ons  

2 
6.5 
0.3 
93 
<0.1 

0.75 
3 

148 
4.2 
900 
225 

625 
1 

<O .005 
42 

<1 
3 

<o .5 
215 

< 10 
55  

C O . 5  
20 
7.5 

rota1 

:0.2 
128 

so. 5 

10 
1.5 

530 
20 

170 

23000 
2 . 5  
870 

6100 100 
2 <1 

4.800 
28  8 

990 
15 

0.057  <0.0025 

53 
5.5 5.1 

2.6 
<1 
6200 

~0.03 

250 
150 

10 
20 

co.5 
0.12 
0.32 

270 23 
40 5 . 5  

1 Extractions - - 
1 Total 2 
" 

0.25 
16 

51 7 5  
<0.1 
1 

0.5 
140 
8.6 
875 
140 
1.5 
940 
17 

<o .005 
<1 

C O . 5  

2.5 

165 
26 

< 10 
<O. 5 
25 

- - 51 
.* 1. Analyses by Beak Consultants  Limited. 

2. Average of duplicate  analyses   by Chemex Labs L t d .  
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Wheatgrass 
Crested 

ropsoi1 
" 

0.01 
<1 

0.1 
0.08 

<LO 
4.5 

135 

52 
1 

0.01 

<1 
1 

<o. 2 
<l 
1.0 
32 

io-Topsoil 

0.01 
<1 

~ ~~~ 

<o. 1 
<O .04 

< 10 
4.5 

105 

52 
i 

0.01 
<1 

eo. 2 
<1 

<1 
0.5 
36 

Drylander 
A l f a l f a  

ropsoil 
~- 

<1 

0.1 

6 

200 

59 
0.01 
4 
2 

<o. 2 

1 * 

37 

io Topsoil 

<1 

0.1 

5 

3200 
<I 

0.03 
110 

4 
1 

<0.2 

36 

F a l l  
Ryegrass T 

ropao i i~  

<1 
0.01 

C O . 1  

~0.04 
6 

<lo 
60 
1 

32 
0.02 
2.5 

<0.2 
<1 

<1 
0.3 
40 

?o Topsoil ____ 
<1 
0.01 
6.0 

<0.04 
0.1 

4.5 
<lo  
63 
1 

32 
0.01 
2.5 

<0.2 
<1 

<1 
0.6 
31 

1- 

" 

I 
Invader 
Species 

~~~ 

ropsoil  

<1 
0.04 

< O . l  
0.04 

< 10 
7.5 

400 

69 
1 

0.01 
<1 

<0.2 
1.5 

<1 
3.2 
47 

~~~~ ~~~ 

Uo Topsoil 

<1 
0.03 

<0.1 
0.24 

< 10 
6 

295 

41 
0.01 
1.5 

C0.2 

2.0 
<1 

41 

1 
& 

, 1  

Colluvium 

~~~ 

1* 1 

<o. 10 
<0.03 

<o. 10 
~ 0 . 0 3  

<0.5  
1.1 

2.4 

1.1 
<0.5 

~ 0 . 5  
2.0 

2.6 
<0.5 
1.1 

6.1 6 .e 
<1 c1 
130 

:0.0025  <0.0025 
130 

0.05 0.05 

<0.03 
3.0 

<O .03 
2.7 

<0.10  <0.10 
1.1 1.0 

Extrac t ion!  - 
___ 2 
<1 
0.1 
1.1 
0.1 
2.8 
<1 
4 .O 
50 
c 1  
150 

0.005 
<1 

<O. 5 
3.5 

2 
2.3 
- 

To ta1 

10. 
2 .o' 
11 

C0.2 
15 

203' 
39 

26 306 

5 33 
4 

0.100 

412, 
2 

<I 

75 
135 

... . 
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T l . l U ?  i 12 - VLlrLTATlON TRACE ELEHENT CONCLNTPATIOSS - C O L L W I l i i  PLOT - SEED ElIl 1 2  

N 

I As 

B 
c'i 
CO 

0.1 
0.12   0 .10  

C" 7 7.5 
F '10 
Pe 270 

d o  
175 

Slender 
wheatgrass I 

ropsail 
-. 

- 
co.01 

' 1  

11.3 

0.04 

a 0  
6.5 

95 

86 
1.5 

0.01 
1 

<1  
a . 2  
<1 
0 . 4  
40 

n .  
".A 

__ 

0 Topsoil 

<1  
0.01 

e.: 
0.08  

5 
<lo 
110 
<1 

0.02 
<1 

<0.2 
1 

(1 
0 . 3  
33 

a4 

-1 Sainfoin T 
opsoi l  __ 

0.04 
'1 

0 . 2  
0.30 
8 

'10 
430 
<1 
145 
0.02 

4 

< 0 . 2  
2 

'1 
2.7 
54 

lo Tapsol 

0.04 
<1  

d . 1  

8 . 5  
0.44 

a 0  
525 

155 
4 

0.03 

2.5 
5 

c0.2 
'1 
3 . 4  
50 

~~ 

7 
I 

Sveet Clover 

rTTLG 

0 . 3  

c10 
9 

310 

88 
1 

0.03 
11 

2 -  
-3.2 

33  - .. . . I . 

4 

0 . 2  

9 

4 10 
1. 

58 
0.02 
6 

c0.2 
3 

29 

" 

~ 

'opsail 
~ 

0.03  
'1 

n.2 
0 . 2 4  

9 
'10 
335 

80 
<1 

0.03 
1 

a.2 
2 

' 1  
1.8 
82 

~~ ." 

3.0 

37 
<o.  10 

1 . 1  

__ 
1 

'0 .10 
~ 0 . 0 3  
1.1 

2.0 
c0.5 
1.1 
6.8 
' 1  

<0.0025 
0.05 

a.03 
2.7 

co.10 
1.0 

__ 

4 . 5  

133 

I_ 

3 .5  

135 



T U L E  2-33 - VEGETATION TRI\CE ELEHENT C O N C E N ~ T I O N S  - COLLWIIRl PLOT - SEED UIX 0 3  

-r - 

Wheatgrass 
Streambank 

(Rubens) Red Clover col l””iuo Invader 
Species “ 

__ 
r”ops0il __ 

0.01 
‘1 

ji.5 
‘0.1 
‘0.04 

‘10 
4 

108 
<1 

0.02 
71 

‘1 

<0,2 
‘1 

0.6 
‘1 

25 

=3= o Topsoil  Topsoil 
opsai1 __ 
<1 

< O . l  

8 
< 10 

500 
‘1 

0.01 
79 

6 

c0.2 
3 

‘1 

2 1  

ropaoil 
~ 

‘1 
0.025 

0.15 
0.32 
6.5 

<10 
500 
<1 
75 
0.02 
4 

‘ 0 .2  
1 

<1 
0.3 
35 

1 lo Topsoil 10 Topsoil 

<1 

0.1 

11 

1100 
1 

101 
0.04 
16 

6 
‘0.2 

52 

t 0.015 
‘l ! r1 

<0.10 
~0.03 

<0.5 
1.1 

<0.5 
2.0 

1.1 
6 . 8  
C l  

130 
0.0025 
0.05 

~0.03 
2.7 

<0.10 
1.0 

‘0.1  0.15 
0.04 

5 
0.08 

a 0  < 10 
4.5 

235 115 
<1 
150 

<I 

0.03 
101 
0.03 

2.5 
<1 

1 
‘1 

<0,2 
‘1 

< O ~  2 
<1 

21 24 
1.1 1 0.7 

0.2 < O . l  
0.06 
4.5 

‘10 
3 

125 
1 

80 
-1 

70 49 
0.02 
1 

0.01 
2 

‘1 2 
c 0 . 2  ‘0.2 

0.9 
‘1 

32 20 

0.3 

<10 2.6 
300 
1.5 , <1 

6.1 

44 130 
0.02  ~ 0 . 0 0 2 5  
1.5 
2 

0.05 
3.0 

‘0 .2  c0.03 
<1 
2.6 1 35 

<0.10 
1.1 

0 .1  <0.2  
2.8 1 5  
<1 39 
4.0 203 
50 26300 
c1 4 
150  533 

10.005 0.100 
<1 2 

r0.5 ‘1 
3.5 45 

I 



TABLE 2-34 - VEGETATION lUACE  ELEHENT  CONCENTTATIONS - GLACIAL GRAVELS - NO TOPSOIL 

T 

nt t : 

heatgram 
Cree ted 

-__ 

0.01 
‘1 

aJ.04 
0.2 

‘1,) 
3 

4 
125 

0.02 
75 

2 
<l 

‘0.2 
<1 
1.3 
1 2  

1 Kir 111 
1 

rylander  Fall  
Llfalfn I Ryegr‘119, 

-4- 
S l  I <1 

0.01 

0.1 

58 
< 10 

260 
< 10 

2 6 
~ 0 . 0 4  
‘0.1 

96 
2 I 4: 

8 I 2 
3 

‘ 0 .2   ‘ 0 .2  

24 

<1 

:1 

0.6 
9.5 
I 

T 

ussian 
Wild 

yegrasr 
__ 

0.02 
‘1 

< O . l  
0.14 

5 
< lo  

265 

0.03 
125 

3 

‘0.2 

2 .o 
<1 

12 

‘1 . 
I 

__ 

;lend, 
leatg 

- 

0.0 
‘1 

0.1 
0.08 

‘10 
4 

170 
<1 
125 
0.0 
1.5 

<0.2 
‘1 
1.0 
14 

I 

7 
Seed I 

1 

5 
6 

2 

ainfoin 

0.05 

0.1 
0.56 
6.5 

470 
<1 
250 
0.03 

5 

< lo  < 

35 

0.2 0.1 I 
15 I 4 

150 
0.05 

6 
7 

37 

1- 

0.18 0.14 
6 4.5 

‘10 < lo  
455 
<1 

255 
<1 

240 
0.04 

145 

3 
0.05 

1 
2 

<0 .2  
4 

<1 
c0.2 
<1 

2 . 2  2.1 
13  16 

lir I 3  

Canada 
Blue 

GCBSS 

Rubens 

~ 

” 

<1 

0 .1  

< l o  
4 

<1 
120 

73  

3 
4 

c 0 . 2  

10 

l- 

<1 I ‘1 
0.08 1 0.04 

‘0.1 0.5 
0-72 O.L,O 
13 6.5 

110 ‘10 
155 530 
S 1  <1 

0.06 0.04 
150 60 

9 3 

c0.2 ‘ 0 .2  
6 

4 <1 
6.0 3.4 
30 30 

I 

Glacial  Gravels 

I 
E I t C ,  

1 

‘0.10 
~ 0 . 0 3  
< l . O  
<0.5 

~ 0 . 5  
4 

2.9 

<1 
1.5 

100 
:0.002: 

0.06 

<0.03 
1.8 

0.18 
q0.5 

a c t i o  

1 

- 

- 

<o.la 
<0.03 
‘1.0 
‘0.5 

<0.5 
‘1 

2.6 
2.7 
c1 

0.OOi 
98 

0.Of 

<0.03 
1.8 

0.15 
co.5 
- 

- 
2 

- 

<1 
co.1 
0.65 

‘0.1 
0.5 
<1 
5.9 
< 5  
‘1 

‘ 0  .oo 
120 

‘1 
: .5 

‘0.5 

< 2  
1 
- 

T 

- 

6 
2 . 0  
15 

c 0 . 2  

44 
14  

160 
3030( 

668 
3 

0 .07 :  

59 
2 

c 1  

160 
7s 
- 



TABLE 2-35 - VEGETATION TRACE ELEMENT CONCENTRATIONS - F'LYASH PLOT - NO TOPSOIL 

N 

1 

As 

B 
Be 

Cd 
C" 
cu  
P 
P e  
Pb 
Mn 
Hg 
Mo 
Ni 
S e  

V 
Sn 

zn 

Element 

(MG/KG) Wheatgrass 

Seed Mix 61 
Crested 

- 

0.02 
1 

488 
CO.1 
0.24 
8.5 
<10 

145 
<1 
19 
0.02 

9 

0.35 
<1 

<1 

17 
3.0 

Drylander 
Al fa l fa  

3 

<0 .2  

16 

240 
<2 
25 

22  
3 

0.2 

30 

T I 
Seed Mix 62 

Russian Wild 
Ryegrass 

3 

0.1 

38 
15 

<1 

0 .Ob 
26 

19 
2 

1 . 4  
<1 

12 

a20 

Wheatgrass 
Slender 

2 

< 0 . 2  

30 

420 
2 

15 

16 
5 
0.4 

20 

Fly Ash 

Extract 

0.28 
6 . 5  

107 
~ 0 . 5  
U.8 
164 
2.5 

40 
<1 

<o .005 
0.88 
2.9 

c o . 5  

19 
4 . 2  

aao 
- 

Total 

16 
3 . 3  

<0 .2  
10 
5 30 
20 

23000 
2 

178 

2aa 
0.057 
5 . 5  

0.32 
5 3  

270 . 
40 



a -  3.0 - Q U A L I T Y  MONITORING 

I- 

II 
1. 

a 

I 

3 . 1  D D U C T I O N  

During 1977 water  quality  monitoring  was  started t o  provide 
background  data  and to moni,tor  possible  effects  of  the  Bulk  Sample 
Program on regional  surface  water  and  groundwater  quality. This mon- 
itoring  program  was  continued  during 1978 to obtain  additional  water 
quality  information. 

It has  been  calculated  that  the  temperature of Hat  Creek  could 
be significantly  increased  by  the  mining  and  powerplant  development. 
Daily  temperature  data  were  collected  to  establish  background  water 
temperatures,  particularly  maximum  water  temperatures i n  Hat  Creek. 

During the  Bulk  Sample  Program  two  waste  materials, low 

Rrade  coal  and  coal waste, were  piled on specially  prepared  areas 
near  Trench  A to enable  collection of leachates  from  the  piles.  Collection 
and  analyses of these  leachates  was  continued  during 1078. 

3 . 2  =:E WATER 

I 

L 

In 1978, surface waters  were sampled  at  two  stations in Hat 
Creek, about 0 . 5  km above aud below  Trench B; at  MacLaren  Creek  near 
McLean. Lake; at Medicine Crczek about 3 km upstream of  its  confluence 
with  Hat  Creek:  and  at  Pavilion  Lake. 

The water  samples  were  collected  by Acres Consulting Services 
Ltd.  and  sent to Beak  Consu:Ltants Limited,  Vancouver  for  analyses.  Some 
duplicate  samples  were  also  sent t o  the B.C. Hydro  Research  Laboratory, 
Vancouver,  for  analyses.  Samples  were  preserved-and  filtered as required 
i n  the  field  and  shipped  in  plastic  bottles in coolers. A complete 
description  of the sampling,,  preservation  and  analytical  methods  is 
given  in the reports  entitled  Eat  Creek Project, Detailed  Environmental 
Scudies .  Water  Resources  Subgroup,  prepared  for B.C. Hydro  by  Beak 
Cons*L:ants  Limiced.  May 1978. 

The  results  of the! surface  water  quality monitor::? ~roqram 
are pr?sented in Tables 3-1 to 3-5. The results are 23c3i9122~ x t h  

3 - 1  
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TABLE 3-1 

1 I 5 . 1  18 J I b . 1  78  7 I b I Id 2 1  I U I ld 

B . C . M Y J K ~  LID. 

I I  
45 I 2  26  

,0.010 0.020 '0.010 

0.005 0.013 -0.005 

o . o s 1  I1 0.076 

- 
0 . W  

_. 
I9 

'0.21 - 

"L 7" :o.w, '0.001 '0.001 

0.26  1 0 . 2 1  jo.091 

0.003 0.019 10.002 

.O .OlO .O.OI 0.09 <O.OlU 

0.0'24 0 . 0 1 b  0.024 rO.OOS 

0.083 15.2 0.022 

-0.001 

0 . 1 4  

" 

I 
I I I 

i 



Table 3-1 (continued) 



TaLlr 3-1 (continued) 



TABLE 3-2 

__ 
0.211 0.26 . a.M! 0.001 

0.021 0.011 

_. 
0.011 __ 

I I I I I I I I I I I " 

1 I I I I I I I I I I 
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" 

I I I I I I I I I I I I I I I I I 



Table 3-2 (continued) 
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Table 3-2 (continued) 

8.1 8.5 

149 

1 
__ 
_. 

_. 

8.6  

- 
161 

160 

2 

~ 

_. 

- 



TABLE 3-3 

Hu11C1N6 CPCFK 

1 1 / 1 / 1 7   1 1 / ? / l J   6 / 1 / 1 1   1 1 I Y I l l   I B I I O l l   2 1 / < / 1   b / b / l U   6 / 6 / 1 8   2 L I U I l  
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Table 3-3 (cont inued)  



Table 3-3 (continued) 





Table 3-8 (continued) 





TABLE 3-5 



Table 3-5 (continued) 



Table 3-5 (continued) 
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1977 data .  The samples from 7 June 1978  were col lected  during  the spring 

f reshe t  and the   resu l t s   a re   d i f fe ren t   re f lec t ing   the   h igher   f lowra te .  

The f r e she t  in 1978 was greater   than in 1977 and flooding  occurred  near 

the B.C. Hydro  camp. During t h e  f r e she t   t he   l eve l s  of dissolved 

sol ids ,   hardness  and alkal ini ty   decreased  about  100% and the  suspended 

solids  concentration  increased from less   than  10 mg/l to   over  200 mg/l .  

These d i f f e rences   r e f l ec t   t he   g rea t e r   con t r ibu t ion  from surface  runoff 

compared w i t h  groundwater i n f i l t r a t i o n   t o  Hat Creek dur ing  th i s   per iod .  

Field  notes   prepared  a t   the  time of sampling are   given on page 3 - 18. 

3 . 3  HAT CREEK TEMPGRATURE MONITORING - - .. 
3. 

I, 

?1 '  

I 

m 

During  the  period 20 August t o  5 October 1978 t h e  water 

temperatures i n  Hat Creek  and  Bonaparte  River  were  monitored a t   f i v e  

locati 'ons.  Three temperature  monitoring  locations were i n  Hat Creek; 

a t  its confluence w i t h  Anderson  Creek, a t   the   junc t ion   wi th  Highway No. 

12 nea r   t he   s i t e   o f f i ces  and at   the   confluence w i t h  the  Bonaparte  River. 

Two s t a t i o n s  were located in the  Bonaparte  Ri,ver,  above and  below 

i t s  confluence w i t h  Hat Creek. 

Maximum-minimum th,ermometers  were i n s t a l l e d   a t  a l l  f i v e  

locat ions.  Peabody "J" thermograph  recorders were i n s t a l l e d   a t  p80s- 

i t i o n s  ( l ) ,  (Z), (3) and ( 4 ) .  Due to  f looding,  readings from the 

thermograph a t   p o s i t i o n  (3) werediscontinued  after 25 August, 1978. 

The maximum and minimum temperatures  recorded by the  thmermo- 

graph a t  Anderson  Creek and the   d i f fe ren t ia l   t empera tures   a t   loca t ions  

( 2 ) ,  (3)  and (4) are   t abula ted  on Table 3-6. These  recordings  indicate 

that  during  the summer months the  temperature of Hat Creek increases  

a t  an  average  ra te  of approximately one degree  centigrade  for  every 

10 kilometres  of its course downstream. On t h e  sec t ion  between  Anderson 

Creek and Highway #I2 Junction  there is v i r t u a l l y  no temperature  change 

d u r i n g  the n i g h t  period when the minimum temperatures  occur. The maximum 

tempemtures   invariably  occur   a t  4:OO p.m. and minimum temperatures  at  

6:OO a.m. 

Table 3-8 t abula tes   the  readLnqs  obtained from the maxinnun- 

minimum thermometers a t  positions (I), iZ). (:i>, ( 4 )  and ( 5 ) .  
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c co 

Station - 
Surface Waters 

Creek Station # I  

Creek Station 13 

llacLaren Creek 

Medicine Creek 

Pavi l ion Lake 

Ground Uater 
Gmunbrater  Vel , I  12 

Groundwater Well 13 

Trench B 

Leachate 
" 

Cod1 U a s k  P i l e  

Low Grade Coal 

Post-Winter 

May I .  1978 - very  turbid,  high  flow, 
slow f i l t e r i n g  

May I ,  1970 - very turbid.  high flw. 
slow fil tc r inn  

April 27. 1978 - snm melt  makes access 
very poor. h i $  f lw. muddy 

A p r i l  27, 1978 - high flow, muddy 

Level  of  lake up frm s u m r   o f  1977. 
sampled Apr i l  27,  1978 

U e l l  sanpler  bmken 

U e l l  sanpler  broken 

M y  1. 1978 - c lear  

Maximum flow  rate  of  leachate - 
y e l l w i s h   l i q u i d .  28 April 1978 

P o r i !  24, 1978 - !zZXiZ&T ra te  0: 
leachate,   c lear   l iqu id  

Freshet 

June 7. 1978 - turbid,  close 
to peak flow 

June 6 .  1978 - turbid,   c lose 
t o  ClO?! 

June 6, 1978 - water  clear, 
mderate to low f low 

June 6 .  1978 - high  sedilnent 
load. f lowing  quickly. 

June E,  1978 - re la t i ve l y   c lea r  

June 8. 1978 - very  poor t o   f i l t e :  
c lay   c logg ing   f i l te rs  

June 8. 1978 - c lear  

June 9, 1978 - very  reduced flow 
ra te though adequate f o r  
complete sample. ye l lowis t  

. h e  4, i 4 i S  - i n s u i t i c i e n t  sampif 
avai lab le  for  complete 
analysis.  clear 

H i d - i u m r  (low  flow) 

August 23. 1978 - moderate  flow, 
c lear  

August 23,  1978 - moderate flow. 
ikar 

August 21 ,  1978 - moderately low 
flow. clear  

August 21,  1978 - algae i n  creek, 
low flow. c lear  

August 22, 1978 - clear.  water 

August 22. 1978 - muddy. clay 
table  high 

c l o g g i n g   f i l t e r s  

August 2 2 .  1978 - algae  blooming8 
water  clear 

Very slow flow, 3 1151.5 hours. 
Inadequate sample f o r  complete 
analysis,  yellow. 23 August 1978 
No leachate  suitable 
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The temperatures  of Kat Creek at the  Bonaparte (T3), the Bonapart:e 
above Kat Creek (Tg), and  the  differential  temperature  between Tgi 
and  the  Bonaparte  temperature below Hat Creek (T4) are  tabulated on 
Table 3-9. This table was prepared to indicate  any  moderating effect 
Kat  Creek  might  have on the  Bonaparte  River. In view  of  the small 
temperature differential between  Kat  Creek and Bonaparte and the  large 
flow  of  the  Bonaparte  River,, compared.to Kat  Creek, it i s  unlike1,y  that 
the temperature of  the Bonaparte  could  be  affected  significantly by the 
inflow from  Kat  Creek. 

The  maximum  temperature  recorded in  Kat Creek was 16.5 C 0 

during a low  flow  period  in  late  August. During September  there  were a 
number of rainy and cloudy d:ays. The river  maximum  temperature de- 

creased  from an average of  a.bout  15OC in early  September to about 10°C 
near the end of  the month. The flow in Hat Creek  was at a  minimum in 
August  averaging  7.90  cfs and averaged 26.3 cfs and  14.3 cfs in.July 
and September  respectively.  River  water  temperature  was  found to be 
more a function of weather  than  flowrate  as  shown in Figure 3-1. 

il 
3 - 19 



Ins t rumen 

- TABLE 3-6 - 
STREAM TE!GERA"IRE MONITORING 

MONITORS - 'PEABODY "J" TEERMOGFAPHS 

65063  65374  65075 65034 
Location  Anderson  Creek T 1  Junction T2 at Bonaparte T3 Bonaparte  Below 

Hat Creek T4 -7 lzerature 0 c Differential  Differential  Differential 

Min . Max. Min. 
Temperature  Temperature  Temperature 

Aug. 20 
2 1  
22 
23  

25 
24 

26 
2 7  
28 
29 

31 
30 

Sep. 1 
2 

4 
3 

6 
5 

7 
8 

10 
9 

11 
12 
13 

15 
14 

16 
17 
18 

20 
19 

2 1  

23 
22 

25 
24 

27 
26 

28 
29 
30 

oct.  1 
2 
3 
4 
5 

AVERAGE 

11.0 

11.0 
11.5 

11.5 
11.5 
11.0 
11.0 
11.5 
10.5 

12.0 
12.0 

12.0 
10.5 
11.0 
10.0 
10.5 

10.0 
9.5 

10.0 
9.5 

9.5 

9.5 
9.5 

9.5 
9.0 

8.5 
9.0 

7.5  
7 .0  
8.0 

8.5 
7.5  

8.0 

6.5 
7 . 0  

8.0 
8 . 5  

9.0 
9 .0  

8.5 
9.0 
8.5 
7.5 
8.5 
7 .O 
7 . 0  
11.3 

8.5 

- 

9.0 
8.0 
8.5 
8.5 
9.5 
8.5 
8.5 
9.0 
9 .o 
9 .o 
10.0 
10.5 
9.0 
9.5 
9.5 
9 .o 
9.0 
8.5 
7.5  
8.0 
8.5 
8.5 
6.5 
6 . 5  
7 . 0  
7.0 
7.5 
5 . 5  
5.5 
6.5 
5 . 0  

7 . 0  
7 . 0  

4 .O 
5 . 5  

6 . 0  
6 . 5  
6 . 5  
8.0 
6 . 5  
7 . 0  

7 .5  
7 . 0  

5.5 
:.0 
5 . 0  
5 . I) 
7.5 
- 

1.0 
1.5 
0 

0.5 
0 

0.5 
0.5 

1.5 
1.5 

0.5 
1.0 

0 
0 
1.0 

-0.5 
0 
0 

0.5 
0.5 

0.5 
-0.5 
-0.5 

0.5 
1.5 
1.5 
1.0 
1.0 
0.5 
1.0 
2.5 

0.5 
1.0 

0.5 
0.5 
1 .o 
2.0 

0 
0 

0.5 
0 
0 

- 
0 . 6  

-0.5 
0.5 

0 
0 
0 

-0.5 

.0.5 
0 

0 
-0.5 
0 

-0.5 
0 

-0.5 
-0.5 
0 
0 
0 

0 
0.5  
0 
0 
0 
0 
0 
0 

0 . 5  
1.0 
0 
0 
0 

0 
0 

0.5 
0.5 
0 

-1 .o 
-1.0 

-0.5 
-0.5 

'-0.5 

- 
-0.1 

2.5 2.0 4.0 

2.0 
2.5 1.5 3.5 

2.0 3.0  
3.0 
2.5 

2.0  3 . 5  
2.0 3.0 
2.0 3.5 

4.5 

4.0 
3.5 

3.5 

3.5 
3.5 

4.5 
2.5 
3.0 
3.0 
2.5 
'3 . 0 
3.5 
3.5 
2.5 
2.5 
3.0  
2.5 
2.0 
1.5 
2.5 
3.0 
2.5 
2.0 
1.5 
2.0 
2.5 
2.5 
3.0 
2.5 
2.0 

2.0 
2.0 

2.0 
2.0 

2.0 
1.0 
1.5 
1.5 

. 4.0 

1.. 5 
2.5 2.0 2.7 
" " 

" " 

3.0 
3.0  
3.0 
3.5 
3.5 
3.0  
3.0 
3.0 
3.5 

3.0 
3.0 

3.0 
3.5 
2.5 
2.5 
2.5 
2.5 

2.5 
3.0 

3.0 

2 . 5  
3.0 

2.0 
2.5 
2 . 5  

2 . 0  
2.0 

2.0 
2.5 

2 . 0  
1.5 

2 . 0  

2.0 
1.0 

2.0 

2.5 
2.0 

2.0 
1.5 
2.0 
1.5 
2.0 
1.5 
2.0 
1.0 
1.5 
1.0 
2.4 
- 
- 
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- TI\BLE 3-7 

CALIBRATION OF PEABODY "J" TRERMOGRAPHS 

18 A u g u s t  1978 6 October 1978 

# 650N  18.3 O C  19.9 O C  14 Bonaparte River Below 
Hat Creek. 

# 65063  18.6 O C  20.0 O C  #I  Hat Creek a t  Anderson Creek. 

# 6507:s 18.5 O C  - #3  Hat  Creek a t  Bonaparte River. 

# 65374 18.3 O C  19.6 O C  02 Hat  Creek Junction 
Highway 1\12. 

Air 
Temperature ? 19.6 O C  

Instal led 19 A,ugust 1978 

Removed 6 October  1978 

065075 broke open 8 September 1978 during high water  flow. 

c 
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T U L E  3-5 
P 

STREAM TE95X4TURE EIONITORIXG 

XONITORS - KG. THE'GYOKETSRS 
a Bonaparte  Bonaparte 

Location  Anderson  Creek T1 Junction T2 At Bonaparte T3 Hat Creek 'T5 Hat Creek T4 
Above  Below 

Date ~ Tezperacure C I Temperature OC Temperature 'C ~ 

0 

~ vax.  Min. j ?lax. Min. Max. Xin. 1 Hax. X i n  . 
I 

Lug. 20 
21 
22 
23 

I 24 
25 
26 
27 
28 

I 

29 
30 

I 31 
Sep. 1 

2 
m 4 

3 

5 
6 

..I 7 
8 
9 

I 
10 
11 
12 . 
13 

I 14 

I 
17 
18 

20 
19 - 21 
22 
23 

I 
24 
25 
26 
27 

I 28 
29 
30 

I 
Oct. 1 

2 ~ 

4 
3 

II 

24.0 
16.5 
17.5 
16.5 
17.0 
17.0 
17.0 
17.0 
17.5 
17.0 
18.5 
18.0 
18.5 
16 .O 
17 .o 
16.0 
16.0 
14.5 
16.0 
16.0 
15.5 

15 .O 
14.5 
15.0 
14.0 
14.5 
14.5 
13.0 
8.0 

13.5 
13.5 
14 .O 
13.5 
12.5 
12.5 
14.0 
13.5 

15.0 
14.0 
13.5 
14.5 
14.5 
13.0 

13.0 
13.5 

12.0 

* Water 

- 

- 

8.5 

8.0 
7.5 

8.0 
9.0 
8.0 
8.0 
8.0 
8.0 
8.0 

10.0 
9.0 

11.5 
11.5 
8.5 
8.5** 

11.5** 
8.5 
6.5 
7.0 
8.0 

6.0 
6.0 
6.0 
6.5 
7.0 
5.0 
5.0 
4.5 
4.5 
5.0 
6.0 
4.5 
3.0 
4.0 
6.0  
5 . 5  

6.0 
6.5 
6.5 
6.5 
5.0 
5.5 
4.0 
3.5 
3.5 

- 

- 

Rose 3" 

10.0 9.0 
12.0 5.0 
11.0 
8.0 

8.0 

13 .0 .  11.0 
8.0 

12.5' 
12.5 

11.5 

13 .O 
11.0 

14 .o 
9.0 
9.5 

14.0 9.0 
13 .O 
13.0 

11.0 
11.0 

11.0 8.5 
12.5 9.5 
11.0 9.0 
12.0  9.5 
10.5 8.5 
11.0 
10.5 8.5 

7.0 

- - 

- - 
11.5 
11.0 

6.0 
6.5 

11.5 6.5 
10.5 6.0 
10.5 6.5 
10.0 5.0 
8.5 5.0 

10.0 
1.5 6.0 

9.0 
4.5 

8.5 
4.5 
6.5 

8.5 
1.5 

5.5 
4.0 

10.0 
7.5 3.5 

6.0 
9.0 5 . 5  

10.0 
13.0 

6.0 
6.0 

9 .o 
9.0 

6.5 
6.5 

8 .5  
7.0 

5.5 
5.5 

8.0 
9 .o 4 .O 

4.0 
8.0 3.5 

- - 

- - 

- 4 " ,  muddy.. 

15.5 
14.0 
14.5 
13.5 
15 .O 
15 .O 
14.5 

15.0 
15.0 

15.5 
16.5 
16.5 
15.5 
14.0 
15.0 
13.0 
13.0 
12.5 
13.0 
12.0 
13.0 
12.0 
12.5 

12.5 
11.5 

11.5 
11.5 
10.0 
9.5 
9.0 

10.0 
10.0 
10.0 
10.0 
9.0 
8.5 

10.0 
11.5 

11.0 
10.0 
10.5 
12.0 

11.0 
10.0 

9.5 
7.5 
7 .O 

- 

10.5 
11.0 
10.5 
12.0 
12.0 
11.5 
11.0 

,L1.5 
11.0 

11.5 

'12.5 
12.0 

11.5 
11.0 

'11.5 
11.5 

.11.5 
11.0 

9.0 
9.0 

11.0 
12.0 
8.0 

8.5 
8.5 

8.5 
9.0 

6.5 
7.0 

5 . 5  
1.5 

5.5 
8.5 

5.0 
7.0 

5.0 
8.0 
7.5 

8.0 
7.5 
8.0 
9.0 
6.5 
7 . 0  
5.0 
g . 5  
5 .5  

- 

14.5 1.3.0 14.0 12.5 
16.5 
16.5 

11.5 15.5 11.0 
11.5 16.0  11.5 

14.5 
16.5 

L2.5 14.5 
12.5 16.0 12.5 

12.0 

15.5 
15.5 11.5 14.5 12.0 

L2.0 15.0  12.0 

17.0 1:2.0 16.0  12.0 
16.5 
16.0 

12.5 15.5 12.5 

17.0 
1:2.5 15.0  12.5 
L3.5 16.0 13.5 

16.0 
16.5  lli.0  16.0  13.5 

13.0 15.5  12.5 
15.5 
14.5 

12.0  14.5 12.0 

13.5 
12.0 15.5 12.0 
12.0 13.5 12.0 

14.5 12.0 12.5 11.5 
13.0 12.0 '12.5 11.4 
13.5 
13.5 

1:l.O 13.0 10.5 
10.5 12.0 11.5 

14.5 , 12.0 13.0 11.5 
13.5 
12.5 

1?.0 12.0 11.5 

13.0 
9.5 12.0  9.0 

10.0  13.0 10.0 
14.0 
12.5 

10.5 13.5 9 .5  
9.0 (9.5) ? 9.5 

12.0 10.0 11.5 10.0 
11.5 8.5  10.0 
11.5 8 . 5  10.0 

8.0 
8.5 

11.5 8.5 10.0 
12.0 7.5 10.0 

8.5 

11.0 
7.0 

' 7 . 5  10.0 
11.0 

9.5 
$1.0 10.0 

11.5 
8.5 

10.5 
9.0 9.5  8.0 
7 . 5  9.0 

12.0 
6.5 

tt.5 9.0 
12.5 

8.5 

12.0 
5.0 11.5 
9.0 10.0 

9.0 
8 . 5  

13.0 9 . 5  12.5 
11.5 9,.0 10.0 

9 .o 

11.5 1Cl.5 10.5 10.5 

12.0 
12.5  10.0  9.5 9.5 

8 . 0  3.0 
10.0  7.5 8.5 

7.0 

13.5 1.5 7.0 
7.5 
6.5 

3.0 
5.5 

6.0 9.0 
6.0 8.3 

6.5 
6.0 

- - - - 
8.5 
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TABLE 3-9 - 
BONAPLPTE STREA'! TEPFIUTGRE VCNITCRNG 

XONITCRS - !?!Y.-?!I.X. TP.EXYOMTTERS 

Hat Creek 

Bonaparte T3 Hat Creek 'I5 Sonaparte Belc'w  Eat  Creek T5-T4 
Location 

Bonaparte 
A t  Above 

Differential Temperature 
Bonaparte Above Eat Creek/ 

Date Temperatcre O C  Tenperature OC Temperature C 
&x. Min. M a x .  VFn " Xax . vin.  

0 

Aug. 20 
21 
22 
23 
24 

26 
25 

27 
28 
29 
30 
31 

Sep. 1 
2 
3 
4 
5 
6 

8 
7 

10 
9 

11 
12  
13  
1 4  
15 
16 
17  
1 8  
1 9  
20 
21 
22 
23 

25 
24 

26 
27 
28 
29 
30 

Oct. 1 
2 
3 
4 

5 
i 

Average 

15.5 
14.0 
14.5 
13.5 
15.0 
15.0 
14.5 
15.0 
15.0 

16.5 
15.5 

16.5 
15.5 
14.0 
15.0 

13.0 
13.0 

12.5 
13.0 
12.0 
13.0 
12.0 
12.5 
11.5 
12.5 
11.5 
u . 5  
10.0 

9.5 
9 .0  

10.0 

10.0 
10.0 

10.0 
9.0  
8.5 

11.5 
10.0 

11.0 
19.0 
12.5 
12.0 
1 2 . 0  
11.0 

3 . 5  

7 . J  
'.j 

" . 9 

- 

- - 1 -  

10.5 
11.0 
10.5 
12.0 
12.0 
11.5 
11 .0  
11.0 
11.5 
11.5 
12.0 
12.5 
11.5 

11.5 
11.0 

11.5 
11.5 
11.0 
9.0 
9.0 

11.0 
12.0 
8.0 
8.5 
8.5 

9.0 
7.0 
6 . 5  
7.5 
5.5 
5.5 
8.5 
7.0 
5.0 
5.0 
8.0 
7.5 

8.0 
7.5 
8.0 
9.0 
6.5 

5.0 
7.0 

5.5 
3.0 
'? . 0 

8.5 

- 

- - 

14.5 
16.5 
16.5 
14.5 
16.5 

15.5 
15.5 

17 .0  
16.5 

17.0 
16.0 

16.5 
16 .0  
15.5 
14.5 

14.5 
13.5 

13.5 
13.0 

13.5 
14.5 
13.5 
12.5 
13.0 
14.0 
12.5 
12.0 
11.5 
11.5 
11.5 
12.0 
11.0 
11.0 

10.5 
11.5 

12.5 
12.0 

12.0 

11.5 
13.0 

11.5 
12.5 
12.0 
10 .0  
13.5 

9.0 
9.5 

13.36 

- 

- - 

13.0 
11.5 
1l.S 

12. !5 
12.5 

12. I) 
11.5 
12.0 
12.5 

13.5 
12.5 

14 .  (1 
13.0 
12.0 
12.0 
12.0 
12.0 
12.0 
11. CI 
10.5 
12.0 
12.0 

10.0 
9. 5' 

10.5 
9.C 
10.0 
8.5 
8.5 
8.5 
7.5 
7.5 
9.0 

7.5 
9.0 

6.5 
9.0 
9 . 0  

9.0 
9.5 

10.5 
10.0 
8.0 
7.5 
7.5 
6.0 
6.0 

10.23 

- 

- - 
3 - 23 

0.5 
1 . 0  
0.5 
0.0 
0.5 
0.5 

1.0 
1.0 

1.0 
1.0 

1.0 
0.5 

1.0 
0.5 

-1.0 

2.0 
0.0 

0.5 
0.5 

1 . 5  
1.5 
1.5 
0.5 
0.0 
0.5 

0.5 
1.5 
1.5 
1.5 
2.0 
1.0 
1.0 

1.5 
2.0 

1 .0  
3.0 

2.0 

1.5 
0.5 

1.3 
3.0 
4 . 3  
1.5 

0.9 
1.5 
1. ;9 

- 

- 

- 
- - 

0.5 
0.5 

0.0 
0.5 
0.0 
0.0 

-0.5 
0 .0  
0.0 

0.0 
0.0 

0.5 
0.5 
0.0 
0.0 
0.0 
0.5 
0.5 

-1.0 
0.5 

0.5 

0.5 
0.5 

0.0 

-0.5 
1.0 

0.0 
0.5 

0.0 
0.0 

-2.0 
0.5 

0.5 
1 .0  

-2.0 
1 .0  

0.0 
0.5 

0.5 
2 . 5  
0.0 
0.5 
1.0 

1.0 
1.0 

'2 . 3 

- 

c c  .< - 
a .  
L . -  - 



Thermometer 
Water To 

18.7 

38.5 

15.5 

21.5 

20.5 

Correction 
Factor 

TABLE 3-10 - 
CALIBRATION OF MAX. - MIN. THERMOMETERS 

6 OCTOBER 1978 

a t  Anderson 
Hat Creek 

#l 
Min . /Max. 

18.0124.0 

3a.5144.2 

15.0121.5 

21 .5127 .5  

21.0127.5 

01-6 

Hat Creek 
at  Junction 

82 
- Min . /Max. 

1.7.5117.5 

2i7.5137.5 

1.5.0115.0 

21.0/21.0 

20.5120.5 

Hat Creek 
a t  Bonaparte 

63 

18.0118.0 

37 .5/37.5 

15.0115.0 

22 .0121 .5  

21.0/21.0 

010 010 

3 - 24 

Bonaparte 
Belcsw 

Hat Creek 
B 4 

Min . /Max. 
" 

18.5/17.0 

38.513a.s 

15.0/15.0 

21.5121.0 

21.0121.5 

010 

. .  

Bonaparte 
Above 

Eat Creek 
15 

Min . /Max. 

18.0118.0 

37.5138.0 

15.0l15.0 

22.0122.0  

2 1 . 5 1 2 1 . 5  

010 



3 . 4  GROUNDWATER 

During 1978 samples of groundwater  were  collected a t  Trench B 

and from wells # 2  and 83  near  Trench B. The groundwater  samples  were 

col1ec:ted by Acres a t   t h e  same time as  the  surface  water  samples and sen t  

to Beak for   analyses .   Similar  sampl ing ,  preservat ion and a n a l y t i c a l  

procedures  were employed for t h e  groundwater  as fo r   t he   su r f ace  'water 

t e s t ing .  

The r e s u l t s  of the  groundwater  monitoring  program a r e  ,shown i n  

Tables! 3-11 to  3-13. The groundwater qua l i t y  i n  1978 showed no ~ i g n i g i c a n t  

v a r i a t i o n  from the  1977 r e s u l t s .  

3.5 WASTE COAL LEACHATES 

Leachate from the low grade  coal and coa l   was t e   p i l e s   a t  Trench A 

were c:ollected  during 1978 when possible  from the  specially  prepared 

p i l e s .  During  the Bulk  Sample  Program i n  1977, two areas   were,prepared 

t o  ena,ble   col lect ion of leachates .  Two la rge   a reas  were  smoothed,and 

s loped,   a t   about  10% to  fora  a s l i g h t  V shape. The a rea  was covered w i t h  

heavy p l a s t i c   shee t ing  and d perforated p i p e  was layed on top of t he   p l a s t i c  

along the  bottom  of t h e  V. This p i p e  was sloped a t  about 8% such  that 

water  percolating  through  the  pile would c o l l e c t  and run o u t  the  pipe 

i n t o  a col lect ion  bucket .  'fie a rea  of the  coal   waste   pi le  was atlout 1050 m . 
The l o w  g r a d e   c o a l   p i l e  had an area of about 280 m . The c o a l  waste p i l e  

measured 15 m high by 30 m v ide  by 35 m long and the low grade   coa l   p i le  

measured 3 m h i g h  by 12 m wide  by 25 m long. 

2 
2 

Leachate  samples  were  collected on a d a i l y   b a s i s  from both 

waste  piles  during  September,  October  and November 1978. These were tes ted  

on s i t e  f o r  pH and conductivity and t o t a l   d a i l y   l e a c h a t e  volume was measured. 

Samples col lected i n  April,  June and  August  were sent with t h e  surface and 

groundwater  samples for   detai led  chemical  and physical  analyses. 
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The r e s u l t s  of t h e   f i e l d   c o l l e c t i o n  and t e s t ing  program a re  

presented  in  Tables 3-14.  3-15 and 3-16. The leachate  f l o w  from the 

p i l e s  was intermittant,  dependent  mainly upon r a i n f a l l .  This is  show! 

in  Figure 3-2. The volume of leachate  from the  smaller low grade   coa l   p i le  

responded more rapidly  to   the  level   of   precipi ta t ion.  The leachate from 

the co.31 was te   p i le  was always  yellow in  colour   while  t h e  leachate  from 

the low grade  coal p i l e  was normally  colorless.  

The r e s u l t s  of t h e  coal  waste and  low grade  coal  leachalte  detailed 

ana lyses   a re  shown i n  Tables 3-17 and 3-18. The s ing le  sample from the 

low gr.ade coa l  p i l e  contained a generally  lower  quantity  of  contaminants 

than t h e  coal  waste  leachate  sample  collected on the  same day. 

The leachate  from both the  coal  waste and low grade c o d   p i l e s  

were  considerably  different from the  water  leaching  laboratory t e s t s  done 

on similar  samples by Acres . The r e s u l t s  of the   water   leaching  tes ts  

are   a lso  presented  in   Tables  3-17 and 3-18. The f ie ld   col lected  samples  

contained  substantially  lower  concentrations o f  most trace  elements. In 
many cases  iron,  arsenic,  mercury,  copper and selenium  concentrations  for 

example  were two orders  of magnitude lower than  those  found in   the   l abora tory  

s tud ie s .  Only calcium, magnesium and f i l t r a b l e   s o l i d s  were  higher i n  t h e   f i e l d  

samples. The f i n a l  pH i n  the  laboratory  extract ions was near  neu.tra1 or 
s l i g h t l y  a lka l ine   whi le  t h e  f i e l d  piles produced a leacha te   tha t  was always 

ac id i c .  The pH measured d a i l y  i n  the  f ie ld   ranged from 3 . 4  t o  4.1 from 
the  low grade   coa l   p i le  and 3 . 1  t o  4 .1  from t h e  coaly  waste p i l e .  The 

leachate  conductivity  ranged from 3100 to  6500 umhos/cm from both. p i l e s .  

8 
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TABLE 3-11 

I I I I I I I I I I I I I I I I I I I I 

'0.010 '0,010 I 
0.m 0.005 0.004 0.004 0.w3 <o.M13 '0.003 '0 .003  '0.001 

i l  18 
~ "_ -" - 

la is 18 19 20 16 17 33 33 

U.20 U.21 0.2s  0.23  0 .24 0.U 0.19 0.21 0 .31  0.32 0.24 0.27 





Table 3-11 (continued) 
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TABLE 3-12 

1 1 1 1 1 1 1 1 1 1 1  
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Table 3-12 (continued) 
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Table 3-13 (continued) 
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DATE 

Sep  t . " 
" 

1978 
1. 
2: 

4 
5' 
6, 
7 
8 

10 
9 

11 
12 

14 
13 

15 
16 
17 

19 
20 
21 
22 
23 
24 
25 

27 
26 

28 
29 
30 

28 

18 

" 

TABLE 3-14 

LEACHATE FROM COAL  WASTE AND LOW GRADE COAL PILES 

R A I N  

nnn 

7.8 

15.8 
3.4 

1.6 
0 
0 
0 
1.8 

0 
0.4 

0 
0 
1.2 
3.6 
1.6 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0.4 

-r 
Volume 

ml 

- 
- 

0 

8700 
2800 

1770 
3400 

2435 
1530 
1500 

1500 
1700 

1500 
1500 
1500 
1450 

1550 
1550 

1500 
1400 

1300 
1450 

1180 
1340 

2550 
1050 
1380 

laso 

COAL  WASTE 

PH 

4.1 
3 .8 
3.8 

4 .O 
3.8 

3.9 
3.8 

3 . 8  

3 - 37 

- 
Cond 

mhos 

5000 

5750 
5900 

5700 
5700 
6000 

5100 
5900 

T LOW  GRADE COAL 
Volume 

ml 

- 
- 
- 

0 

7500 
0 

4 100 
1270 
1395 
1475 
1380 
920 
900 

700 

400 
550 

300 
150 
100 
50 
0 
0 

0 
0 

0 
0 
0 
0 
0 

850 

- 



DATE 

e 

Oct. 
1978 

1 
2 
3 
4 
5 

7 
6 

8 

10 
9 

11 

13 
12 

14 
15 

17 
16 

18 

2 1  
20 

22 
23 
24 
25 

27 
26 

2 9  
28 

30 
3 1  

1’9 

TABLE 3-15 

LEACHATE FROM COAL WASTE  AND  LOW  GRADE COAL PILES 

- 
R A I N  

l- 

m 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.0 

0 
0 

0 
0 

0 
0 

2.0 
0 
0 

7.25 
0 
0 

5.5 
3.25 

0 

0 
0 

0 
Snow 
0 
0 

t Volume 
m l  

1150 
1010 
1140 
1030 

1010 
900 

900 
960 
940 
840 
780 
790 
520 
580 
7  30 
740 
700 
520 

1270 

480 
590 
550 
580 
240 
760 
670 
360 
615 
210 
2 80 

COAL  WASTE 
” 

PH 

” 

4.0 
3.9 
3.8 
3.7 
3.7 
3.9 

3.9 
3.9 

3.9 
3 .*7 
3.8 
3.9 
3.7 
3.7 

3.6 
3.6 

3.6 
3.5 

3.5 

3.6 

3.7 
3.7 

3.7 
3.2 
3.0 
3.3 

3.4 
3.4 

3 . 1  
3.6 

-I- 
Cond. 
umho s 

5900 
5000 
5500 
5200 
5000 
5100 

.4950 
5200 
5000 
3680 
4900 
4700 
4500 
6500 
5000 

5000 
5500 

5000 

4900 

4400 
5100 

4550 
4600 

7800 

4080 
3680 

4100 
4000 
6050 
4300 

LOW  GRADE  COKL 

Volume 
ml 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

140 
0 

170 
240 

Frozen 
Frozen 
Frozen 
F r o z e n  

PH 

4 .O 

3.7 
3.4 

Cond.  
umho s 

4200 

4300 
3050 

* 3 - 38 



i 

w 

m 

z 

-. 

I 

* ,. 

TABLE 3-16 

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
15 
16 
17 

I 

0 
0 

460 
340 

0 300 
0 320 

i o  
30 
30 

0.8 950 
0 290 

" 

1 0  

Frozen 
0 
0 

0 
0 

0 

0 
0 

0 
0 
0 

I ,  

I t  

- 
3.3 
3.4 

3.4 
3.5 

3.5 
3.8 

4390 

5100 
4100 

4650 

.4730 
3000 

0 
0 

0 
0 

0 
0 

3200 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 
n 

4.1 4080 

25 
24 

26 
27 
28 " 1 0 1  I 0 

0 
0 

3 - 39 
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T.4BL.E 3-17 
- .  C O A L .  'JASTE 1:ramTi 

Date of 
Sampling 28/4/78 9/6/78 23/8/78 Water 

Parameter rxtract. 
of coalg 

Dlss. I Total Diss. ]Total  waste. 
I 

I<O.OOS I<0.005 kf0.005 1(0.005 I I 0.8 I I I 

I I Caldum (Cd) I 760 I 720 1 720 I 800 I I -200 1 I I 

II 

I' 

(0.25 

0.053 
I I I 

20 

.. 

Sodium (Na) 200 1 190  190.  190 . 

1.8 3.5 1 .5  3. b 

0.042 0.093 0.018 <0.04 

zinc (lo) 0.057 0.089 0.089 0.13 15.0 



Date of  
Sampling 

Parameter 
Iiss. (D) ,Total.-(T) 
ANIONS, ORGANIC, 
CALCULATED V K U E S  

Eoron ( B )  
~ 

Chloride (‘21) 

Fluoride (F) 

Sulface (SO4) 
r 

Total-Kjeldahl- 
Nitrogen (N) 
Ni trate-Nitrogen 
(NO. -N) 

Nitrite-Nitrogen 
(NOZ -N) 

Total-Orthophosphate- 
Phosphorus (P)  

Dissolvcd-Total. PO 
Phosphorus (?) 

4 

- 
COD 

TOC 

Fheno 1 

Total Hardness(CaC9,) 

T o t a l  Alkalinlty(CaC03? 

BOD 

D . O .  

COAI. WASTE LFACAA 

3 - 4 2  



l ao le  >-L/ (corlrlnuea) 

Date o f  
Sampling 

\ 
PHYSICAL DATA 

pH (units) 

S p e c i f i c  Conductance 
(umhos/cm 25' C) 

True Color 
(Pt-Co Units)  

Turbidity (NTJ) 

Temperature ( O C )  

(:mg/L), 

To ta l   res idue  

F i l t rab le   re s idue  

Non-f i l trable   residue 

Fixed  total   residue 

Fixed  f i l trable   res idue  

Fixed  non-Filtrable 
residue 

3 - 4 3  



TABLP 3-18 
L LEACPATE 

Disso lved  ( 0 ) .  

Cadmium  (CdZ 

Holybdenum (Mo) I 
I Nicke l  (Nil 



Cab1.e 3-19 (continued) 

Date! of 

Parameter 
Iiss. (D) ,Total ' (T) 
ANIONS,ORCANIC, 
CALCUUTED VALUES \ 
Boron (B) 

Chloride (C1) 

Fluoride  (F) 

Sampling 

Total-Kjeldahl- 
tii t roeen (X )  

X i  era  te-Nitrogen 
(NO3 -N) 

Nitrite-Nitrogmen 
(NO2 -N)  

Total-Orthophosphate- 
Phosphorus  (P) 

Dissolved-Total PO4 
Phosphorus (P) 

___ 

COD 

TOC 

Phenol 

Tot31 €1ardness(CaCO3) 

Total  Alka1ini.ty(CaCO3! 

BOD 

D.O. 

X Saturat ion 



pH (un i t s )  

Spec i f i c  Condu5,tance 
(umhoslcm @ 25 C) 

(Pt-Co Units)  

Turbidity (NllJ) 

Temperature (OC) 

To tal residue 

):on-f i l trable   residue 

Fixed to ta l   re s idue  

Fixed  € i l trable   res idue  

3 - 46 



4.0 A I R  QUALIT!! MONITORING 

4.1  SUSPENDED PARTICULATES 

A network  of s i x  high-volume a i r  samplers was e :stab1 . i shed   in  

1977 t:o monitor  ambient air  suspended p a r t i c u l a t e   l e v e l s   i n   t h e  Kat Creek 

region. Suspended par t icu la te   moni tor ing  was continued  during 1978 a t  

f i v e  of the s i x  monitor ing  s ta t ions to provide  addi t ional  background 

information. 

The loca t ions   o f   the   moni tor ing   s ta t ions   a re   as  follow!;: S t a t ion  

Number 1 is located  along Highway 12; about 10  !a from the mine :site. 

S t a t ion  Number 2 i s  located a t  the  junction  of  the Hat Creek Road and  High- 

way 1 2 ,  near   the  project  of:Eice. S t a t ion  Number 3 was located on top of the  

pump house a t   t h e  Hydro cam;? t r a i l e r .  Th i s   s t a t ion  was abandoned i n  1978 a s  

i t  was i n s t a l l e d  f o r  use  during  the Bulk Sample  Program  which w a s  completed. 

S t a t ion  Number 4 is l oca t ed   i n  Upper Kat Creek a t  the Milner Ranc:h. The 

weather t r a i l e r   a b o u t  3 km :from the mine s i t e  i s  the   loca t ion   of   S ta t ion  

Number 5 .  Sta t ion  Number 6 i s  l o c a t e d   i n  Cac:he Creek. 

The r e s u l t s  of the  1978  suspended par t icu la te   moni tor ing  program 

are presented  in   Tables  4-1 and 4-2. Annual geometric means f o r  1978 

included  data from an  ent i re   year   whereas   only  data   for  the montt:s Apr i l   to  

December  was included i n  the 1977 mean. Nevertheless   the  resul ts ,   for  t h e  

two yea r s   a r e  not markedly d i f f e r e n t   e x c e p t   f o r   s t a t i o n  2 .  Only on one 
occasion  did a specific  value  exceed the PCB 24 hour  average  objective of 
150 u g h  namely  169 ug/m at s i t e  6 i n   t h e  Cache Creek Di s t r i c t   o f f i ce   ya rd .  

The PC13 annual  geometric mea,n of  60 u g h  was met a t  a l l  the s i tes .  

3 3 

3 

4 - 1  
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f 19 Summary o 77 an d 19 

TABLE 4-2  "- 
MU3IENT AIR QUALITY EIONITORINC 

'78 24-Hour Suspended Parcirulace Cancentrat ;lei 

Station I No. of Valid I Number of Observations in Range (Data  in  ug/m3) I Geometric I 
No. and Observations 
Year I ( X  of Total) 

Station I - Highway 12 
Station 2 - Valley  Junction 
Station 3 - E. G. Hydro Camp 

Station 4 - Milner Ranch 
Station 5 - Ideather Trailer 
Station 6 - B .  C. Elydro District Office, Cache Creek 



1 

" 

" 

II 

4 . 2  WEATHER STATIONS 

In 1974 e ight   weather   s ta t ions  were e s t ab l i shed   i n   t he  Hat Creek 

area to  continuously  monitor,  wind run, wind direction,  temperature and 

humidity. The loca t ions  of t hese   e igh t   s t a t ions  are shown in   F igu re  4 - 1 .  

The s ta t ions   coord ina tes  and e leva t ions  are given  in   Table  4 - 3 .  

During  1978 da ta   co l l ec t ion  was continued. This d a t a  is  being 

reduce'd  and p u t  i n t o  computer s torage by the  Environmental  Servic:es  Section,, 

Operations Group. 

4 . 3  AMBIENT AIR CHARACTERISTICS 

In.1977 a program was i n i t i a t e d   t o  measure  physical i n d  chemical 

c h a r a c t e r i s t i c s  of  the  ambient a i r  i n   t h e   v i c i n i t y  of  Hat  Creek.  Four 

monitoring  locations were e s t ab l i shed :   t he   va l l ey   s t a t ion  is  l o c a t e d   a t  

weather s t a t i o n  Xo. 5, shown i n  Fi&ure 4-1: the   mobi le   s ta t ion  i s  located 

in Cache  Creek i n   t h e  Hydro yard:   the   mountah  s ta t ion i s  located  a top 

Pavill . ion Mountain a t  weather s t a t i o n  No. 8; and t h e   p l a n t   s t a t i o n  is  located 

a t  wea::her s t a t i o n  No. 7 ,  shown in   F igure  4-1. A 100 m tower i s  l o c a t e d   a t  

t he   p l an t   s t a t ion  and same va r i ab le  are measured b o t h   a t  ground l e v e l  or 

10 m and a t  100 m. The variables  monitored a t  each  of  these  four  locations 

a re  shown i n  Table 4 - 4 .  The r e s u l t s  of th i s   de ta i led   moni tor ing   a re   repor ted  

t o  B . C .  Hydro monthly  by Western Research and, Development who are  conducting 
t h i s  monitoring program. 



._ 
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TABLE 4 . 2  
I 

- COORDINATES  AND  ELEVATIONS OF HAT CREEK  WEITHER  STATIONS 

8 
F 

North 

50' 50' 10" 

50' 47' 45" 

50' 48' 38" 

500 45' 45" 

50' 45'  20" 

50' 41' 45" 

50' 46' 45" 

50' 58 '  38" 

West 

~~~ ~~ 

121' 32' 30" 

121' 36' 15" 

121' 37' 50" 

121' 35' 15" 

1.21' 36' 40" 

1.21' 2 7 '  15" 

121' 3 1 '  55" 

121' 41' 50" 

Elevations 
(Metres) 

768.1 

838.2 

853.4 

960.1 

1005.8 

2026.9 

1408.2 

2087.9 
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VARIABLE 

Wind Speed & D:Lrection 

Sulphur  Dioxide 

Ozone 

Oxides o f  Nitrogen 

Nitrogen  Dioxide 

Carbon Monoxide 

P rec ip i t a t ion  

Temperature 

Dew Point  Temperature 

To ta l   V i s ib i l i t y  

Atmospheric Haze 

Solar  Radiation 

Barometric  Pressure 

- TABLE 4-4 

AMBIENT A I R  CHARACTERISTICS MONITORING STATIONS 

VALLEY MOBILE MOUNTAIN PLANT,,,  PLANT^^^ MONITORING STATION 

- " 
x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X X 

X 

X 

X 

X 

X 

X 

:x 
:i( 

x 

X 

X 

X 

X X 

X X 

X 
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5.0 EXVTVIRONMENTAL T U C E  E L W N T  STUDIES 

5.1 fNTRODUCTION 
" 

II In  October  1976 a :jtudy was conducted t o  determine t race  

e lement   concent ra t ions   na tura l ly   p resent   in   the   t e r res t ia l  and aquat ic  

environments i n   t h e   v i c i n i t y  of Hat Creek.  Seven materials were  analysed 

including: water, sediments and f i s h  a t  two l o c a t i o n s   i n  Hat Creak and 

a t  two locations  in  the  Bonaparte  River;  and so i l s ,   sh rubs ,   g ra s ses ,   l i chen  

and small m a m a l s   a t   f i v e   t e r r e s t i a l   s i t e s .  This study was conduc.ted 

f o r  E . C .  Hydro  by Environment:al  Research  and  Technology, Inc.  (ER'I') Santa 

Barbara,  California.  In  the  October  1976  survey  three  samples of each 

materia.1 were co l lec ted  from the  sampling  si tes.   In  January and Kay 1 9 7 7  

s ing le  ,samples  of each  materi.31 were col lected from the  sampling s i tes .  

The r e s u l t s  of t h e  1976  and 1977  s tud ie s  are reported b y  ERT 

in   the  : report   ent i t led "Air Cual i ty  and Climate  Effects  of  the  Proposed 

Hat Creek  Project, Appendix E, The Influence  of  the  Project on Trace 

Elementa In  the Ecosystem",  document P-507-F-F, Ju ly  1978 . Host 3f the  

analyses showed normal l eve l s  of t r ace  elements i n  the Hat Creek  receptors 

tes ted.  However, the  concentrat ions of some e lements ,   par t icu lar ly  

f luo r ine  and t i n ,  were found t o  be considerably  greater   than  the  levels  

normally  present in natural  environments. The ERT report   contained no 

explanat.ion of these   except iona l   resu l t s   bu t   d id   recornend  tha t   addi t iona l  
s tud ie s  be  conducted to   p rovide   addi t iona l   da ta   to   enable   the   des ign  of a 

va l id  trace element  monitoring program. 

5 

I n  October  1978, fu::ther trace  element  studies were conducted 

to  provide  additional  daea and to   ver i fy   the   ear l ie r   da ta .   Acres  

Consulting  Services  Limited  were  retained by B.. C. Hydro to   col lect :  

sanrples from t h e   f i v e   t e r r e s t i a l  sampling s i t e s   e s t ab l i shed  by ERT. 

Samples  of soils, shrubs,   grasses and l ichen  were co l lec ted .  The a.quatic 

s i t e s  were not sampled  because the  terrest ia l  s i t e s  showed the   g rea t e s t  

var ia t ions  ar.d considerable da.ta  has  been  developed on sur face  water qua l i t y  

i n  Hat Creek and the  Eonaparte: River. S m a l l  mammals were no t  sampled 

because of t h e   d i f f i c u l t y   i n   c b t a i n i n g  samples. The samples were p r c r c e t  

and analysed by  Chemex Labs Ltd.,  North Vancouver. 

5 - 1  



A descr ip t ion  of the  October  1978  sampling  program,  the 

a n a l y t i c a l   r e s u l t s  and  comparisons to   t he  ERT da ta  a re  presented i.n 

t h i s   s ec t ion   o f   t he   r epor t .  

5 . 2  SAMPLING SITES 

The f i v e  terrestrial sampling s i tes  es tab l i shed  and described 
r 

by ERT are a s  follows: 5 

Number 
S i t e  

Name 
Elevation  Slope 

(feet)   (degrees)  Aspect 

1 Pavilion  Mountain 6,853 20 t o  25 SE 

2 Lower Hat Creek 2,460 10 W 
3 ATTOWStOne Creek 4,920 20 wsw 
4 Cornwall  Mountain 6,678 10 Nw 

5 Ashcrof t 4,510 10 t o  20 14 

The exact locations,   of  these s i t e s  were not   spec i f ied  by ERT, 
however,  approximate  locations were indica ted  on a 1:250,000 map. During 

t h i s   s t u d y  i t  was not   poss ib le   to   ident i fy   any  of t h e   o r i g i n a l  100 m 

si tes,  Itherefore new sites,  which closely  approximate  the  above  conditions, 

were selected.  Tnese si tes were marked with a metal s t ake  which  had 

yellow  tape o r  a ye l low  f lag  on i t .  The sampling s i tes ,  which are indicated 

in   F igu re  5-1, can be reached as follows: 

2 

S i t e  #l - Pavilion  Mountain 

Follow Highway 12 west from Highway  97 u n t i l   j u s t   p a s t   P a v i l i o n  

Lake. T u r n  r i g h t  a t  Milkranch  Creek  onto a d i r t  road t h a t  goes  through 

an Indiam reserve.  This road i s  maintained  by B . C .  Telephone Company f o r  

the microwave s t a t i o n .  Fol1o.w t h i s  road f o r  about 15 ki lometres   to   the 

microwave s t a t i o n .   J u s t  past  t he   s t a t ion ,   fo l low  the   sou theas t   fo rk   i n  

the  road  to  the  end,  approximately 800 metres. These roads a re  not ind i -  

cated on the  government topographical maps bu t  are  shown on the  map included 

i n  t h i s  repor t .  Phoco 1 vas .:aken from the Pavilion  Zountain s i t e  looking 

north.  

5 - 2  





. 

S i t e  1/2 - .Lower Hat Creek 

'Take  Highway 1 2  west from Highway 97 to   the  Bonaparte ' Indian 

Reserve C2. About 2 kilometres by road  from.the  west end of the  Indian 

reserve   there   a re  two bui ldings along the  highway.  Park here and w a l k  

in a sou the r ly   d i r ec t ion   un t i l  an e leva t ion  o f  approximately 2,460 fe,et  

is a t ta ined .  This s i t e   h a s  a slope  of >15' and faces  west. This sit12 

is near   the  center  of Photo 2 .  
__ ~ ~ ~ 

~ ~~~~. 
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S i t e  #3 - Arrowstone  Creek . 
I 

. 

.. 

" 

I 

Follow Highway 97 nor th  from Cache Creek t o  Bonaparte  1ndi.an 

Reserve #3A. Turn right  (northwest)   onto a gravel  road  about  halfway 

through t:k reserve. Follow this road  (which is indicated 2s a "car t  

track" on the government topographical map) past   the   t ransformer  s ta t ion 

t o  a very sharp curve in t h e  road a t  a road  elevation of 4,850 f e e t .  

There is  a l so  a fo re s t   s e rv i ce  marker on a tree on t h e   e a s t   s i d e  of  the  

road a t   t h i s   p o i n t .  From t h i s   p o i n t  on the  road  the s i t e  is about 200 

metres t o  

Photo 3 .  

S i t e  14 .- Cornwall  Eountain 

is st l o r n  i n  

This location  can be reached  fro= :'le Hat Creek s i t e  o r  from 

Highway :L j u s t  south  of  Ashcroft. Th+ rca? is gravel  and well nain:ained 

as there  is a fores t   lookout   s ta t ion  a: :k eo?. The sample s i t e  i:; about 

50 t o  75  netres  southwest of the l so 'mur .  :?.is si:e which faces  northwest 

i s  shown ir. P'lotos 4 & S .  



I 

S i t e  115 - Ashcroft 

Follow paved road  south from Ashcroft  about 12 kF1ometres. A t  

th i s   po in t   there  is a gravel p i t  on the  northeast  si-i? of :%e road  and 

a sharp bend i n  the  road. A gravel  road  to  the wesf is  Lccnted a t  t h i s  

bend in the paved road. Fol low th i s   g rave l   rcad  a2c:: :  1 'x!.Zorretres t o  

ar. e l e v a t h n  o f  4,150 Eeer.  Walking  from t h i s  po::.? c:-.e s z z e  is about 

200 metres to   t he   sou theas t .  
5 - 5  



5 . 3  SAMPLE CCILLECTION 

Samples  were collect ,?d from S i t e  #1 on October 1 7 ,  1978, :from 

S i t e  112 on October 18, from S i t e s  C3 and F4 on October 1 9  and from !Site 

85 on October 20. The weather  during  sampling was warm and sunny  except on 

October 20 when i t  was colder  .and ra iny .  

Three  samples  of  each  material  (grass,  willow,  lichen and s o i l )  

were co l l ec t ed   a t   each   s i t e .  ‘The three  sampling  locat ions  a t   each  s i te  

were chosen i n  a random manner by using a  random numbers char t   to   determine 

d i r ec t ion  from a c e n t r a l   p o i n t .   I n i t i a l l y ,  random dis tances  from the 

cen t r a l   po in t  were t o  b e   u t i l i z e d ;  however,  due t o  t h e  low abundance o f  

the   l i chen  and willow  specimens, t h i s  method could  not  be  employed. All 

samples  were  collected  along a  random d i r e c t i o n   i n   d e g r e e s  from magnetic 

north (+5 ) u n t i l   s u f f i c i e n t   q u a n t i t i e s  were  accumulated. The d is tance  

from the  central   points   ranged from 1 t o  30 metres  depending on sample 

a v a i l a b i l i t y .  

0 

Centra l   po in ts  are marked with metal s takes   wi th  a yellow tape.  

A t  three  ,si te  (Pavilion  Mountah,  Cornwall  Mountain  and  Arrowstone  Creek), 

f luorescent   purple   s takes  were d r iven   i n to   t he  ground f n  order  t o  a s s i s t  

i n  location  of  the random d i r ec t ions .  These sp ikes   a re   loca ted   wi th in  4 

t o  6 metres of   the  central  stake and are not   ind ica tors  of random dis tances .  

The sampler,   wearing  plastic  gloves and using acid-washed (10% 

HN03) stainless steel scissors, cl ipped  the  vegetat ive samples. Grass was 
c u t  3 t o  :i cm above  the  soil ;   willow was sampled by cut t ing  ends of 

branches less than 30 cm i n  length.  Lichens  were  picked from t r e e s .  

As much as possible  (up t o  200 p) of each  sample was co l lec ted .  

However, it was not   poss ib le   in   some’areas   to   co l lec t   the   spec i f ied  

200 gm due t o  time andlor  a low abundance of the  specimen.  Samples  were 

p l aced   d i r ec t ly   i n to   l abe l l ed  w h i t e  paper  bags  then  double bagged  and 

s e n t   t o  Va.n:ouver t o  b e  analyzed. 
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Soi l  samples were co:.lected from the  top 5 cm using an  acid- 

washed s t a i n l e s s  steel  knife and p l a s t i c   t r o w e l .  A minimum of  200 g o  

of each soil sample was c o l l e c t e d .   S o i l  samples were placed  into 

label led ,   heavy  p last ic   bags  and s e n t   t o  B. C .  Eydro,  Vancouver, B .  C. 
A t y p i c a l   s o i l  sample c o l l e c t i o n  s i t e  is s h o m  i n  Photo 6 .  
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. 5 .4  ANALYTICAL  PROCEDURES 

In   the   l abora tory   the   g rass ,   shrub ,   l i chen  and s o i l  samples 

were dr ied  a t  4 5 O C ,  weighed  and mil led t o  minus 20 mesh. The sample 

preparat ions and analyses  were ca r r i ed   ou t  by Chemex Labs Ltd., Nor.th 

Vancouver, as follows: 

(ii) 

(iii) 

Cu, Mo, Pb, Zn, Cd, Fe: Samples were wet-ashed  with a cornbina- 

t i on  of n i t r i c  and perchlor ic   ac ids  and each  metal was determined 

by d i r e c t  atomic  absorption  using  Varian AA.5 o r  AA6 spectuophoto- 

meters.  Pb, N i  and Cd were corrected by  background absorption. 

As, Se: An a l iquo t  of  the  above  solution was reduced  and  both 

elements were analyzed a s   t h e i r   h y d r i d e s  via hot  vapour  f laneless 

atomic  absorption us:.ng a Varian AA6 spectrophotometer. 

Hg: Samples were d i g e s t e d   w i t h   n i t r i c  and sulphuric  acids: ,  

potassium  permanganate  and  potassium  persulfate. Mercury was 

reduced  and  analyzed  via  cold  vapour U . V .  absorption  using a 

Jarrel l  Ash spectrophotometer. 

Sr,  Cr, Co, Be, V: 5:amples were dry-ashed a t  550°C, digested 

with  ni t r ic   perch1ori .c  and hydrof luor ic   ac ids  and  analyzed  by 

direct   atomic  absorpt. ion.  

F: Samples were ashed a t  55OoC using NaOH as  an  ashlng a id .  

The ash was fused  with sodium carbonate,  leached  with  water, 

buffered and  analyzed fo r   f l uo r ide   w i th  a spec i f ic   ion   e lec t rode .  

Sn: Samples were ashed a t  550°C fused with amonium iodidca, 

leached,   extracted and analyzed by atomic absorption. 

Boron: Samples were ashed  overnight a t  550°C and the  ash was 

dissolved in hydrochloric and n i t r i c   a c i d s .  The use of norna l  

Pyrex g l a s s  ware (bo ros i l i ca t e   g l a s s )  was avoided. Sample:$ were 

ashed t o  porcelain and leached in   polyethylene  containers .  The 

resu l t ing   so lu t ions  were analyzed  (by Cantest Ltd.)  -2sing an 

inductively-coupled plasma torch.  
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(v i i i )   Sulphate :  Samples were digested  with  aqua  regia ,   d i luted and 

f i l t e r e d .  The resul lc ing  c lear   solut ion was treated  with  barium 

ch lo r ide  and appropr ia te   reagents   to   y ie ld  a barium  sulphate 

p r e c i p i t a t e  which w a s  measured turb id imet r ica l ly .  

( i x )  Uranium: Duplicate  analyses were performed in most cases  except 

when s u f f i c i e n t  samp:.e was not avai lab le .  The dupl ica te   ana lyses  

inc luded   s epa ra t e   ve igh ing~and   d ige r t ion / fus ion   i n   a l l  cas:es. 

5 .5  ANALYTICAL RESULTS AND DISCUSSIDJ 

The r e s u l t s  of the  trace element  analyses  are shown i n  Tables 

5-1 t o  5 - 4 .   A t  each  of  the  f ive si tes,  three  samples  of  each  material 

were co l lec ted .  These r e su l t s   a r e   p re sen ted  as numbers 1, 2 and 3 i n   t h e  

tables .  Each number reported is ,  i n  most  cases,   the  average  of  duplicate 

analyses.  Number 4 is the  average  of three samples co l lec ted  i n  Octm3ber 

1976  and  analysed  by ERT . One sample of each of the   four   mater ia l s  

co l lec ted  was subdivided and submitted  as  three  separate  samples  for 

analyses to evaluate  the  accuracy  of  the  analytical  procedures. .These 

b l ind   t r i p l i ca t e   ana lyses   a r e   r epor t ed  i n  the t ab le s  as th ree  number 1's. 

5 

The concentrations  of most trace  elements i n  the  grass samples 

co l lec ted   in   October  1978 are similar t o   t h e   l e v e l s  found by ERT i n  

samples  collected in October  1976. However, t h e  levels of some elements 
d i f f e r   s i g n i f i c a n t l y .  The l a rges t   d i f f e rence  was i n  t h e  l e v e l   o f   t i n .  

The concentrat ions  reported by 'ERT ranged  from 10.3 t o  161  mg/kg, 5 

while a l l  analyses   indicated less than 1 mg/kg in   the  grass   samples  

co l lec ted  in October  1978.  Other elements which showed d i f fe rences  in 
concentrations between the  October 1976  survey  and  the  October  1978 

surveys were boron,  copper,  fluorine  and molybdenum. Except f o r  boron, 

a l l  of these elements were found a t  higher   concentrat ions  in   the 1976  

ERT survey. 

'me r e s u l t s  of  the  bhrub  analyses were s imi l a r   t o   t hose   fo r  

t h e  grass. A&n the   concent ra t ion   of   t in  found by ERT i n  October 1 9 7 6  

were exceoclona2lg  high  exceeding  the  levels found i n  1975 by as much as  

800 times. The :cncestrations of  chromium, cobal t ,   copper ,   f luorine,  

molybdenm mti ;:i?.c %%re   a l so   s ign i f i can t ly   h igh  i n  1976 than in 19;s. 
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The lichen  samples  al.so showed exceptionally  high levels of tin 

i n  t h e  19'76 ERT survey. Much lower l e v e l s  of t i n  were  found in 1078. Boron 

and  mercury  were  lower i n  the 1976 survey  than i n  1978,  while  copper,  fluorine 

and molybdenum were  higher. 

The r e s u l t s  of the soi ls  analyses   a lso  indicate  much great(er t i n  

l e v e l s   i n  t h e  ERT da ta   fo r  1976 than i n  1978.  Beryllium  concentrations 

were generally  lower i n  the  1976  survey and molybdenum  and selenium  were 

h ighe r   t hm i n  1978. 

The l e v e l s   o f   t i n  found in t h e  four plant  and so i l  material!s i n  
October  1978 a re  w i t h i n  the nonnal range  found in n a t u r a l  environmen1:s. 

The 1976 va lues   a re  10 to  1000 !times higher  than  values  normally  found. 

Contamination  of  the 1976 samples  seems  the  most l ike ly   explana t ion   for  

the  exceptionally h i g h  concentrations of t i n .  Chemex (personal  comunication) 

indicated  that   they had  found t i n  contamination,  probably from drying ovens, 

t o  be a problem when doing mass spectrometry b u t  they  did  not  determine  the 

exact  source of  the  t i n  contamination. 

:In addition  to t i n ,  th.e l eve l s  of  copper,  fluoride and molybdenum 

i n  a l l   f ou r   ma te r i a l s   t e s t ed  were consistently  lower i n  the 1978 survey 

than i n  the 1976 survey. The 1976 samples  were  analysed by spark  soutce 

mass spectrometry (SSMS). ERT report   qual i ty   control   checks using  U. S. 

National Bureau  of  Standards (NBS) f l y  ash  standards,   to  verify  the  spark 

source mass spectrometry  methods. No vegetat ion or animal  standards were 
analysed. O f  the  four elements, tin, copper ,  fluoride  and  mlybdenum, 

only  copper was par t  of t h e  f l y  .ash standard. The standard had a c e r t i f i e d  

copper  concentration  of 28 +5 mglkg. The r e s u l t   r e p o r t e d   f o r   t h e  SSMS method 

was 130 mg/kg, a f ac to r  of 5 higher   than  the  actual   level .  The concentrations 

of  several  other  elements  measured i n  t h e  NBS standard by t h e  SSMS method 

d i f f e red   s ign i f i can t ly  from the   cer t i f ied   va lues .  In most cases,   the 

concentration  determined by the SSMS method was higher   than  the  cer t i f ied 

value,  rather  than  lower. Thus r:he higher   levels  of cer ta in   t race  e lements  

in the  1976 ERT survey  could be  d:ue to   the  higher  than a c t u a l   r e s u l t s  of 

the SSMS analytical   procedure.  In subsequent  surveys in January and Hay 1977, 

ERT abandonod the SSMS methois i n  favour of the more accurate  method,  .atomic 

absorption  :;pectrophotometry,  the method used by Chemex for  the  Oct.  1'978 survey. 

5 
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Overall,  concentrations of a l l  of the  trace  eleaents measured 

in  the October 1978 survey are within the range of values  normally f'ound 

i n  natural.  environments. 
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