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V a- 

f o o t  ( f t) 

square m i l e  

CONVERSION TABLE 

meter (m) 

square k i  1 ometer (km 

1,233 cubic meter 

f o o t  per second 0,30M meter per second 

cubic f o o t  per s 0.02832 cubic meter per second !m3/s 

t o n ,  short 0,9072 megagram (Mg) or metric t on  

t o n  per day ( t o n i d )  0.9072 aiegagram or metr'ic ton per day (I.lg/d: 

degree Fahrenhei t ( O F )  "C=5/9 (OF-32 degree Celsius 

Milligram per l i t e r  i s  a s tandard  reporting u n i t  for  which no inch-pound 

equivalent i s  used. 

National Geodetic Vertical Datum of 1929 NGVD cf 8929 : The reference surface t o  

which rel ief  features and a l t i t u d e  d a t a  re la ted;  formerly ca l l ed  mean sea level. 



SEDIMENT DISCHARGE DATA FOR THE SUSITNA R I V E R  BASIN, ALASKA, 1981-82 

- ------------.---- - -  --- ---- 

By James M. Knott and Stephen i d ,  .lipscomb 

1 MTRODUCT f ON 

T h e  Sus i tna  R i v e r  i s  one o f  the major r i v e r s  i n  Alaska, r a n k i n g  f i f t h  i n  drainage 

area and  annual r u n o f f .  The upper reaches o f  the  river a r e  under consideration as 

possible s i tes  for several dams and reservoirs t h a t  will be used as p a r t  o f  a large 

power-generation system i n  south-central Alaska,  

Th i s  report consti tutes a summary o f  sedimer~t and hydraulic data  collected i n  the- - - -  

S u s i t n a  River bas in  i n  the area between the proposed damsites and Sunshine ( f i g .  

1). These da ta  were col lected d u r i  ns 1981-82 t o  determine total-setliment d i  scharge 

o f  the Susi tna,  C h u l i t n a ,  and Talkeetna R i v e r s  prior t o  any construction. The 

data-collection ef for t  i s  par t  o f  a cooperat ive program between the Alaska Power 

Authority and the U.2 Geological Survey. 

Figure 1 near here 

DESCRIPTION OF AREA 

The Sus i tna  River bas in  l ies  on t h e  southern f l a n k  o f  the  Alaska Range i n  

south-central Alaska. The b a s i n ,  which bas a d r a i n a g e  area of about: 19,400 m i 2 ,  i s  

a con t ras t  o f  steep rugged  mountains towering above wide valley f owlands. Eleva- 

"Lions range From 20,320 f t  a t  M t .  ElcKinley to sea level where the Susi tna  River 

empties i n t o  Cook i n l e t .  
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Tributar-ies t o  the S u s i t n a  R i v e r  are  commonly referred t o  as g l a c i a l  o r  nong lac ia l  

streams. The nong lac ia i  streams are notec! fo r  their  c'lari ty ,  even d u r i n g  intense 

stlnmer rainstoems. Glacial streams a r e  general l y  t u r b i d  throuohout  lnost o f  the 

open-f low season May t h r o u g h  October The Sus i t na  River and i t s  larger t r i b u -  

tar ies  are a i l  3,f fected t o  a large degree by glac ia l  runoff.  

Because o f  the remobeness s f  the area and rugged landscape, population i s  sparse 

and development o f  the bas in  has been slow. The economy i s  based principally on 

recreation and tour i  sm. The many iores t s ,  streams , and mountai ns are extremely 

popui a r  w i t h  r e c ~ e a t i o n i  s ts  who enjoy t h e  good hunting, f i s h i n g ,  and scenic beauty 

o f  t h e  area,  

@I, IRATE 

The climate o f  the Susi t n a  River bas in  i s  d i v i d e d  i o t o  two broad categories accord- 

ing t o  maps prepared by Searby Higher elevations of the bas in  are included 

iil the Continental Zone, where d i u r n a l  and annual temperature var ia t ions  a re  great  

and p r e c i p i t a t i o n  1s reiatively low. Mean annual temperature ruanges from 15 t o  

25°F (Hartman and Johnson, 1978). The lowlands l i e  i n  the Tran!;i t i o n  Zone where 

ternperatt~res a r e  less variable than i n  t he  Continental Zone. Mean annual tempera- 

t u res  general 'iy range from 25 t o  3S0F. 

C l  ina-to1 ogical  records For the T a i  keetna wedther s t a t i  oos a r e  probably representa- 

t i v e  o f  lowland areas. A summary of clinatological da ta  for  this s t a t i o n  

(Selkregg, 1974) indicates t h a t  summer temperatures range from 38 t o  6Z°F, winter 

temperaatures range from -9 t o  IB"F, and extremes range from -44 t o  8S0F.  Annual 

p rec ip i t a t ion  averages 28 i n . ,  abou t  60 percent o f  which i s  rainfail. 



~ DATA COLLECTION AND ANALYSIS 

Systematic measurements o f  sediment d i  scharge and hydraul i c  d a t a  were obtained a t  

f o u r  s i t e s  i n  the bas in  d t ; r i i ~ g  the 1982 water year October 1981 - September L ~ ~ s  

Samples here obtained a t  weekly intervals from the Sus i ina ,  Tafkeetna, a n  
-/@--A a 

Ri94ers near falkeetna and  from the Susi  t na   rive^ a t  Sunsh-s'ne, The ~~easuai-ements 

were j n i t i a t e d  t o  define the amount and d ~ s t r i b u t i e n  of sediment transport by the 

Susi tna River and i t s  major tributaries between Gold Creek and  Sunshine ( f i g .  I ) .  

The program included: 

~ Fteasurenent o f  suspended-sediment concentrat ion,  bed1 oad d ischarge ,  and 

cross-sectional dimensions a t  weekly in tervals  fo l  l o l ~ i n g  s p r i n g  breakup. 

( 2 )  Analysis o f  selected samples for particle-size distribution. 

~ Suppf emental samples o f  streambed material. 

S"Lrcamf1ow character is t ics  were defined from d a t a  a v a i  iab!e f a r  e x i s t i n g  stream- 

gag fng  s t a t i o n s .  A t  ~ a ~ m p l i n g  s i t e s  t h a t  d i d  n o t  c c i n c i d e  w i t h  streamgaging s i t e s ,  

sufficient - d i  scharge measurements were obtained t o  develop stage-di  scharge 

relations. All measurements were made from a boa t ;  e i ther  a cableway o r  sex tan t  

were used f o r  s t a t i o n i n g .  

Suspended-sediinent samples were co7 l ected w i t h  a s t a n d a r d  depth-integrating P-61 

sampler (Gay a2d Noman, 1970 Samples were collected a t  selected vert icals  i n  

the stream cross section and analyzed t o  determine averagmsuspended-sediment 

concen t ra t i oo  and p a r t i c l  e - s i z e  d i s t r i b u t i o n  sf sediment i n  t he  wat.er-sediment 

m i x t u r e .  Samples o f  suspended sediment contain partic1 es usually f ine r  t h a n  2.0 

mm) t ransported i n  t h e  stream between the water surface and a p o i n t  about 0.5 i t  

d b ~ v e  the st!-earnbed , 



Sediment t ransi :~orted on or near the streatxbed (0 .3  ft) ;;US sampled u s i n g  a bedload 

sampler (Helley and Smith,  1171, p. 1-18) designed f o ~  collecting coarse sediment 

(0.062-76.2 Saclpling t ime, number o f  sampling p o i n t s ,  stream w i d t h  and d e p t h ,  

and dry sediment were recorded to determine bedl oad d i  scha r p  '-. Trzip c!f f i c i  ericy of 

t h e  sampler was assumed t o  be 1.0. The Helley-Smith sampler i z  n o t  y e t  considered 

'"standard" equuijment fo r  determi n i  ng Ledload d i  scharye becausc t e s t i  ng and cal i bra- 

t i o n  research has no t  bee3 completed. In the interim, the Geological Survey uses a 

provi  si otial method t o  ca l cul a t e  bed1 oad d i  scha rge U. S .  Geological Survey, written 

corn.,  1979 based ow f ie ld  caf i b r a t l o n  t e s t s  Emmett, 1980). 

A few bed-material samples were obtained a t  e s t h  s i t e   sing a 6-inch diarneter p i p e  

dredge, A t  some s i t es ,  deep and s w i f t  rivers, armoring, and the presence o f  codrsc: 

particles an the streambed made sampling d i i f i c u l  t. Results range from poor a t  

Sus i tna  River near Talkeetna t o  good a t  C h u l i t n a  R i v e r  rlear Talkeetnri. 

bteasurements of d e p t h  and  w i d t h  a t  sampling sections were generally obtained d u r i n g  - 

bedload measurements. Depths :$ere measured by s o u n d i n g  w i t h  the Helley-Smith 

sanpler a t  18 t o  25 vert icals  i n  the cross section. Stream w i d t h  was determined 

from s t a t i o n  markings on cableways o r  from sextant  readings. Average velocity was 

determined by d i v i d i n g  the rated discharge of the strearn by the cross-sectional 

area, 

SEDIMENT DISCHARGE 

Sedirnel:& 7'1- - - 

Sedinent -is transported i n  suspension, as bed load ,  o r  as  a combination o f  both .  

Suspended sediment, as the  nalne i n : ~ l i  es, consists o f  par t i c1  es w h i c h  are  t r ans -  



ported i n  a stream w h i l e  being he ld  j n  SL ,,ensiort by the t u r b u l e n t  components o f  

the flonirlg water. Coarse sediment t h a t  i s  transp9rt.d on o r  near the streambed 

consti tutes t he  bedload. Clay and s i l t  particles i ~ s u a l l y  are moved in suspension 

and gravel particles move on or near the streambed. Sand particles may be trans- 

ported e i  the? as strspended load or as bedload, o r  both.  

Sosp'inded-sediment sampl i n g  fo r  this study \gas i n i  t i a t e d  ?!iringl the 1981 water 

year ,  Samples were obtained a t  mcntllly intervdls a t  Sus i tna  Rivler a t  Gold Creek 

(i5292000), Chul i tna  R-i ver near  f a 1  keetna (15202400), Tal keetna R i  ver near Ta! keet- 

na (15292700), and S u s i t n a  River a t  Sunshine 15292780). In 1982, the program was 

modified t o  include weekly sampling a t  the C h u l  i t na ,  la lkeetna ,  arid Sunshine  s i t e s  - 

and t o  establish a new s i t e ,  designated "Sus i t i l a  River near Talkeetna" (15292100). 

Sediment-transport rates f ~ r  the new s i t e  are more comparable 1:o those for  the 

c.t.her s i t e s  t h a n  i s  Gold Creek because o f  i t s  closer proximity t o  the other s i tes ,  

Suspended-sediment d a t a  obtained d u r i n g  the 11991-82 !water years are listed i n  t a b l e  

1. Comparison o f  da ta  f rom the f ive  s i t g s  indicates bo th  similarit ies and d i f -  

ferences beween the  amount o f  sediment t r anspor t ed  by the Susi t.na River and i t s  

t r j b u t a r i  es ,  

Table % near here 

Durtng the wil?ter period November - March) sus pended-sedi~ent concentrations are 

generally less than 10 mg/L a t  a l l  sampling sites.  The rivers a r e  generally i c e  



covered and  streamflow. i s  a t  i t s  annual mininum--precipi t a t i o n  i s  stored as snow o r  

i c e  and g lac ie r  me l t i ng  i s  a t  a min imum.  

Spl'ing breakup usual l y  occurs i n  May. Concentrations of suspended sediment i n -  

cri  se rapidly t o  several hundred ni11igrams p r  l i t e r  soon af ter  the breakup 

period. Samples collected i n  l a t e  Mr.y and ear ly  June typically contain a large 

percentage o f  sand, which may ifldicate t h a t  coarse sediment i s  being primarily 

eroded from stream channels o r  banks. Water levels are generally h i g h  d u r i n g  this 

period. Large parts o f  the river f lood  p l a i n  are covered by ice,  so t h a t  f l o w  i s  

confined and diverted toward the o ther  bank.  Bank erosjon by ice-block abrasion 

may be severe. 

Sur pended-sedi nient concentrations a t  the d i  i fercnt  sampl i n g  s i  tes a r e  most var iable  

d u r i n g  the summer (July-August The Susi tna  and Ta'i keetna Rivers t i re moderately 

affecte.;' by g lac ia l  r u n o f f ;  glaciers account f a r  5 t o  7 percent of' the drainage 

areas, - Gsncentrations. for  the s i tes  on these rivers --''near Tal  keetna" 

15292108 and 15292700 ranged from 90 t o  768 mg/L d u r i n g  July and August 1982. The 

larger concentrations typ ica l  lgr occur d u r i n g  periods o f  storn runoff.  

About 28 percent o f  the drainage area above the  Chu l  i t n a  sampling s i t e  (15292400) 

i s  covered by glaciers.  Concentrations of suspended sediment a t  thsis s i t e  ranged 

from 766 t o  1,270 mg/t d u r i n g  July and August 1082. Concentrations d u r i n g  periods 

05 m~x inum glac ia l  mtlt were roughly equivalent t o  those d u r i n g  permiods o f  starm 

ru i l o i f .  During July and August 1982 suspended-sedi~ient concentrations f o r  the 

Sunshine  s i t e  15292780) ranged fi-om 424 t o  1,430 mg/L and  represent a complex 

mixture o f  sediment and s t rearc f low contributions from the Scrsi tna, Chul i t n a ,  and 

Talkeetna  rive^ neat* hafkeetna,  
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Particle-size d a t a  f o r  July and August indicate s i g n i  f i c a n t  d i  iferences i n  the 

co.nposi t i o n  c3f suspended sediment f o r  the sampling s i t e s .  The Sltsi tna  R i v e r  near 

Tal keetna typically transports a small percentage o f  s a n d  ( 2 1  percen,t compared t o  

tI-ne C h u l  a" t na   rive^ 29 percentj and the Talkeetna R i v e r  ( 5 5  percent The Susi tna 

River a t  Sunshine transports an average of 28 percent sand.  

A common method f o r  analyzing sediment-transport characteristics a t  a s i t e  is t o  

consti-uct a graph  of sediment drscharge versus water discharge. This re la t ion i s  

generally expressed as a p l o t  on logarithmic paper and i s  referred t o  as a 

sediment-transport curve. Sediment-transport  curves showi ng the re la t ian between 

instantaneous sediment discharge and water discharge fhr the Susi  t na ,  Chul  i tnd, and 

Talkeetna River s i t e s  a re  shown i n  figures 2-5.  Simi lar  curves were prepared f o r  

the sill-cl ay and sand f rac t ions  t o  examine possible d i f f e rences  in sediment 

supp l  i eci  fro^: gf ac ia l  runoff and s t o r m  runoff .  Coefficients o f  deterninati  on ( r z )  

\+ere computed to provide a qualitative measlire o f  the variance o f  sediment d i s -  - 

charge t o  water d i  scharge. 

Figures 2-5 near here 

-7- he t ranspor t  curves are probably representative only for sediment transport d u r i n g  

dune  t o  September 1982. A l t h o u g h  runoff d u r i n g  the 1982 water  year was about  

average i n  t o t a l  Flow, maximum water discharges were we1 1 below extremes for the 

period of record and minimum flows were well above low f lows for  most years .  
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Suspended-sediment d i  scharge characteristics were q u i  t e  simi I a r  a t  a1 l sampl ing 

s i t e s ,  i n  t h a t  sedinient discharge increased a t  abou t  the same rates relative t o  

water discharge. Sediment discharge increased exponential l y a t  a faster rate than 

water discharge. Exponents c f  water discharge, 9, i n  the equation 

ranged from 2.11 f o r  Sus i tna  River a t  Sunshine  t o  2.37 f o r  C h u l i t n a  River near 

Talkeetna; rZ ranged from 0.75 t o  0.31, Division o f  suspended sediment i n t o  

s i  1 t -clay and sand fractions, hor.rever, i nd i ca ted  some extreme differences between 

i n d i v i d u a l  si&e?is, 

A t  Susi tna River near Talkeeina,  the amount o f  suspended sand carried by t h e  stream 

increased a t  rnore than  twice the ra te  o f  s i l  t -clay wiLh  increase.5 i n  water dfs-  

charge* -At the lowest discharge sqmpled, sand discharge was 1,090 <ton/d compared-- --I - 

t o  a s i l  t-clay discharge o f  8,840 ton/d. A t  the h i g h e s t  discharge sampled, sand 

and s i  1 t -clay d i  scharges were bo th  abou t  35,000 ton/d. 

A t  the Ch~d i tna and Ta 1 keetna Rivers, sand and  s i  1 t-clay d i  scharges both increased-:::: 

a t  approximately the same rates. S i 1  t -clay discharge increased a t  a si ight ly  

Faster r a t e  t h a n  sand discharge a t  the C h u l i  tna River and a t  a s l i g i ~ t l y  s f  ower rate 

a t  t h e  falkeetna River, 

A t  the Sunshine s i t e ,  sand discharge increased a t  a much faster  rats t h a n  silt-clay 

discharge. For a l l  ranges of discharge sampled, however, the amount of  sand t rans-  

ported was less t h a n  the s i l t  and c lay  s i z e d  material. 



The bedload and hydraulic d a t a  fo r  the three sampling s i t e s  near Talkeetna and the 

Sus i t na  River a t  Sunshine are summarized i n  t a b l e  2 .  . Bedload i s  expressed b o t h  i n  

ions  per day and i n  terms o f  the particle s i z e  distribution, as percent f i n e r  than 

the i n d i c a t e d  s i eve  size. Samples were collected monthly starting i n  July 1981 and 

weekly beginning i n  June 1982. 

---. 

Table 2 near here 

The bedload  discharge for the Susi tna  River near T a l  keetna ranged from 106 t o  2840 

i o n i d  du r i ng  the 1382 water year. - During this same period,  the water- discharge - 

ranged from 16,900 t o  44,400 f t 3 / s .  In contrast , -  i n  1982, the bedload rate  a t  the 

C h u ' l i t n a  River s i t e  ranged from 2560 t o  18,300 t o n / d ,  w i t h  water discharge vary ing  

from 12,500 t o  33,400 f t 3 / s .  

During  the summer o f  1981, bedload samples \$ere col i e c t e d  a t  Sus; t n ; .  giver a t  Gold 

Creek ( t a b l e  2 ) .  In 1982 the sampling s i t e  was relocated downljtream t o  the new 

s t a t i o n ,  Sus i tna  River near Tal keetna. A comparison o f  da ta  from t h e  two sites 

indicates t h a t ,  fo r  a g iven  d-i scharge, simi ja r  amounts o f  sedimerit are t ranspor ted  

pas t  *them. The 91-ain-size distribution f o r  bo th  IocatZons sho~lred a f a i r l y  even 

m i x t u r e  of sand and gravel a t  the b e g i n n i n g  of the summer w i t h  a steady decrease i n  

\gravel s i z e  material as the  summer progressed and f l o w s  d imin i shed .  T h i s  trend i s  

i n t e r r u p t e d  only d u r i n g  the major storms of the summer, w h i c h  occurred near the end 

of July and i n  mid-September. During these periods of higher Flows there is a 

sh i f t  t o  increasing g r a i n  s ize  bu t  t he  median s t i l l  remained i n  the sand range. 



The part ic le-s ize  distribution on the Chulitna River tended toward a h igher  per- 

centage o f  gravel t h a n  sand.  A typ ic37 m i x t u r e  of 30-40 percent sand and 60-70 

percen t  gravel was Fairly constant  t h r o u g h o u t  t h e  summer. Stam-runoff events 

produced only a slightly larger median par t i c le  s i z e .  Low flows seemed t o  produce 
* 

~ a r i ~ i b l e  resul t s ,  sometimes increasing and sometimes reducing the median s i z e  of 

bedl oad,  

i n  the 1982 water year ,  bedload discharge a t  the Talkeetna River s i t e  ranged from 

243 t o  5790 ton /d  f o r  flows rang ing  from 5960 t o  19,100 f t3 / s .  The par t ic le  s i z e s  

on -the TaI keetna River were typica l  l y  70-90 percent sand.  Exceptions occurred 

dur ing  snownelt runoff i n  ear ly  June. For th is  period the :size d i s t r i b u t i o n  

changed t o  about 65 percent  gravel and 35 percent sand.  Dur ing  a September storm - 

the amount of gravel again  rose t o  73 percent. A l t h o u g h  the size of the material 

was r e l a t e d  t o  stream discharge,  the  amount o f  bedIo3d transported seemed t o  be 

independent o f  discharge. In  June and again i n  August and Septr2mber bedload d i s -  

charges typically ranged from 1000 t o  2000 t o n i d .  For several 1,deeks i n  July bed- 

load discharge decreased t o  less t h a n  1000 ton/d .  Even d u r i n g  the :tom on July 

27-28, when streamflow was 14,300 f t 3 / s  a t  the t ime o f  the saml>l i n g ,  the bedload 

discharge was only 885 t o n / d .  Then i n  August i t  rose t o  i t s  grarlier levels and 

remained a t  those -levels throughout the summer and f a l l .  

At Sus i tna  River a t  Sunshine i n  1982, bedload discharge ranged from 1050 t o  13,600 

 ton/^; streamflow from 38,500 t o  99,000 ft3/s. During most o f  the 1982 sampling 

June-September , the t o t a l  bedload d i ~ c i ~ a r g e  a t  the three upstream s i t e s  
d 

was two to f i v e  times larger than t h a t  a t  Sunshine. Th is  indica1:es t h a t  the excess 

ina ter ia l ,  moved t h r o u g h  the three sikes above Talkeetna, i s  e i ther  deposited i n  the 



S u s i t n a  River between Talkeetna and  
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the sampl i n g  site., The only except ions t o  th is  were on Ju ' y  26 and a g a i n  on Sep- 

tember 18, when the t o t a l  o f  t h e  three upstream s i t e s -  was s', i g h t l y  less t h a n  t h a t  

measured a t  Sunshine. These two  dates correspond t o  the two peak flows a t  Sunshine 

d u r i n g  1982. T h u s ,  the d a t a  i n d i c a t e  t h a t  material deposited above Sunshine d u r i n g  

low and medium f l o w s  i s  transported d u r i n g  h i g h  flovjs. 

At Sunshine ,  the: sand and gravel fractions o f  5edload discharge varied w i t h  season 

and water discharge. In the ea r ly  pa r t  o f  June the i i l i x tu re  was a b o u t  20 percent 

sand and 80 percenL gravel. T h i s  coincided ' i  t h  the h i g h  runoff flows d u r i n g  t h a t  

period. Later d u r i n g  A u g u s t ,  when the water discharge was low, the gravel propor- 

t i o n  decreased t o  about  15 percent, wi th  sand increasing t o  85 percent. T h i s  

mixture was affected d u r i n g  the storm events i n  July and September w h ~ ~  gravel 

increased t o  75 percent. 

Selected channel cross sec t ions  f o r  the four s i t e s ,  w i t h  a corresponding p l o t  o f  

bedload discharge a t  i n d i v i d u a l  sampling p o i n t s  are shown on figure 6-9. In most 
*& 

cases the l oca t ion  o f  the a c t i v e  bedload movement i s  w i t h i n  the deeper p a r t  o f  the 

channel where the yeloci t i e s  are grea-test. The bedload values for  each i n d i v i d u a l  

p o i n t  across the  s e c t i o n  were es t ima ted  d u r i n g  sampling, as  most analyses :dere 

c~mposi led  f r o m  samples obLained a t  more t h a n  or;@ p o i n t .  The es t ima ted  values were 

used, -together w i - t h  the ac tua l  we igh t  of  the cumulative sample, t o  g- ive  a weighted 

estimate of each poirlt  sampled i n  the cross section. This method g i v e s  a qualita- 

t i v e  approx imat ion  f o r  the la te ra l  d i s t r i b u t i o n  o f  bedload movement. 



Figures 6-9 near here 

Relation Between Bedload Di schargc and Water ----- -- - e 

A re la t ion  can be defined between bedload  discharge and water discharge, using 

simi l a r  methods as for suspended sediment. Log-transformed d a t a  and a least-  

squares method are used t o  obtbin a bes t - f i t  l ine th rough  the  p lo t t ed  po in t s .  

Transport curves and corresponding equations describing the relations are shown i n  

figures 10-13. 

-- 

Figures 18-13 near here - - - -  

The small scat ter  of  d a t a  points  fo r  the S u s i t n a  River near Talkeetna suggests t h a t  

water. discharge has a s t rong influence on bedl aad 'discharge; an i ncrease i n  water:- -' 

d ischarge results i n  an exponential  increase i n  bedload discharge. Data fo r  t he  

Chul i t na  and Ta l  keetna Rive rs  have considerably more sca t t e r ,  indicating t h a t  

bedload discharge i s  i n f l uenced  by several factors.  I t  i s  l ike ly  t h a t  g l a c i a l  

processes are par t ly  respansi ble f o r  this  increased scatter.  Other factors  may 

include the available supply of coarse material,  bedload-suspended sediment 

i n t e ~ a c d i  on sand sizes),  and t i m i n g  of sampling v i s i t s  w i t h  resppct t o  s t o m  

events. Most visi ts  i n  1982 were made dur ing  recession periods a f t e r  peak d i s -  

~ charge o r  d u r i n g  extended base-f  low per iods.  



During some pe r i ods  when e i ther  g l a c i a l  o r  storm processes were dominant, the slope 

for the bedload t o  water discharge relation was similar t o  t h a t  fo r  suspended-sand 

discharge. Transport curves developed from corref a t i o n s  between bedload a i~d  

suspended-sand d i  scharge were used where c o e f f i c i e n t s  of determ-instion 

regression equations were unusually low. 

BED-MATERIAL DATA 

Bed-material sainpl es, representat? ve o f  t h e  sediment occurring .in the submerged 

parts of the  river channels, were extremely d i f f i c u l t  t o  obtain because t he  rivers 

were t oo  deep and swift for di rec t  access t o  streambeds. Representative samples, 

were obtained, however, a t  Chulitna River near T a l  keeetna (15292.400) and a t  most 

sampling p o i n t s  a t  Sus i tna  River a t  S u n s h i n e  (15292780)- ..A few samples were 

obtained - a t  the %a1 keetna River- ' -and Susitha River' near Taf keetna - - 

(15292100) s i tes .  ldost samples obta ined a t  the l a t t e r  s i t e s  consisted o f  a few 

coarse par t ic les .  Bed-material da t a  for 1981-82 are listed i n  t a b l e  3. 

~ Table  3 near here 

ESTIMATED SEDIMENT YIELD, MAY TO SEPTEMBER 1982 

The sediment yield Froa a dra inage  basin  i s  commonly expressed i n  terms o f  w e i g h t  

(short o r  metric tons  acre-feet o r  cubic meters). Sediment yields may 

be estimated by several methods, depending  generally on "ie amount and type of 

a v a i l a b l e  d a t a .  If  d a i l y  records of streamflow are available, b u t  sediment deis- 

charge has been meas; \ed only infrequently, the method most commonly used involves 

def i r i ing  a re la t ion  between instantaneous sediment discharge and water discharge 



' and a p p l y i n g  th is  r e l a t i o n  t o  d a i l y  values o f  water discharge. This iinethod was 

initially used t o  e s t i m a t e  sediment yield f o r  this study. 

A t  some s i t e s ,  however, a s ing le  sediment-transport curve could n o t  be app! i e d  f o r  

the ent i re  per iod  because of seasonal changes i n  the amount and particle-size 

d i s t r i b u t i o n  o f  sediment f o r  g i ven  water discharges. A t  the Chulitna River s i t e  

the sca t te r  of bedload-discharge data was such t h a t  even the d e f i n i t i o n  o f  a 

bed! oad.-water discharge re la t ion i s  subject t o  individual interpreiat;ion. Several 

a l ternat ive methods were selected t o  es t ima te  sediment yield for  the  period May to 

September 1982. 

Suspended-sediment yie ld  was est imated u s i n g  the Col by shift-control alethod - 

1956). According t o  Colby, p a r t  o f  the scat ter  o f  sediment dd ta  -in sediment- 

t r anspor t  relat ians i s  due t o  random or  very  short-term f luctuat ions  i n  concentra- 

t i o n ,  pa r t i cu la r ly  the concentration o f  the coarse sediments. Par t  may be due t o  

inflow f rom t r i b u t a r i e s  or an actual  change t h a t  may persist fo r  days, weeks, cr  

seasons. In the opinion of t h e  authors .  most o f  the observed sca t te r  i s  probably 

due  t o  seasonal changes and complex m i x i n g  of sediment produced fronn g l a c i a l  me1 t 

and storm runoff ,  and Colby's method would result  i n  more accurate  estimates. 

Colby suggests t h a t  i f  a change i n  the  re la t ion persists fo r  severa'l days or more 

the t r anspor t  curve could be shifted t o  pass th rough  or near each i nd i v i dua l  

measurement. The method i s  subjective i n  t h a t  judgment i s  used t o  tiecide whether 

the measurement i s  representative o f  an actual  change or a random f l l ~ c t u a t i o n ,  i\R 

important  advantage i n  using this  method i s  t h a t  the accuracy of fit o f  the 

transport-curve i s  of smal l importance. 



Bedload y ie ld  aJso was estimated u s i n g  the Colby shi f t -cont ro l  methold. A t  s i t e s  

where the sca t te r  i n  da t a  on bedload discharge was extreme, the  i n i t i a l  t r anspor t  

curve was constructed based on transport curves of. suspended sand. Sediment- 

transport curves were constructed for s i  1 t-cl ay, sand,  and  gravel components For - 
both suspended-sedi ment and bed1 oad d i  scharge measurements. 

Estiinated sediment yields  for  the period May t o  September 1982 are g iven  i n  t a b l e  

4. Total  sediment y ~ e l d s  sum o f  bedload and suspended-sediment yie ld)  for  the 

s i t e s  near  l a i  keetna ranged from 1 .5  million tons For the Talkeetna River t o  8.2 

million i ons  for  t he  Chul i t n a  River. The Sus i tna River near Tal keetna transported 

about 2.8 million tons of sediment From May t o  September 1982. 

-- - .  

Table 4 near here 

Sediment composition was predominantly si l t-clay for  the Susi t n a  

C h u l  i t na  (62 percent Rivers near Palkeetni: and  sand (54 percent) for the Talkectna 

River. The amount o f  gravel ranged from 0.3 percent o f  t o t a l  sediment yie ld  fo r  

the Sus i  tna  River near TaS keetna s i t e  t o  7.3 and  8.3 percent fcr  t h e  Tai keetna and 

C h u l  i t n a  River '  s i t e s  respectively. The t o t a l  sediment yie ld  tran:;ported pas t  the 

three s i t e s  near TaIkeetna f 2,500,OGO tans)  agrees reasonably well w i t h  t h a t  

estimated for t he  s i t e  a t  Sunshine 13,000,000 tons) .  Examination o f  the  bedload- 

s i z e  d a t a ,  however, indicates t h a l  less thar! h a l f  o f  the gravel transported p a s t  

the uppr s i t e s  reached Sunshine d u r i n g  1982. 
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kVATER D;SCHARGE,:BN CUi"sC FEET PER SECOND 

Figure ?..--Relation betu~e~~r,  suspended-sediment discharge and water dischqge for Susilna 
Rfver near Tdkeetna, 1982 water ya, 
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'TS Total suspendetl-sediment dischar 

+, Silt-clay fraction of  QTs 

a n d  Sand f r a a i o n  0.1 QTS 

WATEB DISCHARGE, IN  CUBIC FEET PER SEC3ND 

Figure 3.--Relation between suspended-seuimel~t distzharge and rvater discharge for Chulitna 
R i i v e  near TaLkeetm, 1982 water y e a ,  



Q, +, = 5.39 x 10-6 02-18 

Stream discharge 

OTS Tctai suspended-sediment discharge 

Q, + , Silt-clay fraction of QTS 

qand Sand fraaion of OTS 

\&&TER DfSCWARGE, IN  CUBIC FEET P E R  SECOND 

F@re 4.--Relation bek~x~een suspended-sediment discharge and watw: discharge for Talkeetna River 
near 'l"alkeetna, 1982 vcater year. 
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O Strean1 discharge 
Total suspended-setjirnent discharge - 

+ Silt-tray fraction of QTS 

asand Sand fraction of 

WA%EFa DiSCHAWGE, DN W B I C  FEET PER SECOND 

Figure 5.--Relation between - -- - -- -- --- - suspended-sediment . - - discharge and water discharge for Susitlla River 
at Sunshine, 1982 water y e a .  



Figwe 6a.--Cross section and distribution of  bedload discharge, Susitna River near Takeetna, June 8, 1982. 
, * - .  
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Figure 6b.--Cross section and distribution of bedload discharge, Susitna River near Takeetna, July 21, 1982. 
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Figure 6d.--Cross section and distribution of bedload discharge, Susi~na River near Takeetna, August . 25, - 1082. 
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Piwe Ge,--Crcgg gec$ior. Gistzikuticn of bedlaad dischsyge, S-sitr,a River n e a  Ta$eetna, September 19, 1982. 
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e 7a,--Cross section and distribution %sf bdload discharge, C h d i t ~ ~ a  River 
n m  Talkeetna, June 9, 1482. 
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Figupe 7b.--Gross section and distribution of bedload dischuge, Chulitna R i v a  
. - - - - . - - - - - - - - -- - -  

snex Talkeetna, July 28, P 98%. 
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Figxe 7c.--Cross seztion 2nd distribution of hedload discharge, Cbulilna R i v a  
- - - - -  -- - 

near TcLlkeetna, July 27,1982. 
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Dear Mr. Vould: 

Enclosed e 10 copies o f  the report "Sediment discharge da t a  f o r  the 
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Lipscomb. The report has not yet been reviewed fo r  conformance wi ti! 
U. S .  Geological Survey ed i to r i a l  s t andards  nor approved f o r  formal 
publicatian. A1 t h o u g h  the da ta  may b; used w i t h i n  your agency and by 
your p l a n n i n g  and design contractors ,  \ge request t h a t  neither the 

---.- -.l-v-...narr--râ- ---- - ---I--- 
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Discharge = 17,900 cubic feet pBr second 

DISTANCE FROM LEFT BANK, iN FEET 

Figwe 7d.--Cross - - -  section and diskibution of bedload discharge, CkuEtm River 
naTr Tallreetna, Aa~pzst 24, 1982. 



Discharge - 29,600 cubic feet per second 
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Figure 7e.--Cross section and distribution of bedload discharge, Chulitna Rilw 
n=ar'Ta&eetna, September 18,1982. 
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aiSiA(. iCf  FRQli4 L E T  BANK, IN F E E T  

Figure %.--Cross ~ ~ ; . t j r i n  a:?d cijS~ii;7u:iora of 1rcd:oad disch;uge, Susitna River il$, Sunshine, June I@, 1982. 
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Figure 9b.--Cross sec,tlcn ai?d disiri1,uiial-i o f  bc.ti?o;id rSisc1-i:vge, S~asitna River at Sunshine, July 19, 1982. 



31STAc;NCE FROM LEFT EANK, IN F E E T  

F i g ~ ~ c .  gc.--@i.iizs ~ t - ~ , i j ~ : ~ i  n:ltl cjisiribiition of kjedlr;ad iiisch;r;ge, Susitna River at Sunshifie, July 26, 1982. 



Discharge = 38.500 cubic i e e t  per second 

110 

,m- L--- * - 
EGO 

DISTANCE F R Q K  L E F T  BANK, ini F E E T  

F i v e  9da--f7-->ss section ancf didribution o f l j ~ d b a d  dischxgi?, S u s i t ~ a  I'ii::~; a t  S;r;ihine, .A;.igu~i 23, 1982. 

DISTANCE FiiOWt L E F T  BANK, IN FEET 

libti-ibniion of bedload discharge, Susitna River a t  Sunshine, ~epkrnber  119, 3.982. 



DISTANCE FROI\/I LEFT BANK, IN FEET 

F i ~ w e  9e.--Cross sL1c t i u o  ant3 (1 .Irifiillic.irl of b~clioad discha~ge, Susitna Rives a t  S~~nshine,  September f 7, 1982, 



X 

Discharge - -  - = 14,000 cubic feet per secor~d 
t 

DISTANCE FROM LEFT BANK, IN FEET 

Figu3:e 8a.--Cross section and distribut iori of b edload dischge,  TaGreetna River 
TalkeeCna, June 9,1982. 



DTSTANCE FROrt.4 LEFT BANK, IN FEET 

e 8b.--Cross section - - . and distribution of bedload dischmge, Takeetna &vex 
Talkeetna, July 20, 1982. 



DiiSTANFE F R O M  L E F T  BAMM, IN FEET 

Figure 8c.--Cross section and distribution of bdIoad discharge, Talkeetna River 
Talkeetmla, July 28,1382. 



DISTANL; FROM LEFT BANK. IN F E E T  

Figure 8d.--Cross section - -  - and distrihirtion of bedload dischar;:e, Taliteetna River 
near Takeetna, August 24, 1982. 



DBSTANCE FROM L E F  t BANK, 1N FEES' 

Figure 8e.--Cross section and distribution of bedload disehavge, Takeetna River 
-- - - ----- - - - - -- - -- - -- - 

n e x  Talkeetna, September 20,1982. 



1 8,000 1 00,000 

WATER DISCHARGE {Q), IN CUBIC FEET PER SECBl'abD 

Figure 10.--Relation betweer1 -- - - - bedload - - - discharge and water discharge, 1982 water y 
River near Talkeetna (15292100). * 



WATER DISCHARGE (Q). i N  CUBIC FEET PER SECOND 

Figure 11.--Relation - -- -- -- between -- - - - ---- hedload d isch~ge  and water discharge, 1982 wate~: y 
Takeetna (15292400): 



WATER DISCHARGE (Q), IN CUBIC FEET PER SECOND 

Figure 12.--Relztion - bebeen  bedload discharge and water discharge, 1982 wArr year, Taiireetna 
--- - -- -- 
Tabeetna 615292700); 



WATER DISCHARGE [Q), L% CUBE%-: FEET PER SECOND - - 

Fiwe 1 3.--~ejigtion beb~~eea bedliid discharge and water dischage, 1982 Gat- year, Susitna 
-I_X_--.-..-.--- - 

River at SunsE~ine (152927803, 



Table 1.--Subpended-redinlent da t a  fo r  selected s t a t i o n s  i n  the Susi t n a  River basin, 1981-82 water years 

tern- 
pe r a -  

Sed i men t Suspended sediment 
concen- Sediment 

S t a t i o n  name B a t e ~ f  Discharge t r a t i o n  discharge 

SG "tnz Rf i t ey  

a t  Gold Creek 4x4 
(15292000) 

,6 
. @ 
.O 

10 '0  
7 -  ,r ,5 
10,5  
%2*0 

. 5  

1980 3,260 
Oct, 7 

198% 
Jan ,  16 2,880 
Feh, 12 2,200 
Yare 24 1,680 
May 27 15,900 
June 23 17,800 
duly 2 %  42,500 
B u g .  27 26,660 
S e p t .  28 8,540 

4982 
Jan,  28 2,310 
Mar, 3 1,070 
Mat*. 30 1,520 
May 27 23,600 
July I 24,500 
Aug. 29 13,200 
Sept ,  I6 34,660 

I982 
June 3 35,800 
June 9 46,600 
June 15 24,280 
June 22 37,008 
June 30 30,208 
Ju ly  8 28,780 
Jtaly 14 30,800 
Ju ly  21 24,900 
J r l y  28 30,800 
Aug, 4 22,700 
Aug, 10 20,300 
fig, 48 47,700 
Aug,  25 16,806 
Wug, 31 99,300 



Sed ."i men t - diment 
ise ?a- c o n e e ~ ~ -  Sediment 

C h u l  i tiaa Rdi ver 1988 
near Tal keetna 5,0 Oct, 22 4,530 47 575 -- -- -- m e  -- -- e m  -- -.- -- -- 
( 15292400) 1985. 

. O  Jan, 14 1,620 3 3.3 -- -.. *- m e  -- -- -- - l _  -_ -- -- 
- - Feb, %O 1,540 5 2%. -- -- - - -- *,A, -- -- -_ a - earn - -- 
wzs- Mar, 25 1,150 7 22 -- -- -- - - -_ -- -- -- -- 
-- May 18 11,900 a 560 15,800 27 2Er 35 43 51 59 67 79 94 PO0 -- 
8.0 June 23 22,100 1,420 84,700 -- 34 46 56 64 70 75 84 94 99 100 
- - J u l y 2 0  34,000 1,OlO 92,700 16 24 35 46 55 52 71, 86 98 100 -- 

14.5 Aug, 24 23,500 782 43,686 1 3  17 24 30 37 42 47 64 88 106 - - Sept, 28 5,950 129 2,070 - "m - - - - -- 53 -- - -A -- -- 
9982 - - Mat., 2 78Q 4 8 5 -- m e  -- - =w -_ -- -- -a - m  -- 

'=a - Apr.  8 1,180 3 83 1,140 - - -- -- - - -- -a BIm .=mw -- 
6.0 June 4 $1,500 424 5.3,200 22 32 37 46 54 59 68 88 99 100 -- 
6 3  June 9 16,900 768 34,780 13 2-6 - - 4 1  - - 7 7 83 96 99 100 ._ _ 
4 - 5  June 16 14,500 428 16,880 24 36 -- 48 -- 62 68 84 10G -- -- 
7 3  June 22 18,500 880 46,300 19 25 3% 39 47 58 54 75 98 180 -- 
I , O  June 29 29,000 1,600 125,000 34 45 56 62 70 77 83 94 100 -- -- 
9,O duly 7 20,306 1,006 55,900 26 36 5% 68 69 78 84 93 100 -- -- 
6,s J u l y 1 3  22,708 1,270 77,800 -- -- - - -- MaD 71 76  83 99 100 -- 
9,Q July 20 23,100 l,l40 71,100 30 44 54 65 77 78 84 92 300 - - ..a =%, 

6J.I ~ u l y  21 31,900 l , l % O  95,600 16 25 30 42 51 60 70 85 98 99 100 
8-8 Aug, 4 23,300 803 50,580 24 33 42 55 67 7 3 7 7  87 99 106 e m  

6 , O  Aug, $1 21,300 756 44,lOB 23 34- 46 51 60 68 75 85 99 100 s9a- 

5.0 Aug, $7 21,900 I., 18C 69,800 25 37 48 59 68 75 80 87 97 100 gu 

5 - 5  Aug, 24 18,200 83 0 40,800 24 34 42 54 65 75 93% 93 100 we%4 .21*16 

6.0 Sepk, 1 17,300 506 23,600 17 26 -- 42 -- 64 68 -sl a m  84 100 
---- 5,O --- 33 43 52 58 68 74 86 96 99 108 (LIw 



Table 1, --Continued 

 era- concen- Sediment 
S t a t i o n  name Percent f iner t h a n  s i z e  i nd i ca  

and nlamkr 

$a1 keetna River 1980 
near Ta? keetna 4,O Oct. 8 3,340 
( 15292700) 1981 

.IS Jan, 17 653 
- 6  Feb, 9% 530 
.6 Maini., 26 554 

8,s May 29 7,3640 
16,O June 24 7,756 
9.0 July 2 2  15,700 

lo .  e AUS. 28 9,900 
1 . 5  Sept ,  28 3,010 

1982 
- - Ma?, 3 260 
-- Apr, 9 432 
- em dune 1 9,440 
4,O June 2 17,1960 
6 . C3 (june 9 14,200 
- - d u n e  45 11,400 
9.0 June 23 12,400 
9,s June 29 40,780 
w * July 2 8,248 

13.0 J ~ l y  7 6,750 
%O,O July 1 3  8,880 
13,O July 20 8,408 

9,O J u l y 2 8  14,200 
1%,0 Aug, 3 8,980 

9,O A u ~ ,  10 6,980 
9,O Rug, 17 5,230 
.za mn Wug, 24 5,920 
8-5  Aug. 31 9,120 
6 , O  Sept. 17 17,080 

- -v 5 .0  -- ' e  t, 20 14,880 -2-3 -----*. ~ ---------.- 

-- _i (_ P Lls -- -- ell) (*O(CB -.Lo -a"- 

-- -.a 28 40 66 106 6L)DI -- -- a e - M  29 44 68 92 100 - = 

rPI- *- 29 42 63 906 SC*B -- -- - - w  42 59 82 100 -(..I e- 

0- m -  -- 29 37 65 100 en- xm - -- -- -e.a 36 46 67 99 180 m e  

*em' _I OF1 64 72 92 108 man - .m 

*- -a * *a 69 " 181 m W a  w"s e.111 CII Q 

27 35 47 56 66 79 94 $00 m m  

.- sm &0 11) 40 56 74 100 aDsl -_ MDll) - s 32 43 62 100 -- g p *  

a- - m MX Iil 4 3, 54 74 100 - m -a 

- w  -- -118 51 62 79 108 - r (  

w s m  e- WCII 32 46 82 IOQ we 

I_rm. 16 34 48 73 92 100 ."lC1 

-- -- 2 *a- 4%  66 91 
P Y .  

6 10Q. 



tem- 
per a- 

Sed i ment 
consen- Sediment 

Susi  Lna River 1981 
a t  Sunshine .O Mar. 25 3,800 2 21 .__ -- _I- rn - -- -- m.80 Be- .IIl- C)sB 

( 15292780) 9,O May 28 41,509 5 88 56,900 15 21 29 37 45 58 71 86 98 160 e m  

1125 June 2% 55,000 735 309,000 _._ 36 49 60 69 75  81 96 99 100 w.m 

10.5 July 23 86,306 713 166,600 - _ 23 32 40 50 5% 68 837 99 180 TDl sl 

11.5 X L i g . 2 8  62,400 525 105,000 13 24 36 47 54 60 70 $8 108 -- -- 
1.5 Sep t ,  29 k9,100 76 3,920 -- -- *-  e - e m  57 a%=_ a- 

me," or1- -- 
1.982 

. O  Mar, 2 2,660 1 "%,2 -- =ram em -- R I M  -a  
m e  p.e e m  I.llldl 'ms 

*a June 3 73,  $00 $47 E69,OOQ - - D I B D  -a -= 42 62 85 97 99 130 
7,s June 10 64,580 414 72,100 16 20 -- 32 - - 52 62 95 100 -=,a 

L O  June 17 50,880 360 49,400 __l_l - - -- e m  -- 35 42 62 100 .Sew w- 

7,O June 21 78,300 683 144,808 13 2Q 27 37 4 3  50 16 93 100 e- 

% $ , O  June 28 75,900 702 143,000 25 33 43 53 62 73 82 92 100 -- 
=- duly 2 58,780 659 104,060 32 41 49 57 66 72 78 98 108 CBIe -- 

%0,8 July 6 4.6 600 503 63,3068 25 40 45 54 62 67 72 84 100 em -- 
-- July 12 59,808 800 129,000 -ir* -- _ _  75 82 98 I00 ls lDODI 

9,s July 19 50,800 5 48 90,008 27 39 47 60 69 73 $5 93 99 108 
9 , s  July 26 96,800 1,438 374,006 13 18 27 36 47 59 74 90 99 106 me 

11, $3 Aug, 2 62,408 784 119s000 m- w e  Lo- cts‘ m .xl fp 6% -- a- w - e- e* 

P0,5 Aug, 9 54,080 813 119,080 28 33 43 55 66 75 81 89 100 .- - mlll 

% 0 , 5  Aug ,  16 47,800 726 93,700 37 42 55 67 77 83 88 93 100 (Lfl- me 

10,O Aug, 23 38,500 527 54,900 27 41 50 62 73 8% 86 94 1110 OVI(U -- 
9 , 6  Aug, 30 33,eQO 424 K5,680 19 ZK 34 49 62 72 80 90 99 106 B.Es 

7 - 0  S e p t ,  15 70,100 1 ,62C 307,980 6 9 11 22 39 60 79 9 1 99 PO0 IPls- 

17 86,500 1,308 304,000 28 38 46 54 65 92 82 94 99 100 - m  



_____? Table 2,--Hydraulic and bedload d a t a  fo r  selected stations in t h e  Susitna River basin ,  1981-82 water years 

Bed1 oad Particfeesize d i s t r i b u t i o n  s f  bed sediment 

Sus i tna  River a t  3.981 
Got d Creek (15292000) duly 2% 37,200 .- - - - -- -- 1,970 -.m -- 2 20 28 33 36 38 34 6 1  89 3.08 

hug. 26 25,900 -- - -- -- 359 -- -- 5 41 51 55 58 59 66 72 82 f O O  
Sept. 28 8,540 -- -- -- m e  1.3 -- -- 15 7 8  88 97 100 -- -- -- -- .-a- 

Susi t n a  Rive r  n2ar I982 
Ta l  keetna (15292100) Juuae 3 

June 8 
June 15 
Sun&! 22 
June 30 
Ju ly  8 
July 14 
July 21  
Ju ly  28 
Aug. 4 
Aerg. 18 
Bug. 18 
Aug. 25 
Aug,  3% 
Sept.  29 

C h u l  i tna River wear 1981 
Tal  keetna (15292400) duly 22 33,908 10,90 

A u y . 2 6  22,500 10,24 
Sept. 29 6,000 5.95  

1982 
dune 4 12,500 6 ,50  

17,208 8.02. 
June 16 14,500 7 , 3 3  
J u n e 2 2  19,408 8 .07 
June 29 28,909 9.46 
J u l y 7  20,600 8,23 
duly 13 22,800 8,67 
July 28 23,100 834 
July 27 33,408 10,07 
Bug. 3 23,500 8 2 2  
Aug, 11 21,7QC 8.25 
Aug, 17 22,000 8,50 
Awg, 24 :7,9QO 7 3 9  

-- -- 3 37 47 $8 49 52 54 58 74 100 
-- 1 3 53 63 69 71 75 79 86 LOO -- 
- - -- -- 24 32 32 33 35 38 44 76 4@0 
-- -- 2 47 58 50 60 6% 62 62 64 1490 
-- -- b 33 39 $0 41 43 46 34 ROO -- 
- - -- m- 65 94 96 97 99 99 3" -- -- 
-- -- d 51 71 74 75  77 81 - 108 -- 
- - - -. 1 65 96 92 93 94 96 f L 1 '  -- .m- 

-- e- 9 70 85 86 88 9 1  33 L O C  -- -- 
- - -- 2 78 98 99 99 99 100 -- -- ...- 
-- w -  1 65 94  96 96 96 37 100 -- -a 

- - - 1 69 97 99 100 -- -- -- ..- -" 
- - -- 1 69 97 99 100 -- -- - - -- a m  

-- % 1 73 95 97 97 98 98 100 -- -- 
-- 2 63 7'8 80 86 82 84 3 1  100 -- 

-- -- 2 15 22 26 30 45 70 93 96 100 -- - *a 1 12 19 27 40 56 73 89 9'3 3.00 
- o m  -- -- 15 29 44 55 77 91 99 ROO -- 

35 54 74 90 99 100 
47 54 67 82 95 100 
52 . 6 3  74 83 9 3  100 
58 64 71  79 91 100 
45 57 74 87 98 100 
53 58 68 80 94 100 
24 34 58 69 88 93 
40 45 57 67 85 $00 
35 42 53 63 84 ROO 
46 53 62 75 96 98 
35 41 5% 67 99 108 
46 54 66 86 93 180 
29 37 52 70 9 1  100 

S e p t , 1  17,100 7 , 6 8  354 6 ,29  .00092 7,430 m a =  -- 1 17 40 56 64 7 5  86 95 100 -- 
t, 18 29,609 9,i6 393 8,27 .0012 2,560 -- wsm -- 1 22 36 4% 45 53 64 -82 l O Q  -- -------------- 














