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Nat iona l  Geodetic V e r t i c a l  Datum (NGVD) o f  1929 i s  a geodet i c  datum de r i ved  from a 
general  ad justment  o f  t h e  f i r s t  o r d e r  l e v e l  n e t s  o f  Canada and t h e  Un i t ed  States.  
I n  t he  adjustment,  sea l e v e l s  from se lec ted  t i d e  s t a t i o n s  were he ld  as f i x e d .  The 
l a s t  adjustment was made i n  1929. The term sea l e v e l  i n  t h i s  r e p o r t  r e f e r s  t o  the 
NGVD o f  1929. 



HYDROLOGIC RECONNAISSANCE OF THE NOATAK RIVER BASIN, ALASKA, 1978 

By Joseph M. Ch i l de rs  and Dona1 d R. Kernodle 

ABSTRACT 

A reconnaissance- level  s tudy o f  t h e  water resources o f  t h e  Noatak R i ve r  bas in  
was made i n  A p r i l  ( l a t e  w i n t e r )  and August ( l a t e  summer) o f  1978. The ma jo r  pur-  
pose o f  t h e  s tudy was t o  eva lua te  t h e  q u a n t i t y  and qua1 i t y  o f  t h e  surface-water 
resource. 

Streamflow v a r i e s  seasonal ly .  No f l o w  was observed from the  upper p a r t  o f  t h e  
bas in  i n  l a t e  w i n t e r  ( A p r i l ) .  However, i n  t h e  lower  p a r t  o f  t he  bas in  sp r i ngs  
support  perenn ia l  f low i n  the  Kugururok R i ve r  and downstream a long t he  Noatak 
River .  The d ischarge o f  t h e  Noatak R i ve r  was 150 cub i c  f e e t  pe r  second i n  A p r i l  
1978. Dur ing the  summer, ra ins to rms a r e  common, and r u n o f f  produces h i g h  f low.  
Dur ing August 1978, u n i t  r u n o f f  averaged about 1 cub i c  f o o t  pe r  second pe r  square 
m i l e ,  which would be normal f o r  r u n o f f  a t  the  d iscon t inued  streamgaging s t a t i o n ,  
Noatak R i ve r  a t  Noatak. 

The Noatak i s  a  gravel-bed stream o f  moderate slope. It drops about 1,800 
f e e t  i n  e l e v a t i o n  from a p o i n t  near  t h e  head waters t o  t h e  mouth, a  d i s t ance  o f  400 
mi les .  Streambed m a t e r i a l  i n  most p laces  i s  g rave l ,  cobbles, and boulders .  Maxi- 
mum r i f f l e  depth and pool  w i d t h  inc rease  i n  a  downstream d i r e c t i o n .  Stream 
v e l o c i t y  a l s o  increases downstream. V e l o c i t y  measured i n  August 1978 ranged from 
about 1 f o o t  p e r  second i n  t h e  upper basin,  t o  4.5 f e e t  p e r  second i n  t h e  Grand 
Canyon o f  t he  Noatak. 

High-water marks o f  the  maximum ev iden t  f l o o d  were found a t  e l e v a t i o n s  from 
b a n k f u l l  t o  5 fee t  above b a n k f u l l .  Maximum ev iden t  f l o o d  u n i t  r u n o f f  r a t e s  were 
est imated t o  be l e s s  than 50 cub i c  f e e t  p e r  second p e r  square m i l e .  Scars produced 
by i c e  jams were r a r e l y  seen above b a n k f u l l .  Bank e ros ion  appears t o  be most 
a c t i v e  i n  t he  lowlands. 

Water i n  the Noatak R i ve r  bas in  i s  v i r t u a l l y  una f f ec ted  by man's a c t i v i t y .  
The composi t ion and v a r i a b i l  i ty o f  t h e  ben th ic  i n v e r t e b r a t e  community suggest t h e  
r i v e r ' s  undiminished n a t u r a l  q u a l i t y .  Water q u a l i t y  v a r i e s  w i t h  l o c a t i o n ,  weather, 
season, and source; the  water  i s  o r d i n a r i l y  c l e a r ,  coo l ,  and hard. Dur ing l a t e  
w in te r ,  sea water  i n t r u d e s  i n t o  t he  Lower Noatak Canyon. 

INTRODUCTION 

Th is  r e p o r t  descr ibes  r e s u l t s  o f  a reconnaissance- level  study o f  t he  wate r  
resources o f  t h e  Noatak R i ve r  bas in  made d u r i n g  A p r i l  1978 ( l a t e  w i n t e r )  by a i r -  
p lane  and August 1978 ( l a t e  summer) by boat.  The Noatak, a  w i lderness  r i v e r ,  i s  
becorning a popu la r  stream f o r  f l o a t  t r i p s ,  and i t s  cha rac te r  cou ld  be changed by 
t h i s  i nc reas ing  use. The Noatak R i ve r  salmon f i s h e r y  i s  v i t a l  t o  t he  r e s i d e n t s  of 
Kotzebue, Noatak, and o t h e r  l o c a l  v i l l a g e s .  I n fo rma t i on  i n  t h i s  r e p o r t  i s  in tended 
f o r  people i n t e r e s t e d  i n  c o n d i t i o n s  o f  t he  b a s i n ' s  streams, spr ings,  and lakes .  



The r e p o r t  con ta ins  da ta  on phys iograph ic  and c l i m a t i c  c h a r a c t e r i s t i c s  o f  
dra inage basins,  stream channel hydraul  i c  c h a r a c t e r i  s t i c s  , seasonal q u a n t i t y  and 
qua1 i t y  o f  su r face  waters, f l oods ,  and channel eros ion.  The da ta  can a s s i s t  users  
i n  es t ima t i ng  streamflow, widths,  depths, and v e l o c i t i e s  o f  f l o w  f o r  l a t e  w i n t e r  
and l a t e  summer cond i t i ons .  These data can a l s o  he lp  es t ima te  f l o o d  and e ros ion  
hazards. The water-qua1 i t y  da ta  w i l l  be u s e f u l  i n  p l ann ing  uses o f  t h e  water. 

Th is  r e p o r t  i s  a  p roduc t  o f  a Geolog ica l  Survey program, underway s i n c e  t h e  
e a r l y  1970ts ,  designed t o  s tudy environmental  c o n d i t i o n s  i n  se lec ted  f r o n t i e r  areas 
of Alaska where development has begun o r  i s  planned. Th i s  program has been a c t i v e  
p r i m a r i l y  i n  t he  A r c t i c  r eg ion  ( n o r t h  o f  t h e  Yukon R i v e r )  and a long e x i s t i n g  o r  
proposed t r a n s p o r t a t i o n  c o r r i d o r s .  

NOATAK RIVER BASIN 

The Noatak R i ve r  bas in  occupies 12,597 m i z  (Selkregg, 1976). It l i e s  south o f  
t he  western p a r t  o f  the  Brooks Range ( f i g .  1 )  and i s  e n t i r e l y  n o r t h  o f  t h e  A r c t i c  
C i r c l e .  The bas in  con ta ins  one v i l l a g e ,  Noatak, about  70 r i v e r  m i  above t h e  mouth 
of t he  r i v e r  and about 50 m i  nor thwest  o f  Kotzebue ( f i g .  2) .  T ranspo r ta t i on  i n  t h e  
bas in  i s  by boat  i n  summer, snow v e h i c l e  i n  w i n t e r ,  and a i r p l a n e  yea r  round. No 
roads have been b u i l t  i n  t he  s tudy  area, a l though t h e r e  a r e  w i n t e r  t r a i l s .  

Long, severe w i n t e r s  cha rac te r i ze  t h e  Noatak R i ve r  bas in  weather. Summers a r e  
of ten wet, w i t h  r a i n f a l l  i n c reas ing  as summer progresses. The s h o r t  p e r i o d  o f  
weather records f o r  Noatak i n d i c a t e  t h a t  w i n t e r  temperatures range from -21" t o  3°F 
and summer temperatures range from 35" t o  65°F. Na t iona l  Weather Serv ice  records  
show t h a t  p r e c i p i t a t i o n  over  t h e  bas in  averages 11 in. ,  which i nc l udes  48 i n .  o f  
snow. However, p r e c i p i t a t i o n  from the  mountainous areas o f  t he  bas in  has been 
es t imated  t o  average 20 i n .  Winds average about 12 m i / h r  yea r  round and c o n t r i b u t e  
t c  wind c h i l l .  Fog, r a i n ,  snow, and wh i t eou t  c o n d i t i o n s  a r e  common. Day1 i g h t  i s  
cont inuous from May t o  August, b u t  December days have o n l y  6 t o  7  hours o f  
t w i l i g h t .  

The Noatak R i ve r  begins and f lows  westward f o r  100 m i  i n  t h e  Cent ra l  Brooks 
Range. It con t inues  t o  f l o w  westward 250 m i  th rough  t he  Aniuk Lowland and t h e  
C u t l e r  R i ve r  Upland, d r a i n i n g  the  DeLong Mountains from the  n o r t h  and t h e  B a i r d  
Mountains from t h e  south ( f i g .  2) .  The Noatak R i ve r  then  t u r n s  southward and f l ows  
f o r  about 100 m i  through t he  Miss ion  Lowland t o  i t s  mouth a t  Kotzebue Sound. The 
Noatak R i ve r  passes th rough t h r e e  canyons, Grand Canyon, Noatak Canyon, and Lower 
Noatak Canyon. 

During P le i s tocene  t ime most o f  t he  Noatak bas in  was g l a c i a t e d .  The o n l y  
g l a c i e r s  now i n  t h e  bas in  a re  a  few small c i r q u e  g l a c i e r s  near  t h e  Noatak R i ve r  
headwaters. The e n t i r e  bas in  i s  u n d e r l a i n  by cont inuous permafrost.  Depth t o  t h e  
base o f  permafrost i s  p robab ly  as g r e a t  a s  600-800 ft. The bas in  has few rock-  
bas in  l akes  b u t  numerous thaw l a k e s  and mora ina l  l akes  (Wahrhaf t ig ,  1965). 

The d i s t r i b u t i o n  of  vege ta t i on  types i n  t h e  Noatak R i ve r  bas in  i s  r e l a t e d  t o  
e l eva t i on .  Bottomland spruce-pop1 a r  f o r e s t  covers t he  f l ood  p l a i n  th rough t h e  
Miss ion  Low1 and downstream from Noatak Canyon (about  300 f t  e l  eva t i on )  . Upstream 
along the  f l o o d  p l a i n s  o f  t h e  Noatak and i t s  ma jo r  t r i b u t a r i e s  i s  h i g h  brush. 
Above t h e  f lood  p l a i n s  a long t h e  r i v e r s  i n  t h e  lowlands i s  m o i s t  o r  wet tundra. 
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Figure 1 .--Index of U.S . Geological Survey topographic maps by quadrangle for the Noatak River basin, Alaska. 





Alp ine  tundra and bar ren  ground cover h i g h  mountains. W i l d f i r e s  have burned l a r g e  
areas o f  con i f e rous  f o r e s t  and tundra i n  t h e  bas in .  

The Noatak R i ve r  drops more than 1,800 f t  i n  t he  400-mi reach from Lake 
Omelaktavik t o  Kotzebue Sound. A p r o f i l e  o f  e l e v a t i o n s  a long t h e  Noatak R i v e r  
( f i g .  3)  i n d i c a t e s  t h a t  t he  major  p a r t  o f  t he  r i v e r  has a f a i r l y  cons tan t  s lope  o f  
about 4 f t / m i  and t h e  es tua r i ne  segment's s lope i s  about 1 f t l m i .  The headwaters 
and t r i b u t a r i e s  have much s teeper  slopes. F igure  3 may be used t o  es t ima te  
d i s tance  a long t he  r i v e r  between i n d i c a t e d  po in t s ,  as we l l  as  t o  determine s lope 
and e leva t i on .  

SEASONAL VARIATIONS I N  HYDROLOGY 

The A r c t i c  c l  imate dominates t h e  hydro logy o f  t h e  Noatak R i ve r  bas in .  Streams 
begin t o  f reeze  i n  October, and most streams cease f l o w i n g  by December. A few 
perenn ia l  streams have w i n t e r  f l ows  from r a r e  spr ings.  Flow begins again w i t h  
"break-up" i n  Play. The i s o l a t i o n  durl ihg I ong day1 i g  h t  hours produces h i g h  snowme1 t 
st reamf low i n  June. Rainstorms a r e  common d u r i n g  t he  coo l  summers and can cause 
h igh  streamflow. Streams r i s e  r a p i d l y  i n  response t o  snowmel t and ra ins to rms,  then 
f a l l  d u r i n g  d r y  per iods.  I n f i l t r a t i o n  o f  su r face  water  i s  r e s t r i c t e d  by perma- 
f r o s t .  

Knowledge o f  s t reamf low v a r i a b i l i t y ,  which ranges from f l o o d s  t o  l ow  f low o r  
no f low,  i s  impo r tan t  t o  land-use p lann ing  and use o f  stream resources. Boaters 
need t o  know how deep, wide, and s w i f t  t h e  r i v e r  w i l l  be when they  p l a n  a r i v e r  
t r i p .  B i o l o g i s t s  s tudy ing  t h e  f i s h e r y  need t o  know how much streambed area i s  
inundated d u r i n g  salmon spawning runs. The person p lann ing  t o  b u i l d  a  house o r  
o t h e r  s t r u c t u r e  on a r i v e r  bank needs t o  know how h i g h  t h e  r i v e r ' s  water  su r face  i s  
l i k e l y  t o  r i s e  du r i ng  a f l ood .  Th i s  can be es t imated  i f  the e l e v a t i o n s  o f  maximum 
ev iden t  f l o o d  h igh  water  marks a r e  known. 

The h y d r o l o g i s t  s t ud ies  s t reamf low v a r i a b i l  i t i e s  by measuring s t reamf low 
discharge, t he  r a t e  o f  f l o w  (measured i n  cub i c  f e e t  pe r  second), a t  d i f f e r e n t  
times. Streamflow v a r i a b i l i t y  i s  dependent on many f a c t o r s ,  i n c l u d i n g  t he  amount 
and i n t e n s i t y  o f  r a i n f a l l ,  t h e  r a t e  o f  snowmel t, t h e  dra inage area, and t h e  amount 
o f  water s to red  i n  t he  dra inage basin.  Seasonal c l i m a t i c  c o n d i t i o n s  cause much 
v a r i a b i l i t y  o f  streamflow, as mentioned p rev ious l y ,  I n  c o l d  reg ions  o f  Alaska t h e  
lowes t  f l ows  o r  no f l o w  u s u a l l y  occur  i n  mid t o  l a t e  w i n t e r  (January t o  A p r i l ) .  
H ighest  f l ows  a r e  u s u a l l y  i n  s p r i n g  (May o r  June) and a r e  caused by s n o m e l t ,  o r  a t  
any t ime d u r i n g  summer (June t o  September) due t o  r a i n f a l l  o r  r a i n f a l l  combined 
w i t h  snowmel t. Hyd ro log i s t s  can c o n f i d e n t l y  expect  t o  measure low f l o w  d u r i n g  l a t e  
w i n t e r  i n  c o l d  reg ions  o f  Alaska. They can a1 so expect  normal seasonal s t reamf low 
c o n d i t i o n s  d u r i n g  any p a r t i c u l a r  season--that i s ,  i n  ha1 f t h e  years  f l o w  w i l l  be i n  
the  normal range, i n  one qua r te r  i t  w i l l  be h i ghe r  and i n  one qua r te r ,  l owe r  than  
normal, by d e f i n i t i o n .  Streamgaging data,  cont inuous records  o f  d ischarge  over  
long  pe r i ods  o f  t ime, a r e  necessary t o  d e f i n e  s t reamf low c h a r a c t e r i s t i c s  such as 
nonnal ranges of  seasonal f l o w  o r  o t h e r  s t a t i s t i c a l  d ischarge  values. Streamflow 
records from a streamgaging s t a t i o n  a t  a p a r t i c u l a r  s i t e  on a p a r t i c u l a r  stream can 
be used t o  d e f i n e  f l o w  c h a r a c t e r i s t i c s  f o r  t h a t  s i t e  and t o  he lp  es t ima te  f l o w  
c h a r a c t e r i s t i c s  f o r  nearby s i t e s  on t h a t  stream o r  s i m i l a r  streams nearby. A 
minimum of 10 years  o f  s t reamf low records  a t  a  gaging s t a t i o n  i s  cons idered neces- 
sary  t o  d e f i n e  s t reamf l  ow records  w i t h  acceptabl  e accuracy (Chi 1  ders, 1970). I n  
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Figure 3. -- Profile of Noatak River and its major tributaries. 
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much o f  Alaska, i n c l u d i n g  t he  Noatak R i ve r  basin,  streamgaging da ta  a r e  i n s u f -  
f i c i e n t  t o  meet t h i s  c r i t e r i o n .  

Based on t he  e x i s t i n g  knowledge o f  v a r i a b i l i t y  of streamflow, t h e  A p r i l  ( l a t e  
w i n t e r )  and August ( l a t e  summer) hydro log ic  reconnaissance surveys were t imed t o  
p rov ide  s t reamf low da ta  t h a t  approximate those of  normal annual low- f low ( l a t e  
w i n t e r )  d ischarges and normal l a t e  summer d ischarges i n  t h e  Noatak R i ve r  basin. 

La te  Winter  Cond i t ions  

Dur ing t he  A p r i l  survey 16 stream and s p r i n g  s i t e s  were v i s i t e d .  The s i t e s  
a r e  l i s t e d  i n  t a b l e  1, and t h e i r  l o c a t i o n s  a r e  shown i n  f i g u r e  4. The s i t e s  a r e  
l i s t e d  i n  downstream o rde r  from t h e  headwaters of  t h e  Noatak t o  t h e  d iscon t inued  
streamgaging s t a t i o n ,  Noatak R i ve r  a t  Noatak. 

Winter  d ischarge measurements i n d i c a t e  no f l o w  from t h e  upper p a r t  o f  t h e  
basin,  t h a t  i s ,  upstrearn from Noatak Canyon. F igure  5 shows s i t e  18 where t he  
stream had f rozen  t o  t he  bed. However, f l o w  occurs t h e r e  f o r  s h o r t  reaches i n  some 
channel s. The d ischarge measurements on t he  Noatak R i ve r  below the  I pne l  i v i  k  R i ve r  
( s i t e  1) and below the  Anisak R i ve r  ( s i t e  13) were o f  doub t f u l  accuracy because 
c u r r e n t  v e l o c i t i e s  were near  t he  minimum t h a t  cou ld  be measured, and t h e r e  may have 
been no f l o w  a t  these s i t e s .  The C u t l e r  R i ve r  a t  i t s  mouth ( s i t e  8) had no f low;  
i t  was f rozen  t o  bottom. Discharge was measured i n  an open l e a d  a t  t h e  Nimiuktuk 
R i ve r  ( s i t e  15) shown i n  f i g u r e  6. Flow was a l s o  measured a t  an unnamed s p r i n g  
near Akiknaak Peaks ( s i t e  4)  ( f i g s .  7  and 8).  (The ex i s tence  o f  t h i s  sp r i ng  was 
f i r s t  suggested by i d e n t i f y i n g  an i c i n g  on Landsat imagery. The s p r i n g  was then 
l oca ted  from an a i r c r a f t ;  the  area f i r s t  appeared from a  d i s tance  as a  small b l u e  
speck. On c l o s e r  observat ion,  i t  was seen t o  be an a c t i v e  i c i n g  w i t h  open leads  
upstream. ) 

I n  the  lower  bas in  o f  t he  Noatak River ,  below Noatak Canyon, t h e  Kugururok 
R i ve r  a t  s i t e s  22 and 23 was f l o w i n g  i n  A p r i l  , as was t h e  Noatak R i v e r  downstream 
from the  Kugururok ( s i t e  24). The combined f l o w  measured a t  s i t e s  26, 27, and 28 
( t a b l e  1) was 122 f t 3 / s .  Add i t i ona l  f l o w  was observed i n  open leads  i n  anabranches 
o f  the  b ra ided  Noatak R i ve r  above t he  E l i  R iver ;  t h i s  f l o w  was n o t  measured b u t  was 
es t imated  t o  be about 25 f t 3 / s .  Adding t h e  measured and es t imated  discharge, a  
t o t a l  o f  approx imate ly  150 f t 3 / s  was es t imated  t o  be f l o w i n g  from t h e  Noatak R i ve r  
a t  i t s  mouth. A t  t h e  Noatak R i ve r  a t  t h e  d iscon t inued  streamgaging s t a t i o n  i n  
Lower Noatak Canyon, t he  water  was more than 27 f t  deep beneath about 4 f t  o f  i c e  
cover.  No c u r r e n t  was detected. The water  was sa l i ne ,  i n d i c a t i n g  t i d a l  i n t r u s i o n  
from Kotzebue Sound. 

An unnamed sp r i ng  near Noatak ( s i t e  28) i s  shown i n  f i g u r e  9. Th i s  spr ing ,  
which f lows from an e a s i l y  access ib l e  l o c a t i o n  o u t  of  t h e  Noatak channel may have 
f i s h  hatchery p o t e n t i a l .  When measured i t  had a  d ischarge  o f  9.5 f t 3 / s  and tem- 
pe ra tu re  o f  4°C. 

Four l akes  were surveyed by sampling once near  t he  cen te r  o f  each. Lake 
Matcharak ( s i t e  2) was 42 f t  deep below 4.7 f t  o f  i ce .  Lake Tulugak ( s i t e  20) was 
7  f t deep below 5.5 f t  o f  i ce .  Okok l i k  Lake ( s i t e  14) was 11 f t  deep below 3.8 f t  
of i ce .  Feniak Lake ( s i t e  9 )  had 32 f t  o f  water below 5 f t  o f  i ce .  Loca t ions  o f  
sampled l akes  a r e  shown i n  f i g u r e  4. 



Table 1.--Discharge measurements during April 1978 in Noatak River basin, 
[See f i g u r e  4 f o r  s i t e  locat ions. ]  

Drainage 
Sf t e  Locat ion area Date Di  scharge 
no. Stream ( l a t .  lons.)  (mf2) meas. ( f t 3 / s )  Remarks 

1 Noatak River  below Ipne l  i v i k  R iver  1,033 4-11-78 *6.6 6 f t i c e c o v e r  
(67'44'16" 156O13'30) 

4 Spring near Aki  knaak Peaks 1.95 4-11-78 18 no i c e  cover 
(67"51124" 157O28'48") 

5 Noatak River  above Atongarak Creek -- 4-08-78 0 4 f t  i c e  cover, no water; 
(67'54'42" 157'27'06'') f rozen t o  bottom 

6 Noatak River  above Cu t le r  R ive r  3,418 4-07-78 0 4 f t  i c e  cover, no water; 
(67O54'27" 158°10'18") f rozen t o  bottom 

8 Cu t le r  R iver  a t  mouth 1.102 4-07-78 0 4 f t  i c e  cover, no water; 
(67'50'54" 158°19'20") f rozen t o  bottom 

13 Noatak River  below Anisak R ive r  5,775 4-06-78 *0.82 5.6 f t  i c e  cover 
(68"02'11" 159O02'36") 

15 Nimiuktuk River  below Tumit Creek 516 4-07-78 12 open water 
(68'12'57" 159'55 '23") 

16 Noatak River  below Nimiuktuk R ive r  6,753 4-08-78 0 6 f t  i c e  cover, no water;  
(68°00124" 160°11'00") f rozen t o  bottom 

18 Noatak River  above Noatak Canyon 8.461 4-11-78 0 7 f t  i c e  cover, no water; 
(68°00'181' 161'19 '06") f rozen t o  bottom 

22 Kugururok R ive r  above T r a i l  Creek 441 4-10-78 11 open water 
(68O13'17" 161°29'14") 

23 Kugururok River  near Noatak 859 4-02-78 35 5 f t  i c e  cover 
(68"01124" 161°50'08") 

24 Noatak River  be1 ow Kugururok R ive r  9,556 4-01-78 46 6.2 f t  i c e  cover 
(67'56 '48" 16Z002 '04") 

26 Noatak River  above E l i  R iver  10,889 4-03-78 88 open water 
(67"28'04" 163"04 '48") 

27 E l i  R iver  near mouth 514 4-04-78 25 open water 
(67O25'28" 162O59'05") 

28 Spring t r i b u t a r y  t o  Noatak 0.54 4-03-78 9.5 open water 
R ive r  near Noatak 
(67"14'36" 16Z048'15") 

29 *** Noatak River  near Noatak 12,000 4-04-78 **no 4 ft i c e  cover  
(67°151241' 162O35'09") meas. 

*Discharge measurement o f  doub t fu l  accuracy--may be no f low. Stream v e l o c i t y  was l e s s  than 
0.1 f t / s ,  which i s  near t h resho ld  value f o r  measuring techniques. 

**No apparent stream v e l o c i t y ,  a1 though about 150 f t 3 / s  f lowed i n t o  the  reach from upstream. 
***Discontinued streamflow gage, Noatak River  a t  Noatak. 





Figure 5.--Site 18, on the Noatak River above Noatak Canyon, April 11,1978. 
X indicates the location of site 18 where a hole was drilled through 7 feet 
of ice to the dry streambed. View downstream. 

Figure 6.--Site 15, where discharge was measured in an open lead along Nimiuktuk River, 
April 11,1978. 



Figure 7.--Site 4, open leads (dark spots) at an unnamed spring near Akiknaak Peaks on 
April 11,1978. 

Figure 8.--Hydrologists packing equipment at an unnamed spring (site 4) near Akiknaak Peaks, 
April 11,1978. 



' 4 '  ,, - a Figure 9.--Site 28, Unnamed spring near Noatak 
?ell 

1 River downstream from Noatak and 
I near Agashashok River, April 3,1978. 
I The tent shelters instruments from 
I which leads pass to a probe sensor 

in the stream. 
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La te  Strmrner Cond i t ions  

Streamflow data from the  hydro1 og i c  reconnaissance i n  August 1978 (1 a t e  sum- 
mer) a r e  used i n  t h i s  r e p o r t  t o  es t ima te  normal f l o w  c o n d i t i o n s  f o r  l a t e  summer i n  
t h e  Noatak R i ve r  bas in .  The s t reamf low i n  t h e  Noatak R i ve r  bas in  may v a r y  g r e a t l y  
i n  l a t e  summer, depending p r i m a r i l y  on weather. Dur ing  ve r y  d r y  summers t h e  stream 
d ischarge  nay drop t o  va lues o f  perhaps h a l f  those measured d u r i n g  August 1978, and 
d u r i n g  ve r y  r a i n y  summers t h e  streams rnay f l ood  ove r  t h e i r  banks w i t h  d ischarge  30 
t o  40 t imes l a r g e r  than those measured i n  l a t e  August o f  1978. Dur ing  r a i n y  sum- 
rners stream v e l o c i t i e s  may a l s o  exceed those repo r t ed  here in ,  and d u r i n g  f loods,  
v e l o c i t i e s  may be g r e a t e r  than 10 f t / s .  However, va lues measured i n  August 1978 
a re  cons idered t o  be w i t h i n  t he  normal range, t h a t  i s ,  w i t h i n  a  range o f  d i scharge  
t h a t  can be expected i n  l a t e  summer i n  about h a l f  t h e  years .  Th i s  i s  based on u n i t  
r u n o f f  o f  about  1.0 ( f t 3 / s ) / m i 2  measured i n  August 1978 wh ich  would have been 
normal based on da ta  from t h e  d i  scont inued streamgaging s t a t i o n ,  Noatak R i v e r  a t  
Noatak. The normal d ischarges  suppor t  streams w i t h  wid ths,  depths,  and c u r r e n t  
v e l o c i t i e s  as r epo r t ed  i n  t a b l e  2. 



Resul ts  o f  stream surveys ( t a b l e s  2  and 3)  a long  t h e  Noatak R i ve r  i n  August 
1978 ( f i g .  10)  i n d i c a t e  t h a t  d ischarge was p r o p o r t i o n a l  t o  dra inage area and u n i t  
r u n o f f  was approximately 1.0 ( f t 3 / s ) / m i 2  as measured a t  two o f  seven s i t e s  ( s i t e  1, 
and 17). U n i t  r u n o f f  was 1.0 ( f t 3 / s ) / m i 2  o r  h i ghe r  from t h e  mountainous areas. 
Lower u n i t  r u n o f f  occurred i n  t he  reach upstream froin Anisak R i ve r  t o  downstream 
from t h e  Nimiuktuk R i ve r  ( s i t e  16). Lower u n i t  r u n o f f ,  0.4-0.5 ( f t 3 / s ) / m i 2 ,  was 
a l so  measured i n  the C u t l e r  R i ve r  ( s i t e  8) ,  Makpik Creek ( s i t e  l o ) ,  and Anisak 
R i ve r  ( s i t e  12). These bas ins a r e  i n  t h e  C u t l e r  Upland o r  p a r t l y  i n  t h e  Aniuk 
Low1 and, areas o f  1  ow re1 i e f  t h a t  g e n e r a l l y  produce l e s s  r u n o f f  than mountainous 
areas. The lower  r u n o f f  from these bas ins accounts f o r  t h e  lower  u n i t  r u n o f f  i n  
the Noatak R i ve r  a t  s i t e s  11 and 16. 

Rain caused the Noatak R i ve r  t o  r i s e  s l i g h t l y  d u r i n g  t he  survey per iod ;  how- 
ever,  t he  stream remained we1 l down i n  t h e  cobble-and-boul de r - l  i ned  channel ( f i g .  
11). The r a i n  may have increased t he  u n i t  r u n o f f  s l i g h t l y  [ t o  1.2 ( f t 3 / s ) / m i 2 ]  a t  
s i t e s  19 and 25. 

The hyd rau l i c  p r o p e r t i e s  of  t he  s t reamf low d u r i n g  t he  surveys a r e  shown i n  
t a b l e  2. Cross sec t i ons  a t  survey s i t e s  a long t h e  Noatak R i ve r  a re  shown i n  f i g u r e  
12. The c ross  sec t ions  i n d i c a t e  (1) t h e  maximum ev iden t  f l o o d  sur face,  (2 )  t he  
b a n k f u l l  channel sur face,  (3)  t h e  water  su r face  a t  t h e  t ime  o f  t h e  survey, and (4 )  
the e l e v a t i o n s  o f  ze ro  f low, o r  t he  lowes t  poo l -sur face  e l e v a t i o n  t h a t  w i l l  suppor t  
f l o w  over  t he  r i f f l e .  The survey s i t e s  were se lec ted  t o  have (1) u n i f o r m  b a n k f u l l  
channel f low, ( 2 )  minimum channel bend, and ( 3 )  good maximum e v i d e n t  f l o o d  high- 
water  marks. 

The t y p i c a l  l a t e  summer stream channel p a t t e r n  a long  t he  Noatak R i ve r  from the  
I pne l  i v i k  R i ve r  t o  t h e  E l i  R i ve r  i s  a  p o o l - a n d - r i f f l e  sequence. Pools were from 
1,000 t o  5,000 ft o r  more i n  l eng th ,  and the  channel shapes d i d  n o t  va ry  near  t he  
midd le  segments o f  t he  pool  leng th .  Pool w id ths  increased downstream from about 
200 ft a t  s i t e  1 t o  700 f t  a t  s i t e  25 a long t he  Noatak River ,  and maximum depths 
ranged from about 6 f t  t o  about 8 f t  ( t a b l e  2). The maximum depth o f  most r i f f l e s  
was g e n e r a l l y  l e s s  than the  mean depth o f  ad jacen t  pool  s. R i f f l e s  were w ider  than 
pools ;  some were tw i ce  as wide and some were o r i e n t e d  d i a g o n a l l y  t o  t h e  b a n k f u l l  
channel d i r e c t i o n .  Maximum depths o f  r i f f l e s  increased from about 2  f t  t o  about  4 
f t  between those same s i t e s .  R i f f l e  bed m a t e r i a l  was composed o f  g rave l ,  cobble,  
and boulders  ( t a b l e  3 ) .  

The Noata k  R i ve r  p rov ides  c o n d i t i o n s  favorab l  e f o r  r e c r e a t i o n a l  boa t i ng  from 
t h e  I p n e l i v i k  R i ve r  t o  t h e  mouth. The f l o w  through t h e  t h r e e  canyons i s  smooth. 
One 7-mi reach of  boulder-strewn r a p i d s  upstream from Atongarak Creek i s  c a l l e d  
Et imnikroak, o r  s w i f t  water,  by  t h e  Eskimos. Th is  was t h e  o n l y  segment o f  t h e  
Noatak observed du r i ng  August 1978 t h a t  m igh t  cause a  nav iga t i ona l  problem f o r  
boaters .  Below t h e  E l i  R iver  t h e  Noatak was wide, deep, and smooth f low ing .  

STREAMGAGING RECORDS 

No cont inuous cl i m a t i c  o r  stream-di scharge da ta  a r e  a v a i l a b l e  f o r  t h e  Noatak 
bas in  f o r  1978. F igure  13 shows t h e  month ly  mean d ischarge  f o r  t he  tloatak R i ve r  a t  
Noatak s t a t i o n ,  based on t h e  p e r i o d  o f  r eco rd  1965-71; however, t h e r e  a r e  no w i n t e r  
records. Th is  streamgaging s t a t i o n  was l o c a t e d  i n  t he  Lower Noatak Canyon t o  
measure t h e  Noatak R i ve r  a t  i t s  mouth. The gaging s t a t i o n  was d iscon t inued  p a r t l y  







Figure 11.--Site 17, Noatak River in Grand Canyon, August 22, 1978. The water surface is well 
down in the channel. 

because i t  was i n  a  stream reach a f fec ted  by v a r i a b l e  and indeterminate backwater 
from Kotzebue Sound du r ing  low-f low per iods (November t o  A p r i l ) .  Measurements o f  
discharge o f  l e s s  than about 1,000 f t 3 / s  could n o t  be made a t  the  gaging s t a t i o n  
dur ing  the  pe r iod  o f  record because stream c u r r e n t  v e l o c i t y  was too  low f o r  a v a i l -  
ab le  equipment t o  measure. Table 4 presents the  monthly mean discharge f o r  the  
s ta t i on .  It was n o t  poss ib le  t o  make r e l i a b l e  est imates o f  t he  v a r i a t i o n  i n  annual 
low f l ow  f o r  the Noatak River. 

FLOOOS AND EROSION 

Rivers i n  nor thern  Alaska are a t t r a c t i v e  f o r  development and use because they 
o f f e r  t ranspor ta t i on  routes through mountain ranges and t h e i r  va l  1  eys prov ide  
s tab le ,  l e v e l  ground. River  beds are sources o f  gravel f o r  cons t ruc t ion ,  and the  
r i v e r s  themselves prov ide  water f o r  many uses. The water temperature i n  r i v e r s  
tends t o  reduce the ex ten t  o f  permafrost near t h e i r  courses. This f a c t  i s  impor- 
t a n t  i n  in f luenc ing  the se lec t i on  of s tab le  ground f o r  s t ruc tures ;  even i f  frozen, 
g rave l - r i ch  a l luv ium along r i v e r s  tends t o  remain s tab le  when thawed. I n  add i t ion ,  
another a t t r a c t i o n  f o r  development along r i v e r s  i s  t h a t  water suppl ies i n  w i n t e r  
a re  more l i k e l y  t o  be found along the  l a r g e  r i v e r s .  

Though there  are  many advantages t o  b u i l d i n g  along r i v e r s ,  t he re  a re  disad- 
van tages--par t icu l  a r l  y f l ood ing  . Fl oods are  na tu ra l  phenomena sub jec t  t o  g rea t  
v a r i a b i l i t y  and uncer ta in ty .  Floods can range from s l i g h t l y  over bank fu l l  i n  t he  
normal f l ow  channel t o  s i t u a t i o n s  i n  which the  water n o t  on l y  occupies most o r  a l l  
of the f l o o d  p l a i n  b u t  may a1 so reshape the  channel and f lood p l a i n  by eros ion  and 



Table 3.--Scale of streambed material  p a r t i c l e  s i z e s  
. 

Class and subclass  Mil 1 imeters  Inches 

Boul de r s  

Very 1 arge boulders 
Large boulders 
Nedi urn boul ders  
Small boulders 

Cobbles 

Large cobbles 
Small cobbles 

Gravel 

Very coarse gravel 
Coarse gravel 
Medium gravel 
Fine gravel 
Very f i n e  gravel 

Table 4.--Monthly mean d ischarge ,  i n  cubic f e e t  per  second, Noatak River a t  
Noatak. No records for  November t h r u  Apri l .  

Water 
year Oct. May June Ju ly  Aug . Sept . 
1966 5,674 2,408 54,846 23,943 8,817 13,451 

1970 3,420 - - 17,233 9,390 19,538 5,731 

1971 -- - - 73,790 20,060 13,690 8,207 

Average 4,870 2,567 68,994 28,943 26,705 10,905 
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Figure 12.--Noatak River cross sections, August 1978. 



depos i t ion .  I c e  jams compound the  f l o o d  hazards i n  no r t he rn  Alaska; t h e i r  s i ze ,  
l o c a t i o n ,  and e f f e c t s  a r e  v a r i a b l e  and unpred ic tab le .  I n  p laces  i c i n g s  may f i l l  
the channel and p a r t s  o f  the  f l o o d  p l a i n .  I n  a d d i t i o n ,  man's development 
a c t i v i t i e s  near a r i v e r  may i n t e r a c t  w i t h  t h e  channel t o  a f f e c t  t h e  i c e  and f l o o d  
phenomena. 

The f l o o d  hazard can be evaluated by s tudy ing  evidence l e f t  by f l oods .  Traces 
o f  p a s t  f l o o d s  can be recognized i n  accumulat ions o f  f l o o d  debr is ,  washl ines on 
steep banks, and channel s  swept c l e a r  o f  vege ta t ion .  These f l o o d  s igns  a r e  i n d i -  
c a t i o n s  of maximum ev iden t  f l o o d s  (MEF's). I f  s i g n i f i c a n t  f l o o d s  have occurred i n  
the recen t  p a s t  ( w i t h i n  the  l a s t  50 yea rs ) ,  f loodmarks a r e  u s u a l l y  ev iden t .  I f  
t h e r e  i s  no such evidence, then i t  i s  probable t h a t  no s i g n i f i c a n t  f l o o d  has occur- 
red recen t l y .  While t he re  a r e  except ions t o  t h i s  r u l e  o f  thumb, t h e  concept i s  
s t i l l  use fu l  i n  eva lua t i ng  f l o o d  hazards. Assuming t h a t  f u t u r e  f l o o d  c o n d i t i o n s  
w i l l  be s i m i l a r  t o  those o f  the  pas t ,  then these f u t u r e  c o n d i t i o n s  can be es t imated  
by i n t e r p r e t i n g  evidence o f  p a s t  f l oods .  The a rea l  e x t e n t  o f  i nunda t i on  can be 
determined by napping MEF marks. Floodwater su r face  p r o f i l e s  can be determined by 
survey ing MEF marks and n o t i n g  t h e  d i  f f e rence  i n  e l eva t i ons .  Assuming channel 
p o s i t i o n  and c o n f i g u r a t i o n  have remained s t a b l e  s ince  t he  FIEF, t h e  channe l ' s  
hydraul  i c  p r o p e r t i e s  can be measured and used t o  compute s tage-d i  scharge r e l a t i o n s  
f o r  c ross  sec t i ons  o f  i n t e r e s t  (Riggs, 1976). The MEF d ischarge  i s  t h e  es t imated  
maximum instantaneous peak d ischarge which has occurred i n  t h e  channel i n  t h e  
recen t  pas t .  Such a d ischarge can be a n t i c i p a t e d  i n  f u t u r e  f l o o d s  and can be used 
t o  gu ide r i v e r  bank development. 

8 MONTH 

Figure 13.--Monthly mean discharge, Noatak River at Noatak. 



Figure 14.--Maximum evident flood high-water marks, Noatak River below Ipnelivik River (site 1) 
August 9,1978. Level rod is approximately parallel to  top of twigs and other debris 
typical of a seed line deposited by floodwaters. 

HEF marks were good t o  e x c e l l e n t  a t  most s i t e s .  P i l e s  o f  f l ood-depos i ted  
d e b r i s  c o n s i s t i n g  o f  w i l l o w  tw igs ,  1  imbs, and seed 1 i nes  were common ( f i g .  14) .  A t  
some s i t e s  ice-gouged p i t s  were observed on t he  unvegetated bars  a long  t he  channel .  
I c e  scars  on vegetated banks were observed o n l y  a t  Makpik Creek and Nimiuktuk 
River .  

Surveys were made t o  measure channel hydraul  i c  geometry and MEF d ischarge  a t  
e i g h t  s i t e s  a long  t h e  Noatak R i ve r  and on f i v e  t r i b u t a r i e s  ( f i g .  10, t a b l e  5 ) .  A t  
t he  s i t e  on t he  Nimiuktuk R i ve r  near t he  mouth t he  ev idence i n d i c a t e d  t h a t  i c e  
scour ing  and p robab le  i c e  o b s t r u c t i o n s  have compl i c a t e d  t h e  f l o o d  c o n d i t i o n s .  
Therefore, MEF d i  scharge was n o t  computed. 

MEF d ischarge  ranged from 36,000 f t 3 / s  a t  t h e  Noatak R i ve r  below I p n e l i v i k  
R i ve r  t o  460,000 f t 3 / s  a t  t h e  Noatak R i ve r  i n  Lower Noatak Canyon. (For  compari- 
son, t h e  maximum d ischarge  recorded a t  t he  d i scon t i nued  gaging s t a t i o n  Noatak R i v e r  
a t  Noatak was 242,000 f t 3 / s  on June 14, 1968.) FIEF d ischarge  was d i v i d e d  by d r a i n -  
age area t o  compute u n i t  r u n o f f  f o r  these f l o o d  c o n d i t i o n s ;  va lues ranged from 11 
t o  37 ( f t 3 / s ) / m i 2  a long t h e  Noatak R ive r .  U n i t  r u n o f f  f o r  a l l  s i t e s  surveyed on 
the Noatak and i t s  t r i b u t a r i e s  was l e s s  than 50 ( f t 3 / s ) / m i 2 .  



Table 5.--Bankfull channel, maximum evident flood, basin and flood characteristics at flood survey 
[See f i g u r e  10 f o r  s i t e  l oca t i ons . ]  

S i t e  
no. 

1 

3 

7 

8 

10 

11 

12 

15 

I6  

17 

19 

23 

25 

29 

Sl ope 
( f t / f t )  

0.0023 

.0038 

.0007 

.0004 

.0002 

.0007 

.0013 

evidence o b l i t e r a t e d  

.0018 

.0009 

.0011 

.0019 

,0010 

.0006 

Stream s i t e  
( l a t  and long) 

Noatak Rfver 
67"44'16 
156°13'30" 

Midas Creek 
67"511 15" 
156"25'27" 

Noatak River  
67"51150" 
158'13'40'' 

Cut le r  R iver  
67"50154" 
158O19'20" 

Makpi k  Creek 
68"01139" 
158O38'04" 

Noatak River  
68O01'40" 
158"55'35" 

Anisak River  
68"02'40" 
158'57'00" 

Nimiuktuk River  
68"12'57" 
159'55'23" 

Noatak River  
68"00124" 
160°11 '00" 

Noatak River  
67'55 '23 
160'56 ' 10" 

Noatak River  
67"57'54" 
161'36 '40" 

Kugururok River* 
68'01 '24" 
161°50'08" 

Noatak River  
67"49 ' 13" 
162"411 50" 

Noatak River* 
67O15'24" 
162'35'09" 

Streambed 
ma te r ia l  

Large 
cobble 

Med i um 
grave l  

Large 
cobble 

h a 1  1  
cobble 

Small 
cobble 

Large 
cobble 

Medium 
grave l  

I c e  jam 

Small 
cobble 

Large 
cobble 

Large 
cobble 

Coarse 
grave l  

Small 
cobb le  

Small 
cobble 

D i  scharge 
( f t 3 / s )  

(computed) 

26,000 

6,100 

15,000 

10,000 

1,200 

70,000 

2,900 

57,000 

120,000 

70,000 

6,900 

90,000 

460,000 

Bank fu l l  

Width 
(ft) 

370 

150 

345 

385 

150 

828 

200 

MEF h igh  

575 

81 5 

607 

484 

880 

1,320 

channel 
Mean 
depth 
( f t )  

7.2 

5.4 

7.4 

5.7 

3.8 

9.7 

3.1 

water marks. 

9.2 

13.8 

12.1 

3.5 

9.9 

26.2 

Max. 
depth 
( f t )  

12.3 

8.2 

11.9 

7.5 

6.3 

17.6 

4.6 

14.9 

18.3 

17.1 

6.0 

15.0 

47.0 



sites in the Noatak River basin, 1978. 



Bankfu l l  channel hydrau l ic  geometry i s  l i s t e d  i n  t a b l e  5. A t  most o f  the 
survey s i t e s ,  one o r  more unvegetated channels were bounded by grassy o r  brush- 
covered, s lop ing  banks and overbank areas covered w i t h  t rees,  brush, o r  tundra. 
Bankfu l l  e leva t ions  were determined by observing the  f l  ood-pl a i n  sur face (Leopol d  
and Sk ib i tzke ,  1967) and the edge o f  mature f l ood -p la in  f o r e s t  o r  vegeta t ion  
(Sigafoos, 1964). Mature f l ood -p la in  vegetat ion along the  Noatak River  was from 25 
t o  50 years o l d  as determined by count ing annual growth r i n g s  i n  c u t  samples. 

Bankfu l l  surface e levat ions  are  i nd i ca ted  on the  channel cross sec t ions  i n  
f i g u r e  12. Bankfu l l  e leva t ions  were from about 5 f t  t o  more than 10 ft h igher  than 
the  water surfaces observed dur ing  the  surveys. MEF marks were found a t  e leva t i ons  
ranging from bank fu l l  a t  some s i t e s  t o  as much as about 5  f t  higher  than b a n k f u l l  
a t  o ther  survey s i t e s .  Bankfu l l  f l ow  would appear t o  be a minimal f lood hazard 
cond i t i on  along the Noatak River. However, the  use o f  MEF marks appears t o  be a  
reasonable approach t o  f l o o d  eva lua t ion  a1 ong t h e  Noatak River.  

Charac te r i s t i c  f l o o d  discharges f o r  the  2-year f l o o d  (Q ) and the  50-year 
f l o o d  (Q ) were computed f o r  the  f l o o d  survey s i t e s  ( t a b l e  8), us ing  mu1 t i p l e -  
regressioSo equations (Lamke, 1979). A Q2 f l o o d  discharge has a  50 percent  chance 
o f  being exceeded i n  a  given year; a  .QS0 has a  2 percent  chance. These f l o o d  
c h a r a c t e r i s t i c s  a re  r e l a t e d  t o  c l i m a t i c  and phys ica l  cond i t i ons  o f  a  stream's 
drainage basin. The c h a r a c t e r i s t i c s  t h a t  Lamke found t o  be s i g n i f i c a n t l y  r e l a t e d  
t o  f l o o d  c h a r a c t e r i s t i c s  a re  shown i n  t a b l e  5. 

During the  August survey, t he  Noatak River  channel was observed t o  be s t a b l e  
a t  the surveyed s i t e s  and throughout most o f  i t s  l e n g t h  except a t  bra ided o r  sp l  it- 
channel reaches which are  most ly  i n  lowlands. 

Tundra vegetat ion genera l l y  p r o t e c t s  s o i l  s  from erosion.  However, many bare, 
h igh  banks, e s p e c i a l l y  i n  t he  lowlands, a r e  composed o f  s i l t y  sands t h a t  a re  e a s i l y  
eroded dur ing  b r i e f  per iods o f  h igh  water. F igure 15 shows erosion-prone banks o f  
t he  Noatak River  a t  Noatak on August 27. Noatak res iden ts  conf i rm t h a t  bank 
eros ion threatens some o f  the townsite. Me1 t i n g  o f  exposed permafrost can a1 so 
enhance erosion. When the  s o i l - i c e  mass thaws, i t  i s  weakened and e a s i l y  eroded by 
f low ing water, o r  i t  may slump, sometimes as l a r g e  chunks. Such eros ion o r  slump- 
i n g  appeared t o  be uncommon i n  August 1978. Thawing i c e  masses were exposed i n  
some eroding banks; such an i c e  bank about 3/4 m i  l ong  was loca ted about 3 m i  
downstream from Noatak. 

Gravel, cobble, and boulders were the  dominant streambed ma te r ia l s ,  and i n  
most channel reaches these ma te r ia l s  formed the  normal f l o w  banks as we l l .  S i l t  
and sand were normal ly  near the top o f  the  banks. Only h igh  f lows would wash 
aga ins t  s i l t y  o r  sandy banks w i t h  s u f f i c i e n t  v e l o c i t y  t o  cause erosion. L i t t l e  
f i ne  ma te r ia l  was being t ransported i n  August (assumed t o  be normal summer f l ow) ,  
and the  r i v e r  water was c lear .  

WATER QUALITY 

Water-qua1 i ty  data were gathered t o  del  i nea te  c u r r e n t  cond i t i ons  and t o  pro- 
v ide  a s c i e n t i f i c  bas is  f o r  management. Spec i f i c  conductance, d isso lved oxygen, 
water temperature, a1 kal  i n i t y ,  and pH a re  important  p r o p e r t i e s  o f  water t h a t  can 
g i ve  a  basic  i n d i c a t i o n  o f  i t s  general s u i t a b i l i t y  f o r  var ious  uses. S p e c i f i c  



Figure 15.--Erosion-prone bank along Noatak River a t  Noatak, August 27, 1978. 

conductance, o r  the a b i l i t y  o f  water t o  conduct e l e c t r i c a l  cu r ren t ,  serves as a  
r e l i a b l e  i n d i c a t o r  o f  t h e  d i sso l ved  minera l  concen t ra t ion ,  which i n f l u e n c e s  such 
t h i n g s  as t a s t e  and p h y s i o l o g i c a l  c o n d i t i o n s  o f  p l a n t s  and animals.  The measure- 
ment o f  pH i n d i c a t e s  t h e  amount of  f r e e  hydrogen i o n  i n  t h e  water, and i t  i s  thus  a  
measure o f  t he  a c i d i t y  o r  b a s i c i t y  o f  t he  water.  The pH d i r e c t l y  a f f e c t s  f i s h  and 
f i s h  food organisms and regu la tes  t he  t o x i c i t y  o f  c e r t a i n  compounds i n  s o l u t i o n .  
Water temperature and d i  ssol  ved oxygen a r e  c l  ose l  y re1 a ted  and a r e  v i t a l  l y  impor- 
t a n t  i n  de te rmin ing  s u i t a b i l i t y  o f  a  g iven  aquat i c  h a b i t a t .  

I n  a d d i t i o n  t o  measuring the  above c h a r a c t e r i s t i c s  i n  t he  f i e l d ,  water  samples 
were c o l l  ec ted  and q u a n t i t a t i v e l y  analyzed f o r  se lec ted  d i  ssol  ved i no rgan i c  con- 
s t i  tuents .  These c o n s t i t u e n t s  i n  water  a f f e c t  c o n d i t i o n s  f o r  f i s h  and ben th i c  
i nve r teb ra tes ,  as we1 1  as su i  t a b i l  i ty  f o r  man's use. Ni t rogen,  phosphorus, and 
potassium whose concent ra t ions  a r e  general  l y  ex t reme ly  1  ow i n  A1 askan streams, a re  
p l a n t  n u t r i e n t s .  High concent ra t ions  o f  d i sso l ved  so l  i ds ,  as i n  sea water,  can 
make water  unpotable and c o n t r o l  the  1  i f e  forms t h a t  1  i v e  i n  those waters. Arsenic  
and mercury i n  streams can be t o x i c  t o  man and animals. Taste and odor o f  water  
a re  af fected by many i no rgan i c  c o n s t i t u e n t s .  I r o n  and manganese i n  s o l u t i o n  may 
s t a i n  c l o t h i n g .  Salmon may avo id  waters c o n t a i n i n g  copper and z inc .  Hardness o f  
water i s  caused p r i m a r i l y  by ca lc ium and magnesium and may be c o n t r o l  l e d  by water  
t reatment.  Ana lys is  o f  t he  water f o r  o rgan ic  c o n s t i  t uen t s  , suspended sediment, 
r a d i o a c t i v i t y ,  and o t h e r  chemical c h a r a c t e r i s t i c s  was beyond t he  scope o f  t he  
s tudy . 

The reconnaissance s tudy shows t h e  n a t u r a l  s t a t e  o f  t h e  Noatak bas in  water;  
surface-water qua1 i t y  v a r i e s  w i t h  season, l o c a t i o n ,  weather, and i n f l u e n c e  o f  
ground water. F igures  16 and 17 a re  t r i l i n e a r  diagrams showing chemical compo- 
s i t i o n  o f  a l l  water sampled d u r i n g  t h e  A p r i l  and August t r i p s .  The p l o t t e d  p o i n t s  



EXPLANATION 

e23 Site number 
Numbers correspond to 
sites listed in tible 6 

Ca PERCENT OF TOTAL MILLIEQUIVALENTS PER LITER cl - 
Figure 16.-Analyses of water from selected sites, Noatak River basin, April 1978. 



Alkalinity = (0.44 x specific conductance) + (-6) 
Coefficient of correlation = .94 

I I 1 I I I I 

Hardness - (0.60 x specific conductance) + (-18) 
Coefficient of correlation = .99 

- - 

- 

- - 

- 

- 

Figure 18.--Relation of specific conductance to alkalinity, hardness, calcium, and dissolved solids 
concentration, Noatak River basin, 1978. 

3 2 600 
5 
2" 
0 

500 
4 
E 
E 
U 

400 
8 

300 

200 

100 - - 

0 
0 100 200 300 400 500 600 700 800 

SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25 DEGREES CELSIUS 

I I 1 I I I I 

Calcium = (0.18 x specific conductance) + (-6) 
Coefficient of correlation = .98 - - 
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Sum of dissolved solids = 

(0.66 x specific conductance)+ (-21) 
- Coefficient of correlation = .99 

- 
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Table 6.--Water quality at selected sites, Noatak River basin, April 1978. 

S i t e  number 1 2 4 9 13 14 
b i t e  name Noatak R. b l  Matc harak Spring n r  Feniak Noatak R. b l  Okokllk 

Ipnel  i v i k  R. Lake Aki knaak Lake Anisak R. Lake 
Peaks 

~ a y  11 11 8 9 6 6 
f m e  13: 30 10:45 10:45 10: 45 1l:OO 13:30 

Streamflow ( f t J / s )  6.6* -- 17.7 -- 0.82 -- 
Spec i f i c  conductance 

(wmhos/n a t  25'C) 1,500 250 295 62 750 85 
pH ( u n i t s )  7.5 7.9 7.9 7.6 7.7 6.8 
Water temperature ('C) 1.0 3.0 1.5 1.5 1.0 3.0 
A i r  temperature (OF) 20.0 18.0 -4.0 18.5 -6.0 8.5 

Color (platinum-cobal t u n i t s )  1 2 1 1 1 8 
Dissolved oxygen (mg/L) 5.3 10.6 9.6 12.3 4.0 8.2 
A1 kal  i n i  t y  (mg/L as CaC03) 620 120 160 41 340 39 
Hardness (mg/L as CaCO ) 930 120 160 3 5 450 3 7 
Calcium, dissolved ( m g j ~ )  240 38 44 4.3 130 9.8 

Magnesium, dissolved (mg/L) 80 6.1 12 5.9 31 
Sodium, d i  ssol ved (mg/L) 6.4 6.0 0.3 0.3 13 
Potassium, dissolved (mg/L) 3.1 0.7 0.0 0.0 1.2 
Sulfate,  d issolved (mg/L) 340 11 6.6 3.9 110 
Chloride, d issolved (mg/L) 1.8 1.4 0.8 0.3 5.1 

Fluoride, d issolved (mg/L) 0.4 0.3 0.0 0.0 0.1 0.0 
S i l i c a ,  d issolved (mg/L) 13 4.6 4.1 3.2 7.1 1.5 
Dissolved sol ids,  residue a t  
180°C (mg/L) 1,040 142 146 29 450 56 
Dissolved sol ids ,  ca lcu la ted 
sum (mg/L) 1,060 142 165 43 502 47 
N i t r a t e  p lus  n i t r i t e ,  d issolved 
(mg/L) 0.78 0.05 0.20 a oo 0.22 0.13 

Aluminum, t o t a l  (ug/L) 
Arsenic, t o t a l  (ug/L) 
Barium, t o t a l  (ug/L) 
Chromium, t o t a l  (pg/L) 
Copper, t o t a l  (pg/L) 

I ron,  d issolved (ug/L) 10 10 10 20 10 40 
I ron,  t o t a l  (pg/L) 70 10 340 2 0 70 40 
Manganese, dissolved (ug/L) 0 0 0 0 40 10 
Manganese, t o t a l  (ug/L) 10 0 0 0 40 0 
Mercury, t o t a l  (pg/L) 0.0 0.0 0.0 0.0 0.0 0.0 

Molybdenum, t o t a l  (pg/L) 4 0 3 3 3 4 
Nickel ,  t o t a l  (u /L)  0 5 0 1 0 0 
Selenium, t o t a l  ? p g / ~ )  2 o 0 0 o o 
S i  1 ver, t o t a l  (ug/L) 0 0 0 0 0 0 
Zinc, t o t a l  (flg/L) 20 2 0 10 10 10 10 

*Discharge measurement accuracy doubtful .  See tab le  1. 



15 20 22 23 24 26 2 7 28 29 
Nimiuktuk R. Tulugak Lake Kugururok R. Kugururok R. Noatak R. b l  Noatak R. E l i  R. n r  Spring n r  Noatak R. 

b l  Tumit  C. n r  Noatak ab T r a i l  C. n r  Noatak Kugururok R. ab E l i  R. mouth Noatak n r  Noatak 



Table 7.--Water quality at selected sites, Noatak River basin, August 1978. 

S l  t e  number 1 2 3 7 8 10 
S i t e  name Noatak R. b l  Matcharak Midas C Noatak R. ab Cut le r  R. Makplk C 

I p n e l i v i k  R. Lake a t  mouth Cut le r  R. a t  mouth a t  mouth 
Day 9 8 - 11 14 15 16 
Time 14: 00 11:45 11:30 11:OO 18: 00 17:30 

Streamflow ( f t J / s )  
Speci f ic  conductance 
(umhos/cm a t  25'C) 
pH (un i t s )  
Water temperature ("C) 
A i r  temperature ( O F )  

Dissolved oxygen (mg/L) em ..- 11.8 12.0 12.0 11.0 
A1 kal i n i t y  (mg/L as CaC03) 110 98 46 9 7 130 33 
Hardness (mg/L as CaCO ) 210 93 57 150 150 3 7 
Calcium, dissolved (m ?L) 57 29 6.5 43 45 7 
Magnesium, dissolved ymg/L) 16 5.0 9.8 9.7 7.9 4.8 

Sodium,di ssol ved (mg/L) 1.0 5.7 0.9 0.9 0.9 0.6 
Potassiurp, d issolved (mg/L) 0.7 0.7 0.2 0.5 0.2 0.1 
Sul fate,  d issolved (mg/L) 90 10 9.6 49 17 4.9 
Chloride, dissolved, (mg/L) 0.5 1.3 0.8 0.4 0.5 0.3 , 
Fluoride, d issolved (mg/L) 0.1 0.2 0.0 0.1 0.0 0.0 

S i l  ica, d issolved (mg/L) 2.8 3.7 2.7 2.6 2.1 3.7 
Dissolved sol  ids, ca lcu la ted sum 
(mg/L) 230 111 54 160 150 3 7 
N i t r a t e  p l u s  n i t r i t e ,  d isso lved 
(mg/L) 0.07 0.02 0.52 0.21 1.3 0.35 

Aluminum, t o t a l  (wg/L) 
Arsenic, t o t a l  (ug/L) 
Barium, t o t a l  (ug/L) 
Chromium, t o t a l  (wg/L) 
Copper, t o t a l  (pg/L) 

I ron,  d issolved (pg/L) 40 30 50 50 -- 20 -- 50 
I ron,  t o t a l  (ug/L) 540 -- A - -- 
Manganese, dissolved (gg/L) 10 0 0 0 10 0 
Manganese, t o t a l  (ug/L) 2 0 -- -- - - -- .. - 
Mercury, t o t a l  (ug/L) 0.0 - - -- -- -- -- 
Nickel ,  t o t a l  (ug/L) 
Selenium, t o t a l  (pg/L) 
S i lver ,  t o t a l  ( j g /L )  
Zinc, t o t a l  (ug/L) 



11 12 15 16 17 19 2 1 25 29 
Noatak R. ab Anisak R. Nimiuktuk R. Noatak R. b l  Noatak R. i n  Noatak R. i n  Tulugak Lake Noatak R. Noatak R. 
Anisak R. a t  mouth b l  Tumik Nimiuktuk R. Grand Canyon Noatak Canyon a t  o u t l e t  a b N o a t a k  n r N o a t a k  

17 18 20 2 1 22 23 2 4 26 3 1 
13:OO 10: 30 14:OO 11:30 14:45 15:45 13: 00 15:OO 09 : 00 
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temperature was found t o  be a maximum o f  4.0°C i n  one sp r i ng  and 3.5"C a t  one l a k e  
o u t l e t .  

I n  l a t e  summer Noatak bas in  sur face  waters a r e  no rma l l y  c l e a r ,  coo l  , g e n e r a l l y  
hard, and i n  a  few ins tances  v e r y  hard; t h e  dominant i ons  a r e  ca lc ium and b icarbon-  
a te .  A t  many p laces  t h e  water  has h i g h  d i  ssol  ved - i r o n  concent ra t ions .  D isso lved-  
oxygen va lues d u r i n g  August were a t  o r  near  s a t u r a t i o n  a t  a l l  s i t e s  v i s i t e d .  
F igure 10 shows s i t e s  sampled i n  August 1978; t h e  analyses a r e  l i s t e d  i n  t a b l e  7. 

Dur ing t he  August survey t r i p  n e a r l y  a l l  streams and l akes  were ve ry  c l e a r .  
Though f l o w  was low, t he  Nakol i k  R i ve r  a t  mouth near  t he  Grand Canyon appeared 
t u r b i d .  Local r a i n  p robab ly  accounted f o r  t h e  t u r b i d i t y .  The t u r b i d i t y  impar ted 
t o  the Noatak by t h i s  r i v e r  p e r s i s t e d  f o r  more than 40 m i  downstream. It was a l s o  
noted t h a t  wind-generated waves caused 1 ocal  bank e ros ion  and t u r b i d i t y  on Tul ugak 
Lake ( s i t e  21, f i g .  10) d u r i n g  August 1978. 

AQUATIC INVERTEBRATES 

The presence o r  absence o f  c e r t a i n  organisms i n  a  g i ven  reach o f  a  stream i s  
in f luenced  by stream c h a r a c t e r i s t i c s  such as water  temperature,  pH, d isso lved-  
oxygen concent ra t ion ,  t ype  o f  subs t ra te ,  and v e l o c i t y .  Long-term water-qua1 i ty  
c o n d i t i o n s  have impor tan t  bear ing  on aqua t i c  i n v e r t e b r a t e s  i n  a  stream. These 
organisms, when cons idered i n  t he  c o n t e x t  o f  groups r a t h e r  than as i n d i v i d u a l  
species,  can be used as an i n d i c a t o r  o f  stream c o n d i t i o n s  over  pe r i ods  o f  t ime  much 
l onge r  than the  sampling v i s i t s  (Hynes, 1970; H a r t  and F u l l e r ,  1974; Whi t ton,  
1975). I n  genera l ,  moderate numbers o f  i n v e r t e b r a t e s  w i t h  no v e r y  l a r g e  numbers o f  
any one taxon (a group o f  organisms hav ing s i m i l a r  c h a r a c t e r i s t i c s )  t end  t o  i n d i -  
c a t e  waters i n  a  n a t u r a l  and undamaged s ta te .  

The sampling areas chosen were i n  most ins tances  t h e  same s i t e s  where o t h e r  
i n f o r m a t i o n  was c o l l e c t e d  d u r i n g  t h e  t r i p .  Sampl i n g  procedure i nvo l ved  p l a c i n g  t h e  
d i p  n e t  on t he  stream bed, then d i s t u r b i n g  bottom m a t e r i a l  upstream from the  n e t  t o  
d i s l odge  organisms present .  These were subsequent ly c a r r i e d  i n t o  t h e  d i p  n e t  by 
stream f low.  Sampling was c a r r i e d  o u t  i n  r i f f l e s ,  poo ls ,  areas hav ing submerged 
brush and roo t s ,  s i d e  pools ,  and undercu t  banks. 

Dip-net  sampling was conducted f o r  one 15-minute p e r i o d  a t  each s i t e  ( f i g .  10 
d u r i n g  t h e  August t r i p .  (No b i o l o g i c a l  sampling was done d u r i n g  t h e  A p r i l  t r i p .  
Th is  process was designed t o  c o l l e c t  a  sample which would i n d i c a t e  i n  a  general  way 
t h e  composi t ion o f  t h e  ben th i c  i n v e r t e b r a t e  community a t  a  p a r t i c u l a r  s i t e .  To ta l  
numbers of  taxa c o l l e c t e d  ranged from 8 t o  20 ( t a b l e  8).  

Chironomid (midge) 1  arvae were p resen t  i n  a1 1 samples c o l  l ec ted .  Ephemerop- 
t e r a  were p resen t  a t  a l l  s i t e s  sampled except  one. Whi le P lecop te ra  and Tr ichop-  
t e r a  were n o t  p resen t  a t  every  s i t e ,  t hey  were g e n e r a l l y  p resen t  th roughout  t he  
basin. Samples from the  C u t l e r  R i ve r  and from Makpik Creek, which d r a i n s  Feniak 
Lake, con ta ined  l a r g e  numbers o f  s n a i l s ,  water  f l e a s ,  and seed shrimp, a l l  
gene ra l l y  assoc ia ted  w i t h  l a k e  environments. 

Resu l ts  o f  t h i s  l i m i t e d  b i o l o g i c a l  sampl ing ( t a b l e  8) show t h a t  t h e  Noatak 
bas in  streams suppor t  an assemblage o f  i n v e r t e b r a t e s  t h a t  a r e  cons idered t o  be 
impor tan t  f i s h  food, These forms a r e  a1 so i n d i c a t i v e  o f  c lean  waters. Ana l ys i s  o f  
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a l l  the  samples c o l l e c t e d  suggests t h a t  these waters  possess no chemical o r  b i o -  
l o g i c a l  c h a r a c t e r i s t i c s  which would tend  t o  l i m i t  u t i l i z a t i o n  o f  t h i s  water  
resource f o r  f i s h i n g  , boat ing,  and r e c r e a t i o n a l  Durposes. 

CONCLUSION AND SUMMARY 

Future e x p l o r a t i o n  and development i n  the  Noatak R i ve r  bas in  w i l l  r e q u i r e  
p l ann ing  f o r  va r i ous  uses o f  water  suppl ies,  f l o o d  c o n t r o l ,  and r e l a t e d  a c t i v i t i e s .  
The types o f  hydro log ic  i n fo rma t i on  requ i red  w i l l  govern t h e  des ign of  f u tu re  
data-col  l e c t i o n  programs. Because da ta  c o l  l e c t i o n  i n  t h e  Noatak bas in  has sca rce l y  
begun, e a r l y  i d e n t i f i c a t i o n  of p r i o r i t i e s  f o r  water  i n f o r m a t i o n  w i l l  a l l o w  da ta  
c o l l e c t i o n  t o  be t a i l o r e d  t o  those needs. Some means o f  s a t i s f y i n g  those needs a r e  
descr ibed i n  t he  paragraphs t h a t  f o l l o w .  

Est imates o f  s t reamf low c h a r a c t e r i s t i c s  may be requ i red  a t  any s i t e  on any 
stream, b u t  t h e  means o f  meet ing those needs depend on t h e  n a t u r e  o f  t h e  p r o j e c t .  
For 1  arge water  devel opment p r o j e c t s  such as h y d r o e l e c t r i c  generat ion,  f l o o d  con- 
t r o l ,  o r  water  s torage,  long-term streamgaging records  a r e  des i r ab le .  S i m i l a r l y ,  
d e f i n i t i o n  o f  ins t ream f low requi rements f o r  p r o t e c t i o n  o r  enhancement o f  aqua t i c  
1 i fe should a1 so be based on streamgaging records. To p rov ide  s t reamf low da ta  f o r  
s i t e s  on p r i n c i p a l  streams (dra inage areas g r e a t e r  than 1,000 mi  2 ) ,  streamgaging 
s t a t i o n s  should be l o c a t e d  a t  t h e  proposed development s i t e  o r  near  enough t o  
produce hydro l  o g i c a l  l y  equ i va len t  records. The accuracy o f  es t imates  o f  s t r eamf l  ow 
c h a r a c t e r i s t i c s  a t  any s i t e  depends p r i m a r i l y  on t h e  l e n g t h  o f  gaging s t a t i o n  
record. S t a t i s t i c a l  a n a l y s i s  o f  Alaska streamgaging records i nd i ca tes ,  f o r  
example, t h a t  t h e  standard e r r o r  o f  es t ima te  o f  mean month ly  d ischarge i s  12 per-  
cen t  f o r  10-year records  and 6 pe rcen t  f o r  25-year records.  P r e d i c t i o n  accuracy, 
which i s  based on these s t a t i s t i c s ,  i s  a  f a c t o r  i n  major  p r o j e c t  p lanning.  

For o t h e r  types o f  p r o j e c t s ,  l e s s  p r e c i s e  records  may su f f i ce .  Est imates o f  
s t reamf low c h a r a c t e r i  s t i c s  f o r  ungaged s i t e s  may be de r i ved  from app rop r i a te  
records o f  adequate 1 ength a t  hydro l  o g i c a l  l y  s i m i l a r  s i t e s .  The s e l e c t i o n  o f  
r e p r e s e n t a t i v e  gaging s t a t i o n  s i t e s  r e q u i r e s  cons ide ra t i on  o f  p e r t i n e n t  f a c t o r s  
such as topography, p r e c i p i t a t i o n ,  geology, and bas in  s i r e .  Again, t h e  accuracy of  
t he  es t imate  w i l l  depend on t h e  l e n g t h  o f  t h e  gage reco rd  and t h e  s i m i l a r i t y  o f  t h e  
s i t e s .  

On t he  b a s i s  o f  t h i s  reconnaissance study, t h e  au thors  conclude t h a t  gaging 
s t a t i o n s  a t  severa l  o f  t h e  survey s i t e s  descr ibed  i n  t h e  r e p o r t  would be use fu l  i n  
d e l i n e a t i n g  streamflow c h a r a c t e r i s t i c s .  A s t a t i o n  on t h e  Numiuktuk R i ve r  below 
Tumi t Creek ( s i t e  7 )  and another  on t h e  C u t l e r  R i v e r  ( s i t e  5)  would p rov ide  records 
t o  compare c h a r a c t e r i s t i c s  o f  a  pe renn ia l  and an i n t e r m i t t e n t  stream, r e s p e c t i v e l y ,  
i n  t h e  upper p a r t  o f  t h e  Noatak basin.  Gage s i t e s  on t h e  Noatak R i ve r  cou ld  be 
l o c a t e d  e i t h e r  i n  No-atak Canyon o r  t h e  Grand Canyon o f  t h e  Noatak. T i d a l  a c t i o n  i n  
Kotzebue Sound caused v a r i a b l e  and i n d e f i n i t e  f l o w  c o n d i t i o n s  a t  the former gage 
s i t e  and p robab ly  throughout  t he  lower  canyon. Carefu l  placement o f  t he  gage cou ld  
f a c i l i t a t e  c o l l e c t i o n  o f  accura te  d ischarge records  d u r i n g  pe r i ods  o f  low f l o w  
( l e s s  than 5,000 f t 3 / s ) .  Low f l o w  cou ld  a l s o  be es t imated  by adding d ischarges 
from s t a t i o c s  i n  mainstem and t r i b u t a r y  channels upstream o f  t he  t i d a l  i n f l uence .  

Perennia l  streams a r e  impo r tan t  f o r  f i s h  and w i l d 1  i f e .  They may a1 so serve as 
year-round sources o f  po tab le  water f o r  v i l l  ages o r  o t h e r  f a c i l i t i e s .  Perennia l  


