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INTRODUCTION 

Harvesting f o r e s t  lands has been a common prac t ice  i n  t h e  United 

S t a t e s  f o r  many years. With the  introduction of the  concept of "multiple 

use" management however, an increase i n  the concern f o r  harvesting 

impacts on other resources has evolved. One such concern focuses on t h e  

e f f e c t s  timber harvesting. has on water y ie ld  and water qual i ty .  Several  

harvesting techniques ase  present ly practiced by f o r e s t e r s ,  but of extreme 

i n t e r e s t  t o  f o r e s t  hydrologists i s  t h e  prac t ice  of t r a c t o r  logging c lear -  

cu t s ,  and t h e  po ten t i a l  impacts on water y ie ld  and water qual i ty .  

One might assume t h a t  water y ie ld  and qua l i ty  would be only minimally 

a l t e r e d  by a c learcut ,  if a l t e r e d  a t  al l .  On t he  contrary,  t r a c t o r  logged 

c lea rcu t s  as s m a l l  as 3.5 ac res  i n  southwestern Oregon showed average 

streamflow increases  of 14 percent during t h e  first year following harvest  

( ~ a r r  1979a). I n  addi t ion,  Rothacher (1973) and H a r r i s  (1973,1977) have 

shown tha t  s ign i f i can t  increases  i n  s i z e  of flows occur when timber 

harvesting is accompanied by s o i l  disturbance (Harr 1979b). Typically,  

as streamflow increases ,  t h e  capacity of t h a t  stream t o  ca r ry  sediments 

a l s o  increases  ( ~ r o w n  1976). This  i n  t u r n  can impact such water qua l i ty  

parameters as t u r b i d i t y  and spec i f ic  conductivity. 

This study was designed t o  monitor streamflow from a c learcut  located 

on the  University of Idaho, College of Forestry,  Wildlife and Range 

Sciences (FWR) ~xper imen ta l  Forest. Being a t r a c t o r  logged c learcut  

typica l  of t h e  harvesting regime on the  Experimental Forest ,  t he re  was 

much i n t e r e s t  i n  determining t h e  changes i n  water y ie ld  and water qua l i ty  

i n  the  c learcut  watershed. To t h e  author ' s  knowledge, there  have not 

been any s tud ies  s i m i l a r  t o  t h i s  proposal conducted on the  Experimental 

Forest. Thus, it is believed t h a t  t h i s  i s  a timely study well i n  need of 



being conducted. 

The speci f ic  objectives of the  study were three-f old: 

1. Determine the  changes i n  water yield from a t r ac to r  logged 

clearcut.  

2. Determine suspended sediment loads and subsequent sediment 

flux i n  the  drainages flowing from the clearcut .  

3. Determine the  changes i n  the  water qual i ty  parameters, 

tu rb id i ty  and speci f ic  conductivity, resu l t ing  from t r a c t o r  

logging a clearcut .  

Study Area Character is t ics  

Character is t ics  of the  study area include a mean elevation of 

approximately 3200 f e e t  above mean sea l e v e l  with slopes ranging from 

15 t o  55 percent, with northly and eas te r ly  aspects. The climate of th i s  

study area is typ ica l  of the  northern Rocky Mountain province, with a 

s l i gh t  maritime influence from the  Pac i f ic  Coast. Cool, w e t  winters and 

warm, damp summers typify the  study area ,  with average daytime temperatures 

of 36OF during winter months ( ~ o v e m b e r - ~ ~ r i l )  , and 59% during milder 

months (May-October) (NOAA 1981). Annual precipi ta t ion near the  area 

averaged 25 inches over the  23-year period from 1957-1979, with a maximum 

average snowpack depth of 53 inches. The 1982 water yeas (October 1981- 

October 1982) was an average year with approximately 29 inches of precip- 

i t a t i o n  recorded and a maximum snowpack depth of 48 inches (NOAA 1977, 

1977-1982, 1981-1982, and SCS 1921-1979, 1982). 

Records show the  dominant overstory i n  the  general study area  t o  

consist  of Abies grandis Lindl., Thuja p l lca ta  Don., Pseudotsuga menziesii 

Mirb. and small amounts of Larix occidentalis Nutt., with an understory of - 



primarily Pachistima myrsini t ies  Raf., Physocarpus malvaceus Kintze and 

Holodiscus discolor  M a x i m  ( ~ o h s e  1979). This vegetation is  underlain by a 

Vassax silt loam s o i l ,  composed of a g r a n i t i c  parent material  capped with 

loess s o i l  and Mount -Mazama ash. (see Figure 1.) The V a s s a r  s o i l  tends 

t o  drain f a i r l y  rapidly,  and is a l s o  moderately erodable ( s o i l  Conserva- 

t ion Service 1981). 

Figure 1 - - V a s e  silt loam s o i l  found i n  the study area.  



The c l ea rcu t  t h a t  is being evaluated i n  t h i s  study is number 

1-10-1, located nor theas t  of Moscow, Idaho a t  TbON, R3W, Sect ion 7 on 

the F l a t  Creek U n i t  of the  College of FWR Experimental Forest .  (See 

Appendix A) Two in t e rmi t t en t  streams flow eas t e r ly  through t h i s  17 

acre c lea rcu t ;  one a t  t h e  northern end, and a smaller, less s i g n i f i c a n t  

( i n  terms of its contr ibut ion t o  t he  streamflow) at  t h e  southern end. 

These two drainages converge approximately 185 f e e t  below t h e  c l ea rcu t  

i n  a moderately dense stand of cedar,  and 300 f e e t  f u r t h e r  downstream 

t h i s  stream empties i n t o  t h e  south f o r k  of Brown's Meadow Creek. ( see  

Appendix B) The a r ea  extending from t h e  eas te rn  edge of c learcu t  u n i t  

1-10-1 t o  t h e  south f o r k  of Brown's Meadow Creek encompasses a Thuja 

p l i c a t a  Don., Abies grandis  Lindl. stand 'of approximately 80 percent 

densi ty,  along with a large amount of windfal l  and downed woody material .  

This s tand poss ibly  acts as a "buffer s t r i p " ,  catching and absorbing 

overland flow before it reaches t h e  south f o r k  of Brown *s Meadow Creek 

or any of t he  small streams mentinned above. This  "buffer s t r i p "  w i l l  

be discussed f u r t h e r  i n  the  "conclusions" of t h i s  repor t .  

The undisturbed, con t ro l  watershed immediately adjacent  t o  c l e a r c u t  

u n i t  1-10-1 is vegeta t ively  and topographiaAlly similar t o  t h e  c l ea rcu t  

unit .  It has two in te rmi t ten t  streams flowing eas t e r ly  through t h e  a r e a ,  

as does t h e  c lea rcu t  u n i t ,  but  t h i s  con t ro l  watershed is approximately 

three t i m e s  larger i n  s i z e  than c lea rcu t  u n i t  1-10-1. I n  add i t ion ,  t h i s  

control  watershed has not been disturbed i n  recen t  years  by timber har- 

vesting. I n  t he  1930's t h i s  watershed w a s  s e l ec t ive ly  logged f o r  Pinus 

monticola Dougl., as were most of t h e  lands i n  t he  surrounding area.  

This harvest ing,  however, was not considered Bn this study. 



Sampling Design 

Following a f i e l d  and a e r i a l  photo reconnaissance of clearcut  un i t  

1-10-1 and the  surrounding area, six sample s ta t ions  were chosen f o r  data 

coUection. Unfortunately no previous streamflow d a t a  is available f o r  

clearcut uni t  1-10-1, and therefore no comparisons can be made as t o  the  

change i n  streamflow and sediment f lux before and a f t e r  harvesting t h i s  

uni t .  However, a comparison can be made with the  streamflow and sediment 

flux from the  immediately adjacent undisturbed watershed. I n  addktion, 

comparisons of tu rb id i ty  a d s p e c i f i c  conductivity can a l s o  be made 

between these two areas. Thus, of the s i x  sample s t a t i ons  chosen, Wo 

were located immediately below the  clearcut ,  two within the  "buffer s t r i p " ,  

and two i n  the  undisturbed watershed adjacent t o  the southern end of the  

clearcut. (see Appendix C )  

Field Analysis 
I 

D a t a  col lec t ion began i n  ea r ly  February of 1982 and continued once a 

week u n t i l  t h e  cessation of snowmelt runoff. I n  addition t o  collect ing 

water samples a t  each s taf ion,  water temperature was recorded as were flow 

width and depth. Velocity measurements were taken a t  most s ta t ions  using 

a pygmymeter, however, occassionally low flows prevented readings from 

being taken. 

Lab Analysis 

Lab analysis  involved calculat ing discharge (cfs)  f o r  each s t a t i on  by 

multiplying the  width ( f ee t ) ,  depth ( f ee t ) ,  and velocity (feet/second) 

measured at  each s ta t ion.  I n  addition, water samples collected i n  the  

f i e l d  were used t o  measure tu rb id i ty ,  specif ic  conductivity, and suspended 



sediment concentrations f o r  each s ta t ion .  Turbidity was measured with a 

Hach Model 2100 A Turbidimeter, and spec i f i c  conductivity with a Simpson 

YSI Model 33 S-C-T Meter. Suspended sediment concentration was determined 

by f i l t e r i n g  each sample through a 0 . 4 5 ~  mil l ipore f i l t e r  and then oven 

drying each a t  3 0 0 ~ ~  f o r  approximately 8.0 hours. The sample was then 

weighed and t h e  weight of t h e  f i l t e r  w a s  subtracted from the  t o t a l  w i g h t .  

The res idua l  was defined as t h e  suspended sediment concentration. These 

concentrations were adjusted t o  represent  mg/l uni t s .  

D a t a  Analysis 

A l l  measurements taken were summazized i n  a tabular  form f o r  ease 

'of viewing. ( see  Appendix D)  This  summazized da ta  was then used t o  com- 

pare s p e c i f i c  parameters of the  watershed i n  c learcut  u n i t  1-10-1 and t h e  

adjacent ,  undisturbed watershed. Comparisons included hydrographs and 

sediment f l u x  graphs f o r  each watershed during t h e  snowmelt runoff period. 

I n  addi t ion ,  summazy t a b l e s  were developed t o  s p e c i f i c a l l y  compare tur-  

b i d i t y  and spec i f i c  conductivity i n  the  c l ea rcu t  watershed and i n  t h e  un- 

disturbed watershed. F ina l ly ,  t h e  technique of l e a s t  squares l i n e a r  

regression was used with t h e  da ta  from both watersheds i n  an attempt t o  

develop models f o r  f u t u r e  predic t ion  of discharge, suspended sediment 

concentration, and sediment f lux .  

RESULTS AND DISCUSS1 ON 

The hydrographs developed depic t  t h e  harvested watershed A and t h e  

undisturbed watershed D following t h e  same general  p a t t e r n  of dischazge. 

(see Figure ZA.) They each began t h e  season a t  a very high r a t e ,  which 

probably ind ica tes  t h a t  snowmelt was at  a peak when sampling began. The 

hydrographs then declined rapid ly  and f luc tua ted  f o r  t h e  remainder of the  



runoff season. These f luc tua t ions  were due i n  pa r t  t o  the  f luctuat ing 

air temperatures and resu l t ing  e f f e c t s  on the  snowpack melt, and t o  the  

sporadic and often very intense spring ra ins .  
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season. 
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From t h e  sediment f l u x  data presented, it appears t h a t  the  harvested 
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Figure 2.--Discharge from clearcut  watershed 
and undisturbed watershed D during snowmelt runoff 

.shed D ,  but as t h e  runoff season progressed the - f lux  at  watershed A 

dropped below the  l e v e l  of watershed D. (see Figure 23.) 

Figure 2B--Daily suspended sediment f lux 
from clearcut  watershed A and undisturbed watershed D 

during snowmelt runoff season. 



This lower f lux  l eve l  of watershed A could be due t o  the  much higher 

discharge r a t e  found i n  watershed D,  a r a t e  t o  be expected considering 

tha t  the  area  of watershed D i s  approximately three times lasger than 

tha t  of watershed A. A higher discharge r a t e  generally implies t h a t  more 

sediment w i l l  be flushed through the system result ing i n  a higher f lux 

leve l ,  as was seen i n  t h i s  comparison. 

One other fac tor  from the sediment f lux  data t o  be discussed is 

the higher sediment f lux  leve l  of watershed A (compared t o  watershed D) 

a t  the  beginning of the  runoff season. This could.be indicating t h a t  when 

a watershed is disturbed, the  i n i t i a l  amount of sediment being flushed 

through 'the system can be qui te  high as a r e s u l t  of t h a t  disturbance. 
. - . . 

A s  the runoff season progresses, however, the watershed can gradually 

adjust t o  the  increased amount of sediments and d i s t r ibu te  them through- 

out the  system. Also, qu i te  often one f i nds  that the f i n e  sediments 

flush through the  system immediately following a disturbance, with the  

larger, heavier sediments being l e f t  behknd. Later i n  the  -off season 

as discharge r a t e s  decline, these larger sediments a r e  too heavy t o  be 

moved through the  system and thus a lower sediment f l ux  measurement is 

recorded. I n  addition, i n  t h i s  study area the  "buffer s t r i p "  of vegeta- 

tinn between the  clearcut  and the  soutjh fork of Brown's Meadow Creek 

could have served as a catchment basin f o r  much of the sediment flowing 

down from the clearcut. A s  the  sediments reached the  buffer s t r i p ,  they 

could have been trapped by understory vegetation, s lash or even t r e e  

stumps, and thus fu r ther  movement of these sediments would be halted. 

,This buffer s t r i p ,  the  initial flushing of f i ne  sediments, the  a b i l i t y  

,of the watershed t o  gradually d i s t r ibu te  sediments, and/or the decrease 



i n  discharge could be the reason ( s )  f o r  the sediment f lux  l eve l  i n  

watershed A declining as the runoff season progressed. 

The turb id i ty  and specif ic  conductivity measurements both re f l ec t  

a general trend of watershed A showing higher values than the undistrubed 

watershed D. (see Table 1.) These trends indicate tha t  as a watershed 

becomes disturbed, water qual i ty  parameters such as turb id i ty  and specific 

conductivity can be increased. 

Table 1--Turbidity and specific conductivity from clearcut 
watershed A and undisturbed watershed D during 

snowmelt runoff season. 

Turbidity 
(NTU a t  21%) 

l ~ a t  e Watershed Watershed 

Specific conductivity 
Umhos a t  21% 

Date Watershed Watershed 

The attempts t o  develop prediction equations by the l e a s t  squares 

l inear  regression technique were not qui te  as successful as was hoped. 

;see Table 2. ) However, the coeff ic ients  of determination (r2) for the 

discharge and sediment f lux  equations were of high enough values t o  be 



~couraging. It is believed t h a t  with at  least one more season of data, 

e equations w o u l d  be more accurate  and t h e  c o e f f i c i e n t s  higher. 

Table 2--Least squares l i n e a r  regression equations developed 
with discharge and suspended sediment data from watersheds A and D. 

Q = discharge ( c f s )  

Equation 

SS = suspended sediment (mg/l) 

Coeff icient  of 
determination(r2) 

SF = sediment f l u x .  (lbs/acre/day) 

wsa = c lea rcu t  watershed A 

wsd = undisturbed watershed D 

The limitaAion of only one season's data appears t o  be a major 

~ l e m  t h e o u t  t h i s  pro jec t .  Due t o  t h e  typ ica l ly  shor t  runoff period 

;he study area, only e igh t  data po in t s  were obtained f o r  use i n  data 

r s i s .  It is very hard t o  charac ter ize  any parameter, be it of water 

,r or  seedling growth, on t h e  b a s i s  of such few data  points .  Thus 

,oped t h a t  a t  l e a s t  one more season of da ta  w i l l  be co l lec ted  t o  

up on t h e  da ta  obtained this season, 

iz 

t summary, it appears t h a t  t r a c t o r  logging c learcut  un i t  1-10-1 

duce some changes i n  water qual i ty .  Water y ie ld  w a s  impract ical  

,are between watershed A and t h e  undisturbed watershed D due t o  t h e  



p a r t i a l  sampling scheme t h a t  was used. However, the  water qual i ty  

parameters measured were comparable and revealed some in te res t ing  re-  

sults. Sediment f lux  i n  watershed A was i n i t i a l l y  higher than i n  water- 

shed D, and turb id i ty  and specif ic conductivity each followed a general 

t rend of being higher i n  watershed A. The l i nea r  regression equations 

developed were not as successful as was hoped, but it is believed t h a t  

they could be useful i n  the future with addit ional  data. 

Generally it is f e l t  t h a t  much w a s  learned from t h i s  project ,  and 

even though a la rge  amount of data could not be collected,  t h i s  project  

provided useful  and in te res t ing  base data from which t o  build upon. I n  

addition, this study provided the  author with an opportunity t o  gain 

insight  i n t o  research techniques and methodology, and t o  appreciate 

the time committment necessary f o r  reseazch work. 

It is sincerely hoped t h a t  t h i s  study w i l l  be continued or a similar 

study developed s o  as t o  obtain more information that w i l l  be useful t o  

land managers. 
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APPENDIX A 

LOCATION OF STAND 1-10-1 





F l a t  Creek Uni t  - U .  of I. Experimental F o r e s t  



APPENDIX B 

STREAM DRAINAGE LOCATIONS 

I N  STAND 1-10-1 





APPENDIX C 

SAMPLE STATION LOCATIONS 

IN STAND 1-10-1 
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SAMPLE STATION LOCATIONS I N  STAND 1-10-1 
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* NoteStationa 1 and 2 were eventually discarded due to lack of flow. 
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