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USING TURBIDITY TO PREDICT TOTAL SUSPENDED SOLIDS 
IN MINED STREAMS IN INTERIOR ALASKA 

by 
Stephen F. Mack 1 

ABSTRACT 

Data from mined streams in interior Alaska were used to determine the 
extent to which data from different locations can be combined to predict 
total suspended solids (TSS) from turbidity measurements. Data were trans- 
formed into logarithms with log TSS regressed on log turbidity using linear 
regression. Coefficients of determination (r2) for equations derived from 
measurements in seven basins, 15 streams and 18 sites ranged from 0.261 to 
0.996 with standard errors of estimate (SEE) ranging from +I55 percent 
(-61 percent) to +14 (-13 percent). Covariance analysis indicated relation- 
ships between TSS and turbidity data collected from different basins to be 
statistically different; turbidity-TSS relationships of data from different 
streams within a basin may also differ, and relationships of data from 
different sites within a stream may differ. Also, data collected in separate 
years may have statistically different relationships. Model validation con- 
firmed the uncertainty of using previous years' data. At one site, multiple 
regression with turbidity and average velocity used as predictors for TSS 
improved the r2 from 0.20 of a simple turbidity-TSS model to 0.68 and reduced 
SEE from +98 percent (-49 percent) to +49 percent (-33 percent). 
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INTRODUCTION 

This report presents the results of an investigation of the statistical 
relationship between turbidity and total suspended solids (TSS) in free- 
flowing, placer-mined streams in interior Alaska. Because of high levels of 
sediment discharge, increasing scrutiny is being directed at the placer 
mining industry. To determine the impact of discharged sediment, samples 

'DGGS, 3700 Airport Way, Fairbanks, Alaska 99709 (current address : Nevada 
Regional Water Board, P.O. Box 857, Sparks, NV 89432. 



from mined s t reams  a r e  c o l l e c t e d  and ana lyzed ,  b o t h  f o r  t u r b i d i t y  and f o r  
TSS. The t u r b i d i t y  parameter  is  e a s i e r ,  l e s s  t ime consuming, and l e s s  
expensive t o  measure. I f  a  good s t a t i s t i c a l  r e l a t i o n s h i p  between t u r b i d i t y  
and TSS can be e s t a b l i s h e d ,  t u r b i d i t y  a n a l y s i s  would s e r v e  f o r  most purposes .  
A good s t a t i s t i c a l  r e l a t i o n s h i p  i s  d e f i n e d  a s  one which has  an  a c c e p t a b l e  
c o e f f i c i e n t  of d e t e r m i n a t i o n  ( r 2 )  and s t a n d a r d  e r r o r  o f  e s t i m a t e .  

Severa l  government a g e n c i e s  and c o n s u l t i n g  f i r m s  have c o l l e c t e d  a  
cons iderab le  amount of p a i r e d  t u r b i d i t y  and TSS d a t a  from placer-mined 
s t reams i n  i n t e r i o r  Alaska d u r i n g  t h e  p a s t  3 y r .  I have o rgan ized  t h e s e  
observa t ions  on a  bas in -s t ream-s i t e  b a s i s  and a p p l i e d  s t a t i s t i c a l  t e c h n i q u e s  
t o  determine t h e  f e a s i b i l i t y  of p r e d i c t i n g  TSS from t u r b i d i t y ,  u s i n g  e x i s t i n g  
da ta .  

BACKGROUND 

P lacer  mining e n t a i l s  l o c a t i n g  f r e e  go ld  i n  a l l u v i a l  ( p l a c e r )  d e p o s i t s  
near  bedrock, uncover ing t h e  gold-bear ing l a y e r  ( s t r i p p i n g ) ,  and s e p a r a t i n g  
gold from sand and g r a v e l s  ( s l u i c i n g ) .  S t r i p p i n g  and s l u i c i n g ,  a s  p r a c t i c e d  
i n  Alaska, o f t e n  r e s u l t s  i n  t h e  d i s c h a r g e  of n o t i c e a b l e  amounts of sed iment  
i n t o  many bod ies  of w a t e r  t h a t  o the rwise  would be v i r t u a l l y  sediment f r e e .  
This  is  c o n t r a r y  t o  s t a t e  and f e d e r a l  laws by which t h e  p l a c e r  mining 
i n d u s t r y  i s  more and more be ing  governed. 

Two parameters  by which t h e  impact of p l a c e r  mining on w a t e r  b o d i e s  is 
measured a r e  t u r b i d i t y  (which r e l a t e s  t o  t h e  muddiness o r  c l o u d i n e s s  of t h e  
w a t e r ) ,  and TSS (which d e s c r i b e s  t h e  p h y s i c a l  amount of sediment i n  t h e  wa te r  
column). 

T u r b i d i t y  i s  d e f i n e d  by APHA (1985) a s  ' t h e  e x p r e s s i o n  of t h e  o p t i c a l  
p roper ty  t h a t  causes  l i g h t  t o  be s c a t t e r e d  and absorbed r a t h e r  t h a n  t r a n s -  
m i t t e d  i n  s t r a i g h t  l i n e s  through t h e  sample. '  Such s c a t t e r i n g  and a b s o r p t i o n  
i s  caused by p a r t i c l e s - - c l a y s  o r  s i l t s ,  a l g a e ,  o r g a n i c  d e t r i t u s ,  and o t h e r  
f i n e  i n s o l u b l e  sediments--suspended i n  t h e  w a t e r  (Hach and o t h e r s ,  1984).  I n  
Alaska,  t u r b i d i t y  i s  measured by t u r b i d i m e t e r ,  i n  nephe lomet r ic  t u r b i d i t y  
u n i t s  (NTU). Nephelometry i s  t h e  measurement of l i g h t  s c a t t e r e d  a t  r i g h t  
a n g l e s  t o  t h e  i n c i d e n t  l i g h t  beam p a s s i n g  through a  sample (Hach and o t h e r s ,  
1984). The d e l e t e r i o u s  e f f e c t s  of t u r b i d i t y  i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  
a e s t h e t i c  and f u n c t i o n a l  impairment o f  r e c r e a t i o n a l  u s e ,  impaired product-  
i v i t y  and adverse  impacts  on t h e  food c h a i n  because  of reduced l i g h t  p e n e t r a -  
t i o n ,  avoidance by f i s h  p o p u l a t i o n s ,  and impaired t r e a t m e n t  of d r i n k i n g  w a t e r  
(Peterson and o t h e r s ,  1985). 

T u r b i d i t y  measurement r e q u i r e s  a  p r o p e r l y  c a l i b r a t e d  t u r b i d i m e t e r  and 
a p p r o p r i a t e  g lassware .  P o r t a b l e  t u r b i d i m e t e r s  a r e  a v a i l a b l e  which can 
a c c u r a t e l y  measure t u r b i d i t y  i n  t h e  f i e l d .  Nephelometric t u r b i d i m e t e r s  c a n  
measure v a l u e s  t o  100 NTUs; however, t h e  s t a n d a r d  method r e q u i r e s  d i l u t i o n s  
t o  below 40 NTU (APHA, 1985).  Placer-mined s t r e a m s  a r e  o f t e n  above 100 NTU 
and may r e q u i r e  s e v e r a l  d i l u t i o n s .  

TSS i s  d e f i n e d  by APHA (1985) a s  ' t h e  p o r t i o n  of t o t a l  s o l i d s  r e t a i n e d  
by a  g l a s s - f i b e r  f i l t e r . '  TSS is  r e p o r t e d  i n  c o n c e n t r a t i o n s  ( u s u a l l y  m i l l i -  



grams per liter) and represents the mass of non-dissolved solids contained in 
the water column. TSS is not to be confused with settleable solids, which is 
the volumetric quantity of solids that will settle in an Imhoff cone in 1 hr 
(APHA, 1985) and are reported in milliliters per liter. This project did not 
investigate any relationship between turbidity and settleable solids. 

Recent research connects high TSS concentrations to biota damage, 
including impacts on fish at various life stages and impacts on invertebrates 
(Peterson and others, 1985). TSS, combined with discharge, gives an estimate 
of sediment load, which is the total amount of sediment carried by a stream. 

TSS measurement requires ovens, analytical balances, and glassware for 
filtering samples, and is not practical outside a properly equipped labora- 
tory. TSS analysis requires more time than turbidity measurements. Samples 
must be filtered (which can take hours with silt-laden samples) and dried in 
an oven. Turbidity measurements can be done in the field and require only 
time for the turbidimeter readout to stabilize and, for highly turbid 
samples, time for dilutions. 

Extensive literature exists on the relationship of turbidity to TSS. 
Measurement of turbidity was developed as an index of suspended material 
concentrations, but it has been long recognized that no single, universal 
relationship is applicable (Lloyd, 1985); turbidity is an optical measurement 
of reflected light, whereas TSS is measured by the actual mass of particles 
retained on filter paper. Investigators have found that particles with very 
little mass can cause turbidity; in fact, much of the variation in turbidity 
is attributed to particles 10 microns or smaller (Nichols, 1986). Samples 
with identical TSS measurements but differing particle sizes can have very 
different turbidity measurements. Conversely, of two samples with similar 
turbidity measurements, the sample with coarser material can measure substan- 
tially higher in TSS (Nichols, 1986). Particle size may vary less in streams 
affected by placer mining because of effluent treatment, which is usually in 
the form of settling ponds. Settling ponds do a poor job of removing part- 
icles smaller than 25 microns (Dames and Woore, 1986), and because finer 
particles are also most responsible for turbidity, placer-mined streams may 
exhibit less variability from differences in particle size. 

A consideration of the sources of error in turbidity and TSS measure- 
ments is necessary for developing a relationship between turbidity and TSS. 
Nichols (1986) identified four sources of error: (1) error in sample collec- 
tion; (2) subsample error; (3) error in turbidity analyses; and (4) error in 
TSS analyses. 

The first source, 'error in sample collection,' refers to whether the 
sample collected is representative of the whole stream cross section; this 
category is not applicable to the project reported here. Development of 
regression equations require only that TSS and turbidity samples be taken at 
the same time and at the same location, regardless of whether samples are 
representative of an entire cross section. 



The second source ,  'subsample e r r o r , '  however, i s  important  t o  the  
p r o j e c t  repor ted  he re .  TSS and t u r b i d i t y  samples a r e  commonly c o l l e c t e d  i n  
b o t t l e s  with a  capac i ty  i n  excess  of what i s  needed f o r  a n a l y s i s ,  and sub- 
samples a r e  then taken from these  b o t t l e s  f o r  t h e  a c t u a l  a n a l y s i s .  The 
subsample e r r o r  f a c t o r  becomes most c r i t i c a l  when samples con ta in  coarse  
p a r t i c l e s ,  because these  s t a r t  s e t t l i n g  immediately a f t e r  a  thorough shaking,  
and the subsample may not  con ta in  a  r e p r e s e n t a t i v e  p ropor t ion  of t he  coa r se r  
p a r t i c l e s .  

The t h i r d  source ,  ' e r r o r  i n  t u r b i d i t y  a n a l y s e s , '  has  rece ived  the  most 
a t t e n t i o n .  P icker ing  (1976) recommended t h a t  t h e  U.S. Geological  Survey s t o p  
r epor t ing  t u r b i d i t y  because of measurement e r r o r .  Nichols  (1986) ex t ens ive ly  
s tud ied  t h i s  type of e r r o r .  I n  t he  p a s t ,  t u r b i d i t y  was measured by va r ious  
methods which r epor t ed  i n  s i m i l a r ,  bu t  no t  i d e n t i c a l ,  u n i t s .  Nephelometry i s  
now the  s tandard  method and i s  used i n  Alaska f o r  measuring t u r b i d i t y  i n  
placer-mined s treams.  Although nephelometry i s  t h e  only  method used ,  s e v e r a l  
brands--and models w i th in  brands--of nephelometr ic  t u r b i d i m e t e r s  a r e  used, 
and t h e r e  i s  concern t h a t  t hese  ins t ruments  do no t  r e p o r t  i d e n t i c a l  r e s u l t s .  
Nichols (1986) t e s t e d  t h r e e  tu rb id ime te r s  on r e p l i c a t e  samples from a  p lacer -  
mined stream and found t h e  r e s u l t s  va r i ed  from 6 t o  20 percent  between i n s t r u -  
ments. For each s e t  of r e p l i c a t e s ,  t h e  c o e f f i c i e n t s  of v a r i a t i o n  f o r  the  
instruments  ranged from 1 t o  15 pe rcen t .  Rounding d a t a  accord ing  t o  s tandard  
methods (APHA, 1985) may he lp  reduce e r r o r  due t o  v a r i a t i o n  i n  t u rb id ime te r  
brand o r  model (Peterson and o t h e r s ,  1985). 

The f o u r t h  source ,  ' e r r o r  i n  TSS a n a l y s e s , '  appears  t o  be a t t r i b u t a b l e  
mainly t o  subsample e r r o r  (Nichols 1986). P a r a l l e l i n g  t u r b i d i t y  v a r i a b i l i t y  
t r i a l s  c i t e d  above, Nichols a l s o  t e s t e d  TSS v a r i a b i l i t y  of r e p l i c a t e  samples 
and found h igher  c o e f f i c i e n t s  of v a r i a t i o n  f o r  TSS r e p l i c a t e s  (10 t o  33 per- 
cen t )  than f o r  t u r b i d i t y  ( 2  t o  10 pe rcen t )  between corresponding r e p l i c a t e  
s e t s .  

I n  s p i t e  of problems i n  r e l a t i n g  TSS t o  t u r b i d i t y ,  numerous a t t empt s  
have been and cont inue  t o  be made t o  r e l a t e  t h e  two parameters .  Lloyd (1985),  
Peterson and o t h e r s  (1985),  and Nichols (1986) have summarized t h e  a t tempts  
of o t h e r s ,  and Lloyd and Nichols have added t h e i r  own equa t ions .  It i s  
apparent  from viewing t h e  equa t ions  and t h e i r  g r a p h i c a l  r e p r e s e n t a t i o n s  t h a t  
no one equat ion  b e s t  d e s c r i b e s  t h e  TSS-turbidi ty  r e l a t i o n s h i p  (Pe terson  and 
o t h e r s ,  1985). Nichols found a  s t a t i s t i c a l  r a t i o n a l e  f o r  t h e  common p r a c t i c e  
of using a  l oga r i thmic  t r ans fo rma t ion  of t h e  d a t a  and commented t h a t  a l though 
a l l  au thors  r e p o r t  t h e  c o e f f i c i e n t  of de t e rmina t ion  ( r 2 ) ,  few g i v e  an e s t i -  
mate of the  equat ion  e r r o r .  Both Nichols (1986) and Pe terson  and o t h e r s  
(1985) cau t ion  t h a t  a l though turbidity-TSS equa t ions  can be u s e f u l ,  t h e  e r r o r  
a s soc i a t ed  wi th  t h e  c o r r e l a t i o n  must be known. S c a t t e r p l o t s  of t h e  da t a  must 
be analyzed t o  determine i f  d a t a  a r e  c l u s t e r e d  i n t o  d i s c r e t e  groups,  and the  
r e l a t i o n s h i p  should be p e r i o d i c a l l y  updated. The r e g r e s s i o n  model must con- 
s i d e r  dra inage ,  season,  and d ischarge  and is b e s t  based on d a t a  from s i m i l a r  
sources ,  such a s  g l a c i a l  s t reams o r  placer-mined s t reams (Pe te r son  and o t h e r s ,  
1985). 

Nichols (1986) t e s t e d  t h e s e  recommendations on a  placer-mined s tream 
near  Fairbanks. Co l l ec t ing  samples above mining, d i r e c t l y  below s l u i c i n g ,  



and below s e t t l i n g  ponds,  he found t h e  d a t a  c l u s t e r e d  i n  d i s t i n c t  groups .  
Regress ion  e q u a t i o n s  f o r  t h e  c l u s t e r s  p r e d i c t e d  TSS w i t h  a v e r a g e  e r r o r s  of  
25 t o  30 p e r c e n t ,  a  r e s u l t  which compares w e l l  w i t h  t h o s e  of o t h e r  i n v e s t i g a -  
t o r s .  The e r r o r  a s s o c i a t e d  w i t h  p r e d i c t i n g  i n d i v i d u a l  TSS c o n c e n t r a t i o n s  
from t u r b i d i t y  was much higher---600 t o  1,700 p e r c e n t .  

The i n v e s t i g a t i o n  r e p o r t e d  h e r e  f o l l o w s  t h e  work of  Lloyd,  P e t e r s o n  and 
o t h e r s ,  and Nichols .  A q u a n t i t y  of d a t a  e x i s t s ,  c o l l e c t e d  by s e v e r a l  i n v e s t i -  
g a t o r s  from s e v e r a l  s i t e s  i n  i n t e r i o r  Alaska,  and,  a l t h o u g h  t h e  e x p e r i e n c e  of 
o t h e r  i n v e s t i g a t o r s  i n d i c a t e s  t h a t  e q u a t i o n s  from d i f f e r e n t  a r e a s  d i f f e r  
s t a t i s t i c a l l y ,  i t  was hypo thes ized  t h a t  because  p l a c e r  mining i s  e s s e n t i a l l y  
s i m i l a r  throughout  i n t e r i o r  Alaska,  e q u a t i o n s  p r e d i c t i n g  TSS from t u r b i d i t y  
might  be s i m i l a r  enough t o  f o r m u l a t e  one e q u a t i o n  f o r  t h e  e n t i r e  a r e a  o r  f o r  
t h e  a r e a  w i t h i n  a  s i n g l e  b a s i n .  By o r g a n i z i n g  d a t a  on a  geograph ic  b a s i s ,  
u s i n g  t h e  computer t o  g e n e r a t e  s i t e ,  s t r e a m  and b a s i n - s p e c i f i c  e q u a t i o n s ,  and 
a p p l y i n g  a p p r o p r i a t e  s t a t i s t i c a l  t e c h n i q u e s ,  one might de te rmine  t o  what 
e x t e n t  h i s t o r i c a l  d a t a  can b e  used and whether  t h e  concept  of  one p r e d i c t i v e  
e q u a t i o n  h a s  m e r i t .  

I n  n a t u r a l  s t r e a m s  w i t h  no l a r g e  p o i n t  s o u r c e  o f  sediment  such  a s  p l a c e r  
mining,  a  p o s i t i v e  r e l a t i o n s h i p  e x i s t s  between sediment c o n c e n t r a t i o n  and 
d i s c h a r g e  o r  v e l o c i t y  (Leopold and Haddock, 1953).  I n  s t r e a m s  a f f e c t e d  by 
p l a c e r  mining,  t h e  p o i n t  s o u r c e  i n p u t  from s l u i c i n g  o p e r a t i o n s  overwhelms 
t h i s  b a l a n c e  t o  t h e  e x t e n t  t h a t  d i l u t i o n  from extreme e v e n t s  may r e s u l t  i n  a  
n e g a t i v e  r e l a t i o n s h i p .  However, i n  such s t r e a m s ,  sediment  s e t t l e s  from t h e  
w a t e r  column o n t o  s t r e a m  bot tom d u r i n g  low f lows  and resuspends  d u r i n g  h i g h  
f l o w s ,  which a f f e c t s  t h e  tu rb id i ty -TSS r e l a t i o n s h i p .  A l l  o t h e r  t h i n g s  be ing  
e q u a l ,  p a r t i c l e  s i z e  d i s t r i b u t i o n s  i n  t h e  w a t e r  column w i l l  v a r y  w i t h  f low,  
and c o a r s e r  p a r t i c l e s  w i l l  be  suspended a t  h i g h e r  v e l o c i t i e s .  Because 
turbidi ty-TSS r e l a t i o n s h i p  i s  a f f e c t e d  by changes i n  p a r t i c l e  s i z e  d i s t r i -  
b u t i o n s  w i t h i n  t h e  w a t e r  colunin, v a r i a t i o n  i n  p a r t i c l e  s i z e  d i s t r i b u t i o n s  
o v e r  a  wide range of f lows  may i n t r o d u c e  c o n s i d e r a b l e  e r r o r  i n t o  a s imple  
r e g r e s s i o n  which u s e s  t u r b i d i t y  a s  t h e  p r e d i c t o r  v a r i a b l e .  To i n v e s t i g a t e  
t h i s ,  I c o n s t r u c t e d  a  m u l t i p l e  r e g r e s s i o n  model u s i n g  t u r b i d i t y  and v e l o c i t y  
v a r i a b l e s  t o  p r e d i c t  TSS. 

Discharge  d a t a  c o n t a i n i n g  i n f o r m a t i o n  needed t o  e s t i m a t e  v e l o c i t y  were 
a v a i l a b l e  f o r  many o b s e r v a t i o n s  from t h e  Crooked Creek b a s i n ,  b u t  i n v e s t i -  
g a t o r s  have no t  r o u t i n e l y  measured d i s c h a r g e  d u r i n g  w a t e r  q u a l i t y  sampl ing,  
s o  m u l t i p l e  r e g r e s s i o n  cou ld  n o t  be a p p l i e d  t o  t h e  e n t i r e  d a t a b a s e .  V e l o c i t y  
was used a s  a  v a r i a b l e  i n  o r d e r  t o  combine o b s e r v a t i o n s  from d i f f e r e n t  s i t e s  
and c o n s t r u c t  a  b a s i n  model. 

METHODS 

Sources  of  Data 

E i g h t  d a t a  s o u r c e s  were u s e d  i n  t h e  development of  t h e  p r o j e c t  d a t a b a s e :  

1. Alaska D i v i s i o n  of G e o l o g i c a l  and Geophysical  Surveys  (DGGS) 
p l a c e r  mining r e s e a r c h  program (Mack and Moorman 1986) ;  



2.  United S t a t e s  Environmental P r o t e c t i o n  Agency (EPA) STORET 
d a t a b a s e  (USEPA 1985) ; 

3 .  Alaska Department of Environmental  Conservat ion (DEC), Environ- 
menta l  Q u a l i t y  Monitoring and Labora to ry  Opera t ions  d a t a  from 
1983-85 (ADEC 1984, ADEC 1985, Hock 1986) ;  

4. Alaska Department of F i s h  and Game (ADF&G), H a b i t a t  D i v i s i o n  
misce l l aneous  d a t a  from 1983-5 (Weber 1985);  

5. 'Fa i rbanks  Area Ambient Water Q u a l i t y  Study,  P l a c e r  Re la ted  
Basins ,  1984, '  ( d r a f t ) ,  J e r r y  H i l g e r t ,  I n s t i t u t e  of  Northern 
F o r e s t r y  (IhF) , USDA; 

6.  ' P l a c e r  Nining Wastewater S e t t l i n g  Pond Demonstrat ion P r o j e c t  
R e p o r t , '  R&M C o n s u l t a n t s ,  I n c . ,  1982; 

7 .  ' P l a c e r  Mining Wastewater Treatment  Technology ~ r o j  e c t  , ' Phase 2 
R e ~ o r t ,  Shannon & Wilson,  I n c . ,  1985; and 

8 .  d a t a  c o l l e c t e d  by t h e  Alaska Coopera t ive  F i s h e r y  Research Unit  
(ACFRU) i n v e s t i g a t o r s  f o r  s e v e r a l  p r o j e c t s  d u r i n g  1982-83 
(Wagener 1984). 

The t o t a l  d a t a b a s e  of o v e r  1,100 o b s e r v a t i o n s  does  no t  c o n t a i n  a l l  
a v a i l a b l e  d a t a .  Data c o l l e c t e d  d i r e c t l y  below a  s l u i c e  o r  pond o u t l e t  was 
n o t  i n c l u d e d ,  because p a r t i c l e  s i z e  d i s t r i b u t i o n s  a f f e c t  t h e  turbidi ty-TSS 
r e l a t i o n s h i p  a s  l a r g e r  p a r t i c l e s  s e t t l e  o u t  i n  s e t t l i n g  ponds and i n  t h e  
s t r eam channel .  By avo id ing  d a t a  s o  d i r e c t l y  a f f e c t e d  by mining,  the  e f f e c t  
of p a r t i c l e  s i z e  d i s t r i b u t i o n s  was minimized.  No d a t a  from K&M C o n s u l t a n t s  
(1982) were used ,  and o t h e r  d a t a  s o u r c e s - - - p a r t i c u l a r l y  Shannon and Wilson 
(1985)---were s c r u t i r i i z e d  t o  make c e r t a i n  t h a t  o n l y  d a t a  from s i t e s  500 f t  o r  
f a r t h e r  from mining o p e r a t i o n  o u t l e t s  were i n c l u d e d  i n  t h e  da tabase .  

The EPA STORET da tabase  c o n t a i n s  sample r e p l i c a t i o n  where, i n  some 
i n s t a n c e s ,  a n  i n v e s t i g a t o r  c o l l e c t e d  m u l t i p l e  samples  w i t h i n  a  s h o r t  t ime 
span.  Because o f  concern t h a t  r e p l i c a t e s  might b i a s  t h e  r e s u l t s  toward t h e  
r e p l i c a t e d  samples ,  on ly  d a t a  from t h e  f i r s t  sample was inc luded  when samples  
were t a k e n  l e s s  t h a n  30 min a p a r t  by t h e  same i n v e s t i g a t o r  a t  t h e  same s i t e .  
Even w i t h  t h i s  r e s t r i c t i o n ,  t h e  d a t a b a s e  i s  n o t  t empora l iy  homogeneous. Much 
of t h e  d a t a  came from i n t e n s i v e ,  s h o r t  s t u d i e s  a t  s i t e s  where,  f o r  example, 
samples might be c o l l e c t e d  on a  3-hr b a s i s  f o r  3  days .  Because of t h e  
d i u r n a l  change i n  t u r b i d i t y  and TSS below a  mining o p e r a t i o n  due t o  s t a r t i n g  
and s t o p p i n g  of work, a  range of v a l u e s  w i l l  be inc luded ;  bu t  i t  must be 
assumed t h a t  t h e  r e l a t i o n s h i p  p r e s e n t  f o r  t h i s  s h o r t  t ime d i d  n o t  v a r y  
throughout  t h e  o p e r a t i n g  season.  These t y p e s  of  d a t a  a r e  mixed w i t h  observa-  
t i o n s  t aken  on a  d a i l y  o r  weekly b a s i s ,  o r  m i s c e l l a n e o u s  samples t h a t  were 
n o t  p a r t  of  a  s y s t e m a t i c  moni tor ing program. 

P a i r e d  turbidi ty-TSS d a t a  no t  determined from weighing a  d r i e d  f i l t e r  
were n o t  used i n  development of t h e  e q u a t i o n s .  TSS d a t a  r e p o r t e d  by Wagener 
(1984) were c a l c u l a t e d  from t o t a l  s o l i d s ,  u s i n g  a  convers ion  developed from 



c o n d u c t i v i t y .  Although t h i s  is  a  s t a n d a r d  method, I f e l t  t h a t  i n c l u s i o n  of 
t h e s e  d a t a  might i n t r o d u c e  a d d i t i o n a l  e r r o r  t o  t h e  e q u a t i o n s .  Wagener's d a t a  
were used l a t e r  t o  check t h e  p r e d i c t i v e  v a l u e  of  t h e  e q u a t i o n s .  

Cons ide rab le  s c a t t e r  c a n  e x i s t  i n  t h e  r e p o r t e d  d a t a  a t  lower l e v e l s  of 
t u r b i d i t y  and TSS. F i g u r e  1 ,  a  p l o t  of t u r b i d i t y  and TSS from Eagle  Creek 
above and below mining,  i s  a  v i v i d  demons t ra t ion .  It shows w e l l  t h e  c l u s t e r -  
i n g  d e s c r i b e d  by Nicho l s  (1986) .  When t h e s e  d a t a  a r e  combined, t h e  sample 
c o e f f i c i e n t  of  d e t e r m i n a t i o n  ( r 2 )  v a l u e  (0.952) i s  h i g h ;  however, a  c o r r e l a -  
t i o n  based o n l y  on d a t a  from s i t e s  above mining o p e r a t i o n s  r e s u l t s  i n  a  poor 
r2  v a l u e  (0.031).  A c o r r e l a t i o n  a n a l y s i s  based on d a t a  from s i t e s  downstream 
from mining o p e r a t i o n s  r e s u l t s  i n  a  poore r  r 2  (0.837) t h a n  t h e  combined d a t a ,  
b u t  t h e  e q u a t i o n  i s  more d e s c r i p t i v e  o f  t h e  tu rb id i ty -TSS r e l a t i o n s h i p  w i t h i n  
p lacer-mining a r e a s ,  and t h e  e q u a t i o n  e r r o r  i s  l e s s .  I n  t h i s  i n s t a n c e ,  t h e  
s t a n d a r d  e r r o r  of  e s t i m a t e  (SEE) f o r  combined d a t a  i s  0.412 (+158, -61 per-  
c e n t ) ,  and f o r  d a t a  from s i t e s  below mining a c t i v i t y  SEE = 0.115 (+30,-23 
p e r c e n t ) .  

A problem a r o s e  i n  u s i n g  d a t a  from d i f f e r e n t  s o u r c e s ,  because  of d i f f e r -  
i n g  TSS r e p o r t i n g  p r o c e d u r e s  among l a b o r a t o r i e s .  Var ious  l a b s  r e p o r t e d  low 
TSS v a l u e s  t o  w i t h i n  one t o  t h r e e  s i g n i f i c a n t  f i g u r e s ;  t h u s ,  f o r  d i f f e r e n t  
l a b s ,  1  cou ld  be e q u i v a l e n t  t o  0.6 o r  1.4,  which,  i n  t u r n ,  cou ld  be equiva-  
l e n t  t o  0.56 o r  1.44.  T h i s  was f u r t h e r  compl ica ted  by v a r i e d  lower d e t e c t i o n  
o r  r e p o r t i n g  l i m i t s .  D e t e c t i o n  l i m i t s  f o r  d a t a  used i n  t h i s  s t u d y  ranged 
from 0.01 mg/L t o  4  mg/L. Because 4  mg/L i s  a  h i g h  d e t e c t i o n  l i m i t  f o r  c l e a r  
s t r e a m s ,  c o n s i d e r a b l e  s c a t t e r  can be i n t r o d u c e d  when p a i r e d  w i t h  t u r b i d i t y  
d a t a  r e p o r t e d  t o  t h e  n e a r e s t  hundred th ,  down t o  0 .01 NTU. L e s s  v a r i a b i l i t y  
was n o t i c e d  i n  t h e  r e p o r t i n g  p rocedures  f o r  t u r b i d i t y .  These r e p o r t i n g  
problems may n o t  g r e a t l y  a f f e c t  t h e  sample c o e f f i c i e n t  o f  d e t e r m i n a t i o n ,  b u t  
may a f f e c t  t h e  e q u a t i o n  e r r o r .  

Because of t h e  r e p o r t i n g  and c l u s t e r i n g  problems w i t h  lower  v a l u e  ob- 
s e r v a t i o n s ,  t h e  d a t a b a s e  used f o r  r e g r e s s i o n  a n a l y s e s  i n c l u d e d  on ly  those  
o b s e r v a t i o n s  w i t h  t u r b i d i t y  g r e a t e r  t h a n  5 NTUs. Although a d m i t t e d l y  
a r b i t r a r y  f o r  t h e  purposes  of  t h i s  p r o j e c t ,  5  NTUs is  a  j u s t i f i a b l e  l i m i t ,  
because  i t  i s  t h e  background t u r b i d i t y  d r i n k i n g  w a t e r  s u p p l y  s t a n d a r d  f o r  the  
S t a t e  of Alaska (ADEC, 1979).  D e l e t i o n  of o b s e r v a t i o n s  w i t h  t u r b i d i t y  l e s s  
than  5  NTUs reduced t h e  d a t a b a s e  t o  885 o b s e r v a t i o n s .  

Geographical  O r g a n i z a t i o n  

I n v e s t i g a t i o n s  were conducted mainly  i n  p lace r -min ing  a r e a s  a c c e s s i b l e  
by road ,  n e a r  F a i r b a n k s  and a l o n g  t h e  S t e e s e ,  E l l i o t ,  and Da l ton  Highways. 
St reams i n  t h e s e  a r e a s  e v e n t u a l l y  d r a i n  i n t o  t h e  Yukon R i v e r  v i a  t h e  Tanana 
and Koyukuk R i v e r s  and Bi rch  Creek. Major d r a i n a g e  b a s i n s  used  i n  t h e  s t u d y  
a r e  d e s c r i b e d  i n  t h e  d r a f t  U.S.  Geo log ica l  Survey H y d r o l o g i c a l  Uni t  Map of  
Alaska (USGS, 1985) ;  s m a l l e r  b a s i n s  were d e l i n e a t e d  where d a t a  were a v a i l a b l e .  
Seven b a s i n s  were s e l e c t e d :  B i r c h  Creek,  Crooked Creek,  Chena R i v e r ,  Chatanika 
River ,  Goldstream Creek,  Upper Tolovana River ,  and Koyukuk River  ( f i g .  2 ) .  
A n a l y s i s  was broken down f u r t h e r  t o  c r e e k s  and r i v e r s  w i t h i n  t h e  b a s i n s ,  and 
t o  s i t e s  on t h o s e  c r e e k s .  
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Figure 1 ,  Plot of turbidity and TSS above and below mining, Eagle Creek in 
Birch Creek basin. 

Statistical Methods 

Statistical methods employed for this project included logarithmic 
transformation of data, simple and multiple linear regression, coefficient of 
determination, standard error of estimate, and analysis of covariance models. 
Turbidity and TSS values were transformed to logarithms for regression 
analyses. The wide range of values displayed well on a logarithmic scale, 
and an initial plot of the data on linear scale showed a power curve that 
appeared straight on a logarithmic scale. Nichols (1986) investigated the 
rationale behind logarithmic transformation of data in the development of 
turbidity-TSS relationships, and his residual analysis indicated that a 
logarithmic transformation of both turbidity and TSS best fit the data. 

Linear regression uses the relation between two or more variables to 
predict one from the other(s) (Neter, Wasserman, and Kutner, 1985). A simple 
linear regression model is expressed in the equation y = a + - b(x), - where x is 
the predictor variable (in this case, turbidity), y is the response variable 
(TSS), b is the slope of the line, and a is the y-axis intercept. Because 
the anaiyses were performed on log transformed data, the regression equations 





b can be expressed as power functions in the form of y = a*(x ), where the - - 
terms are defined as above. 

The coefficient of determination (r2) and standard error of estimate 
(SEE) indicate how well the regression equation fits; r2 can be interpreted 
as the proportionate reduction of variation in the response variable assoc- 
iated with the predictor variable. It always lies between 0 and 1; the 
closer to 1, the greater the linear association between the two variables 
(Neter, Wasserman, and Kutner, 1985). 

The r2 indicates how well two variables are linearly associated but does 
not show how much error would be involved if the model were used for predic- 
tive purposes. Since the predictive value of the turbidity-TSS relationship 
is of primary importance to this project, error analysis is crucial. 
Standard error of estimate (SEE) is one way of reporting error. SEE, the 
positive square root of the regression model mean square error, is an esti- 
mator of regression model standard deviation (Neter, Wasserman, and Kutner, 
1985). For this project, SEE, reported in percent, was used as an estimator 
of standard deviation for the predicted TSS for any turbidity value. 
Appendix B describes cal.culation method and contains sample calculations. 

In order to determine to what extent data from different areas can be 
combined to develop useful predictive equations, it was first necessary to 
determine whether the predictive regression equations for different groups of 
data (for example, data from different basins) were similar at a specified 
confidence level. To determine the similarity of data from different groups, 
a covariance model was developed by adding qualitative indicator variables 
for each data group, and tested to determine if indicator variables improve 
the model. The assumption was that if indicator variables do not improve the 
model, they are not needed, and the data can be combined to develop one 
equation. Covariance analysis assumes (1) independence of observations, 
(2) normality of residuals, and (3) common variability of the points around 
the individual regression lines. Data used for this project were independent 
observations. The latter two assumptions were not studied but were assumed 
to hold. Appendix B contains a more detailed description of covariance 
analysis. 

The calculations were performed on the University of Alaska-Fairbanks 
VAX computer using the GLM (general linear model) procedure of the SAS 
statistical package (SAS, 1985a,b). Both turbidity and TSS were transformed 
into base-10 logarithms, and all analyses were performed on transformed data. 
All pairs had site, stream, basin, collection date, and source descriptors to 
enable analysis on any of these. Geographical descriptors were based on the 
USGS hydrologic unit map and hierarchical in nature, which allowed analysis 
of subbasins or streams within larger basins. 

Model Validation 

Following the statistical practice of Neter, Wasserman, and Kutner 
(1985) to measure the predictive value of a model with data not used in the 
model development, paired data from placer-mined streams in interior Alaska 
which had not been included in the principal database were used to measure 



t h e  p r e d i c t i v e  a b i l i t y  of  t h e  equa t ions .  DEC f i s c a l  y e a r  1986 placer-mining 
d a t a  from t h e  1985 summer (DEC, 1986) and Alaska Coopera t ive  F i s h e r y  Research 
Unit d a t a  from t h e  1983 summer (Wagener, 1984) were used .  TSS was e s t i m a t e d  
from t u r b i d i t y  v a l u e s  r e p o r t e d  by t h o s e  r e s e a r c h e r s ,  by u s i n g  t h e  most 
a p p r o p r i a t e  r e g r e s s i o n  equa t ion  i n d i c a t e d  from a n a l y s i s  of covar iance .  Re- 
s u l t s  were compared wi th  r e p o r t e d  TSS, and a  Z s c o r e  was c a l c u l a t e d  by d i v i d -  
i n g  t h e  d i f f e r e n c e  between t h e  r e p o r t e d  and p r e d i c t e d  TSS by t h e  r e g r e s s i o n  
e q u a t i o n  SEE. The Z s c o r e  g i v e s  a  r e l a t i v e  measure of how c l o s e ,  i n  
m u l t i p l e s  o f  SEE, t h e  p r e d i c t e d  v a l u e  i s  t o  t h e  r e p o r t e d  v a l u e .  A n e g a t i v e  Z 
s c o r e  means t h e  model o v e r p r e d i c t e d .  

V e l o c i t y - t u r b i d i t y  M u l t i p l e  R e g r e s s i o n  Model 

V e l o c i t y  e s t i m a t e s  were a v a i l a b l e  f o r  76 p a i r e d  turbidi ty-TSS observa-  
t i o n s  from t h e  Crooked Creek b a s i n ,  i n c l u d i n g  16 o b s e r v a t i o n s  on Crooked 
Creek a t  C e n t r a l .  These e s t i m a t e s  were deve loped  from s t a f f  gage r e a d i n g s  by 
u s i n g  v e l o c i t y  r a t i n g  curves .  M u l t i p l e  r e g r e s s i o n  models and accompanying 
s t a t i s t i c s  were developed u s i n g  t h e  GLM p r o c e d u r e  of t h e  SAS s t a t i s t i c a l  
package (SAS, 1985b). 

RESULTS 

Summary S t a t i s t i c s  

The complete  d a t a b a s e  used f o r  t h i s  p r o j e c t  c o n t a i n s  1,100 o b s e r v a t i o n s  
from approx imate ly  140 s i t e s  i n  seven b a s i n s :  B i r c h  Creek (exc lud ing  Crooked 
Creek) ,  Crooked Creek,  Chena River ,  Chatanika  R i v e r ,  Goldstream Creek,  Upper 
Tolovana R i v e r ,  and Koyukuk River  (app. A ) .  

Regress ion  e q u a t i o n s  used on ly  those  o b s e r v a t i o n s  where t u r b i d i t y  was 
g r e a t e r  t h a n  5  NTU. Of t h e s e  885 o b s e r v a t i o n s ,  552 o b s e r v a t i o n s  (62 p e r c e n t )  
came from 18 i n d i v i d u a l  s i t e s  which had 15 o r  more o b s e r v a t i o n s ,  and 766 
o b s e r v a t i o n s  (87 p e r c e n t )  came from 15 s t r e a m s  w i t h  15 o r  more o b s e r v a t i o n s .  
Summary s t a t i s t i c s  f o r  t h e s e  s i t e s  and s t r e a m s  a r e  p r e s e n t e d  i n  t a b l e  1 .  On 
7 of  t h e  15  s t r e e a m s  (Eag le ,  Gold Dust ,  Deadkcod, Ketchem, Mammoth, Gilmore,  
and Golds t ream Creeks ) ,  70 pe rcen t  of t h e  o b s e r v a t i o n s  came from one of  t h e  
18 i n d i v i d u a l  s i t e s  (above) ,  and on 4 (Crooked and F i s h  Creeks ,  and Chatanika  
and Tolovana R i v e r s )  o v e r  70 p e r c e n t  came f rom 2 o r  3 s i t e s  w i t h  15 o r  more 
o b s e r v a t i o n s .  Even though t h e  o b s e r v a t i o n s  came from a  l a r g e  geograph ic  
a r e a ,  most d a t a  came from r e l a t i v e l y  few s i t e s  on a  few s t r e a m s .  I n v e s t i g a -  
t o r s  from o t h e r  a g e n c i e s  and c o n s u l t i n g  f i r m s  a l s o  u s e  t h e s e  r o a d - a c c e s s i b l e  
s i t e s .  

The Koyukuk River  b a s i n  was an  exception---probably because  of  i t s  d i s -  
t ance  from F a i r b a n k s .  No s t ream i n  t h i s  b a s i n  had even 10  o b s e r v a t i o n s .  
E x i s t i n g  d a t a  were  mainly  from s i t e s  a l o n g  t h e  D a l t o n  Highway. 

F i g u r e s  3 th rough  10 p r e s e n t  p l o t s  of  p a i r e d  o b s e r v a t i o n s  grouped 
a c c o r d i n g  t o  s t r e a m  o r  s i t e  l o c a t i o n .  None o f  t h e  s t r e a m  d a t a  e x h i b i t  t h e  
d e f i n i t e  c l u s t e r  p a t t e r n  demonstra ted  by f i g u r e  1, b u t  t h e  s i t e  d a t a  do show 
a  more c l u s t e r e d  p a t t e r n .  F i g u r e  9  p o i n t s  up t h e  problem w i t h  u s i n g  d a t a  
from d i f f e r e n t  s o u r c e s .  The d a t a  from F i s h  Creek below Lucky 7 were 



Table 1. Summary statistics for streams and sites with 15 or more 
observations. 

Turbidity 
(in NTUs) 

Total suspended solids 
(mg/L) 

Mean S D ~  Max --- Min Mean sDb Max Min ---- - Location 

A. Birch Creek Basin 

1. Lower Birch Cr 
a. Birch ab 

Crooked Cr 

2. Eagle Cr 
a. Eagle b GHD 

3. Gold Dust Cr 
a. Gold Dust 

b GDM 

4. Upper Birch Cr 

B. Crooked Creek Basin 

1. Crooked Cr 
a. Crooked Cr 

at Central 
b. Crooked Cr 

ab mouth 

2. Deadwood Cr 
a. Deadwood Cr 

at CHSR 

3. Ketchem Cr 
a. Ketchem Cr 

at CHSR 

4. Mammoth Cr 
a. Mammoth Cr 

at Steese 

5. Porcupine Cr 

a Number of observations. 
b~tandard deviation. 



Table 1. Continued. 

Turbidity Total suspended solids 
(in NTUs) (mg/L) 

Locat ion N~ Mean S D ~  Max Min Mean S D ~  Max Min - - ------ - 
C. Chena River Basin 

I .  Fish Cr 67 214 225 1100 6.9 192 225 950 15 
a. Fish Cr 22 16.5 7.18 36 6.9 51 78.4 396 15 

b Gold Dredge 
b. Fish Cr 43 623 212 1100 45 271 242 950 2 0 

b Lucky 7 

D. Chatanika River Basin 

1. Chatanika R 
a. Chatanika R 

at 39 mile 
b. Chatanika R 

at Long Cr 
c. Chatanika R 

b Faith Cr 

2. Faith Cr 
a. Faith Cr 

at Steese 

E. Goldstream Creek Basin 

1. Goldstream Cr 50 269 123 800 30 323 241 1400 3 0 
a. Goldstream Cr 36 284 105 800 65 335 239 1400 140 

b Fox 

2. Gilmore Cr 50 1650 1100 5300 60 479 271 1300 2 0 
a. Gilmore C r  44 1810 1070 5300 280 506 273 1300 2 0 

b BD Mining 

F. Tolovana River Basin 

1. Tolovana R 76 20.8 23.8 180 5.4 61.6 176 1400 7.2 
a. Tolovana R 30 18.1 10.1 40 6.1 39.1 43.6 238 11 

at TAPS 
b. Tolovana R 3 6 18 9.16 38 5.4 33.9 19.2 83 13 

ab West Fork 

collected by a consulting firm (R&M) for a summer-long project and reflect a 
variety of seasonal conditions. The data from Fish Creek below Gold Dredge 
were collected by EPA researchers during a 3-day span and have a much tighter 
cluster pattern. 
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F i g u r e  7.  P l o t  of t u r b i d i t y  and TSS f o r  s i t e s  on Crooked Creek. 
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F i g u r e  8. P l o t  of t u r b i d i t y  and TSS f o r  s i t e s  on Chatanika  R i v e r .  
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Regress ion  Equa t ions  

Table  2 p r e s e n t s  r e g r e s s i o n  e q u a t i o n  c o e f f i c i e n t s  w i t h  d e s c r i p t i v e  
p a r a m e t e r s  f o r  a l l  s i t e s  and s t r e a m s  w i t h  15 o r  more o b s e r v a t i o n s ,  f o r  t h e  
seven  b a s i n s ,  and f o r  t h e  combined i n t e r i o r  Alaska d a t a b a s e  a l o n g  w i t h  t h e  
r e s u l t s  of t h e  a n a l y s i s  o f  c o v a r i a n c e .  

Tab le  2.  Summary o f  r e g r e s s i o n  e q u a t i o n s  and c o v a r i a n c e  a n a l y s i s  f o r  b a s i n s ,  
s t r e a m s ,  and s i t e s  i n  i n t e r i o r  Alaska.  

b  
[Equa t ions  i n  t h e , f o r m  y = - a * ( x  ) ,  where y = TSS, x  = t u r b i d i t y ,  

a  = y a x i s  i n t e r c e p t ,  and b  = s l o p e .  N = number o f - o b s e r v a t i o n s . ]  - - - 
Loca t ion  - N - a  - b  r 2  +SEE(%) -SEE(%) F*<F? 

1 
- - - - - 

I n t e r i o r  Alaska 885 2.317 0.851 0.813 112 53 no 

Bi rch  C r  Basin  133 2.630 0.840 0.899 7 5 4 3 Yes 

1.  Lower Bi rch  C r  44 3.540 0.731 0.468 104 5 1 
Bi rch  C r  ab CC 16 2.158 1.014 0.372 119 5 4 

2. Eagle C r  4 7 1.416 0.924 0.847 33 2 5 
E a g l e C r b G H D  46 2.046 0.871 0.837 30 2 3 

3. Gold Dust C r  18 1.259 0.911 0.671 102 5 1 
Gold Dust C r  18 1.259 0.911 0.671 102 5 1 

b  GDM 
4. Upper B i r c h  C r  16 1.249 0.989 0.944 17 15 

Crooked C r  Bas in  239 2.000 0.900 0.730 103 5 1 no 

1. Crooked C r  
Crooked C r  

ab  Boulder 
Crooked C r  

a t  C e n t r a l  
Crooked C r  

ab  mouth 
2. Deadwood C r  

Deadwood C r  
a t  CHSR 

3 .  Ketchem C r  
Ketchem C r  

a t  CHSR 
4. Mammoth C r  

Mammoth C r  
a t  S t e e s e  

5. Porcupine Cr 

'A ' n o '  i n  t h i s  column i n d i c a t e s  t h a t  t h e  e q u a t i o n s  which,  when combined, 
would make up t h i s  g e o g r a p h i c a l  u n i t  a r e  s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e  
95 p e r c e n t  c o n f i d e n c e  l e v e l .  For example, t h e  ' no '  f o r  t h e  i n t e r i o r  Alaska 
e q u a t i o n  i n d i c a t e s  t h a t  t h e  b a s i n  e q u a t i o n s  w i t h i n  i n t e r i o r  Alaska  a r e  
s t a t i s t i c a l l y  d i f f e r e n t  from each o t h e r .  A ' y e s '  i n d i c a t e s  t h e  e q u a t i o n s  
a r e  s t a t i s t i c a l l y  similar.  



Table 2. Continued. 

Locat ion - N - a b r2 +SEE(%) -SEE(%) F*<F? 1 
- - - - - -  

Chena River Basin 96 3.311 0.771 0.648 155 6 1 no 

1. Fish Cr 67 5.598 0.630 0.629 107 5 2 no 
Fish Cr 2 2 1.153 1.261 0.627 55 3 5 
b Gold Dredge 

Fish Cr 43 1.315 0.879 0.370 124 5 5 
b Lucky 7 

2. Little Chena 14 0.124 2.108 0.782 9 5 4 9 

Chatanika R Basin 186 0.932 1.034 0.789 9 0 4 7 Yes 

Chatanika R 151 0.729 1.098 0.743 8 8 4 7 no 
Chatanika R 15 0.771 0.965 0.418 115 5 4 
at 39m 

Chatanika R 53 0.473 1.179 0.803 4 7 32 
at Long 

Chatanika R 5 6 2.280 0.844 0.610 8 5 46 
b Faith 

Faith Cr 27 1.770 0.930 0.881 5 6 3 6 
Faith Cr 17 0.611 1.186 0.787 5 7 3 6 
at Steese 

Goldstream Cr Basin 112 5.808 0.651 0.602 9 7 4 9 no 

1. Goldstream C r  50 5.781 0.694 0.320 7 6 4 3 
Goldstream Cr 3 6 1.274 0.967 0.385 5 2 3 4 
b Fox 

2. Gilmore Cr 50 4.560 0.627 0.657 5 1 3 4 
Gilmore Cr 44 0.848 0.852 0.719 4 4 3 1 
b BD Mining 

Upper Tolovana 88 1.500 1.083 0.841 5 3 3 5 Yes 
River Basin 

1. Tolovana R 7 6 1.233 1.157 0.778 5 0 33 Yes 
Tolovana R 30 1.419 1.088 0.673 5 3 3 5 
at TAPS 

Tolovana R 36 3.126 0.814 0.722 3 4 2 5 
ab West Fork 

2. Livengood Cr 12 1.871 1.015 0.882 7 4 4 3 

Koyukuk R Basin 31 5.768 0.867 0.635 140 5 8 

Figures 11 through 18 show regression lines plotted by basin and stream 
location. The regression which included all 885 observations had a coeffic- 
ient of determination of 0.813 but a standard error of estimate of 
+I12 percent (-53 percent). Coefficients of determination for the basin 
equations ranged from 0.602 (Goldstream Creek basin) to 0.899 (Birch Creek 
basin). Four of seven equations had standard errors of estimate less than 
+I00 percent. 
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Figure 11. Plot of turbidity-TSS regression lines for seven basins in 
interior Alaska. 
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Figure 12. Plot of turbidity-TSS regression lines for streams in Birch Creek 
basin. 
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Figure 13.  P l o t  of turbidity-TSS r e g r e s s i o n  l i n e s  f o r  s t reams i n  Crooked 
Creek bas in .  
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Figure 14.  P l o t  of turbidity-TSS r eg re s s ion  l i n e s  f o r  s t reams i n  Chatanika 
and Goldstream b a s i n s .  



Figure 15. Plot of turbidity-TSS regression lines for streams in the Upper 
Tolovana and Chena basins. 
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Figure 16. Plot of turbidity-TSS regression lines for sites on Crooked Creek. 
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Figure 17. P lo t  of turbidi ty-TSS r eg re s s ion  l i n e s  f o r  s i t e s  on Chatanika 
River .  
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Figure 18. P l o t  of turbidi ty-TSS r eg re s s ion  l i n e s  f o r  s i t e s  i n  t h e  Upper 
Tolovana River  and Chena b a s i n s .  



For the stream data equations, the equation coefficients and regression 
parameters---coefficient of determination (r2) and standard error of estimate 
(SEE) varied considerably; r2 ranged from 0.320 (Goldstream Creek) to 0,996 
(Upper Birch Creek), and r2 in 13 of 15 equations was over 0.50. SEE varied 
from +lo7 percent (-52 percent) with Fish Creek data to +17 percent 
(-15 percent) for Upper Birch Creek, and +SEE value was less than 100 percent 
in 12 of 15 equations. 

The variation of equation descriptors (r2, SEE) for site equations was 
similar to that of stream equations; r2 ranged from 0.262 at Crooked Creek at 
the bridge to 0.863 at Ketchem Creek at the Circle Hot Springs Road. In 
13 of 18 equations, r2 was over 0.50. Other sites with relatively poor r2 
values were Birch above Crooked Creek (0.372), Fish Creek below Lucky 7 
(0.370), Chatanika at 39 mile Steese (0.418), and Goldstream below Fox 
(0.389). 

SEE for site equations ranged from +30 percent (-23 percent) to 
+I24 percent (-55 percent) and 13 of 18 were less than +lo0 percent. An 
in-~erse relationship generally existed between SEE and r2 for the site equa- 
tions; that is, equations with the lowest r2 had the highest SEE. Figure 19, 
a plot of coefficients of determination and corresponding standard errors of 
estimate for site and stream equations, demonstrates the scatter that oc- 
curred with these equations. No general conclusion can be drawn about 
whether combination of data into stream equations improved, reduced, or 
averaged the regression parameters. 

Analysis of Covariance 

For streams with two or more sites, for basins with two or more streams, 
and for all interior Alaska data, analysis of covariance was performed. The 
results of this work are presented in column 8 (F*<F?) of table 2. A 'yes' 
in this column indicates that the equations describing the data groups in- 
cluded in the covariance analysis were statistically similar at the 95 per- 
cent level, and that the equation describing the combined data would there- 
fore be the most appropriate. 

The analysis of covariance results were mixed; the seven basin equations 
for interior Alaska were statistically different, which indicated that these 
data should not be combined to develop one equation. At the basin level, the 
four streams in Birch Creek, the two streams in the Chatanika River basin, 
and the two streams in the Upper Tolovana River basin had statistically simi- 
lar equations for each basin. The six streams in the Crooked Creek basin, 
the two streams in the Chena River basin, the two streams in the Goldstream 
Creek basin, were statistically different for each basin. At the stream 
level, the F value comparison indicated that the three sites on Crooked Creek 
and the two sites on the Upper Tolovana River had statistically similar re- 
gression equations. The three sites on the Chatanika River and the two sites 
on Fish Creek were statistically different. 

Of note is the reversal in the Chatanika River basin. One might expect 
sites on one stream to have similar regression equations if the total stream 
equation were similar to that of a tributary stream. That was not the case 
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Figure 19. Plot of regression equation coefficients of determination and 
standard errors of estimate. 

with the Chatanika River. Covariance analysis indicated that the regression 
equations for the sites on the Chatanika River were different, yet the equa- 
tion for the combined data from the Chatanika River was not significantly 
different from the equation for Faith Creek. When only 1984 data were used, 
regressions for the Chatanika River sites were statistically similar, but 
when the 1983 data were included the difference occurred. 

Whether regression equations are similar between sites, streams and 
basins was a central question for this project. Also of interest was whether 
regression equations are similar between years. Does the equation developed 
from data collected in 1983 and 1984 accurately predict in 1985? Covariance 
analysis was used to investigate whether the equations for the combined data- 
base and equations for site data from Crooked Creek at Central, Chatanika 
River below Faith Creek, and Chatanika River above Long Creek differed be- 
tween years. The results, presented in table 3, show that regression equa- 
tions can differ statistically from year to year. When all data were com- 
bined, the regression equations for each year (1983-85) were different. How- 
ever, earlier analysis demonstrated that one should not combine data from 
different basins. To rule out the possibility that the difference by year of 
the combined data might be a function of basin differences, three individual 
sites--Crooked Creek at Central, Chatanika below Faith Creek, and Chatanika 
at Long Creek---were investigated. Covariance analysis based on year showed 



Table 3 .  Summary of covariance analysis by year. 

b [Equations in the form 41 = a*(x ) ,  where y = TSS, x = turbidity, 
a = 1 axis intercept, and b = slope. I- - - 

Locat ion (yr) N - a - b - r2 +SEE(%) -SEE(%) F*<F?! 
- - - 

Int. Alaska (all) 885 2.317 0 .851  0 . 8 1  112 53 no 
Int. Alaska (83) 158 0.689 1 .082  0.92 5 6 3 6 
Int. Alaska ( 8 4 )  543 3.236 0.799 0 . 8 0  119 5 4 
Int. Alaska ( 8 5 )  184 2.871 0.820 0 . 7 4  101 50 

Crooked Cen (all) 38 14.655 0 .535  0 . 2 6  123 5 5 no 
Crooked Cen ( 8 4 )  19 234.423 0 .156  0 .04  121 5 5 
Crooked Cen ( 8 5 )  19 2.009 0 .831  0 .41  8 7 4 7 

Chat b Faith (all) 56 2.280 0.844 0 .61  85 48 yes 
Chat b Faith (83) 32 1.611 0.894 0.77 3 4 2 5 
Chat b Faith ( 8 4 )  24 2.553 0.865 0 .62  137 58  

Chat a Long (all) 53 0 .473  1 .179  0 .80  4 7 3 2 no 
Chat a Long ( 8 3 )  28 0.514 1 .092  0 .55  3 3 2 5 
Chat a Long (84) 25 0.813 1.055 0.82 5 2 3 4 

that the regression equations for Chatanika at Long Creek and Crooked Creek 
at Central were different, whereas regression equations for Chatanika below 
Faith were similar (figs. 20 and 2 1 ) .  

Model Validation 

Model validation was done with 1985 data from the Chatanika and Tolov~aa 
Rivers and Goldstream Creek (DEC, 1986)  and 1983 data from Upper Birch Cree'k, 
Crooked Creek, and Chatanika River (Wagener, 1 9 8 4 ) .  Appendix C presents the 
results of these comparisons. Figure 22 is a histogram of Z scores for 1 9 8 9  
Chatanika and Tolovana DEC data and 1983 data reported by Wagener ( 1 9 8 4 ) .  
The Chatanika data had an average Z score of - 1 .07 ;  55 percent of the 
observations were within one standard error of estimate and 98 percent were 
within two standard errors of estimate of the reported values. The Tolovama 
data had an average Z score of -0 .20 ,  with 89 percent within one standard 
error of estimate and 95 percent within two standard errors of estimate of 
reported values. The 1983 data had an average Z score of 0 .56 ,  with 5 8  per- 
cent within one standard error of estimate and 88  percent within two standamd 
errors of estimate of the reported values. 

The disparity between the 1985 Tolovana and Chatanika results was note- 
worthy. These data were collected by the same people using the same methods 
during a 2-wk period. Results from the 1983 data were underpredicted, on 
average, and distribution was spread out more than in the other two groups af 
data. 



t u r b i d i t y  in NTU 

Figure  20. P l o t  of  t u r b i d i t y  and TSS by y e a r ,  Cha tan ika  River  below F a i t h  
Creek, 1983-84. 
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Figure  21. P l o t  of t u r b i d i t y  and TSS by y e a r ,  Crooked Creek a t  C e n t r a l ,  
1984-85, 
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Figure 22.  Z score  d i s t r i b u t i o n s  f o r  1985 Chatanika and Tolovana and 1983 
ACFRU data .  

The Chatanika da ta  came mostly from two sites---Chatanika below F a i t h  
Creek and Chatanika a t  Long Creek---which had d i f f e r e n t  Z score d i s t r i b u t i o n s .  
A t  t he  s i t e  on Chatanika below Fa i th  Creek, 92 percent  of t h e  Z scores  (22 of 
24) f e l l  wi th in  the g rea t e r  than -1.0 and l e s s  than -0.5 i n t e r v a l  and a t  t h e  
s i t e  on Chatanika a t  Long Creek, 81 percent  of t h e  Z scores  were l e s s  than  
-1.0. In  p a r t i c u l a r ,  the p red ic t ing  equat ion f o r  t h e  s i t e  on Chatanika below 
Fa i th  Creek may not be accurate  f o r  t h i s  s e t  of d a t a ,  but the  
precision---92 percent  within one Z score  interval---was good. 

Velocity-Turbidity Mult iple  Regression 

Veloci ty es t imates  were a v a i l a b l e  f o r  76 observat ions wi th in  the  Crooked 
Creek basin. Simple regress ion  of t he  log transformed t u r b i d i t y  and TSS d a t a  
produced an r2 of 0.82 with an SEE of 0.296 (+98,-49 ~ e r c e n t ) .  Veloci ty by 
i t s e l f  does not  have s i g n i f i c a n t  r e l a t i o n s h i p  wi th  t o t a l  suspended s o l i d s .  
The mul t ip le  regress ion  model with log  v e l o c i t y  a s  the  second p red ic to r  v a r i -  
ab l e  produced an r2 of 0.85 and an SEE of 0.271 (+87,-46 percent ) .  These a r e  
not  s u b s t a n t i a l  improvements, but the added v e l o c i t y  v a r i a b l e  i s  s t a t i s t i -  
c a l l y  s i g n i f i c a n t  a t  the 95-percent confidence l e v e l .  



When only  da t a  from Crooked Creek a t  Cen t r a l  were considered,  t h e r e  was 
marked improvement. Mul t ip le  r e g r e s s i o n  ( l og  t u r b i d i t y  and log  v e l o c i t y )  
improved t h e  s imple r eg re s s ion  ( l o g  t u r b i d i t y )  r2 of 0.207 t o  0.686 and 
reduced t h e  SEE from +98 (-49 pe rcen t )  t o  +56 (-36 pe rcen t ) .  Table 4  pre-  
s e n t s  a  comparison of t h e  m u l t i p l e  r e g r e s s i o n  ana lyses .  

DISCUSSION 

The under ly ing  premise of t h i s  p r o j e c t  was t h a t ,  because p l a c e r  mining 
methods a r e  s i m i l a r  throughout i n t e r i o r  Alaska, t he  turbidity-TSS r e l a t i o n -  

s h i p  i n  placer-mined s t reams i n  i n t e r i o r  Alaska a l s o  may be s i m i l a r  and may 
al low t h e  use  of one equa t ion  t o  d e f i n e  t h a t  r e l a t i o n s h i p .  This  was no t  
borne ou t  by t h e  a n a l y s i s .  Regression equa t ions  f o r  t h e  seven b a s i n s  were 
s t a t i s t i c a l l y  d i f f e r e n t .  Of s i x  b a s i n s  t h a t  had two o r  more s t reams wi th  15 
o r  more obse rva t ions ,  only t h r e e  produced s t a t i s t i c a l l y  s i m i l a r  r eg re s s ion  
equa t ions  and,  i n  one of those ,  equa t ions  f o r  t h e  i n d i v i d u a l  s i t e s  a r e  no t  
s i m i l a r .  Of f o u r  s t reams t h a t  had two o r  more s i t e s  w i th  15 o r  more observa- 
t i o n s ,  two had s t a t i s t i c a l l y  d i f f e r e n t  r eg re s s ions .  

Covariance a n a l y s i s  a l s o  i n d i c a t e d  t h a t  one should be c a r e f u l  u s ing  
equa t ions  developed from d a t a  of p r ev ious  yea r s  t o  p r e d i c t  TSS. The equa- 
t i o n s  u s ing  a l l  d a t a  from i n t e r i o r  Alaska were d i f f e r e n t  f o r  1983, 1984, and 
1985. Covariance a n a l y s i s  of t h r e e  s i t e s  i nd i ca t ed  t h a t  a t  two of those  
s i t e s  t h e  equa t ions  d i f f e r e d  between yea r s .  Model v a l i d a t i o n  supported t h i s  
u n c e r t a i n t y .  Est imates  from 1985 Chatanika River s i t e  d a t a  averaged more 
than  one s tandard  e r r o r  of e s t i m a t e  from repo r t ed  TSS. 

Er ror  as  i nd i ca t ed  by t h e  s t anda rd  e r r o r  of e s t ima te  is  reasonable  f o r  
most equa t ions .  Considerable  v a r i a t i o n  may occur among i n d i v i d u a l  observa- 
t i o n s .  I n spec t ion  of t h e  d a t a  from t h e  s i t e  equat ions w i th  t h e  worst  e r r o r  
terms showed t h a t  these  s i t e s  were c l o s e  t o  s l u i c e  ope ra t i ons  o r  included 

Table 4.  Comparison of m u l t i p l e  and s imple l i n e a r  r eg re s s ion  equa t ions  from 
Crooked Creek bas in .  

[Equat ions i n  t h e  form 2 = a  * (x b l )  * (z2b2) ,  where zl = t u r b i d i t y ,  
x  = v e l o c i t y ,  an; El ,-l!i2, and a  a r e  c o e f f i c i e n t s .  ] -2 - 

Locat ion N - a  
- 

Crooked Creek Basin 
Simple r e g r e s s i o n  ( t u r b )  72 1.211 
Siniple r e g r e s s i o n  ( v e l )  72 134.896 
Mul t i p l e  r e g r e s s i o n  7 2  0.851 

Crooked Creek a t  Cen t r a l  
Simple r eg re s s ion  ( t u r b )  16 7.447 
Simple r e g r e s s i o n  ( v e l )  16 210.863 
Mul t i p l e  r eg re s s ion  16 0.001 



d a t a  from a  v a r i e t y  of f low c o n d i t i o n s .  It is  impor tan t  t o  n o t e  t h a t  t h e s e  
equa t ions  cannot be used t o  e s t i m a t e  TSS o u t s i d e  t h e  range of v a l u e s  i n  t h e  
d a t a  s e t s  used t o  develop t h e  e q u a t i o n s ,  p a r t i c u l a r l y  t u r b i d i t y  v a l u e s  l e s s  
than 5 NTU. Also,  t h e s e  e q u a t i o n s  cannot  be used t o  p r e d i c t  TSS i n  non- 
placer-mined s t reams .  

Stream f low levels- - -discharge o r  velocity---can a f f e c t  t h e  
turbidity-TSS r e l a t i o n s h i p  over  a  wide range of f lows .  When v e l o c i t y  was 
added t o  t h e  poor r e l a t i o n s h i p  a t  Crooked Creek a t  C e n t r a l ,  t h e  r2 improved 
remarkably and t h e  e r r o r  was reduced e q u a l l y  w e l l .  I n s p e c t i o n  of t h e  d a t a  
showed much d i f f e r e n t  turbidity-TSS r e l a t i o n s h i p s  a t  h igh  f lows.  
Observat ions  i n  May and e a r l y  June showed TSS v a l u e s  much h i g h e r  t h a n  t h e  
accompanying t u r b i d i t y  v a l u e s .  Observat ions  from Crooked Creek b a s i n  i n  l a t e  
June and mid-August, 1985---times of h i g h  flows---revealed s i m i l a r  
r e l a t i o n s h i p s .  Low flows i n  e a r l y  August may p a r t l y  e x p l a i n  t h e  poor 
p r e d i c t i o n  performance of t h e  Chatanika s i t e  e q u a t i o n s  on 1985 DEC d a t a .  
Lack of measured o r  e s t i m a t e d  d i s c h a r g e  and v e l o c i t y  d a t a  l i m i t s  a  more 
thorough e x p l o r a t i o n  o f  t h i s .  Addi t ion of a  d i s c h a r g e  o r  v e l o c i t y  v a r i a b l e  
i s  e s s e n t i a l  f o r  adequate  p r e d i c t i o n  of TSS from t u r b i d i t y  over  a  wide range 
of f lows,  a l though  a  s imple  r e g r e s s i o n  may be a c c e p t a b l e  f o r  average- leve l  
summer flows. 

The r e s e a r c h  conducted h e r e  i n d i c a t e d  t h a t  t h e  most a p p r o p r i a t e  u s e  of 
r e g r e s s i o n  models t o  p r e d i c t  TSS from t u r b i d i t y  i n  mined s t reams  i s  on a  
s i n g l e  s i t e  b a s i s .  Analyses i n d i c a t e d  t h a t  r e g r e s s i o n  e q u a t i o n s  shou ld  be 
used wi th  c a r e  i f  developed f o r  more t h a t  one s i t e ,  i f  used on s i t e s  t h a t  d i d  
n o t  c o n t r i b u t e  d a t a  t o  t h e  model development, o r  i f  used f o r  y e a r s  t h a t  d i d  
n o t  c o n t r i b u t e  d a t a  t o  t h e  model development. A s imple  r e g r e s s i o n  e q u a t i o n  
developed w i t h  d a t a  c o l l e c t e d  dur ing  normal f lows  w i l l  underes t imate  TSS a t  
h igh flows and o v e r e s t i m a t e  TSS a t  low f lows.  A n a l y s i s  of covar iance  
i n d i c a t e d  t h a t  t h e  r e l a t i o n s h i p  may s t a y  t h e  same between y e a r s ,  s i t e s ,  o r  
s t reams ,  bu t  t h i s  constancy of r e l a t i o n s h i p  r e q u i r e s  v e r i f i c a t i o n  and cannot  
be assumed. 

A s t r o n g ,  i f  n o t  p e r f e c t ,  r e l a t i o n s h i p  e x i s t s  between TSS and t u r b i d i t y ;  
t u r b i d i t y ,  a s  w e l l  a s  being much l e s s  expensive  t o  c o l l e c t ,  h a s  a  more en- 
f o r c e a b l e  s t a n d a r d .  Excess amounts of sediment which cause  e c o l o g i c a l  and 
a e s t h e t i c  damage can be a c c u r a t e l y  monitored o r  e s t i m a t e d  by e i t h e r  pa ra -  
mete r ,  and t h i s  r e p o r t  h a s  demonstrated a  way t o  e s t i m a t e  sediment l o a d s  w i t h  
a  minimum amount of TSS a n a l y s i s .  

A s  s t a t e  and f e d e r a l  funding d e c l i n e s  and i n t e r e s t  remains c o n s t a n t  i n  
s o l u t i o n s  t o  t h e  i s s u e  of w a t e r  q u a l i t y  i n  placer-mining a r e a s ,  funds  t o  do 
a l l  d e s i r e d  a n a l y s e s  may n o t  be a v a i l a b l e .  I f  w a t e r - q u a l i t y  moni to r ing  i n  
placer-mined s t r e a m s  r e q u i r e s  bo th  t u r b i d i t y  and suspended sediment 
in format ion ,  t h e n  t h e  turbidi ty-TSS models recommended h e r e  can h e l p  s t r e t c h  
t h e  a n a l y s i s  d o l l a r .  

CONCLUSION 

The r e s u l t s  of t h e  a n a l y s e s  conducted i n  t h i s  r e p o r t  suppor t  t h e  conclu- 
s i o n  t h a t  e q u a t i o n s  a r e  most u s e f u l  i n  p r e d i c t i n g  TSS v a l u e s  from t u r b i d i t y  
measurements when developed on a  s i t e  b a s i s .  Combining a l l  d a t a  from 



i n t e r i o r  Alaska i n t o  one e q u a t i o n  i s  n o t  s u p p o r t e d  by t h e  a n a l y s i s ,  n o r  i s  
combining d a t a  w i t h i n  a b a s i n  o r  s t r eam.  The turbidi ty-TSS r e l a t i o n s h i p  may 
change  fro^ one y e a r  t o  t h e  n e x t .  M u l t i p l e  r e g r e s s i o n  models u s i n g  t u r b i d i t y  
and v e l o c i t y  t o  p r e d i c t  TSS g i v e  improved r e s u l t s  over  a wide range  of  f lows.  
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Appendix A .  T u r b i d i t y  and TSS d a t a  from i n t e r i o r  Alaska s t r e a  

lJ3CATIDN HYUNIT SOURCE DATE TIME TURB 

F m R m G U A S T E  
) * r A I W G N A S ' I ' E  
T W E L r n A u r  
TWELVMILE A KT 
TWELvmxLE A m 
lWELVMIlLE A KT 
TWELVPIILE B NF 
I W E L V M I L E  B RC 
TWELVMILE NF 
C L M  A MTH 
CLW A VOLCANO 
CROOKED A HARNC 
HARRINGTON A MT 
E A C L E A C H D  
EAGLE A GHD 
E A G L E A C H D  
EAGLE A CHD 
EACLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
E A G L E A C H D  
EAGLE A GHD 
EAGLE A GHD 
EAGLE A CHD 
EACLE A GHD 
EAGLE A GHD 
EACLE A CHD 
EAGLE A CHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A CHD 
EAGLE A GHD 
EACLE A CHD 
EAGLE A CHD 
EAGLE A GHD 
EACLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A CHI) 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A CHD 
EAGLE A CHD 
EAGLE A GHI) 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A GHD 
EAGLE A CHI) 



Appendix A. (Continued) 

OBS LOCATION HYUNIT SOURCE DATE TIEE 

GOUIDUsrBm 
GOU]DtPSIBQ)1 
G O C D W S T B a  
C 0 1 9 D U s T B C L ) I  
GOLD DUST B a 
C a D W S r B r n  
COLD DUST B 
c W , W S T B c ; D H  
COLD WST B Qm 
OLD DUST B C;DH 
GOLD DUST B cam 
GOLD WST B GEM 
GQLDWSTBQW 
a x S W S T B G E M  
C a P D u s r B r n  
GOLD WST B CPM 
COLD DUST B CPM 
HARRISON A BIRC 
HARRISON A BIRC 
HARRISON A BIRC 
HARRISON A MH 
HARRISON A MIH 
HARRISON A SQUA 
HARRISUN B SQUA 
SQUAW A HARRIS0 
BIRCH A 12 M I L E  
B I R m  A 12 NILE 
BIRCH A 12 MILE 
B I R m  A 12MIL.E 
BIRCH A 12MILE 
BIRCH A BUTTE C 
BIRCH A GOLD DS 
BIRCH AB NF CON 
BIRCH B 12 MILE 
BIRCH B 1 WILE 
BIRCH B 1WILE 
BIRCH B i m u  
BIRCH B BEAR C 
BIRQi B NF CON 
B I R M  B fTARJ4IG 
BIRCH B WILLIlW 
CROOKED A U E R  
CROOKED A BLDRI 
CROOKED A BOLDR 
CROOKED A BOLDR 
CROOKED A BOLDR 
CROOKED A BOLDR 
CROOKED A BaDR 
CROOKED A BOLDR 
CROOKED A BOLDR 
CROOKED A BOLDR 
CROOKED A BOLDR 
CROOKED A BOLDR 



OBS 

266 
267 
268 
269 
270 
27 1 
272 
273 
274 
275 
276 
277 
27 8 
279 
280 
28 1 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
2% 
2% 
297 
298 
299 
300 
301 
302 
3 03 
304 
305 
306 
307 
308 
309 
310 
31 1 
3 12 
313 
314 
3 15 
3 16 
3 17 
31 8 

 CATION 

C R O O K E D A r n  
C R o m D  A rn 
CROdl[ED A MIi 
CROOKED A HTH 
CROOKED A m 
CROOKED A m 
CROOKED A m 
CROOKED A m 
CROOKED A m 
CROOKED A m 
CROOKED A m 
CROOKED A MH 
CROOKED A MIH I 
CROOKED A MH I 
CROOKED A MTH I 
CROOKED A WBALB 
CROOKED A WBALB 
CROOKED B ALBER 
CROOKED B BEDRK 
CROOKED B B&DRK 
CROOKED B BEDRK 
CROOKED B BEDRK 
CROOKED B BEDRK 
CROOKED B BEDRK 
CROOKED B DEAN 
CROOKED B D W  
CROOKED B DEADW 
CROOKED B EBAtB 
CROOKED B PORC 
CROOKED B WBALB 
CROOKED N KETCH 
ALBERT A BRDG 
ALBERT A BRDG 
ALBERT A m 
ALBEKT A STEESE 
ALBERT EB A CC 
ALBERT EB A CRK 
ALBERT WB A CC 
ALBERT WB A CRK 
BEDRO(;X A ST= 
BEDROCK A STEES 
BEDROCK A STEES 
BEDROCK A STEES 
BEDROCK A STEES 
BOULDER A CC 
BOULDER A CC 
BOULDER A CC 
B O E R  A CC 
BOULDER A CRNHR 
BOULDER A CRNHR 
BOULDER A CRNHR 
BOULDER A STEES 
BOULDER A STEES 

endix  A .  

SOURCE 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
3 
1 
5 
5 
5 
5 
5 
5 
3 
1 
3 
3 
3 
3 
3 
4 
4 
4 
4 
3 
1 
3 
1 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
5 
4 

(Continued) 

DATE TIX 



Appendix A .  (~ont i n u e d )  

OBS LOCATION HYUNIT SOURCE DATE TR€ 

KETCRQI A CHSR 
KETCHM A CHSR 
KETCMB A CHSR 
KETCHPI A CHSR 
KETCHEM A CHSR 
KETCHEH A CHSR 
KETCHM A CHSR 
KETCHM A CHSR 
KETCHM A CHSR 
KETCHPl A CHSR 
KETCHEH A CHSR 
KETCHPl A CHSR 
KETCHEH A CHSR 
I(ETCHPI A CHSR 
KETCHEH A CHSR 
KETCHM A CHSR 
KETCHM A WININ 
KETCHEM A CHSR 
KETCHPI A CHSR 
m m  N CC 
KETU-JEM N CC 
W T H A M I H  
MAMH3TH A STEES 
MAMMDm A STEES 
MAMOTH A STEES 
MAMMD7I-l A STEES 
ktAt4OTH A STEES 
MAHM)'IY A STEES 
MAMM3TH A STEES 
MAMKlTH A STEES 
W T H  A STEES 
MAM4ITi-l A STEES 
MAMH3TH A STEES 
MAJ4M)TH A STEES 
M A f T H  A STEES 
MAI4JQTi-l A STEES 
MAHHDm A STEES 
W T H  A STEm 
HAHMDTH A STEET 
W T H  A STEES 
M T H  A STEES 
lW44lTH A STEES 
WTH A STEES 
MAHK)TH A STEES 
MAMHOTH A STEES 
W T H  A STEES 
M W T H  A STEES 
MAMK)TH A STEES 
MAMMDTH A STEES 
MASTODON A MINE 
MASTODON A m 
MASTODON B WILK 
MILLER A MINING 



Appendix  A. (Continued) 

HYUNIT * - SOURCE DATE TI* TURB 

CHMI A NORDALE 
cHENA A MORDMS, 
CMEJIA A NORDALE 
CI-ENA A SM TRAC 
CCiENA A WENDELL 
CHPIA A WENDELL 
CHENA A WENDELL 
C E N A  A WENDELL 
CHENA A WlENDELL 
CHENA A WENDELL 
W A  MF A MINE 
CHENA MF B FOND 
CHENA MF B FOND 
C H P l A  MF B FOND 
CHENA MF B POND 
CHENA N F  A E F  
CHENA NR 2 RI 
CHENA NR 2 R I  
CHENA NR THO R I  
CHENA NR TWO R I  
CHENA NR TWO R I  
CHENA,EF AB MlH 
CH€NA,EF AB KIY 
CHENA,EF AB HTH 
CHENA, N F  AB EF 
eWENA,NF AB EF 
CHENA, N F  AB EF 
C R I P P L E  A CHPlA 
C R I P P L E  A CHENA 
C R I P P L E  A CHENA 
FAIRBANKS A MTH 
FAIRBANKS A MTH 
FAIRBANKS A MTH 
FAIRBANKS A MTH 
FAIRBANKS A PAX 
FAIRBANKS A SAT 
FAIRBANKS A S A T  
FAIRBANKS A SAT 
FAIRBANKS A SAT 
F I S H  A T  COLD DR 
F I S H  AT GOLD DR 
F I S H  B GOLD DRG 
F I S H  B COLD DRG 
F I S H  B GOLD DRG 
F I S H  B GOLD DRG 
F I S H  B GOLD DRG 
F I S H  B GOLD DRG 
F I S H  B GOLD DRG 
F I S H  B COLD DRG 
F I S H  B GOLD DRG 
F I S H  B GOLD DRG 
F I S H  B GOLD DRG 
F I S H  B COLD DRG 



Appendix A. (Continued) 

LCHENA A CHIIS 
LCHENA A mILS 
LCHMA A CHRS 
LCHENA A CHRS 
LCHENA A CHRS 
LCHENA A CHSR 
LCHENA A MSR 
LCHENA A CHSR 
LCHENA A CHSR 
LCHWA A MSR 
LCHENA A CHSR 
LCHENA A CHSR 
LCHENA A CHSR 
LCHWA A CHSR 
LCHDlA A CHSR 
LCHWA A CHSR 
LCHENA A CHSR 
LCHENA A NORDAL 
LCHENA A NORDAL 
LCHENA A NORDAL 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39H 
CHATANIKA A 39M 
CHATANIKA A 39n 
CHATANIKA A 39M 
CHATANIKA A 39H 
WATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39H 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39M 
CHATANIKA A 39H 
CHATANIKA A 39H 
CHATANIKA A 59H 
CHATANIKA A DOT 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
CHATANIKA A ELL 
WTANIKA A ELL 
CXATANIKA A ELL 
CHATANIKA A ELL 

DATE 

2020 
2200 
300 
700 
1200 
1300 
1340 
1 goo 
1305 
1710 
1335 
1730 
1200 
1200 
1200 
1345 
2000 
1030 
1150 
2140 
1 250 
1430 
2255 
1315 
1435 
1255 
1256 
1723 
1530 
1540 
705 
1955 
745 
1630 
151 0 
1605 
1 1  10 
201 0 
1115 
2145 
1130 
21 0 

' 1200 
1200 
1122 
2118 
141 0 
1200 



Appendix A.  (Cont inued)  

mTliYIK4 U#C 
CMrAHm AuW 
~ T a H x K A  AmG 
CHATANIKA UX))(C 
CHATANIKA MXmG 
QUTANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA ALONG 
QUTANIKA ALONG 
QUTANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA ALW 
CHATANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA ALOE 
CHATANIKA ALm 
MATANIKA ALONG 
CHATANIKA ALONG 
CHATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FA1 
CHATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FAI 
C'HATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FA1 
CHATANIKA B FA1 
CHATANIKA B FA1 
CHATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FAI 
MATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FA1 
CHATANIKA 0 FAI 
GiATANIKA B FA1 
CHATANIKA B FA1 
CHATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FAI 
CHATANIKA B FAI 
CHATANIKA B FA1 
CHATANIKA B FAX 

HYUNIT SOURCE DATE 



OBS 

Appendix A ,  (con t inued)  

LOCATDDW HYUNIT SOURCE DATE TIM 

F W  A m E  
F r n A m B E  
FAIlM A STEESE 
FAITH A STEESE 
FAITH A STEESE 
F m  A STEESE 
FAITH A STEESE ~m A STEESE 
FAITH A STEFSE 
FAITH A S T E W  
FAITH A STEESE 
FAITH A STEESE 
FAITH A STEESE 
FAITH A STEESE 
F r n  A STEESE 
FAITH A STEESE 
FAITH A STEESE 
FAITH A8 M C U  
FAITH B MCINTSH 
FAITH B MCINTSH 
FAITH B MCINTSH 
FAITH B HCINTSH 
FAITH 0 HCINTSH 
FAITH B MCINTSH 
FAITH B MINE 
HC?WUS A FAITII 
HCHANUS A FAITH 
MWUS A FAITH 
MCMANUS A FAITH 
MCMANUS A FAITH 
MCHANUS A FAITH 
MCNANUS A FAITH 
HCHANUS A FAITH 
MCHANUS A FAITH 
MCNANUS A FAITH 
MWUS A FAITH 
MCNANUS A FAITH 
TATALINA A BRDC 
TATALINA A BRDG 
TATALINA A BR#; 
TATALINA A BRDG 
T A T U A  A WS 
COLDsTREAn A FX 
GOLDSTREAH A FX 
GOLDSTREAH A FX 
CaDSTREAH A LR 
GOLDSTREAH A MT 
GOLDSTREAM ALOG 
GOLDSTREAH B FX 
COLDSTREAM B FX 
COLDSTREAH B FX 
GOWTREAH B FX 
COLDSTREAM B FX 



Appendix A. (Continued) 

DATE T I I S  

G W B E  B HUm 
G l r m B E  B m a  
GZLCDRE B BDHIN 
G W R E  B mIN 
G m R E  B mIN 
GILHORE B ECMIN 
GUK)RE B mIN 
G m R E  B mIN 
CItEIORE B mIN 
G I U I O R E  B BOHIN 
G-RE B BDMIN 
GILHORE B mIN 
G m R E  B BDMIN 
G W R E  B mIN 
G I L m R E  B m I N  
GILJQRE B BDMIN 
G m R E  B BIMIN 
G W R E  B m I N  
G W R E  B m I N  
G m R E  B mIN 
G E M R E  B mIN 
GILHORE B BCI.IIN 
GILMDRE B mIN 
GILK)RE B BDMH 
GILMDRE B mIN 
GILMORE B BWIN 
G U H O R E  B mIN 
G I L H l R E  B BDMIN 
G I W R E  B BDMIN 
C I W R E  B BIXIN 
GILHORE B BDHIN 
GILMORE B mIN 
GILMDRE B mu 
GILMDRE B WIN 
G I W R E  B mIN 
G I I N R E  B BDHIN 
G I L K I R E  B BIXIN 
G M R E  B mIN 
G m R E  B BININ 
G m R E  B msN 
GILHDRE B mIN 
G I L K I R E  B BDHIN 
G I W R E  B WIN 
G I W R E  B BDMIN 
PEDRO A MTH 
PEDRO A MTH 
PEDRO A MH 
PEDRO A Kli 
TOLOVANA A BRDG 
TOLOVANA A BRDG 
TOLOVANA A BRDG 
TOLOVANA A BRDG 
TOLOVANA A BRDC 

1200.00 
1600.00 
1400.00 
1600.00 
2200.00 
1700.00 
2200.00 
2800.00 
21 00.00 
1goo. 00 
1800.00 
21 00.00 
1600.00 
1600.00 
1600.00 
1600.00 
1700.00 
70.00 
55 00 
go. 00 
30.00 
2.40 
3.80 
1.60 
4.20 
1.02 



Appendix A. ( con t inued)  

T W V M A A U F  
~ A I I A A V F  
~ 1 W 1 A Y F  
W M A  A WF 
TDLOVANA A WF 
TaOVANA A w 
TaOVANA A WF 
TaOVANA A WF 
TOLOVANA A WF 
TOLOVANA A WF 
TOLOVANA A WF 
TaWANA A WF 
TOLOVANA A WF 
TOLWANA A WF 
TOLOVANA A WF 
TaOVANA A WF 
TOLOVANA A WF 
TaCVANA A WF 
TOLOVANA A WF 
TOLOVANA A WF 
MCOVANA A WF 
TOLOVANA A WF 
TaOVANA A WF 
TOLOVANA A UF 
TOLOVANA A WILE 
TOWANA A WILB 
TOtOVANA B WF 
TOLOVANA B UF 
TaOVANA B UF 
TOLOVANA B UF 
TaOVANA B WF 
TOLOVANA B WF 
TOLOVANA B UILB 
TaOVANA B UILB 
TOLOVANA B WILB 
TOLOVANA UF 
TaOVANA WF 
TOLOVANA WF 
TaOVANA UF 
TaOVANA WF ACC 
TaOVANA WF ACC 
TOtOVANA WF ACC 
LNDlGOOD A BRD 
L N E N G a 3 D  A BRD 
LIVENGOOD A BRD 
LIVENGOOD A BRD 
LIVENGOOD A BRD 
LIVENGOOD A BRD 
LNENCOOD A BRD 
L I V E N O D  A BRG 
L N E N O D  A BRC 
LIVENGOOD A BRG 
LIVENGOOD A ELL 

HYUNIT 

4050920 
w 0 9 2 0  
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
460920 
4050920 
450920 
4050920 
4050920 
4050920 
4050920 
4050920 
4050920 
405092 1 
4050921 
405092 1 
4050921 
4050921 
4050921 
4050921 
4050921 
4050921 
4050921 
405092 1 

DATE 

84-08- 13 
89-08- 1 3 
84-08-13 
84-08-13 
84-08- 1 3 
84-08- 14 
84-08-14 
84-08-14 
84-08-14 
84-08. 14 
84-08-14 
84-08-14 
84-08-14 
84-08- 15 
84-08- 15 
84-08- 5 
84-08-15 
84-08- 1 5 
84-08-15 
84-08- 15 
84-08-15 
84-08- 16 
84-08- 16 
84-08- 16 
84-08-16 
84-08- 16 
83-08-07 
83-08-U7 
83-08-1 1 
83-08-1 1 
84-08-12 
84-08-16 
84-08-12 
84-08- 12 
84-08- 16 
84-08- 12 
84-08-12 
84-08- 16 
84-08- 16 
83-08-07 
83-08- 1 1 
83-08-1 1 
84-05-09 
84-05- 1 5 
84-08-1 2 
84-08-12 
84-08-16 
84-08-16 
6-05-15 
83- 08-07 
83- 08- 1 1 
83-08-1 1 
85-08-07 



Appendix A.  (Continued) 

UCATIiOll 

W I S ~ A # O W I .  
WQnBKUQ 
K O ~ s F A D t  
KOTtRUK SF A DA 
KIDYUKUK SF A DA 
KOYUKUK SF AHUY 
PROSPECT A DALT 
PROSPECT A MINE 
PROSPECT A nm 
PROSPECT A PIPE 
PROSPECT B MING 
PROSPECT B MING 
PROSPECT B UZNG 
PROSPECT B MNG 
PROSPECT B PIPE 

HYUNIT 

4060101 
40601 02 
M0201 
4060201 
4060201 
4060201 
406@01 
4060201 
4060201 
4060201 
4060201 
4060201 
4060201 
4060201 
4060201 

SOURCE 

1 
4 
1 
1 
4 
1 
3 
4 
4 
4 
4 
4 
4 
4 
4 

DATE 

84-08-08 
85-06-1 1 
84-08-03 
84-08-09 
85-08-16 
83-08- 13 
b O S - 0 9  
85-m-30 
85-08-1 3 
85-08- 16 
85-08- 13 
85-08-15 
85-08-15 
85-08-16 
85-08-01 





Appendix B .  Further explanation of s t a t i s t i c a l  techniques 

A. Standard Error of Emtimato. 

Bacauclo the linoar rogroraion u.08 logarithsio tranmformation of 

the data, tho calalatod mtandard orror of 08tiuto i8 a logarithm. In 

thir raport it 18 roportod a8 a percantago which ir calculated by 

adding (and mubatraoting) tho SEE to tho logarithm of a baa. linear 

valuo, back tranmfonring tho result to a linoar value, mubtracting the 

bar. linoar valuo from thim fosult and dividing by tho bar. linear 

value. -low is a mamplo calculation: 

Tho standard orror of ortimato for tho log-log equation f o r  tho 

combinod data from Birch Crook bamin im 0.243. Asmuno a linoar value 

of 2.00 milligram par litor. 



Appendix B. (Cont inued)  

difforont barinm, 8 t r w  or sitor are similar, indicator 

variab1.H for tho difforont locations arm added to tho basic 

turbidity-TSS modol. An F tort is porformid to 800 if tho slopo and y 

intorcopt coofficionts of the full modal (with indicator variables) 

aro statistically difformt from those of a roducod modal (without 

indicator variables) at a epocified confidenco levol. Tho equation for 

this relationship is, 

whoro : 

SSEF is tho orror sum of squares for tho full model, 

ssER i8 tho error sum of squares for tho reduced model, 

dfF is tho dogroes of freedom for the full modal, and 

dfR is tho degroos of freedom for the reduced model. 

If tho calculatad I* is 1088 than F at a specified confidence 

lev01 (P valuos aro iron an F value table), tho inference is that the 

two group. of data are not statistically different at that level 

(Neter, Wassorman, and KutnOr 1985). This typo of analysis can also be 

used to moo if data from different years or source6 can be combined. 



Appendix C. Model v a l i d a t i o n  results 

SAMPLE LOCATION DAm C TURB TURB TSS TSS Diff Z VALUE 
TaClC lab fiald raprtd calcltd Rpt-Calc 

(m) (m) (W/l)  ( w / 1 )  (R-P) /SEE 

A .  Data collactad by DEC at various location in intorior Alaska 
in 1985. 

CHATANIKA A POK 85081604 
II 85081676 

CHATANIKA A 39 M 85081606 
CHATANIKA A LONG 85081607 

11 85081650 
II rn rn 85081651 
o " 85081652 
o 85081653 
n a 85081654 
w * 85081655 
11 85081656 
11 85081657 
II 85081658 
II 85081659 
11 85081661 
11 85081662 
n a 85081663 
II 85081664 
n 85081665 
n a 85081666 
11 85081667 
11 85081668 
II 85081669 
11 85081670 
n 85081671 
II 85081672 
It 

II 
85081673 

11 
a 85081674 
rn 85081675 

FAITH ABOVE MCKllN85081609 
11 n a 85081623 

CHATANIKA B FfM 
I1 a O 

I1 n n 
II n n 
IU n r 

7 . 0  2 6 . 1  
1 2 . 0  8 . 9  

6 . 0  4 . 7  
3 . 0  4 . 3  
2 . 0  5 . 9 
4 . 0  14 . 3 

2 1 . 0  2.4 0 
1 4 . 0  4 1 . 0  
12 . 0 3 3 . 4  

1 . 0  3 0 . 2  
4 . 0  1 8 . 1  
5 . 0  1 6 . 2  
4 . 0  29 2 

1 1 . 0  1 8 . 1  
1 2 . 0  3 4 . 5  

8 . 0  2 6 . 1  
8 . 0  29  2 
6 . 0  2 0 . 1  
5 . 0  1 8 . 1  
5 . 0  1 7 . 1  
5 . 0  2 8 . 1  

1 3 . 0  4 1 . 0  
1 0 . 0  3 5 . 5  

4 . 0  3 4 . 5  
8 0 3 6 . 6  

for Chatanika at 

-2 .5  -0 .79  
2 . 3  0 . 4 5  

- 2 . 0  -0 .58 
-112.2 -1 .88 

-19 .1  -1 .56 
3 . 1  0 . 7 6  
1 . 3  0 .59  

-1 .3  -0 .64  
- 3 . 9  -1 .41  

-10 .3  -1 .53  
-3 .0  -0 .27 

-27 .0  -1 .40  
-21.4 -1 .36  
-29 .2  -2 .06  
- 1 4 . 1  -1 .66  
-11.2 -1 .47 
-25 .2  -1 .84  

- 7 . 1  -0 .83  
-22 .5  -1 .39  
-18 .1  - 1 . 4 8  
-21 .2  -1 .54  
- 1 4 . 1  -1 .49  
- 1 3 . 1  -1 .54  
- 1 2 . 1  -1 .51  
-23 .1  -1 .75  
-28 .0  -1 .45  
-25 .5  -1.53 
-30 .5  -1 .88  
-28 .6  -1 .66  

Long Cr-1.30 



Appendix C .  (Continued) 

S-LE WCATION MTB L TURB TURB TSS TS8 Diff Z VALUE 
T M  lab fiald roped calcltd Rpt-Calc 

( 1  (N 'W (mg/l) (W/l) (R-P) /SEE 

EAST 
n 
I# 

n 
n 
n 
n 
n 
H 

n 
n 
n 
H 

I1 

n 
O 

W 

n 
I t  

TAPS 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 

5.50 6.0 9.5 -3.5 -0.69 
5 . 90 13 . 0 10.3 2.7 0.50 
5.50 3.0 9 . 5 -6.5 -1.29 
4.90 6.0 8.4 -2.4 -0.54 
4 70 7.0 8.0 -1.0 -0.24 
6.80 12 0 12 0 0.0 0.01 
6.50 10.0 11.4 -1.4 -0.23 

12 00 58.0 22.1 35.9 3.05 
6.80 12 . 0 12.0 0.0 0.01 
5 50 6.0 9 . 5 -3.5 -0.69 
4 . 90 6.0 8.4 -2.4 -0.54 
5.00 6.0 8.6 -2.6 -0.56 
5.50 6.0 9.5 -3.5 -0.69 
5.60 7.0 9.7 -2.7 -0.52 
6.20 8.0 10 8 - 2 . 8  -0.49 
6.10 8 • 0 10.6 -2.6 -0.47 
6.40 7.0 11.2 -4.2 -0.71 
5.10 6.0 8.8 -2.8 -0.59 
4.70 5.0 8.0 -3.0 -0.71 

Averaga for Tolovana ab West For-0.25 


