
% 

@ : 

I ,  

PaIF'IC NOR!TKWEST FOREST AND RANGE 
EXE?ERJMENT SWIEON 

November, 1951 -------- ---- - - 

A. PROGRESS R P O R T  ON 
SUSPHBED SEBIlkBWT S LING IN SEmAZ, mSTmW ORZGON 

AXD m S T m N  bVASHINGTOW STmM 

Manes Barton 
Pacific Narthwest Forest and Range Experiment S t a t i on  

Division of Flood C o n t ~ s P  Surveys 



IWTRODUCTION 

Streams trsnspor-i; t h e i r  loads by t r a c t i o n  1/ ( t h e  bed load)  i n  suspension @ 

( t h e  suspended load )  and as s a l t s  i n  s o l u t i o n  ( t h e  s o l u t i o n  load) .  The t o t a l  
load i s  t h e  sum of t h e s e  t h r e e  and i s  commonly ca l l ed  t h e  water q u a l i t y .  The 
amounts of and v a r i a t i o n  i n  s tream flow and water q u a l i t y  have become i n  t h e  

, 
pas t  few years accepted c r i t e r i a  f o r  eva lua t ing  watershed condit ions.  Although 
many of the f u n d m e n t a l  r e l a t i o n s h i p s  between s o i l ,  cover and water  a r e  known, 
much remains t o  be a sce r t a ined .  Such i s  t h e  case  with suspended sediment 
loads. That i s  why t h e  Division of Flood Control Surveys, P a c i f i c  Northwest 
Fores t  and Range Sxperiment S t a t i o n  i n  cooperat ion wi th  t h e  Siskiyou-Cascade 
Research Center and o the r s  conducted a suspended sediment load s tudy of 
fifteen streams i n  Oragon and Nashington during t h e  f i r s t  nine months of 
t he  1951 water year ,  

S p e c i f i c a l l y ,  t h e  s t u d y  was made t o  determine: 

( 1) t h e  concent ra t ion  of suspended sediment c a r r i e d  by a s e l e c t e d  group 
of western Oregon and western lfashington streams; 

( 2 )  t h e  maximun, minimun, and average suspended sediment loads c a r r i e d  
by t h e s e  s t ~ e a r n s ;  and 

( 3 )  t h e  r e l a t i o n s h i p  between stream flow and suspended sediment loads.  

This paper summarizes t h e  d a t a  obtained from t h i s  s tudy and d e t a i l s  
t h e  methods by which they  were obtained. It makes some i n t e r p r e t a t i o n  of 
these d a t a  along t h e  l i n e s  mentioned above, It i s  hoped t h a t  t h e  i n f o r m t i o n  
contained i n  it may be u s e f u l  t o  watershed managers and planners ,  s tate 
and municipal a u t h o r i t i e s ,  and i n d u s t r i a l  concerns i n  t h i s  region.  

The author ' s  thanks a r e  extended t o  a l l  who a s s i s t e d  i n  t h i s  s tudy,  
p a r t i c u l a r l y  the personnel of t h e  Siskiyou-Cas cade Research Center and south- 
western Oregon Ranger D i s t r i c t s  f o r  t h e i r  cooperat ion i n  c o l l e c t i n g  samples. 

Summary 

Analysis of t he  data obtained f rom a suspended sediment load s tudy 
of f i f t e e n   eves stern Oregon and Nashington streams during t h e  f i r s t  n ine  
months of the 1951 water year indica tsd :  

1. Seasonal t r ends  i n  sediment loads ,  

2. A range i n  suspended sediment loads from 38,200 ppme t o  0 PPm. 
i n  Oregon streams and 304 ppm. t o  a t r a c e  i n  lash ington  s t r e a s .  

- -- -- - 

g ~ r a c t i o n  i s  def ined  a s  t h e  pushing, r o l l i n g ,  and s a l t a t i o n  (sk ipping)  of 
rock p a r t i c l e s  by t h e  s t ream current  along the stream bed. 



3 ,  A c u r v i l i n e a r  r e l a t i o n s h i p  between d ischargs  and sediment loads. 

e .  4. Differences i n  s tream flow accounted f o r  4$-64% of t h e  v a r i a t i o n  
i n  sediment load i n  two dashington streams. 

F ie ld  Sampling Procedure 

P r i o r  t o  October 1, 1950, twt3nty sampling s i t e s  were e s t ab l i shed  i n  
f i f t e e n  Oregon and 'Washington streams ( s e e  map on page 4). Their l o c a t i o n  
Has determined by considering t h e  d i s t ance  and road condi t ion  t o  t h e  s i t e  
from the c o l l e c t o r  s k a d q u a p t e r s  , the  a v a i l a b i l i t y  of s t ream flow da ta ,  
t h e  a v a i l a b i l i t y  of s t r u c t u r e s  such as  br idges and r e t a i n i n g  walls f o r  
convenient sampling, and watershed condit ions and c h a r a c t e r i s t i c s .  The 
sampling began October 1, 1950 and ended June 1, 1951. 

A DH depth- in tegra t ing  samplerl/ was used t o  c o l l e c t  the samples. 
The accessory equipment used e t h  t h e  sampler va r i ed  among t h e  c o l l e c t o r s o  
In genepal,  two arrangements were most common. One was t h e  sampler out- 
f i t t e d  wi th  an aluminum t a i l  Pin, s i x  f e e t  of s t a i n l e s s  s t e e l  rod  and 
twenty-f ive f e e t  of l i g h t  ropeo  The other  se tup  cons is ted  of the sampler 
and f i n  connected t o  twenty-five fee t  of  rope by means of a n  eyebol t .  
P i n t  milk b o t t l s s  d t h  s tandard  s i z e  mouths were used i n  t h e  sampler,  

A sample was c o l l e c t e d  i n  t h e  fol lowing manner, The o u t f i t t a d  sampler 
wkth a b o t t l e  i n s e r t e d  was lowered and then  r a i s e d  i n  such a way as  t o  
t r a v e r s e  t h e  stream v e r t i c a l l y  from top  t o  bottom t o  t o p  a t  a uniform rate 
of  speed without completely f i l l i n g  t h e  b o t t l e  The b o t t l e  was then  
removed from t h e  s m p l e r ,  s ea l ed  with two milk b o t t l e  caps and a rubber 
cap ( ~ a v o l  #120 anti-germ), labe led  and placed i n  a s p e c i a l  cardboard 
conta iner  f o r  mail ing t o  the l abora to ry ,  

h e  depth-integrated sample was co l l ec t ed  bi-weekly a t  each sampling 
s t a t i o n ,  provisions %ere a l s o  made t o  sample whenever t h e r e  were sharp  
changes i n  stream s t a g e  o r  t u r b i d i t y o  

Sources of Error  

The p r i n c i p a l  sources o f  e r r o r  i n  t h i s  f i e l d  sampling procedure were% 
( 1 )  the tendency o f  t h e  sampler t o  revolve  and swing i n  t h e  s tream cur ran t ;  
( 2 )  o v e r f i l l i n g  of t h e  conta iner ;  ( 3 )  sampling t o o  near t h e  s t ream bottom; 
(4) t h e  d is turbance  of t h s  f low c h v r a c t e r i s t i c s  o f  t h e  s tream by t h e  
samplsr;  and (5) t h e  i r r e g u l a r  r a t e  of movement o f  t h e  sampler. 

The DH-48 sampler ivas developed by t h e  Corps o f  dngineers ,  U. S. Army, 
i n  cooperat ion with t h e  Univers i ty  of Iowa and t h e  Univers i ty  of 
Minnesota, It i s  t h e  s tandard  hand sampler and i s  now being used 
by t h e  USGS $later Q u a l i t y  s e c t i o n  i n  shallow streams of t h e  Colorado 
and Rio Grande r i v e r  bas ins .  



4. 
A 

J 

1. S b ~ h o h ~ k  R ~ V W  
(stony Pt. ~ o h o o l )  

2. S k o o ~ ~ h u o k  R i m  
(heode ,  warhe) - @ 

3. Chehelir Riwr 
(@rand Hound, h a h . )  . 

4. a. Fk. ImukUtn River 
(Chehalir inteke) 

5. s. Plr. l8m-Rim 
(Alpha P.O., Walsh.) 

6. a. Fk. Henmuham Uver 
( n w  Foreat, Wash.) 

7. S. Fk. B e n -  River 
(near Forest, Warhe) 

8. Cowlits River 
(at  M.yiield, warha) 

9. B. Fk. L e e r  River 
( 5 i  man, ilaah.) 

1 Wilson River 
(~ill82uook, Oregoa) 

11. Wilron River 
( lea ' 8  Bridge) 

12. Celapooya Creek 
.t. Ronpareil 

13. IB. -qua R i m  
( ~ l i d e ,  Oregon) 

4. Little  River 
 ell Crwk   ridge) 

15. S . Wmpqua R i m  
(~roekway, Oregon) 

16. S . Uapqua River 
( ~ i l l e r ,  Oregon) 

17. Elk Creek 
( ~ i l l e r ,  Oregon) 

10. S m  R. Coq~il l .  Ri- 
(~0rsr8,  Oregon) 

19. nillnoir BI- 
(--by, Orego*) 

SUSPENDED SEDIMENT As*LDd 
SAMPLE LOCATIONS 

( ~ a u m d ,  we-) 



The tendency of t h e  sampler t o  r o t a t e  and swing i n  t h e  stream cur ren t  
aas el iminated by adding a t a i l  f i n  and a d d i t i o n a l  weights.  The t a i l  f i n  
served a s  a s t a b i l i e i n g  rudder ,  u t i l i z i n g  t h e  s tream cur ren t  so as t o  keep 
t h e  water i n t a k e  noczle f ac ing  upstream. The a d d i t i o n a l  m i g h t  of t he  
s t a i n l e s s  s t e a l  rod was u s u a l l y  s u f f i c i e n t  enough t o  reduce t h e  downstream 
swing of t h e  sampler. When t h e  turbulence  o f  t h e  s t ream cur ren t  was g r e a t ,  
t h e  e r r o r  was minimized by t h e  more unif  orqn d i s t r i b u t i o n  of  sediment throughout 
t h e  water ,  

S tudies  have shown t h a t  o v e r f i l l i n g  t h e  conta iner  r e s u l t s  i n  too  much 
of one o r  more v e r t i c a l  por t ions  of t h e  s tream oont r ibut ing  t o  t h e  so-ca l led  
r e p r e s e n t a t i v e  sample ( 3 ) .  This was el iminated by f i l l i n g  t h e  conta iner  
only  t o  about an  inoh fFom t h e  top .  

Sampling t o o  near  t h e  bottom r e s u l t e d  i n  c o l l e c t i n g  some of t h e  bed 
load. To e l imina te  th is ,  t h e  c o l l e c t o r  f i r s t  determined t h e  deptfi of t h e  
stream, and then lowered t h e  sampler no c lose r  t han  s i x  inches t o  t h e  
channel bottom, 

Undoubtedly t h e r e  was a d is turbance  of the f l o a  c h a r a c t e r i s t i c s  of t h e  
stream due t o  such f a c t o r s  a s  the shape of t h e  i n t a k e  nozzle ,  t h e  shape of t h e  
sampler and of t h e  g t a i n l e s s  s t e e l  rod. There was no way t o  determine 
the  ex ten t  of t h i s  d i s tu rbanceo  Since equipment of t h e  same design was 
used by moat c o l l e c t o r s ,  it was assumed t h a t  t h e  f low dis turbance  e r r o r  
intro6uced would be uniform f o r  t h i s  s tudyo  

The e r r o r  introduced by moving t h e  sampler a t  i r r e g u l a r  r a t e s  of speed 
was el iminated by advis ing  t h e  c o l l e c t o r  t o  t ake  s e v e r a l  p r a c t i c e  samples. 
I n  t h i s  way he could determine how f a s t  t h e  water en tered  the  sampler and 
t hen  gauge t h e  rate accordingly.  

Laboratory Procedure 
. 

A t o t a l  of 241 samples were analyzed f o r  suspended sediment concent ra t ion  
during t h e  course of t h e  study. The r e s u l t s  obtained have been presented 
g r a p h i c a l l y  on pagel 6-13 . The analyses were made i n  the l abora to ry  a t  
t h e  Forest  Serv ice  departmental shops i n  Por t land ,  Oregon, using t h e  f i l t r a t i o n -  
suc t ion  method s i m i l a r  t o  t h a t  used by t h e  Tennessee Valley Author i ty  (A). 
This method waq chosen because of the l a r g e  number (40) of samples which 
could be analyzed per  man day. 

r i v a l  of a sample a t  t h e  l abora to ry  t h e  t a r e  weight,  b o t t l e  
and sampling information were recorded. The sampling information 

The b o t t l e  number and t a re  weight were in sc r ibed  on most b o t t l e s  p r i o r  t o  
d i s t r i b u t i  oq. 

- 5 -  



















w * 
cons is ted  of s t ream name, loca t ion ,  da te ,  time, flow, and s tage .  The gross  
weight of the  sample *as obtairied by weighing it on a beam balance t o  an - a 
accuracy of * 0.1 gram. To sepa ra t e  t h e  sediment f r o m t h e  water,  a high- 
grade f i l t e r p a p e r  wae used. The f i l t e r  paper nas nmbered  f o r  handling 
purposes and weighed on a c h a i n o m t i c  balance t o  an accuracy of + 0.0001 
gram t o  obta in  i t s  t a r g  weight. The f i l t e r  paper was placed i n  a four- inch 
Buchner funnel  which was then  i n s e r t e d  i n  a f l a s k  connected t o  an a s p i r a t o r .  
The contents  of t h e  sample b o t t l e  were poured on t h e  f i l t e r  paper. The 
b o t t l e  was t hen  washed out  c a r e f u l l y  t o  remove a l l  t h e  sediment c l ing ing  
t o  i t s  sur face .  When a l l  t h e  water had been f i l t e r e d ,  t h e  f i l t e r  paper 
and sediment were removed from t h e  funnel  and placed on an e l e c t r i c  oven 
t o  dry.  The f i l t e r  paper was d r i e d  on t o p  o f t h e  oven t o  e l imina te  char r ing  
due t o  d i r e c t  hea t  i n  Che oven. Af ter  drying,  t h e  f i l t e r  paper and s e d i m n t  
ware weighed t o  obtaix) t h e  g ross  weight. The n e t  weights of t h e  t o t a l  
sample and sediment were obtained by sub t r ac t ing  t h e i r  t a r e  w i g h t s  from 
t h e i r  r e spec t ive  grose weights.  The n e t  weight of sediment was iv ided  by g t h e  n e t  weight of  t h e  t o t a l  sample mul t ip l i ed  by one m i l l i o n  (10 ) t o  g ive  
t h e  suspended sediment load expressed i n  p a r t s  per m i l l i o n  (ppm). 

Sources of  Error  

Although the f i l t r a t i o n - s u c t i o n  method of  analyzing samples was very 
s a t i s f a c t o r y  f o r  t h e  mass handling o f  a l a r g e  number of samples, t h e r e  
were seve ra l  disadvantages.  These wereg ( 1 )  t h e  hygroscopic a c t i o n  of 
t he  f i l t e r  paper; (2)  t h e  l o s s  of sediment through t h e  f i l t e r  paper; and 
(3) t h e  tendency o f  t h e  sediment t o  c l i n g  t o  t h e  sample con ta ine r ' s  sur face .  
O f  t h e  t h r e e ,  t h e  hygrascopic a c t i o n  of t h e  f i l t e r  paper was t h e  most 
s e r ious .  It rras a source of e r r o r  because temperature and humidity 
v a r i a t i o n s  i n  t h e  l abora to ry  changed t h e  t a r e  weight of  t h e  f i l t e r  paper 
following. t h e  completion of an ana lys i s .  To minimize t h i s  e r r o r ,  a 
c o r r e c t i o n  f a c t o r  was appl ied  t o  t h e  t a r e  weight p r i o r  t o  the f i n a l  ca l -  
cu la t ion .  The co r rec t ion  f a c t o r  m s  determined by s e p a r a t e l y  weighing 
a c o n t r o l  s e t  of t h r e e  f i l t e r  papers before  and a f t e r  t h e  completion of 
an  a n a l y s i s ,  The t o t a l  weight of t h e  c o n t r o l  s e t  before  t h e  a n a l y s i s  was 
sub t r ac t ed  from t h e  t o t a l  weight of t h e  con t ro l  s e t  a f t e r  t h e  a n a l y s i s ;  
t h i s  d i f fe rence  was then  d iv ided  by  the  t o t a l  weight of t h e  con t ro l  s e t  
before  t h e  ana lys i s  t o  ob ta in  a * percentage co r rec t ion  f a c t o r  f o r  t h e  - 
t a r e  weight,  

The l o s s  of sediment through t h e  f i l t e r  p a p e r  was neg l ig ib l e .  Visual  
examination of the  f i l t r a t e s  revea led  them t o  be very c l ea r .  It has been 
pointed ou t  i n  o the r  s t u d i e s  t h a t  such l o s s  of sgdiment can o f t e n  be 
e l iminated  by t h e  a d d i t i o n  of predetermined weigfits of k a o l i n  or f u l l e r s  
e a r t h  (1) .  - 

When a sediment sample was t r a n s f e r r e d  f r o m t h e  milk b o t t l e  cotltainer 
t o  t h e  Buchner funne l  a smll amount of t h e  sedirpent o f t e n  remained on 
t h e  surface of t h e  b o t t l e .  This condi t ion  was e a s i l y  cor rec ted  by a d d i t i o n a l  
washing of the  b o t t l e  t o  f l u s h  out t he  c l ing ing  sediment. 



Findings 

* r  ' 
+ Once a month dur ing  t h e  course of t h i s  s tudy a stream sediment s a p l i n g  

'a 

record was s e n t  t o  sample c o l l e c t o r s ,  cooperators ,  s t a t e  and f e d e r a l  agencies 
I 

e and o the r s ,  The sediment load da ta  contained i n  t h e s e  records have been 
* .  presented g r a p h i c a l l y  on pages 6-13. Ins tead  of p l o t t i n g  t h e  d a t a  f o r  each 

sampling s i te  sepa ra t e ly ,  t h e  d a t a  were grouped by major watershedso Visual  
a n a l y s i s  of such cha r t ing  ind iaa t ed  that t h e  grouped streams, i n  gene ra l ,  
have t h e  same t r e n d s ,  For example, h igh  sediment loads i n  one s tream at 
a given d a t e  were aecompacnied by h igh  sediment loads i n  o the r s  of the group 
f o r  t h e  same d a t e ,  It a l s o  showed a common tendency f o r  t h e  streams t o  
produoe ve ry  high sediment loads during t p e  months of  October through 
December. This might be explained i n  p a r t  by t h e  h igh  s t r e a q  flows i n  t h e  
grouped streams which were produced by  storms duping October, Eovember 
and December. Also e a r l y  i n  t h e  water  year ,  moderate s t ream flows f lushed 
out  sediment w h i ~ h  had been dropped by decreasing summer and f a l l  flows, 
or produced by caving of s t ream banks. 

The Maximum, mdinimum, and Average Suspended Sediment Loads 

A t a b l e  giving maximum, minimum, axid average suspended sediment loads 
c a r r i e d  by t h e  se l ec t ed  streams i s  shown on page 16. The most notable  o f  
t h e s e  da ta  was from t h e  sampling s t a t i o n  on t h e  south  f o r k  o f  t h e  Coquil le  
( a t  Powers, Oregon) having a 169 sq. mile  watershed. On October 28, 1950, 
a discharge o f  22,520 c f s  t r anspor t ed  a suspended load of 38,200 ppm (3.8%). 

Stream Flow - Suspended Sediment Load Rela t ionship  

The suspended sediment q u a n t i t i e s  c a r r i e d  by t h e  Kilson River near 
Tillamook, Oregon and t he  South Umpqua River a t  Broclrray, Oregon during t h e  
f i r s t  n ine  months of t h e  1951 water  year were p l o t t e d  a g a i n s t  t h e i r  t r a n s -  
por t ing  s tream flows  ages 17-18). From t h e  curves obtained, it appears  
t h a t  t h e  s tream flow-sediment load r e l a t i  n  h i p  was curv i l inga r .  S tud ie s  
which have been made concerning capac i ty  l! and stream d i s c h a r g ~  seem t o  
support t h i s  observa t ion ,  I n  t h e s e  s t u d i e s ,  it was found thqt  capac i ty  
inc reases  as t h e  3rd t o  4 t h  power of t h e  v e l o c i t y  (2).  - 

A s t a t i s t i c a l  ana lygis  of t h e  s tream flow-suspended sediment load  
r e l a t i o n s h i p  using t h e  d a t a  from t h e  two lower sampling sites on t h e  n o r t h  
and south fo rks  o f  t h e  Newaukurn and the  f low d a t a  from t h e  USGS gage on 
t h e  main Nemukum gave c o r r e l a t i o n  c o e f f i c i e n t s  of .60 and .81. This explained 
on ly  36% and 66% o f  t h e  v a r i a t i o n  i n  sediment loads due t o  d i f f e rences  

Cappacity i s  def ined  as t h e  a b i l i t y  of a  cu r ren t  t o  t r a n s p o r t  i n  terms 
of quan t i ty ,  



RANGE IN SUSPENDED SEDIMENT LOADS* 

I l l i n o i s  River 
So. Fk. Coqui l le  
Ashland Creek 
YPilson (USCS) 
So. Umpqua (3rockway) 
Calapooya Creek 
So. Umpqua ( ~ i l l e r  ) 
No, Umpqua (Glide)  
Elk Creek ( ~ i l l e r )  
L i t t l e  River 
Wilson ( ~ e e ' s  ~ r i d ~ e )  

&xi mum Minimum 

Trace 
1/4 
2 
9 

Trace 

$$ 
3 

Trace 
2 
4 

Chehalis 
Skookumchuck ( Bucoda) 
Cowlitz 
E, Fk, Lewis 
Skookumchuck ( Tenino ) 
So. Fk, Nemukum  orest st) 

# R It 

@@ 
(Alpha 1 

Noo Fk, ( Xater Intake) 
99 O) PI (Fores t )  

3 
2 
2'7 
4 
1 

13 
Trace 
Trace 
1/2 

** The averages were based on approximately 15 samples per s t a t i o n .  
Averages i n  parentheses were obtained by e l iminat ing  t h e  maximum 
sediment load from t h e  computation. 







r! 
i n  stream flow, The fol lowing f a c t o r s  probably would account f o r  much of 
t h e  v a r i a t i o n  not exp la inab le  by stream discharge:  

(1) I n t e n s i t y  and amount o f  p r e c i p i t a t i o n .  
(2)  Vegetal  cover o 

(3) Season of year  o 

( 4 )  Condition and kind of s u r f a c e  s o i l .  
( 5) Topography 0 

(6) S i z e  of s t ream, 
(7 )  S t a b i l i t y  of channel.  
(8) I n t e n s i t y  of land use. ' 
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