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Technical Report 

Overview  
     

 
 
 
 
Report: Calcite Monitoring Program 2015 Report 
 
Overview: This report presents the 2015 results of the calcite monitoring program required under Permit 
107517. This report summarizes the degree and extent of calcite formation in specific stream reaches 
within the Elk Valley watershed.   
 
This report was prepared for Teck by Lotic Environmental Ltd.  
 
For More Information 
If you have questions regarding this report, please: 
• Phone toll-free to 1.855.806.6854 
• Email feedbackteckcoal@teck.com 
 
Future studies will be made available at teck.com/elkvalley 
 
 
 
 
  
 
 
 
 
 
 
 



 

20

 
 

 
 

 
 
 
 
 
 
 

 

015
An

Tec
5 Ca

nua
Po

 

ck C
alcit
al & 
wer

Elk 

M

Pre

Lotic Env
2193 

Cran
V

  

 

 

Coal
te M
 Sta

r Re
 
 

 Vall

 
 
 

May 2016 

epared by 
 

vironmenta
 Mazur Ro
nbrook BC

V1C 6V9 

l Lt
Mon
atis
epor

ley   

 

al Ltd. 
oad 
C 

  

td. 
nitor

tica
rt  

ring
al 

g 



 

Sugge
 
Robinson

Va
Pre

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On beha
 

Mike Rob
Senior A
mike.rob
 
 

 

sted cita

n, M.D. M. C
lley 2015 C
epared for T

lf of Lotic En

binson MSc,
quatic Ecolo
inson@lotic

            

tion 

Chernos, K. 
Calcite Mon
eck Coal Ltd

nvironmenta

 
, RPBio  
ogist  
.co 

 

                      

Baranowsk
nitoring Pro
d by Lotic En

l,  

            

ka, and R.J. 
ogram Annu
nvironmenta

 
 

Te
2015 Cal

MacDonald
ual Report 
al Ltd. 17 pp 

eck Coal Lt
lcite Monit

d. 2016. Tec
and Progra
+ appendice

td – Elk Va
toring Prog

ck Coal Ltd 
am Assessm
es. 

 

ii 

alley 
gram 

– Elk 
ment. 



 

Ackno
 
We woul
and in p
would als
Fraser U
 
 
 
 
 

 

wledgem

d like to tha
articular wit
so like to tha
niversity) fo

            

ments 

ank Kevin At
th reviewing
ank Dr. Carl 
r reviewing t

 

                      

therton and 
 the initial w
Schwarz (D

the statistica

            

Leigh Stickn
work plans, 

Department o
al assessme

Te
2015 Cal

ney for their
field work,

of Statistics 
nts in this re

eck Coal Lt
lcite Monit

r involvemen
and final si
& Actuarial 

eport.  

td – Elk Va
toring Prog

nt in this pro
ite selection
Science – S

 

iii 

alley 
gram 

ogram 
n. We 
Simon 



 

Table 

1 Intro
1.1 
1.2 

2 Met
2.1 
2.2 
2.3 

2.3.
2.3.

2.4 
2.4.
2.4.
2.4.

3 Res
3.1 
3.2 
3.3 

3.3.
3.3.

3.4 
3.4.
3.4.
3.4.

4 Sum
5 Rec
6 Lite
 
 

List o

Figure 1.
Figure 2.
and year
Figure 3.
and year
Figure 4.
Figure 5
95% con
Figure 6.
selected 
Figure 7
shading 
Figure 8.
the entire
shaded a
 

of Cont

oduction .....
Study area 
2015 Monito
hods ..........
Field survey
2015 Calcite
Rate of cha
 Regres1
 ANOVA2

Program as
 Site-lev1
 Reach-2
 Pebble3

sults ............
Summary o
2015 Calcite
Rate of cha
 Regres1
 ANOVA2

Program as
 Site-lev1
 Reach-2
 Pebble3

mmary .........
commendatio
rature Cited 

f Figure

. Elk River w
. Percent dis
r (each year 
. Percent dis
r (each year 
. Within-site 
. Empirical p
fidence inte
. Modelled d
number of s
. Modelled 
indicates 95
. Absolute p
e dataset (2
areas corres

            

tents 

...................

...................
oring site loc
...................
ys ...............
e Index and 

ange in calcit
ssion analys
A .................
ssessment ...
vel variability
-level variab

e count samp
...................

of QA/QC Iss
e Index and 

ange in calcit
ssion ...........
A .................
ssessment ...
vel variability
-level variab

e count samp
...................
ons .............
...................

es 

watershed stu
stribution of 
sum to 100%

stribution of 
sum to 100%
standard de
polynomial r
rvals. ..........
differences (
samples per 
and observe

5% confidenc
percentage d
013-2015). B

spond to 95%

                      

...................

...................
cations ........
...................
...................
general dist

te deposition
is ................
...................
...................
y ..................
ility .............

ple size asse
...................

sues ............
general dist

te deposition
...................
...................
...................
y ..................
ility .............

ple size asse
...................
...................
...................

udy area ma
exposed st

% for the str
reference st
% for the str
eviation vers
relations for
...................

(CI/year) as 
site. ...........

ed detection
ce interval). .
difference fo
Blue lines co

% confidence

            

...................

...................

...................

...................

...................
tribution .....
n .................
...................
...................
...................
...................
...................
essment .....
...................
...................
tribution .....
n .................
...................
...................
...................
...................
...................
essment .....
...................
...................
...................

ap. ..............
ream kilome
ream catego
tream kilome
ream catego
us CI. ........

r each year 
...................
a function o
...................
n levels for 
...................

or concretion
orrespond to
e intervals. .

Te
2015 Cal

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................
eters among
ory). .............
eters among

ory). .............
...................
of record. S
...................
of the reach-
...................
nine sites w
...................

n, presence, 
o the loess-s
...................

eck Coal Lt
lcite Monit

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................
g CI bins by 
...................
g CI bins by
...................
...................

Shaded area
...................
-averaged c
...................

with N = 3 
...................
 and calcite
smoothed be
...................

td – Elk Va
toring Prog

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................
stream cate

...................
y stream cate
...................
...................
as correspo
...................

calcite index 
...................
and N = 6 
...................
 index score
est-fit, while
...................

 

IV 

alley 
gram 

...... 1 

...... 2 

...... 4 

...... 4 

...... 4 

...... 5 

...... 5 

...... 5 

...... 6 

...... 6 

...... 6 

...... 6 

...... 7 

...... 8 

...... 8 

...... 8 

.... 10 

.... 10 

.... 11 

.... 12 

.... 12 

.... 13 

.... 16 

.... 18 

.... 20 

.... 21 

...... 3 
egory 
...... 9 
egory 
.... 10 
.... 12 
nd to 
.... 14 
for a 

.... 15 
(grey 
.... 16 
es for 
e grey 
.... 17 



 

List o

Table 1. 
Table 2. 
for 2015.
Table 3. 
Table 4. 
Table 5. 
identified
Table 6. 
Table 7. 
deviation
Table 8. 
achieve s

 
List o

Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
 

Defini

 D

 E

 E
co

 H
c
m

 R
ri

 R

 S
b
e

 S
T

f Tables

Equations fo
Stream calc

. ..................
Reaches wi
Mean CI va
ANOVA res

d from Tukey
Site-mean C
Reach-mea

n). ...............
Estimated 

select detec

f Appen

x 1. Sites vis
x 2. Calcite s
x 3. 2015 Elk
x 4. Calcite d
x 5. Regress
x 6. Bar grap

itions 

Degree – The

Exposed – St

Extent – The
overed at a 

Habitat unit 
haracteristic

mesohabitat. 

Reach – A re
parian cove

Reference – A

Sampling uni
e considere
ntire reach. 

Site – A loca
These are r

            

s 

or Calcite pr
cite distribut
...................
th significan
lues by year

sults for reac
y’s HSD test
CI values for
an CI values
...................
number of 
table differe

ndices 

sited by prog
site data. 
k Valley calc
distribution m
sion analysis
phs (with 95

e amount of 

tream locatio

 spatial cove
specific loca

– A distinc
cs (e.g., riffl

elatively hom
r and flow (R

An area with

t – A single 
ed the samp
 

ation within 
replicate ob

                      

resence (CIp
ion (km) est
...................

nt changes fr
r for reaches
ches with sig
t are also ind
r ten sites sa
s for nine rea
...................
samples (N
nces (d). .....

gram year 

cite monitori
maps 
s results for 
% confidenc

calcite depo

ons with min

erage of cal
ation or linea

ct channel 
e, pool, glid

mogeneous 
RISC 2001).

hout upstrea

unit used to
pling unit fo

a reach wh
bservations

            

) and Calcite
timates for t
...................
rom 2013 – 2
s with signific
gnificant effe
dicated. ......
ampled in trip
aches samp
...................

N) as well a
...................

ng results by

reaches sam
ce intervals) 

osition estim

ne-influenced

lcite deposit
ar coverage

unit posse
de, cascade

section of s

am mining ac

o describe a
r estimating

here observa
(sample un

Te
2015 Cal

e concretion
he four stre
...................
2015. ..........
cant change

ect of year. S
...................
plicate. .......

pled at three
...................
s 90% conf
...................

y stream rea

mpled in eac
of reach me

mated by the 

d water. Are

tion which c
over a strea

essing homo
e). Also refe

stream in te

ctivity. 

a larger entit
g the averag

ations of ca
nits) within 

eck Coal Lt
lcite Monit

n (CIc). .........
am categori
...................
...................

es. ...............
Significant y
...................
...................

e and six site
...................
fidence inte
...................

ach 

ch of Year 1,
ean CI from 

level of con

eas downstre

an be expre
am profile. 

ogeneous g
erred to as 

erms of chan

ty. For exam
ge calcite co

alcite deposi
the treatme

td – Elk Va
toring Prog

...................
ies, by CI ra
...................
...................
...................
ear-year pa
...................
...................
es (SD=stan
...................
rvals require
...................

, 2, and 3 (2
2013 – 2015

cretion. 

eam of minin

essed as an 

geomorpholo
channel un

nnel morpho

mple, a site c
overage ove

ition were m
ent unit (re

 

V 

alley 
gram 

...... 5 
anges 
...... 9 
.... 10 
.... 11 
irings 
.... 11 
.... 12 
ndard 
.... 13 
ed to 
.... 16 

015). 
5. 

ng. 

area 

ogical 
nit or 

ology, 

could 
er an 

made. 
each). 



1 Intr
Teck Co
(Berdusc
2013 to 
mine ope
from 201
report pr
understa
 
This rep
Monitorin
year follo
informati
provide a
reviewing
 
There are

1. D
co

2. S
W
fo

3. P
m

4. P
ef

 
 
Unique to
recomme
years of 
  
A key fe
depositio
watershe
stream s
ensure th
provide a
 
Teck is w
identified
in the Elk
actions a
objective
informs K
consisten
 

roductio
al Ltd (Teck

co 2009). Th
refine Teck’
erations (Ro
3 – 2015. T

resents and 
nding of cal

ort is being
ng (Section 
owing the da
on to fulfill 
a document 
g monitoring

e four key o

Document the
oal operatio

Satisfy calcit
Water Qualit
ormation, by 

Provide infor
management

Provide data 
ffectiveness

o this Year 3
endations fo
the Program

ature of the
on over a co
ed, stream, 
substrate pa
hat they are
a holistic ass

working with
d key uncert
k Valley and
are appropri
es and requ
Key Uncerta
ntly? 

            

on 
k) has been
he current C
’s ability to 
obinson et a
This year (20

discusses t
cite depositi

g submitted 
9.5) Annual

ata collection
the Permit
investigatin

g results 

bjectives of 

e extent and
ns and in ref

te-specific m
ty Plan (EV
monitoring 

rmation to s
t decisions a

to facilitate 
 in detecting

3 report is th
or modificati
m. 

e Program w
ontinuous str
reaches, an

articles. The
e appropriate
sessment of 

 the EMC to
ainties, or g
 which, if red
iate or lead

uirements of
ainty 4.1.2 - H

                      

n documenti
Calcite Mon
estimate the

al. 2013). T
015) marks Y
the results o
on and asse

to fulfill Pe
 Report mu

n calendar y
t 107517 Se
ng the statis

the 2013-20

d degree of 
ference stre

monitoring r
VWQP) com
changes ove

support iden
as presented

an ongoing 
g and describ

he objective 
ions to the 

was that it w
ream networ
nd ultimately
ese results 
ely worked b
calcite depo

o develop an
aps in curre
duced, are l
 to refineme
f Permit 107
How can ca

            

ng calcite o
nitoring Prog
e linear exte
he Program
Year 3 of m
of 2015, but 
essment of v

ermit 107517
st be submi
ear.” In add
ection 10.6 
tical power 

015 Program

calcite depo
ams. 

regulatory r
mmitment to 

er time. 

ntification of 
d in the Elk V

evaluation o
bing calcite 

to critically 
field and a

was designe
rk. The Elk 
y sites wher
are then st
back up from
osition throu

n Adaptive M
ent understa
ikely to eithe
ents or cha
7517. The 
lcite degree 

Te
2015 Cal

occurrence i
gram (the P
ent of calcit

m was imple
onitoring fol
also includ

various prog

7 Section 1
itted to the 
ition, this 20
requiremen

of the calcit

m: 

osition in str

requirements
assess the

“priority str
Valley Water

of the samp
deposition.

assess the 
analytical m

d to provide
River waters
re observati
tatistically a
m the site le
ghout the E

Managemen
anding that r
er help confi

anges that w
2013-2015 
 and extent 

eck Coal Lt
lcite Monit

n the Elk V
Program) wa
te deposition

emented on 
lowing the c
es an updat
ram compon

0.6 which s
Director by 

015 report in
nt that “the 
te monitorin

reams down

s, including
e rate of c

reams” in re
r Quality Pla

ling method

current prog
ethods use

e spatial est
shed has be
ions are ma

assessed an
evel to a wa
lk Valley.  

nt Plan (AMP
relate to calc
irm that curr
would better
Calcite Mon
be measure

td – Elk Va
toring Prog

Valley since 
as establish
n downstrea
an annual 

current plan.
te on the cu
nents. 

states “A C
May 31, of 

ncludes addit
Permittee 

ng program w

nstream of T

g the Elk V
hange in c

egards to c
an (Teck 201

s used, and

gram and pro
d in subseq

timates of c
een stratified
ade on indiv
nd interprete
atershed sca

P). The AMP
cite manage
rent manage
r satisfy EVW
nitoring Pro
ed effectively

 

1 

alley 
gram 

2008 
ed in 

am of 
basis 
. This 
urrent 

alcite 
each 
tional 
must 
when 

Teck’s 

Valley 
calcite 

calcite 
4). 

d their 

ovide 
quent 

calcite 
d into 
vidual 
ed to 
ale to 

P has 
ement 
ement 
WQP 

ogram 
y and 



1.1 St
The stud
British C
downstre
Elkview O
of the E
(Robinso
monitorin

tudy area
dy area was
Columbia (Fi
eam of For
Operations, 
lk River, wh

on and Ma
ng field prog

            

a 
defined to 

gure 1). Sit
rding River 
and Coal M

hich extends
cDonald 20
rams.  

                      

include eac
es are locat
Operations

Mountain Op
s to Fernie,
014) and Y

            

ch of Teck’s 
ted through

s, Line Cre
perations. Th
, BC. This s

Year 2 (Ro

Te
2015 Cal

five coal m
out the Elk 
ek Operatio
he downstre
study area 

obinson and

eck Coal Lt
lcite Monit

mining opera
Valley to e

ons, Green
eam study lim
was consis

d MacDona

td – Elk Va
toring Prog

tions in sou
encompass a
hills Operat
mit was Rea
tent with Ye
ld 2015) c

 

2 

alley 
gram 

uthern 
areas 
tions, 
ach 8 
ear 1 

calcite 



Figure 1. Elk River w

            

watershed s

                      

study area 

            

map. 

Te
2015 Cal

eck Coal Lt
lcite Monit

td – Elk Va
toring Prog

 

 

3 

alley 
gram 

 



1.2 20
Lotic Env
incorpora
from Yea
with eac
managem
changes 

Sites rem

 R
fo
2
co
to
P
n
E

 S
p

 D
lo

Sites ad

 T
S

 T

 S
E

 O
lim

 
A comple
locations
 

2 Me
 

2.1 Fie
Field me
surveys 
physicall
calcite w
quantify 
two para

015 Monit
vironmental 
ate feedbac
ar 2 (Robins
ch mine ope
ment. In tota
to the Progr

moved (N=3

Removal of l
ound to be i
013). Challe
overage ove
o remove len

Program (13/
etworks su

Environmenta

Safe access: 
lan following

Diversions by
onger existed

ded (N=42) 

Thirty-three s
Section 2.4). 

Two new site

Six sites wer
Extension. 

One site ide
mitations.  

ete list of si
s are provide

ethods 

eld surve
ethods follow
began with 
y inspecting

was observe
the level of 

ameters are 

            

toring sit
and the Te

ck received 
son and Ma
eration to en
al, 358 sites 
ram made in

38) 

entic sampl
nconclusive
enges arose
er waterbodi
ntic sites wa
/347) and th
urrounding 
al Monitoring

A total of 23
g an assessm

y Teck opera
d as a result

sites were a
 

es were locat

re added to

entified in p

tes sampled
ed in Append

eys 
wed Year 2 

a visual ass
g individual r
ed, a modifi
concretion, 
used to qua

                      

te location
eck Coal pro
from variou

acDonald 20
nsure safe 
from 124 st

n the Year 3 

ing areas: 1
 following th
e with acce
es that inclu
s based on 

he fact that a
these featu

g Committee

3 sites from 
ment that ide

ations: Two 
t of water co

dded for site

ted on a stre

o cover the 

revious pro

d by program
dix 4. 

procedures 
sessment of
rocks for calc
ed Wolman
calcite pres
antify the de

            

ns 
oject team d
us agencies
015). The Ye

work condit
tream reach
sampling pl

13 sites from
he Year 1 a
ess into dee
uded large a
their low pro
adequate sp
ures. Advic
e established

13 reaches 
entified site 

sites on sep
ourse diversi

e and reach

eam unident

proposed fu

grams, but 

m year is p

(Robinson a
f the stream
cite over a m

n pebble co
sence/absen
egree of ca

Te
2015 Cal

developed t
s, and to in
ear 3 sampl
tions and to

hes were sur
lan: 

m 9 lentic re
nd 2 sampli

eper water a
areas of fine 
oportion of to
patial covera
ce on this
d under Perm

were remov
access to be

parate reach
ons. 

h level varia

tified in prev

uture Green

unable to 

rovided in (A

and MacDon
mbed by wad
minimum str
ount (Wolma
nce, and diam
lcite presen

eck Coal Lt
lcite Monit

the Year 3 s
corporate re
ling plan wa
o discuss c
rveyed in 20

eaches. Len
ing protocol 
and interpre
sedimentati

otal site repr
age remaine
s was rece
mit 107517. 

ved from the
e high risk. 

hes were rem

bility assess

ious program

nhills Opera

be sampled

Appendix 1

nald 2015). 
ding through
ream length 
an 1954) w
meter of 100

nt, also refer

td – Elk Va
toring Prog

sampling pla
ecommenda
as then revie
changes in w
015. A numb

tic sampling
(Robinson 

etation of s
ion. The dec
resentation i
ed on the st
eived from

 Year 2 sam

moved as the

sments (see

ms. 

tions Couga

d due to lo

). Maps of r

In summary
h the stream
of 100 m. W
as conducte
0 rocks. The
rred to as c

 

4 

alley 
gram 

an to 
ations 
ewed 
water 
ber of 

g was 
et al. 
patial 
cision 
in the 
tream 
 the 

mpling 

ey no 

e also 

ar Pit 

ogistic 

reach 

y, the 
m and 
Where 
ed to 
e first 

calcite 



index (C
were com
photo loc
at new si
 
Sites add
assess v
Environm
habitat ty
 
 

2.2 20
The CI w
and calc
Fording 
mainstem
Appendix
 
The sam
distributio
CI scores
mapped 
provided 
 

Table 1. 

Metric

Calcite

Calcite

Calcite

 
 

2.3 Ra

2.3.1

Change 
longer te
in Year 1
Significa
slope (∆
those wit
neutral s
all three 
. 

Cl). Estimate
mpleted at a
cations and 
ites that wer

ded to the Y
variability in
mental Monit
ype data coll

015 Calcit
was calculate
cite concreti

and Elk m
ms (exposed
x 3. 

me CI ranges
on of CI by 
s from 0.00 
to depict th
in Appendix

Equations 

e presence 

e concretion 

e index 

ate of cha

 Regress

in calcite de
erm data set 
1, 2, and 3. T
nce was sel
CI/year). Re
th statistical
ites remaine
years were 

            

es of canopy
ll sites. Site 
notable fea

re not previo

Year 3 sam
 CI. This c
toring Comm
lected. Site d

te Index a
ed at the sit
on (Table 1

mainstems (
d), and (4) tri

s or “bins” u
stream leng
– 3.00 (repr
he spatial d
x 4. 

for Calcite 

Equat

௣ܫܥ ൌ

௖ܫܥ ൌ

ange in c

sion analy

eposition has
can be acq

The regress
lected to be
eaches with 
ly significan
ed in the trad
mapped in b

                      

y cover, rip
specific det
tures. Chan

ously surveye

mple plan fo
omponent w

mittee. As su
data includin

and gene
te level by s
1). Results
(reference), 
ibutaries (ex

used in Yea
gth. Six bins 
esenting low

distribution o

presence (C

tion 

ൌ ݁ݐ݈݅ܿܽܥ ݎܲ

݁ݐ݈݅ܿܽܥ ݊݋ܥ

calcite dep

ysis 

s been asse
uired. Regre

sion analysis
e conservativ

statistically 
t decreases
ditional blue
black font. R

            

parian veget
tails for all si
nnel morpho
ed (Robinso

r variability 
was added 
uch, those s
ng sampling

eral distri
summing the

were summ
(2) tributa

xposed). Sum

ar 1 and 2 w
of 0.5 CI in

w to high cal
of calcite re

CIp) and Ca

݁ܿ݊݁ݏ݁ ݎ݋ܿܵ

݊݋݅ݐ݁ݎܿ ݎ݋ܿܵ

ܫܥ ൌ ݐ݈݅ܿܽܥ

position

ssed using r
ession analy
s evaluated t
ve with an a
significant 

s were colou
e font (Appen
Regression re

Te
2015 Cal

tation type, 
ites were de
logy measu

on 2013).  

assessmen
based on a
sites did not
location are

ibution 
e following tw
marized for 
ries (refere
mmary of CI

were again u
tervals were
cite levels). 

elative to ea

lcite concre

݁ݎ ൌ
ܾ݁݉ݑܰ
݉ݑܰ

݁ݎ ൌ
݉ݑܵ ݂݋
݉ݑܰ

݁ݐ ݔ݁݀݊ܫ ൌ ܥ

regression a
ysis was app
the relations
alpha value 
increases w

ur coded on 
ndix 4). Rea
esults are pr

eck Coal Lt
lcite Monit

and periphy
elineated on 
rements we

nts were use
advice from 
t have partic
e provided in

wo metrics: 
four stream

ence), (3) F
I for 2015 ar

used in Yea
e used to div
Stream reac

ach of the m

etion (CIc). 

ݎ݁ ݂݋ ݈ܾܾ݁݁݌
ݎܾ݁݉ ܾܾ݁݌	݂݋
݂ ݊݋ܿ	݈ܾܾ݁݁݌
ݎܾ݁݉ ܾܾ݁݌	݂݋
௣ܫܥ ൅  ௖ܫܥ

as an interim
plied on all r
ship of CI ve
of α = 0.10 

were mappe
the maps in

aches that w
rovided in Ap

td – Elk Va
toring Prog

yton/algae c
a map, inclu

ere only colle

ed to specif
the PE 10

cle diamete
n Appendix 2

calcite pres
m categories
Fording and
re provided i

ar 3 to repo
vide the ran
ch mean CI
mines. Maps

݈݅ܿܽܿ	݄ݐ݅ݓ	ݏ݁
݀݁ݐ݊ݑ݋ܿ	ݏ݈ܾ݁
݊݋݅ݐ݁ݎܿ݊ ݎ݋ܿݏ
݀݁ݐ݊ݑ݋ܿ	ݏ݈ܾ݁

m measure u
reaches sam
ersus time (y

when asse
d using red 
n green font

we not sampl
ppendix 5. 

 

5 

alley 
gram 

cover 
uding 
ected 

fically 
07517 
r and 
2. 

sence 
s: (1) 
d Elk 
n  

rt the 
nge of 

were 
s are 

݁ݐ
݀

 

ݏ݁ݎ
݀

until a 
mpled 
year). 
ssing 
font, 

t, and 
led in 



2.3.2

Trend an
mean CI 
ANOVA a
for signif
Tukey’s 
specific y
α = 0.05 
in Appen
 
 

2.4 Pr
The 201
reassess
been co
indicate 
calcite de

2.4.1

Ten sites
the pebb
different 
within a s
(to ensur
selected 
(CI=1-2),
deviation
the range
variability
commen

2.4.2

Replicate
understa
inform fu
 
A subsam
six sites 
et al. 20
averagin
the reac
12.5, 37
derived f
 
All reach
order to 
mean rea
Separate

 ANOVA 2

nalysis typic
from 2013-2
analysis was
ficant differe
post hoc an
year-year pa
was used in

ndix 6. 

rogram as
13-2015 Ca
sing (Robins
mpleted to 
how specifi
eposition do

 Site-leve

s were samp
ble count me
sets of pebb
site. Reache
re sites did n
based on h

, and high 
ns were plott
e of variabil
y at a reach
t on the repr

 Reach-le2

e sampling w
nd the numb
ture samplin

mple of nine
included the

013). The P
g CI values 
h length. Th
.5, 62.5, an

from three (N

hes sampled
characterize

ach CI and m
e equations w

            

cally require
2015 was al
s used to ide
ences amon
nalysis was 
airs that had
n this assess

ssessme
alcite Monito
son et. al 20
assess the 
c Program 
wnstream of

el variabil

pled in triplic
ethod. Triplic
bles in the s
es were sele
not overlap 
historical CI
(CI=2-3) ca
ted as a fun
ity versus C
h-level. The
roducibility o

evel varia

was complet
ber of sites 
ng program d

e reaches we
e typical 25,
rogram was
from three s

hree additio
nd 87.5% o
N=3) and six

d at three sit
e the within
mean reach 
were used f

                      

es long term
so assess u
entify if year
ng any yea
run where 

d significantly
sment. Bar g

ent 
oring Progr
013); with 20

current und
components
f mining acti

ity  

cate to asse
cate samplin
ame site wh

ected for rep
spatially) an

I values to e
ategories ba
nction of mea
CI, the overa
e results of 
of the pebble

bility 

ted to asses
required to d
design.  

ere sampled
 50, and 75
s designed 
sites per rea
nal sites we

of these nin
x (N=6) sites

tes in three 
-reach sam
standard de

for each indi

            

m data sets 
sing ANOVA

r had a signif
ar-year pairin

year was re
y different re
graphs show

am propose
015 marking
derstanding 
s are functio
ivities.  

ess within sit
ng allowed c
hich supporte
licate sampl

nd represent
evenly samp
ased on his
an CI. Data 
all variability
the triplicat

e count meth

ss variability
detect a sign

d with six site
% locations
such that r

ach, systema
ere randoml
ne reaches. 
s, and compa

consecutive
pling variab
eviation was
vidual year, 

Te
2015 Cal

beyond thr
A, with year 
ficant effect 
ngs, relative
eported to b
each mean 

wing reach m

ed monitori
g the third ye

of calcite d
oning in ter

te CI variabi
comparison o
ed analysis 
ing if they w
ted a range 
ple each of 
storical CI v
were qualit

y at a site-le
te sampling 
hod in descr

y with a stre
nificant chan

es to assess
as describe

reach mean 
atically distr
y selected f
Means and

ared using a

e years (201
bility. First, t
s estimated 

as well as a

eck Coal Lt
lcite Monit

ree years. T
as the indep
on reach m

e to within-
be significan
CI values. A

mean CI by y

ing for thre
ear. As such
deposition/v
rms of accu

ility and the 
of results fro
of how cons

were long en
of CI score
the low (C

values. With
tatively asse
evel, and ho

were asse
ribing CI at a

eam reach. T
nge in CI be

s within-reac
ed in the Pro

CI would b
ributed at 25
from the mi
d standard 

a two-tailed p

13 – 2015) w
the relations
using a poly
an equation 

td – Elk Va
toring Prog

Therefore, r
pendent var
ean CI by te

-reach varia
nt. This iden
An alpha val
year are prov

ee years b
h, analyses 
variability, an
rately descr

reproducibi
om selection
sistent result
ough for six
s. Reaches 
I=0-1), mod
hin-site stan

essed to des
ow this relat
ssed in ord

a given site.

This was do
etween years

ch variability
ogram (Rob
be calculate

5, 50, and 75
idpoints betw
deviations 

paired t-test.

were analyz
ship betwee
ynomial equa

derived from

 

6 

alley 
gram 

reach 
iable. 
esting 
ability. 
ntified 
lue of 
vided 

before 
have 

nd to 
ribing 

lity of 
n of 3 
ts are 

x sites 
were 
erate 
ndard 
scribe 
ted to 
der to 

one to 
s and 

y. The 
inson 
ed by 
5% of 
ween 
were 

. 

zed in 
n the 
ation. 
m the 



entire da
estimated

 
 
and d is
number o
6, 9, 12, 
 
In order t
2015. Sta
detection
obtained 
versus m
 
Finally, E
to achiev
standard

2.4.3

Random 
The obje
compara
acquire s
iteration, 
for all thr
sample (
dataset t
loess sm
differenc
 

 

ataset. Using
d using a rea

s the detecti
of samples t
15, 18, and 

to test the va
andard devi
n limits. Obs

from stand
modelled dete

Equation 1 w
ve select cal
 deviations o

 Pebble c3

subsamplin
ective was to
ble (+/- 20%
samples fro
CIp, CIc, an

ree metrics 
(100 rocks). 
to find the av
moothing cu
e over the ra

            

g the polyno
ach-average

d= 

ion limit (i.e
taken, assum
20.  

alidity of Equ
ations from 
served detec
dard deviatio
ection limits 

was re-arran
lcite index d
over a range

count sam

ng was comp
o determine

%) to that ob
m N=10 to 
d CI were ca
was calcula
The absolu

verage abso
urve was o
ange of sam

 

                      

omial fit from
ed CI for a s

16σ2
/(N−1)

e., minimum
ming a desir

uation 1, nin
these reach
ction limits w
ons derived
were compa

nged to solve
detection lev
e of site-ave

mple size a

pleted to as
e how many
btained with 

99, using s
alculated as
ated as the d
ute difference
olute percen
verlain to f

mples. 

            

m the entire
pecified num

 difference 
ed power of

ne reaches w
hes were inp
were then c

d from the 3
ared using li

e for the nu
els (d = 0.25
raged calcite

assessme

sess the eff
y rocks one

100 rocks. 
script develo
s described a
difference b
e of each re
t difference 
find the ave

Te
2015 Cal

e dataset, s
mber of sam

in CI value
f 0.8). Estima

were sample
put into Equa
compared w
3-year poole
inear regres

mber of sam
5, 0.50, 1.0)
e index.  

ent 

fect of samp
would need
Reaches we

oped in R s
above (Table
between the 
each was th
for a given 
erage chan

eck Coal Lt
lcite Monit

standard dev
ples (N), wh

(1) 

es per year 
ates were m

ed at both N
ation 1 to ca

with modelled
ed polynom

ssion. 

mples that w
) using polyn

ple size on C
d to sample
ere iterativel
statistical so
e 1). The ab
random sam
en averaged
number of r

nge in abso

td – Elk Va
toring Prog

viations (σ) 
here,  

with a spe
made for N =

 = 3 and N =
alculate obse
d detection 

mial fit. Obse

would be req
nomial-estim

CI at a site 
 to achieve 
ly subsampl
ftware. For 

bsolute differ
mple and th
d over the w
rocks sampl
olute percen

 

7 

alley 
gram 

were 

cified 
= 2, 3, 

= 6 in 
erved 
limits 
erved 

quired 
mated 

level. 
a CI 

ed to 
each 

rence 
he full 
whole 
ed. A 
ntage 



3 Re
 

3.1 Su
Quality 
measure
observer
the crew
values en
 
Quality c
pebble c
below the
 
A final da
using Py
of data b
for: 

 C
p

 C

 D

 C

 If 

 
 

3.2 20
 
Calcite s
stream w
downstre
are prese
reference
 

sults 

ummary o
assurance 
ments at mu

rs and stand
 leaders at 
ntered. 

checks were
ount were c
e predeterm

ata quality a
ython was wr
being reporte

Calcite prese
resence mu

Concreted sc

Diameter nee

Concreted sc

f diameter = 

015 Calcit

urveys were
were asses
eam of minin
ented as eit
e versus exp

            

of QA/QC
was comp

ultiple sites 
dardize colle
the end of e

 performed 
hecked for e
ined criteria

ssurance st
ritten to che
ed and that 

ence score c
st =1 

cores can on

eds to be a p

core must be

C, then con

te Index a

e conducted
ssed and m
ng activities.
ther mainste
posed.  

 

                      

C Issues
pleted in th
over the two

ection metho
each day. D

in the office
every tenth s
 of <5%.  

ep was perf
ck that cells
data entry 

can only be 0

nly be 0, 1, o

positive valu

e 0 if calcite 

cretion must

and gene

 from Septe
mapped. A 
. A total of 7
em Fording R

            

he field by
o days as a 
ods. CI field 
ata were rev

e following da
site (i.e., 10%

formed using
s were popul
met certain 

0 or 1 If diam

or 2 

e (greater th

presence is 

t = 2 and pre

eral distri

ember 23 to 
total of 29

79 km were 
River and E

Te
2015 Cal

y having fi
group. The 
forms were

viewed for c

ata entry. A
% QA/QC).

g automated
lated with va
logical argu

meter = C, th

han 0), F, B,

0. 

esence mus

ibution 

November 6
95 km were
considered 

Elk River sec

eck Coal Lt
lcite Monit

ield crews 
exercise is 

e all reviewe
completenes

All 400 sprea
The error ra

d methods. A
alues accep
uments. Dat

hen concret

 or C. 

st =1 

6, 2015. A to
e considere
reference (T

ctions versu

td – Elk Va
toring Prog

perform c
used to cali

ed and signe
ss and for lo

adsheet cells
ate was >1%

A computer s
table for the
ta were revie

ion must = 2

otal of 374 k
ed exposed
Table 2). Re
s tributaries

 

8 

alley 
gram 

calcite 
ibrate 
ed by 
ogical 

s of a 
% and 

script 
e type 
ewed 

2 and 

km of 
 and 

esults 
s, and 



Table 2. 
ranges f

  

CI R

0.00

0.51

1.01

1.51

2.01

2.51

T

T

T

 
Calcite d
kilometer
stream c
of stream
Compara
bins wer
reference
similar to
 

Figure 2
category

0

10

20

30

40

50

60

70

80

90

100

P
e

rc
e

n
t 

d
is

tr
ib

u
ti

o
n

 (
%

)
Stream cal

for 2015. 

  

Range 

0 - 0.50 

 - 1.00 

 - 1.50 

 - 2.00 

 - 2.50 

 - 3.00 

otal (2015) 

otal (2014) 

otal (2013) 

distribution i
rs in the 0.0
ategories ha

m in the 0.51
ably, 82% of
re represen
e mainstem 
o previous ye

. Percent d
y and year (

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

            

cite distribu

Fording an

km 

21.8 1

0 

0 

0 

0 

0 

21.8 1

21.8 1

21.8 1

n Year 3 fo
00-0.50 CI b
ad 85% of ex
 – 1.00 CI b

f tributary str
ted by less
and tributa

ears (Figure 

istribution o
(each year s

                      

ution (km) e

Reference

nd Elk 

% k

100.0% 57

0.0%

0.0%

0.0%

0.0%

0.0%

100.0% 57

100.0% 56

100.0% 42

ollowed prev
bin for all ca
xposed strea
bin increased
ream kilome
s than 5% 
ry stream k
3). 

of exposed 
sum to 100%

CI bin

Expose

            

estimates fo

e 

Tributaries

km

7.2 100.0

0 0.0

0 0.0

0 0.0

0 0.0

0 0.0

7.2 100.0

6.3 100.0

2.9 100.0

vious result
ategories (Fig
am length oc
d from appro

eters occurre
of the tota
ilometers w

stream kilo
% for the st

ns

ed stre

Te
2015 Cal

or the four s

Fordin

% km

0% 130.4

0% 17.9

0% 0

0% 4.7

0% 0

0% 0

0% 153.0

0% 153.1

0% 147.7

ts with the 
gure 2). The
ccur in the 0
oximately 2%
ed in the 0.0
l tributary s

were classifie

ometers am
tream categ

eams

eck Coal Lt
lcite Monit

stream cate

Expo

ng and Elk 

% 

85.2% 

11.7% 

0.0% 

3.1% 

0.0% 

0.0% 

100.0% 

100.0% 

100.0% 

majority of 
e Fording a
0.00-0.50 CI
% in 2014 to
00-0.50 CI b
stream leng
ed into the 0

mong CI bins
gory). 

201

201

201

201

201

201

td – Elk Va
toring Prog

egories, by 

osed 

Tributar

km

116.1

6.2

4.0

3.8

6.5

4.8

141.5

136.7

139.8

exposed st
nd Elk main
I bin. The am
o 11.7 % in 2
in, while all 

gth surveyed
0.00-0.50 C

s by stream

3 Fording and

4 Fording and

5 Fording and

3 tributaries

4 tributaries

5 tributaries

 

9 

alley 
gram 

CI 

ries 

%

82.0%

4.4%

2.8%

2.7%

4.6%

3.4%

100.0%

100.0%

100.0%

tream 
nstem 
mount 
2015. 
other 
d. All 

CI bin, 

 

m 

 Elk

 Elk

 Elk



 
 

Figure 3
category

 

3.3 Ra

3.3.1

Of the 12
Of the 1
These si
change. 
regressio
three yea
0.10 to 0
 

Table 3. 

 
 

0

10

20

30

40

50

60

70

80

90

100

P
e

rc
e

n
t 

d
is

tr
ib

u
ti

o
n

 (
%

)

. Percent d
y and year (

ate of cha

 Regress

24 stream re
19, 51 reach
ites were ex
The remain

on analysis. 
ar period (α=
.66. 

Reaches w

ERIC3 
EPOU1 (

GRAC
OTTO

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

            

istribution o
(each year s

ange in c

sion 

eaches sam
hes had con
xcluded from
ing 68 reach
Four reache

=0.10, df = 2

with significa

Reach 

(Erickson C
Eagle Pond 
1 (Grace Cr

O1 (Otto Cre

R

                      

of reference
sum to 100%

calcite dep

pled in 2015
nstant value
m the regres
hes showed
es were fou
2) (Table 3).

ant change

p-

reek) 
Outlet)

reek) 
eek) 

CI bin

Referen

            

e stream kil
% for the st

position

5, 119 were 
es in each ye
ssion analys
d variability i
nd to have 
 The absolu

s from 2013

-value S

0.09 
0.04 
0.06 
0.07 

ns

nce stre

Te
2015 Cal

lometers am
tream categ

sampled in 
ear. All of th
sis and were
in CI by yea
statistically 

ute rate of ch

3 – 2015. 

Slope (∆CI/y
0.32 
-0.66 
-0.13 
-0.10 

eams

eck Coal Lt
lcite Monit

mong CI bin
gory). 

all three ye
hese had ei
e assigned 
ar, and were
significant c

hange (∆CI/y

year) Ch

Incr
Dec
Dec
Dec

201

201

201

201

201

201

td – Elk Va
toring Prog

ns by stream

ears (2013-2
ither CI = 0 
a neutral ra

e assessed 
changes ove
year) varied

ange 

rease 
crease 
crease 
crease 

3 Fording and

4 Fording and

5 Fording and

3 tributaries

4 tributaries

5 tributaries

 

10 

alley 
gram 

 

m 

2015). 
or 3. 

ate of 
using 
er the 
 from 

d Elk

d Elk

d Elk



Reaches
included 

Table 4. 

 

3.3.2

Of the 12
years (20
varied sig
GREE3, 
reach re
However
were not 
 

Table 5. 
Significa

* Tukey’s p

 

s with signifi
one referen

Mean CI va

Reach 

ERIC3 
EPOU1 
GRAC1 
OTTO1 

 ANOVA 2

24 stream re
013-2015), f
gnificantly b
HARM1, LIN

eported to h
r, the other t
included in 

ANOVA res
ant year-yea

post hoc adjust

            

icant change
ce reach (G

alues by yea

Mean CI 2

2.36 
1.90 
0.31 
0.30 

eaches samp
facilitating a
y year in 13
NE1, LINE4
have a sign
three reache
ANOVA bec

sults for rea
ar pairings 

Reac

CORB

ERIC

GODD

GRAC

GRAS

GREE

GREE

HARM

LINE

LINE

SIXM

SWOL

WOLF

ts p-values for 

                      

es covered 
Grace Creek;

ar for reach

013 Mean C

2.
1.
0.
0.

pled in 2015
assessment 
3 reaches (T
, SIXM1, SW

nificant chan
es (ERIC3, 
cause they w

aches with s
identified fr

ch p-value

B1 0.011

C1 0.039

D3 <0.001

C1 0.032

S1 0.045

E3 <0.001

E4 0.001

M1 0.005

E1 0.008

E4 0.021

M1 0.010

L1 0.034

F3 <0.001

multiple compa

            

a range of
 GRAC1) (T

hes with sig

CI 2014 Me

60 
31 
20 
22 

, 94 were sa
using ANOV
able 5): CO

WOL1, and W
nge using b
EPOU1, OT

were only sa

statistically
rom Tukey’

e Tukey’s

2013<20
2014<20

2013<20

 
2013<20
2013<20

2013>20

2013<20
2014>20

 
2013<20
2013<20

2013<20
2013<20

2014>20

2013>20
2013>20

2014<20

2014>20

2013>20
2014>20

 
2013>20
2013>20
2014>20

arisons. 

Te
2015 Cal

mean CI va
Table 4). 

nificant cha

ean CI 2015

3.00 
0.58 
0.05 
0.10 

ampled with 
VA. Results 
RB1, ERIC1
WOLF3. Of 
both regress
TTO1) with s
ampled with 

y significant
s HSD test 

 HSD result

015 (p=0.038
015 (p=0.011

015 (p=0.036

014 (p<0.001
015 (p<0.001

015 (p=0.027

014 (p=0.065
015 (p=0.065

014 (p=0.002
015 (p<0.001

014 (p=0.002
015 (p=0.002

015 (p=0.004

014 (p=0.014
015 (p=0.014

015 (p=0.019

015 (p=0.008

015 (p=0.05
015 (p=0.05

014 (p=0.002
015 (p<0.001
015 (p=0.036

eck Coal Lt
lcite Monit

alues from 0

anges. 

Overall me

2.65 
1.26 
0.19 
0.21 

two or more
showed the

1, GODD3, G
these, GRA

sion and A
significant re
one site per

t changes b
are also ind

ts 

8)  
1) 

6) 

1) 
1) 

7) 

5)*
5)*

2) 
1) 

2)
2) 

4) 

4)
4) 

9) 

8) 

5) 
5) 

2)
1)
6) 

td – Elk Va
toring Prog

0.19 – 2.65

ean 

e sites in all 
e reach mea
GRAC1, GR
AC1 was the
ANOVA meth
egression re
r year. 

between yea
dicated. 

 

11 

alley 
gram 

, and 

three 
an CI 

RAS1, 
e only 
hods. 
esults 

ars. 



Of those
LINE1 ha
results a
 

3.4 Pr

3.4.1

Triplicate
distributio
0.14 (Fig
site-level

Table 6. 

 
 

Figure 4

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

S
ta

n
d

a
rd

 d
e

v
ia

ti
o

n
e, GODD3 h
ad calcite pr
re given in A

rogram as

 Within s

e sampling w
on over that 

gure 4). The 
l data. 

Site-mean 

4. Within-site

0

2

3

4

5

6

7

8

9

0

0.00

            

ad no calcit
esent only in

Appendix 6.  

ssessme

site variab

was comple
range (Tab
variability in

CI values fo

Site 

GRAC1
HARM4-
FORD5-3

ERIC4-
NTHO1-6
CORB2-
DRYE3
GREE3
CORB1
GREE4

e standard 

                      

te in 2013, w
n 2013. Figu

ent 

bility 

eted at 10 s
le 6). Standa

n CI at a site

or ten sites 

Sit

-75 
12.5 
37.5 
-75 
62.5 
12.5 
-99 
-50 
-25 
-75 

deviation v

1.00

            

while GRAS
ures showing

ites ranging
ard deviation

e-level is low

sampled in

te mean CI 
0.12 
0.18 
0.63 
0.64 
1.38 
1.76 
2.35 
2.53 
2.54 
2.71 

versus CI. 

CI

Te
2015 Cal

S1 had calci
g the CI valu

g in CI from
n (SD) of sit

w (<0.14 SD)

n triplicate.

SD
0.04
0.05
0.12
0.04
0.14
0.03
0.09
0.05
0.07
0.04

2.00

eck Coal Lt
lcite Monit

ite present o
ues and the 

m 0.12 to 2.7
te means ran
), providing c

D 

4 
5 
2 
4 
4 
3 
9 
5 
7 
4 

td – Elk Va
toring Prog

only in 2014
Tukey’s pos

71, with an
nged from 0
confidence i

3

 

12 

alley 
gram 

4 and 
st hoc 

even 
0.03 – 
in the 

 

.00



3.4.2

Replicate
(Table 7)
sites (p=
 

Table 7. 
(SD=stan

 

 
Polynom
differenc
three yea
0.39, p<0
 

 Within-r2

e sampling o
). Reach-me
0.33, df=8). 

Reach-mea
ndard devia

ial fits of r
e at 95% co
ars of data a
0.001); the p

            

each varia

occurred at 
ean CI was n

an CI values
ation). 

reach-mean 
onfidence (F
and showed 
polynomial w

Reach

GRAC

HARM

FORD

ERIC4

NTHO

KILM1

DRYE

CORB

GREE

Mean

                      

ability 

nine reache
not significa

s for nine re

CI and st
igure 5). Th
good fit and

was used in a

N=
h Mean C

C1 0.05

M4 0.17

D5 0.53

4 1.15

O1 1.31

1 1.97

3 2.20

B1 2.62

E4 2.80

n 1.42

            

es covering 
antly differen

eaches sam

tandard dev
erefore, a s
d was found
all further an

=3 
CI SD M

0.04 

0.12 

0.22 

0.66 

0.60 

0.29 

0.34 

0.35 

0.07

0.30 

Te
2015 Cal

a mean CI
nt when estim

mpled at thre

viations by 
ingle polyno

d to be highl
nalyses. 

N=6 
Mean CI S

0.07 0.

0.16 0.

0.58 0.

1.02 0.

1.22 0.

1.97 0.

2.25 0.

2.59 0.

2.77 0.

1.40 0.

eck Coal Lt
lcite Monit

range of 0
mated from 

ee and six s

year showe
omial was de
y statisticall

SD 

.05

.10

.20

.61

.58

.29

.30

.30

.08

.28

td – Elk Va
toring Prog

.05 – 2.80 (
three sites o

sites 

ed no stati
eveloped fro
y significant

 

13 

alley 
gram 

(N=3) 
or six 

istical 
om all 
t (r2 = 



Figure 5
correspo

Minimum
between 
minimum
relative i
of 1.5, an
detection
decrease
at mid-ra
more mo
decrease
for N = 9
 

5. Empirical 
ond to 95% 

m detectable
0.5 and 2

m detectable
mprovemen
n increase in
n of 0.6, wh
e of only 0.1
ange reach-m
odest at the t
ed with sam
. Improveme

            

polynomia
confidence

e difference
.5, peaking 

e differences
t decreased

n sampling fr
ile an increa
. Furthermo

mean CI va
tails of the C
ple size. Fo
ents were in

                      

l relations f
e intervals.

es (∆CI/year
at 1.5 for 

s improved
d as sample 
rom N = 2 to
ase in samp

ore, although
lues, decrea

CI range. The
r N = 2, the 
creasingly lo

            

for each yea

r) were larg
all sample 
(i.e., decre
sizes increa

o N = 3 resu
pling from N
h increases 
ases in mini
e standard e
calculated e

ow for more 

Te
2015 Cal

ar of record

gest for str
 sizes mod

eased) with 
ased. For e

ulted in an av
N = 9 to N =

in sampling
mum detect

error of the p
error was 0.
than 6 sam

eck Coal Lt
lcite Monit

d. Shaded a

reams with 
delled (Figur

increased s
example, at a
verage decre
= 12 resulte

g had a relat
table differe
polynomial f
.55, while th
ples. 

td – Elk Va
toring Prog

 

areas 

reach-mea
re 6). While
sample size
a reach-mea
ease in mini
ed in an ave
tively large e

ences were m
it was 0.14. 

he error was

 

14 

alley 
gram 

an CI 
e the 
e, the 
an CI 
imum 
erage 
effect 
much 
Error 

s 0.19 



Figure 6
for a sel

 
Minimum
from the 
with eac
significan
 

6. Modelled 
ected numb

m detectable
site data fro

ch other. A 
nt at 99.9% c

            

differences
ber of samp

e differences
om nine reac

linear regre
confidence (

                      

s (CI/year) a
ples per site

s modelled 
ches sample
ession force
(Figure 7). 

            

s a function
e. 

with the po
ed with N=6 
ed through 

Te
2015 Cal

n of the rea

olynomial fu
(i.e., observ
the origin h

eck Coal Lt
lcite Monit

ach-average

nction and 
ved) were fou
had an r2 o

 

td – Elk Va
toring Prog

 

ed calcite in

those calcu
und to agree
of 0.91 that

 

15 

alley 
gram 

ndex 

ulated 
e well 
t was 



Figure 7
shading 

The num
previous
>2.75), e
Converse
require m
demonst
small im
small diff
CI’s betw
attainable

Table 8. 
to achiev

CI 

0.00 

0.25 

0.50 

0.75 

1.00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

*Indicates

3.4.3

The abso
between 
from 10 t
50 rocks 
to 75 roc
between 

. Modelled 
indicates 9

mber of sites
ly observed 
even one s
ely, detectin
more sample
rates that a
provements 
ferences), it 
ween 0.5 an
e over the in

Estimated 
ve select de

d = 0

N C

1* 

14 

39 

66 

89 

103 

106 

98 

79 

54 

27 

6 

1* 

s estimated va

 Pebble c3

olute differe
27 and 30%

to 50 rocks 
resulted in a

cks sampled
75 and 100

            

and observ
95% confide

 required to 
reach-mean

sample was
g the same 
es than is f

an increase 
in accuracy
is unlikely t

nd 2.5. How
ntermediate 

number of s
etectable di

0.25 

Conf. Interval 

N/A 

9 - 20 

30 - 48 

53 - 80 

71 - 108 

82 - 126 

85 - 130 

78 - 120 

62 - 99 

38 - 71 

14 - 43 

0 - 19 

N/A 

alue is < 1.0, 

count sam

ence betwee
% for all thre
resulted in a
an average 

d, the decrea
 rock sample

                      

ved detectio
ence interva

detect stati
n CI. For rea
 most likely
magnitude 

feasible, bot
in sampling
y (and there
hat a low de

wever, detect
range of CI 

samples (N
ifferences (

 

 N

 1*

 10

 16

 22

 26

 27

 24

 20

 13

 7

 2

 1*

 1*

and is approx

mple size a

en values ob
ee metrics (
a sizeable d
10% differen
ase in perce
es was appr

            

on levels for
al). 

stical differe
aches with e
y enough to
of change fo
th logisticall

g effort past
efore neglig
etectable diff
table differe
(1.00-2.00).

N) as well as
d).  

d = 0.50

Conf.

N

8 

13

18

21

21

20

15

10

4 

0

0

N

ximated due t

assessme

btained from
(CIc, CIp, CI)
decrease in t
nce compare

ent differenc
roximately 4

  

Te
2015 Cal

r nine sites

ences in rea
extremely low
o detect a 
or sites with
ly and statis
t a certain t
ible increas

fferences of 
ences of up 
  

s 90% confid

. Interval 

N/A 

- 12 

3 - 20 

8 - 27 

1 - 32 

1 - 33 

0 - 30 

5 - 25 

0 - 18 

- 11 

0 - 5 

0 - 3 

N/A 

to rounding.

ent 

m 100 rocks 
) (Figure 8)
the absolute
ed to the ful

ce was only 
%.  

eck Coal Lt
lcite Monit

 with N = 3 

ach-mean CI
w or high CI 

change of 
h intermediat
stically. Give
threshold yi
es in the po
0.25 is reali
to 1.0 are 

dence inter

N 

1* 

1 

2 

4 

6 

6 

7 

6 

5 

3 

2 

1* 

1* 

and 10 roc
. Increasing
e difference,
l 100 rock s
2 – 4%, wh

td – Elk Va
toring Prog

and N = 6 (

I is reliant o
I values (<0.

0.25 (Tabl
te CI’s is like
en that Figu
elds increas
otential to d
istic for sites
more realist

rvals requir

d = 1.0 

Conf. Inte

N/A

1 - 1

2 - 3

3 - 5

4 - 7

5 - 8

5 - 8

5 - 8

4 - 6

2 - 4

1 - 3

0 - 1

N/A

cks sampled
 the sample
, where sam
amples. Fro
ile the differ

 

16 

alley 
gram 

grey 

on the 
25 or 
e 8). 
ely to 
ure 6 
singly 
detect 
s with 
tically 

ed 

erval 

d was 
e size 
mpling 
om 50 
rence 



Figure 8
scores f
best-fit, 

 

. Absolute 
for the entir
while grey 

            

percentage
re dataset (2
shaded are

 

                      

e difference 
2013-2015). 
eas correspo

            

for concret
Blue lines 

ond to 95%

Te
2015 Cal

tion, presen
correspond

% confidence

eck Coal Lt
lcite Monit

nce, and ca
d to the loes
e intervals. 

td – Elk Va
toring Prog

alcite index 
ss-smoothe

 

17 

alley 
gram 

 

ed 



4 Su
 
Year 3 o
monitorin
depositio
depositio
to the low
The majo
condition
 
Changes
2015. Th
significan
have a s
was foun
Creek – 
values re
values. T
values. F
CI/year. T
depositio
 
Assessin
Program 
decrease
over sho
improves
regressio
time is lin
 
ANOVA 
each yea
changing
from Yea
the weigh
significan
 
ANOVA 
of within-
variance 
 
A critical
looked a
field met
to be low
This res
assessm
reproduc

mmary 

of the 2013-
ng Program 
on was des
on patterns w
w CI bin (0-
ority of expo

ns. It also ind

s in calcite d
he ability to
nt inter-annu
ignificant ch

nd to increas
Reach 1) s

epresented 
This is indic
Furthermore
This is also 

on.  

ng calcite de
objectives 

e). Spatial a
rt observatio

s over time
on to detect 
near; an ass

appears to 
ar to every o
g over time, 
ar 1 to 2, the
ht of evidenc
nt, then the e

also does n
-year variab
from the po

l assessmen
at site-level C
hods to info

w. Site-level 
ult was cor

ment. Subsam
cing the CI v

            

-2015 Calcit
(Robinson e

scribed at 
were similar 
-0.5); the sa
osed stream
dicates that c

eposition we
o detect cha
ual changes
hange in rea
se. The othe
showed decr

by these re
cation that t
, the rate of 
evidence of

eposition ov
are and ho

nd temporal
on periods, s

e as additio
trends at fir

sumption req

be more ap
other year pr
or if one yea

en 2 to 3, an
ce would su
evidence wo

ot require th
bility, meanin
olynomial rela

nt of the pro
CI variability
rm design o
CI scores w

rroborated b
mpling sugg
value derived

                      

te Monitorin
et al. 2013) w
124 reache
to Years 1 

ame bin that
m kilometers
calcite influe

ere assesse
ange was im
 were detec

ach mean CI
er three (Ea
reases in re
eaches cov
the program
change that

f the Program

ver time req
ow calcite d
l heterogene
such as thre

onal data a
rst. As well, 
quired by this

ppropriate w
roviding a ty
ar seems to 
d finally 1 to
ggest that th

ould be less 

he change to
ng either mu
ationship de

ogram was 
y, reach-leve
of future mon
were found to
by the resul
gests that a
d from 100 c

            

g Program
with the Yea
es througho
and 2 with 8
t all referenc
s surveyed w
ences are hig

ed using the 
mproved wit
cted in reach
I/year from 2
gle Pond O

each-mean C
er much of 

m is capable
t was detect
m’s ability to

quires some
deposition i
eity make ca
ee years. Th
re collected
it is unknow
s assessmen

ith the initia
ype of weigh
be driving a

o 3. If all pair
he increase 
certain.  

o be linear. 
ultiple sites 

escribed in S

completed 
el CI variab
nitoring prog
o be highly 
lts generate

a 25 particle
counts, while

Te
2015 Cal

was succes
ar 3 changes
out the Elk 
83% of the s
ce stream k
were not dis
ghly localize

three years
th three yea
h-mean CI. 
2013 – 2015
utlet, Otto C
CI values. T
f the range 
e of detectin
ted in these 
o describe a

e considera
is expected 
alcite depos

he power to m
d. This limit
wn at this tim
nt.  

al data set o
ht-of-evidenc
an apparent t
rings showe
is true. If on

It does how
within a rea

Section 3.4.2

as part of t
ility, pebble 

grams. Site-l
reproducible

ed from the
e pebble co
e reproducib

eck Coal Lt
lcite Monit

ssfully comp
s noted in th

Valley. Ge
stream kilom

kilometers ar
stinguishable
ed. 

of data colle
ars of data 
Four reache

5. Erickson C
Creek – Rea
The range in

of possible
ng change a

reaches wa
and monitor 

tion of wha
 to progres

sition trends 
meaningfully
ts the conf

me if a chang

of just three 
ce approach 
trend. ANOV
d a significa

nly one year-

wever, requir
ach each ye

2.  

this report. 
count meth

level CI vari
e through tri

e pebble co
ount has an
bility improv

td – Elk Va
toring Prog

pleted as pe
his report. C
eneral obse

meters class
re classified
e from refer

ected from 2
 and statist
es were fou
Creek – Rea
ach 1, and G
n reach-mea
e reach-mea
at a range 
as as low as
change in c

at the monit
ss (increase
difficult to d

y describe tr
fidence of l
ge in calcite

years as it 
to testing if 

VA tests cha
ant increase,
-year pairing

re some esti
ear or estim

The assess
hods, and ov
ability was f
plicate sam
unt subsam
 80% chan
es to 90% w

 

18 

alley 
gram 

er the 
alcite 
erved 
ifying 

d into. 
rence 

2013-
tically 
nd to 
ach 3 
Grace 
an CI 
an CI 
of CI 

s 0.10 
calcite 

toring 
e and 
detect 
rends 
linear 

e over 

tests 
f CI is 
anges 
, then 
g was 

imate 
mating 

sment 
verall 
found 
pling. 

mpling 
ce of 

with a 



50 rock 
improving
 
The reac
CI and m
(2014) p
variability
those pr
collected
what the
and CI. S
detection
highest, a
 
The Prog
intended 
afford a 
would sa
style of p
future mo
sampling
require s
sites) wit
 
This Prog
program 

1.  D
T

2. S
re

3. S

4. P

 
The Pro
monitorin
effectivel
are repo
sample s
 
 
 

pebble cou
g monitoring

ch-level CI v
mean CI sco
presented a
y. Empirical 
redictions a
d in the field.
 level of eff

Sample effor
n limit increa
are predicte

gram results
to detect la

lesser degre
ample a larg
program wo
onitoring is 

g is required
sampling eve
thin reaches

gram has me
has: 

Documented
Teck’s coal o

Satisfied the 
equirement t

Supported the

Provided data

ogram has 
ng. This rep
ly and consi

orted at the 
size.  

            

nt. Low site
g accuracy w

variability as
ores that ha
a predictive 
data collect
nd found th
. Predictions
fort would ne
rt (in terms o
ases. Reach
d to require 

s can provid
arge change
ee of power
ge area with
uld occur a
intended to 
. As it relate
ery second o
. 

et the four o

d “the exten
operations an

calcite spec
to assess the

e identificati

a to evaluate

also addre
port has de
stently. The
stream rea

 

                      

e-level varia
without incre

ssessment c
s been obs
assessmen

ed in 2015 b
hem to be 
s were then 
eed to be a
of number of
es with inte
a higher nu

de guidance 
es, then freq
r in change 
h less intens
nnually and
detect long-

es to the calc
or third year,

objectives of 

nt and degre
nd in referen

cific monitor
e rate of cha

on of a prior

e the sampli

essed Key 
monstrated 

e calcite deg
ach level, a

            

ability provid
asing field e

confirmed th
erved in Ye
nt on the e
by subsamp
accurate (s
generated o
s a function
f sites per re
rmediate CI
mber of sites

for future m
quent (i.e., a
detection (C

sive surveys
 may only r
-term trends
cite monitori
, but would r

the 2013-20

ee of calcite
nce streams”

ring regulato
ange in calci

rity stream fo

ng methods

Uncertainty
that calcite
ree is descr

after samplin

Te
2015 Cal

des the opp
effort and cos

e relationsh
ears 1 and 2
effect of sa

pling nine rea
statistically 
over a range
n of the des
each) increa
I values, wh
s relative to 

monitoring e
annual) sam
C. Scwarz pe
s. As it relate
require one 
s, then less 
ng program
require more

015 monitori

e deposition
”.  

ory requirem
ite formation

or calcite ma

. 

y 4.1.2 of 
e degree an
ribed using t
ng those re

eck Coal Lt
lcite Monit

portunity to 
sts. 

hip of reach-
2. Robinson
ample size 
aches with s
significant) 

e of sample 
ired minimu

ases as the d
ere within-re
sites with C

efforts. If futu
pling is app
er. comm.). 
es to calcite
site within m
frequent, bu
, monitoring
e sampling e

ing program

n in streams

ments, includ
n.  

anagement. 

the AMP r
nd extent ca
the calcite in
eaches with

td – Elk Va
toring Prog

reallocate e

-level variati
 and MacDo
on within-r

six sites valid
relative to 

sizes to illus
um detection
desired mini
each variabi

CI near 0 or 3

ure monitori
propriate, bu

Such a pro
e monitoring
many reach
ut more inte
g for trends w
effort (three o

. Specifically

s downstrea

ding the EVW

regarding c
an be meas
ndex; the ex
 the approp

 

19 

alley 
gram 

effort; 

ion in 
onald 
reach 
dated 
data 

strate 
n limit 
imum 
lity is 

3.  

ing is   
ut can 
ogram 
g, this 
es. If 
nsive 
would 
or six 

y, the 

am of 

WQP 

calcite 
sured 
xtents 
priate 



5 Re
 
The 201
temporal
 
Over the
generally
large-sca
accompli
 
Calcite tr
data ove
surveillan
increase 
required.
 
Based on
the follow

 E
e

 A
re
fr

commen

3-2015 Cal
 variability in

e previous th
y low to non
ale change
ished with lo

rends, where
er time than 
nce monitori

the likeliho
. 

n the inform
wing in deve

Establish a p
very three y

Annual mon
equired for a
requently (i.e

o Reduc
reach
to be 
stream
downs
segme

o Samp
segme

o Identif
the en

o Consi
such 
unkno

o Set th
mean 
Reallo
near 0
values

o Condu
meas

            

ndations

cite monitor
n calcite dep

hree years, t
n-detectable
s is appro

ower spatial 

e they exist
to get data

ing, long-ter
ood of detec

mation collec
loping a long

program wit
ears 

itoring:  Ide
annual moni
e. annually), 

ce the total n
es with simi
comprised 

m confluence
stream of a
ents where t

ple all stream
ent is sampl

fy an indicat
ntire segmen

der a highe
as downstre

own what rea

he number o
CI and reac

ocate field e
0 or 3 and 
s.  

uct 100 r
urements. 

                      

s 

ring program
position throu

the program
e; therefore 
opriate. Fu
resolution (i

, seem to be
a at a highe
m trend mon

cting trends,

cted and the
g term progr

th (1) annua

entify the foc
itoring. The 
but with red

number of re
ilar CI into “
of one rea

es or suspec
a particular
the potential

ms identified
ed per tribut

tor reach tha
nt, based on

er resolution
eam of treat
ach would b

of sites per 
ch-level site

effort by redu
increase the

rock pebble

            

m has adva
ughout the E

m has demon
a form of a
rthermore, 
.e. with fewe

e at a low ra
er resolution
nitoring is re
, a higher s

 analysis in
ram: 

al monitorin

cus for and t
annual prog

duced effort.

eaches sam
stream segm

ach if condit
cted change
r operation)
l exists for re

d in the 20
tary. 

at would be 
 an assessm

n (i.e., reach
ment facilitie
e an approp

segment ba
e variability d
ucing the nu
e number o

e counts

Te
2015 Cal

anced the u
Elk Valley.  

nstrated that
annual surve

the survei
er samples).

ate; therefor
n annually. T
ecommende
spatial resol

this report, 

ng; and, (2)

the associat
gram should
 

mpled by com
ments”. It is 
tions warran

es in water q
) would als
eaches to ch

13-2015 Pro

sampled an
ment of histo

h-based sam
es or newly 

priate indicat

ased on the
developed o
umber of site
of sites for re

to mainta

eck Coal Lt
lcite Monit

nderstandin

t annual rate
eillance mon
illance mon
. 

re it is more
Therefore, i
d at a three
ution (i.e. m

we recomm

 long-term 

ted appropri
d have the in

mbining two 
also possib

nt. Features
quality (e.g., 
so be used
hange over t

ogram. Ens

d assumed 
orical monito

mpling) in a
affected str

tor reach. 

e relationship
over the 201
es in reache
eaches with

ain accurate

td – Elk Va
toring Prog

ng of spatia

es of chang
nitoring to d
nitoring can

e important t
n addition to
-year interva

more sample

mend consid

trend monit

ate level of 
ntent of sam

or more adja
ble for a seg
s such as m
upstream ve

d to differen
time. 

sure at least

representati
oring results.

areas of inte
reams where

p between r
3-2015 Prog
es with CI va
h intermedia

e site-leve

 

20 

alley 
gram 

l and 

e are 
detect 
n be 

to get 
o the 
al. To 
es) is 

dering 

toring 

effort 
mpling 

acent 
gment 
major 
ersus 
ntiate 

t one 

ive of 
. 

erest, 
e it is 

reach 
gram. 
alues 

ate CI 

el CI 



 L
o
a

 D

 R
b
ra

 
The relat
were test
data do n

6 Lite

Berdusco
re
C

RISC (R
F
F

Robinson
E

Robinson
Elk
app

 
Robinson

Elk
app

Long-term t
bjective wou
nnual progra

o Comp

o Samp

o Condu

o Set th

o Use re

 

 

Define the mi

Revisit the 
ecome avai
ange.  

tionship betw
ted in the fir
not need to b

erature 

o, J. 2009. 
eport prepa

Cranbrook, B

esource Inv
ish Habitat 
isheries Info

n, M.D. 2013
Environmenta

n, M.D. and 
k Valley ope
pendices.  

n, M.D. and 
k Valley ope
pendices.  

            

rend monit
uld be to con
am and asse

plete long-ter

ple all reache

uct 100 rock

he number of

esults to ass

appropriat
results in 
selected a

is the long
interval ap

inimum dete

Program st
lable to see

ween calcite
rst year of th
be collected 

Cited 

Teck Coal L
ared for Te
BC. 

ventory Stan
Inventory 

ormation Ser

3. Teck Coa
al Ltd. 11 pp

R.J. MacDo
erations sum

R.J. MacDo
erations sum

                      

toring: Deve
nduct less fr
ess long-term

rm sampling

es sampled i

k pebble cou

f sites per re

sess  

teness of in
a segment 

as the indicat

g-term trend 
ppropriate?

ection limit (∆

tudy design
e if effort nee

e and the ha
he program a

in future. 

Ltd. Mine S
eck Coal Lt

dards Comm
Standards 

rvices Branc

al Ltd - Calc
p. 

onald. 2014
mmary repo

onald. 2015
mmary repo

            

elop a long-
requent, but 
m trends. 

g in 2018.  

in 2015 and 

unts. 

each as desc

ndicator rea
different fro
tor?) 

component 

∆CI/year) tha

n once man
eds to be re

abitat measu
and was fou

Site Calcite D
td. Prepare

mittee). 200
and Proce

ch for the Re

ite Monitorin

. Teck Coal 
rt. Prepared

. Teck Coal 
rt. Prepared

Te
2015 Cal

-term trend 
higher inten

any added 

cribed above

ach in descr
m 2016 – 2

providing va

at the Progra

nagement a
eallocated to

urements, ro
und to be no

Deposition M
ed by Inter

1. Reconna
edures, Vers
esources Inv

ng Plan Fiel

 Ltd 2013 C
d by Lotic E

 Ltd 2013 C
d by Lotic E

eck Coal Lt
lcite Monit

monitoring 
nsity samplin

in 2016-201

e for annual

ribing a seg
2018 if a diff

alue and is s

am should a

and/or biolo
o reaches w

ck diameter
t significant.

Mapping Pro
rior Refores

issance (1:2
sion 2.0. P

ventory Com

d Manual. P

Calcite Monit
Environmen

Calcite Monit
Environmen

td – Elk Va
toring Prog

component
ng to suppo

7. 

 monitoring.

gment (e.g.
ferent reach

so is a three

achieve. 

ogical thres
within a certa

r, and habita
. Therefore t

oject. Consu
station Co. 

20 000) Fish
Prepared by

mmittee. 

Prepared by 

toring Progr
tal Ltd. 12 

toring Progr
tal Ltd. 14

 

21 

alley 
gram 

. The 
rt the 

 

, are 
h was 

e-year 

holds 
ain CI 

at unit 
these 

ultant 
Ltd., 

h and 
y BC 

Lotic 

ram – 
pp + 

ram – 
pp + 



Robinson
– 
L
a

Teck. 20

Wolman,
A

 

 

 
 

 

 

 

 

n, MD., Mac
Calcite Mo

td, SRK C
ppendices. 

14. Elk Valle

, MG. 1954
American Ge

            

Donald, RJ.
nitoring Pla

Consulting I

ey Water Qu

. A Method 
eophysical U

 

                      

, Day, S., Sw
n, vers. 1. P
nc and Sw

uality Plan. T

of Samplin
nion. 35(6):9

            

wanson, J., 
Prepared fo
wanson Env

Teck Coal Li

ng Coarse R
951-956. 

Te
2015 Cal

and S. McP
r Teck Coal
vironmental 

mited. 290 p

River-Bed M

eck Coal Lt
lcite Monit

Pherson. 201
l Ltd by Lot

Strategies

pp. 

Material. Tra

td – Elk Va
toring Prog

13. Teck Coa
tic Environm
s Ltd. 24 p

ansactions o

 

22 

alley 
gram 

al Ltd 
mental 

pp + 

of the 



 

Appendi

 
 

 

ix 1. Sites v

            

visited by pr

 

                      

rogram yea

            

Tec

r 

ck Coal Ltd
2015 Cal

d – Elk Val
lcite Monit

lley operat
toring Prog

 

tions 
gram 

 



Region Reach Site CI 2013 CI 2014 CI 2015
ELK ALEX3 ALEX3‐25 0.55 0.52 0.50

ELK ALEX3 ALEX3‐50 0.35 0.32 0.32

ELK ALEX3 ALEX3‐75 0.53 0.30 0.37

ELK ANDY1 ANDY1‐25 0.00 0.00 0.00

ELK ANDY1 ANDY1‐50 0.00 0.00 0.00

ELK ANDY1 ANDY1‐75 0.00 0.00 0.00

ELK AQUE1 AQUE1‐0 0.00 0.00 0.00

ELK AQUE2 AQUE2‐0 0.00 0.00 0.00

ELK AQUE2 AQUE2‐50 0.00 0.00 0.00

ELK AQUE3 AQUE3‐25 0.00 0.00 0.00

ELK AQUE3 AQUE3‐50 0.00 0.00 0.00

ELK AQUE3 AQUE3‐75 0.00 0.00 0.00

ELK BALM1 BALM1‐25 0.00 0.00 0.00

ELK BODI1 BODI1‐25 0.00 0.00 0.00

ELK BODI1 BODI1‐50 0.00 0.00 0.00

ELK BODI1 BODI1‐75 0.00 0.00 0.00

ELK BODI2 BODI2‐0 0.06 0.00 ‐‐

ELK BODI3 BODI3‐25 0.54 2.65 ‐‐

ELK BODI3 BODI3‐50 1.67 2.69 ‐‐

ELK BODI3 BODI3‐75 1.27 2.08 ‐‐

ELK CARB1 CARB1‐25 0.00 0.00 0.00

ELK CARB1 CARB1‐50 0.00 0.00 0.00

ELK CARB1 CARB1‐75 0.00 0.00 0.00

ELK CARB2 CARB2‐25 0.00 0.00 0.00

ELK CARB2 CARB2‐50 0.00 0.00 0.00

ELK CARB2 CARB2‐75 0.00 0.00 0.00

ELK CATA1 CATA1‐0 3.00 3.00 3.00

ELK CATA2 CATA2‐25 3.00 0.18 ‐‐

ELK CATA2 CATA2‐50 1.35 1.57 ‐‐

ELK CATA2 CATA2‐75 1.33 0.16 ‐‐

ELK CATA3 CATA3‐0 3.00 2.28 2.51

ELK CATA3 CATA3‐50 3.00 3.00 2.61

ELK CHAU1 CHAU1‐25 0.00 0.00 0.00

ELK CHAU1 CHAU1‐50 0.00 0.00 0.00

ELK CHAU1 CHAU1‐75 0.00 0.00 0.00

ELK CLOW1 CLOW1‐0 ‐‐ 0.32 0.00

ELK CLOW1 CLOW1‐50 ‐‐ 0.04 0.00

ELK CORB1 CORB1‐25 1.74 1.55 2.60

ELK CORB1 CORB1‐37.5 ‐‐ ‐‐ 2.83

ELK CORB1 CORB1‐50 2.16 2.17 2.93

ELK CORB1 CORB1‐62.5 ‐‐ ‐‐ 2.76

ELK CORB1 CORB1‐75 1.96 1.40 2.63

ELK CORB1 CORB1‐87.5 ‐‐ ‐‐ 1.96

ELK CORB2 CORB2‐12.5 ‐‐ ‐‐ 1.75

ELK CORB2 CORB2‐25 2.53 2.56 2.88



Region Reach Site CI 2013 CI 2014 CI 2015
ELK CORB2 CORB2‐37.5 ‐‐ ‐‐ 2.99

ELK CORB2 CORB2‐50 2.83 2.60 2.92

ELK CORB2 CORB2‐75 2.80 2.89 2.96

ELK CORB2 CORB2‐87.5 ‐‐ ‐‐ 0.00

ELK COUT1 COUT1‐0 0.00 1.01 1.03

ELK CPOS1 CPOS1‐0 0.92 0.84 ‐‐

ELK CPOU1 CPOU1‐0 0.93 0.94 ‐‐

ELK CSEE1 CSEE1‐0 0.00 0.00 0.85

ELK DRYE1 DRYE1‐0 2.23 2.13 2.19

ELK DRYE2 DRYE2‐0 2.23 0.03 ‐‐

ELK DRYE3 DRYE3‐25 2.17 2.40 2.28

ELK DRYE3 DRYE3‐37.5 ‐‐ ‐‐ 2.76

ELK DRYE3 DRYE3‐50 2.85 1.86 2.82

ELK DRYE3 DRYE3‐62.5 ‐‐ ‐‐ 2.15

ELK DRYE3 DRYE3‐75 1.59 2.93 2.31

ELK DRYE3 DRYE3‐99 ‐‐ ‐‐ 2.56

ELK DRYE4 DRYE4‐25 1.90 1.84 2.37

ELK DRYE4 DRYE4‐50 1.39 ‐‐ ‐‐

ELK DRYE4 DRYE4‐75 0.98 ‐‐ ‐‐

ELK DRYL1 DRYL1‐25 0.00 0.00 0.00

ELK DRYL1 DRYL1‐50 0.00 0.00 0.00

ELK DRYL1 DRYL1‐75 0.00 0.00 0.00

ELK DRYL2 DRYL2‐25 0.00 0.00 0.00

ELK DRYL2 DRYL2‐50 0.00 0.00 0.00

ELK DRYL2 DRYL2‐75 0.00 0.00 0.00

ELK DRYL3 DRYL3‐25 0.00 0.00 0.00

ELK DRYL3 DRYL3‐50 0.00 0.00 0.00

ELK DRYL3 DRYL3‐75 0.00 0.00 0.00

ELK DRYL4 DRYL4‐25 0.00 ‐‐ 0.00

ELK DRYL4 DRYL4‐50 0.00 ‐‐ 0.00

ELK DRYL4 DRYL4‐75 0.00 ‐‐ 0.00

ELK DRYL5 DRYL5‐0 ‐‐ ‐‐ ‐‐

ELK DRYL5 DRYL5‐25 0.00 ‐‐ ‐‐

ELK DRYL5 DRYL5‐50 0.00 ‐‐ ‐‐

ELK DRYL5 DRYL5‐75 0.00 ‐‐ ‐‐

ELK DRYL6 DRYL6‐25 0.00 ‐‐ ‐‐

ELK DRYL6 DRYL6‐50 0.00 ‐‐ ‐‐

ELK DRYL6 DRYL6‐75 0.00 ‐‐ ‐‐

ELK ELKR10 ELKR10‐25 0.00 0.00 0.00

ELK ELKR10 ELKR10‐50 0.00 0.00 0.00

ELK ELKR10 ELKR10‐75 0.00 0.00 0.00

ELK ELKR11 ELKR11‐25 0.00 0.00 0.00

ELK ELKR11 ELKR11‐50 0.00 0.00 0.00

ELK ELKR11 ELKR11‐75 ‐‐ ‐‐ 0.00

ELK ELKR12 ELKR12‐25 0.00 0.00 0.00



Region Reach Site CI 2013 CI 2014 CI 2015
ELK ELKR12 ELKR12‐50 0.00 0.00 0.00

ELK ELKR12 ELKR12‐75 0.00 0.00 0.00

ELK ELKR15 ELKR15‐25 0.00 0.00 0.00

ELK ELKR15 ELKR15‐50 0.00 0.00 0.00

ELK ELKR15 ELKR15‐75 0.00 0.00 0.00

ELK ELKR8 ELKR8‐25 0.00 0.00 0.00

ELK ELKR8 ELKR8‐50 0.74 0.00 0.00

ELK ELKR8 ELKR8‐75 0.46 0.00 0.00

ELK ELKR9 ELKR9‐25 0.00 0.00 0.00

ELK ELKR9 ELKR9‐50 0.00 0.00 0.00

ELK ELKR9 ELKR9‐75 0.00 0.00 0.00

ELK EPOU1 EPOU1‐0 1.90 1.31 0.58

ELK ERIC1 ERIC1‐0 2.33 2.67 2.69

ELK ERIC1 ERIC1‐50 2.24 2.50 2.85

ELK ERIC2 ERIC2‐0 1.78 2.27 2.58

ELK ERIC3 ERIC3‐0 2.36 2.60 3.00

ELK ERIC4 ERIC4‐12.5 ‐‐ ‐‐ 2.33

ELK ERIC4 ERIC4‐25 0.99 1.56 1.56

ELK ERIC4 ERIC4‐37.5 ‐‐ ‐‐ 0.85

ELK ERIC4 ERIC4‐50 0.60 1.28 0.71

ELK ERIC4 ERIC4‐62.5 ‐‐ ‐‐ 0.83

ELK ERIC4 ERIC4‐75 0.27 0.99 0.74

ELK FELT1 FELT1‐25 0.00 0.00 0.00

ELK FELT1 FELT1‐50 0.00 0.00 0.00

ELK FELT1 FELT1‐75 0.00 0.00 0.00

ELK FENN1 FENN1‐25 0.00 0.00 0.00

ELK FENN1 FENN1‐50 0.00 0.00 0.00

ELK FENN1 FENN1‐75 0.00 0.00 0.00

ELK FORD10 FORD10‐25 0.00 0.00 0.00

ELK FORD10 FORD10‐50 0.00 0.00 0.00

ELK FORD10 FORD10‐75 0.00 0.00 0.00

ELK FORD11 FORD11‐25 0.00 0.00 0.00

ELK FORD11 FORD11‐50 0.00 0.00 0.00

ELK FORD11 FORD11‐75 0.00 0.00 0.00

ELK FORD12 FORD12‐25 0.00 0.00 0.00

ELK FORD12 FORD12‐50 0.00 0.00 0.00

ELK FORD12 FORD12‐75 ‐‐ 0.00 0.00

ELK FORD1 FORD1‐25 0.00 0.00 0.00

ELK FORD1 FORD1‐50 0.00 0.00 0.00

ELK FORD1 FORD1‐75 0.00 0.00 0.00

ELK FORD2 FORD2‐25 0.00 0.00 0.00

ELK FORD2 FORD2‐50 ‐‐ 0.00 0.00

ELK FORD2 FORD2‐75 ‐‐ 0.00 0.00

ELK FORD3 FORD3‐25 0.00 0.00 0.00

ELK FORD3 FORD3‐50 0.00 0.00 0.00



Region Reach Site CI 2013 CI 2014 CI 2015
ELK FORD3 FORD3‐75 ‐‐ 0.04 0.00

ELK FORD4 FORD4‐25 ‐‐ 0.00 0.13

ELK FORD4 FORD4‐50 ‐‐ 0.16 0.99

ELK FORD4 FORD4‐75 ‐‐ 0.00 0.87

ELK FORD5 FORD5‐12.5 ‐‐ ‐‐ 0.29

ELK FORD5 FORD5‐25 0.00 0.00 0.27

ELK FORD5 FORD5‐37.5 ‐‐ ‐‐ 0.49

ELK FORD5 FORD5‐50 0.28 0.98 0.69

ELK FORD5 FORD5‐75 0.68 0.06 0.68

ELK FORD5 FORD5‐87.5 ‐‐ ‐‐ 0.78

ELK FORD6 FORD6‐25 0.92 0.48 2.16

ELK FORD6 FORD6‐50 0.65 0.73 1.86

ELK FORD6 FORD6‐75 0.66 0.07 0.56

ELK FORD7 FORD7‐25 0.74 1.49 0.72

ELK FORD7 FORD7‐50 0.00 0.03 0.33

ELK FORD7 FORD7‐75 0.55 1.40 0.60

ELK FORD8 FORD8‐25 0.16 0.00 0.14

ELK FORD8 FORD8‐50 0.28 1.04 0.86

ELK FORD8 FORD8‐75 0.48 0.43 0.44

ELK FORD9 FORD9‐25 0.00 0.00 0.00

ELK FORD9 FORD9‐50 0.00 0.00 0.00

ELK FORD9 FORD9‐75 0.00 0.00 0.00

ELK FPON1 FPON1‐25 0.00 0.03 0.00

ELK FPON1 FPON1‐50 0.00 0.06 0.00

ELK FPON1 FPON1‐75 0.00 0.00 0.00

ELK GARD1 GARD1‐25 0.86 2.11 0.97

ELK GARD1 GARD1‐50 0.00 0.00 0.00

ELK GARD1 GARD1‐75 0.00 0.00 0.00

ELK GATE1 GATE1‐0 0.05 0.05 ‐‐

ELK GATE2 GATE2‐25 0.29 0.00 0.00

ELK GATE2 GATE2‐50 0.00 0.00 1.31

ELK GATE2 GATE2‐75 ‐‐ 0.00 0.91

ELK GODD1 GODD1‐0 0.00 0.00 0.00

ELK GODD2 GODD2‐25 0.00 0.00 0.00

ELK GODD2 GODD2‐50 0.00 0.00 0.00

ELK GODD2 GODD2‐75 0.00 0.00 0.00

ELK GODD3 GODD3‐25 0.00 2.02 2.22

ELK GODD3 GODD3‐50 0.00 1.75 1.88

ELK GODD3 GODD3‐75 0.00 1.92 1.80

ELK GRAC1 GRAC1‐12.5 ‐‐ ‐‐ 0.04

ELK GRAC1 GRAC1‐25 0.39 0.07 0.04

ELK GRAC1 GRAC1‐37.5 ‐‐ ‐‐ 0.08

ELK GRAC1 GRAC1‐50 0.24 0.25 0.02

ELK GRAC1 GRAC1‐75 0.30 0.27 0.13

ELK GRAC1 GRAC1‐87.5 ‐‐ ‐‐ 0.01



Region Reach Site CI 2013 CI 2014 CI 2015
ELK GRAC2 GRAC2‐25 0.33 0.12 0.10

ELK GRAC2 GRAC2‐50 0.13 0.14 0.14

ELK GRAC2 GRAC2‐75 0.00 0.04 0.05

ELK GRAC3 GRAC3‐25 ‐‐ 0.00 0.00

ELK GRAC3 GRAC3‐50 ‐‐ 0.00 0.00

ELK GRAC3 GRAC3‐75 ‐‐ 0.00 0.00

ELK GRAS1 GRAS1‐25 0.00 0.16 0.00

ELK GRAS1 GRAS1‐50 0.00 0.04 0.00

ELK GRAS1 GRAS1‐75 0.00 0.06 0.00

ELK GRAV1 GRAV1‐25 0.56 0.35 0.01

ELK GRAV1 GRAV1‐50 0.07 0.75 0.04

ELK GRAV1 GRAV1‐75 1.00 1.05 0.01

ELK GRAV2 GRAV2‐25 0.34 0.32 0.00

ELK GRAV2 GRAV2‐50 0.16 0.30 0.00

ELK GRAV2 GRAV2‐75 0.20 0.00 0.00

ELK GRAV3 GRAV3‐25 0.00 0.00 0.00

ELK GRAV3 GRAV3‐50 0.00 0.00 0.00

ELK GRAV3 GRAV3‐75 0.00 0.00 0.00

ELK GREE1 GREE1‐25 0.11 0.13 0.06

ELK GREE1 GREE1‐50 0.21 1.43 0.48

ELK GREE1 GREE1‐75 0.74 1.61 0.80

ELK GREE2 GREE2‐25 0.60 0.00 ‐‐

ELK GREE3 GREE3‐12.5 ‐‐ ‐‐ 2.23

ELK GREE3 GREE3‐25 0.99 2.37 2.55

ELK GREE3 GREE3‐37.5 ‐‐ ‐‐ 2.22

ELK GREE3 GREE3‐50 1.39 2.12 2.53

ELK GREE3 GREE3‐62.5 ‐‐ ‐‐ 2.68

ELK GREE3 GREE3‐75 1.52 2.18 2.52

ELK GREE4 GREE4‐12.5 ‐‐ ‐‐ 2.86

ELK GREE4 GREE4‐25 2.00 2.70 2.77

ELK GREE4 GREE4‐37.5 ‐‐ ‐‐ 2.81

ELK GREE4 GREE4‐50 1.62 2.79 2.88

ELK GREE4 GREE4‐62.5 ‐‐ ‐‐ 2.70

ELK GREE4 GREE4‐75 1.23 2.84 2.76

ELK HARM1 HARM1‐25 0.47 0.88 0.03

ELK HARM1 HARM1‐50 0.42 0.92 0.04

ELK HARM1 HARM1‐75 0.84 1.44 0.13

ELK HARM2 HARM2‐0 0.31 0.15 ‐‐

ELK HARM2 HARM2‐50 0.03 0.05 ‐‐

ELK HARM3 HARM3‐25 0.16 0.58 0.02

ELK HARM3 HARM3‐50 0.12 0.17 0.00

ELK HARM3 HARM3‐75 0.18 0.08 0.00

ELK HARM4 HARM4‐12.5 ‐‐ ‐‐ 0.23

ELK HARM4 HARM4‐25 0.07 0.54 0.05

ELK HARM4 HARM4‐37.5 ‐‐ ‐‐ 0.10



Region Reach Site CI 2013 CI 2014 CI 2015
ELK HARM4 HARM4‐50 0.29 1.29 0.28

ELK HARM4 HARM4‐62.5 ‐‐ ‐‐ 0.29

ELK HARM4 HARM4‐75 0.14 0.26 0.04

ELK HARM5 HARM5‐25 0.26 1.07 0.31

ELK HARM5 HARM5‐50 0.14 0.40 0.19

ELK HARM5 HARM5‐75 0.16 0.21 0.16

ELK HDSE1 HDSE1‐0 0.52 ‐‐ ‐‐

ELK HENR1 HENR1‐25 0.00 0.00 0.00

ELK HENR1 HENR1‐50 0.00 0.00 0.00

ELK HENR1 HENR1‐75 0.00 0.00 0.00

ELK HENR2 HENR2‐25 0.00 0.00 0.00

ELK HENR2 HENR2‐50 0.00 0.00 0.00

ELK HENR2 HENR2‐75 0.00 0.00 0.00

ELK HENR3 HENR3‐25 0.00 0.00 0.00

ELK HENR3 HENR3‐50 0.00 0.00 ‐‐

ELK KILM1 KILM1‐25 ‐‐ ‐‐ 2.56

ELK KILM1 KILM1‐50 2.57 2.70 2.77

ELK KILM1 KILM1‐62.5 ‐‐ ‐‐ 2.44

ELK KILM1 KILM1‐75 1.74 0.57 2.09

ELK KILM1 KILM1‐87.5 ‐‐ ‐‐ 0.00

ELK LCSE1 LCSE1‐0 0.39 ‐‐ ‐‐

ELK LEAS1 LEAS1‐25 0.00 0.00 ‐‐

ELK LEAS1 LEAS1‐50 0.00 0.00 ‐‐

ELK LEAS1 LEAS1‐75 0.09 0.51 ‐‐

ELK LEAS2 LEAS2‐25 0.08 1.40 0.24

ELK LEAS2 LEAS2‐50 0.10 1.80 ‐‐

ELK LEAS3 LEAS2‐75 0.22 ‐‐ ‐‐

ELK LIND1 LIND1‐25 0.58 0.78 0.56

ELK LIND1 LIND1‐50 0.00 0.00 0.00

ELK LIND1 LIND1‐75 0.00 0.00 0.00

ELK LINE1 LINE1‐25 0.13 0.00 0.00

ELK LINE1 LINE1‐50 0.27 0.00 0.00

ELK LINE1 LINE1‐75 0.40 0.00 0.00

ELK LINE2 LINE2‐25 0.00 0.00 0.00

ELK LINE2 LINE2‐50 0.00 0.00 0.00

ELK LINE2 LINE2‐75 0.00 0.00 0.00

ELK LINE3 LINE3‐25 0.00 0.00 0.00

ELK LINE3 LINE3‐50 0.00 0.00 0.00

ELK LINE3 LINE3‐75 0.00 0.00 0.00

ELK LINE4 LINE4‐25 0.51 0.34 0.77

ELK LINE4 LINE4‐50 0.19 0.20 0.56

ELK LINE4 LINE4‐75 0.49 0.28 0.70

ELK LINE7 LINE7‐25 0.00 0.00 0.00

ELK LINE7 LINE7‐50 0.00 0.00 0.00

ELK LINE7 LINE7‐75 0.00 0.00 0.00



Region Reach Site CI 2013 CI 2014 CI 2015
ELK LMOU1 LMOU1‐25 0.00 0.00 0.00

ELK LMOU1 LMOU1‐50 0.00 0.00 0.00

ELK LMOU1 LMOU1‐75 0.00 1.00 0.00

ELK LMOU2 LMOU2‐0 0.00 0.09 ‐‐

ELK LMOU3 LMOU3‐25 0.00 0.00 0.00

ELK LMOU3 LMOU3‐50 0.00 0.00 0.00

ELK LMOU3 LMOU3‐75 0.00 0.00 0.00

ELK LMOU4 LMOU4‐25 0.00 0.00 0.00

ELK LMOU4 LMOU4‐50 0.00 0.00 0.00

ELK LMOU4 LMOU4‐75 0.00 0.00 0.00

ELK MICH1 MICH1‐25 0.00 0.00 0.00

ELK MICH1 MICH1‐50 0.00 0.00 0.00

ELK MICH1 MICH1‐75 0.93 0.00 0.00

ELK MICH2 MICH2‐25 0.00 0.00 0.00

ELK MICH2 MICH2‐50 0.16 0.00 0.00

ELK MICH2 MICH2‐75 0.00 0.15 0.00

ELK MICH3 MICH3‐25 0.00 0.00 0.00

ELK MICH3 MICH3‐50 ‐‐ 0.00 0.00

ELK MICH3 MICH3‐75 0.00 0.00 0.00

ELK MICH4 MICH4‐25 0.00 0.00 0.00

ELK MICH4 MICH4‐50 0.00 0.00 0.00

ELK MICH4 MICH4‐75 0.00 0.00 0.00

ELK MICH5 MICH5‐25 0.00 0.00 0.00

ELK MICH5 MICH5‐50 0.00 0.00 0.00

ELK MICH5 MICH5‐75 0.00 0.00 0.00

ELK MICK1 MICK1‐25 0.00 0.00 0.00

ELK MICK1 MICK1‐50 0.00 0.00 0.00

ELK MICK1 MICK1‐75 0.02 0.00 0.00

ELK MICK2 MICK2‐25 0.05 0.00 0.00

ELK MICK2 MICK2‐50 0.08 0.00 0.09

ELK MICK2 MICK2‐75 0.02 ‐‐ 0.00

ELK MILL1 MILL1‐0 0.00 0.00 0.00

ELK MILL2 MILL2‐0 0.00 0.00 0.00

ELK NTHO1 NTHO1‐12.5 ‐‐ ‐‐ 0.29

ELK NTHO1 NTHO1‐25 0.83 2.39 1.81

ELK NTHO1 NTHO1‐37.5 ‐‐ ‐‐ 1.66

ELK NTHO1 NTHO1‐50 2.09 2.39 1.64

ELK NTHO1 NTHO1‐62.5 ‐‐ ‐‐ 1.33

ELK NTHO1 NTHO1‐75 0.80 ‐‐ 0.33

ELK NWOL1 NWOL1‐25 1.72 1.22 0.42

ELK NWOL1 NWOL1‐50 0.16 1.43 0.00

ELK NWOL1 NWOL1‐75 0.22 ‐‐ ‐‐

ELK OTTO1 OTTO1‐0 0.30 0.22 0.10

ELK OTTO2 OTTO2‐25 0.08 0.00 0.00

ELK OTTO2 OTTO2‐50 0.00 0.00 0.00



Region Reach Site CI 2013 CI 2014 CI 2015
ELK OTTO2 OTTO2‐75 0.00 0.00 0.00

ELK OTTO3 OTTO3‐25 0.06 0.07 0.00

ELK OTTO3 OTTO3‐50 0.00 0.00 0.00

ELK OTTO3 OTTO3‐75 0.00 0.00 0.00

ELK P12S1 P12S1‐0  0.00 ‐‐ ‐‐

ELK P12S1 P12S1‐50 0.00 ‐‐ ‐‐

ELK PENG1 PENG1‐0 0.10 0.03 0.03

ELK PENG1 PENG1‐50 0.07 0.00 0.00

ELK PORT1 PORT1‐0 0.92 0.84 0.85

ELK PORT2 PORT2‐0 0.11 0.10 ‐‐

ELK PORT3 PORT3‐25 2.33 1.34 0.92

ELK PORT3 PORT3‐50 3.00 1.74 2.07

ELK PORT3 PORT3‐75 3.00 2.73 2.83

ELK QUAL1 QUAL1‐0 0.00 0.00 0.00

ELK SAWM1 SAWM1‐0 0.00 0.00 0.00

ELK SAWM1 SAWM1‐50 0.00 0.00 0.00

ELK SAWM2 SAWM2‐25 0.00 0.00 0.00

ELK SAWM2 SAWM2‐50 0.76 1.08 1.24

ELK SIXM1 SIXM1‐25 0.98 1.34 0.58

ELK SIXM1 SIXM1‐50 0.90 1.24 0.38

ELK SIXM1 SIXM1‐75 0.51 1.00 0.50

ELK SIXM2 SIXM2‐25 0.00 ‐‐ ‐‐

ELK SIXM2 SIXM2‐50 0.00 ‐‐ ‐‐

ELK SIXM2 SIXM2‐75 0.00 ‐‐ ‐‐

ELK SLIN2 SLIN2‐25 0.00 0.00 0.00

ELK SLIN2 SLIN2‐50 0.00 0.00 0.00

ELK SLIN2 SLIN2‐75 0.00 0.00 0.00

ELK SNOW1 SNOW1‐25 0.00 0.00 0.00

ELK SNOW1 SNOW1‐50 0.00 0.00 0.00

ELK SNOW1 SNOW1‐75 0.00 0.00 0.00

ELK SPIT1 SPIT1‐0 ‐‐ ‐‐ 2.13

ELK SPIT1 SPIT1‐25 0.00 0.00 2.19

ELK SPIT1 SPIT1‐50 0.00 0.00 0.24

ELK SPIT1 SPIT1‐75 0.00 0.00 0.00

ELK SPIT2 SPIT2‐25 0.00 0.00 0.00

ELK SPIT2 SPIT2‐50 0.00 ‐‐ ‐‐

ELK SPIT2 SPIT2‐75 0.09 0.00 0.00

ELK SPOU1 SPOU1‐0 2.61 2.24 2.24

ELK SPRI1 SPRI1‐0 0.20 0.11 0.11

ELK SPSE1 SPSE1‐50 0.00 1.50 0.10

ELK SWIF1 SWIF1‐0 2.58 2.18 2.39

ELK SWIF2 SWIF2‐25 0.00 0.10 0.00

ELK SWIF2 SWIF2‐50 ‐‐ 0.53 0.00

ELK SWIF2 SWIF2‐75 0.00 2.49 2.46

ELK SWOL1 SWOL1‐25 2.83 1.26 0.85



Region Reach Site CI 2013 CI 2014 CI 2015
ELK SWOL1 SWOL1‐50 1.34 1.95 0.00

ELK SWOL1 SWOL1‐75 1.74 2.70 0.00

ELK THOM1 THOM1‐0 0.00 0.00 0.00

ELK THOM2 THOM2‐25 0.00 0.00 0.00

ELK THOM2 THOM2‐50 0.24 0.00 0.04

ELK THOM2 THOM2‐75 0.00 0.00 0.00

ELK THOM3 THOM3‐25 0.00 0.00 0.00

ELK THOM3 THOM3‐50 0.00 0.00 0.00

ELK THOM3 THOM3‐75 0.00 0.00 0.00

ELK THRE1 THRE1‐25 0.00 0.00 0.00

ELK THRE1 THRE1‐50 0.00 0.00 0.00

ELK USOS1 USOS1‐25 0.00 0.00 0.00

ELK USOS1 USOS1‐50 0.00 0.00 0.00

ELK WILN2 WILN2‐25 ‐‐ ‐‐ 0.00

ELK WILN2 WILN2‐50 ‐‐ ‐‐ 0.00

ELK WILS1 WILS1‐25 ‐‐ ‐‐ 0.00

ELK WILS1 WILS1‐50 ‐‐ ‐‐ 0.00

ELK WHEE1 WHEE1‐25 0.00 0.00 0.00

ELK WHEE1 WHEE1‐50 0.00 0.00 0.00

ELK WHEE1 WHEE1‐75 0.00 0.00 0.00

ELK WHEE2 WHEE2‐25 0.00 0.00 0.00

ELK WHEE2 WHEE2‐50 0.00 0.00 0.00

ELK WHEE2 WHEE2‐75 0.00 0.00 0.00

ELK WHEE3 WHEE3‐25 0.00 0.00 0.00

ELK WHEE3 WHEE3‐50 0.00 0.00 0.00

ELK WHEE3 WHEE3‐75 0.00 0.00 0.00

ELK WOL1 WOL1‐25 ‐‐ ‐‐ 0.00

ELK WOL1 WOL1‐50 ‐‐ ‐‐ 0.00

ELK WOLF2 WOLF2‐25 ‐‐ 0.00 0.00

ELK WOLF2 WOLF2‐50 ‐‐ 0.00 0.00

ELK WOLF2 WOLF2‐75 0.27 0.42 0.70

ELK WOLF3 WOLF3‐25 2.90 2.00 1.29

ELK WOLF3 WOLF3‐50 2.94 2.10 1.87

ELK WOLF3 WOLF3‐75 2.95 2.11 1.64
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Reach Name
Reach 

Code
Site Code Spatial reference Easting Northing Zone Operation Type

Calcite 

present
Calcite type

Kilmamock Creek R1 KILM1 KILM1-25 UTM Zone11 NAD83 652416 5559480 Elk Valley FRO Exposed Yes calcite scale

Kilmamock Creek R1 KILM1 KILM1-50 UTM Zone11 NAD83 652442 5559534 Elk Valley FRO Exposed Yes calcite scale

Kilmamock Creek R1 KILM1 KILM1-75 UTM Zone11 NAD83 652704 5559764 Elk Valley FRO Exposed Yes calcite scale

Leask R2 LEAS2 LEAS2-25 UTM Zone11 NAD83 648763 5552881 Elk Valley GHO Exposed Yes calcite scale

Lindsay Creek R1 LIND1 LIND1-25 UTM Zone11 NAD83 654526 5515017 Elk Valley EVO Exposed Yes calcite scale

Lindsay Creek R1 LIND1 LIND1-50 UTM Zone11 NAD83 654687 5515222 Elk Valley EVO Exposed No n/a

Lindsay Creek R1 LIND1 LIND1-75 UTM Zone11 NAD83 654888 5515423 Elk Valley EVO Exposed No n/a

Line Creek R1 LINE1 LINE1-25 UTM Zone11 NAD83 654200 5529047 Elk Valley LCO Exposed No n/a

Line Creek R1 LINE1 LINE1-50 UTM Zone11 NAD83 654711 5528956 Elk Valley LCO Exposed No n/a

Line Creek R1 LINE1 LINE1-75 UTM Zone11 NAD83 655213 5529091 Elk Valley LCO Exposed No n/a

Line Creek R2 LINE2 LINE2-25 UTM Zone11 NAD83 656502 5529046 Elk Valley LCO Exposed No n/a

Line Creek R2 LINE2 LINE2-50 UTM Zone11 NAD83 657254 5529214 Elk Valley LCO Exposed No n/a

Line Creek R2 LINE2 LINE2-75 UTM Zone11 NAD83 657925 5529475 Elk Valley LCO Exposed No n/a

Line Creek R3 LINE3 LINE3-25 UTM Zone11 NAD83 658973 5530185 Elk Valley LCO Exposed No n/a

Line Creek R3 LINE3 LINE3-50 UTM Zone11 NAD83 659309 5530587 Elk Valley LCO Exposed No n/a

Line Creek R3 LINE3 LINE3-75 UTM Zone11 NAD83 659578 5531063 Elk Valley LCO Exposed No n/a

Line Creek R4 LINE4 LINE4-25 UTM Zone11 NAD83 659847 5531710 Elk Valley LCO Exposed Yes calcified algae

Line Creek R4 LINE4 LINE4-50 UTM Zone11 NAD83 660002 5531934 Elk Valley LCO Exposed Yes calcified algae

Line Creek R4 LINE4 LINE4-75 UTM Zone11 NAD83 660070 5532015 Elk Valley LCO Exposed Yes calcified algae

Line Creek R7 LINE7 LINE7-25 UTM Zone11 NAD83 661923 5538298 Elk Valley LCO Reference No n/a

Line Creek R7 LINE7 LINE7-50 UTM Zone11 NAD83 661951 5538340 Elk Valley LCO Reference No n/a

Line Creek R7 LINE7 LINE7-75 UTM Zone11 NAD83 662009 5538457 Elk Valley LCO Reference No n/a

Lake Mountain Creek R1 LMOU1 LMOU1-25 UTM Zone11 NAD83 650760 5563296 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R1 LMOU1 LMOU1-50 UTM Zone11 NAD83 650643 5563312 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R1 LMOU1 LMOU1-75 UTM Zone11 NAD83 650543 5563221 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R3 LMOU3 LMOU3-25 UTM Zone11 NAD83 650103 5563122 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R3 LMOU3 LMOU3-50 UTM Zone11 NAD83 649955 5563349 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R3 LMOU3 LMOU3-75 UTM Zone11 NAD83 649962 5563622 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R4 LMOU4 LMOU4-25 UTM Zone11 NAD83 649943 5564016 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R4 LMOU4 LMOU4-50 UTM Zone11 NAD83 649947 5564139 Elk Valley FRO Exposed No n/a

Lake Mountain Creek R4 LMOU4 LMOU4-75 UTM Zone11 NAD83 649943 5564283 Elk Valley FRO Exposed No n/a

Michel Creek R1 MICH1 MICH1-25 UTM Zone11 NAD83 652366 5511653 Elk Valley Regional Exposed No n/a

Michel Creek R1 MICH1 MICH1-50 UTM Zone11 NAD83 653083 5511691 Elk Valley Regional Exposed No n/a

Michel Creek R1 MICH1 MICH1-75 UTM Zone11 NAD83 653644 5511239 Elk Valley Regional Exposed No n/a

Michel Creek R2 MICH2 MICH2-25 UTM Zone11 NAD83 655772 5509086 Elk Valley Regional Exposed No n/a

Michel Creek R2 MICH2 MICH2-50 UTM Zone11 NAD83 656991 5507317 Elk Valley Regional Exposed No n/a

Michel Creek R2 MICH2 MICH2-75 UTM Zone11 NAD83 658602 5506054 Elk Valley Regional Exposed No n/a

Michel Creek R3 MICH3 MICH3-25 UTM Zone11 NAD83 660364 5502437 Elk Valley Regional Exposed No n/a

Michel Creek R3 MICH3 MICH3-50 UTM Zone11 NAD83 659705 5499439 Elk Valley Regional Exposed No n/a

Michel Creek R3 MICH3 MICH3-75 UTM Zone11 NAD83 659464 5496940 Elk Valley Regional Exposed No n/a

Michel Creek R4 MICH4 MICH4-25 UTM Zone11 NAD83 661761 5493058 Elk Valley Regional Exposed No n/a

Michel Creek R4 MICH4 MICH4-50 UTM Zone11 NAD83 663664 5490968 Elk Valley Regional Exposed No n/a

Michel Creek R4 MICH4 MICH4-75 UTM Zone11 NAD83 665768 5488794 Elk Valley Regional Exposed No n/a

Michel Creek R5 MICH5 MICH5-25 UTM Zone11 NAD83 667899 5485586 Elk Valley Regional Reference No n/a

Michel Creek R5 MICH5 MICH5-50 UTM Zone11 NAD83 667933 5484333 Elk Valley Regional Reference No n/a

Michel Creek R5 MICH5 MICH5-75 UTM Zone11 NAD83 668277 5482458 Elk Valley Regional Reference No n/a

Mickelson Creek R1 MICK1 MICK1-25 UTM Zone11 NAD83 648023 5553511 Elk Valley GHO Exposed No n/a

Mickelson Creek R1 MICK1 MICK1-50 UTM Zone11 NAD83 648108 5553683 Elk Valley GHO Exposed No n/a
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Type (exposed 

or reference)
Stream Reach

Mean CI p 

Score (0-1)

Mean CI c 

Score (0-2)

CI      
(Cp+Cc)

Reference Alexander ALEX3 0.01 0.39 0.40

Reference Andy Good ANDY1 0.00 0.00 0.00

Exposed Aqueduct AQUE1 0.00 0.00 0.00

Exposed Aqueduct AQUE2 0.00 0.00 0.00

Exposed Aqueduct AQUE3 0.00 0.00 0.00

Exposed Balmer BALM1 0.00 0.00 0.00

Exposed Bodie BODI1 0.00 0.00 0.00

Exposed CCR Seep CSEE1 0.54 0.31 0.85

Proposed Carbon CARB1 0.00 0.00 0.00

Proposed Carbon CARB2 0.00 0.00 0.00

Exposed Cataract CATA1 2.00 1.00 3.00

Exposed Cataract CATA3 1.58 0.99 2.56

Reference Chauncey CHAU1 0.00 0.00 0.00

Exposed Clode Pond Outlet COUT1 0.16 0.87 1.03

Exposed Clode West Infiltration CLOW1 0.00 0.00 0.00

Exposed Corbin CORB1 1.63 0.99 2.62

Exposed Corbin CORB2 1.42 0.83 2.25

Exposed Dry (EVO) DRYE1 1.25 0.94 2.19

Exposed Dry (EVO) DRYE3 1.56 0.92 2.48

Exposed Dry (EVO) DRYE4 1.43 0.94 2.37

Proposed Dry (LCO) DRYL1 0.00 0.00 0.00

Proposed Dry (LCO) DRYL2 0.00 0.00 0.00

Proposed Dry (LCO) DRYL3 0.00 0.00 0.00

Proposed Dry (LCO) DRYL4 0.00 0.00 0.00

Exposed Eagle Pond Outlet EPOU1 0.32 0.26 0.58

Exposed Elk ELKR10 0.00 0.00 0.00

Exposed Elk ELKR11 0.00 0.00 0.00

Exposed Elk ELKR12 0.00 0.00 0.00

Reference Elk ELKR15 0.00 0.00 0.00

Exposed Elk ELKR8 0.00 0.00 0.00

Exposed Elk ELKR9 0.00 0.00 0.00

Exposed Erickson ERIC1 1.82 0.96 2.77

Exposed Erickson ERIC2 1.68 0.90 2.58

Exposed Erickson ERIC3 2.00 1.00 3.00

Exposed Erickson ERIC4 0.46 0.71 1.17

Exposed Feltham FELT1 0.00 0.00 0.00

Exposed Fennelon FENN1 0.00 0.00 0.00

Exposed Fish Pond FPON1 0.00 0.00 0.00

Exposed Fording FORD1 0.00 0.00 0.00

Exposed Fording FORD10 0.00 0.00 0.00

Exposed Fording FORD11 0.00 0.00 0.00

Reference Fording FORD12 0.00 0.00 0.00

Exposed Fording FORD2 0.00 0.00 0.00

Exposed Fording FORD3 0.00 0.00 0.00

Exposed Fording FORD4 0.00 0.66 0.66

Exposed Fording FORD5 0.00 0.53 0.53

Exposed Fording FORD6 0.70 0.83 1.53

Exposed Fording FORD7 0.00 0.55 0.55

Exposed Fording FORD8 0.01 0.47 0.48

Exposed Fording FORD9 0.00 0.00 0.00

Exposed Gardine GARD1 0.06 0.27 0.32

Exposed Gate GATE2 0.38 0.36 0.74

Exposed Goddard GODD1 0.00 0.00 0.00

Exposed Goddard GODD2 0.00 0.00 0.00

Exposed Goddard GODD3 1.21 0.76 1.97

Reference Grace GRAC1 0.00 0.05 0.05



Type (exposed 

or reference)
Stream Reach

Mean CI p 

Score (0-1)

Mean CI c 

Score (0-2)

CI      
(Cp+Cc)

Reference Grace GRAC2 0.00 0.10 0.10

Reference Grace GRAC3 0.00 0.00 0.00

Exposed Grassy GRAS1 0.00 0.00 0.00

Exposed Grave GRAV1 0.00 0.02 0.02

Exposed Grave GRAV2 0.00 0.00 0.00

Reference Grave GRAV3 0.00 0.00 0.00

Exposed Greenhills GREE1 0.04 0.41 0.45

Exposed Greenhills GREE3 1.52 0.94 2.46

Exposed Greenhills GREE4 1.84 0.96 2.80

Exposed Harmer HARM1 0.00 0.07 0.07

Exposed Harmer HARM3 0.00 0.01 0.01

Exposed Harmer HARM4 0.00 0.17 0.17

Exposed Harmer HARM5 0.00 0.22 0.22

Exposed Henretta HENR1 0.00 0.00 0.00

Exposed Henretta HENR2 0.00 0.00 0.00

Exposed Henretta HENR3 0.00 0.00 0.00

Exposed Kilmamock KILM1 1.28 0.69 1.97

Exposed Lake Mountain LMOU1 0.00 0.00 0.00

Exposed Lake Mountain LMOU3 0.00 0.00 0.00

Exposed Lake Mountain LMOU4 0.00 0.00 0.00

Exposed Leask LEAS2 0.00 0.24 0.24

Exposed Lindsay LIND1 0.02 0.17 0.19

Exposed Line LINE1 0.00 0.00 0.00

Exposed Line LINE2 0.00 0.00 0.00

Exposed Line LINE3 0.00 0.00 0.00

Exposed Line LINE4 0.14 0.54 0.68

Reference Line LINE7 0.00 0.00 0.00

Exposed Michel MICH1 0.00 0.00 0.00

Exposed Michel MICH2 0.00 0.00 0.00

Exposed Michel MICH3 0.00 0.00 0.00

Exposed Michel MICH4 0.00 0.00 0.00

Reference Michel MICH5 0.00 0.00 0.00

Exposed Mickelson MICK1 0.00 0.00 0.00

Exposed Mickelson MICK2 0.00 0.03 0.03

Exposed Milligan MILL1 0.00 0.00 0.00

Exposed Milligan MILL2 0.00 0.00 0.00

Exposed North Thompson NTHO1 0.57 0.61 1.18

Exposed North Wolfram NWOL1 0.04 0.17 0.21

Exposed Otto OTTO1 0.00 0.10 0.10

Exposed Otto OTTO2 0.00 0.00 0.00

Exposed Otto OTTO3 0.00 0.00 0.00

Exposed Pengally PENG1 0.00 0.02 0.02

Exposed Porter PORT1 0.23 0.62 0.85

Exposed Porter PORT3 1.16 0.78 1.94

Exposed Qualteri QUAL1 0.00 0.00 0.00

Exposed Sawmill SAWM1 0.00 0.00 0.00

Exposed Sawmill SAWM2 0.32 0.31 0.62

Exposed Six Mile SIXM1 0.00 0.49 0.49

Exposed Smith Pond Outlet SPOU1 1.39 0.85 2.24

Proposed Snowslide SNOW1 0.00 0.00 0.00

Reference South Line SLINE2 0.00 0.00 0.00

Exposed South Pit SPIT1 0.68 0.47 1.14

Exposed South Pit SPIT2 0.00 0.00 0.00

Exposed South Pond Seep SPSE1 0.02 0.08 0.10

Exposed South Wolfram Creek SWOL1 0.07 0.21 0.28

Exposed Spring SPRI1 0.00 0.11 0.11



Type (exposed 

or reference)
Stream Reach

Mean CI p 

Score (0-1)

Mean CI c 

Score (0-2)

CI      
(Cp+Cc)

Exposed Swift SWIF1 1.53 0.86 2.39

Exposed Swift SWIF2 0.51 0.31 0.82

Exposed Thompson THOM1 0.00 0.00 0.00

Exposed Thompson THOM2 0.00 0.01 0.01

Exposed Thompson THOM3 0.00 0.00 0.00

Exposed Thresher THRE1 0.00 0.00 0.00

Exposed Unnamed South of Sawmill USOS1 0.00 0.00 0.00

Proposed Wheeler WHEE1 0.00 0.00 0.00

Proposed Wheeler WHEE2 0.00 0.00 0.00

Proposed Wheeler WHEE3 0.00 0.00 0.00

Exposed Wolfram WOLF2 0.02 0.21 0.23

Exposed Wolfram WOLF3 0.73 0.87 1.60
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