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A B S T R A C T  

C l i m a t i c  and hydrologic measurements w e r e  made 
on three watersheds, each containing approximately 
2 square miles (5 .18  km2) of drainage area, f o r  9 
years under natural forested conditions. 
describes the watersheds with respect to  soils and 
geology, morphology, vegetation, precipitation and 
other climatic parameters, and flow, sediment, 
temperature, and chemistry of streams during this  
period. 

This paper 
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Water is one of t h e  most important 
n a t u r a l  resources  of t h e  mid-Columbia 
reg ion  of Washington because i t  supports  
a b i l l i o n  d o l l a r  economy i n  manufactur- 
ing, a g r i c u l t u r e ,  mining, and r ec r ea t i on .  
Water i n  t h e  streams o r ig ina t e s  almost 
exc lus ive ly  as r a i n  o r  snow i n  the for-  
es t ed  headwater areas. The U.S. Fores t  
Serv ice ,  adminis t ra tor  of much of the 
upland watersheds, recognizes  t h e  need 
f o r  a balanced research  program i n  
watershed management t o  i n su re  t h a t  
act ivi t ies  r e l a t e d  t o  t imber ha rves t  
and r ec r ea t i on  do no t  j eopard ize  t h e  
quan t i t y  o r  q u a l i t y  of t h i s  water 
supply. The need f o r  experimental 
watersheds where long-term s t u d i e s  can 
b e  completed is  a l s o  recognized. 

A sea r ch  f o r  a s u i t a b l e  area f o r  
watershed management research  i n  the  
mid-Columbia reg ion  w a s  s t a r t e d  i n  
1949. Criteria f o r  watershed s e l e c t i o n  
included (1) a series of t h r e e  o r  more 
drainages of 1 t o  6 square m i l e s  
(2.59 t o  15.54 km2) each; (2) watersheds 
as nea r ly  similar as pos s ib l e  i n  s i z e ,  
drainage p a t t e r n ,  aspec t ,  topography, 
geology, s o i l s ,  and cover type; (3) 
no d i s tu rbance  by r ecen t  f i r e ,  heavy 
grazing,  logging, o r  roadbui lding;  
and ( 4 )  reasonable  access during a l l  
seasons. I n  1957 a f t e r  an exhaust ive 
search,  Fox, Burns, and McCree water- 
sheds, containing 1.83, 2.18, and 1.98 
square  m i l e s  (4.74, 5.65, and 5.13 km2) 
of drainage area, r e spec t i ve ly ,  were 
s e l e c t e d  f o r  c a l i b r a t i o n .  Vegetation, 
s o i l s ,  and climate of t he se  catchments 
were s imilar  t o  t h e s e  f a c t o r s  on 
thousands of acres of f o r e s t ed  land  i n  
nor th- cent ra l  Washington. Therefore, 
r e s u l t s  obtained from the se  s tudy 
si tes would have wide app l i c a t i on .  
Instrumentat ion of t h e  watersheds 
began i n  1959. 

The o r i g i n a l  p l an  w a s  t o  measure 
p r e c i p i t a t i o n ,  a i r  temperature and 
humidity, streamflow, and sediment 
product ion on each watershed fo r  
several yea r s  under n a t u r a l  condi t ions ,  
then  test  f o r  changes i n  quan t i t y ,  
q u a l i t y ,  and timing of runoff a f t e r  

roadbui lding and timber ha rve s t .  Ten- 
tative objec t ives  were t o  bu i l d  two 
roughly p a r a l l e l  roads through McCree 
and Bums watersheds, s tudy t h e  e f f e c t  
of road cons t ruc t i on  on water q u a l i t y  
f o r  2 years ,  then ha rves t  t imber from 
Burns watershed wi th  a s k y l i n e  system 
and from McCree watershed wi th  conven- 
t i o n a l  ground skidding methods such as 
t r a c t o r s ,  jammers, etc. Fox watershed 
w a s  t o  b e  l e f t  undis turbed t o  serve as 
a con t ro l  f o r  eva lua t ing  t reatment  
e f f e c t s .  

The c a l i b r a t i o n  per iod  and timber . 
harvest plans were near ly  complete i n  
1970 when t h e  e n t i r e  area w a s  burned 
by a w i l d f i r e  caused by l i gh tn ing .  
Since t h e  b u m ,  research ob j ec t i ve s  
have been t o  eva lua te  t h e  e f f e c t s  of 
w i l d f i r e  and subsequent revege ta t ion  
on water y i e l d ,  stream temperature,  
stream chemistry, s o i l  moisture ,  air  
temperature,  and rates of  revege ta t ion .  
The ob j ec t i ve  of t h i s  paper i s  t o  
descr ibe  t h e  p r e f i r e  watershed condi t ions 
wi th  r e spec t  t o  l o c a t i o n ,  topography, 
s o i l s ,  vege ta t ion ,  p r e c i p i t a t i o n ,  and 
t h e  p a t t e r n s ,  temperature,  and chemistry 
of streamflow. These d a t a  w i l l  be  a 
u se fu l  add i t i on  t o  t h e  hydrologic  
information co l l e c t ed  from small, 
undis turbed watersheds i n  t h e  United 
S t a t e s .  Also, t h i s  paper w i l l  s e rve  
as a re fe rence ,  and t h e  d e t a i l e d  
information presented he r e  w i l l  no t  
need repea t ing  i n  our  f u t u r e  r e p o r t s  
which descr ibe  p o s t f i r e  condi t ions.  

L O C A T I O N  A N D  T O P O G R A P H Y  

The experimental watersheds ( f i g .  1 )  
are loca ted  on t h e  east s lope  of t h e  
Cascade Range i n  nor th- cent ra l  Washington 
a t  l a t i t u d e  47O 57' N and longi tude  
120° 28' W. Drainage is genera l ly  
toward t h e  southwest t o  t h e  E n t i a t  
River which j o i n s  t h e  Columbia River 
a t  E n t i a t ,  Washington. 
the  Wisconsin s t a g e  of t h e  P le i s tocene  
epoch scoured t h i s  p a r t  of t h e  Entiat  
River, leaving t h e  t r i b u t a r y  streams as 
hanging va l l ey s  above t h e  p r e sen t  v a l l e y  
f l o o r .  Consequently, t h e  p r o f i l e s  of 
Fox, Burns, and McCree Creeks have 

A g l a c i e r  during 
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F i g u r e  1 . - -Aer ial  mosa ic  of the three w a t e r s h e d s  on the En t ia t  
Exper imen ta l  Forest. 

UATERSHED AREA BELOW GIVEN ELEVATION (PERCENT) 
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1 1 1 1 

t 
Figure  2 .  - - Area- e leva t ion  r e l a t i o n s h i p s  for the three 

e x p e r i m e n t a l  w a t e r s h e d s .  

ENTIAT EXPERIMENTAL FOREST

BURNS CREEK

FOX CREEK



Table l--Smw of m n e  phyeicat c h a r a u t e r h t i c 8  for three 
experimental watershed8 in north-aentral Waehington 

Physical f a c t o r  IlcCree Burns Fox 

Mean e l e v a t i o n ,  f t  
(m) 

4,420 4,600 4,900 
(1 347) (1 402) (1 494) 

Annual r ad i a t i on  index,L' percent  51.5 50.7 47.2 

1' Computed by the  methods of Lee (1963) and def ined by him as " the  r a t i o  
between t h e  d a i l y  t o t a l  o f  po ten t i a l  i n so l a t i on  on t h a t  su r f ace  t o  t h e  t o t a l  
of po t en t i a l  i n so l a t i on  which would be rece ived on a  su r f ace l l t ha t  i s  cons t an t l y  
normal t o  t h e  sun ' s  rays  during t h e  pos s ib l e  day l i gh t  hours.  

g r a d i e n t s  of 40 t o  70 percent  i n  t h e  
g l a c i a t e d  area and more g e n t l e  g rad ien t s  
i n  t h e  upper reaches.  Mountain g l a c i e r s  
apparent ly  d i d  n o t  form wi th in  t h e  
watersheds,  b u t  g l a c i a l  c i rques  are 
evident  i n  f i g u r e  1 nor th  of t h e  water- 
shed d iv ide .  

Watershed e l e v a t i o n s  range from 
about 1,800 t o  7,000 f e e t  (549 t o  
2 134 m) above sea level. The mean 
land s l o p e  is  about 50 percent ,  but 
s lopes  of 90 percent  are common. 
Figure  2 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  
between area and e leva t ion ;  o t h e r  
phys ica l  c h a r a c t e r i s t i c s  of t h e  water- 
sheds are presented i n  t a b l e  1. 

F i r e  scars on l a r g e  trees i n d i c a t e  
a h i s t o r y  of p e r i o d i c  f i r e s ,  
trees i n d i c a t e s  t h a t  a f i r e  similar 
t o  t h e  one experienced i n  1970 probably 
has  no t  occurred during t h e  p a s t  200 
years .  Keen (1940) and Daubenmire 
and Daubenmire (1968) show f i r e  
occurr ing p e r i o d i c a l l y  from 15 t o  36 
years  i n  eastern Washington, bu t  these  
w e r e  p r i n c i p a l l y  ground f i r e s  t h a t  
reduced unders tory f u e l s  and s c a r r e d  
lower p a r t s  of t h e  trees. 

Age of 

G E O L O G Y  A N D  S O I L S  

Bedrock throughout t h e  watersheds 
c o n s i s t s  p r i m a r i l y  of g r a n o d i o r i t e  and 
quar tz  d i o r i t e .  During t h e  P le i s tocene  

per iod of g l a c i a t i o n ,  l a r g e  amounts of 
f l u v o g l a c i a l  materials accumulated i n  
t h e  lower s e c t i o n  of each drainage. 
Since t h e  g l a c i a l  pe r iod ,  much of t h e  
watersheds has  been deeply covered by 
pumice and ash depos i t s ,  mostly or ig-  
i n a t i n g  from Glacier Peak 35 miles 
(56 km) t o  t h e  northwest.  There appear 
t o  b e  s i x  d i f f e r e n t  pe r iods  of vo lcan ic  
d e p o s i t s  which p resen t ly  range i n  depth 
from a few inches t o  more than 20 f e e t  
(6 m ) .  There is no evidence of s o i l  
p r o f i l e  development i n  t h e  g l a c i a l  
till and weathered d- lor i te  beneath 
t h e  ash and pumice. 

Two major s o i l  series, both E n t i s o l s ,  
have been i d e n t i f i e d  on t h e  watersheds,  
Choral soils occupy about 55 percent  of 
t h e  a rea .  Rampart  s o i l s  occupy about 35 
percent  wi th  Rockland and rock outcrops  
accounting f o r  10  percent .  The Choral 
s o i l s  are w e l l  drained and moderately 
coarse  t ex tu red .  Rampart  s o i l s  are s i m i -  
la r  t o  Choral, but they occur a t  lower 
e l e v a t i o n s  and have developed under 
warmer c l i m a t i c  condi t ions .  A d e s c r i p t i o n  
of t h e  p h y s i c a l  p r o p e r t i e s  o f  a t y p i c a l  
undisturbed Choral p r o f i l e  taken a t  t h e  
5,000-f oot (1 524-m) e l e v a t i o n  i s  given 
i n  t a b l e  2. T o t a l  n i t r o g e n  i n  t h e  sur-  
f a c e  s o i l  i s  genera l ly  below 0.10 percent .  
Surface s o i l  pH i s  about 6.0, and c a t i o n  
exchange capac i ty  i s  normally less than 
1 0  meq/lOO g. 
a c t i v i t y  is 24 inches  (61 cm) o r  less. 

The major zone of roo t  
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Table 2--Soil physical properties of a represmtative Choral series prof i le  located on the Entiut Experimsntal Forest 

( C I T Y )  

Color and Percent mi s ture Sof 1 texture 
d ~ ~ ~ ~ t , , ~  S i l t ,  Clay, material 

0.1 bar 1.0 bar 15 bars > 4  m 2-4 nun 1-2 nun 1 mm-50urn 50w-2urn >2um 

V E G E T A T I O N  

Before t h e  f i r e ,  t h e  area sup- 
ported a- mature s t and  of t imber i n  which 
ponderosa p i n e  (Pinus pmrderosa Laws .) 
and Douglas - f i r  (Pseudotsuga rnerrziesii 
(Mirb.) Franco) were t h e  dominant 
spec ies .  Other overs to ry  s p e c i e s  
included lodgepole p i n e  (Pinus 
cmtor ta  Dougl.) , western redcedar 
(Thuja p Zicata Donn) , and whit  e6ark 
p ine  (Pinus albicauZis Engelm.). A 
t imber c r u i s e  i n  1967 i n d i c a t e d  volume 
summary: 

\daters hed 

McCree 
Burns 
Fox 

Vegetation on s i d e  s l o p e s  between 1,800- 
and 3,000-foot (549- and 915-m) e l e v a t i o n  
cons i s ted  of an overs to ry  of ponderosa 
p i n e  wi th  an unders tory of b i t t e r  t u s h  
(Purshia tridentata (Pursh DC.))3' and 
se rv iceber ry  (Arne Zanchier aZnifoZia 
Nutt .) . Arrowleaf balsamroot (BaZsmorhiza 
8C@t&&~? (Pursh) Nut t . ) ,  bracken f e r n  
(Ptenk%wn q u i  Zinwn (L. ) Kuhn. ) , spreading 
dogbane (Apocynum androsamifoZ~wn L.) , 
and bluebunch wheatgrass (Agropyron 
spicatwn (Pursh) Scribn. and Smith) 
were prominent herbaceous spec ies .  This  
zone i s  probably r e p r e s e n t a t i v e  of t h e  
%nus ponderosa/Purshia/Agrrpyrwr h a b i t a t  
type of Daubenmire and Daubenmire (1968). 
A t  e l e v a t i o n s  between 3,000 and 5,500 
f e e t  (915 t o  1 676 m ) ,  Douglas- fir  
became more prominent, o f t e n  occurr ing 

T o t a l  area Timber vol me 

mi2 @ bd ft 1/ I&' Lodgepole p ine  normally occurred only 

1.98 5.13 23,368 55 113 
2.18 5.65 19,363 45 668 almost pure  s tand  of "doghair" lodgepole 
1.83 4.74 11,563 27 271 pine. Snowbrush ceanothus (Ceanothus 

vehitinus Dougl.), willow (Sazix spp . ) ,  
and S i t k a  a l d e r  (AZnus sinuata (Reg.) 
Rydb .) were common shrubs.  Half- shrubs 

Thousand i n  almost pure s tands  on mois ter  s i tes.  

i n  small, dense t h i c k e t s .  However, t h e  
southwest s l o p e  of Fox Creek w a s  an 

1 board 

1' 1 cubic 

?' Plants were ident i f i ed  by F .  J .  
Hermann and Charles Feddema of the National foot  equals 1/12 cubic foot .  

meter equals 423.6 board feet. Herbarium a t  Fort Coll ins ,  Colorado. 

4 



and low shrubs cons i s ted  p r imar i ly  of 
Oregon boxwood (Pachis fima myrsinites 
(Pursh) Raf. ) , bi rch lea f  s p i r a e a  
(Spiraea betuZifoZia P a l l .  ) , pr incess  
pine (CkkaphiZa wnbeZZata (L.) B a r t . ) ,  
and k inn ik inn ick  (Arctostaphy 20s 
uva-ursi (L.) Spreng.). Of t h e  
herbaceous s p e c i e s ,  p inegrass  
(CaZamagrostis rubeseem Buckl.) , 
Ross sedge (Carex rossii Boot t ) ,  
s p i r a e a ,  dogbane, and bracken f e r n  
w e r e  prominent. The in te rmedia te  
e l e v a t i o n s  are c h a r a c t e r i s t i c  of t h e  
Pseudotsuga menziesii/CaZamQgrostis 
rubeseem h a b i t a t  type descr ibed by 
Daubenmire and Daubenmire (1968). A t  
e l eva t ions  above 5,800 f e e t  ( 1  768 m) , 
whitebark p i n e  w a s  commonly encountered. 
A l i s t  of understory p l a n t s  encountered 
is  presented i n  t h e  appendix. 

S O L A R  R A D I A T I O N  

S o l a r  r a d i a t i o n  a v a i l a b l e  t o  
s u r f a c e s  w i t h i n  t h e  experimental  
watersheds as a func t ion  of s l o p e  and 
aspec t  i s  expressed i n  t h e  r a d i a t i o n  

r. 

*. 
Y 
4 m 

d 

a 

2 
v) 

600 T 

index i n  t a b l e  1. This parameter in- 
d i c a t e s  t h e  r a d i a t i o n  inpu t  t o  t h e  
watersheds compared with  a s lope  con- 
s t a n t l y  normal t o  t h e  sun ' s  rays.  
Var ia t ion  between these  va lues  i s  very 
small, but  Fox watershed rece ives  
s l i g h t l y  less r a d i a t i o n  than t h e  o t h e r  
two. 

Daily t o t a l  hemispheric r a d i a t i o n  
(sun p lus  sky) a t  two s t a t i o n s  is shown 
in f i g u r e  3. Jun ior  Po in t  Lookout is  
loca ted  3 miles (4.8 km) n o r t h  of t h e  
Experimental Fores t  watersheds a t  
6,676-foot (2 035-m) e leva t ion .  S t e l i k o  
Lookout is  loca ted  11 miles (17.7 km) 
south- southeast  of t h e  watersheds a t  
2,580-foot (786-m) e leva t ion .  Two 
f e a t u r e s  of t h i s  graph are impor tan t .  
Radiat ion inpu t  i s  genera l ly  g r e a t e r  
a t  t h e  higher  s tation--31 p o i n t s  l i e  
above t h e  1:l l i n e ,  19 below. There 
were a number of days dur ing t h i s  
per iod (midsummer of 1963) 'when t h e  
more nor ther ly  and higher  s t a t i o n  
(Junior  Po in t )  had r a d i a t i o n  inpu t  
reduced by cloud cover. Differences  

1:l 

100 200 300 400 500 600 700 

SOLAR INPUT, STELIKO LOOKOUT, langley day - '  

Figure  3 . - -Dai ly  r a d i a t i o n  i n p u t  a t  two s t a t i o n s  n e a r  the 
Exper imen ta l  Forest boundary.  
1: l  s l o p e .  

Dashed l i n e  i n d i c a t e s  
5 



i n  e l e v a t i o n  and v a r i a b l e  cloud cover 
change re.ceipt of t h e  s o l a r  r a d i a t i v e  
inpu t  r a p i d l y  over s h o r t  d i s tances  i n  
mountainous t e r r a i n .  

network pas been expanded, and t h i s  
should he lp  t o  c l a r i f y  e f f e c t s  of 
e l e v a t i o n  on amounts of p r e c i p i t a t i o n .  

A I R  T E M P E R A T U R E  
P R E C I P I T A T I O N  

Annual p r e c i p i t a t i o n  a t  3,000-foot 
(915-m) e l e v a t i o n  ranged from 8 t o  31 
inches  (20.3 t o  78.7 cm) and averaged 
22.4 inches  (56.9 an) between 1961 and 
1970 (appendix t a b l e  4 ) .  Usually,  
measurable p r e c i p i t a t i o n  f a l l s  dur ing 
each month, bu t  on t h e  average only 
14 percent  of t h e  annual t o t a l  occurs 
from May through September. Annual 
p r e c i p i t a t i o n  and temperature are 
shown i n  f i g u r e  4. Summertime pre-  
c i p i t a t i o n  may occur  as p o t e n t i a l l y  
high i n t e n s i t y  convective storms of 
s h o r t  dura t ion .  Snow accounts f o r  . 

about 70 pe rcen t  of average annual 
p r e c i p i t a t i o n .  P r e c i p i t a t i o n  i n c r e a s e s  
wi th  e l e v a t i o n  and a l s o  from east t o  
w e s t  (toward the  Cascade c r e s t )  
al though t h e  amount has n o t  been 
accura te ly  defined. The p r e c i p i t a t i o n  
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An i n t e r e s t i n g  f e a t u r e  of t h e  
graph of mean monthly a i r  temperature 
( f i g .  4) is  t h e  l a g  i n  response compared 
with  s o l a r  heat ing.  A l a g  of 1 month 
i n  temperature from t h e  summer s o l s t i c e  
is q u i t e  common at in land  mid la t i tude  
s t a t i o n s .  A t  t h e  Burns Creek s i t e ,  
m a x i m u m  mean monthly temperatures occur 
i n  August wi th  t h e  September average 
w e l l  above t h e  June average. 
2-month l a g  of maximum monthly temper- 
a t u r e s  behind t h e  s o l s t i c e  is unique 
compared with  o t h e r  s t a t i o n s  i n  t h i s  
area. Typical nearby mountain s ta t ions- -  
Stevens Pass ,  Snoqualmie Pass ,  and 
B l e w e t t  Pass--although h igher  i n  e l e v a t i o n  
than t h e  Burns Creek s i t e  and wi th  deeper,  
longer  dura t ion  snowpacks, show only a 
1-month l ag .  Extreme sites--Mount Baker, 
4,150 f e e t  ( 1  265 m) and Mount Ra in ie r  
(Parad i se ) ,  5,500 feet  (1 676 m)--show 

This  
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Figure 4. --Average monthly values of temperature and precipitation at 
3,000 -foot (91 5 -m) elevation on Burns watershed. 
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a 2-month l ag .  
and evaporat ion with  l o c a l  cold  a i r  
drainage may delay s u b s t a n t i a l l y  t h e  
e a r l y  season rise i n  temperature. 
The record of only 4 years  may no t  
represen t  t h e  long-term average con- 
d i t i o n  at t h i s  si te.  More d e t a i l e d  
s t u d i e s  of t h e  thermal regime are 
underway 

Energy use i n  snwmel t  

S o i l  and p l a n t  s u r f a c e s  are t h e  
active zone f o r  t h e  t ransformat ion 
of s o l a r  and i n f r a r e d  energy i n t o  
s e n s i b l e  and l a t e n t  h e a t  ( i .  e. , hea t ing  
of t h e  a i r  and evaporating wate r ) .  
These energy use pathways create 
d i f f e r e n c e s  i n  t h e  temperature of t h e  
a c t i v e  s u r f a c e ,  d i f f e r e n c e s  which are 
a complex func t ion  of t h e  p h y s i c a l  
c h a r a c t e r i s t i c s ,  amount of cover, type 
of p l a n t ,  age,  h e i g h t ,  etc. With an 
i n f r a r e d  thermometer and a photorecord- 
ing system, measurements of t h e  
watersheds ' s u r f a c e  temperatures were 
made on August 29, 1969. Measurements 
were taken during a 40-minute per iod 
from e l e v a t i o n s  of 200 t o  300 feet (61 
t o  91.5 m) near  t h e  t i m e  of maximum 
a i r  temperature (1330 hours) .  Sky 
condi t ions  were clear. Of t h e  1,500 
plus  measurements taken dur ing t h i s  
f l i g h t ,  only midslope f l i g h t  l i n e s  . 
were s e l e c t e d  f o r  a n a l y s i s  here .  
Resu l t s  are shown below. 

Eas t-s i de llcCree 
watershed 

West-side McCree 
watershed 

East-side Burns 
watershed 

West-side Burns 
watershed 

East-side Fox 
watershed 

Wes t- s i  de Fox 
watershed 

Mean surface 
temperature 

OF OC 

67.6 19.8 

72.5 22.5 

68.0 20.0 

73.0 22.8 

68.2 20.1 

73.2 22.9 

Standard 
deviat ion 

OF OC 

4.5 2.5 

6.3 3.5 

6.1 3.4 

7.7 4.3 

5.0 2.8 

6.5 3.6 

Number o f  
photos 

103 

135 

115 

117 

122 

101 

Although mean temperature in each 
watershed was h igher  on west s i d e s ,  
t h e  v a r i a t i o n  between measurements w a s  
a l s o  g r e a t e r .  
no s i g n i f i c a n t  d i f f e r e n c e  between 
t h e s e  a s p e c t s  could not be  r e j e c t e d  
a t  t h e  0.10 p r o b a b i l i t y  l e v e l .  
f o r e ,  al though a d i v e r s i t y  of v e g e t a l  

The n u l l  hypothesis  of 

There- 

types and e l e v a t i o n s  w a s  covered, an 
o v e r a l l  s i m i l a r i t y  of s u r f a c e  temper- 
a t u r e s  w a s  found between t h e  watersheds. 
Comparisons w i l l  b e  made wi th  s u r f a c e  
temperatures at  o t h e r  seasons and a f t e r  
v e g e t a t i v e  manipulation of these  
watersheds. 

S T R E A M F L O W  

Streamflow w a s  measured wi th  sharp- 
c res ted ,  120°, V-notch weirs and i n s t r u-  
ments t o  continuously record water 
levels. S treamflow p a t  t e r n s  are t y p i c a l  
of areas i n  which p r e c i p i t a t i o n  is mostly 
i n  t h e  form of snow. 
peak flow rates i n  May o r  June with  a 
gradual  d e c l i n e  t o  t h e  annual low and 
f a i r l y  s t eady  rate i n  September ( f i g .  5).  
Because flow is  usua l ly  minimum i n  
September, t h e  water year  i s  def ined 
as extending from October 1 t o  September 
30. 
t h r e e  drainages  between 1962 and 1970 
are presented i n  appendix t a b l e  5. 

Snowmelt produces 

Monthly water y i e l d  d a t a  from the 

Flow dura t ion  curves g ive  a clear 
p i c t u r e  of the flow c h a r a c t e r i s t i c s  of 
a stream by i n d i c a t i n g  t h e  percentage 
of time a s e l e c t e d  d i scharge  rate w a s  
equaled o r  exceeded during t h e  per iod 
of i n t e r e s t .  These curves were computed 
from mean d a i l y  discharge f o r  each 
watershed during t h e  per iod 1962-70 
( f i g .  6 ) .  Flow rates from McCree 
watershed w e r e  g r e a t e r  than 0.45 f t 3  
sec-1 (12.7 l i t e r  sec- l )  during 50 
percent  of t h e  t i m e .  
f o r  Fox and Bums watersheds were 0.68 
and 0.73 f t 3  sec'l (19.2 and 20.7 
l i t e r  sec-1) , respec t ive ly .  Minimum 
rates recorded were 0.16, 0.37, and 
0.38 f t 3  sec-1 (4 .5 ,  10.5, and 10.8 
l i t e r  sec-11, r e s p e c t i v e l y ,  from 
McCree, Fox, and Burns watersheds. 
The lower flow rates from McCree 
watershed may be p a r t l y  caused by 
t h e  s l i g h t l y  h igher  r a d i a t i o n  index 
( t a b l e  1) and by lower r a i n f a l l  
amounts compared with  t h e  o t h e r  two 
watersheds. Also ,  t h e  higher  timber 
volume comprised l a r g e l y  of Douglas- fir  
on McCree watershed may have had an 
e f f e c t .  For example, Lopushinsky and 
Klock (1974) found t h a t  t h e  t r a n s p i r a t i o n  
rates of Douglas- fir  seed l ings  were less 
a f f e c t e d  by moderate s o i l  drying than 

Comparable va lues  
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Figure  5. --The 1966-67 hydrograph from Burns C r e e k .  
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F i g u r e  6.--Flow d u r a t i o n  curves for the three 
w a t e r s h e d s .  
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t r a n s p i r a t i o n  rates of ponderosa pine 
and lodgepole pine.  Also Helvey (1974) , 
i n  a summary of r a i n f a l l  i n t e r c e p t i o n  
by c o n i f e r s ,  concluded t h a t  i n t e r c e p t i o n  
loss from Douglas- fir is g r e a t e r  than 
from t h e  p i n e  spec ies .  

Morisawa (1968) s t a t e d  t h a t  t h e  
shape of the  flow dura t ion  curve gives  
a c lue  t o  t h e  water y i e l d  character-  
istics of t h e  drainage bas in ;  i .e . ,  
" i f  t h e  curve i s  f a i r l y  f l a t ,  t h e r e  is 
s u b s t a n t i a l  s t o r a g e ,  e i t h e r  on t h e  
sur face  o r  as ground water which tends 
t o  equa l ize  t h e  flow." The curves i n  
f i g u r e  6 f o r  t h e  t h r e e  watersheds are 
very f l a t  compared wi th  curves f o r  
o t h e r  areas of comparable s i z e  b u t  
wi th  d i f f e r e n t  p r e c i p i t a t i o n  forms o r  
amounts. For example, t h e  r a t i o  of 
m a x i m u m  t o  minimum flow rates on t h e s e  
watersheds ranges from 23 t o  37. Com- 
parab le  values  f o r  150- t o  250-acre 
(60.7- t o  101.2-ha) watersheds on t h e  
western s lopes  of t h e  Oregon Cascade 
Range are about 1,800 (Rothacher e t  al .  
1967). The r e l a t i v e l y  f l a t  curves i n  

f i g u r e  6 r e f l e c t  a combination of f a c t o r s  
including moisture s t o r a g e  on t h e  sur face  
as snow during t h e  win te r  months, slow 
rates of melting i n  t h e  spr ing  because 
of gradual warmup, deep s o i l s  along t h e  
streams which release water slowly 
during dry summer months, and t h e  l ack  
of l a r g e  r a i n f a l l  events  common t o  t h e  
w e s t  s lope  of t h e  Cascade Range. 

Pronounced d i u r n a l  f l u c t u a t i o n s  i n  
flow rates are evident  during spr ing  
runoff because of f l u c t u a t i n g  snowmelt 
rates and during summer months when 
daytime evapot ransp i ra t ion  demands are 
high ( f i g .  7) .  Daily peaks i n  summer 
months occur during e a r l y  morning hours 
following t h e  d a i l y  minimum t r a n s p i r a t i o n  
demand. As t r a n s p i r a t i o n  l o s s e s  inc rease  
during t h e  day, flow rates decrease and 
reach a minimum va lue  about sundown. 
Flow p a t t e r n s  are reversed during spr ing  
snowmelt; i .e . ,  d a i l y  m a x i m a  occur a t  
n i g h t  and minima a t  midday j u s t  before  
appreciable  sn0wmeZ.t begins . 

1 8 2  '% 

1.001 1 I 1 I 
I 1 I I 1 

I 1 I I 

AU6. 14 AUC, 15 A u 6 , l l  M, l2  AI%. U 

Figure  7.--Diurnal f l u c t u a t i o n s  of runoff from Burns Creek d u r i n g  
m i d s m e r .  
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W A T E R  T E M P E R A T U R E  through an area where s i d e  s l o p e s  are 
oversteepened and s p a r s e l y  vegeta ted 

Water temperature recorders  were 
i n s t a l l e d  at each stream gaging s t a t i o n  
i n  1968. As expected,  water temperature 
t r e n d s  fol low c l o s e l y  t h e  annual t r e n d  
of air temperature during summer months. 
The streams are snow covered during - 
winte r  months and air temperature has  
l i t t l e  o r  no in f luence  on stream t e m-  
pera tu re  ( f i g .  8 ) .  Daily m a x i m u m  
water temperatures dur ing December t o  
February 1970 averaged about 38O F 
(3.3O C) compared wi th  30' F (-1.1' C) 
f o r  a i r  temperature.  Maximum water 
temperatures of 50-52O F (10-11' C) 
occur i n  July and August when maximum 
air  temperature is near  90' F (32.2' C).  

S E D I M E N T A T I O N  

between 2,800- and 3,000-foot (845- 
and 915-m) e leva t ions .  S o i l  material 
dry- raveled i n t o  t h e  stream channel 
during t h e  summer months, and s p r i n g  
runoff c a r r i e d  i t  t o  t h e  w e i r  pond 
where i t  w a s  trapped. Annual bedload 
from Fox Creek ranged from 5 t o  1 8  tons  
(4.5 t o  16.3 metric tons) and averaged 
12  tons  (10.9 metric tons )  between 
1966 and 1970. 

Unfortunately,  t h e r e  are no d a t a  
f o r  suspended sediment production. This 
i s  a s e r i o u s  overs igh t  because one main 
o b j e c t i v e  of t h e  resea rch  program was 
t o  test f o r  changes i n  t o t a l  sediment 
product ion a f t e r  roadbuilding and t imber 
ha rves t .  Some r e c e n t  d a t a  from Lake 
Creek, loca ted  immediately west of 
Fox Creek and still undis turbed,  g ives  
a c l u e  t o  t h e  suspended sediment amounts 
from t h e  experimental  watersheds. The 
va lues  from Lake Creek during t h e  1975 
s p r i n g  runoff w e r e  always less than 
6 mill igrams per  l i ter- -most of t h e  

The watersheds w e r e  s t a b l e  under 
n a t u r a l  condi t ions  and sediment trapped 
by w e i r  dams w a s  extremely low. In  
f a c t ,  w e i r  ponds on McCree and Burns 
watersheds d id  n o t  r e q u i r e  c leaning 
between 1961 and 1970. Fox Creek flows 

. O F  or 
70 

UATER 

, 

F i g u r e  8.--Plottings of a i r  temperature and water temperature on- / 
B u r n s  Creek. 
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samples contained only 1 mil l igram p e r  D I S C U S S I O N  A N D  C O N C L U S I O N S  
l i t e r .  Applying t h e s e  values  t o  t h e  

Fox Creek Constituents or 
characteristics 

measured runoff from t h e  experimental  
watersheds i n d i c a t e s  an annual y i e l d  
of less than 10 pounds p e r  acre (11.2 
kg p e r  ha) p e r  year .  

The E n t i a t  Experimental Fores t  was 
dedicated f o r  t h e  purpose of s tudying 
t h e  e f f e c t s  of f o r e s t  management on t h e  
water resource i n  t h e  20- t o  30-inch 

B u m s  Creek McCree Creek 

C H E M I S T R Y  O F  S T R E A M F L O W  

Measurements of d issolved chem- 
icals  and water chemistry were i n i t i a t e d  
i n  A p r i l  1970. 
record before  t h e  f i r e  i s  s h o r t ,  results 
i n d i c a t e  chemical s t a b i l i t y  of t h e  
watersheds under f o r e s t e d  condi t ions  
The most s a l i e n t  f e a t u r e  of water 
chemistry measurements w a s  t h e  low 
concen t ra t ion  of nitrogenous c o n s t i t -  
u e n t s  ( t a b l e  3 ) .  Resu l t s  f o r  n i t r a t e  
n i t r o g e n  are a c o n t r a s t  t o  t h e  concen- 
t r a t i o n s  observed a t  t h e  mouth of t h e  
E n t i a t  River where t h e  levels ranged 
from 0.1 t o  0.7 m g j l i t e r  (U.S. Geolog- 
ica l  Survey 1965). Values f o r  concen- 
t r a t i o n s  of C a ,  Mg, N a ,  K,  e lectr ical  
conduct ivi ty ,  pH, and t o t a l  a l k a l i n i t y  
were s i m i l a r  t o  those  observed by the  
U.S. Geological  Survey (1965) a t  t h e  
mouth of t h e  E n t i a t  River. 

Although t h e  per iod of 

(50.8- t o  76.2-an) annual p r e c i p i t a t i o n  
zone of nor th- centra l  Washington. Un- 
f o r t u n a t e l y ,  w i l d f i r e  swept t h e  e n t i r e  
area j u s t  as t h e  c a l i b r a t i o n  per iod  
w a s  being completed; and t h e  o r i g i n a l  
ob jec t ives  could n o t  be  f u l f i l l e d .  
Although t h e  f i r e  w a s  a s e r i o u s  loss 
t o  planned watershed management research ,  
i t  has  provided a unique opportuni ty  
i n  t h e  Northwest t o  s tudy t h e  e f f e c t s  
of complete d e f o r e s t a t i o n  by f i r e  on 
t h e  quan t i ty  and q u a l i t y  of runoff and 
on o t h e r  watershed values .  This oppor- 
t u n i t y  w a s  poss ib le  only because t h e  
c a l i b r a t i o n  d a t a  were a v a i l a b l e  f o r  
comparison with  p o s t f i r e  data .  

The c a l i b r a t i o n  d a t a  presented i n  
t h i s  paper i n d i c a t e  t h a t  t h e  watersheds 
were s t a b l e  under f o r e s t e d  condi t ions  
and t h a t  streamflow w a s  extremely pure  
chemically. Quantity,  q u a l i t y ,  and 
timing of streamflow from o t h e r  f o r e s t e d  

Table 3--Chemistry of streams on t he  Entiat Exper imenta l  Forest, A p r i l - A u g u s t  1970 

NOJ-N (mg/liter) .006 . 
Urea N (mg/liter) 0 

,016 
0 

Na (mg/liter) 
K (mg/liter) 

2.5 2.8 
1.2 1.3 

Mg (mg/l i ter) 1.1 1.1 
Ca (mg/l iter) 4.7 12.4 
Total 
alkalinity (meq/liter) .58 .68 

-- .003 
005 .025 
2.5 3.1 
1.0 1.3 
1.2 1.5 
6.7 8.5 

.65 .89 

.001 .004 

.004 .010 
3.0 3.7 
1.2 1.4 
1.6 2.1 
9.0 11.7 

.57 .66 
Electrical 
conductivity 
(micro mhos/cm)z’ 

Minimum l4inimun Minimum 
47 66 33 41 54 36 54 70 42 

PH 7.1 7.5 7.2 7.6 7.1 7.6 

L’ 1 mg liter-’ = 2.72 pounds (acre- foot ) - ’  

2’ Taken f r o m  1968 to 1970 (April-August). 
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areas i n  nor th- cen t ra l  Washington w i t h  
similar geology and s o i l s  and comparable 
amounts of p r e c i p i t a t i o n  should b e  
s i m i l a r  t o  t h e  va lues  presented i n  t h i s  
paper. 

P O S T F I R E  R E S E A R C H  P R O G R A M  

Although t h e  main o b j e c t i v e  of 
t h i s  paper is t o  d e s c r i b e  t h e  watersheds 
under p r e f i r e  cond i t ions ,  some readers  
may b e  i n t e r e s t e d  i n  p o s t f i r e  a c t i v i t i e s .  
As o f  June 1, 1975, 12 papers  dea l ing  
wi th  n u t r i e n t  cyc l ing ,  w a t e r  chemistry,  
y i e l d ,  and temperature changes, vege- 
t a t i o n  dynamics , and economic impacts 
had been publ ished,  and 3 o t h e r s  w e r e  
i n  p r e s s  ( see  appendix).  Also, a pre- 
l iminary model w a s  developed by J. 
Paul Ri ley (Utah S t a t e  Univers i ty )  f o r  

p r e d i c t i n g  d a i l y  runoff from i n p u t s  
of p r e c i p i t a t i o n ,  air  temperature,  and 
ground water condi t ions .  

Watersheds of t h e  E n t i a t  Experi- 
mental  Fores t  s t i l l  possess  consider-  
a b l e  resea rch  va lue  f o r  enhancing our  
knowledge of dynamics of t h e  recovery 
process  a f t e r  w i l d f i r e  i n  north- 
c e n t r a l  Washington. Also, with  a n  
extensive p r e f i r e  and p o s t f i r e  d a t a  
base ,  t h e  watersheds can serve i n  
t h e  f u t u r e  as a n a t u r a l  s e t t i n g  f o r  a 
socioeconomic a n a l y s i s  of t h e  conse- 
quences of va r ious  resource  management 
a l t e r n a t i v e s .  Thus, we are cont inuing 
t o  monitor w a t e r  y i e l d  and chemistry,  
sediment product ion,  s o i l  mois ture ,  
p r e c i p i t a t i o n ,  a i r  temperature,  and 
v e g e t a t i o n  dynamics . 
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LIST OF UNDERSTORY PLANTS 

Ceamthus 

OF THE ENTIAT EWERIMENTAT, FOREST 

Shrubs 

ve k t i n u s  Dougl. 
SaZix spp. 
AZnus sinuata (Reg.) Rydb. 
Spiraea betuZifoZia P a l l .  
Pachistima myrsinites (Pursh) Raf. 
AretostaphyZos uva-ursi (L. ) Spreng. 
ChirnaphiZa wnbeZZata (L.) Bart. 
Vacciniwn spp. 
W s h i a  Mden ta ta  (Pursh) DC. 
Prunus ernarginata (Dougl. ) Walp 
Rubus spp. 
AmeZanehier aZnifoZia Nutt 8 

Ribes spp. 

Grasses and Grass l ike  

Cakmagrostis rubescens Buck1 . 
Carex rossii Boott 
Poa smzdbergii Vasey 
Agropyron spicatwn (Pursh) Scr ibn.  & Smith 
B r o w  ear&atus H. 6 A. 
Oryzopsis exigua Thurb e 

St ipa  oc&&ntaZis Thurb . 
B r m s  t e e t o m  L. 
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(Continued) 

Forbs 

Lmat iwn  brmrdegei (Could. & Rose) Macbr. 
mpinus suZphureus Dougl . 
CaZochortus ZyaZZii Baker 
kfontia perfoziata (Donn) Howell 
Sphaerahea spp. 
AnaphaZis margdtacea  (L.) B. ti H. 
Luina nardosmia (Gray) Cronq 
Sene&o integerrimus Nut t . 
SmiZa&na racemosa (L . )  Desf. 
sedum stenopetalwn Pursh 
Erythronium spp. 
Hydrophy Z Zwn capitatwn Dougl. 
Eriogonwn spp. Michx. 
AZZiwn spp. 
CZmkia rhomboidea Dougl. 
Pteridiwn aquiZinwn (L.) Kuhn. 

EpiZobiwn angustifoliwn L. 
E. panieuzatwn Nutt.  
Co Z Zinsia p d f l o r a  Lindl  
Cryptantha shuZans  Greene 
Hiera&im cynogzossoides An.-Touv. 
H. aZbifZomrm Hook. 
MentzeZia dispersa Wats. 
Gayophytwn nutaZZii T. & G .  
AchiZZea miZZefoliwn L. 
Co Z Zamia grandifZora Dougl . 
Co Z Zomia t inetoria K e l l  
Balsmorhixa sagittata (Pursh) Nutt .  
Phace Zia hastata Dougl. 
Zigadenus panicuzatus (Nutt .)  Wats 
Arnica cordi fol ia  Hook. 
Pozygonwn mq'us (Meisn.) P ipe r  
Arenaria macrophy ZZa Hook. 
Eryshwn asperwn (Nutt.) DC. 
Conyza canadensis (L.) Cronq. 
CZematis coZwnbima var. disseeta Hitchc. 

A p o c y m  androsaemif0Ziwn Le 
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Table 4--MmthZy p r e c i p i t a t i o n  at 3,000 f e e t  (915 ml, mar Bumza Cfresk weir 

( I n  inchesg)  

:$r Oct. Nov. Oec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Total 

1 9 6 1 y  
62 
63 
64 
65 
66 
67 
68 
69 
70 

Oct. 

1.6 6.4 1.9 3.3 5.0 3.9 1 .0  1.3 0.2 1 .2  0.4 1.7 27.9 
1.4 3.0 3.0 (3/)  (y) 3.0 2.7 1.3 .4 (y) .9  (3/)  -- 
4.0 5.0 2.9 2.1 3.8 1.0 4.7 .7 .2 1.3 1.0 0.7 27.4 
1.8 7.2 2.7 6.4 .6 2.0 .4 .1 1.5 .1 .6 2.3 25.7 

. 3  3.7 6.0 5.6 2.3 .6  1.8 .4  . 5  1.0 1.2 .4 23.8 

. 5  2.0 3.1 5.5 .9 1.8 0 .6  1.3 1.1 0 .2 17.0 
2.0 3.8 3.0 1.0 .8 1.9 2.4 .2 .8 0 0 . 3  16.2 
9 .5  1.9 4.2 5.8 3.6 1.6 .3  .7 .6 0 .8 1.8 30.8 
1.9 3 . 1  7.6 5.6 2.5 1.5 1.0 .4  .8 .1 0 .4  24.9 

.3  .5 2.2 2.8 . 7  .6 .5  0 0 .1 0 . I  7 .8  

Nov. Oec. Jan. Feb. tlar. Apr. May June July Aug. Sept. Total 

Average 2.33 3.66 3.66 4.23 2.24 1.79 1.48 .57 .63 .54 .49 .88 22.4 
~ 

1 inch = 2.54 cm. 
2’ Water year 1961 extends from October 1960 t o  September 1961. e t c .  
3/ Missing data. 

Table 5--StreamfLaw from t h e  a p e r i m e n t a l  watersheds on t)lz Rttiat E z p e r h n t a Z  Forest ,  1962-70 

(In i n c h e d )  

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

Average 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

Average 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

Average 

BURNS CREEK 

0.40 0.37 0.38 0.37 0.36 0.40 1.02 0.75 0.65 0.43 
.29 .31 .36 .37 .33 .45 .43 1.25 .80 .44 
.27 .26 .27 .28 .26 .29 .45 1.37 1.07 .50 
.27 .26 .27 .26 .28 .47 .92 1.50 .99 .51 
-29 .27 .28 .27 .24 .30 .82 .97 .48 .36 
.22 .23 .26 .24 .24 .26 .28 1.84 1.55 .66 
.30 .35 .38 .37 .58 .89 .82 1.41 .82 .51 
.35 .32 .30 .21 .25 .34 .95 2.37 1.04 . .58 
.35 .32 .33 .31 .29 .38 .39 1.26 .74 .40 

0.35 0.29 5.77 
.33 .28 5.64 
.34 .28 5.64 
.37 .31 6.41 
.28  .23 4.79 
.38 .29 6.45 
.39 .34 7.16 
.43 .36 7.50 
.30 .27 5.34 

.304 .299 .314 

.44 .41 .40 

.33 .37 .36 

.32 .32 .31 

.33 .31 .31 

.33  .32 .32 

.26 .27 .31 

.40 .36 .39 

.‘46 .46 .43 

.47 .41 .39 

.298 

.41 

.32 

.30 

.32 

.30 

.29 

.44 

.35 

.37 

.314 .420 .675 1.413 .904 .488 .352 .294 6.08 
FOX CREEK 

.43 .39 .59 .77 .83 .54 .40 .31 5.90 

.33 .37 .43 .99 1.14 .62 .42 .33 6.01 

.28 .33 .37 .90 1.49 .74 .47 .36 6.19 

.35 .37 .60 1.50 1.46 .71 .47 .37 7.10 

.27 .36 .44 1.01 ,66 .45 .32 .25 5.03 

.27 .28 .29 1.42 2.44 .93 .50 .36 7.62 

.59 .81 .73 1.93 1.45 .74 .57 .48 8.89 
-30 .48 .78 2.75 1.69 .92 .65 .54 9.81 
.34 .41 .39 .88 .99 .57 .38 .34 5.94 

.371 .359 .358 .344 .351 .422 .513 1.350 1.350 .691 .464 .371 6.94 
MCCREE CREEK 

.28 .27 .27 .31 .30 .29 .75 .60 .51 .26 .20 .16 4.20 

.21 .27 .29 .25 .32 .33 .38 .95 .52 .25 .18 .14 4.09 

.17 .19 .19 .20 .22 .30 .43 1 .OO .87 .26 .18 .16 4.17 

.17 .18 .19 .24 .33 .43 .81 1.21 .71 .28 .20 .17 4.92 

.17 .19 .18 .18 .17 .30 .60 .89 .32 .19 .12 .10 3.41 

.13 .16 .21 .19 .23 .21 .26 1.34 1.23 .30 .16 .12 4.54 

.20 .20 .23 .39 .49 .72 .55 1.21 .62 .28 .22 .18 5.29 

.21 .20 .23 .22 .21 .47 .87 1.48 .40 .25 .34 .26 5.14 

.21 .20 .20 .28 .24 .28 .29 .96 .48 .17 .13 .23 3.67 

194 ,207 .221 .251 .279 .370 .549 1.071 .629 2 4 9  .192 .169 4.38 
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L’ 1 inch = 2.54 cm. 
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The mission of the PACIFIC NORTHWEST FOREST 
AND RANGE EXPERIMENT STATION is to provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 

Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon W enatchee, Washington 
La Grande, Oregon 

Mailing address: Pacific Northwest Forest and Range 

P.O. Box 3141 
Portland, Oregon 97208 

Experiment Station 



The FOREST SERVICE of the U.S. Department of Agriculture is  dedicated 
to the principle of multiple use management of the Nation's forest resources 
for sustained yields of wood, water, forage, wildlife, and recreation. 
Through forestry research, cooperation with the States and private forest 
owners, and management of the National Forests and National Grasslands, it 
strives - as directed by Congress - to provide increasingly greater service to 
a growing Nation. 

The U.S. Department of Agriculture is an Equal Opportunity Employer. 
Applicants for all Department programs will be given equal consideration 
without regard to race, color, sex or national origin. 
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