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T h i s  report ?resents d a t a  reduction methods and results of ehe 1984 f ield 

studtes conducted by E. Woody Trihey and Associates EWT&A) anti  t he  Alaska 

bepartment qf Fish and Game Su Hydro Aquatic Studies Grc,p ADF&G Su Hydro 

the Taikeetna-to-Devil Canyon segment o f  the Susi tna  River b!i isEd; e R-s'ver 

A l t h o u ~ h  f i e ld  stud!es and analyses described i n  th is  report lqere compieted by 

a j o i n t  EMT&A and ADF&G Su Hydro study team, the primary responsibility for  

the f i e ld  study design, hydraul i s  model cal ibration and prepara.tion o f  this  

report rests w i t h  EWT&A. Thus the inforntation and technical interpretations 

i n  th i s  report are  the responsibility of EWT&A and do not  necessarily 

represent the opinion o f  the Alaska Department o f  F i s h  and Game. 

The respanse o f  f i s h  hab i t a t  t o  na tu ra l  i y  occurring v a r i a t i ~ n s  i n  streamf low 

could n o t  be cost-effectively evaluated solely by monitoring a system as large 

a s  t h e  middle  Susitna River. Therefore, a t  the onset o f  the 1982 f i e ld  

s t u d i e s  the U,S, F i s h  a n d  Wild1 i f 2  Service? Instream Flow Incremental 

Methodol c2y IFIM) (Bovee 1982) was selected as a melns of q u a n t i f y i n g  the 

resycnse o f  aquatic h a b i t z t s  t o  c h a ~ g e s  i n  streaaflow. PMARSIM i s  a 

coil~ction o f  computer progrt,,,s asscciated w i t h  the IFIM which c a n  be applied 

t o  sic:u1 a t e  instream hydraul i c  c o n d i t i o n s  and the corresponding amount o f  

availsble fish h a b i t a t  f o r  selected species/l i f e  stage. The PHABSIM model ins 

systea i s  intended f o r  use i n  those s i t u a t i 2 ! > s  where the flow regime and 

chsnnel structure a re  the major factors influencing t i l e  a v a i I a b i 1 i t y  o f  

f i s k  k a b i  t a t  Trl hey 1979). T h e  PHABSIM computer progrtlms include the IFG-2 



and iFG-4 hydraulic models, and the HABTAT program. The HABTAT program 

integrates hydraul i c  model o u t p u t  wi th  species s p e c i f i c  hab i t a t  suitabil i t y  

cr i te r ia  t o  cal culate  weighted usable areas WUA) , an index val ue representing 

the availability o f  poten"cia1 f ish h a b i t a t  as a function o f  streamflow. 

H a b i t a t  modeling results presented i n  t h i s  report are limited t o  juvenile 

ch inad  salmon and spawning chum salmon 

These species/life stages have been i d e n t i f i e d  as primary evaluation species 

fo r  the  Middle River EWT&A and WCC 1955). Habi ta t  v a r i a b l e s  important t o  

rearing fish dif fer  s i g n i f i c a n t l y  from those of a d u l t  spawners. Therefore, 

different modeling concepts and combinations of physical h a b i t a t  variables are 

used t o  evaluate the response of spawning and rearing h a b i t a t s  tcr incremental 

changes i n  streamflow. 

The IFG-2 and IFG-4 hydraulic modelf wre calibrated for e i g h t  s ide channels o f  

the Middle River and linked w i t h  the HABTAT program t o  forecast the influence 

o f  incremental changes i n  streamflow on jarvenile chinook rearing h a b i t a t .  A 

mod i f i ed  version o f  the HABTAT program ( O I H A B )  was developed by EWT&A t o  

ca!culate k'UA d i r ec t ly  from measured d e p t h s  arid velocities a t  observed stream- 

f l ows  thereby eliminating the  need f o r  hydraulic simulaCion models l'n those 

i n s t ~ n c e s  where the MUA response i s  principally determined by flow e f f e c t s  on 

d e p t n .  The DIHAB model was a p p l  i e d  a t  14 mainstem margin and backwater areas 

t o  evaluate the influence of mainstem discharge on chum salmon spawning 

h a b i t & t ,  

T h i s  report c o n s i s t s  of an introducticn and t h ree  technical sections, each 

supported by a technical appendix, w h i c h  describe t h e  f i e l d  d a t a  and 

analytical procedures used t o  model the response o f  j u v e n i l e  c h i n o ~ k  and 



spawning churil h a b i t a t  t o  incremental changes i n  streamflow. The f i r s t  tech- 

nfeal  section describes the stage-discharge and s i t e  f l o w  analysis 

w h i c h  presents var ious  r e l a t i o n s h i p s  between mainstem discharge, site-specific 

f low,  and water surface e l e v a t i o n  t h a t  are extensively used i n  subsequent 

analyses t o :  appraise the accut-acy o f  calibrated IFG models, esi: imate s i t e -  

s p e c i f i c  water surface elevations a t  model ing s i t e s  for  different mair ls tem 

discharges, and convert t he  mainstem hydrograph i n t o  a s i  t e - spec i f  i c  flaw 

hydrograph. 

In P a r t  I I I  o f  this  report, calibration procedures fo r  the e i g h t  IFG hydraulic 

models are described i n  detail and WUA forecasts obtained by l i n k i n g  the 

calibrated hydraulic models t o  the HABTAT model are presen"Ld doo juueenile 

chinook. S u i t a b l e  r e a r i ~ g  condi t icins fo r  juvenile chinook are dependent on 

cover and low t o  moderate velocities. T h e  Susi tna  River conveys g l ac i a l  

runoff d u r i n g  the summer growing season, and the associated turbidi t ies  

provide cover fo r  rearing chinook Schmidt  e t  3 1 .  1984). Therefore, under 

n a t u r a l  conditions, o b j e c t  cover such as prov ided by substrate, debris, or 

overhanging vegetation i s  generally not  as impor tan t  a f a c t o r  t o  juvenile 

chinook in t u r b i d  water h a b i t a t s  of t h e  m i d d l e  r i ver  as i t  would  be i n  a large 

nctn glacial river. H a b i t a t  suitabi 1 i t y  c r i t e r i a  f c r  cover, v e l o c i t y  and  depth 

used i n  this  report a re  based upon d a t a  collected i n  Middle River habitats 

(Schmidt e t  31. 1984 have been derived as d e s e ~ i b e d  i n  EWT&A and WCC 1985, 

Rearing h a b i t a t  f o r  juvenile chinook a t  each s tudy s i t e  i s  expressed as  the 

relationship between WUA and mainstem discharge. In  addition,.time J series WUA 

p l o t s  based on t he  1984 USGS recot*d of average d a i l y  s t r eamf l ows  f o r  the 

Sus i tna  River a t  Gold Creek are  prov ided  t o  indicate t h e  temporal s t a b i l i w  o f  



rearing conditions a t  t he  study s i tes  t h r o u g h o u t  the open water growing season 

(May 20 - September 15).  
J --- 
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P a r t  IV of th i s  report presents t he  evaluation o f  chum spawning h a b i t a t  us ing  

the d i rec t  i n p u t  h a b i t a t  model (DIHAB developed by EWT&A. The availability 

of chum salmon spawning h a b i t a t  i s  h i gh l y  dependent upon t he  presence o f  

upwell ing and suitable substrate Estes and Vincent-Lang 1984 , A l t h o u g h  the 

l o c a t i o n  of upwell i n g  areas i s  generally f ixed,  use of these an2as by spawning 

chum i s  influenced by mainstem discharge. High velocities maly periodical  l y  

l i m i t  the  availability o f  upwelling areas,  o r  abnormally low mainstem 

discharges d u r i n g  the spawning season may dewater or 1 i m i  t acce:;s t o  upwell i n g  

areas, 

Since most o f  the reported chum spawning i n  s ide  channel and mainstem h a b i t a t s  

occurs a long shorelini? margins o r  in backwater areas (Barret t  e t  a l .  1984 

depth i s  the p r i n c i p a l  va r iab le  influencing the response o f  the  WUA curve t o  

variation i n  discharge. Hence the direct i n p u t  h a b i t a t  model DIHAB) 

can utilize s i t e - s p e c i f i c  stage-discharge relationships as i n p u t  d a t a  was 

chosen over the IFG hydraulic models which a l s o  require detailed measurement 

o f  veloci ty  f ~ o  proper ca l  ibration. 

Habitat suitability cr i te r ia  for spawning chum salmon used w q i t h  the direct  

i n p u t  model are based on d a t a  collected in t he  middle  river 

V i  ncent-Lang 19841, and  review o f  pertinent l i teralure Steward 1985 

spawning h a b i t a t  i s  described a t  each s t u d y  s i t e  as  a re la t ionsh ip  between WUA 

a n d  mai~~stem d i scharge ,  a s  well as by time series p lo t s  based on 1984 average 

d a i l y  streamflow records for the S u s i t n a  River z t  Gold Creek. 



PART n a  
RELATIONSHIPS BETWEEN MAINSTEM DISCHARGE, 

SITE FLOW AND WATER SURFACE ELEVATIOM 

INTRODUCTION 

The proposed Susi tna  hydroelectric project would a1 t e r  t he  natura'l fl ow regime 

o f  the midd le  Sus i tna  River, thereby influencing the mainstem water surface 

which i n  t u r n  af fec ts  s tage and f l o w  in s i d e  channel areas. 

Dur ing  t he  1984 f ie ld  season, s t a f f  gages were installed t o  monitor changes i n  

water surface elevations a t  22 mainstem and s i d e  channel study s i t e s  

S i t e  specific d a t a  were collected t o  develop relationships bebeen 

mainstem discharge, s i t e  f l o w  and wate r  surface elevation. General l y ,  these 

re1 a t i onsh i  ps can be described by discontinuous l inear  regression equations 

us ing logar i thmic  transformed variables. 

The o b j e c t i v e  o f  t h i s  portion o f  the 1984 middle river modeling stud'ies was t o  

monitor w a t e r  surface e l e v a t i o n  a t  mainstem and s ide channel s t u ~ d y  s i tes  and 

obtain s i  t e - spec i f  i c  f l ow  measurements t o  develop q u a n t i t a t i v e   elationsh ships 

mainstem s t a g e  and mai nstem d i  scharge 

s"s"te f l o w  and mainstem djschaan 

These relationships are extensively used i n  the calibration and application o f  

model s used t o  eval uate chinook rearing h a b i t a t  P a r t  I I I  of t h i s  report 

i n  the application o f  direct  i n p u t  h a b i t a t  models for  chum salmon spawning 

( P a r t  I V  of th i s  report 





Flow d u r a t i o n  analyses are useful i n  con~paring discharge magnitudes o f  a 

p a r t i c u l a r  year  t o  those occurring over the historical period o f  record. 

Figure  11-2 shows the range o f  mean d a i l y  discharges a t  Gold Creek between 

1950 and 1984 fo r  the months of June, Ju ly ,  August, and September, as well as 

the percent o f  t ime f l a w s  were equalled o r  exceeded. 

The 50-percent exceedence value represents a typical  medium discharge, the 
4 

90-percent, a typ ica l  law discharge, and the 10-percent, a typical h i g h .  Ihe 

exceedence value correspond1 ;ig t o  the mean monthly discharges d u r i n g  t h e  years 

1981, 1982, 1983, and 1984 are a1 so shown i n  Figure  11-2. 

METHODS 

gt ion and instal l a t i o n :  Leopoi d and  Stever~s s t a f f  gages. gradu- 

a t ed  i n  0,01 lbaa"Lincrenents from zero t o  3,33 f e e t  were instafled a t  a l l  
p'i- 

modeling s i t e s  durui'ng August 1984. S t a f f  gages were located an each cross 

s e c t i o n  w i t h i n  the IFG s tudy s i t e s  t o  fact7 i t a t e  obtaining water surface 

elevations w i t h o u t  surveying long distances when col lecting mu1 t i p l e  s e t s  o f  

calibration d a t a  from the hydraulic models. Often as many as  three tiered 

s t a f f  gages were installed pgr  cross s e c t i o n  t o  span  the v a r i a t , i o n s  i n  WSEL 

which  w a s  associated w i  t h i n H - t h e  range o f  mainstem discharges b e i n g  monitored. 

E ~ c h  s ta f f  gage was surveyed t o  a known elevation project datum previously 

established t h r o u g h o u t  t he  middle  river by R&M Consultants, Inc. f r o m  1980 

through 1982. This allowed conversion of site-specific water surface 

elevation readings t o  a common elevat ion t h r o u g h o u t  the m i d d l e  river. 



June 

P e r c e n t  f o  Time Equalled or Exceeded 

July 

P e r c e n t  f,o Time Equalled or Exceeded 

Figure 11-2.  Flow duraticns curves f o r  June, J u l y ,  August, and  
September, based on mean d a i l y  Susitna Ritaer discharges 
a t  Gold Creek, 1950-1984 and  corresponding f low 
exceedence values f o r  mean monthly discharges, 
9981-1984, 



August 

P e r c e n t  f o  T i m e  Equalled or Exceeded 
- 

Sep tember  

P e r c e n t  f'c T i m e  Equalled or Exceeded  
-. 

F low d u r a t i o n s  curves f o r  June, J u l y ,  August, and 
September, based on mean d a i l y  Susi  tna  River discharges 
a t  Go1 d Creek, 1950-1984 and flcorrespondi ng f 1 obl 
exceedence values for mean monthly .. d i  scharges , 
1981-1984, 



S t a f f  gage l o c a t i o n s  were i d e n t i f i e d  by river mile l o c a t i o n  w i t h i n  the 

s~ te ,  p o s i t i o n  relat ive t o  f l o w  level h i g h ,  medium, low) and the assoc ia ted  

crass section number Table  11-1). 

Table 11-1. Iden t i f i ca t ioncodes  f o r s t a f f g a g e s .  

i 

Lscation i n  S i t e  Code Flow bevel Code 
P 

Mainstem M High A 

Side Channel S Medi %am B 

Side Channel Mouth W Law C 

Side Channel Head H 

0 t h ~ ~  X 

Spawning S i t e s  P 

Law water  gages were typically installed and surveyed t o  a known elevation i n  

September when the medium f l o w  gages were about  t o  be dewatered because of 

receding streamflows. 

Data Collection: S t a f f  gage readings were obtained a t  three t o  f i v e  different  - 

m3instem discharge levels d u r i n g  t h e  August t h r o u g h  October f i e l d  season. 

Gage h e i g h t  was read t o  t h e  nearest 0.01 f t .  Water surface e levat ions  were 

surveyed by differential leveling La t h t  neares t  0.01 ft if t h e  s t a f f  gages 

were dewatered, and d u r i n g  cross s e c t i o n  a n d  thalweg surveys. 

Si te-specif ic  f l o w  measurelrients were obtained a t  one cross sect ion in each I F G  

model s i t e  a t  a minimum o f  three d ~ f f e r e n t  mainstem discharges.  The d ischarge  



cross s e c t i o n  was located i n  a s tab le  p o r t i o n  o f  the study s i t e  where the  

ve loc ,  cy distribution remained relat ively constant  ove r  a range o f  f l ows .  

Most discharge cross sections were located a t  the head o f  a r i f f l e  nr i n  the 

t r a n s i t i o n  zone between a r i f f l e  and r u n ,  

Flow measurements were obtained us ing a top-set  wading rod and Marsh-McBi rney 

electronic flow meters, o r  Price AA meters. Depth and velocity lneasurements 

were taken across each cross section a t  20 t o  25 points ver t ica ls)  i n  

accordance w i t h  s tandard  methods c f  the U.S. Geological Survey. I f  the f l ow  

velocity was n o t  perpendicular t a  the cross section, the  f l o w  angle was 

recorded. S i t e  flow was calcslated w i t h  a hand calcu' lator  o r  an Epson HX-20 

por tab le  computer u s i n g  t he  formula: 

where: 

di = depth o f  cel l  i 

w = t d i d t h  o f  cel l  i .a" 

Vi = velocity o f  ce l l  i 

n = f l o w  ang le  o f  ce7l i .E' 

More d e t a i  led procedures for  s t a f f  gage location and streamflow measurement 

may be f o u n d  i n  the  FY84 ADFeG Su Hydro Aqua t i c  Studies Procedures Manual 

(ADFaG Su Hydro 1984 

Average d a i l y  streamflows f o r  the S u s i t n a  R i v e r  a t  Gold Creek &ere obtained 

f r o m  the  U.S. Geological Surevey gaging s t a t i o n  loca ted  a t  Gold Creek ( C S G S  

Instantaneous discharges *dere calculated from a tfme-lag analysis 



i n  those instances when r ap id ly  rising o r  falling mainstem discharges 

comp!icated use o f  mean d a i l y  values. 

: Stseamflow and wa te r  sur-fase e leva t j an  d a t a  were taki;u'iated i n  a 

Wordstar f i l e  u s i n g  an IBM PC XT and  transferred t o  a Lotus f i l e  for graphing 

as l ag / log  plots .  Water surface elevation (y-axis was plotted a c j a i n s t  mean 

da i ly  discharge a t  Gold Creek (x-axis fo r  the 22 study s i t e s .  13fots o f  water 

surface elevation a t  the s i t e  and : i t e  f low versus mainstem discharge were 

also prepared f o r  the e i g h t  IFG model s i t es .  Each p l o t  was visually inspected 

f o r  outli-rs and. i f  necessary, the erroneous d a t a  po in t s  were corrf "ed. 

Least  squares regression equations describing relationshi ps between the 

dependent and independent var iables  were calculated f o r  each s t a ~ f f  gage u s i n g  
. ---- 

a programmnable HP 41 /CF c ~ l c u l a t o r .  Extrapolation limits of +,he regression 

equations were established based on several factors:  the number of 

da ta  points,  channel geometry, and breaching o r  controlling mainstem 

discharge. The breaching f low for each s i d e  channel study s i t e  was determined 

from f ie ld  d a t a  o r  inspection of aer ia l  photographs taken a t  sevc2ral different 

mainstem discharges K 1  inger-Ki ngs1ey 1985). The reviewed d a t a  rqerce 

transfer-red to the Boeing mainframe computer f o r  f i n a l  analysis t o  confirrn 

regression equations and f3r f i n a l  plotting. 

The relationship between s i d e  channel f l a w  o r  s t a g e  and xainstem discharge i s  

dependent upan the :ocation of the s t s f f  gage i n  the s i d e  channel (head  gr 

*& r"' 
and whether the side channel %r breached o r  n o t  & O b s e r v a t i ~ ~ ~  

regarding the breached o r  non-breached c o n d i t i o n  of the s i d e  chanr~el wer9 

recorded w i t h  each s t a f f  gage readrng. T h i s  information was used t o  interpret 

the computer graph ics  and identify t he  infl~ence o f  ma ;;%stem s tage on breach- 

i n g  t h e  head of the s i d e  channel or causing a backw2ter a t  t h e  mouth. Obser- 

11-8 



vs Pions reaardi ng breached and non-breached conditions a1 so a 5 s i  sted wi th 

i3en:iiying the mainstem discharge above w h i c h  s i d e  channel f l o w  was "con- 
t- * 

trolled': by mainstem dircha4~ge. An inflection p o i n t  on the s i t e  flow versgs 

ma ,:+item discharge p l o t  identifies the trafisit ian from non-crsntrol led t o  

control led f l o w  conditions i n  the s i d e  channel. I n  general , the control 1 i n g  

mainstem discharge i s  equal t o  o r  slightly greater t h a n  the breaching d is -  

charge depending upon the shaps o f  the chanrel cross section a t  the head of 

the s i d e  channel  {Aaserude e t  a l  . 1985 

S i t e  s p e c i f i c  f l o w  a ~ d  water surface elevations #ere inonitored from August 

through O ~ t o b e r  1984, spanning  the range o f  mainstem discharges of 4,000 t o  

34$200 c f s ,  as neasured at Gold Creek. Whenever the mainstem diischarge was 

suf Fiz ien t  t o  breach the s i d e  channel s tudy  s i t e s  general i y  8,0100 t o  10,000 

c f s  1, d i  rec"cr1ationst;i ps betlrieen n a i  nstem discharge and s i d e  channel Flow 

- * -  
2 n d  ~ ~ a t e ~  ; ~ r i a ~ ~  elevations were obtaired. !&~!~en channel s were unbreachod, 

;bpi r water surfc7ce e l e v a t i o n s  were i n f  'uenred by : acal i n f l o w ,  channel 

rje~3:etry and nzinstem backwater.  T h e  s i t e  f l c i w  was influenced t!y upwelling, 

t r i  buts -> y inf1oi.r o r  loca l  runoff .  Hence r e l a t i o n s h i p s  were r;ot dfliennined fc r  

these conditdons, 

Mainstem dischi:rges a t  Gold Creek i n  1984 were similar o r  s l i g h t l y  lower t h a c  

t y 2 :  cil"( d i  s c h a r ~ e .  determined f r om the 35 year record (Figure 1 - 2  k!e:n 

mc2pi-ct3 ' l, d i  C-+- i L t  d l ! *ge~  CO* d u n e ,  J u l y ,  August, d n d  September corresponded to f1ci.i 

exzcecienie values o f  50, 29, 52, and 73 pzrce:t, respectively. 



:.jhree relatiiinships (site-specif i c  water surface elevation versus :nainsttni 
*( *I' 4f 

dischayge, s i t e  f l o w  versus site-specific watc-  surface e l e v a t i o n ,  and  s i t e  t 

?d -^ - ,gc"' 
.& ## 

*L * - 

flaw versus mainstem discharge) are presented on one page Fcr each I F G  model 
s 

si te. .--. .-The relationships between s i  t e - s p e c i f i c  water surface e leva t ions  and 
#." 

~* 
rn2insien discharge are pr-esertied fo r  each o f  the 14 d i rec t  i n p u t  model s i tes  

(Figures 11-3 t o  11-24 Figu re s  A-1.1 t o  A-1.7 present thle kater  surface 
i 

i 5 

i Z - elevation versus discharge p lo ts  fo r  a17 i F G  cross sections width the  exception 
. C 

of the discharge cross sections. Tables A-1. l through  A-1.22 present the da ta  

~. 1 
used i n  a l l  p lo t s  and i n  the development o f  regression equations. 

~ S i t e  101,ZR: As indicated by inflection p o i n t s  i n  Figure 111-3, the s i d e  - 

~ channel breaches a t  9,200 c fs  and becomes controlled a t  10,300 c f r .  S t a f f  

~ gages at cross sections 2 and 5 arc located i n  the r i g h t  channel w h i c h  becomes 

~ active at 14,000 c i s .  The gravel bar  which separates the main and ric;ht 

~ channels becomes submerged near 18,000 c f s  and  consequently, the same %ater 

~ sur$Lace elejdation scc lar~  i n  bo th  chmnef s above " t a t  flaw, 

~ SPte 101.51: -..- The c h a ~ n e l  i s  c o n t r o l l e d  by the mainstem a t  discharges greater 

~ t h a n  5,CCO c i s .  A l a r g 2  backwater area i s  present a t  the m o u t h  c f  the 

~ channel. 81s m a i ~ s t e c  discharge increases, the  e f f e c t  c f  mainstem backwater on 

~ stage e x t e n d s  further upstream. T h i s  i s  reflected i n  the iriflection p o i n t s  

~ f o r  t h e  stage-discharge curves w h i c h  occur a t  increasinsly higher mi insterr, 

~ discharge w i t h  1'ncreasing dis tance from the m o u t h  o f  the channel (Figure 



" t 

',Three relationships (site-specif i c  water surface elevation versus mainstem 
. *  a" 

discharge, s i t e  f l ow  versus s i  te-specif i c  water surface e leva t ion ,  and s i t e  
4 -- 
3 

P 

*%&- 

f low versus mainstem dischzrge) are presented on one page f o r  each IFG model 

s i t e .  y e  relationships between s i i e - s p e c i f i c  water surface elevations and 
-* / ~ mainstem discharge are presented f o r  each o f  the  14 d i r ec t  i r rpu t  model s i t e s  

Figures 11-3 t o  11-24 Figures A-1.1 t o  A-1.7 present the water surface 
a 1 

I' elevation versus discharge p l o t s  for  a71 IFG cross s e c t i o n s  w i t h  t h e  exception ~ o f  the  d ischarge  cross sections. Tables A-1.1  t h r o u g h  A-1.22 present  the a a 

used i n  a71 p l o t s  and i n  the development o f  regression eauations. 

~ S i t e  101.2R: pm As indicated by inflection poin t s  i n  Figure 1 -  the s i d e  

~ channel breaches a t  9,200 c fs  and  becomes controlled s t  10,300 c f s .  S t a f f  

~ gages a t  cross sections 2 and  5 are 'located i n  the . s i g h t  -6annel w h i c h  becomes 

~ active a t  14,000 c i s .  The grave l  b a r  which si3parates t h e  main and r i g h t  

~ char,nel s becomes submerged near 18,000 c f  s a n d  consequent1 y , the same ~ a t e r  

~ surface elevation occurs i n  b o t h  channels above t h a t  f l o w .  

~ S . i t ~  101.5L: The channel i s  controlled by ",he rnainstem a t  disch~rges  greater - 

~ t h a n  5,000 c f s .  A lar-ge backwater area  i s  present a t  t h e  ncuth o f  the  

s t a g e  ex tends  fur ther  upstream. T h i s  is  -- ---. 

f o r  the ~~age-discharge curves w h i c h  ocs 

d i  scitarge i l c i  t h  i n c r e a s i  l g  distance from 



S i t e  101,7L: A backwater area extends from below cross section I upstream t o  

cross section 2 a t  mainstem discharges of 9,)600 c f s  or less,  A gravel b a r  

extends from the head t o  cross section 1 a long  t he  r i g h t  s i d e  of the channel 

which i s  overtopped a t  9,600 c f s .  The amount o f  f l ow over the gravel bar  

determines the f l o w  a t  cross s e c t j o n  1. Cross sections 2 t h r o u i g h  4 are only  

affected by b a c k ~ a t e r  above 9,500 c f s  u n t i l  the head o f  the s i t e  i s  breached 

a t  discharges greater t h a n  23,000 c f s  (Figure 11-5 

Site 105.81: The  mainstem channel shape i s  cons tan t  below a discharge of 

24,000 cfc.. As indicated by the inflection poin t s  i n  Figure 11-6, the water 

surface e levat - ion  associated w i t h  23,000 c f s  i s  coincident wit13  a change i n  

crass sectional geometry. 

S i t e  112.6L: The channel i s  controlled by the  mainstem a t  discharges greater  

t h a n  5,000 cfs .  A t  t he  discharge cross section, a 1 lnear curve describes t h e  

relationship between disch?rge and w a t e ~  surface elevation f o r  the en t i re  

mainstem range o f  5,000 t o  35,000 c f s  Figure 1 - 7 )  b!hen deve lop ing  t he  

relationship between s i t e  iloqd and  mainstem discharge, a h i g h  correlation was 
-"i" 5- 

found  t o  e x i s t  between the lower four  d a t a  p o i n t s .  I n c ? u d %  t he  f i f t h  d a t 2  
---, 

poi ni,.- resulted in  a much lohier correlatica, suggesting an i n f  iection p o i n t  

exis= sin the re la t ionsh ip .  The  physical explanation f o r  the  chaqoe i n  s lope  

i s  probably the head  berm geometry. Nzar 10,660 i-.Fs t he  water surface 

elevation a t  the head bet%? imay coincide k i t h  a cross recti~nai g r a d e  b r e a k  a t  

t he  channel e n l a n c e ,  



Site I i 4 . 1 R :  Flow erltrrs t h e  s t u d y  s i t e  a t  discilaryes greater t h a n  5,000 an3 

a t  10,POC' c f s  t h r o u g h  two channels .  T h e  f l o w  i n  the  channel 1 s  controlled 

above 8,500 cCs (Figure 11-8). 

S5 te ii5.9ii: Gdckwdter- iro:ir the irlou"c iiof the s i d e  chanrlei extends ups.tream t o  -"- 

c rass  section 1 a t  a l l  discharges greater  t h a n  I0,400 c f s  (Figure 11-9 

Below 10,400 c i s ,  low flow i s  maintained by upwelling. Tslo heads o .*ect P l o w  

i n t o  the  s i t e  and breach a t  li,O00 and 23,300 c f s .  

S i t e s  1:B.Yt and 1 :  The mainstem channel shape i s  consi.ai3-t. throughoil  c 
P P P  

the range o f  available d a t a  ( F ~ g u r e s  i i - 1 3  and I l - j l ' .  

-iB*L 1 S i t .  1;9.;23: ir,e s i d e  char,nel i s  c o n t r o l  led 3) mainstem at&"''\ discharges 

-i v g r ~ a t e y  "Lan 10,aGO i f 5  ( f i  yu.2 - A b ' 3 ~ 2  23,08>(j c-55, the l e f t  bani: 

il; i n u n d ~ t e d  2nd a c t ; 3 n g e  ii? the F:cw-disci~arge re1at:onship ciin be expected.  

= " I  I o w @ r  ha3\+f of sjje c h a n n e l ,  described by c r o s s  sec t ior~s  1, 2 ,  2nd 3 ,  

pa - s j s t s  as 3 baci;wa*?r are2 :hyo;;:hout t;?g mzjnsrem ranaf.  I*I a?  !j,i;cG t~ 23,290 

+ - 
, Tf:? u ~ e s r  ha i ;  st t h e  s;  r f i  %:c cPianne 1 re:;r$s~nted by cross  sect r ens 4 dnd 

5, i s  d-y djsc3zrser  jess t h a n  19,CJCCj c f s ,  

3 . ~ 2  i 3 C S 2 ; i :  [rz!~;.I 5 -;6iis-t;31u i ; i s ~ n a r g f  0-f 16,i;iQ ~ f s ,  fit:\.,= 'i- ---- ..----.---- l > aa;;$-IflgzjfTez 

S- r ,  YaI-  z k e  S:'E+E b j  u p  1 : 2 n d  i s  somerv'?at l ' n i l u o r i e d  b:i 

- ~ . $  ' 7 '  
-1 x 3 ; -2 r 
id L - j s ~ ~ ?  1 . - .- . Jbo\ /p  15 ,139 c f s  the sand b a r  whici; segara t fs  the 

,- ,- - r 2 q f-) ! -3- y- f- f-' F" b ,"," ' j ' , * "  --'b 
i*- , xJ L~, ,,. c -:riel i s i J / z t " t o p ~ e d ,  



Si te  131.3L: Flow enters t h e  channel th rough  two locations a t  9,000 a n d  

10,700 c f s .  A t  9,000 c f s ,  flow enters between cross sect- ions 2 and 3. Flow 

t h r o u g h  t he  head i s  controlled a t  a l l  cross sections a t  d i s c l ~ a r g e s  greater 

t h a n  10,700 c f s  (Figure 11-15 

S i t e  131,7t: The  three heads t h a L  d i rec t  P l s w  i n t o  the channel breach a t  his- 

charges of 5,000, 10,000 and 14,500 c f s .  The study s i t e  i s  f i r s t  breached a t  

5,000 c f s  and controlled by the mainstem a t  discharges greater t h a n  7,470 cfs  

Figure 11-15 1 .  

Si te  132,6%: - "S"ha two heads which direc t  flow i g t o  the side cha~nstel breach a t  

discharges of !C1,0fl0 and 14,500 c fs .  Ponded \rater i s  present be twee l  c-oss 

sections 5 t h r o u g h  9 a t  10,000 c f s  and dries  u p  near 8,000 c f s .  The channel 

f l o w  i s  controlled by the mainstem a t  !1,9Q0 c i s  Figure 11-17) .  Above 23,100 

c f s  the water surdface elevation a t  the 7awer two cross sectians i s  i n f l u e n c e d  

by backwatzr from the mainstem. 

S i t e  133,SR: T:.ie mainstem chai2nel shape i s  cons tan t  belgw a discharge c f  

15,600 c f s .  T h e  water surface elevati~n associated w i t h  15,ECO c f s  i s  

coincident h i t h  a c h a n ~ e  i n  cross sectjonctl geometry as i n d i c a t e d  Sy t h e  

jnf; or-+ c - L ~ k i l i  a , T P  point  i n  Figure II-18, 

S i t e  i3G.Cii: The channel -is controlled by the  mainstem a t  d ischarses  greater  
---.--- 

t i ;an j9g00 c f s .  - F v e n  a t  extremely h i g h  discharges, i t  remains d i s - t i r c t l y  

j;.para;e fl-cm the  mainstem; bdater does t ia t  flow across the island c s n s t i t u t i n g  

t h e  rigfit r !  nor  are there any overflow c h a r ~ e l s  which m i g h t  d i r e c t  o r  



divert  water i n t o  o r  f rom the s i d e  channel a t  h i g h  f lows.  The crass sectional 

geometry i s  relatively constant  t h r o u g h o u t  the  s i t e ,  T h u s ,  the relationships 

developed are v a l i d  t h r o u g h o u t  the mainstem range o f  5,000 t o  35,000 c f s  

(Figure 11-19 

S i t e  137.5R: Below 11,800 cfs the f l o w  i s  maintained by upwelling throughaut - udcl. 

the study s i t e .  A t  discharges greater t h a n  11,800 c f s ,  a bacic\ltater extends 

upstream th roughou t  t h e  s i t e  Figure 11-20), Flow begins entering the chafinel 

over the  gravel b a r  a t  23,000 c f i i  b u t  i s  not s i g n i f i c a n t  enough t o  change tiie 

stage-discharge relat ionship f o r  the s f  te .  

Site 138.71: The mainster;~ channel shape i s  constant  throughout.  the range of  

available d a t a  (F igu re  11-21).  

S i t e  139.01.: Flow i s  maintatned th roughout  the s tudy s i t e  zt discharges below 

12,000 c f s .  Above 12,300 c f s ,  the gravel bar separat ing the channel from t he  

maivstem i s  overtopped. This overtoppi~g discharge i s  reileclikd by a change 

i n  t he  WSEL versus r e l a t i o n s h i p  i n  F igu re  11-22.  

S i t e  139.41: The  mainstem channel shape i s  canstant throughour :  the range o f  - 

availdbie d a t a  (F igure  11-23). 

S i t e  4 T h i s  1 s ide  channel i s  controiled by t h t :  mainstem a t  --- 

discharoes grez ter  t h d n  5,000 c f s ,  L i k e  s i t e  i36.OL, t h e  s i d e  channe l  i; not  

in-fluenced by  cjverilow channels or cr*oss f l o w  from the mainstem, even a t  h i g h  

- d i scha rges .  i he relationships between s i t e  f l o w ,  mainstem discharge, a n d  

water siirface e leva t ion  are va l - id  t h r o u g h o u t  the mainstsm range o f  5,000 t o  

P b  Ixr 33,900 c-Fs Figure 11-24]. 



Pelationsnips bet-weer: aainsrem d i s c h a r g e ,  s i t e  f:ow s n d  
water surface erjevatia3n f o r  cross section 8 a: s i t e  
%01,2R, 



I 7,830 4 O 35,000 c f s  
TI.:$T Q ? . ~ ~  

g '10 

Figure 11-4. Relationships betwee:, r -a i~stem d i s c h a r g e ,  s i t e  f j ~ ~  and  
water surface e ' iev2tGcn f o r  c ross  s s c t i ~ r :  ; 3-t site 
101,5L, 



5,OC)fJ 5 0 d 9,600 c f s  

110 IOUA"~ Orr DEVELOPED 

S t a g e  discharge curves f o r  cross sections 1, 3 and 4 a t  
s i t e  I O l , 7 t ,  



i 11-5-  Srairc d i  scharge curves f o r  c ross  s e c t ~ o n s  1 3 and  4 a t  
s 2 r ~  I O I , ~ ~ ,  



A : 

5,000 2 0 4 24,000 c f s  

W5EL 16) .O.ZLc 90r37 , 395 

Figure 11-6. S t a g e  discharge curves for cross sections I and 4 a t  
s i t e  205,81,, 



Relationships between mainstem discharge. s i t e  f l o w  and 
water surface elevation for crass section 7 a t  s i t e  
li2,6L, 



US 
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A: NOT CCt; -:OlLE%B 

5,000 -# 0 " 8,006) c f s  

NO EOURIlON DEVELOPED 

ea: co t j r r toLkEo 

9,800 6 O 9- "33,000 c f x  

F igu re  11-8. S tage  d ischarge  curve for  cross 
s e c t i o n  2 a t  s i t e  114.IR. 

A :  NO OACKWAYER 

NO EQUAY L OF4 DE(4ELOPEQ 

D: BACKWATER 

Figure Il-9. Stage  discharge curve fo r  cross 
section 1 a t  s i t e  % f i . U R ,  



Figure TI-10. S t age  d ischarge curve  f o r  cross 
section 2 a t  s i t e  ll8.91. 

Figure 1%-I!. S t a y e  discharge curve f a r  cross 
section 2 a t  sa te  i19,1l-, 



Figure 11-12. Relationships between mainstem discharge, s i t e  f l ow  and 
water surface elevation fo r  cross section 3 a t  s i t e  
lf9.2R. 



Figure 11-13. S t a g e  disc l large curve for cross section 1. and relation- 
ships between mainstem d;;charge, s i t e  f l o w  and water 
surface eaeudt ien fo r  C ~ O P S  ~ e c t i o n  2 a t  s i t e  125,2R, 



A: NQT CONTROLLED 

4,360 u L6,2?0 c f %  , a lo-29c75 p8.10 

D: CONTROLLED 

6,218 -& Q t3,0G0 e f s  
-11.36 $i.63 q = 1s I 

Figure 11-13. Stage discharge curve f o r  cross section 1 and re la t ion-  
ships between mainstem discharge, s i t e  f l ow  and water 
surface elevation for cross section 2 a t  s i t e  125.2R. 



Figure 11-14. Stage d ischarge carve for  cross 
section 2 a t  s i t e  130.2R. 

Figure 11-15. Stage discharge curve for crcss 
sections 1 and 3 a t  s i t e  131.3C. 





Figure 11-17, Relationships between mainstem discharge,  s i t e  f l o w  and 
water surface elevation for cross section 4 a t  s i t e  
132,6L, 



Figure 11-15, S t a g e  discharge curve for cross 
s e c t i o n s  1 and 3 a t  s i t e  131.31. 

Figure 11-18. Stage discharye curve for  cross 
sec t i on  3 a t  site4133,8R. 



Figure 11-19. Relationships between mainstem discharge, s i t e  flow a n d  
water surface elevation for- cross section 4 a t  s i t e  
136.OL. 



5,000 _( 0 '& 11,800 c f ~  
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D I 93iiCKWA TER 
11,800 2 O 35,000 c f s  
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Figure  11-20. Stac~e discharge curves f o r  cross s e c t i o n s  1 and 2 a t  
s i t e  137.5R. 



Figure 11-21. Stage discharge curve fo r  cross 
sec t i on  2 a t  s i t e  138.7L. 

Figure 11-22. Stage discharge curve for cross 
sec t i on  2 at s i t e  134,OL. 



Figure 11-23. Stage  discharge curve f o r  cross sect ion 2 a t  s i t e  
139,4L, 



Figure  11-24. Re la t ionsh ips  between mainstem discharge, s i t e  f l o w  and 
water surface elevation for cross section 4 a t  s i t e  
147.1L, 



DISCUSSION 

The relationships between s i t e  f l o w  and middle  river discharge were developed 

f o r  mainstem control  led condi t ions a t  each study s i t e .  High rbegresrion 

coefficients and general knowledge o f  the sl" t es  i n d i c a t e  the relationships 

expressed as logar i  t km ic  regression equations are re1 fab le  over the range of 

mainstem discharge for which da ta  are ava i l ab l e .  Inspection o f  aerisl 

photography and f a m i l i a r i t y  w i th  the s i t e s  provided sufficient evidence o f  

f low conditions o u t s i d e  the range of available f i e l d  data t o  extend the 

relationship somewhat beyond the range o f  available f i e l d  data.  



PART f 14: 

CALIBRPTION AND APPLICATION 

OF IFG HYDRAULIC MODELS 

The middle river modeling analysis may be viewed as consisting o f  three steps. 

The i n i t i a l  step involved the collection and analysis o f  biologic data t o  

determine t h e  seasonal dis ' t r ibut ian o f  fish by species and l i f e  phase w i t h i n  

middle river h a b i t a t s  and to i d e n t i f y  the behavioral responses OF prefer- 

of l i f e  phase t o  physical hab i t a t  variables. T h i s  work was principally 

conducted by ADF&G Su Hydro d u r i n g  the 1982 and 1983 f i e l d  seasons (Schmidt e t  

a l e  1984, Estes and Vincent-Lang 1984 

Second, the s tudy  sites are established which represent typical habi ta t s  and 

sufficient f i e 1  d data  are co? lected t o  describe anticipated changes in phys- 

ical h a b i t a t  conditions due t o  streamflow a1 terations, With regard t o  the 

middle river model in9 studies, hydraulic simulation models are extensively 

used t o  forecast anticipated changes i n  depths and velocities. Cal i b r a t i o n  

and application o f  these hydraulic models i s  the subject o f  this section o f  

the middle river modeling MRM) report. 

The t h i r d  step involves the application of h a b i t a t  suitability cri ter ia  

developed i n  Step 1 in combination w i t h  the cal ibrated hydraul i c  models t o  

simulate the response o f  f i s h  h a b i t a t  t o  incremental changes i n  depth and 

velocity. T h i s  analysis is facilitated by using the IFG HABTAT model which i s  

capable of eva lua t ing  other h a b i t a t  variables such as substrate compost t ion  



'i. 
* d - r 

and cover. H a b i t a t  response t o  streamflow va r i a t i ons  i s  portrayed by an index 

\ called weighted usable area WUA forecast are presented f o r  juvenile 
% 

l" 

chinook a t  each study s i t e  i n  this section o f  the report b u t  wi l l  be discussed C 

i n  a subsequent report by EWT&A. 

Two different hydraul  i c  models were appl  l ed  in the  MRM studies - the IFG-2 and 

IFG-4. Selection o f  one hydraulic model over the other depends on three 

cemnsideratiemwr[;. These include the level o f  resolution o f  t he  aquat ic 

h a h i t a t  microhabitat desired the  level of e f i a P t  available f o r  csmmitment 

t o  f i e l d  da t a  ctallecta'on and 3) s i  te -spec i f  i c  consideratjons. The IFG-2 

model i s  a water surface profile program step backwater model ) which i s  based 

on uniform flop# t theory I t  i s  most applicable t o  stream reaches w i t h  rela- 

t ively mild g ~ a d i e n t  and uniform cross section S*  ally varied flow con- 

d i  t ions) .  The IFG-4 model i s  an empirical model based on regaime theory and 

regression analysis. I t  provides greater l a t i t u d e  f o r  appl ica t ion  t o  stream 

reaches w i t h  non-uniform grad ien t  and i rregul a r  cross section rapidly varied 

f l o w  cond.9"t-d"ons One o r  two se ts  %sf f.s"e3d d a t a  are recsmmerrded f o r  ca l i -  

b r a t i on  o f  the  IFG-2 model, whereas a minimum o f  th ree  data s e t s  are recorn- 

mended t o  calibrate the IFG-4 model, 

Bath IFG hydraulic models are based on the assumption t h a t  s teady  f l o w  con- 

d i t i o n s  exist w i t h i n  a rigid stream channel. Streamflow * is defined as 

"steady" i f  the dep th  o f  f l o w  and velocity a t  a specific l o c a t i o n  remains 

constant t h roughou t  the  t i m e  interval under consideration. T h i s  definition i s  

commonly accepted t o  mean t h a t  the discharge remains constant t h r o u g h  t he  

study s i t e  d t : r i n g  the t ime  interval required t o  collect a s e t  o f  calibration 

d a t a .  A stream channel i s  " r i g i d "  i f  i t  does no t  change shape d u r i n g  t he  



time per iod  required t o  collect a l l  sets o f  calibration d a t a ,  and ( 2 )  does not 

change shape w h i l e  conveying natura l  streamflows o f  the magnitude t o  be 

simulated (Trihey 1980). 

Prior t o  initiating the 1984 MRM st l jd ies,  approximately  130 s ide  channel o r  

mainstem 1 ocations were selected as candidate study si tes by EWT&A based on 

examination o f  aerial photography. Side channels and side sloughs a t  which 

hab i ta t  models had been developed by ADF&G Su Hydro p r i o r  t o  1984 were 

excluded from the s i t e  selection process. Each candidate study s i t e  was 

c l a s s i f i e d  i n t o  one o f  eleven h a b i t a t  categories according t o  the habitat 

t ransformat ion i t  underwent as the  mainstem discharge decreased from 23,000 

c f s  t o  9,000 c f s  Table 1 T' l is approach t o  study s i t e  selection was 

chosen because a notable transition i s  expected t o  occur in e x i s t i n g  mainstem 

and s i de  channel h a b i t a t  as a result of project induced changes i n  the n a t u r a l  

flow regime o f  the middle river. A t o t a l  of eight study s i t e s  were selected 

f o r  detailed hydraulic analysis i n  1984 Table 111-2 and Figure 111-1 

Table 111-2. Types o f  hydrau l i c  models app l ied  2 : 1984 liliddle river modeling 
s i t e s  f o r  r ea r i ng  chinook. S i t e s  are identified by river mile 
and o r i e n t a t i o n  t o  the river bank l ook i ng  upstream ( L = l e f t ;  

S i t e  

- - -- - - 

Type o f  Model 

7 cross section IFG-4 
5 cross section IFG-2 
9 cross section IFG-2 
5 cross section IFG-2 
7 cross section IFG-4 
9 cross sec t ion  IFG-4 
6 cross section IFG-4 
6 cross section IFG-2 



Table I I I -  1. Description o f  Habi ta t  Transformation Categories 

Category 

0 

1 

1 I 

1 jb I 

It% 

V 

V I  

!I?% 

VIII 

Tributary moutil h a b i t a t s  t h a t  p e r s i s t  as t r i b u t a r y  mou th  
h a b i t a t  a t  a lswer fhw,  

Upland slough and side s lou th  h a b i t a t s  t h a t  persist as the 
same h a b i t a t  type a t  a lowev f l ew .  

Side channel habitats t h a t  transform t o  s i d e  slough 
h a b i t a t s  a t  a lower f l o w  and possess upwelling which 
appears t o  p e r s i s t  th roughout  winter. 

Side channel h a b i t a t s  t h a t  transform t o  s i d e  slough 
h a b i t a t s  a t  a lower f l ow  but do not appear t o  possess 
upwell ing t h a t  persists t h roughou t  winter. 

Sfde channel h a b i t a t s  t h a t  persist as s i d e  channel 
habistats a t  a lower f l o w ,  

Indistinct mainstem o r  s ide  channel areas t h a t  %rans fom 
i n to  distinct s ide channels a t  a lower f low.  

Indistinct mainstem o r  s ide  channel h a b i t a t s  t h a t  persist 
as indistinct areas a t  a lswer Plsw, 

Indistinct mainstem o r  side channel areas t h a t  transform 
t o  s ide  slough h a b i t a t s  a t  a lower flow and possess 
upwell i n g  which appears t o  persist t h r o u g h o u t  winter. 

Indistinct mainstem o r  side channel kab i$a ts  P low which 
t r a n s f o r m  t o  s i d e  slough h a b i t a t s  d t  a lower f l o w  but 
do not appear t o  possess upwelling which persists 
throughout  winter. 

Any water course t h a t  i s  wet ted t h a t  dewaters o r  consists 
o f  isolated pools w i t h o u t  h a b i t a t  value a t  a lower f l o w .  

Mainstem h a b i t a t s  t h a t  persist as mairs tem h a b i t a t  a t  a 
lower f low,  

* Habi ta t s  were based on a reference f low o f  23,000 c f s  

Source: Aaserude e t  a l e  1985, 



Fioure I I I -1 .  Middle river IFG and DIHAB modeling si tes .  





Figure 111-1. Middle river IFG acd DIHAB modeling s i t e s .  





Figure 111-1. Etiddle river IFG and DIHAB modeling s i t e s .  



Figu: "11-9. Middle river IFG and UIHAB modeling sites.  



Habitat categories t h a t  were well represented by existing models were not 

studied further d u r i n g  t he  1984 field season. 

METHODS 

S i t e  Installation and Data Collection: A varying number o f  cross sect ions and 

s ta f f  gages were installed a t  each study s i t e  t o  describe pools, r i ff les ,  and 

runs, Cross sections were a lso  posi t ioned a t  the transitions between r i ff les  

and pools, 

Methods fo r  installing staff  gages are described i n  Par t  I I  of t h i s  report and 

the FY84 ADF&G Su Hydro Aqudtic Studies Procedures Manual. Cross section 

profiles were determined f o r  each cross section w i t h  a level and survey rod. 

Horizontal distances between headpins were measured t o  the  nearest 1.0 f t  by 

s t a d i a  survey o r  measuring tapes, Streambed elevations were measured t o  the  

nearest 0.1 ft us ing  d i f f e r e n t i a l  level inq techniques. In conjunction v i  t h  

the cross section survey, the water surface elevation was deterunined a t  the 

l e f t  and r i g h t  rvaters edge, and dep th  of 'Flow was measured a t  a minimum o f  

three po in t s  on each cross section, 

Substrate composition and the associated cover value were visually estimated 

and recorded across each transect. Substrate composition was c l a s s f f i e d  us ing  

the cri teria presented i n  Table 111-3 Estes and Vincent-Lang 19 

was described using a two-digit code Following Schmidt e t  a l .  

the f i r s t  d i g i t  refers t o  the  cover type and the second d i g i t  i d e n t i f i e s  the 

percent cover (Table 111-4 The presence o f  upwelling groundwater was 

visually determined a t  each cross sec t ion  during October 1984 and April 1985. 



Table 111-3. Substrate code classificationQ 

Substrate 

Visual  l y Estimated 
Particle 

S i  ze C l a s s i f i c a t i o n  

:;$It 

Sand 

Small Gravel 

Large Gravel 

Rla$b% e 

Cobble 

Boul der 

Table 111-4. Cover Code CSassif ica+ion. 

COVER CODE 
PERCENT 

COVER 

s i l t ,  sand 1 
emergent vegetat ion 2 
aquatic vegetation 3 
1-3" gravel 4 
3-5" " b b k  5 
> 5" cobble, boulder  6 
debr-t" s 7 
overhanging r i pa r i an  vegetation 8 
undercut bank 9 



The IFG-4 hydraulic model requires t h a t  the water surface elevation be iden- 

t i f i e d  f o r  each cross sect ion a t  wh ich  no f l o w  occurs. T h i s  elevation i s  

called the stage o f  zero flow and generally corresponds t o  t h e  streambed 

elevation in riffles and runs and the downstream hydraul i c  control *For pools. 

The stage o f  zero f l o w  i s  not required when applying the IFG-2 model. 

Thus a t  a l l  IFG-4 sites, the stage o f  zero Flow a t  each cross section w i t h i n  

the s tudy s i t e  was determined from the surveyed streambed profile. Streanfjed 

elevations o f  hydraulic controls downstream o f  the study s j t es  were estimated 

fo r  use i n  the model cal i bra t ion  procedures. 

Depth and velocity infomation necessary fo r  model calibration were collected 

a t  each s i t e  using a Marsh-McBirney o r  Price AA v e l o c i t y  meter and a top- 

setting wading rod. Water depth  was measured t o  the nearest 0.05 f o o t  and 

velocities were measured t o  0.1 f e e t  per second. These measu~rements were 

classs'ffed as r?.l'ther ""eaS Ib ra t ion"  w ""shore1 jne" " t a ,  Cal ibrat4Ion data were 

collected for use w i t h  the IFG-4 model a t  the smaller study s i t e s  and were 

obtajned a t  v~!r t icals  across an entjre cross sectjsn, Shoreline data  Mere 

collected a t  the larger study s i tes  and were obtained a t  verticals on t h a t  

portion of the cross section extending from each bank out i n t o  the channel 

until either the depth or  velocity was 1 i m i t i n g  t o  f ie ld  personnel. Shore1 ine 

d a t a  were used i n  the IFG-2 model t o  provide h i g h  resolution along the channel 

margins whern f i s h  h a b i t a t  might e x i s t .  Depths and velocities used i n  the mid 

channel cells  of the madel were estimated from cross section and water surface 

prof i 1 es aqd apport3on.iient o f  discharge u s i n g  the con t inu i t y  equation. 



General Techr - raul i c  Model Cal i b r a t i an :  Cal i b r a t i an  s f  the %FG-4 

model was undertaken fo l  lowing recommended IFG guide1 ines (Main 1978 and 

MSI hous e t  aS, 19818 as supplemented by Tr ihey and Hilliard 1984). Guide- 

l ines suggestled by T P ~  hey and H i  11 i a r d  include: 

1. Forecasting depths and v e l o c i t i e s  for  streamf 1 ows representing the 

anticipated extrapolation limits o f  the calibrated maidel dur ing  the 

i n i t i a l  calibration runs, 

2 .  Visua l  examination o f  water surface profile plo ts  f o r  each ca l l -  

b r a t i o n  discharge as well as the rtreamf lows representing the upper 

and lower e x t r a p o l a t i o n  limits o f  the model. 

I f  the observed and predicted water surface profiles do not agree, 
9 

a r  the forecast water surface profiles for the upper and lower 

extrapolation f 1 ows appear unreasonabl e i.e. water f l o w i n g  uphill 

o r  conflicting w i t h  the slope o f  the calibriation profile; the 

following procedures were completed t h r o u g h  an i t e r a t i v e  process. 

a .  Examine the stage o f  zero f low t o  see t h a t  i t  has been 

correctly defined. 

b. Check t h a t  cross section coordinates have been correctly 

calculated and transferred t o  the IFG-4 i n p u t  deck. 

c. Check t h a t  t he  r i g h t  and l e f t  bank water surface e l e v a t i o n s  

have been properly used t o  provide a horizontal water surface 



across the cross section. If a large discrepancy e x i s t s  

between r i g h t  and l e f t  bank water surface e leva t ions ,  z d j u s t  

the streambed elevations t o  cause a hsrlmsntal water surface 

elevation t o  e x i s t ,  

d. Adjust  the calculated water surface elevations a t  each cross 

sect ion w i t h i n  the following 1 i m i  ts t o  provide more real i s t i c  

forecasts o f  water surface profiles for the ex t rapo la t ion  

.$'I QWS : 

f l a t  gradient  c 0.02 f t 

steep grad ien t  + 0.05 f t  

e. I f  steps a th rough  d do not result i n  reliable wate r  surface 

profiles for the extrapolation f laws, i t  i s  q u i t e  possible the 

st3ge discharge relationship i s  non-1 inear, and more re1 f ab l e  

hydraulic simulations will result f r o m  h igh and  low f l o w  models 

used in combination rather t h a n  one model t o  simulate t i l e  
k- 

entire f l o w  range o f  interest. Therefore, separate the f i e l d  ,g IF"' 

c-. qx L; && Fk&J 

data into two subsets and develop two hydrat:lic models follow- I 
@ 

i ng the  guide1 ines  and procedures described above. 

d'*w 
A f t e r  reasonable water surface profiles are forecast by model, 

I-eview the velocity adjustment factors i n  accordance w i t h  

the IFG guidel+nes, 



While reviewing the VAF's, measured velocities were ad jus ted  kO.10 

f t / sec  in low velocity areas o r  c10 percent i f  in excess o f  2 

f t /sec, and extremely small non-zero v e l o c i t i e s  .O% t o  .05 f t / s e c )  

o r  abnormally large Manning's "n" values .I t o  .9) were assigned t o  

pool and shoreline areas where zero v e l o c i t y  was reported i n  order 

t o  improve the predictive capability o f  the IFG-4 model over the 

range of e x t r a p o l a t i o n  f 1 ows. 

Cal i bra t i on  o f  IFG-2 model s a1 so fo l  lowed recornended IFG guide1 ines  and was 

supplemented by procedures developed by EWT&A t o  utilize t he  shoreline depth 

and v e l o c i t y  data  collected over a wide range u f  f l o w s  and the well-defined 

r a t i n g  curves developed fo r  several cross sectl'ons in the stuidy s i t e .  The 

primary approach i n  cal ibrating IFG-2 models was adjustment o f  Manning's "n" 

values for each cell along the  cross sect ion until predicted shore1 ine 

velocities and water surface profiles agreed wi th  the f ie ld da ta ,  

Required i npu t  d a t a  f o r  an IFG-2 model ii!cludes the water surface elevations 

a t  the downstream crass sect ion CPQSS sectjop 1 f o r  each streamflow t o  be 

simulated, These elevations were obtair,ed from the st:age-discharge 

relationship developed for  this cross sec t i on  rf:f~r t o  Section 11). 

Stage-discharge curves developed a t  the other cross sections i n  the study s i t e  

provided target water surface elevations w i t h  w h i c h  t o  compare forecast water 

surface profiles. I f  the model predicted a low water surface elevation a t  a 

particular transect, the Manning "nu values were increased. Decreasing 

Manning v t l  ues dropped t h e  w a t e r  surface elevation.  



Once the desired water surface profile was attained for the calibration 

flow!s), the distribution o f  v e l o c i t i e s  across each cross section was compared 

w i t h  the a v a i l a b l e  f ie ld  observations. P l o t s  o f  observed versus predicted 

velocities were used t o  i d e n t i f y  cells where an adjustment i n  the Manning "nu 

value f o r  individual cells was required. If individual "nu values were 

significantly a1 tered in this  process, the water  surface elevation dev ia ted 

from the target water surface elevation. 

Manning "nu values general ly decrease w i t h  an increase i n  d ~ s c h i l r ~ e ' ~ a  result I 

Y C 

o f  streambed roughness having a reduced e f f e c t  on retarding f lorr  as dep th  o f  

f l o w  increases. The IFG-2 model accepts n-modif iers  t o  account for this 

M i l  hous e t  a1 , 1984 To maintain the characteristic shape o f  the 

velocity d i s t r i b u t i o n  pattern across the cross section f e e . ,  the general 

trend o f  h i g h  mid channel and  lo^ shoreline velocity areas), a l l  "nu values a t  

the cross section were multiplied by a constant fac tor ;  greater than 1.0 t o  

raise the water surface elevation, and less t h a n  1.0 t o  lower i t .  Typical 

n-modif ier  values ranged from 1.02 fo r  low f l o w s  t o  0.60 for extremely high 

Plows. The apparent skew between n-modifiers for h i g h  and low f l o w s  e x i s t s  

because most calibration data were collected during low f l o w  conditions and 

therefore "n" values do not require much adjustment t o  simulate low f l o w s  

hydraulic condi t ions as they do t o  reproduce high f l o w  observa t ions .  

A s i ng le  IFG-2 model was not always adequate t o  re1 iably predict both low and 

h i g h  f l o w  hydraulic conditions. T h i s  was primarily due t o  interaction between 

channel geometry and f low t h a t  a1 tered the stage-discharge relationship such 

as  the overtopping of gravel bars,  o r  transformation of a riffle-pool sequence 



t o  a r u n .  The need for two models was evidenced by unrealistic velocity 

distributions, especially along the shore1 ines, between h i g h  and low f l o w  

forecasts, 

General Tech : The q l ~ a l i t y  o f  each 

~ calibrated IFG-4 o r  IFG-2 hydraulic model was evaluated a t  t b ~  levels. Level 

~ one i s  a qua1 i t a t i v e  assessment o f  the models overall performance w i t h  regard 

t o  four  evaluation c r i t e r i a .  Each model was given a numeric r a t jng  depending 

upon i t s  degree o f  compliance w i t h  each criteria.  Numeric r a t i ngs  were 

assigned t h rough  a comparison o f  model performiirce w i t h  c r i t e r i a ,  or th rough  

professional judgment. Appl i c a t i o n  o f  professional judgment ~ e q u i  res: an 

unders tanding  of open channel hydraulics, famil i a r i t y  w i t h  the study s i t e ,  

experience w i t h  the model, and knowledge of how the model w i l  l be used in the 

h a b i t a t  analysis. 

Numeric rat ings assigned model performance for each o f  the fou r  cr i ter ia  may 

be either 0, 1 o r  2 as defined below. The overall score, calculated by 
.f; ; , a , *  

"c- 

summing the  numeric rrtings for  the four  c r i te r ia ,  was used t o  indicate t h e d i - '  
' 8  * 

, . *  s t p  

overall qua1 i t y  o f  the calibrated models according t o  the following scale: 

ExceV en.$; maximum possible score) 

Good 7 

Acceptable 5-6 

Unacceptable 5 ;  or zero fo r  any evaluat ion category 



//,//.. ! ?-:f- 
LEVEL ONE EVALUATION FOR IFG MODELS 

- .  

l 
Criteria 1: Haw well does the model conform to the IFG and EW&A calibration 

a. P lopwa te r  surface profiles, s .  age o f  zero f l o w ,  and streambed 

profile. Are they reasonable? To be reasonable, water must f l o w  

downhi 11 ; an increase in discharge should cause the pool/riffle 

sequence t o  drokn out and the water surface profile t o  become more 

uniform i n  grad ien t ;  a decrease in discharge should cause the water 

surface profile t o  more distinctly reflect changes i r  stream bed 

gradient  and riffle/pool profiles. 

b, Examine water surface elevations forecast by the cal i brated model. 

Are the predicted water surface elevations over a broad range of 

discharges coincident w i  t h  the stage-discharge curves fo r  each s f  te?  

c .  Compare predicted dep ths  and velocities a t  the  calibration flows t o  

f ie ld  data.  Do the predicted discharges agree wi th  the discharges 

measured =in the f.ie%d f a r  each cross sect ton IFG-4 model only 

Are the predicted velocities realistic? Are there wore than  few 

outliers for the extrapolated f lows? 

Rating: 

2 = A model t h a t  can forecast both water surface e l e ~ a t i o n s  and veloc- 

i t i e s  accurately. 



1 = A model t h a t  can define water surface elevations and vef o c i t i e s  

accurately a t  the calibration f lows but may not be able  t o  rel iably 

define both WSEL and velacities near the limits o f  the extrapo!ation 

rangre. 

0 = A model t h a t  cannot accurately reprcduce depths o r  velolci t ies a t  the 

caf i b ra t i an  $1 ow, 

CriCeria 2: How we17 doer the extrapolation range of the calibrated model 

confom t o  the desired range? 

Subreaches o f  the overall extrapolat ion range o f  t h e  calibralted model are 

rated excel 1 ent , good, acceptable o r  nor acceptab'l e depend3 ng upar, the 

degree t o  which predicted water surface elevations coincide wi th  the 

stage-discharge curve and VAF's coincide wi th  IFG guidelines, 

The first  assumption made in this evaluation i s  t h a t  accurate stage- 

discharge curves are available f o r  seve- .,: cPosr sections in the s tudy  

s i te .  Tile ab i7 iQ t o  evaluate the forecasting capabili"iies o f  the model 

improve w i  t h  an increasing n ~ m b e r  o f  we1 1 -defined s tage  dis.charge curves 

f o r  the siudy s i t e .  By reviewing aerial photography and incorporating 

fieid experience i t  can be determined whether there is  su f f i c ien t  change 

i n  local channel geometry o r  flow patterns such as gather channels 

becoming overtopped a t  higher mainstem discharges t h a t  may cause a 

significant change in the slope o e  the stage-discharge re1at:ionship above 

the range of available data .  



Ratings: 

Z = A wrcacfel t h a t  can farecast ~rrater surface elevations coincident w i t h  

the stage-discharge curve while retaining VAF's between 0.9 and 1.1 

throughout the entire extrapolation range. 

1 = A m o d ~ l  t h a t  can forecast either VRF's o r  water surface elevations 

w i t h i n  the extrapolat ion range. 

0 = A model t h a t  cannot forecast acceptable WSELgs o r  VAF's w i t h i n  the  

defined extrapol a t ion  range. 

Criteria 3: Are the hydraul i c  model s apr r op r i a t e ly  cal ibrated forb the species 

and l i f e  stage being  considered? 

Study s i t e s  establified t o  evaluate a part icular  species o r  l i f e  stage 

may not accurately represent microhabitat conditions important t o  another 

species or l i f e  stage. For example a good rearing s i t e  may not be an 

acceptable spawning s i t e  due t o  substrat2 composition o r  absence o f  

upwe1 7 ins. Careful l y  reviek t h e  microhabitat characteristics o f  the 

study s i t e  in reference t o  l i f e  h i s t o ~ y  ~requirernents of the species o r  

1 stage being evaluated. Cross sections are properly located t o  

acccrately define the channel morphology which i s  of importance t o  the 

species and lor  l i f e  stage of interest and t h a t  a s u f f i c i e n t  number of 

ver"Lic1s are included a t  each cross section t o  p r o v i d e  an accuri!te 

descr ipt ion of d e p t h  and veloci ty  distribction. 



1 Ratings: 

2 = A model t h a t  provides sufficient precision i n  i t s  hydraulic fore- 

casts  t o  be applied t o  both  a d u l t  and juvenile l i f e  sjtages w i t h  an 

equally h i g h  level o f  confidence. 

1 = A model t h a t  can provide a h i g h  level o f  precision flor evaluating 

the l i f e  stage for  w h i c h  the study s i t e  was primarily established, 

but hydraul i c  forecasts are only considered "acceptab'l e" for other 

;pecies/l i f e  stages. Had cross sections and verticall s w i t h i n  the 

study s i t e  been l a i d  ou t  differently, additional da ta  collected, o r  

a separate hydraulic mode! calibrated, a "2"  r a t i n g  would have been 

possible. 

0 = Insufficient data were collected t o  calibrate the hydraulic model i n  

the f low range o f  interest for the species/life stages t o  be evalu- 

Criteria 4: How we17 does the range o f  forecast depths  and v e l o c i t i e s  compare 

w i t h  the dep th  and velocity ssuitability cr i ter ia? 

Even though the model may not accurately reproduce depths o r  velocities 

from a hydraul i c  viewpoint , the erroneous1 y predicted depths and 

v e l o c i t i e s  may occur w i t h i n  a range of values FOP which suitability 

i f i d i ces  are no t  sensitive. These ranges are unique t o  the p a r t i c u l a r  s e t  

o f  h a b i t a t  suitabil i ty  cr i ter ia  be ing  app l  fed. In general, hydraul i c  



models fo r  juveniles should accurately define low v e l o c i t y  areas 

bu t  need not be as accurate when velocities exceed 2 f t / sec .  

Depths o f  flow greater t h a n  0.15 f t  need only be approximaSte and are o f  

l i t t l e  consequence in steep-sided channels where an error i n  the water 

surface elevation will not  cause a notable change in t o p  width. 

Hydraulic models for spawners should accurately define velocdties cp t o  2 

f t /sec,  and depths up t c  1.0 ft. 

Ratings: 

2 = The hydraulic model provides accurate forecasts o f  depths and 

v e l o c i t i e s  present i n  the study s i t e  throughout  the flu11 ranges o f  

depths and v e l o c i t i e s  for which suitability cri ter ia  are defined. 

1 = Hydraulic forecasts are s u f f i c i e n t l y  accurate t o  describe the order 

o f  magnitude o f  the suitability findex and therefore will result  i n  a 

reliable habitat model even though the p rec i s i on  o f  the  hydraulic 

forecasts are  questionable. 

0 = The hydraulic model i s  i ncapab le  o f  accurately identifying the order 

o f  magnitude of the h a b i t a t  suitability i n d e x .  

EEVEL TWO EVALUATION FOR IFG MODELS 

Letrel two eva7 /ua t ion  c r i t e r i a  were applied wtien the calibrated IFG-2 o r  IFG-4 
f' 

/ maiel; were no t  assigned an excel lent r a t i n g  d u r i n g  the level one evaluation. 
/ I  

These ana ly t i c a l  techniques can a l so  be incorporated as add i t i ona l  steps i n  



recommended model cal i brat ion procedures for  other stud ies  us ing  the IFG 

hydraulic models. 

The best method o f  evaluating the predictive capabilities of the hydraulic 

models would be t o  collect additional da ta  sets near the l i m i t s  o f  the  extrap- 

o l a t i on  range t h a t  are not used i n  the calibration procedure and then compared 

wi th  the model predictions. This  method can seldom be applied, however. The 

analy t ica l  procedure which fo l  lows has been suggested by Wilmott (1981 

use w i t h  geographic models which face  similar problems when evaluat ing dicfer- 

ences between observed and predicted data .  

IFG-4 Model : 

A visual comparison i s  made between scat ter  plots o f  the observed and pre- 

d ic ted  depths and v e l o c i t i e s  a t  a l l  cross sect ions for  each calibration f low.  

A quantitative assessment can be made by computing several s t a t i s t i c s  w h i c h  

describe the differences between observed and predicted values. Pearson' s 

bsduet-Momen t Carrel a t i  on Casef f i c i  ent Coe f f i c i en t  o f  Determination 

and i ntercept of a least squares regression between observed 

and predicted values have usually been reported as reliable measures o f  a 

model ' 3  predictive capabilities. Mil lmott 1981) has suggested computing 

add? t iona7 s t a t i s t i c s  t o  better evaluate the predictive capabi l i t y  o f  the 

model. These variables include the systematic and unsystematic components o f  

the root  mean square error 

and 



as we1 1 as t h e  t o t a l  root  mean square error 

where: 

i = 1,2 ,.......... n sample size of the number o f  predicted 
ce7 1 s 

0 = Observed or f i e l d  measured d a t a  

P = Model predicted data .  
Z) 

" I f  RMSE i s  a l l ,  o r  largely composed of RMSEUU s ta tes  Willmott, "perhaps the 

model i s  as good as i t  can be w i t h o u t  major reworking." An index of agreement 

( d l  may also  be calculated t o  determine the degree t o  whqich a model's 

predictions are error free. The index of agreement i s  computed by 

The value of d v a r i e s  bettJeen 0.0 and 1.0 where a computed value o f  1.0 

indicates per fec t  agreement between the observed and predicted observations, 

and 0.0 denotes complete d i  sagreement. 

IFG-2 Model : 

A visual  comparison can be made o f  the observed and predicted v e l o c i t y  d i s -  

tribution p l o t s  f o r  the IFG-2 models, where most of the observed da-ia was 

obtained near the shoreline. In general, cells  i n  the IFG-2 model do not 

.:oincide w i t h  v e ~ t i c a l s  where f i e l d  measurements were made, but rather w i t h  

distinct changes i n  channel geometry, roughness, o r  h a b i t a t  suitabi l i ty .  A 



representative v e l o c i t y  distribution "shapegi was developed f o r  each cross 

section, using calibration f l o w  d a t a ,  which typically extended the  fu l l  wid th  

af the  channel, 

Where only shore1 ine d a t a  was available, the hor izonta l  velocity distribution 

was modeled a f te r  either measured values obtained a t  a similarly shaped crass 

section a t  the s i t e  where a complete data  se t  was available, o r  by simply 

estimating a mid-channel velocity distribution based on the channel geometry 

i,e., the highest v e l o c i t i e s  should  correspond t o  the deepest p o r t i o n  o f  the 

T h i s  is a reliable method, since cr~ss-sectional area and discharge 

are f i x e d  and therefore the average channel velocity i s  defined, 

Applying the IFG-2 model a t  discharges other t h a n  the calibration f l o w  pro- 

duces velocity distributions similar in shape t o  t h a t  o f  the calibration flow. 

When inconsistencies beideen f i e l d  da ta  and predicted velocities occurred a t  

high f lows,  a second model was developed. Generally, the high f l o w  model 

predicts velocity profiles t h a t  are steeper near the water's edge t h a n  the 

corre. ~ n d i n g  low f low model s ,  

: The calibrated hydraulic 

models were 1ink.d w i t h  t h e  IFG HABTAT model t o  forecast WUA f o r  juvenile 

chinook as a function of streamflow. Hab i t a t  suitability cri ter ia  (Curves 
,- 

for each physical h a b i t a t  va r i ab l e  sued i n  the HABTAT model were derived from 
----_L- - 

F i e l d  observations o f  juvenile chinook in s ide  channel and s ide slough areas 

Schmidt e t  a3, 1984 as  described by Trjbey e t  31. 1985. The suitability 

cr i te r ia  applied f o r  juvenile chinook are summarized i n  Figures 111-2, 3 ,  4 

and  Table I Z I - 5 ,  



F igu re  111-2. Juvenile chinook salmon suitability criteria fo r  depth applicable 
t o  clear  and t u r b i d  water h a b i t a t s .  Source: Schmidt e t  a1 . 1984. 
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Figure 111-3. Juveni le  chinook salmon suitability criteria for  velocity 
applicable t o  clear  and turbid water h a b i t a t s .  Source: 
Schrnidt e t  a l .  1984, EW&A and WCC 1985. 
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O f  p a r t i c u l a r  interest are the separate suitabil i t y  criteria for velocity and 

cover which apply under  c lear  and  t u r b i d  water  conditions. Clear water 

hab i t a t s  .occur i n  s ide  channel areas conveying base f lows der ived  from 

groundwater or  t r ibu ta ry  i n f l o w  when the s ide  channel i s  not breached by the 

tu rb id  waters o f  the mainstem. The mainstem discharge a t  which the t r a n s i t i o n  

from clear l o  t u r b i d  water occurs depends on the streambed elevation a t  the 

head of the s i d e  channel relative t o  the water surface elevation o f  the 

mainstem. Water surface elevation versus mainstem discharge a\nd s i t e  flow 

versus mainstem discharge relationships described in Section I I o f  this report 

were used t o  determine a t  which s i t e  f lows the clear o r  t u r b i d  water ve loc i t y  

and cover criteria were t o  be appl  led. 

Within the HABTAT model the study s i t e  is comprised of a matrix o f  cel Is,  each 

pcssessing f low-dependent hydraul i c  variables  obtained from the cal i b r a t e d  

models. Since the t o p  width o f  the study s i t e  responds t o  increniental changes 

i o  streamflow, the t o t a l  number o f  wetted cells and t h e i r  cumulative surface 

area a lso  vary w i t h  f low. 

The HABTAT program evaluates t he  utility of each cell a t  a specified flow by 

c a l t u f a t i n g  a j o i n t  preference fac to r ,  w h i c h  i n  t h i s  study was defined as the 

product  o f  the individual suitability values associated w i t h  the prevailing 

velociey, dep th  and cover conditions. Weighted usable area i s  calculated for 

each cell  by multiplying i t s  surface area by the j o i n t  preference factor ,  The  

WUA for  the s t ~ d y  s i te  i s  the sum of the individual cell WUAs. When p l o t t e d  

as a f u n c t i o n  of discharge, the study s i t e  WUA indicates the s i t e  spec i f i ed  

response o f  f i s h  h a b i t a t  t o  changes in f l o w .  WUA i s  exp:-essed i n  units o f  

square f ee t  per 1,000 linear f e e t  of stream. 



Tata l  wetted surface area and WUA curves for  juvenile chinook we-e obtained a t  

the e i g h t  hydraulic modeling s i t e s  corresponding t o  a range o f  mainstem 

discharge f r ~ m  5,000 t o  35,000 c f s  a t  Gold Creek. Scrface area and WUA va !~es  

f o r  s i  te  flows outs ide the recommended extrapol a t i o n  range of the hydraul i c  

models were estimated u s i n g  trend analys is  and professional judgem"nt, 

Instances wherd this was necessary are documented i n  Table B-6. 

A time series p lo t  o f  available juvenile chinook habi ta r  was a l s o  developed 

f o r  each site by interfacing a syntl: ized record of s i te  flows d u r i n g  t he  

1984 rearing season May 20 t o  September 15 w i t h  the MUA vertshis s i t e  f low 

function. The resulting figures enable evaluation a f  h a b i t a t  c o ~ d i  t i ons  on a 

site-by-si t e  basis aver the summer growth period. 

RESULTS - 

Site 101,2R 

:%"on: - T h i s  s i t e  i s  located 2,2 miles above the cornfluerace a% 

Ghulitna R i v g r  on the east bank o f  the S u s i t n a  River Plate  111-#l). the s tudy  

reach i s  1,500 ft and varies from 350 f t  wide i n  the lower hal f  o f  the s i t e  t o  

250 f t  wide i n  the upper  ha l f .  Cross sections 1, 3, 4 and I) describe the 

sha'ilow, h i g h  velocity areas while crcr; s..:tions 7 and 8 represent a deep, 

slow velocity area Figure 111-5 Crosp ~ection 6 separates the t ~ o  areas. 

Cross sections 2 and 5 describe the sma;l right channel and d i d  not  extend 

across the m a i n  channel as the hydraulic conditions a t  adjacent  cross sections 

were similar, Cross sections 3 and 4 extend across a small backwater channel 



p l a t e  111-1. Modeling s i i r  101 .:I? on Jrirle I ,  1982 a t  i i la inatm r l i i c i ~ a r g e :  23,000cfs. 
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o f  25 and "79 c f g ,  



along the l e f t  bank. Substrate i s  mainly cobble and large gravel  throughout 

the s i t e  wi th a l ayer  o f  s i l t  in the l e f t  channel. Cover i s  available pre- 

dominately f r ~ m  the rubble  and cobbfe substrate present w i  i:h some debr i  s 

present. 

The vegetated gravel ba r  along t he  l e f t  bank and across the channel head 

breaches a t  9,200 c fs .  Below 9,200 cfs, the s i t e  i s  pondedl and only the 

wetted area near cross sec t ion  one i s  connected t o  the mainstem. The r i g h t  

channel breaches a t  14,000 cfs. S i t e  ftows of  10 and 0 c f s  correspond t o  

mainstem discharges o f  10,400 and 7,400 cfs .  A t  23,000 c f s  mainstem!, s i t e  

Plow exceeds 600 cfs,  

Th is  s tudy s i t e  was selected t o  represent s ide channels t h a t  b~ecome dewatered 

a t  low discharges. Upwelling was suspected t o  maintain i ~ w  baseline f low 

condit ions and t h e  s i t e  appeared t o  have potentially good rearing h a b i t a t  

a l t h o u g h  no previous utilization has been documented. An IFG-4 model was 

selected because of the non-uniform f l a w  condit ions present atcd the channel 

s j z 2 *  

C h ~ m  salmifdsn aba&l%s have been obsea".veQ $a use the %ite but  no redds were 

detected. Some 3uvenile chinook salmon have beer: observed i n  the s i t e .  

Access t o  the s i t e  i s  d-ifficult  below 9,200 c fs .  Passage up!stream of cross 

section I i s  not possible i n  the  unbreached condition, 

Calibratjan: Table If 1-6 l i s t s  the d z t a  used t c  eal ibra te  the hydraulic model 

f a r  t h i s  s i te .  Depth and v e l o c i t y  rceasurements were made across each cross 



section a t  every calibration f low.  Because cross sections 2 and 5 do not 

extend across the main channel, they were not included in the hydraulic model. 

Table 111-6. Hydraulic da ta  available t o  calibrate the  IFG-4 mod!el for s i t e  
P01,2R. 

Date 
Discharge 

cfs 

The hydraulic model was established t o  describe the depths  and velocities i n  

the main channel. A t  discharges greater than 14,000 cfs, f l ow  entered the 

r i g h t  channel. The  water surface elevations i n  the main and r i g h t  channels 

differed across cross sections I through 5. The streambed elevations were 

raised in the r i g h t  channel t a  maintain a horizontal water surface elevation 

across a cross sect ion Figure 111-6 The bacha te r  arm a t  " t h e i  mouth  a f  the 

l e f t  channel a l s o  had different %isa$er surface elevations t h a n  tk main 

channe7, She streambed elevdeisns i n  the l e f t  channel wel..e als:; rajsed t o  

ma in t a in  hor?;zontal w a t e r  surface eleva%'r"arns a t  cross sectr"ons 3 d;"'d g4, 

Observed and predicted water surface profiles f r o m  the cal ibrated model are 

shown i n  Figure 111-7, The ex t rapo la t ion  limits are a l so  p 'ot ted.  The IFG-4 

model was calibrated w i t h  respect t o  d e p t h  by making comparisoos between the 

stage-f low curves and the mode! predi -ted \\later surface ele~iations. The 

comparison made a t  the discharge cross secyion i s  i l lus t r? - ted  i n  F i ~ u r e  111-8; 

similar cornparisoris were made a t  each cross :.ecticn. 
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F ' i  guB6*e I I 1-7.  Comparison o f  observed and p red ic ted  water surface profiles f rom calibrated hydraulic 
model a t  101 .ZR study s i t e .  
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Figure 111-8. Compari son hutween water surface el r v a t i o n s  forecast by t h e  
cal  i b r a t e d  hydraul i c  model and the s tage - f  low r e l a t i o n s h i p  
fa r  101,2R cross s e c t i o n  8 ,  



Ver i f i ca t i on :  P.n analytical analysis was made t o  compare the pred ic t i ve  

capabilities o f  the  model. S c a t t e r  plcts comparing t he  observed and predicted 

dep ths  and vefocities (Figure 8-2.1) i f ~ d i c a t e  the model i s  capab le  o f  

accurately predicting hydraulic da ta .  S ta t i s ta ica l  t e s t s  were a1 so made and 

the resul t s  : *rm~ar-i zed in Tab1 e B-5, 

: An excellent r a t i ng  was assigned from 9,200 t o  17,600 c f s  

mainstem discharge. From 9,200 t o  10,300 cfs, the baseline Plow - i s  estimated 

t o  be 10 c f s .  Between discharges o f  141,300 t o  17,609 c i s ,  thle s i te  flow 

ranges from 20 to 600 cfs. As discussed i n  Pzrt I1 of t h i s  report, there is  a 

change i n  the f l o w  versus stage relationship cha~ges  as the gravel bar  wh ich  

separates the main  and r i o h t  channels becomes overtopped, Because there  i s  no 

d a t a  available t c  describe cxaci ly  how t h i s  change affects the ?;ow-stage 

reiationship, the u p p e r  l imit of the excellent r a t i n g  was s e t  tc be 17,600 

cfs. The predictive capabilities a l s o  break down so i t  i s  no longer reliable 

above 17,600 c f s  (600 c f s  s i t e  flow). 

i---T 
U J R ~ ~  -5p tab ie  F91ainstem Discharge, cis Excellent  id 

T o t a l  surface area and  WUA curves f o r  s tudy  s i t e  101.2R are p r o v i d ~ e d  i n  Figure 

111-9. These curves are  plctted t o  the same vertical scale,  representing 

square f e e t  per t h o u s i n d  f e e t  of streair, reach. A conpar;scn of !:he t ~ o  curves 

indicates tit? relative propor t ion  o f  the wett2d surface area contain;r,g 

rear ing h a k ?  t ~ t  f o r  juveni? ;? chirlook at v a r i ~ u s  mainsten discharges. 
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Rearing h a b i t a t  for  juvenile chinook i n  the side channel i s  maximized a t  

mainstem discharges i n  t h e  v i c i n i t y  o f  11,000 c fs .  The s h a r p  rise i n  MU& 

which  occurs near 9,000 c f s  i s  caused by the s i t e  being breached and the 

~ r s o c i a t e d  increase i n  turbidity which  provides additional cove!* va lue  f o r  

j u u e n i  12  chinook. 

The iJUA curve i s  a l s o  plot ted i n  Figure III-9b a t  an expanded vertical scale 
L. 

t o  accent t h e  response of ~ ? i n g  h a b i t a t  Lo incremental changes i n  discharge,  

The presence o f  t u r b i d  water and the d i s t r ibu t ' f in  o f  water v e l o c i t y  are the 

primary determinants of the WUA response curve a t  this s i t e .  A l t h o u g h  much o f  

the s i t e  exists as riffle-run hab i t a t ,  the channel gradient  i s  low enough t h a t  

water v e l o c i t i e s  do not  become limiting t o  juvenile chinook u n t i l  mainstem 

d i  scharges exceed 16,000 c f  s .  The large vegetated gravel bar wh ich  separates 

the side channel from the mainstem and another l a rge  grave7 b a r  i n  the lower 

por t ion  o f  the s t u d y  s i t e  wh ich  i s  exposed at low flows does not provide for 

any appreciable increase in rearing h a b i t a t  s t  h i g h e r  flo\.is due t o  the low 

cover value o f  t h e i r  sand and gravel substrates. Nevertheless, i n  re la t ion  t o  

f l o w  conveyance, this study s i t e  possesses f a i r l y  good h a b i t a t  for  j u v e n i l e  

chinook i n  the lower flow t'anges (Figure 111-9a). 

The WUA forecasts were obtained u s i n g  the HABTAT model linked w i t h  t h e  IFG-4 

model previously described i n  "Lhis s i t e  discussion. Because of the limited 

extrapolation ?ab-ange of this particular IFG-4 model the WUk and surface area 

curves were estimated For mainstem discharges less than  9,200 c i s  and greater- 

than 16,000 c f s .  



The wetted surfs-e area o f  the channel were est imated f o r  discharges o f  5,100 

a n d  7,400 c f s  us ing  digitized measurements obtair~ed from aeri3l photography, 

as described i n  K! inger--KS;igsl zy (1985). These estimates, 31,600 and 46,500 

sq ft/1,000 ft, were dssigned t o  discharges o f  5,000 and 7,0(1(! cfs, Low 

t u r b t a i  ty h a b i t a t  sui tab i !  i t y  criteria were used t o  forecast juveni ' ie  chinaok 

WUA a t  9,200 c f s  (breachi3.j Flow I'ctr* th is  r idt? channel and tile amount o f  

rearing h a b i t a t  available under non-brerzhed conditions was 2ssumrd t o  dec:ine 

t o  zero a t  a constant  rate between this discharge and 6,500 cfs. T h i s  

assumption i s  suppot*tc.l by Rtimerous field observations of clear sltandi ng wiiter 

w h i c h  is c u t  o f f  from the mainstem. A l t h o u g h  s t i l l  contributing t o  t o t a l  

wetted surface area, clear p ~ i l d e d  w&ter provides progressively less sul'table 

h a b i t a t  f o r  juvenile chinoak as mainszem flows recede. 

A t  mafnsten discharges exceeding 16,000 cfs (the upper extrapolation l i m i t  ~f 

the fig-4 model),  estimates of t he  :getzed surface area a t  23,OCiC and 27,000 

cfs were a1 so obtained from aerial photography, Surface areas associated w i t h  

discharges betwe20 16,000 c f s  and 27,000 c f s  were interpolated. Surface area  

estimates for discharges greb ter tar! 27,000 c f s  were obtairre.1 by t r e n d  

analysfs; rxponentially extendi~g the surface area curve t o  a maximum of 

21C,000 sq ft/1,000 f t  at 35,000 c i s .  

The i4UA CLirve for juvc?ni:e c t t i~ook  was assum2d to decay exponefixially zbove 

15,000 c fs .  T h i s  t r e n d  i s  evident a t  other 3idcIe  rfver s f d e  channel fclr 

w h i c h  h i g h  f i c v d  hydraulic %odeis  are a v l ~ i l z b i e .  I q  a d d i t i o n  extsn:ioo o f  the 

F,!: SL+ 9 f C U ~ + J ~  beygnd i6,003 c fs   sing t h i s  technique dces no t  appear incansistent 

v j i t h  l::e rste o f  decl i n p  forecasx by t h t .  csf ' ibrated zodel "or d i c c l ~ a c g e s  h s - ;  

#-;* : 
~ i 7 j i 3  i67ux i.: c f s .  Jdujti~na i i r ; formaifsair i 5 pi*o\-fided i n  Tabie B-6.1. 



Time series WL'A and s i t e  f l o w  p l o t s  are presented i n  F igure  III-IOa and b. 

Low s i t e  flows d u r i n g  la te  M a y  and ear ly  September, corresponding t o  mainstem 

discharges o f  9,000 t o  13,000 cfs,  resulted i n  comparatively 17igh rea r ing  

h a b i t a t  forecasts f o r  these periods. High s i t e  flows dur ing  the intervening 
I '* 

months produced low h a b i t a t  forecasts. . 

S i t e  lOl.5L 

in: This s i t e  i s  located 2.2 miles above the confluence o f  the 

Chulitna River on the west  bank o f  the Susitna River (Plate 111-2). The study 

reach 5s 3,100 f t  long and 430 ft wjde. A large backwater areia i s  present 

thrauohout, the  lower half o f  the s i t e  f o r  the entire discharge range 

35,000 c i s \ .  One cross section describes the backwater arela; a seccnd 

describes the t rans i t ion  between low and h i g h  velocity areas. Three cross 

sections def ine  the deep, f a s t  area i n  the upper h a l f  o f  the study reach 

[F igure  111-2 Cobble and rubble  substrate predominate t h roughou t  the s i t e .  

A thick layer  o f  sand e x i s t s  afor?g the r i g h t  bank o f  the mouth, lrhe available 

cover i s  provided by l a r g e  substrate with less t h a n  25 percent consisjered 

acceptable. 

T h i s  s tudy  site war selected t o  represent large side channels w h i c h  remai'n 

s i d e  channels from 5,000 to 35,000 cfs.  An IFG-2 model was selected because 

of the large s i z e  o f  the channel ar,d i t s  uniform shape. In addi t fo i l ,  f ie ld  

reconnaisc-nce indicated t h a t  rearing h a b i t a t  was limited t o  the stream bank 

margins,  and a limited a~ount o f  d a t a  would therefore be adequate t o  s inu la te  

channel hydraui i t s  w i t h  an IFG-P mcdel . 
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Figure I I I - 1 0 .  T i m e  series p l o t s  o f  juvenile chinook salnlon WUA as a f unc t i on  o f  discherge 
fr,tar May 20 t o  September 15, 1984 f o r  101.2R modeling s i t e .  



P l a t e  111-2. Modeling s i t e  101.51 on June 1,  1982 a t  mainstem discharge: 23,000 c f s .  
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Cross sections fo r  101.-L study s i t e  depicting water 
surface el evations a t  calibration d i  scharges o f  
$696 and 4500 c f  s, 



Channels B a ~ d  C convey mainstem f l o w  a t  I discharges and ZO,DOO c f s ,  

respectively, Channel A becomes a c t i v e  a t  12,000 c i s  and redirects less t h a n  

ten percenmf fthe f l o w  fro81 the s ide  channel t o  the mainstem. S i t e  flows o f  

6,030, 2,400 and 1,640 c f s  correspond t o  mainstem discharges o f  23 ,,000, 10,400 

and 7,400 c-fs respectively. 

Spawning salmon have not been observed i n  the s ide channel. Juvenile chinook, 

coho and sockeye salmon have been i d e n t i f i e d  i n  the s i te ,  The l a rge  backwater 

area a t  the mouth eliminates any access d i f f i c u l t y ,  and the deep channel 

allaws passage th roughou t  the s i t e  a t  a l l  discharges, 

Calibration: The data available t o  model the s i t e  included level surveys for 

cross sections 1, 2, and 5; r a t i n g  curves developed by ADF&G a t  cross sect ions 

Estes and Vincent-Lang, 1384 ; and the hydraulic data  summarized i n  

Table 111-7. Cross sections 3 and 4 were developed from the discharge 

measurement notes, 

Table 111-7. Hydraulic data  available t o  calibrate the IFG-2 model f o r  s i t e  
101,5L, 

Bate 
FI aw Discharge Cal i bra t ion  
(c fs )  j c fs )  Cross Section(s) Type* 



f a b l e  111-7 Continued) . 

* D = Discharge measurements includes mid channel and shore1 ine measur 
S = Shore1 iine measaargemestts does not include mid channel measurements 

** = J.djusted t o  instantaneous discharge 

Two model s were required t o  accurately describe the s i t e  for  mainstem 

discharges o f  5,000 t o  35,000 cfs, Ve loc i t y  p r o f i l e s  for  s i t e  f l o w s  o f  1,696 

and 2,250 c f s  a t  cross sections 1, 2, and 5 were similar. However, t o  

simfrlate the velocity distribution across the channel a t  a s i t e  f l ow  o f  4,500 

c f s  required a different s e t  o f  Manning's "n" values. Yelocities increased 

gradually with distance from the water's edge a t  low f lows,  but rose quickly 

and approached maximum channel v e l o c i t y  riiuch closer t o  share a t  h i g h  f lows. 

The velocity profiles f a r  the two measured f l ows  a t  cross s e c t i o ~ n  3 were very 

similar and reepresented low and medium f ows t h r o u g h  the s i t e .  Only low f l o w  

data  were available f o r  cross sec t ion  4. 

In calibrating the two models with respect t c  d e p t h ,  predicted water surface 

elevations a t  cross sections 2 and 5 were compared t o  the  corresponding 

elevations calculated from the r a t i n g  curves. Water surface elevations for 

cross sections 3 and 4 were checked by comparing the predicted top  wid ths  w i t h  

the top wid ths  determined from the discharge measurements. \dater surface 

profiles based on IFG-P o u t p u t  f o r  the ca l ib ra t ion  f3ows o f  1,696, 2,250, and  

4,500 cfs  and for the flows corresponding t o  discharges of 5,000 and 35,000 

c f s  are shown i n  F igure  111-12. Observed water surface elevations and r a t i n g  

curve water surface e l e v a t i o n s  are a1 so shown, 
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Figure I I I - 1 2 .  Comparison o f  observed and predicted water surface profiles f r o m  calibrated 
model a t  101.5L study s i t e .  



V e r i f i c a t i o n :  Figures B-2.2 and 8-2.3 show v e l o c i t y  profiles produced by the 

two IFG-2 models a t  crass s e c t i o n  5 f o r  calibration flows o f  1,696 and 4,500 

c fs .  The observed shoreline velocities f o r  those f l o w s  are a l so  plot ted .  The 

figures demonstrate t h a t  the s e t  o f  Ian" values t h a t  produces the proper 

v e l o c i t y  profile a t  the low f l o w  does not accui-ate'ly produce t h a t  o f  the h i g h  

f low,  and v i c e  versa, 

i c a l i o n :  -- The low f l o w  IFG-P model represents s i t e  conditions fo r  mainstem 

discharges up t o  10,600 c f s  while the h i g h  f l ow  model i s  applicable t o  

mai  nstem discharges greater t h a n  10,600 c fs .  T h i s  breakpoint corresponds t o  a 

s i t e  f l a w  o f  2,500 c fs .  By utilizing a l l  available s i t e  infojmation, 

including aerial photography, channel geometry and f ield experience, the 

limits f o r  which the models can be considered excellent extend beyond the 

range o f  available data .  The models were ex t rapo la ted  beyond the d a t a  range 

t o  5,000 c f s  on the lower end o f  the low f l o w  model and 23,000 c f s  f o r  the 

upper end of the h igh  Flow model. A t  23,000 c f s ,  the channel geometry 

suggests t h a t  the t o t a l  f l o w  loss th rough  the overflaw channel i s  less t h a n  

ten  percent, Because t h i s  ou t f l ow  i s  minor, the uppe r  @ode1 limit was extrap-  

o la ted  from 23,000 t o  35,000 cfs, Flowever the overall r a t i n g  for  the h i g h  

f l o w  model f o r  the mainstem range of 23,000 t o  35,000 c f s  was considered good, 

rather t h a n  excellent. The t o t a l  wet ted  surface area and juvenile chinook WUA 

curves for the study s i t e  are presented in Figure 111-13. In t h i s  figure the 

WUA and surface area curves are plo t ted  t o  the same scale and  expressed i n  

identical units; i .e., square feet per 1,000 fee t  o f  stream. A comparison of 

the two curves gives an i n d i c a t i o n  of the propor t ion  of the study s i t e  which 

conta ins  rearing h a b i t a t .  



The application ranges and ratinqs are sumartzed below i n  the bar  char t .  

t 

Mainstem Discharge, cfs Exceltent 

S i te  101.5L i s  distinguished by a comparatively narrow raclge of juvenile 

chinook WUA for  mainstem dischar ween 5,000 and 35,000 c f s ,  suggesting 

t h a t  areas suitable fo r  chinoo aye generally recruited and lost a t  

comparable rates. Most o f  the rearing h a b i t a t  i s  located i n  a narrow band 

along the r i g h t  shoreline where v e l o c i t i e s  are not iimiting (Williams 1985). 

The response af the WUA curve t o  variat ions r i  mainstem discharge i s  

diagrammed in Figure 111-13 w h i c h  i s  p l o t t e d  on an expanded vertical scale. 

The increase in WUA forecasts associated w i t h  lower mainstem discharges 

reflect the influence o f  13wer velocities. The WUA forec~sts  assaciated w i t h  

lower f lows a t  this s i t e  reflect the combined effect o f  overtopping discharges 

i n  both overf 1 ow and secondary feeder channel s and the channel geometry on 

nearshore velocities. At higher flows the small Sncreases observed i n  

juvenile chinook h a b i t a t  are due t o  the progressive development o f  a 

low-velocity backwater area a t  the lower end o f  the study site. The 

significance of these changes i n  h a b i t a t  potential i n  response to streamf low, 

however, becomes relative1 y insignificant when viewed i n  relation t o  the 

wetted surface area o f  the s ide  channel. 



f igure 111-13. Projections o f  gross surface area and WUA o f  
juvenile chinook salmon h a b i t a t  as a f u n t i o n  
o f  d i  scharge for the 101.5L model i n g  
s i t e ,  



WUA were forecast asing low- and i l igh-f low IFG-2 models linked with the HABTAT 

model t a  account for floh3-dependent va r i a t i ons  in share1 ine velocity 

d i  stri bu t i an .  The side channel conveys t u r b i d  water a t  mainstem discharge 

less than 5,000 cfs ,  Therefore WUA for  j uven i le  chinook was forecast using 

only t u r b i d  water h a b i t a t  suitability criteria. Rpplication o f  low and h i g h  

flow WUA models resulted in sepcrate WUA functions which were j o ined together 

t o  form the single habitat response cdrve presented in Figure 111-13. This  

was accomplished by overlappf ng the WUA forecasts from the 70w and high f l ow  

models and choosing a discharge value w h i c h  would e f f e c t  t he  smocthest 

t r ans i t ion  from one habitat  response curve t o  the other. The se'lected va lve  

was 8,500 c f s  (Tsble 8-6.2 

The time series p lo t  o f  WUA f o r  j u v e n i l e  chinook bears a strong re~semblance t o  

the daily streamflaw record a t  i h 2  s i t e  f o r  the  May 20 t o  September 15, 1984 

period (Figure 111-14 S i t e  f l o w s  durGng  this period typ ica l ly  ifary between 

4,000 and 8,000 c f s ,  accompanied by changes i n  h a b i t a t  potential \ranging from 

12,060 t o  22,000 sq ft/1,000 ft. The seasonal variability o f  WUIA is  small. 

With the exception of a few h i g h  f l o w  periods,  s i t e  f l ows  and juvenile chinook 

hab i t a t  a t  s i t e  101.5L show a remarkable degree o f  temporal s t ab ' i l i t y  d u r i n g  

the rearing season. 

S i t e  112.6L 

: T h i s  s i te  i s  located approximately 2 miles downstream o f  

Lane Creek gain the west bank o f  the S u s f t n a  Rfver  111-3 The study 

reach i s  4,100 ft l ong  and varies between 506 and 700 f t  wide. E i g h t  cross 
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Figure 111-14. Time series p lo t s  o f  $uvenile chinook salmcn MUP, as a function o f  discharge 
f rom May 20 t~ September 15,  1984 for 101,5L modelSng s i t e .  



P l a t e  111-3. l l ode l ing  s i t e  112.6L on Septen~ber 6 ,  1983 a t  a mains tem discharge: 16,000 c fs .  



sections were i n i t i a l  l y  establ ished during h i g h  mainstem discharges occurring 

i n  ea r ly  August: cross sections 1, 2, 5, 6 and 7 describe low ve'loci4,y areas; 

3 ,  4 and 8 define h i g h  velocity areas. As f lows receded d u r i n g  the f a l l ,  

cross sec t ion  4 was relocated and an additional cross section, 3A, was added 

t o  better describe the shallow, high velocity area midway t h r o u g h  the s i t e  

Figure 111-15 Substrate composition i s  cobble and r u b b l e  wi th  layers o f  

s i l t  and sand found i n  pool areas and in the backwater area located a t  the 

mouth. The large substrate provides cover, w i t h  less t h a n  50 percent con- 

sidered acceptable. 

The side channel i s  breached a t  mainstem discharges greater t h a n  5,000 cfs. 

The overflow channel along the r i g h t  bank conveys s ide  channel f l o w  a t  

discharges above 20,000 cfs. Pool and r i f f l e  sequences dominate the s i t e  

below 10,000 c f s ,  and a gravel bar below the confluence o f  Slough 6A i s  

exposed. A t  discharges above 10,000 cfs, the channel becomes a large run.  

Flows o f  7,130, 1,230 and 377 cfs correspond t o  mainstem dirchargles o f  23,000, 

10,400 and 7,400 cfs. 

T h i s  7zrge study s i t e  was selected t o  represent large s ide channels which  

reduce t o  small side channels a t  low discharges. An IFG-P model was selected 

because of the large size of the channel. F i e l d  reconnaissance i n d i c a t e d  t h a t  

rearing h a b i t a t  was limited t o  streambank margins a t  h i g h  discharges, and a 

1 i m i  ted amounL of da ta  waul d therefore be adequate t o  sim~il a t e  channel 

hydrauf i c s  w i t h  an IFG-2 model. 
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Salmon have not been observed spawning i n  the s i te .  Chinook f ry  have been 

observed using the channel par t icu lar ly  below the confluence o f  Slough 6A. 

Access t o  and passage t h r o u g h  the s i t e  are not problems in this s ide  channel. 

Calibration: The data  available t o  model the s i t e  consisted o f  level surveys 

fo r  a l l  nine cross sections and the hydraulic data summarized in Table 111-8. 

Table 111-8. Hydraulic data  available t o  calibrate the IFG-2 model f a r  s i t e  
I12,6L, 

Fl ow 
Date c f s )  

CaS ibra t i sn  
Cross Section 

* D = Discharge me includes m i  d channel and shore1 i ne 
measurements 

S = Shore1 ine me does not  include mid channel measurements). 

The IFG-2 model requires a ho r i zon ta l  water surface a t  each cross section. 

Field observat ions  o f  t h i s  s i t e  ind ica ted  t h a t  t h i s  d i d  not  always occur. O f  

the several s t a f f  gages installed a t  each cross section, only  d a t a  froai t he  



gage which best represented the largest por t ion  of flow was used t o  calculate 

t h e  t a rge t  water surface elevations i n  the cal i brat ion process. 

Adjustments were made t o  cross sect ion survey data t o  create a horizontal 

water surface elevation a t  some cross sections. Observed dep ths  for the 

calfbration fhow o f  355 c f s  were plotted wi th  the cross sect ion 

survey data .  Cross sections 2 ,  3 ,  3A,4 and 8 d i d  not have horizontal  water 

surface elevations and were modif ied as fol lows: where the plot ted water 

surface elevation was lower t h a n  the representative water surface elevat ion,  

the streambed was raised by the difference i n  the two wa'ter surfacz 

elevations. Conversely, the streambed was lowered where the pl  o t t e d  water 

surface elevation was h ighe r  t h a n  the representative water surface elevation :: 
2 cod 

Only crass sectiomA8 w adjusted s ignif icant ly along the lef t  bank (Figure 111-16) 

Well- defined r a t i n g  curves based on mainstem f l o w  were adopted for  seven of 
P 

the nine crass r;ectlerns, Data esllected a t  cross sec-tican 38 and tlhe new cross 

section 4 was insufficient t o  develop a good ra t ing  curve, Therefore there 

cross sections were cal ibrated wi th  velocities only. 

Overtopping o f  the gravel bar  in the lower rsach d u r i n g  h i g h  f l o w  events 

causes a transformation i n  the velocity d i s t r i b u t i o n  across t he  s i t e ,  and thus 

two hydraulic models were required. 

In calibrating the models w i t h  respect  t o  dep th ,  predicted water surface 

e leva t ions  a t  a l l  cross sections except 3 A  and 4 were compared t o  the 

corresponding r l e v a t i o f i s  calculated from the r a t i n g  curves. Water surface 
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F igure  I 11-16. Compari son between measured and adjusted cross sections 
2 and 8 a t  112.6L study s i t e .  



p r o f i l e s  based on IFG-2 o u t p u t  for  the c a l i b r a t i o n  f l aws  and t h e  f l o w s  

corresponding t o  5,000 and 35,000 c f s  are shohn in Figure 111-17. Observed 

water surface elevations are a l s o  shown for  the calibration f lows,  and r a t i n g  

curve water surface e l e v a t i o n s  are shown for  the model 1 i m i t  f lows.  

V e r i f i c a t i o n :  Figurer 8-2.4 and 8-2.5 show velocity profiles produced by the 

two IFG-2 models a t  cross sec t ion  3 for calibration f l o w s  o f  355 and  4,820 

c fs .  The obzerved v e l o c i t i e s  for those flows are a lso  plot ted .  The f i g u r e s  

demonstrate t h a t  the s e t  o f  "nu values t h a t  produces the proper v e l o c i t y  

profile a t  the low f l o w  does not  accurately produce t h a t  o f  the high f low,  and 

vice versa. 

: The low f!ow model describes dep ths  and ve loc i t ie ! ;  present in 

the channel f o r  mainstem discharges up t o  10,000 c fs .  The h igh flow model i s  

appl  icable t o  s i t e  f l aws  corresponding t o  mainstem discharges [greater t h a n  

10,000 c fs .  The transition from low t o  h igh f l ow  model occurs a t  a s i t e  f l o w  

o f  1,070 cfs.  L i m i t s  fo r  t he  excellent q u a l i t y  r a t i n g  were expanded from the 

limits defined by available da ta  t o  the mainstem range o f  5,000 t o  35,000 c f s .  

Cross sec thns  3W and 4 descr jbe a rt'$f"% earea a t  Sow f l o w s  whirck becomes a 

run a t  higher discharges. Because o f  the  limited d a t a  available t o  calibrate 

these cross sec t ions  a t  h i g h  f lows,  the  h i g h  v e l o c i t i e s  are projected through-  

out the e n t i  re extrapolation range. Because these cross sections represent 

only about 10 percent of the t o t a l  area of the s i t e ,  and actual  v e l o c i t i e s  a t  

the h i g h  f l o w  are probably beyond the usable range on the suitability curve, 

the overall model r a t i n g  was not reduced from excel lent. 
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Figure 111-17. Comparison o f  observed and p red i c t ed  water  surface profiles from calibrated models 
a t  112.6L study s i t e .  



"The application ranges and ra t ings  are summarized below in the car chart. 

Mainsfem Discharge, cfs 

In Figure III-18a t o t a l  wetted surface area and juvenile chinook WUA are 

presented per 1,000 f e e t  o f  stream a t  the same scale. Figore III-l8b is 

p lo t ted  a t  an expanded vertical scale. 

A t  discharges below 8,000 c f s  the side channel conveys less t h a n  10 percent o f  

the t o t a l  mainstem discharge and contains an extensive amount o f  low ve1ocit.y 

t u r b i d  water hab i ta t .  Hence the WUA indices f o r  juvenile chinook are q u i t e  

large. Will tams demonstrated t h a t  the shoreline area w i t h i n  S ide  

Channel SA possessf ng suitable chinook rearing velocities i s  f i v e  t imes 

greater a t  13,500 c f s  t h a n  a t  33,000 c fs .  Further, the wetted surface area 

possessi ng suitable velocities more than doubl es as dischargle decreases f r om 

13,500 t o  8,000 c f s .  

The WVA response curve p l o t t e d  i n  Figure 111-18 accents the precipitous 

decl i n e  i n  h a b i t a t  potential w h i c h  accompanies the increase i n  mainstem 

discharge above 8,000 c f s .  The secondary WUA peak, occu~r ing  near l6 ,Ot rO c fs ,  

results from the overtopping of a large mid-channel gravel bar  in the 'lower 

portion of the  study s i t e ,  A t  higher d ischa~ges ,  velocities increase 

throughout  the s i t e ,  decreasing i t s  value to juvenile chinook. 
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Figure 111-18. Projections o f  gross surface area and WUA o f  
juvenile chinook salmon h a b i t a t  as a func t ion  
s f  discharge fo r  the 112.6L modeling 
s i b *  



MUA indices were forecast using low-and high-flow IFG-2 models linked w i t h  the 

HABTAT ~ o d e l ,  Because t h i s  side channel remains breached d t  malnstem 

discharges less t h a n  5,000 c f s ,  t u r b i d  water suitability cri  tt!ria were used 

f o r  a1 1 h a b i t a t  simulations, Separate MUA respanse curves were forecast u s i n g  

the h i g h  and low flow HABTAT models. The single habi ta t  respogse curve 

presented i n  as Figure 111-lea was developed by over1 apping the IGUA farecasts 

from the low and high flow models tnen averaging corresponding QUA values 

w i t h i n  the area o f  overlzp t o  obtain a smooth t r a n s i t i o n  

Time series plots  of the 1984 s i t e  f l o w  and WUA indices reflect considerable 

v a r i a t i o n  in habi ta t  potential (Figure 111-19 

ion: - T h i s  s i t e  i s  approximately 1.5 miles below Curry S t a t i o n  on 

the e a s t  bank o f  the Susitna River Plate 111-4). The study realch encorr;passes 

the entire s ide channel which i s  4,800 f t  'long and 180 ft wide, Three cross 

sections were established t o  define the deep, low velacity area a t  the mouth 

ar;d two crass sections t o  define the shaf lawer, faster velocitj* area near the 

head o f  the channel (Figure III-20). A large backwater area i s  present a t  a1 1 

f l o w s  and extends from the mouth up t o  cross section 3. Upwelling and 

groundwater seepage occur near cross sections 3 and 4 along the r i g h t  bank, A 

small t r i b u t a r y  enters the r i g h t  bank above cross section 3. Substrate 

varies from cobble and rubb le  a t  the upper two cross sections l:o s i l t  i n  the 

backwater area. Riprap from the railroad i s  present along the r i g h t  s ide  of 

the channel and provides 5 t o  25 percent acceptable cover. 
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Figure 111-19. T ime  series p l o t s  of juvenile chinook salmon WUA as a f unc t i on  o f  discharge 
from May 20 t o  September 15, 1984 f o r  112.6 modeling s i t e .  
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Figure 111-20. Cross sections f o r  119.2R study s i t e  d i ,  icting water 
surface elevations a t  calibration discharge o f  316 c f s .  



The s ide  channel i s  breached by the mainstem a t  10,000 c fs .  Below ZO,OOO c fs ,  

cross sections 4 and 5 are dry;  the backwater area a t  the lower end o f  the 

s i t e  persists even a t  5,000 c fs .  Above 23,000 c fs ,  the l e f t  bank becomes 

i nunda t ed  and the s i t e  i s  a large r u n .  S i t e  f l ows  o f  1,180, 10 and 0 c f s  

correspond t o  mainstem discharges o f  23,000, 10,400 abnd 7,400 c f s  

respective1 y. 

This small s ide channel war selected t o  represent channels w i t h  h i g h  veloc- 

i t i e s  a t  the  head and low v e l o c i t i e s  a t  the m o u t h ,  An PFG-2 model was select- 

ed because of the 1 im i ted  data  available, 

Spawning salmon have no t  been observed i n  the s ide  channel. Small numbers o f  

j u v e n i l e  chinook and sockeye salmon were i d e n t i f i e d  i n  the s i te .  The large 

backwater area a t  the mouth eliminates any access d i f f i c u l t y  i n t o  the s i t e .  

Passage through the s i t e  i s  possible below cross section 3 in unbreached 

conditions, 

Cal ibra t ion:  The d a t a  a v a i l a b l e  t o  model the s i t e  consistud of level surveys 

fo r  a l l  cross sections and  the hydraulic d a t a  summarized i n  Table  111-9. 

Table 111-9. iiydraul i c  d a t a  available t o  the  calibrate IFG-2 :nodel f o r  s i t e  
f l9 ,2R,  

F l  ow Calibration 
Date c f s  Cress Sect ion Type* 



Table 111-9 (Continued). 

840824 1090 22,700 

* O = Discharge measurements (includes mid channel and shore1 i n e  measurement 
S = Shore1 i ne measurements (does not  include mid channel measurements) 

The streambed elevations s h i f t e d  from August t o  S ~ ~ t e m b e r  due t o  the h i g h  

f l ows  i n  t h e  mainstem. Because most o f  the d a t a  was taken before the h i g h  

f l o w  event, the cross sect ion elevatinos used i n  the hydrau l i c  model were 

adjus ted t o  agree w i t h  the  discharge measurements Figure I I I -PI) ,  

A velocity profile was developed for each cross section, based on the s i t e  

f l o w  o f  316 c f s .  V e l o c i t i e s  associated w i t h  the o t h e r  two f l o w s  were 

available only a t  cross sect ion 3. V e l o c i t i e s  predicted by the model were 

judged t o  be reasonable th roughou t  the app l ica t ion  range o f  10,000 t o  23,000 

mainstem) based on channel geometry. 

To calibrate the model w i t h  respect t o  d e p t h ,  comparisons were made between 

observed and model p r e d i c t e d  water surface e leva t ions .  Water sur-face p r o f i l e s  

based on IFG-2 output f o r  the three c a l i b r a t i o n  f l o w s  and fur t h e  f lows 

corresponding t o  discharges o f  10,000 and 23,000 c f s  are shown i n  Figure 

111-22. Observed w a t e r  surface e l e v a t i o n s  f o r  the c a l i b r a t i o n  f l o w s  and 

r a t i n g  curve water  surface elevations f o r  the model l i m i t  flows are  a l s o  

shown, 

V e r i f i c a t i o n :  - One model adequately reproduc 2s the v e l o c i t i e s  over t h e  range 

o f  available d a t a  (Figure 8-2 ,6  
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Figure  111-22. Comparison of observed and predicted water sur face prof i les f rom ca l  i brated model 
a t  119.2R study s i t e .  



A ~ o l i c a t i o n :  The IFG-2 model was assigned an excellent r a t i n g  fo r  s i t e  f l o w s  

of 15 t o  1,240 cfs, corresponding t o  mainstem discharges o f  10,00C t o  23,000 

c f s .  A t  very h i g h  mainstem discharges, the site's f l o w  regime changes dramat- 

ically. The large volume o f  water f l o w i n g  th rough  the s i t e  drowns o u t  the 

backwater area, and the s i l t y ,  vegetated l e f t  bank becomes inundated. The 

d i s t r i b u t i o n  o f  predicted v e l o c i t i e s  a t  the u p p e r  cross sect ions  become 

unreal i s t i c  a t  f l o w s  above 23,000 c fs .  Therefore, an unacceptable r a t i n g  was 

assigned t o  the  mainstem range o f  23,000 t o  35,000 cfs .  

The application range and ra t i ngs  are summarized below in the bar  char t .  

@ Excellent CZ] Unacceptable 
M a i n s t e m  Discharge, cfs 

The wet ted  surface area and juvenile chfnook WUA curves are presented i n  

Figure III-23a. Both curves are p lo t t ed  t o  the same scale ant1 expressed i n  

identical uni t s ;  f e e  , square f e e t  per  1,000 feet  o f  stream. 'ihe greatest 

proportion o f  t h e  we t ted  surface area provides  rearing habsit$lt for  j u v e n i l e  

chinook a t  mainstem discharges between 10,000 and 12,000 c f s .  

The WUA curve p l o t t e d  in Figure III-23b a t  an expanded vertical scale accents 

the r a p i d  increase i n  rearing h a b i t a t  associated w i t h  th is  s i t e  breaching near 

10,000 c f s .  This marked i nc rease i s  a t t r i b u t e d  t o  t u r b i d  matnr tem .rtater 

en te r i ng  the s f  t e  and significantly increasing t he  cover value  afforded 

juvenile chinook. As mainstem discharge increases beyond 13,000 c f  s 
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Fiqure 111-23. Projections of gross surface aces and WUA o f  
juvenile chinook salmon h a b i t a t  as a f u n c t i o n  
o f  d i s c h a r s ~  f o r  the 119:2 modeling s i t e .  



v e l o c i t i e s  begin t o  reduce the rearing potentjal a t  t h i s  s i t e .  Above 24,000 

c f s  available rearing h a b i t a t  i s  restricted t o  shoreline margins where 

sufficient object cover i s  available t o  r e t a rd  velocity. 

Because the extrapolation range o f  the  hydraulic model was 1 i m i t e d  t o  a range 

o f  mainstem discharges from 10,000 t o  22,000 c f s ,  i t  was necessary t o  es t imate  

wetted surface areas and juvenile chinook WUA beyond the  extrapol a t i o n  1 i m i  ts 

o f  the hydraulic model. The wetted surface area was determined by d i g i t i z i n g  

en1 arged a i r  photographs ob ta ined  a t  mainstem discharges cf 5,100, 7,400 and 

10,600 c fs .  The surface area measurements a t  5,100 and 7,400 c f s  were the 

same. The r a t i o  o f  the d i g i t i z e d  surface area a t  10,600 c f s  t o  t h a t  forecast 

by the hydraulic model a t  the same f low was .47. Th i s  r a t i o  was used t o  

a d j u s t  the d i g i t i z e d  surface areas from the 5,100 c f s  and 7,400 c f s  

photography before using these surface areas t o  ex ten t  the forecast surface 

area curve from 10,000 c f s  t o  5,000 cfr.  

Juvenile chinook WUA estimates for unbreached conditions are based on t he  

assumption t ha t  rearing h a b i t a t  po ten t ia l  declines a t  a constant range as 

mainstem discharge declines from the breaching f l o w  of 10,000 t o  7,400 c fs .  

The percentage of the t o t a l  wet ted  surface area providing potential rearing 

habitat a t  7,400 c f s  was assumed t o  he roughly h a l f ,  the proport ion o f  clear  

water h a b i t a t  present immediately preceding breaching. WIJA values fo r  

mainstem discharges between 7,400 and 10,000 were 1 inearl y interpolated. 

Since wetted surface area remained conscant as mainstem discharge decl ined 

from 7,400 t o  5,100 cfs, WUA for juvenile chinook was assumed t o  remain 

constant ,  



An exponential decay function was used t o  extend the WUA curve beyond the 

upper extrapolation range of the calibrated hydraulic model. 7'he decay 

funct ion se1ecc2,ed reproduced a habi t a t  response tresd evident t o  o ther  m i  ddl e 

river s ide  channel s i t e s .  The surface area curve was extended from 22,000 c f s  

t o  35,000 c f s  using a positive exponential function, B o t h  the surface area 

and WUA turtles should  be applied w i t h  discretion in the 23,000 tci 35,000 c f s  

range even t hough  Figure 111-23 indicates errors associated wi th  these curves 

would be insignificant. Table 8-6.4 contains further detail regarding the 

synthesis o f  surface area and  WUA response curves for  this s i te .  

T iae series pla ts  o f  WUA and average da i ly  s i t e  f l o w  f Figure  111-24 

f a i r l y  low h a b i t a t  potent ia l  for juvenile chinook exist  a t  this s i te  d d r i n g  

mid-summer, but comparatively h i g h  WUA indices ase associated w i t h  ear ly 

summer and f a l l  s i t e  flows. Rearing hab i ta t  is maximized a t  this s i t e  when 

the mainstem discharges range between 10,000 and 14,000 c f s  Figure 111-23af, 

associated w i t h  typical mid-summer discharges 20,000 t o  25,000 c f s  

the time se r i es  p l o t ,  Figure 111-24, reflects greater f luctuat ions  in juvenile 

chinook h a b i t a t  a t  this s i t e  t h a n  is evZdent f o r  other s ide channel study 

s i t e s  d u r i n g  the open water season. 

S i t e  131,7% 

XI: - This s i t e  i s  located direct ly above the confluence o f  

Fourth o f  July Creek along the west bank of the Susitna River P l a t e  111-5). 

The s tudy reach i s  1,900 f t  long and ranges from 250 ft wide i n  the  lo~ier  half 

o f  the s i t e  t o  400 f t  i n  the u p p e r  half .  Three cross sections def ine  the 
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Figure 111-24. T ime  series p l o t s  o f  juvenile chinook salmon WUA as a function of discharge 
f rom May 20 +o Sept~~rlber 15, 1984 for  119.2R modeling s i t e .  



Plate  111-5. Node l ing  s i t e  131.7L on June 1,  1982 a t  mainstem discharge: 23,000 c f s .  



deep, low velocity area sand two cross sec t i c j l s  describe the shallow fas te l *  

velocity areas, Two cross sect ions  were established in the t r a n s i t i o n  areas 

below low and h i g h  veloci ty  areas ( F i g u r e  111-25). Cobble and rubb le  are the 

principle substrates f o u n d  in the lower ha l f  of the s i t e  w i t h  gravel and 

rubb le  substrate being predominate i n  the upper h a l f .  S i l t  and sand deposits 

e x i s t  in pool areas and backwater zones. Cover i s  provided by the larger 

substrate and by two debris zones found i n  the s i t e .  

Three channel s A ,  B and C on Plate 111-6 convey mainstem f l o w  i n t o  the s i t e  

a t  mainsten! discharges o f  5,000, 10,000 and 14,500 cfs. S i t e  f l o w s  greater 

t h a n  860, 7 9  and 15 c f s  correspond t o  mainstem discharges o f  23,000, 18,400 

and 7,400 c f s .  

Thir; s t u d y  s i t e  ewas selected t o  represent s ide  channe'ls that ,  remain s i d e  

channels f o r  a broad range o f  discharges. Upwelling was suspected t o  maintain 

base1  in^ f l ows  and the r i t e  appeared t o  have good rearing h a b i t l a t e  An IFG-4 

model tias selected because sf  the non-.uwiFonrt f h w  c o n d i t i ~ n s  and channel 

s t te ,  

Chum salmon have been observed spawning i n  the s i te ,  Juvenile chfnook f r y  

rear i n  the channel, Access t o  and passage t h r o u g ~ ,  the s i t e  are not limited 

a t  any f low. 

Calibration: Tc calibrate the IFG-4 model for  the s i t e ,  four  d a t a  s e t s  were 

coffected a t  each cross sec t ion  Table 111-10 



Figure 111-25. Cross sections fo r  131.7L study s i t e  depicting water 
surface elevations a t  cal i b r a t i o n  discharges o f  18, 
55, 150, and 240 c f s .  



Figure 111-25, Cross sect ions f a r  131.7L study s i t e  depicting water 
surface elevations a t  calibration discharges o f  17, 
55, 150, and 240 cfs .  



Pla t e  111-6. Modeling s i t e  132.6L on June 1, 1982 a t  mainstem discharge: 23,000 c f s .  



Table III-10. Hydraulic d a t a  available t o  calibrbte the IFG-4 model for s i t e  
131,7%, 

Fl ow 
e f s  

Discharge 

The input data  required a stage of  zero flow value t o  b~ assigned t o  each 

cross section. A large r i f f le  area below the study s i t e  controlled the stage 

o f  zero a t  cross section one. Because a streambed profile was not surveyed 

for the s i t e ,  the  stage o f  zero f l o w  was estimated during the i t e r a t i ve  

cal i brat ion process. 

Hors'zontal water surface elevations Mere not: maintained acrQss three cross 

sec t ions  i n  the s i t e .  A t  cross section 2 ,  the backwater area along the l e f t  

bank had a lower water surface t h a n  the main chanssel and was raised t o  

m a i n t a i n  a hor izonta l  ~ a t e r  surface. Along the r i g h t  bank a t  cross sections 6 

and 7 ,  a shoal area raised the water surface t o  higher elevations than the 

main channel. The streambed was lowered a t  both cross section!; t o  maintain a 

hor izonta l  water surface across both  cross  sections. Also, a long the l e f t  

bank a t  cross section 7 was a backwater area which had a fowe~r water surface 



t h a n  the main channel. These streambed e'levations were a l s o  rsised 

111-26). 

A p l o t  depicting t he  observed and predicted water surface profiles f o r  the 

calibration f l o w s  as well as profiles for the extrapolation limits i s  shown in 

Ffgure 111-27. Above 600 c f s ,  the reliability o f  the stage and velocity 

predictions decrease. 

To calibrate the IFG-4 model w i t h  respect t o  stage, comparisons were made 

between the WSEL vs. q curve and the model predicted water surface elevations 

Figure 111-28). Similar comparisons were made a t  each cross section however, 

on ly  the discharpe cross section i s  shown here, 

The performance o f  the calibrated model can be evaluated by comparing the 

observed and predicted water surface elevations, discharges and velocity 

adjustment f a c t o r s  Table B-4,2 The d i f fe rence i n  observed and predicted 

water surface elevations i s  generally less t h a n  0.03 ft. The largest 

dif ference i n  observed and predicted discharges i s  5 percent. The velocity 

adjustment factors range from 0.92 t o  1.04, wh ich  indicates the models are 

s u i t a b l y  calibrated. 

Verification: Figure PI-2.7 are the scatter  p lo t s  of observed itnd predicted 

dep ths  and veloci t ies .  A reliable hydraulic model shcu ld  be ab le  t o  predict  

the same d e p t h  o f  velocity as observed i n  the f ield.  The one-to-one 

r e l a t i onsh ip  demonstrates the  model i s  predicting accurately.  The rerul t s  of 

t h e  statistical t e s t s  are shown i n  Table B-5. For both d e p t h  and velocity 
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F igu re  I 11-27. Comparison of observed and predicted water surface profiles from cal ibra ted  
hydraulic model a t  131.7L study s i t e .  



--- S t  age-f 1 ow relationship for s t a f f  
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Predicted water surface elevations 
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Figure 111-26. Cornpari son between water surf ace e l e v a t i o n s  forecast by t he  cal i bra ted  hydraul i c  
model and t h e  s tage - f l ow  r e l a t i o n s h i p  fcr  131.7L cross sec t ion  3. 



comparison, the RMSEU i s  nearly equal t o  the RMSE, an i nd ica t ion  the model i s  

good. The index o f  agreement i s  0.99 f o r  depth  and v e l o c i t y  another 

i n d i c a t i o n  how w e t i  the model i s  predicting. 

: The breaching discharge f o r  the s i t e  was est imated a t  5,000 cfs, 

and the channel flow becomes controlled by the mainstem a t  a b o ~ i t  7,400 cfs. 

Baseline f low condit ions o f  5 ,  10 and 15 c f s  occur a t  5,000, 6,000, and 7,000 

cfs mainstem, respectively. Above 7,400 c fs ,  an IFG-4 model was calibrated 

f o r  s i t e  flows o f  15 t o  600 c f s  7,400 t o  19,300 cfs mainstem an excel Tent 

r a t i n g  was assigned. An overall r a t i n g  o f  unacceptable was assiigned t o  the 

model between 19,300 and 35,000 cfs. 

The application range and r a t i n g s  are sumarized below in the bar  chart .  

bi,$ainsfem Discharge, cfs a Excellent llnacceptabie 

Figure 111-29a provide surface area and WUA response curves f o r  this s i t e ,  

Because this s ide  channel conveys mainstem water a t  5,000 c f s  only t u r b i d  

water seri t a b i  l i t y  criteria were used for juvenile chinook. The pronounced 

increase i n  WUA indices as mainstem discharge increases from 5,000 t c  8,000 

F igu re  III-29b i s  associated w i t h  a r a p i d  increase i n  wetted area 

possessing suitable rearing velocities rather t h a n  a change fi-om c lea r  t o  

t u r b i d  water h a b i t a t  discussed a t  other s t u d y  si tes.  



MAINSTEM DISCHARGE [CFS 

Figure 111-29. Projections o f  gross surface area and >IUA a i  juvenile 
chinook salmon h a j j t a t  as a function o f  discharge for  
the  131 .;: modeling s i t .  



An zxtens ive gravel b a r  located on the in s ide  of the bend and near the head o f  

t h i s  s i t e  (Plate  111-5) exerts the gren tes t  influence on the shape a f  the WUA 

curve at this  site. As mainstem discharge increases above 5,000 c f s  a l a rge  

sha l  'low riffle develops which provides juvenile chinaok s i g r i i f i c a n t  amaunts o f  

rearing h a b i t a t ,  A t  higher f l o w s  this shoal area i s  characterized by 

unsuitably ; ~ i g h  wt i  ter ve'loci t i e s  and the s i te ' s  h a b i t a t  potential dir,.inishes 

accardi ngl y. 

The WUA and ;urface area response curves f o r  t h i s  s i te  were foreclast using the 

HFBTkT model linked t o  an IFG-4 hydraulic model calibrated f o r  a range o f  

mai~stem discharge from 5,000 e f s  t o  23,000 c f s .  A constant rate o f  change 

was assuaed t o  e x i s t  f o r  both curves as mainstenl discharges increased t o  

35,OCO c f s  Table 8-5.5). 

- v. i~nle series p lo t s  <fisi.re 111-3? indicates j u v e n j  l e  chinook h a b i t a t  with: .I 

tine s ide  channel remair,~ r e l a t ive ly  constant d u r i n g  the mid-summer months, 

however f z i r l y  iarge var ia t ians  i n  h a b i t a t  po ter~t ia l  e x i s t  between mid-summer 

and l a t e  s p r i n g  o r  eat-7y a u t u m n  h a b i t a t  forecasts. A~iother not20ie feature of 

this s i t e  r's the h i g h  levels of reai-ing h a b i t a t  provided dur3;i.g the  rearing 

per iod  relative t o  other study s i t e s .  

: T q i s  s i t e  i s  located i n  the channel im~ediately i~pstrean o f  

131,7t on the west bank  o f  t he  Sss i tna  River ( P i a t e  111-6). T h e  s tudy  reach 

2 i s  i,l4L" f - 13ng a n d  ranges from 146 ft wide 8 i  the  mnufh  t c  180 Ct wide a t  

xhe upper  eqd of t he  s tudy  i;jch, Gross s2ctions 2, 3 and 9 define the f a s t ,  



F i g u r e  111-30. Tirne series p l o t s  o f  juvenile c l~ inonk  salmor~ MUA as a f unc t l an  of discharge 
froln May 20 t o  Septenlber 15 ,  1984 fo r  131.7L modeling s i t e .  



shallow areas. Cross sections 2 and 4-8 describe the deep, slow veloci ty  

areas. A small backwater area i s  present on the l e f t  bank of cross section 9 

(F igure  111-31). S i l t  a n d  sand substrate i s  predominant t h roughou t  the deep 

area while cobble and rubble substrate  i s  general iy  found i n  the shallow 

areas. Vegetation, i n c l u d i n g  horsetails, lines the 3 f t  hank o f  the channel 

p r o v i d i  n y  some cover. 

Channels B and C breach a t  mainstem d i s i t~ rges  o f  10,000 and 14,500 c fs .  

Below 10,000 c f s ,  the water i s  ponded and eventually dries up, An overflow 

channel along the r i g h t  b i ,  convclys s i t e  f l o w  a t  25,000 cfs and redirects a 

small percentage o f  f low from the s i t e  t o  Channel A. A backwater area i s  

present from the mouth up th rough  cross section 2 a t  mainstelm dfscharges 

greater t h a n  23,100 cfs ,  

%" rhis s i t e  was selected t o  represent small s ide channels t h a t  remsin small 

th roughout  a large range of discharges. An I F G - 4  model was selected because 

o f  " t h e  ma1 7 ci~annel size and t h  won-uniform cfrannel csnd7"t.I"os;se 

No a d u l t  salmon bcve been observed in the s i t e .  However, a large n u ~ b e r  af 

chinook juvenile rear in the  s i te .  Access to and passage th rough  t h e  s i t e  are  

not possible below 10,COO c i s .  

Calibrstion: To calibrate the iFG-4 nodel for t h i s  s i t e ,  two d a t a  se ts  were - 
collected a t  each cross section and are summarized in the foi!o~,ing t a b l e .  



Cross sections for 132,6L study s i t e  depicting bldler  
surface elevations a t  c~libration discharges of 27 
and 141 c f s ,  



Figure 111-31. Cross sertions f a r  132.6: study s i t e  depicting water 
surf ace elevations a t  cal ibraticn discharges o f  27 
and 141 c f s *  



Table III-11. Hydraulic d a t a  available t o  calibrate the IFG-4 model f o r  s i t e  
132,6%, 

A horizontal water surface elevation d j d  not occur a 2 c r o s s  s e c t i a ~  9 d u e  t o  

the small backwater area on the l e f t  s ide of the  channel, The streambed 

elevaticns i n  this area were raised so that tile l e f t  and main channel water 

surfaces had the same elevation Figure 111-32)- 

A p l o t  depicting the observed and predicted water surface prc3files f o r  the 

calibration f l ows  as well as profiles for  the extrapolation limits i s  shown i n  

Fisure 111-33. Because only two  d a t a  sets  are used i n  t he  model, the 

predicted water surface elevations are equal t o  the observed el eva t i cns ,  THe 

d e p t h  and v ~ l o c i t y  predicti~ns above a s i t e  Flow o f  300 c fs  b e g i n  to 

breakdown; thereby s e t t i n g  300 c f s  as the u p p e r  1 i n i t  o f  the  mociel . 

 TI:^ I FG-4 model was cai i braied a s ?  ng the previous described gir i  del i nes. 

Figure  111-34 si-ows a comparison between the WSEL vs  q curve ar;d the model 

predicted water surface elevaiions f o r  each crass section i n  the s i t e c  similar 

colnpari sons were made bu t  shown tiel-o on ly  f a r  the discharge c ross  sec t i on ,  



ADJUST I D  

Fiqere 111-32. Comoarisoi: between measured acd a d j u s t e d  cross section 9 
a t  132.61 study s i te .  
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-Stage-  f l o w  re la t ionship for s t a f f  
gage 132.653 a t  c r o s s  section 3 

Predicted water surf ace el evadlsns 
from cal i b r a t e d  hydraul i c  model 

F i g u r e  I 11-33? Compari son between vlater sllrfacc elevations -Forecast by the calibrated hydraul i c  model 
and the stzge- f l ow  relationship for  132.61. cross sec t i on  3. 



The calibrated model can be evaluated by comparing the observed and predicted 

water surface elevations, discharges and ve'ioci ty adjustment factors  

8-4.3). There i s  no difference i n  observed and  predicted water surface 

elevations. The predicted discharges vary g r e a t l y  from the Eean a t  cross 

sections I and 8 as d i d  the actual f ie ld  measure~ents, The velocity 

adjustment factors ranged f r o m  0.87 t o  1.02. 

: Sc2tterpiots (Figure 8-2.8 and statistical t e s t s  (Table 8-5) 

were made t o  compare the observed and predicted d e p t h s  and velocities for  t h  

Wo p o i n t  hydraulic model. The IFG-4 model i s  based on resression ana ly s i s  

and a two p o i n t  regressiofi connects both points. False  precisian i s  impl ied  

w i t h  a nearGly perfect one-to-one relationship in the scatterplclis and :.i;tfi t h 2  

index o f  agreement (0.99 

i ca t i o r i :  Site 132.61 breaches a t  10,000 cfs and i s  controlled a t  li,S1Q0 

c f s  mainstea. Base'lim flow is estimated a s  10 c f s  f o r  discharges below 

10,000 cfs. For s i t e  flows of 10 t c  17 cfs (10,000 t a  11,900 cfs  mainstem), 

the model i s  c o t  ab7e to forecast ~eloci- t ies  accurately,  reducing the rati tkg 

For t h i s  flow range from zxcellent to good. The  s l t e  was a s s i g n e d  an 

excellent r a t i n g  for the 17 t o  300 c f s  range (11,900 t o  25,000 c i s  mainstem). 

Above 25,00F c f s  the model was assigned an unacceptable r a t i n g .  

Tke app i ica t - ion  range and ratings are summarized below i n  the b a r  char t .  

hfairaslem D E s ~ h a i g ~ ,  c f s  Excelfen? r 7 Unacceptable 
L--2 



The surface area and juvenile chinook WUA curves for s i t e  132.EL are p lo t t ed  

t o  the same ver t ica l  scale i n  Figure III-35a, w i t h  the WUA curve replotted t o  

an ealarged scale i n  Figure 111-35. In b o t h  figures surface area and UUA are 

expressed as square f e e t  per 1,000 f e e t  o f  side channel. A comparison o f  the 

two curves indicates the r a t i o  between WUA and surface area i s  approximately 

0.3 a t  12,000 cFs declining toward 0.1 a t  25,000 c f s .  

T h i s  s tudy s i t e  is breached a t  a mainstem discharge of 10,000 c fs  and dewaters 

as mainstem flaw continues t o  decline. The associated rap ia  decline i n  both 

wetted surface area and WUA i s  evident i n  Figure 111-35. The  Juvenile chinook 

CIUA curve drops suddenly when the s i d e  channel transfoms from the breached t o  

non-breached condition a t  10,000 c f s .  T n i s  i s  attributable t c  the s i t e  flow 

c lear ing  thereby el i m i n a t i n g  the cover value previously afforded j u v e n i  1 e 

chinook by t u r b i d  water. As mainstem discharge leclines toward 5,000 c f s ,  

b o t h  t h e  wetted surface area and WUA approach zero. 

The surface area and habitat response curves were forecast w i t h  the BABTAT 

model and IFG-4 hydraulic ?jlode'l w h i c h  had  been calibrated for mainstem 

discharges between IO,OOG and 30,000 c f s .  For mainstem d i  sciarges between 

30,OCO and 35,000 b o t h  curves were extended u s i n g  exponential functions as 

indicated i n  Table B-6,6, 

For nainstem discharges less than the breeeching f l ow o f  10,000 c f s  sur face 

area and WOA estimates were obtained by u s i n g  clear  nater  c r i t e r i a  f o r  

javenile chino~k a t  9,000 and 16,000 cf5 t o  determine the magnitude o f  c5asge 

i n  WUA attributable t o  the s i t e  flow clear ing t h e n  rev iev l ing a i r  phata 



" * U  4 ; q s  F i g ~ r e  11 1-35. ProjectS ons o f  gross surface area ano i s s ~ $ l  of juv2rt  i ! 
chf t~aok salmc:: h a j j t a t  2% 3 funct ion of djsctdrye f,y 

t i : e  132.6: mcZ~l i n y  sixe.  



enfargenents. A t  7,400 c f s  clear ponded water exists and the S,1T)O c f s  

phctogr2pi;y i~dicates the s i t e  i s  nearly dry. Digitized surface area 

neasurfments o f  ponded water connected to the mainstem a t  7,400 and 5,100 c f s  

were used l~s a basis  for interpolating surface areas between diischarges o f  

10,000 and 5,000 c fs .  WUA was assumed t o  decrease t o  zero a t  a constant rate 

through this range, 

Time serl'es ana lys i s  o f  1984 s i t e  f l o w  and ,-lvt2nif e chinook WUA are presented 

as Figure  111-36. Rearing potential was f a i r l y  stable th roughou t  mid-sum~er 

1954 with notable increases being  zpparent  i n  l a te  spr ing  and ear ly  f a 1  1 when 

mainstem discharges were approximately ha l f  their mid-sumer level!. 

S i t e  136,Qt 

S i t e  Descrfption: - This s i t e  i s  located approximztely 1 mile downstream o f  

6016 Cree?: along the west bank o f  the Susi tna  Rivzr {Plate  111-7). The study 

reach i s  580 f t  l ong  and 80 f t  wide w i t h  steep banks. Slough 14 enters the 

channel 20 ft above the study s i t e ,  Cross sections 1-4 and 6 define shallow 

h i g h  v e l o c i t y  areas while cross section 5 represents a deep, slower ve loc i ty  

area [Figure 111-37:. The substrate varies from cobble 2nd r u b b l e  t o  gravel 

t h t o u ~ h o c t  the s i t e .  Debris and 70g jams are present along the r i g h t  bank  and 

provide cover. 

The channel has been cbserved breached a t  mainstem discharger as low a s  5,000 

c f s .  A t  mderate t o  h i g h  discharges, the channel appears t o  be a ran .  S i t e  

f l ows  o f  593, 77 and 32 c f s  ccrresponds t o  mainstem discharger, of 23,000, 

10,400 and 7,400 c i s .  
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Figure I I I -37 .  Crosssect ionsfor135.3,s tudysi ter lepict i i~gwater  
surf ace e leva t ions  a t  cal i bra t  ion d i  scharges of 81, 
153 and 265 cPs. 



T h i s  small s tudy s i t e  was selected t o  represent small side channels t h a t  

remain s ide channels. An IFG-4 model was selected because of the  size of the 

channel, 

Relatively few coho and chum spawners have been observed i n  the s i  t e .  Juve- 

nile chinook were caught i n  the side channel. Access i n to  and passage through 

the s i t e  are not  limited t h r o u g h o u t  the entire range o f  discharges 

45,000 cfs) .  

Calibra t ion:  I n  order t o  calibrate the IFG-;? ~ o d e l  f o r  t h i s  s i t ~ e ,  three data  

se ts  were collected a t  each cross section Table 111-12 

Table III-12. Hydraulic d a t a  available t o  calibrate the IFG-4 model f o r  s i t e  
936,0k, 

Date 
Fa ow 
(c f  s 

Di scharge 
c f s  

No unique problems were encountered a t  this s i te  following thr!  calibration 

guide1 ine. A p l o t  d e p i c t i n g  the observed and predicted water surfac? profiles 

f a r  the calibration f l o w s  as we71 as profiles f o r  the extrapolation limits i s  

shown i n  Figure  111-38. To calibrate the IFG-4 model w i t h  respect t o  s t a g e ,  

comparisons were made between the WSEL vs q curve and the model predicted 
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Figure 111-38. Cornpatmison of observed and predicted water surface profiles fi*om calibrated model 
a t  136.OL study s i t e .  



water surface elevations Figure I I I -  . Similar comparisons wet 2 made a t  

each cross section however, only t he  discharge cross sec t ion  i s  shown here. 

The perfomance o f  the calibrated model i s  ev iden t  by com- 

p a r i n g  the observed and predicted water surface e leva t ions ,  discharges and  

velocity adjustment  factors $ a b k  B8-4.4 The di f ference i n  observed and 

p red i c ted  water surface elevations i s  usual ly  0.02 ft. The largest d i f f e rence  

in observed and predicted discharge i s  3 percent. The v e l o c i t y  adjustment 

factors  range from 0.99 t o  1.01, nearly a perfect correlation. 

Verification: - The scatterpl o t s  o f  observed and predicted depths and 

velocities are shown i n  Figure 8-2.9, There appears t o  be more scat ter  in the 

depths than velocities but a one-to-one relationship can be observed from the 

plot .  The results of the  statistical t e s t s  are shown i n  Table B-5. Both 

dep th  and velocity comparisons o f  the RMSEU i s  nearly e q ~ a l  t o  the RMSE 

compared LO .I70 and .I57 compared t o  .I65 The index of agreement f o r  b o t h  

variables i s  0.99, i nd i ca t i ons  o f  how well the hydraulic model i s  predict'ng 

Zepth. 

: An excellent r a t i n g  was assigned for s i t e  f l o w s  o f  10 t o  1,750 

c f s  corresponding t o  5,000 t o  35,000 cfs mainstem, as shown below i n  the b a r  

chart .  

Mainstem Discharge, c fs  Excellent 
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Total  wetted surface area and WUA forecasts are provided f o r  a mainstem 

discharge between 5,000 and 35,000 c-fs (Figure 111-41a and b ) .  In  the f i r s t  

figure both curves are p lo t t ed  using a common vertical scale and are expressed 

i n  the same units. An eight fo ld  increase in the vertical scale i s  used w i t h  

Figure 111-4lb. Both the sur face area and WUk curves f o r  this s i t e  were 

forecast using an IFG-4 hydraul i f  model calibrated f o r  mainstem discharges 

r ang i r  g from 5,000 t o  35,000 cfs. 

F i ve  o f  t h e  s i x  cross sections established a t  this small, h i g h  grad ient  s ide 

channel wei-e located in rfffle zones. The channel cross sect i rm lackz; t he  

gently sloped stream banks and gravel bars associated wi th  other  s ide  

channels. Consequently, velocities t h r o u g h o u t  this s i te  tend t o  exceed those 

preferred by juvenile chinook salmon. Hence the rearing h a b i t a t  potential 

steadily decreases between 5,000 znd 18,C30 c fs ,  b u t  remains a t  nearly the 

same level t h r o u g h  35,000 c f s ,  Th is  i s  primarily a t t r i b u t e d  t o  the l a rge  

m o u n t  s f  shorel1r"ne debris arid undercut bartks w h i c h  e x f s t  a t  this; s i te ,  Rhen  

this habitat response curve i s  compared t o  WUA curves f o r  other s i t es ,  i t  is  

apparent  t h a t  th!s s i t e  provides less rearing hab i ta t  Qn a per 1,000 ft basis 

t h a n  most other side channels. However, because the surface area c f  t h i s  side 

channel 1s a l so  small, the proport ion of the study s i t e  possessing suitable 

chinook habitat i s  actually greater than the propor t ion  o f  some of the larger 

s ide  channels, 

The influence o f  shore1 ine d e b r i s a n d  undercut banks on the  temporal r t a b i  1 i t y  

of chinook r a r i n g  h a b i t a t  a t  t h i s  s i t e  i s  evident i n  the t i m e  series p l o t s  

presented as Figure  111-42. Despite the rather errat ic  pa t te rn  of d a i l y  s i t e  



Figure  111-41. Projecticns o f  gross surface area aad WA of j uven i  l e  
chinook salmon habitat  as a functinn nf  discharge fo r  
the  135.OL modeling s i t e .  
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T i m e  series p lo ts  o f  juvenile chinook salmon WUA as  a f unc t ion  o f  discharge from 
May 20 t o  September 15, 1984 f o r  136.OL model ing s i t e .  



f lows,  corresponding WUA indices are notably stable. A1 though low ea r ly  

summer and f a 7 1  streamflows result i n  an increased habitat pa ten t i a l ,  this 

increase i s  not as pronounced as t h a t  which occurs a t  otiler s ide  channel 

s i t es ,  

S i t e  f47,1L 

R: T h i s  s i t e  i s  lacated on the lef t  o f  F a t  Canae Esfand on the 

\.lest bank o f  the Susi tna River (Plate 111-8). The study reach extends the 

entire l eng th  of the  s i t e  and ranges from 350 ft wide a t  the mouth 

t a  250 f t  w-ide a t  the head. S i x  cross sections were established t o  define the 

deep, f a s t  velocities i n  the channel (Figure  111-43 The substrate i s  large 

cobble and boulder w i t h  a t h i c k  layer o f  sand along the r i g h t  bank o r  the 

lower three cross sections. The available cover i s  provided by the large 

substrate, 

The s i d e  channel has been observed breached a t  discharges as low as 5,000 c f s ,  

S i t e  flows o f  6,570, 2,470 and 1,710 cfs correspond t c  mainstem discharges o f  

23,000, 10,400 and 7,400 cfs ,  respectively. This  l a r g e  s t u d y  ~ i t e  was select- 

ed t o  represent large side channels t h a t  remain s ide  channels a t  low mainstem 

discharges. An IFG-2 model :+as selected because o f  the large s i z e  o f  the 

channel and i t s  u ~ i f o r m  shape, Previous reconnaissance t o  t k e  s i t e  indicated 

t h a t  rearing h a b i t a t  was limited t o  the r i g h t  streambank margin and a iimfted 

amount o f  d d t a  would be required t o  model t h i s  s i t e  w i  t:i an iFG-2 model. 

Shoreline velocities were ~ol:eited along both streambank c~arg ins .  



Pla te  ZII-8. Flodeling s i t e  147.11. on ,l!~ne 1, 1984 a t  mainstem discharge: 23,000 c f s .  
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Adult salmon have no t  been observed a t  the s i t e  however some juveniles were 

observed along the r i g h t  bank. 

Calibration: - The d a t a  available t o  model the s i t e  i nc luded  level surveys for  

a71 s i x  cross sections and the hydraulic d a t a  summarized in Table 111-13. 

Table 111-13. Hydraulic d a t a  available t o  calibrate the  IFG-2 model for s i t e  
$47,1&, 

Date 
Discharge 

c f  s 
Cal i b r a t i o n  

Crass Sections 

* D = Discharge measurements (includes mid channel 2nd shoreline measure- 

ne measurements does no% incl ude mid channel measurements 
** = Adjusted t o  instantaneous discharge 

Two model s were required t o  simulate s ide  channel hydraul i c s  over the mdinstem 

range o f  5,000 t o  35,000 c f s .  Th is  i s  mainly due t o  the increasing proportion 

of side cllannel conveyance in the s h e l f  area a long  the r i g h t  bank a t  h i g h  

Flows. Velocity profiles were developed a t  each cross s e c t i o n  based on the 

s i t e  f l o w s  o f  1,907 and 5,600 c f s  for  the  low and h i g h  f l o w s  hydraulic models, 



respectively. In calibrating the two models wi th  respect t o  depth, predicted 

water surface elevations a t  cross sect ions 2 th rough  6 were compared t o  water 

surface elevations calculated from the ra t ing  curves over a wide range o f  

f lows.  Water surface profiles based on IFG-2 o u t p u t  for  the c a l i b r a t i o n  f l o w s  

o f  1,907; 2,154; 2,650; 4,742; and 5,300 c f s  and f o r  the f lows corresponding 

t o  mainstem discharges o f  5,000 and 35,000 c f s  are shown in Figure 111-44. 

Observed water surface elevations for  the calibration f l ows  and r a t i n g  curve 

water surface elevations for the model l i m i t  f l o w s  are a l so  shown. 

V e r i f i c a t i o n :  - Figures B-2.9 and B-2.10 show velocity profiles iproduced by the 

two IFG-2 models a t  cross section 2 for calibration f l o w s  o f  1,907 and 5,600 

cfs.  The observed velocities f a r  those f l o w s  are a l so  p l o t t e d .  The figures 

demonstrate t h a t  the s e t  o f  "nu values t h a t  produces the proper v e l o c i t y  

profile a t  the low f l ow  does not accurately produce t h a t  o f  the h igh  f low,  and 

: The low f l o w  model represents s i t e  condi t ions  for qainstem 

discharges up t a  13,500 c f s ,  while the h i g h  f l o w  model i s  applicable for  

mainstem discharges greater t h a n  13,500 c f s .  T h i s  b reakpo in t  corresponds t o  a 

s i t e  f l o w  o f  3,500 c f s .  L i m i t s  for w h i c h  the models can be considered excel- 

lent exceed the range o f  available stage information. Model s were ex t rapola t -  

ed beyond the da ta  range down t o  5,000 c f s  i n  the low f l o w  model, and  up t o  

35,000 cfs in the h i g h  flow model. The overall r a t i n g  for  both  models i s  

excel 1 en&, 



Figure 111-44. Comparison o f  observed and p r e d i c t e d  water surface p r o f  i les f r o m  cal ib ra ted  model a t  
147.1L study s i t e .  



The application range and r a t i n g s  are summarized below i n  the  bar  chart. 

Mainstem Discharge, cfs a Excellent 

The wetted surface area and juvenile chinook WUA response functions for this 

study s i t e ,  shown in Figure III-45a and b may be considered f a i r l y  

representative o f  mainstem channel areas. The r a t i o  o f  juvenile chinook WUA 

t o  surface area a t  this s i t e  i s  very low. Wl'lliams denrtsnstrated t h a t  

sui table  rear ing areas in large s ide  channels of the middle river are 

primari 1 y confined t o  nearshore zones, d u e  t o  h igh non-sui tab1 e velocities 

e x i s t i n g  el sewhere in the channels. F igure  111-45b indicates a sl i g h t  

increase in juvenile chinook GIUA w i t h  increasing discharge. However when 

viewed j n  perspective w i t h  wetted surface area, juvenile chinook WUA may be 

considered re1 ativel y constant between 5,000 and 35,000 c f  s. 

The surface area and WUA response functions were forecast us ing the h i a h  and 

low flow IFG-2 models previously described and the  HABTAT model. Because this 

large s ide  channel conveys mainstem water a t  discharges \.re91 below 5,000 cfs ,  

only t u r b i d  water suitability criteria were used. The separlate WUA curves 

forecast by the h i g h  and low flow models were s i m i l a r  w i t h i n  the range o f  

over1 ap and intersected between 20,000 and  21,000 cfs. Therefore, WUA 

predicted by the low f l o w  model was used f o r  discharges o f  u p  t o  20,500 c f s ;  

above this  discharge the  h i g h  f low nodel was used. 
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MAINSTEM DISCHARGE (CFS) 

Figure 111-45. Projections o f  gross surface area and WUA o f  juvenile 
chinook salmon h a b i t a t  as a func t ion  o f  discharge for  
t h e  147.1L modeling s i t e .  



Because o f  i t s  large s ize  and low breaching discharge, the  s i t e  flak 

hydrograph s t rongly  resembles t h a t  f o r  the mainstem t h roughou t  the open water 

season (Figure 111-46). The t i m e  series p l o t  t o r  juvenile chinook WUA 

responds 1 i t t l e  t o  streamflow f l uc tua t i on  because of the  relatr'vely constant 

amount o f  shoreline h a b i t a t  t h a t  e x i s t .  A similar t ime  series response i s  

evident for  the  136.OL s i t e  where rearing hab i t . - t  i s  a l so  restricted t o  

shore1 i n e  margins because of unsu i tab le  mid channel v e l o c i t i e s .  
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F igu re  I 11-46. T ime series plots o f  juvenile chinook salmon WUA as a f unc t i o t t  o f  disr l~arge  from 
May 20 t o  September 15,  1984 for 147.1L modeling s i t e .  
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APPENDIX FIGURES 

Figure A-1.1 

Figure 4-1.2 

figure A-1.3 

Figure A-1.4 

Figure A-1.5 

Figure A-1.6 

Figure A-1.7 

Stage discharge curves for  cross sections 1, 3 ,  4 ,  6 ,  7 
and 9 a$ s i t e  161,2Re 

Stage discharge curves f o r  cross sections 2 and 5 a t  
s i t e  %01,5H, 

Stage discharge curves f o r  cross sections 1, 2, 3 ,  3a, 
4,  5, 6 and 8 a t  s i t e  112.6L. 

Stage discharge curves for cross sections 1, 2 ,  4 and 5 
a t  s i t e  1%9,2R, 

Stage discharge curves for cross sect ions 1, 2 ,  4, 5, 
6, 7 ,  8 and 9 a t  s i t e  132.6L. 

Stage discharge curves for cross sections 1, 2, 3, 5 
and 6 a t  s i t e  IJ6,OL 

Stage discharge curves f o r  cross sect ions 1 ,  2, 3, 5 
and 6 a t  s i t e  1 4 7 , l t ,  
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a 

A: NOT CONTROLLED 

5,000 0 4. 10,300 cfs  
NO EQUATION DEVELOPED 

B: CONTROLLED 

10,300 2 O 5 27,700 c f r  
WSEL = 31 Q'*" + 355 

A: NOT CONTROLLED 
5,000 5 Q 14,000 cfs  

NO EOUATION QEVECQPEO 

B: CONTROLLED 
14,000 5 O 27,700 cfs  
WSEL ~ $ 1  10 -2749 Q0e76 + 355 

Figure R-1.1 Stage discharge curves fo r  cross sect ions 1, 3 ,  4, 6 ,  7 
and 9 a t  s i t e  101.2R. 



Table A-1.18. Summary o f  s i  te-spec i f ic  d a t a  collected f o r  r a t i n g  curve 
analysis a t  RM 137.5R. 

Table A-1.19. Summary o f  site-specific da ta  col i e c ted  f o r  r a t i n g  curve 
analysis a t  RM 138.7L. 

Table 4-1.20. Summary o f  s i t e - spec i f i c  d a t a  collected for  r a t i n g  curve 
analysis a t  RM 139.OL. 

Table 8-1 .21. Summary o f  s i  t e - spec i f i c  d a t a  col lected for  r a t i n g  curve 
analysis a t  RM 139.4L. 

Table A-1.22, Sumnary of s f  t e - spec i f i c  d a t a  collected for  r a t i n g  curve 
analysis a t  RM 147.1L, 



(*2. .147 '::dEBTROLLED 

5,000 > Q l  10,300 c f s  

!JO EQUATION DEVELOPED 

10,300 9 &= 227,700 cfa  
MSEL ;0*~T31 Q0.50 + 355 

A: NOT CONTROLLED 

5,008 5 O 14,000 c f s  

NO EQUATION DEVELOPED 

8: CONTROLLED 

Figure A-1.1 Stage d ischarge curves f o r  cross sect ions  1, 3 ,  4, 6 ,  7 
and 9 a t  s i t e  101,2R. 



a: NOT CONTROLLED 

5,000 5 0 10,300 cf  5 

NO EQVtIT I ON DEVELOPED 

8:  CONTROLLED 
10,300 2 O _' 27,700 c f s  
WSEL Q'*~' + 355 

A; NOH CONTROLLED 

5,000 5 O e 00,JQQ cb% 
NO EQUATION DEVELOPED 

8: CONTROLLED 

Figure A - l , l  Stage discharge curves for  cross  sect ions 1, 3 ,  4, 6,  7 
and  9 a t  s i t e  f01,2R, 



A: NOT CONTROLLED 
5,000 ,f 0 94,000 c f s  

NO EQUATOON DEVELOPED 

I B: CONTROLLED 

A: NOT CQNTROkLEQ 

5,000 5 Q d. 10,300 c f s  

NO EQUATION OEVELQPED 

8: CQNf ROLbE9 
10.300 2 Q 5 27,700 CIS 
WSEL . 10'3*17 oOwBB c 360 

Figure A-1.1  Stage discharge curves f o r  cross sec t ions  1, 3 ,  4, 6, 7 
and 9 a t  s i t e  201.2R. 



A: NOT CONTROLLED 

5,800 2 O 10,300 c f s  
NO EOUAPlQN DEVELOPED 

B: CONTROLLED 

Figure A - l , l  

A: NOT CONTROLLED 

5,050 5 .r, t0,WO c f s  

NO EQUATION DEVELOPED 

Stage discharge curves f o r  cross sect ions 1, 3, 4, 6 ,  7 
and 9 a t  s i t e  l@t,%R. 



F igure  A-1.  l S t a g e  discharge curves f o r  c ross  sec t ions  1, 3 ,  4, 6 ,  7 
and  9 a t  s i t e  101,2R. 



5,000 Q 6- 7,980 c f s  
baSEl 100*OT O O a l l  + $60 

As CONTROLLrn 
5,000 5 Q ". 16k4t0(4 ~ f s  
WSEL 1 0 ~ ~ " ~  Q ~ ' ~ ~  + 360 

Figure A - 2 . 2  S t a g e  discharge curves f a r  cross sections 2 arid 5 a t  
sax"te JbIH,59,, 



F i g u r e  A-1.3 S t a g e  discharge curves for cross sections 1, 2 ,  3 ,  Ja, 
4, 5 ,  6 and 8 a t  s i t e  112.6L. 



C -  
& 1  
W G.. 

i) 
1-" 

w+ I -- 
J L' I ,*' 1 

C CONTROLLED 

Figure A-?,3 S t a g e  discharge curves f o r  cross sections 1, 2 ,  3 ,  3a, 
4, 5 ,  6 and  8 a t  s i t e  112.6L. 



CONTROLLED 

Figure A-1.3 Stage d ischarge  curves fo r  cross sect ions 1, 2 ,  3 ,  3a, 
4, 5 ,  6 and 8 a t  s i t e  112.6L. 



10.800 5 O _C 24,000 cfs 

WSEL = 40 
-1.51 Q0a50 + 450 

Figure A-1.3 Stzge d ischarge curves for  cross sec t ions  1, 2 ,  3 ,  3a,  
4, 5 ,  6 and 8 a t  s i t e  112.6L. 



Figure A-1.3 S t a g e  discharge curves f o r  cross sections 1, 2 ,  3 ,  3a ,  
4, 5 ,  6 and 8 a t  s i t e  112.6L. 



Figure A-1.3 Stage d ischarge curves f o r  cross sections 1, 2, 3 ,  3a ,  
4, 5, 6 and  8 a t  s i t e  112,6L. 



15,300 _L (I ' 24,600 cfs  , 

WSEi ;- 1oe~y20 Qo*24 + 450 

CONTROLLED 

Figure  A-1.3 Stage d ischarge curves f o r  cross sections 1, 2, 3 ,  3 a ,  
4, 5 ,  6 and 8 a t  s i t e  112.6L. 



CONTROLLED 

F igu re  A-1 .3  S t a g c  discharge c u r v e s  f o r  cross sec t ions  1,  2, 3, 33, 
4, 5 ,  6 and 8 a t  s i t e  112.61. 



Figure A-1.3 Stage  discharge curves f o r  cross sect ions 1, 2, 3 ,  3a, 
4 ,  5, 6 and  8 a t  s i t e  112.6L. 



Figure A-1.3 

9,600 3 Ite 74,000 c f a  

WSEL 3 1 0m0'68 Q ~ * ~ ~  + 450 

S t a g e  discharge curves for  cross sec t ions  1, 2 ,  3 ,  3a ,  
4, 5 ,  5 and 8 a t  s i t e  112.6L. 



CONTROLLED 
5,000 fi Q 5 35,000 c f s  

WSEL 1 ' 0 3  Q0041 + 455 

F igu re  A-1.3 Stage d ischarge curves  f o r  cross sec t ions  1, 2 ,  3 ,  3a ,  
4, 5 ,  6 a n d  8 a t  s i t e  112.6L. 



BACKWATER 

5,000 6 O 2 23,000 c f r  
WSEL = I oeI .  57 Q0e51 , 505 

"9r 

MA1 NSTLd JISCWAK. t R?OOLD CREEK 1 1000CF5 1 

BACKWATER 

5,000 f. O 1: 23,000 cfs 
WSEL a 10 -1.6^ *I855 ,+ 505 

S t a g e  discharge cu\*ves for Lross sec t ions  i, 2, 4 and 5 
a t  site 119.2R. 



BACKWATER 

S t a g c  discklarge curves f o r  cross sect ions 1, 2 ,  4 and 5 
a t  s i t e  119,2R, 



A ;  NOT CQMTWQLtEO 

5,008 $ O 4 10,OQO c f s  

NO EQUAT l ON O E V t  LOPE0 

10,000 4 8 5 23,000 c f s  
WSEC ; ;0*0n83 Q 0 a 4 1  + 505 

- t u g L  discharge  curves f o r  cross sect ions  r ,  2 ,  4 &rid 5 
a t  s i t e  119,2R, 



A: NOT 60NTROLLEO 

5,000 a- 0.. 3 1,900 b=f  s 

NO EOUHT~ON DEVELOPED 

8 :  CONTROLLED 

C F  BACKWATER 

23306  f O 35,000 c f s  

NO EQUATION DEVELOPED 

F igu re  A-1.5 S t a g e  d ischarge curves f o r  cross s e c t i o n s  1, 2, 4 ,  5 ,  
6 ,  7, 8 and  9 a t  s i t e  X32,6L, 



C 

f$: CONTROLLED 

S t a g e  discharge curves f o r  cross sections 1 ,  2, 4, 5 ,  
6 7 ,  13 a n d  9 at: s+it;e 132.61 ... 



8 :  NOT CONTROLLED 

5,000 2 g L 11,900 c f s  

la0 EQtJAT ! 014 DEVELOPED 

) O ;  CONTROLLED 
11,900 5 O 27,700 c fs  
WSEL = 18 0.87 Q0e19 + 620 

F igu re  A-1.5 Stage  d ischa rge  curves f o r  cross sections 1, 2 ,  4, 5 ,  
6, 7 ,  8 a n d  9 a t  s i t e  132.6L. 



S t a g e  d ischarge  curves for cross sections 1, 2 ,  4, 5 ,  
h, 7,  8 a n d  9 a t  s i t e  132.6L, 



Figure A-1.6 Stage d ischarge curves f o r  cross sect ions 1, 2 ,  3 ,  5 
a n d  6 a t  s i t e  136.OL. 



Figure A-1.6 Stage  d ischarge  curves For cross sections 1, 2, 3,  5 
a n d  6 a t  s i t e  13S.OL, 



Stage  d ischa rge  curves for  cross s e c t i o n s  1, 2, 3 ,  5 
and 6 a t  s i t e  136.OL.. 



St;age disckjarge cl: iaves f,,r cross sections I ,  2, 3, 5 
and  6 a t  s i t e  1 4 7 , P & ,  



Figure A - 1 . 7  S t a g e  d~ischarge  curves  f o r  cross s e c t i o n s  1, 2, 3,  5 
and 6 a t  s i t e  147,2L, 



5 t i r g ~  di5charge curves for  cross sec t ions  I., 2 ,  3 ,  5 
a n d  h 31 s i t e  1 4 7 .  I ? * .  



asT32ag Gaol3 ESZ" TQH 



Table  8-1.1 (con t . )  Summary o f  ai to - spec i f i c  data collected f o r  r a t i n g  curve analyais  
a t  R,M, $0%,2M, 

S t a f f  Gege Locat ion 
Numb e r w i t h i n  s i t e  

w *  ~ w * ~ ~ U - U - - U ~ * ~ ~  

109,283 Cxase  Section 3 
(ccant , I  

101,2S4 Gross Section 4 

101,2SS Cross Section 5 

WS&L Plow Discharge 
Date Time ( f t )  ( c f s )  ( c f ~ )  



Table A-l . l (coat . )  Summary of s i te-epeci f  i c  data collected for rating curve ana lye i s  
a t  R , M ,  lOP,2R, 

Staff  Gage Lseat i o n  
Mumbe r within s i t e  ---------- - ~ m * - * w w m - w * e - ~  

901.288 Cross Section 8 

WSEL a% I.+** C A W W  
nt h,&*,,, 
uLmb;ICag:&gri=: 

Date Time ( f t )  ( c f s )  ( c f s )  





Table A-H ,2 r y  a f  s i te -speci f  i c  data callected for rating curve 3naTysis 
a t  R . M .  101.5~.  

Sta f f  Cage t o c a t  ion 
N u m b e ~  within s i t e  

-w*emwmww- - ~ m - ~ ~ ~ * ~ w ~ ~ * w M w  

901.2X1 Cross Section % 

IOB,2X2 +* Crsas Section 2 

WSEL F l a w  Diecharge ( c f  s )  
Date ~ i m a  (f t)  ( c f s )  

W*aWdrMWW *r*.&w- %Ciwrrs*bXIw* w-CWLb*gldl- .*r ~ m ~ ~ w & w m w w * * * m ~  

* Instantaneous discharge eet imated from time lag  a n a l y s i s .  
** Same location as 1982 and 1983 gage 101.2M4, 



Table A-1.2 (coat . )  Summary of site-specif ic da ta  col lected for rating curve analysis 
art: B,M, 10l,Sk, 

S t a f f  Gage Locat Han 
Number within s i t e  

wm-w--ww-* ~ ~ m ~ - ~ w - m M w M m w ~  

18%,2X2 ** Cross Section 2 
( c a n t . )  

WSEL Flow Discharge 
Date Time (f t)  ( c f s )  (c fs )  

** Same location as 1982 and 1983 gage P01.2M4. 



Table A - 1 . 2  ( cant . )  Su ry of site-specif i c  data col lected for rating curve ana lys i s  
at W a M ,  101 ,SL, 

SLaf f Gage Location 
Number witkin s i t e  -- ---e-m- ----e----w--*-- 

881 ,%X3 *** Cross Section 5 

WSEL Flow Digcharge 
Date Time Qft) (cfs) g c f ~  1 

*** Same location as 1983 gage 101.2MQ. 



ry of s i te-specif ic  data c~llected f o r  gating curve analys is  
at R,N,  100 ,qL, 

~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ m * ~ * ~ - ~ ~ - ~ ~ ~ ~ - - ~ - ~ - - - - ~ - - ~ ~ - ~ - ~ ~ ~ ~ ~ ~ ~ * - - w ~ ~ - - - - ~ - ~ - - ~ ~ - ~ ~ - - w - w - - - - - - - - - - - - - - - - =  

S b f f  Cage Location WSEL Plow Discharge 
Number within i t e  Date Time ( f t )  ( e f s )  ( c f s>  ---------- ----me------*-- .p.-QIIYaLs.ID.I me-(eB bL-QDBBtlLI1.m meLlblUeEBmilPI41 BOIBQdBl rBnm-B91 . * -  

101,8SI Cross Section 1 

Cxoss Section 3 

Cross Section 4 



Table A-1.4 Summary o f  si te-specif ic  data col lected for saeing curve analyclis 
a t  B,M, 10$,BLe 

Sta f f  Gage Location 
Number within s i t e  

- ~ w m ~ ~ ~ - ~ w  w w m ~ w - ~ m m w ~ ~ - * -  

185,BPO Gross Section 1 

WSEE Plog Discharge 
Date Time ( f t )  (cfs)  ( e f a )  



Table A.-le5 Summry of site-specif i c  data collected f o r  rating curve nna lye i s  
a t  R , M e  812,6te 

S t a f f  Gage Loeat ion  
Number u i t h i n  ~ i % e  

w w m w w w w m m ~  ~ ~ ~ ~ ~ W ~ m ~ w ~ m ~ M W  

hP2,3xlc Gross Section 1 
 ow  low) Left Bank 

1552,3PIB Cxoss Section B 
( ~ i g h  Flow) L e f t  Bank 

* 
0 112,361 Gxasa Gection 1 

Righr Bank 

W6EL Elow Discharge 
WI * Date ~ x m e  (ft) ( e f s )  ( c f s )  

w*wwww mmmw w e m w m e m m  -lblmC.dlrJ*w*rB r * S 1 U * I W I U B I I J * b n r r * r * W  



Table A-1.5 (conk .I  Su ry o f  s i te-apecif ic  d a t a  collected for rat ing curve anslyfiis 
a t  R,M, 1%2,bL,  

Sta f f  Cage Lacatisn 
P u m b e ~  within s i t e  

m -  ~ ~ m ~ w m ~ ~ * M ~ u w & m  

112,3X22 Cross Section 2 
Left Bank 

112.3S2C C x o s s  Seetisn 2 
(Low  low) Right; Bask 

1212,3S2B Cross Section 2 
( ~ i g h  Flow) Right Bank 

m3 --- ~ ~ m a ~  E ~ V W  Dzrsc"nki%ge 
Date name ( f t )  [ c f ~ )  ( c f s )  





Table A-1.5 (conk . I  S~armnery si te -spec i f  kc. dote col lected for rating curve analys i s  
a t  R,M, 112,6&, 

S t a f f  Gage Laacat i o a  
Number within s i t e  

W8EL Flow 1~a; wzi+m 9-.et,eeh r z g Z E & e  

~r~mte Time ( f t )  Icfs )  ( c f s )  

112,3S3AC Cross Section 38 
Right Bank 

112.3X48 ( 2 )  Cross Section 4 
(LOW  bow) Left Bank 

112,3X4B ( 1 )  Cross Section 4 840838 456 ,OO 
(Low  low) Left Bank 840822 1430 456,36 

8408 110 456,67 



Table A-1.5 (con&.) Summary o f  site-specif  i c  data collected for rating curve ana lye i s  
a t  W,M. 19%,6L, 

S t a f f  Cage Location 
Numb er 'azrithin s i t e  

tt E F Y  d ~ m b  Flow Dischsrge 
Date Time ( f t )  (cfs) ( c f s )  

SaJ12,3$46 Crasa Section 4 
(Low  low) Right Bank 

112,3S4B Crass Section 4 
(High  low) Bight Bank 

112*3X5 Crosa Section 5 
Left Bank 

l h 2 , 3 S 5  Crosa Section 5 
Right Bank 



S4* LS$ 0180V8 
BVe%E$ OZ$B Z28098 
L8" 9E8 068098 
T6*4;S8 $06038 
EG'SSV OOLT ~'160119 



Table A-1,S (cont.1 Su sy of si te-specif ic  data collected for rating curve analys i s  
at R , M ,  112,6L, 

S t a f f  Cage Lacation 
Number within site  

----me---- -mwm-m--------- 

1P2*3S7 Cross Section 7 
Right Bank 

112,3X8 Cross Section 8 
Left Bank 

H112,3%8 Croes Section 8 
Right Bank 

WSEL Flow Discharge 
Date Time gft) ( c f s )  ( c f a )  



Summary o f  site-speeif i c  data collected for rating curve analys i s  
a t  R,M, 1%4.!R, 

S t a f f  Gage Lseat ion 
Number within  s i te  

114,OPI Cross Section 2 

WSEL Flow Discharge 
Date fime ( f t t ' P  ( c f s )  ( c f ~ )  

-mmI*.-.E. -rV.- IBbl- .sl  m-weBlm.L I160C*QeUII*gglB*Iw- 



Table 8-1,7 Summary o f  site-specif i c  data col lected far racing curve srnalysis 
at  R , M ,  115,08, 

S t a f f  Gage Loeat ion 
Number within s i t e  

-e-emw-am- m ~ w - - w ~ w w * ~ m ~ - m  

%14,9P1 Cross Section 1 

WSEL Flow Discharge 
Date Time ( f t )  ( c f s )  (cEs ) 

8*eWMrnerJW mbgLYIXbl ararer-rini m(ealwB*I(OXII%ira aglm-IP*LalBL*r*m 



ry of site-specific data col lected for rating curve analysis  
a t  R , M ,  Il8,9E, 

S t a f f  Gage Lseat ion 
Number within s i te  

--mm-mm--- wm---*m-wm-w-e- 

%118,9PI Crssg Section 2 

WSEL Flow Discharge 
Date Time ( f t )  c r ~ ~  1 ( c f s )  



Table A-f 23 ry o f  site-apecific data collected for rating curve ana lys i e  
at R,Ne 118,1L, 

Sta f f  Gage Location 
Mumbe r within s i t e  

.---eLII.r-(.aLB(BL1.II) PUQBBllsE. .BP.s-rS-- - .w(BI, -s  

119,dtP1 Cross Section 2 

K V e F  ?G 3 
W a S L k c  

tC1 
ti? dOW 

-a * uxscharge 
Date Time ( f t )  (cfs) ( c f ~ % )  





*-@ 

G?- L L4 

VZ" TTTS 
0601 61" %IS 

Ccl["TTS 
OQE LZ" 015 

G L" 40s 
T L "JgfS" 60s 
0 06'80s 

G6@ 805 
6B%*805 
09" 80s; 
81 " 89;)s 



OL" CIS 
95" &3TS 

LXG E8"t 76s 
G"&IP z 1s 
O$"ZTS 

Z" SS" 11s 
EE" ITS 
G5" $15 
06'81G 



Table A-9 ,I1 Sumar  y o f  site-speeif i c  data collecred for rating curve a n a l y s i s  
a t  R , M ,  B25,2R, 

S t a f f  Cage &ocat i (s~i  
Numb e s within s i t e  

--m--ewwm- -&mm*Hw---*w-w* 

f25810Fl Czsss Sect ion  1 

E2%.OP% Crass Section 2 

WSEL Flaw Discharge 
Date Time ( f t )  ( c f s )  ( c f s )  

*rr(C**Cb*igg(brr W W W L  B B 4 L * C U a W C X r  ba)*deAwiB*Brrw M C b ) L I * * P I C I W * l l a * r r ) r  



Tab12 A-1,12 Summary o f  s i t e - s p e c i f i c  date collected Cor rating curve a n a l y s i s  
a t  R,E, 138,2R, 

S t o f  f Gage kscr;a~ iasrn 
Number within 8 i t e  

--*mw-m--* mw--w-w-emMww-* 

129 @8P9 Cross Sect ion  2 

WSEE Flow Discharge 
Sate Time Cfe) ( c f a  1 Q c f e )  

* r l l U l l t l l b . H * e x *  * C I * P I I * L P M  **ilslXiarmwB*l - l . l d l l l m a . B I I w  Lsmrlg*rirrrxMUrM*CII 



Table A-1 , I 3  ry o f  s i te-specif ic  data collected for rating curve ana lys i s  
a t  R , M ,  831,3L, .- 

Sta f f  Cage Lacat ion 
Number with in  s i t e  

--wm--mww* *-Mwmw-m-w-*m** 

131,1P1 Cross Sec t  on 3 

> 
I 
CB"r 
m 131 , IP2  Cross Section 1 

Flow @BE& Discharge 
Date Time ( f t )  ( c f ~ )  ( c fs )  

wm(l*-glllssr --I*)- -----.*.I ((rrblw-md.ouI.811.bl 





Table A-1 , I 5  ry of s i te -spec i f ic  d a t a  col lected for rating curve analys is  
a t  R,M, B32,6E, 

S t a f f  Gage Locat ion 
Number w i t h i n  s i t e  

----*----- m-*m-m-------ww 

%3%,5S2 Crses Section 2 

f132,5S3 Cress Section 3 

WSEL Flow Discharge 
Date Time ( f t )  ( c f s )  ( c f s )  

m - -  --.as.----- ----ID-- -----IR.-.Bm- 



Table A-He%5 ( c o w , )  Su ry of site-specific data col lected for rating curve analys is  
a t  R , M ,  132,6E, 

Sta f f  Gage Locat ion 
N~annber within at~ite 

-------wmm ww---m--------- 

1 3 2 , 5 8 4  Cross Section 4 

132,584 Cross Section 5 

132.5S6 Crssa Section 6 

WSEL Flow Discharge 
Date f i m e  &ft)  $ c f e )  (efs) 



Table A-P .I5 (cont.1 Summary of site-specif ic data collected for rating curve analys is  
a t  W , M ,  132,oL, 

S t a f f  Gage t - - -  ~ta~atia'sa 
Number within s i te  - -  ------w------BI 

4132,587 Cross Section 7 

132,558 Cross Section 8 

132.5S"Sd Cssss Section 9 

W W f ( ' R Z 1  

W 3 0 L  
P*s - r LOW Discharge 

Date fiime g f t )  (cfs)  ( @ % 8 )  



Tabhe A-6,16 Summary of s i te-specif ic  data collected for rating rurve  analys i s  
i ~ t  RaH* 13308Ra 

Staf f  Gage Locat ian WGEL Flow Discharge 
Number within s i t e  Date Time ( f t )  $ c ~ B )  ( c f s )  ---------- -a---m---m--m-- a).QIOILI(WOI1I I B B - e -  PBll . lb- . I )P-(  L)*)-OBIQOl-mw - - - - 8 1 ) ~ 8 p I I B  

1133 @7Pl Cssss Section 3 



Table A-P ,I. 7 ty of s i te -spec i f ic  data collected for rating curve ana lys i s  
a t  R,M, 836*0L, 

S t a f f  Gage Locat ion 
Number within s i t e  

136 ,BSI Cross Section f 

136 ,OS3 Cross Section 3 

WSEL F%OW Discharge 
Date Time  ( f t )  gcfe)  ( c f s )  



Table A - l , l f  (cant,)  Su ry of site-specific data collected for rating curve ana lys i s  
a t  R,M, 136,OE, 

S t a f f  Gage Locat iarrt 

Number with in  s i t e  - -  m - e - - L m B - W - - ~ Q -  

136 ,OS4 Cross Section 4 

WSEL ~ 1 3 ~  33; B ~ % ~ * I * ~  
MA%rbr 

Date Time g f t )  (cfe) i c f s )  



Table A-1.17 (.cant.) Summary of s i te-specif ic  data col lected for rating curve analys is  
a t  R , M ,  136,OL, 

S t a f f  Gage Location 
Number within s i te  - -  *--w----c-*-m-- 

Czoss Section 4 

WSEL 
Date Time (dt) 



Table A-B,18 ry o f  site-specif i c  data col lected for rating curve analys is  
a t  R,M, 137,5Re 

S t a f f  Gage Lecat ion 
Numbez within s i t e  

--*----**- ~ M ~ - - * w ~ ~ w w ~ ~ ~ ~  

137 *4P2 Cross 8ection 2 

WSEL Flow Discharge 
Date Time ( f t )  ( c f a )  (cfs) 



OZ"80L ZOSI IZ8098 
071'80k 5118098 
90"80L QfZ1 218898 
LL" LOL 0051 C28098 
09" $104 ecsr srsavs 
SZ"&OL OG%l 918098 
55"98r?: % 0601s8 
9Z"90L Z89T 856088 
88"90L SZEI 6168V8 



Table A-B,20 Summary o f  site-specif i c  data co l l e c t ed  f o r  rat ing curve analys i s  
a t  R e M c  139,0&, 

S t a f f  Gage Lac a t  ion 
!+~mb e r wicb&in s i t e  

M-m--wwweh *Md--e--w&w-Mmm- 

Crosd Section 2 

Flow 
t,f@) 

Discharge 
( c f s )  
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S1REAMBED & WATER SURFACE PROFILE 
101,2W Main Channel 

.,,. ,*...,.- ~ 

GAGE 9111.251 

wg;<p $5 

GAGE l01.3$? --Surveyed WSEL 
on September 24-25, 1984 

Streambed 

Cross 
section 1 

CPQSS Cross Crass Cross Crass Craas 
section 9 section 4 section 6 sectlsrr 9 section 8 section 9 

Figure B-1.1 Streambed profile a t  s i t e  101.2R - ma in  channel. 



STREAMBED & WATER SURFACE PROFlLE 
%01,2e;"B Lett Chans~sll A 

Figure 8-' . 2  Streambed profile a t  s i t e  
!01.2!7 - ! e f t  cka;rfiel. 

seas 
F 

STREAMBED Ihr WATER SURFACE PROFILE 
tO"li2R Right Chanrrel 

Figure 8-1.3 Streambed profile a t  s i t e  
ID1 .2R - r i g h t  c h a n 3 ~ 1 .  



Table B-I.?. Streambed profile a t  s i t e  101.2R main channel; surveyed 
on August 24-25, 1984 (TBM ID: R&M LRX-6 LB 1980 

Streambed Streambed 
S t a t i o n  Elevation 

~ B o I &  

Riffle 

Rf"ff1e 

Crass sect isn f - S"u18%,251 

"%ransitfan 

Trans? t-fon 

Pool 

Pool 
Cross section 3 - SG 18%,2%3 

Crass sectSlr3~"e 4 - SG % O f  ,254 

Pool 

Qiff I e 

Crsss s e c l i i ~ n  6 - SG IOf,2S6 

Per07 

Gross sectii~n 7 - SG 104,.2S7 

Fso: 

Riffle 

Cross sectii3n 8 - SG IOf,2S8 

Pool 

Cross sec t i i~n  9 -. SG ECIa2S9B 
Pa51 

Pmns3L-E"on 
Pool 



Table f5-1.2. Streambed profile a t  s i t e  101.2R lef t  channel ; surveyed 
on August 24-25, 1984 TBM ID: R&M LRX-6 LB 1980). 

0-r-20 358,24 359,W Left channel converges 
w i t h  main channe l  

359,70 

360820 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

D,RV 

DRY 

B RY 

DRY 

Gross sectlon 3 - SG 101,253 

Cross sec t ion  4 - SG lQL,2S4 

Cross section 6 - SG 101,256 



Table 8-1.3. Streambed profile a t  s i t e  101.2R r i g h t  channel ; surveyed 
on August 24-25, 1984 (TBM 10: R&M LRX-6 L B  1980). 

DRY 

DRY 

3RY 

DRY 
DRY 

DRY 

362,05 

DRY 
DRY 

DRY 

DRY 

Cross section 1 

Cross section 2 - SG 101.252 

Cross section 3 

Cross section 4 
Crass section 5 - SG 101.2S5, 

$00 4 

Diverges f r ~ m  main 
channel 



Table B - 2 - 1  Cross  section elevations, substrate and 
caves data st site %Ofe2R, 

Her Bsd 
Location Dist Ef ev 

Within S i t e  (f t l  (Et) Slcsb Cov Cornearats 
- l - U I * C I D I I I U . 9 - r - c c c  ----I( ..PuII*rY--- --- -1-1- -----I-- 

Cross Sleetion 1 0,O 
S t a t i o n  8+80 2 , 6  

8-0 
f6 ,4  
18,O 
9Qe0 
2 2 , o  
24,Q 
26-0 
28,O 
3000 
3%*6 
34,O 
36,O 
38,O 
4Ol0 
42,C 
43,O 
44,8 
42eB 
48,O 
50,O 
52,Q 
54,O 
5 5 , 8  
56-0 
58,O 
60,O 
6 2 ,  Q 
64,Q 
65,Q 
66 , 0 
68,O 
70,O 
72,O 
n*o 
74,O 
76,O 
78 0 
80,O 
82,O 

8.4 LB Headpin 
8.4 Tap of bank 
4,s  Bottom of bank 
4 * 3  
4 . 3  
403 
4 * 3  
4e3 
4 * 3  
4*3 
4,s LME 
4E3 
4 * 3  
4,3 
he3 
4 * 3  
403 
493% 
423 
4 %  3 
4 , 3  
4 3  
4a3 
4 * 3  
4 * 3  
423  
4 * 3  
4 * 3  
4 , s  
4 ,3  
4 , s  
h a 3  
4e3 
4 a 3  
4 , 3  
4,3 WWE 
4 3  
423 
4 e 3  
463 
4 , 3  



Table B-.2.1 (cant,) Cross see t ion  alcbratiarth substsate and 
cover data at site XQL,2R, 

Loca"t: icrn 
Within Site 
IU)).I)**..IC-OL"II."-"-"- 

Cross SectP~n 1 
Station 8+88 
(cont .) 

Cross Section 2 
Station 0998 

Hor Bed 
Dis t Elev 
(It) g f t )  Sub Cov Csments 

Iblll)E-.- --L"---II --P --- ----_I--- 

4,5 
4 * 3  
4 , 2  
4,2 
4 , 2  
4 - 2  
4 , 2  
4 2 
4,2 
4 ,2  
8,1  
8,1k 
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 2 
5 ,2  &WE 
5 , 2  
5 , 2  
5 , 2  
9 - 2  
5 , 2  
5 a 2 
5 a 2 
5 - 2  RWE 
5 2  
5 , %  
5 , 2  
5 . 2 
5 , 2  
5*2 Bottom o f  bank 
9 , 2 
8.3 RB Headpin 

~ 9 7 ~ 5  362.25 7 5.2 Top of LB s take 
3 2 3 , s  361,35 7 5 , 2  
356,s 359-86 8 5 - 2  
393,O 363*74 8 5a2 
401,O 363,7% 1 8 * 3  
409,s 363,97 1 8.3 Pop of bank 
410,O 373,58 1 8.3 RB Headpin 



Table B - 2 , t  Ccont,) Cross section e$crsvsa"%io.ns, gubstrsate ant$ 
cover data at site P01*2R. 

Locatpion 
 within^ S i t e  
-9..11*--11111.----- 

Cross Section 3 
S t o f  icrn 3+74 

Rclir Bed 
Dist El ev 
(f t) ( f t )  Sub 

- 1 e . 1 1 1 1  --.PI--- --II 

Cov Comments --- 9m-41111-1-11- 

LB Headpin 
Tap af  blank 

5 , 2  EWE 



Table 8--2.1 (cont .) Cross section elevations, subs t r a t e  and 
cover data at s i t e  HQ3.2RS 

Eacat i ssn 
Mithin S i t e  
---mu--*---- 

Cross Scetion 3 
Station 3+74 
fcont.1 

HOP Bed 
Dist El ev 
( fe)  ( f t) sub  

----.." -----I --- 

5 , 2  
5 * 2  
5 , 2  
5 , 2  
5 , 2  
5 - 2  
5 & 2  
4 , 2  
5 , 2  
5 . 2  RWE 
5 ,2  
5 , 2  
% * 2  
5 , 2  
5 ,  a 
5 , 2  
5 , 2  
%,2  
5 , 2  
5 - 2  
5 , 2  
5 , 2  
9.2 
5 * 2 
5 . 2  
5 ,2  
5 . 2  
% * 2  
5 , 2  
5 , 2  
5 , 2  
5 ,2  
5.2  
5 , 2  
4 - 2  
4 - 2  
4.2 
4.2 



fable 8-2.1 (cant.) Cross section ele~ations, substrate and 
cover data at site 101.2R. 

Locat ;i on 
Within Site 
ULll--I)-*-ls--- 

Cross Seetion 4 
Station 5+64 

M Q ~  Bed 
DisB Ef sv 
(f t)  (ft) Sub $ 2 0 ~  

-i__--- s*CII-.--I- ---- --- 

Batton sf bank 
Tcp of ba~nk 
RB Headpin 

LB Headpin 
Top oE bank 

Battom 04: bank 



Tabla 3-2.1 (cont.) Cross section elevations, substrate ;md 
cover data at site %0%,2RI 

Location 
Within S i t e  

Hor Bed 
Dist Elcv 
C f t $  ( f t )  Sub 

O I I I I I I r P I  "%-I 

Cross Sec t ion  4 
Statisnk %+64 
jcont ,) 

Batton of bank 

f o p  o f  bank 
R B  Keadpir. 



Table B-2.i (cont.) Cross section eievations, substrate and 
cover da ta  at s i t e  101 2 R o  

Lacat i on 
Within S i t e  
-------Pa-- 

Cross Section 5 
Station 7+51 

Cross S;ec t i sn  6 
Station 8+3f 

Kctir Bgd 
gist Eaev 
( f t l  ( f t )  Sub  

-----* I.IoIUcL.IOIPIII- --PI- 

1,1 Top o f  sand bar 
% a 
& * a  

L l  
l e f  

Ie l  
1 , 8  Battom aE c u t  bank 
f ,  f Tog a% cu t  bank 
I. I RB Beadpin 



Table B-2.1 (eont . )  Cross section elevations, substrate and 
cover data at site 301,2R* 

Lacat ion 
Within Site 
IPII-.o..)..L*IU------ 

Cross  Seetion 6 
Station 8937 
(cont .) 

Har Bed 
Dis t El ev 
(f t=) ( f t )  Sub 

-me- -  ------a --- 



Table B-2.1 (cant.) Cross seetion elevationst substrate and 
~07"er  data a t  s i t e  - 2 R I  

Bor Bed 
Locat :ion Dist Elev 

Within S i t e  (f t)  (ft) Sub CQV C i ~ s m : ~ e ~ % t s  
-I).Lllllllls*LIUI--- -we-- -L11*1--*- -I1 llics- - . ) U I I Q C I I I Q I I I - I D -  

8.4 R B  Headpin 



T a b l e  B-Z,E (cant*) rSra;ss;rs section ekevations, s u b t r a t e  a d  
cover data at site POl.2Re 

Rsir Bed 
Locat: i oxla, Dis? El sb~ 

Within S i t e  (fe> (ft) Sub Csv Cornants 
-----I.----*- -*I--*)-..- FICl l"n *du- a l l  -----as- 

Cross Seetian 7 136-0 
Staticcn $O+23 %QO,$la 
(coat. ) h41,0 

142-0  
144,O 
$4$,0 
ISIEQ 
152,Q 
%56,g% 
158,e) 
168,O 
164.0 
$66, Q 
168,O 
E72,0 
f74*0 
176,O 
188,O 
182,O 
184.0 
588,Q 
f90m0 
192,O 
194,O 
196,O 
198*0 
200,o 
262,O 
203.0 
204.0 
266,O 
2138,O 
210*0 
214,O 
2%8,0 
222eo 
224,O 
256,s 
262,O 
264,O 

5 , 2  
5 ,2  
% * 2  
5 ,2  
5 * %  
'5 Q2 
5 , 2  
5 , %  
3 .2  
5 , 2  
% a 2  
5 , 2  
5 , 2  
5 , 2  
4 , 2  
5 , 2  
5,2 
5.2 
5,2 
5,2 RME 
5 ,2  
5,2 
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 . 2  
5 - 2  
5 . 2  
5,2 
5 ,2  
5 . 2  
5 . 2  
5 , 2  
sea 
9 , 4  Bottoa 05 cut bank 
8.4 l o p  of bank 
8.4 RB Headpin 



Table Bi-2,1 {carat,> Cress section e h v a t i o n s ,  swbst rah  ;and 
cover data a t  site 101,2Re 

Lacati an 
Within S i t s  
-QIILlt*L-PII-9.--PL- 

Ha%. Bed 
Dio t E%av 
(ft) (ft) Sub Gav Comsmts 

--I-- -.PIILI)-..-c -a- -Ir- -..----..I-- 

8 . 2  LB Headpi~n 
1a1 
$, I  
151 
1, 1 
f , B  
I ,% 
501 
5,1 
% , I  
5,h 
9,1 
5,1 
5-1 
501 
S *  P 
5u1 
5,1 
50 1 
5 , %  LWE 
S e l  
5 * 1  
5 1  
s e a  
s,r 
5 ,  l. 
5.1 
5 * 1  
5,1 
5,1 
Sol 
5* 1 
5 @  1 
5 , 1  
5 , %  
5 ,  f 
5 -  % 
5 , 1  
5,1 
5 ,  %! 
5,1 



Table B-2.1 (ccnt.) Crass section elevations, substrate and 
Csprar data at s i t r e  lOi,2R, 

Lacat !ton 
Within S i t e  
UL-----L-amI)--IOIO 

C r ~ s s  Section 8 
S t a t i o l ~  12.P.79 
(ccnt. :I 

Cross Section 9 
Station P4+62 

Her Bcd 
D i s t  Eksv 
(ft) ( f t )  Sub Gav 

----'p.- - . - - - B I O I I I P I  --- --- 

RWE 



"f%bLe Z3.--2,1 (cant .) Cross seet iow elevatians, substrate and 
cover data at s i t e  l01,2R, 

HSP Bed 
Lacat:ien Dist .E$ev 

Within Site (ft) ( f t )  Sub Cav Cements 
- - - - - o m m - c - -  -..--O---C ---I---.. --- --- -------- 

Cross Section 9 %OO,O 
Station 14+62 IL04,O 
(cant. :I 108,O 

112*0 
816,O 
1%9*5 
12000 
124,O 
127,s 
128,O 
1132,O 
136,O 
14080 
142,Q 
844,O 
148*6 
152,O 
k56,O 
158-8 
16000 
f62,O 
lb66,$3 
168,O 
1 7 Q e B  
194,O 
176*0 
198-0 
182,O 
184,O 
186,O 

. 188,O 
19050 
192,4 
197,O 
2%2,8  
215,O 
2 % 6 , 5  

9*3  
9,3 
5-3  
5 a 3 
$ a 3  
5*3 Lm 
5a3 
5e3 
5,s 
5 * 3  
5*3 
5,s 
5 , 3  
5 * 3  
5e3  
5 * 3  
5,3 
5,s 
503 
5 - 3  
3 - 3  
5 . 3  
5 2  
4 . 3  
5 3  
5 * 3 
5-23 
5 , s  WWE 
5 * 3  
5 * 3  
5,3 
5 * 3  
5 * 3  
4 , 2  
9.4 
8 * 4  
8.4 RB Headpin 

- - -- - - - - - - - - - - 

Date of survey: Sept .  12, 1984. 
Weferernes s levat  ions RW LRX-4 1980. 



TabP-e B-c-%,2 Crass section elevations, substsate and 
cauyelr data a t  s i t e  101 .%$re 

Hocemit Bed 
Loca t i lon Dist El ev 

Within S i t e  (f @I (ft) Sub COV Cements 
II)-L*-LI1I.~rB)..I,141UUYIirB --.L-cL" -------1 0--... 'Ill-- --.-1----111 

Cross Saction 1 p 8 0  363@60 
Station 0+00 f Q , O  362,80 

-H9*8 362*68 
42 ,0  361.60 

B%8,0 358.80 
%76,0 337,50 
299,O 358.80 
278.0 359,30 
297,0 36P,PQ 
30%,0 361.30 
307,O 363,OO 
317,O 363,%0 
4 2 9 - 0  364,60 
451,O 365.00 
467,0 365,70 

Cross Section 2 
Station P2+23 

8.2 LB Headpin 
8,2 
8.2 
8,2 LWE 
5,Z 
5 - 2  
5,2 
5 , 2  
5 , 2  
3,2  RWE 
4 ,2  
5,2 
8.1 
8* 1 
8.1 RB Headpin 

8.2 LB Headpin 
8.2 Top of bank 
8.2 
8 - 2  LwE 
8-2 
5 , 2  
5 , 2  
5 , 2  
5 - 2  
5,2 RHE 
4. P 
8.1 RB Headpin 

Cross Seetion 3* 088 3?Oe80 1 8.2 LBHeadpin 
Station 19+B6 62,O 364,80 82 6 - 2  

78,O 362,OO 12 6,2 
ld6,O 360*90 18 5 , 2  
126,O 361,OO 10 9 - 2  
136,O 361-30 18 5,2 
$56.0 361*30 50 5 . 2  
P86,O 360*60 10 5-2 



TabSe B-2,2 ( c o n k )  Cross section efevations, substrate and 
cover data ?:a$ s i t e  1gjr1,9Le 

Hsr Bed 
Locati~8.t: Bist EPev 

W i t h i ~ n  Site (ft) ( f t )  Sub Cov Comments 
-rap---.------ ----- ----PII.c --.*I- -err, --------a 

Crass S e @ t i ~ n S *  206,O 360,98 fO 5,: 
Station 19+66 ,246,O 362,30 18 5 , 2  
(cant .) 278.8 363.80 $L a D f  

306,O 364.80 1 8,1 
416,O 366.66 1 8 , f  Next t o  BP 
417,0 368=00 1 8.1 RB Headp~in 

Cross Section 4* 
St a t  i ow 24+47 

Crass Section 5 
Station 31908 

8 .2  LB Headpin 
8,% 
6,2 
5,2 
50% 
5,2 
5,% 
5,2 
5,% 
5,2  
5 , 2  
4,a 
4,1 
4,1 
8.1 RB Headpin 

8 . 2  LB Headpin 
8,2 
8 ,2  %WE 
4.2 
5 , 2  
5 . 2  
5 , 2  
5,2 
5 , 2  RwE 
4 * 1  
8,1 
8.1 RB Headpin 

.................................................................... 
Date o f  survey: Oct. 2, 1984. 
Reference e l e ~ l a t i o n :  R&M Alcap 101.3W1 LB 1982. 

* Cross section not surveyed but  determined from discharge 
measurement, 



Table B*-2,3 Cross seetian si~-ratiraanrr;, s u b s t r a t e  and 
cover data at site P12,6Le 

Location 
Within S i t e  
"P--.IP--PB-<--4Lr4Lr 

fk,r Bed 
D i s t  Elev 
(ft) (ft) Sub Csv Csments 

.I---..- . . L I I I L I I U D L B " O U  ..--I el-  -----*I-- 

1.1 LB Headpin 
I l * f  
h e 1  

5*5b 
5,1 
5 0 2 
5,2 
5,2 
5 , 2  
5,2 
5 , 2  LWE 
5,2 
5 . 2  
5 * 3  
5 * 3 
5,3 
5,5 
5e3 
5 e 3  
5*3 
5e3 
5 , 2  
5,2 
4 ,  a, 
4,2 
% , I  
a , l  
5,2 
5.2 
5,2 
5,2 
5,2 
5 , 2  
5,2 
5 ,2  
5 , 2  
5 2  
5 , 2  RWE 
I , $  



Table B-2.3 (cant.) Cross section elevations, substrate and 
ctsver data at s i t e  112.6Eo 

Home Bed 
Loco t i s:n Dist E%ev 

Within Site (f t) ( f t )  Sub Cov Caments 
----------a ----- *----I) --- --- -------- 

Cross Ssctiow I 505*0 455,36 E b,l 
Station Q+OO 5 f 3 * 5  468.08 1 I,$ 
(ccnt .) 52095 460.24 I 1,1 KB Headpin 

Cross Seetion 2 0 0 0  
Station 3+97 l e O  

4,Q 
21,o 
35.0 
47,O 
45,O 
75,O 
9 5 0 6  
186,O 
%15,6 
124,O 
435,O 
15900 
1 6 0 s  0 
190,O 
%80,0 
t87,O 
190.0 
198,O 
239,O 
240 0 
290e0 
311,O 
34000 
376 0 
390. O 
440 0 
44.; dl 0 
480.0 
56POgO 
502,Q 
520,O 
539,O 
540,O 
545,O 
547,O 

3 1,1 LB Headpin 
3 l a 1  
3 1 s  1 
3 l e l  

9 5,2 
9 5,% %WE 
9 5 ,, 3 
9 5,s 
9 5 * 3  
9 5 2 %  
9 $23 
9 5 * 3 
9 523 
9 5 0 3 
9 5 e 3  
9 5m3 
9 5 0 3 
9 503 
9 5 , 3  
9 503 
9 5e3 
9 5 * 3 
9 5 , 3  
9 j 0 3  
9 5 0 3 
9 503 
9 s03 
9 5 * 3  
8 s 0 3  
8 5 e 3 
8 5,s 
8 5 . 3  
8 5.3 
9 5 e 3  
9 5,s 
9 5 * 3 
9 5,3 RWE 



Tabla B-2,3 (cant,) Cross section ekevatiaas, substrate and 
coves data at s i t e  112,6E,  

Hor Bed 
Location Dist EP ev 

Within Site (ft) (ft) Sub Cov Corneats 
-014112..-*11-611*PBID-ID-IE.L -ll*-).B- a--18-0.- -11)- -11 Ils--")--.l*--- 

Cross Siaetion 2 550.0 452*30 9 5.3 
Station 3+97 560.0 %55cQ0 3 l e i  
(cant ,) 567*0 460,%8 3 1.1 RB Beadpix3 

Cross Section 3 000 
Station 8+36 fOO 

10,o 
48,O 
50co 
70.0 
90,O 
94,O 

f 10*0 
121.8 
130,O 
150,O 
169,O 
170,O 
200.0 
223.8 
230,O 
267,O 
309,O 
380,O 
335,O 
340,O 
390,O 
400,g;B 
403 * 0 
420.0 
438,O 
440,O 
460,O 
480-0 
485-0 
50018 
586,O 
528,O 
589,O 
596 0 
598,5 

Bottom sf c u t  b m k  
LWE 

LWE 

RWE 

Edge of vegetation 
RB Headpin 



Table B-2.3 (eont.) Cross section elevations, substrate and 
caves data at site l P 2 , 6 L ,  

HOP Bed 
L - E ~ I c ~ ~  ion Pist El ev 

Within S i t s  (ft) (f t) Sub Cow Comcnts 
--*--"----*- -b..*-*l-.m. IC*FII**4 1*D4*.- -111 -lLL-T)a-4--- 

Cross Seetian 3A 0,O 
Station $0938 I6O 

1100 
2060 
27-0 
48,O 
Sl*O 
60,O 
80,O 
83,O 
88,O 
~00,O 
IE6,O 
120eO 
149 * Q 
150,O 
B69,O 
179,O 
180,8 
199,O 
220,O 
223,O 
255 8 
289,O 
290,O 
299,O 
325,O 
330,O 
370,O 
384 0 
4Q3,O 
4%8,0 
416*0 
432,O 
446,O 
450,O 
48Ia0 
490,O 
529,O 
530,O 
570,O 

5.3 LB Readpin 
5*3  
5*3 
5 * 3  
5,s Lsilge 
5 * 3  
5 a 3  
5,5 
5e3 
5 * 3  
5 a 3  
5m3 
523 
503 
5,3 nwE 
9,3 
502 
5 , 2  EWE 
% a 2  
5 2 
5 , 2  
J02 RWE 
5 , 2  
5 , s  LWE 
5 a 3  
5*3 
5 , 3  
503 
5 * 3  
5,5 
5 * 3  
5,5 
5*3 
5,3 
5 * 3 
5 . 3  
5 8 3 
5 * 3 
5.3 
5 * 3  
5,5 



Table B-2.3 (cont.) Crass section elevaticns, substrate and 
cover data at site %12,6L, 

Hofk Bed 
Loeation Dist El ev 

Within S i t e  (f t) ( f t )  Sub COV Corneats ----------- -11*-98- --l1--1- --1 --I- -.61----.1114 

Csosa QectAon 3A 589.0 453.62 9 5,3 
Station 18938 6%0,0 453,90 9 5 .3  
(cant ,f 621,Q 454,Hl 9 5 , s  lEjewE 

669,O 435.79 9 5.3 
670,Q 4%6,80 9 5,3 
679,O 457,34 9 5 , 3  
693 , s  460,04 9 5 . 3  RB Readpin 

Crsss Section 4 
Station 12+92 

5 . 3  tB Headpin 
5.3 
5 * 3  
5 - 3  LWE 
5*3  
5 * 3 
5 . 3  
5 , ;  
5 * 3  
533 
5,s 
5,2 RWE 
5 , 2  
5,2 LWE 
5,2 
5 m 3 
6 , 3  
5,3 
5 3  
5 e 3 
5 , 3  
5 .3  
5*3 
5 * 3  
a s 3  

5 * 3 
5*3 
5*3 
5 * 3 
4 . 3  RWE 
4 . 2  
4,2 
4 , 2  



Table 8-2.3 (cont.) Cross section elevations, s u b s t r a t e  andl 
cover data st site P$%,&E, 

Loeo$:ion 
Within S i t %  
-----.ER*..*B1--- 

Cross Section 4 
Statioaa 4k2+92 
gcsnt 

Cross Section 5 
StatPsl3 f5+41 

H4e)r Bed 
Dist Elev 
(f t) (ftlS Sub Cov 

-*ll.--.r-D -8-W-B --- -I- 

RB Beadpin 

LB Headpin 

RWE 



Table B--2,s (cant.) Cross sectrun elevations, substrate and 
cover data a t  s i t e  112,QL, 

Cross Section 5 
Station IS+4f 
(cant.) 

Bar Bed 
B i s t  Ekev 
(f t) (ft)  Sub 

1.1 RB Headpin 

1.1 LE Headpin, 
7 ,% 



Table B-2,3 (cont.)  Cras s  section elevations, subshate  axkd 
caver data at sits B32,6L, 

Hor Bed 
Loca t i an Bist Efev 

Withim S i t e  (ft) ( f t )  Sub Ctov C ~ m e n t s  
-oQ.."m-*...----.m.- ---a- -lbD--..-- --.- -OI- -O------.B.U 

Cross Section 7 0,8 
Stat ion 30+34 L O  

lorn0 
% f a 0  
2000 
40,O 
46,O 
50.0 
60,O 
769,O 
80-0 
90.0 
110,O 
140,O 
143,O 
175,O 
180,O 
208,O 
21000 
238 0 
240,O 
270*0 
271,O 
298,O 
300, Q 
320,$3 
326,O 
3313,O 
356)eO 
354 e 0 
370,O 
379,5 
390,o 
410,O 
411.0 
421,O 

9 .3  LB Headplin 
9,5 
9 0 3 
5 . 3  
3 e 3 
5 * 3 
5 * 3  
5 . 3  
5 * 3 
5,5 
5-3 
6 , 3  LWE 
6 , 3  
$6 3 
5*3 
5 3 
5,3 
6 * 3  
6,5 
5,3 
6a3 
5*3 
5 * 3 
5,2 
5,5 
5,2 
5 - 2  WWE 
s o %  
5,2 
6,2 
6,Z 
6 , 2  
6 , 2  
6 , 2  
6 , 2  
6.2 RB Headpin 



Table BI-2,3 (cant , )  Crass see$ion elevatiglbts, substrate and 
cover data at site P%2.6Lo 

H0r Bed 
&seat i on Dis t Elear 

Within Site (ft) (ft) Sub Csv Cements 
b---P--B.---- ----ID- --- --- .II-.-sIII--CII.D 

8 .2  Bsttam BE cu t  bank 
8,2 
9 , 2  
8 .3  
8 . 3  
8,3 
503 LWE 
5 * 3  
5 * 3  
5 , s  
s 0 3  
5 * 3  
5 3 
5,3 
523 
5 * 3  
5 , 2  
5 , 2  
5 - 2  
5 , 2  
s 0 2  
4 . 3  
4 * 3  
4 e 3  
4 * 3  
403 
5 * 3 
5 , 3  
5 * 3 
5*3 
5.3 
5*3 
5*3 
5*3 
5*3 
5*3 
5 0 3 
5,s WWE 
5 * 3 
5*3 



Table B-2.3 (cont.)  Cross section elevations, substrate and 
cover data at s i t e  %12,&L, 

HQH" Bed 
Location Bist El ev 

Within Site (ft)  (ft) Sub Csv Corneats ----------- 1.----- ---I-- --Pb --l) - . D I C P I I I . - . I  

Cross Section 8 45000 459.50 9 5.3 
Station 40+98 46030 45ge86 9 5,3 
(cant .) 4>7O80 4 6 0 , 1 0  9 5 , 3  

524 .0  461039 9 S e 2  
579.0 462*90 9 j 0 2  
%80,0 463,OO 9 5,2 
602,s 465,83 9 5 . 2  RB Heatlpin 

Date of survey: S e p t .  16, 1984. 
Reference elevation: R&M LRX-14 WB 1980, 



Table B-2.4 Gross seetion elevations, substrate and 
cover data at s i t e  189,2R, 

Lacat ian 
Within Site 
-*--------- 

Gross Section 
a t  Mouth 
Station -3+51 

Cross Sectisn f 
Station O+QO 

Crass Section 2 
Station 3+80 

Crass Section 3 
Station 5+96 

Bar Bed 
Dist EPev 
(f t )  (ft) Sub Cov Cements 

-*.*119.*)-..1 'I*----- --- ell- ---i.LTSIII..-..l- 

'?,I Bsttom of bank 
7,1 
7,P LWE 
7 , l  
7,1 
9 ,  % 
7 ,  f 
9,a ~ w a  
9.1 Half way up bank 

8.2  LB Headpin 
7 * 1  
7,8 LWE 
7 ,  % 
9.6  
7 , 1  
7.1 
7, % RWE 
8.3 RB Headpin 

8.2 LB Headpin 
5 , 1  
5 * 1  LWE 
6,H 
6 ,  H 
6,% 
6,1 
6 *  f 
5 - 2  RWE 
5 .2  RB Headpin 

8.2 LB Headpin 
8.2 
8,1 
%,2 LWE 
5 , 2  
5 , %  
5,2  
5,2 WWE 
5.2 
8.4 RB Headpin 



Tah?e B-2.4 (cont.)  Cross section elevations, substrate and 
cover data a t  s i t e  %19,%R, 

Locst .ion 
Within Site 
--*DII)P1O-.PIsU)PP-- 

Crass Section 4 
Statiole9 9+93 

Cross Section 5 
S t a t i o n  14986 

Hsr Bed 
D f s t  Elsv 
(f t) ( f t )  Sub C0.v 

1111-8-111 B.)..DIPIPDI...U ..,.I-- --- 

LB Headpin 

LWE 
RWE 

RB Headpin 

LB Headpin 

LWE 

%$WE 

RB Headpin 

-------~-----~---------------------UUUUUU-----------------~-------~- 

Date of survey: S e p t .  6, 1984. 
Refere1.8~9 alevatissn: USGS A107  1965, 



Table B-2.6 Cross section elevations, substrate and 
cover data at site 13Ig7L. 

Hor Bed 
Locat ;.on Dist El ev 

Within S i t e  (f t )  (re> sub Cov Comments 
- ~ U I l i . t l l - 0 . W - - - -  --em- ------ --- ....-- aCs)...DOs.--trB)-D- 

Crass Section 1 0,O 
S t s t i o a ~  0+00 91,O 

8,O 
26,O 
29.0 
3%*Q 
36=0 
40*0 
44,O 
48,O 
52,O 
56,O 
60.0 
64aO 
68,O 
72,O 
76,O 
80,O 
84,O 
88,O 
92,O 
96,O 
180,O 
184*Q 
%0S,O 
112.0 
116.8 
lb20,O 
124,O 
f28,O 
132,O 
136.0 
140,O 
144,O 
148.0 
152,O 
156,O 
7L60,O 
164,O 
168.0 
672,Q 

8.5 LB Headpin 
8.5 Beside headpin 
8.2 
5,% 
5,2 LWE 
5,2 
5 , 2  
1 * 1  
% , I  
P a 1  

1,1 
P * f  
1,B 
1*1 
1 * 1  
l * l  
l a 1  

1 * 1  
l e a ,  

1*1 
I s 1  

1,E 
I * %  . 

l a 3 1  

1 5 1  
l , k  
E a B  

1,1 
191 
H,1 
1,1 
1 * 1  
b e 1  

$,I .  
1,9 
1.1 
1 - 1  
I , %  
l * l  
f e l  
1 1 4 1  





Table B-i!,S (csrat,) Cross seetion elevatigtno, substrate and 
eaver data at site 131,7L, 

Locat ioxn 
Within S i t e  

Hsr Bed 
Dist El e~ 
Cft> ( f t )  Sub Csv 

e-IB1-e -----I- -0- PPI 

Cross Section 2 
Station 2+45 
(ccnt 



Tabfie Bq-2,s ( C G L P P ~ , )  Cross section elevatisns, substrate a d  
cover data at s i t e  f3%07L, 

Lccsca t i 
Within Site 
. L B l l s . . L L . . ~ - - * ~ - . l l i . D  

Crass Sleetion 2 
Station 2+4S 
(eont . ) 
C r o s s  Siaction 3 
Station 6+45 

Her Bed 
Dist E% ev 
(ft) ( f t )  Sub Cov Comekats 

-.)*.---- I . . I I I . m . . P u -  011- -.I- ..I------- 

256.0 617.10 1 4 , 2  
3QB,O 622,17 1 8.2 Beside heatdpin 
301,O 622.24 9, 8.2 RB Headpia! 

9 , 4  LB Headpin 
9 4  Beside heatdpin 
6 ,  % 
4 , f  
Gp2 
6,2 
6,2 
6.2 
6 ,2  
4,2 &WE 
6,2 
6,2 
6 , 2  
6 , 2  
601 
6 e  1 
6, f 
6, l 
6* 1 
6 ,  H 
6,1 
Q,% 
6 ,  $. 
6,1 
6,1 
6,1 
6 ,  I 
Q e l  
6.1 
6, 1 
6.1 
6,1 
6.1 
Q * l  
tie 1 
b*lh 
6*  8 





Table B - 2 , 5  (cant ,> Cross section elevations, substrate and 
cover data at site E31,7I,, 

Local:isn 
Withi%% Site 
--OQB-P-- --- 

Cross Section 4 
Stakion 9+45 
(eont .) 

Hor Bed 
Dist El ev 
(f t) ( f t )  Sub Cov Cements 



"ZabXe B-2.5 ( c ~ n t , )  Crass section elevatians, s u b s t r a t e  and 
covex data at s i t e  P31,3L, 

Lacat ion 
Within S i t e  
--u-------- 

Cross Section 4 
Seatian 9+45 
(cant, ) 

Cross Section 5 
Station 11+90 

Ha.;: Bed 
9ist Elev 
(f t) ( f t )  Sub Caw C o m e ~ t s  

-..-I-- - P - - - . I - - m .  --- --- -------- 

296,O 619.90 2 H A  
231,Q 619,9@ 2 1,l 
283,Q 621-20 2 _k,l 
302.5 623.66 2 8.1 Beside headpin 
363*0 423,97 2 8.1 RB Headpin 

8, 4 LB Headpin 
8.4 Beside headpin 
9 * 3  
9 * 3  
7,s LWE 
7,5 
7,5 
7 * 3 
5 ,2  
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 , %  
5 2  
5,2 
5 2 
5 , 2  
% * 2  
5 , 2  
5 , 2  
5 ,% 
5.2 
5 . 2  
5 * 2  
9 , 2  
5 , 2  
5,2  
5 ,% 
5 , 2  
5 , 2  
5 - 2  
3 , 2  
5 , 2  
5 , 2  



fable B-2.5 (cant.) Cross section elevations, substrate and 
cover data at s i t e  131.?L, 

H o ~  Bed 
Eocat i o n  Dist Efev 

Within Site (f t) (ft) Sub COV C ~ m m e n t s  ----------- 111*-1111..1 -BIBOIL---  ---W --- ----.L-C---.. 

Cross Section 5 h30,Q 
Station 11+80 134.0 
(cant .) 4138 0 

B42,0 
146.0 
150,O 
154*0 
1%%6*0 
276 * 0 
380,O 
391.0 
391-0 

Cross Section 6 0,O 628,$%2 
Station 66930 0,0 Q27,74 

1,B 623,%0 
%1,0 619,40 
14.0 418,70 
17,O 6!8,30 
20,O 618,10 
22.0 6%8,80 
26,O 6%8,80 
30,O 619,90 
34,O 63i7,80 
3x0 61L60 
42,O 6%7,80 
46,O 6%7,70 
50,O 61x80 
54,O 617,88 
58,Q 6%7,10 
62,O 616*70 
66,O 616,30 
70,O 616*50 
94,O 617.00 
98.0 6!7,80 
82,O 618,263 
86,O 0%8,40 
90,O 618,50 
92,O 618,80 
96.0 Bf8,98 
98,Q 68830  

4,2 
4 , 2  
4 , 2  
4 , 2  
4 = 2  
4 , 2  
4 , 2  
4 , 2  
4,2 
8 .  E 
8.1 Beside headpin 
8.1 RB Aeadpin 

8.4 LB Headpin 
8 .4  Beside headpin 
8 .4  
5 , 2  
5 , 2  LwE 
5,2 
5 e 2  
5 , 2  
5 2  
5 2  
5 .. 2 
5 2 
5,2 
5,2 
5 , 2  
5 2  
5 e Z  
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 , %  
5 2  
5 , 2  
5 * 2  
5 , 2  
5,2 
5 % 3  



Table B-2.5 (eont.) Cross section elevations, substrate and 
cover data at site 1310~t. 

Rlsr 
Lescati, ow Dist 

Within S i t e  
--lp-.l)-.D1P.l.~--- 

(f t) 
- I I I I I P - L L O I Q (  

Cross Section 6 104,Q 
Stationa 16+36 f06,O 
(ccnt .) P%OeO 

Iat4,O 
117,O 
%22*0 
826,O 
130,O 
%38*4) 
146.0 
%51,0 
154,O 
162.0 
%b66*0 
%70,0 
174,8 
%78,0 
182,CB 
h88,O 
192,O 
196,O 
208*8 
204,O 
208 0 
212,o 
266,O 
220*0 
224,O 
228 . 0 
232,O 
236,O 
%4060 
244.0 
246 , 0 
248, Q 
252,Q 
256,O 
260,O 
244,O 
268,O 
272,O 



Table B-2.5 (cont.) Cross section elevations, substrate and 
cover data at  site 13Ia7%, 

Hole Bed 
Location D i s t  Elev 

Witkin Site (ft) (ft) Sub Cav Csmehtts 
-----1-*--0 ----da -1119111- -I- --- --*ID----- 

Cross Seetion 6 276,O 619,40 6 5 , 2  
Stat  ion 86+3Q %8000 619,30 6 5,2  
(cont .) 284,O 619.50 6 5*2 

342,O 622,40  f 5,2 
358eO 622,92 P 8 , 2  Beside headpin 
358.8 623.17 1 8.2 RB Headpin 

Cross Section 7 
Station 19903 

5 .2  LB Headpin 
5 . 2  Beside headpin 
5,2  
5 , 2  
5 , 2  
5 , 2 
5 @ 2  
5,2  
5,2 
5 , 2  
5,2 
5,2 
5 , 2  
5 e 2  
5.2 LWE 
5.2 
5 , 3  
5.2 
5 , 2  
5 2  
5 , 2  
4 , 2  
4 , 2  
4 , 2  
4 , 2  
4 ,2  
4 , 2  
4 . 2  
4 * 2  
5,2 
5 , 2  
5 . 2  
2 2  
5 , 2  



Table Eil-2,5 (cont.) Cross section elevations, substrate and 
cover data at site 13%,7&, 

Hor Bed 
Loeation Dis t El ev 

Within Site (f t) (ft) Sub Cov Comments 
.DI---..Dll-,---- --C-918- 001-(.--- --.L I(..-- w----Cll)l- 

582 
5 , 2  
5 , 2  
5 2  
5,2 
4,2 
5 , 2  
5 .2  
5,2 
5,2 
5,2 
9 , 2  
5,2  
6 , 2  
6 , 2  
6 , 2  
6.2 
6 m 2 
6.2 
6 , 2  
642 
6,2 
6 2  
6 2 
6.2 
6 2 
6 , 2  
6 , 2  
6 , 2  
6,2 
6 , 2  
6 . 2  
6 . 2  
6 e 2 
6112 
6 . 2  
6 , 2  RWE 
6 . 2  
5 . 2  
5,2 
5 , 2  



Table B-2.5 (cont.) Cross section elevations, substrate and 
cover data at  site B31,7L, 

H O ~  Bed 
&ocat:iota Dist Ef ev 

Within S i t e  (ft) ( f t )  Sub CQV Coments 
-BIu-"..oPllS.L.L(ID.L1I.,. ---PB- ------ -a- --- -----..ID-- 

Crass Section 7 315.49 
Station 19909 3%9,0 
(cant.) 323 e, 0 

327,O 
331.62 
335eO 
339.0 
343,O 
347,O 
35%,0  
355,O 
359,O 
362,O 
3 6 L  0 
414.0 
432,O 
432,O 

Beside headpin 
RB Headpin 

-*---------------------------*---------------------------.-------m---- 

Bate of survey: Sept .  27, 1984. 
Reference elevation: R k n  AZcap 131.1S1 RB 1982, 





Table B-2.6 ( c o n ~ )  Crass section elevations, substsate and 
cover data a t  s i t e  1329GE0 

Hor Bed 
Location Dist Ef ev 

Within Site (f t )  (ft) Sub Cov Coments ----------- 8 0 ' 8 - - . L p  me---- --.).S --- -------- 

Cross Sectisn 1 80,0 626,BO 10 2 , 2  
Station 8908 83,O 627,70 II 8 . 3  Top of barlk 
(eont .) 98,0 Q27,80 1 8 3 

109,0 630*20 1 8,s RB Headpin 

Gross Slsction 2 050  
Station la24 4.0 

18.5 
31,s 
32.0 
34,O 
36.0 
37,O 
38,O 
48,O 
42,O 
44,O 
46,O 
48,O 
50,O 
52,Q 
54,O 
56,O 
58,O 
60,O 
62,0 
64,O 
66,O 
68,O 
mega 
72,O 
7 4 , o  
76,O 
7 a O O  
80,O 
82,O 
84,O 
86,O 
88,O 
90,O 
92,O 

2 .5  LB Headpin 
9 , 3  Bottsm sf bank 
5,2 
503 
5,5 
503 
503 
5 , 3  LWE 
5,5 
503 
5*3 
5*3 
5 0 3 
5*3 
5-3 
5 2  
5,2 
5 2  
5,2 
5,2 
5,2  
5 * 2  
5 . 2: 
5 2  
5 0 3 
5 3  
5,5 
%,3 RWE 
5 * 3 
5 e 3 
5,3 
5 2  
5 , 2  
5 , 2  
5 , 2  
5 , 2  



Table B.-2.6 (coat.) Cross section elevations, substrate and 
cover data a t  site %3%.6L. 

Location 
Within Site 
---ID---*---- 

Crsss Section 2 
Station %+24 
(eont .) 

Cross Section 3 
Station 2946 

5,2 
5 , 2  
5 - 2  
5.1 f o p  cf bank 
5.118 
5.1 RB Headpin 

2.5 LB Headpin 
2,s 
2,s 
5 ,2  
J52 
5.2 
553 
5,3 LWE 
5 . 3  
5,3 
5 * 3 
5*3 
5 * 3 
5-3 
5 8 3 
5.3 
5 * 3 
5.3 
5,3 
5,s WVPBE 
5 * 2 
5 , 2  
5 ,2  
5,2 
5,2 
5,2 
3,2 
5 .2  
5 2 
5 , 2  
5 @ 2  
5 , 2  
5 . 2  



Table B-.2,6 (cent.) Cross section elevations, substfate and 
cover data at s i t e  132,6&, 

Her Bed 
Location Dist E%ev 

Within Site (ft) (ft) Sub COV C c m e n t s  
-llOIP.li-.IO-.8.p.8.p..8.p.8.p- rere---  -D--lb-eP I-- --- -----we- 

Cross Section 3 95,g8 628,16 1 5 , %  
Station 2+46 104,4  628,BO P 5 , %  
Qecsnt ') 139,s 630,25 P 5,1 RB Headpin 

Cross Section 4 0 0 0  
Station 3+90 17,6 

1800 
20-0 
22*0 
24,O 
30,O 
32,O 
34,s)  
36,O 
38,O 
40,O 
42,O 
44,O 
46,O 
48,O 
5O,Q 
5%*0 
153, 0 
55,O 
5x0 
59 * 0 
66.0 
62,O 
64,O 
66,O 
68.0 
7088 
72,O 
74,O 
76,O 
78,O 
80,O 
84,Q 
86,O 
8808 
9080 

1 2.5 LB Headpin 
a 2 , 3  
8 %,3  Bottom sf bank 
8 2 ,3  
8 5 , 3 
8 5,3 
8 5,3 
8 503 
8 5 , s  
8 523 
8 5,3 
8 5 , 3  ewe 
8 5 . 3 
8 5 * 3  
8 5 , 3  
8 5 St 3 
8 5 2 
8 $2 
8 5 . 2  
8 5 2  
8 5 ,2  
8 3 , 2  
8 5 . 2 
8 523 
8 5 0 3 
8 5,3 
8 5,s 
60 5,3 WWE 
10 5 * 3  
$0 503 
10 5 3  
10 5 * 3  
$0 5 * 3 
I0 5 . 3 
20 5 , 3  
13 5,3 
10 5,3 



Table B-2.6 (cont.) Cross section elevations, substrate ;md 
eover data at site f32,6Le 

Loeat ian 
Within Sits ----------- 
Crass Section 4 
Station,  3690 
(cant.) 

Cross Section 5 
S t a t i o n  3+11 

HOP Bed 
Dist El ev 
(ft) (ft) Sub 

---ID- -----a== -u- 

5 * 3  
5e3 
5 * 3  
5 ,2  
5,2 
5 , 2  
5 , 2  
5*2 
3 , 2  
SSP 
5,1 
S * f  
5.36 
5*1 
5,1 
5*1 
5.1 
5 , %  
5.1 RB Headpin 

2.5 LB Headpin 
3.2  
3.2  fop o f  bank 
3 . 2  &WE 
3,2 
5,2 
5 2 
5 . 2  
5,2 
5 , 2  
4,2 
5 , 2  
5 .2  
5 . 2  
5 . 2  
5 . 2  
5 , 2  
5 , 2  
5 . 2  
3 . 2  
5,2 



Table B-2.6 (cont.) Cross  section elevations, substrate and 
cover data at s i t e  fJ2,6L, 

Loeat ion 
Within Site 
I..t.-QIIII)*-*----O 

Cross Section 5 
Station 5+$1 
(cont.) 

Mar Bad 
Dist Elev 
(ft) ( f t )  Sub Cav Cements 

1---- 911t---** u*- Q h s D I I  -..*-I----- 

Battom o f  bank 

Top of bank 

RB Headpin 

LB Headpin 

LWE 



Table B-2.6 (cant.) Cross  s ec t i on  elevations, skbstrate and 
cover data at s i t e  k32,GE, 

Loca"$l ion 
Hithin S i t e  
--*----rn---- 

H@sr Bed 
Disc El ev 
(f t) (Et) Sub Csv Caments  

-I(.--- el---- -a- 1-- I C s C s l - Y I - ( - . . I I -  

5 , 2  
5 ,  % 
5,1 
5 e I  

5,1 
5.1 
5 - 1  
9-1 
Sel 
5 , 1  
5 * r  
5 - 1  
5 a %  

S*H 
5, f 
5 e 1  
ssr 
S e f  

5*r 
I e f  

1 , f  
101 
1.1 
l * f  
I , $  
I,$. 
1,1 
6 ,  f RWE 
1*1  
1*1 
1.1 
1. % 
1, I  
l a 1  

I * %  
1,: 
1.1 
L l  
8,2  
8 .2  RB Headpin 



Table B-2.6 (coat.) Cx-oss seetion elevations, substrate and 
cover data at s i t e  632,6%, 

&~cation 
Within Sits 

Hor Bed 
Dist Elav 
(f t )  ( f t )  Sub 

--BY--- -.-D--Pib-. --- Cov Comments --- -----_.-- 

2.5 LB Headpin 
2*2  
2.1 
6 * 2  
&,2 

6,2 LWE 
6 , 2  
6,2 
5,2 
5 , %  
5,2 
5 , 2  
5,% 
5 , 2  
5,2 
5,2 
5 , 2  
5,% 
5 2  
5 - 2  
5 , 2  
5,2 
5 , 2  
f , l  
I % %  
I h * P  
1,9 
1,1 
% * I  
% * I  
I s 1  

1 , l  
1*1 
a , l  
1 RWE 
I * %  
I , %  
9 , 1  
$ * I  
% , I  



Taw@ B-Z05 (eont.) Cross section elevations, substrate and 
cover data at site f3%,6E6 

Location 
Within Site ----------- 

Cross Slectioa;n 7 
Station 8+52 
(eont .) 

Cross Ssetion 8 
Station 9979 

Hsr Bed 
Dist EH ev 
(fe> ( f t )  Sub Csv Comefits 

- -me-  I..--.".-- --- -.(I- -.I\P.lil)--DIID--- 

1 % a 1  

1 a , ~  
1 8,1 
1 4 1 , l  
1 1.1 
2 I , %  
d 5 * 1  
9h 5.1 RB Headpin 



Table B-2.6 (conk.) Cross seetian elevations, substrate and 
cover data st s i t e  132.6L4 

Localt i on 
Within Site 
-----...----- 

Cross Section 8 
Station 9976 
(eont 

Crass Seetien 9 
Station 11931 

Msr Bed 
Dis t Elsv 
( f t )  (ft) Sub Cov Cebmmc~"g9s 

em---- ')-P--III-p. --- --- I . c p U I O - 6 - . I ) -  

l,lb 
l * l  
a , S t  
P e l .  
P S I  
101 
1,1 RksE 
I , %  
k , l  
r&,1 
1 * 1  
a , l i  
401 
4 , l  
4.1 RB Headpin 

LB Headpin 

LWE 

RWE 

LWE 



Table B-2.6 (ccnt.) Cross section elevations, substrate m d  
cover data at site 132.6%. 

Har Bed 
Lacat ion Dist EBev 

Within Site ( f t )  (ft) Sub COV Cements ----------- - - - .BLIP -or---- -+-s --a - . c I O I I I - - I O l  

Ctsso Seetion 9 112,0 627.60 
Station f 1+3f 116,Q 627,78 
(cont .) 120,O 627,70 

H 2 4 s 0  627m70 
127.0 628*00 
930,O 628,%0 
132,O 6%8,20 
%34,0 6%%,90 
136.0 627,60 
140.0 627.20 
142,Q 627.20 
%44,0 627,30 
148.0 627m68 
152,O 627,50 
156,Q 627,70 
198,s 627,60 
664,O 627.60 
P68,O 627,60 
170,6 628,RO 
176,O 6%8@60 
180,O 628,OO 
%83,Q 627.80 
f84,0 628 ,20  
f86,O 628*4Q 
%93,3 4 2 9 , 3 0  
2%0,5 631,BO 
219-0 631,60 

4,2 
5,2 
5 e 3  
5.3 
5 , 3  RWE 
3 , 3  
5 , s  LWE 
5 e 3 
5*3 
4,5 
5 e 3  
5m3 
4,2 
4 , 2  
4,2 
5 ,2  R%(iaE 
5 , 2  
5 , 2  
5 , %  
5,% 
5,2 
8,3 
8.3 
8 , 3  
8,3 
8 , 3  
8 . 3  RB Headpin 

-------p---------------------------------------------------m--------w 

Date of survey: Sept .  7 .  1984. 
Reference elevation: R M  Alcap 131.151 RB 1982. 



Table B-2-7 Cross section elevations, substrate anel 
cover data at site %36,0&,  

Laeation 
Within S i t e  ----------- 

Crass Section 1 
Station 8+80 

Hor Bed 
Diet El ev 
(f t?  ( f t )  Sub Gov 

---.-.- ---111-- --- -u- 

RWE 

LWE 



Table B 4 . 7  (c~nt.) Cross seetiow elevations, substrate and 
cover data at s i t e  136.0Le 

HOP Bed 
Locat i.on Dist Elev 

Within S i t s  (ft)  ( f t )  Sub ~ s v  ~omerats  
I - I C I I - . I D B D - - - -  l s l ' l s D - I P I  *..-Be-- SQll -me PLIp.IICBQII.III- 

Cross Section 1 88.0 67x90 H 8,2  B o t t o m s f b a n k  
Statiorr O+Q6 91,s 682,50 1 8.4 Top of bank 
(cant ,> 93,5  683.00 I 8.4 RB Headpill 

8 .5  LB Headpin 
9.1) Top of bank 
9,4 
4 * %  
4 , 2  
4,2 
4,2 
4 .  2 
4.2 
4 , 2  
4 , 2  
4,2 LWE 
7 , 2  
7 , 2  
7,2 
7 , 2  
7 , 2  
9,2 
7.2 
7 . 2  
",2 
7,2 
°%lea 
$2 
7 , 2  
7e2 
8,2 RWE 
g a 4  
8,4 
8.4 RB Headpin 

Cross Section 3 0 ,8  680eQ3 1 5.3 LB Headpin 
Stat io ls  %+95 3,O 678-58 10 4 , 2  

9 , O  675*88 10 4 - 2  
10,O 675,60 10 4,2 
f2 ,O 674,90 12 4,2 
14,O 674,50 12 4,2 





Tabhe B1-2,7 (cant,) Cross section elevations, substrate and 
cover data a t  s i t e  H36,QEa 

Hog Bed 
LscaQ i on Dist Elev 

Within Site  ( f t )  ( f t )  Sub Cov Cements 
PI------.---- .l)---o ------ --- --- me------ 

Cross Ssetisn 4 48,O 
Station 2991 42,O 
(cont .) 44.8 

46*0 
48,8 
5018 
52,O 
54,O 
Sde0 
58,O 
eoeo 
62.0  
64*6 
66.0 
68,O 
68 * 5 
72,s 
82,s 
84.5 
87,s 

Cross Section 5 O e O  
S t a t i s f l  4+23 2-5 

13.9 
14,O 
16.0 
17,O 
18,O 
20,o  
22,o 
24,O 
26,O 
28.8 
3005 
32.6 
34,O 
36,O 
38.8 
40.0 
42,O 
44,O 
4600  

8 , 4  Bottom o f  bank 
8.4 Top of ballk 
8.4 RB Headpin 

8.4 LB Headpin 
8 , 4  
6 ,  B 
Q *  1 
6,l 
6-9 LWE 
6.1 
6,1 
6 ,  1 RNE 
B *  1 
6 , %  
6. d %WE 
6 %  1 
$ * I  
6 ,1  
8.2  
8 ,2  
8 , 2  
8.2 
8 , 2  
8,2 



Tablle IE)--%,7 (cont.) Cross section elevations, substrate and 
cover data a t  site 136.8LQ 

Hor Bed 
Locat i:on Dist Efav 

Within S i t e  (f 0 (%%I Sub Cov Cements 
---so--?,---- ..cIp...pIIDIIO --I -I-- -------- 

Cross Section 5 48,Q 674,70 13 
Statian 4+23 50,O 674,40 13 
(cant .) 52,O 674,20 13 

54,O 673.78 13 
SQ,O 673*98 12 
5ge8 674,30 1% 
&008 6%4,30 1% 
62,O 6%3090 12 
Q4,0 673*70 12 
66.0 673,90 12 
68,O 673,90 12 
70,Q 673.90 12 
72,0 673*98 1% 
74,0 674.10 12 
76,O 674,80 1 
78,O 675.98 1 
79,O 677,50 1 
79,8 677,762 1 
80aS 6 7 x 8 0  1 
83,O 688,82 1 
89,O 685,40 1 
91,0 686,fO 1 

8 * 2  
8,2 
8 * 2  
8 , 2  
8,% 
a 0 2  
8 , 2  
8,% 
8,2 
8-2 
8,2 
8 , 2  
8,2 
8,2 
g e 2  
8,2 
8,2 
8,2 
8,4 
8,4 WWE 
8 . 4 
8.4 RB Headpin 

8 . 5  LB Headpin 
9 .5  fop of bank 
9 Q 5 
4 , 2  
4.2 
4 , 2  
4 - 2  
4 , 2  
4 , 2  LWE 
4,2 
4 , 2  
4 , 2  
4 , 2  
4 . 2  
4,2 
4 , 2  
4 . 2  
4 . 2  



Table B-2,7 (cont.) Cross section elevations, substrate and 
cover data at s i t e  P36*OE6 

Lacation 
Within Site 
-------lD.sD-- 

C P O S ~  Seiction 6 
Station 3982 
(coat  

HOP Bed 
Diot EP ev 
et)l ( f t )  Sub Cov @omeats 

4 , 2  
4,2  
4,2 
4 , 2  
4 , 2  
4 , 2  
4 , 2  
4 , 2  
4 , 2  
4,2 
443 1 
4 ,  P 
4,8 
4 ,1  RWE 
4 , %  
4,1 
4,1 
4 ,  f 
7,3 B o t t ~ m  of brank 
9.5 fop of bank 
9 , s  RB Beadpin 

Date cf survey: Sep t .  9, 1984. 
Reference elevation: R&N Alcap 136.543 LB 1982. 



Table B-2,s Cross seetion elevations, substrate azkb 
coves data at s i t e  f47.1Ln 

L~catisn 
Within S i t e  
-*--------- 

Cross  Section d 
Station Q+QO 

Cross Section 3 
Statisn 7-4-17 

Bor Bad 
D i s t  Ekev 
(ft) ( f t )  Sub Csakv @amento 
----I .Dl)-*)--- --- -."-*Po-.* ---_.----i. 

8.5  LB Beadpin 
8,5 
$ a 2  
5 ,2  LWE 
%,2 
%,2  
5,2 
5 ,2  
5 , 2  
5 , 2  
5e2 
5,2 
5 e 2  
5,2 WWE 
5 , 2  
5,2 
5 2 
8 * 3  RB Headpin 

8.5 LB Headpin 
8,5 
6 , s  C$E 
% , 2  
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 , 2  
5 ,2  
5,2 
5 , 2  
5,2 RWE 
8 , 2  
6*% 
B P I X  
8.3 RB Headpin 

&8,O 822,40 1 8 ,4  LB Headpin 
P,5 820,50 f 8 ,4  
7,O 8E8,QO 1 8,4 

27,O 814,90 12 6 , s  LWE 



Table 8 - 2 3  (eontb) Cross section elevations, substrate and 
cover data at s i t e  % 4 7 , i L %  

Her Bed 
Locatiasn Bist E f  av 

Within S; i$e (ft) (ft) Sub Cov Caments  
--------nm--- I_---- --..%,-Be --.-I( --I I------- 

Cross Section 3 39&8 
Station 7+17 48.0 
(cent .) 39,Q 

7QS0 
b10,O 
160,O 
202,o 
209 * 0 
2 1 4 R O  
238,O 
241e0 
249 0 
259,O 
295,O 
308,9 
309 * Q 

3,2 
502 
5 , %  
s * a 
5 . 2  
5,2 
5 , 2  
5,2  
5 , 2  
5 , 2  
5 , 2  
5 2  
5,2 RME 
5 , 2  
5 % %  
8.2 RB Headpin 

8.5 LB Headpin 
5 - 9  
5 * 3  
6 - 2  LWE 
6 * 2  
6 ,% 
6 , 2  
6 * 2  
6,% 
Q , 2  
6 - 2  
6 , 2  
6 , 2  
6 , 2  
be% 
4n2 RWE 
6 % 2  
8.5 R 9  Weadpin 



Table 1B-2,8 (tont .) Cross section elevations, substrate andl 
cover data at  site 147,t L, 

Hot Bed 
Location Dist Elkev 

Within S i t e  (ft) ( f t )  Sub CQV C O L E ; E ~ ~ R ~ S  
-"Ll i l rUI I IL I I I IRIYUIYUIYUIYUI  * W U I U U  --I--- -1B- -81111 QIQ-DIIPCIIIII.c. 

C r o s s  ,Seetian 5 48 0 
Station 13+35 56,Q 
f coa t  ,) 100,O 

15Bc0 
165,O 
189,O 
h98&0 
20%*0 
286,O 
245,8 
261,8 
261,O 

Cross  Section 6 
Station If+7& 

6,3 
6 - 3  
6,s 
6,s 
6 3 
6 * 3  
G 8 3  
6 , 3  
6 , s  KWE 
8,2 
8 . 5  Beside heladpin 
8,s RB Eeadpin 

6 2  LBHeadpin 
6 , 3  
6 ; s  LWE 
6,3 
Q , 3  
6 , s  
6,3 
6 * 3  
623 
6,3 
6 , 3  
C * 3  
6,s  
6 - 3  RWE 
6 * 3  
6 , 2  
6 , 4  
6 3  RB Beadpin 

Bate of survey: Scpt. 17, 19SS1 
Reference elevation; R&M LRX-60 LB l980. 



Table El-3,6% %FG-4 Catibracisn velocities f f t l s e c )  all: 
s i t s  101,2R* 

Hor 
Loea$i,osn Disk 

W i t h i n  S i t e  (f t! 
-------*--me Is----- 

Cross Section 1 0,O 
Stat isr l  a+' : 2 - 0  

8,O 
%6,f 
%8,0 
20,o 
22,O 
24,O 
26,O 
28,8 
30,O 
32 0 
34,O 
36,O 
38,8 
48,O 
42,O 
C3,O 
44,O 
46-0  
48,O 
50,O 
5 2 - 0  
5 4 - 0  
55,8 
36,O 
58.Q 
60,O 
62,O 
64,O 
65,O 
66 11 0 
68 + 0 
f O m O  
7%,8 
93-8 
74,O 
76,B 
98,O 
80.0 
32*@ 



Table 8-3.1 (cont .) IFG-4 Calibration velocities (f t / s e c )  at 
s i t e  90E.%R* 

Wor 
L o c a t  Jl on Dist 

Within S i t e  
*+RtUIP..rllB-I-.-IPIpIP 

( f t )  ------ 

Cross Section 1 84,O 
Station 0+00 86,O 
[cant * )  88,Q 

98,O 
92,O 
94,O 
96,Q 
98,O 

124,O 
f48*6  
218,O 
249 ,5  
272,O 
274,O 
276,O 
278*8 
282,O 
285,O 
286, O 
290, @ 
293 0 
294,O 
298,O 
302,O 
306 a Q 
308,O 
338,O 
314,O 
318,Q 
322.0 
323 0 
334,O 
35@,8 

V e l o c i t i e s  Velacities 
a t  at 

2J9 c f s  2 5  cf s 
----LII-.b.....--- ---------- 

Ole 08 
0; 1 00 
431 100 
431, a0 
01 * 80 
Qi, 00 
01 60 
61. OQ 
Qi,OO 
01.88 
O l e  QO 
Qt * 00 
0 1 C O O  
01 DO 
Q1.00 
Q1* 00 
0.  OQ 
0.00 
Bt 000 
01, QQ 
Q1.00 
Cj .sCzO 
Gb * 00 
cr. 00 
C1,08 
Ck. 08 
fb* 88 
cr. 00 
rfl a 08 
0800 
CB,BE3: 
0,80 
Q,OO 



Table :B-3, l (cant .) IFG-4 CaLibsaZiion ~ ~ s l c r c l t i e s  (f t / s c d  a l t  
site 10$,2R, 

Hor 
Location Dist 

Within Site 
--UIQ*-Llll.~---- 

eft! ------ 

Cross  : S e c t i ~ n  3 32,O 
S t a t i a m  3974 36,O 
(cant, :) 40,O 

44SO 
46 Q 
48,O 
49,O 
50,6 
54,o 
67,Q 
77,Q 
87,s 
96,O 
92e0 
96,O 

100*0 
IQ4,0 
$08 * 0 
P94,O 
f%6,8 
118e0 
1 2 0 e O  
1%2,8 
124 ,  Q 
126 0 
128-0 
%30,0 
132,Q 
134,gjs 
136,O 
136,s 
138,O 
148,O 
142,O 
%44,0  
14QEB 
148,O 
f 50e0  
152,O 
154,O 

Velocities Ve%aci t i e s  
at: at 

279 c f s  2 2  cfs ---------- ----I----- 



Table 8-3.1 (cant .) IFG-4 Calibration velocities (Et/sec) at 
site 301,2R, 

H0r Velocities Ve9,0e:ihties 
f,ocat ion Dist at st: 

Within S i t e  (f t>  239 c f s  i?s cfs ----------- C I - C I P I I I I I -  - I U I I B 1 - ' 1 1 8 1 0 - -  em-, -r-.lnra---r- 

Cross Sestisn 3 196 * 0 
Station 3+74 158*0 
(cant  .) 160,O 

162,0 
164,O 
%66*8 
168,O 
I70,B 
f72,O 
874,O 
176.0 
E78,0 
-%8OS0 
f82,8 
PS%,O 
186,O 
288,O 
189,s 
f92,0 
196, Q 
200eo 
204, Q 
208 a 8 
2 % 2 , Q  
216*8 
220,O 
224-0  
227,O 
32%- 0 
339,O 
34000 
344,O 
3 4 7 , s  
352,O 
356,O 
376,5 
381,8 
388,s  



Table B-3.1 (ccnt .) IFC-4 Calibration veioci t i e s  (f t /sec)  a t  
site 1BS,2Ra 

Har 
kocatisn Pist 
Within Site (ft] 
.IB-"PI-s~.ll"-.*li.*li.*li.*li ---a*- 

Crass Saction 4 O h O  
Station 5+64 3 * 0  

7 ,O  
23,O 
62,O 

l P I e 0  
123,O 
149,O 
f51,O 
155,O 
159,O 
%63,8 
P64*0 
166=0 
f68,8 
h70,0 
f72,Q 
174*0 
176,8 
P78*0 
180,O 
4$$2,0 
184,O 
%86,8 
188,O 
198,O 
192=0 
194* 0 
196,Q 
198,O 
288- 0 
202,o 
204,O 
206. Q 
208,O 
210&0 
212,o 
214,Q 
216,O 
218*0 
220 * 0 



Tab le  B-3.1 (cant,) IFG-4 Calibration velocities (ft/sec) at 
s i t e  101,2R, 

Mor Yelocities V e l o c i t i e s  
Locot ion Dist at a t 

Within S i t e  (f t)  2 ? 4  cf s 25 c f s  ----------- IIJQIO).LQt-L -----.I---- - ---------*-- 

Grass Section 4 222,O 
Station 5+64 224,O 
(cant * ) 226 0 

228,O 
238,O 
232,O 
236-0 
236,O 
238,O 
248,O 
243-0 
247 * 0 
291,8 
255,O 
258,O 
263,O 
266,2 
331,O 
362,O 
369,O 
383.0 
38Ta0 
389,O 
391,6 
393,O 
384,O 
408 0 
413,O 
416,O 
419*0 

Crass Sec t i cn  6 O * O  
Etatian 8+37 29,O 

G2,0 
62,O 
66,O 
70,O 
74,8  
78,O 
80.0 
82,O 



Table B - 3 . 1  (cant .) IFG-I( Calibration velocities ( f t / s e c )  at 
site 10B,2R1 

Lorat i $ 3 ~  

Within Site 
--*---------- 

Cssss Section 6 
Seation 8+37 
(coa t  , 1 

Wor 
Dist 
(ft) 

--I.--- 



Table 8-3.1 (cont .) IFG-4 Calibration velocities (f t /sec)  a t  
s i t e  POP.2Re 

Bor  V e l o c i t i e s  Velocit is% 
Lacation D i s t  at a t  

Within S i t e  (ft) 2 3 9  c f  s 2!5 c: f  s 
----------a OII----. - w e . . ~ ~ ~ l l - . w ~ a a a  ---*---*---- 

Cross Section 6 %68,0 
%tatio:a 8+37 %Q2,Q 
(coat ,) %64,0 

%66,0 
l68=0 
178,O 
$clg%,O 
173-5 
176e0 
E78*0 
98Q,8 
Ti82,O 
l86,O 
190,O 
%94,0 
198,O 
202 * 0 
206 Q 
209, O 
211 ,S 
248 5 
250,O 
252,O 
254,C 
256,O 
258,8 
%6O10 
262,O 
266, Q 
272,O 
276,O 
278,8 

Cross Seetion 7 
Station %O+23 



Table B-3.1 (cont.)  IFG-4 Calibration velocities (ft/sec) a t  
site %01,2W, 

Hor 
Locat ion Dist 

@<thin S i t e  
a- I-------- 

(ft) 
..D.----.- 

Cross Seetion 9 92,O 
Station 18+23 94,O 
(csn t , )  96,Q 

98*$4 
iBO*Fa 
102,o 
904,O 
106.0 
108,O 
i10,O 
f12,0 
f 1 4 * 0  
115,fb 
%16,0 
118,O 
120,8 
122,Q 
Sr24,O 
i229,O 
128.0 
B30,O 
132,O 
134,O 
136.0 
140,O 
%41,0 
142,O 
144.0 
148,O 
P 5 1 , O  
152,O 
f36,O 
IS$,O 
IdQ,O 
364,O 
P66,8 
l68*0 
176,O 
180,O 
182,O 



Table B-3.1 (coat .) IFG-4 Calibration velocities ( f t i s e c )  a t  
s i r e  1 0 \ , 2 R m  

Cross Section 7 P84*0 
Stat io~ca 18-P-23 288,O 
(cant 1 690,O 

192*0 
P94,O 
196,O 
%9$,0 
208,O 
262,6 
203, Ck 
2P4,O 
206,G 
208 0 
tXOb6 
214,O 
218,O 
222,o  
224,6 
256 5 
262*0 
264,O 

Cssss Sec::isn 8 0,O 
Station %%+79 7,6  

27 0 
34,O 
60.0 
42,O 
44.0 
48*Q 
52-0 
54.0 
56,O 
6Q,O 
62,O 
Q4,0  
66,O 
68,O 
-0,8 
72,O 
73,4  



Table 6-3.1 {cant,] IF5-4 fakibratrqn v e i ~ : i  t i e s  ( r '~/s+c)  a t  
s i t e  fQl,%R, 

Laacat ion 
W i t h i n  Sire 
I - a U L U I * I I * I W I * I . -  * 

Grass Seetian 8 
S t a t i o l a  1 2 ~ 7 9  
{eont .) 

k c l o c i ~ i e s  
at 

25 c f s  



Table 5 -3 . ;  (cant.) IFG-4 C a l i b r s t o n  velucities ! f t / seg)  at 
s i t e  1 0 9 , 2 R 1  

C r ~ s s  Seetion 9 040 
Station 14+62 1 7 = 5  

36.5 
40,O 
44,O 
48,O 
5 2 , Q  
16,O 
6QSB 
64*Q 
68,O 
92,8 
80,Q 
82,O 
84,6 
88,O 
9 2 , Q  
94,O 
96*0 

ao o a o  
104,Q 
%08*8 
112,o 
P18,O 
119,5 
%2018 
124.0 
127-5 
128s0 
132,O 
%3e50 
140,O 
142,O 
%44,0 
148,O 
I52,O 
856.0 
%58,0 
168,O 
162,O 
866,O 

Velocities Vehoc;",la~:ies 
a t  at 

Pi ra 

L! ~3 ccfs 2fS eits 
~ V " I * r l " ~ E I I M X + = .  XI- *---4a*ul.-IC--- 



Table 8-3.1 (ccnt.) IFG-4 Calibration velocities (Etisec) a t  
r i t e  l B f a 2 R ,  

kocotilon 
within ,S i te  
QC----Ut -*-uu UU 

Cross Section 9 
S t a t i o n  l4+62 
(tortt*) 

Y e f a c i t i e s  
a t  

25 e f s  



T a b l e  B-3-2 IFG-4 Galibratial~s. velacities ( f t j s e c )  at  
s i t s  1x3 L a  

H Q ~  V e l o c i t i e s  V e l o c i t i e s  Velocities Velocities 
Locatiol~k @;st at a t  a t  a t  

Within S i t e  C f t >  240 c f s  150 c f s  55 c f s  18 c l f s  
---------*- ""--I--.\. --.I*----.---- -.lt--LILsl*I---DII-- I*-.I-b-LIIIIL.-III-- --I*---*---"".'. 



fable B-3.2 (cant.) IFG-4 Calibration velocities ( f t / s e c )  at 
site %31,?k, 

Hor Velocities Velocities Velocities VikSae i t i es  
Locat %,an %l is t  a t  :a % at  ;I# t 

Hi th in  S i t e  cftl 240 cEs 150 c f s  55 e f s  18 F ~ S  
- 1 1 * P l - I C - I C - Q I - u -  -".*tll*)*)I(L I***UIII--II---Q( -i-.*--*.11..1-C*,-cc - l l l l l l d C l l l l s t C C  -.*.-.*--lilt----- 

Cross Sectian 1 f74,O 
Stat iora  O-a-Oaf$ 180,0 
(cant.) 584,aP 

188.8 
192*8 
196*0 
2063 6 o 
204,O 
2Q8,0 
212.0 
216-0 
226,Q 
224 . Q 
228,O 
232.0 
234,O 
236,O 
237,8 
251,O 
258,O 
263,Q 

Crass Sectian 2 0.6 
Station 2+45 1.0 

2,o 
14,O 
18,O 
22,Q 
26.0 
30e0 
34.0 
38,O 
42,O 
46,O 
50.0 
54,B 
58,O 
62,O 
66,O 
70.0 
73,Q 



Table IB-3.2 (cant  ,) IFG-4 Calibration ue l rac i t ih ;~  ( f t  l s e c )  at 
site % 3 I e S L ,  

Has Velocities Velocities Velocities V e l o c i t i e s  
Lacat ion gis t  a t  a@ a t  a t  

Within  S i t e  C E t )  240 c f s  150 c f s  55 cfs 18 e f s  

Crass Ssctian 2 78,O 
Ststion 2+45 85,C 
(conk a:) 86,O 

90.0 
94,o 
98, Q 
lGB%GQ 
16%6,6 
I X O * O  
I1400 
1%8,69 
121200 
126,O 
%30,8 
134,O 
f38,O 
142,O 
%47,6  
150,O 
%53*0 
f158,O 
16%,0 
166,O 
l69.0 
174,O 
%77,0 
H82,0 
186,O 
190.0 
194,O 
%98,0 
202 a 0 
206,O 
210.0 
224.0  
2 1 8 ~ 0  
222 * 0 
227,O 
231,O 



Table B-3.2 (cant.) IFG-4 Calibration veloci'ies (ft/sec) st 
site %3%,7L8 

Hor VePocitic:s Velocities Velocities Velocities 
Lactation Dist a t  a t  a t  a t  

k j i t h i n  S i t s  (ftS 24%) c f s  150 cfs  55 c f s  18 c f s  
---L-.""I--II 1----1 -.,'.--I----- ---------- ---------- *--------I 

Cross Section 2 235,O 0. 00 O o O 0  8,613 OCO O  
Station 2+45 23g00 0,QbO bb,OO 0,OO o v 0 8  
(cant. ) 256 0 0.00 0000 O,OO OO80 

3Ql.O O.8O O180 0.00 0.00 

Cross Section 3 O O & )  
Station Q+45 Z8O 

55 0 QS 
24,O 
26 . 0 
28.8 
30.0 
3200 
3 4 v o  
36*0 
38.0 
4060 
44,O 
48.0 
52,Q 
56,O 
60,O 
64 .0  
68,O 
72,O 
76.0 
8080 
84*0 
88.0 
92.0 
96.0 

n o o o o  

6104,O 
lQ800 
112.0 
116,O 
120.0 
124QO 
128.0 
132,O 
136,O 



Table B.-3.2 (ee~nt  ,) IFG-4 Calibration velacities ( f t l ' s e c )  at 
site 131,2&, 

H r  Velocities Velocities Velocities Velocities 
Locat ion Dist at  at  a t  at 

Within S i t e  (ft) 240 c f s  150 c f s  55 cEs 18 c f s  
--c---- .".--- ------ ---------- -.".-------- ---------- --am*----- 

Cross Section 3 140,O 
Station 6945 144,O 
(cant,) 148.45 

%52,Q 
556, C3 
IQ0,O 
164,O 
'%68,0 
17200 
176@0 
180,O 
18400 
$188,@ 
192,O 
1$96,8 
898,O 
%QO,O 
20280 
206,0 
208,O 
210,o 
%%2,63! 
214,O 
216.0 
2%8,8 
260,O 
266,O 
273,O 

Cross Sectisn 4 0,O 
Station 9+45 B O O  

7,8 
25,O 
27,O 
28.0 
30.0 
32,O 
34,O 
36.8 
38.0 
4 l e O  



Table B-3.2 (cant.) IFG-4 Calibration velocities (ft/sec) at 
s i t e  13$.3L, 

Eor Velocities Veiarities Velocities Velacities 
Locat-ion ~ i s k  at ah at at 

Within S i t e  (f t )  24C c f s  150 cfs 55 cfs 18 cfs 
C ) * L I + 1 1 1 1 1 5 * s " L ) - - L I 4 * . 1  1----1 -*---I--*- O-&-UM---4 ---------- ---------- 

Crass Seet ian 4 43,0 
Statiolirn 8+45 45,O 
(cant 1 48,O 

52.0 
5%,0 
59,O 
SdQO 
54.0 
58.0 
60.0 
64-0 
48 .$% 
72,O 
f 6 ,0  
80,O 
84.8 
88,O 
92,C 
96*0 
%00*0 
HOd;hSQ 
P08,O 
112.0 
116-0 
_9ESO.O 
f24,O 
124,O 
f3Q,O 
134,O 
138,O 
140,Q 
qi44*0 
148,O 
%52,0 
157,O 
163.0 
167,Q 
9i71,O 
Sb75,O 
178,O 



Table B*-3,2 (caf i t  .) XFG-4 Caliibretiorr velocities Cf t /oec )  at 
s i t e  "fl,>L, 

Has Velocities Vefaci t i e s  Velocf t i c s  V e l o c i t i e s  
Eoca t i can Dist a t  a t  a t  aist 

Within S i t e  ( f t )  240 c f s  150 cE; 55 a f s  88 c f 5  
*--m---*"?.--- --*---I Q1-..L--IC"I*-UI I- I .b-U-UUII*II I  -(I-------- ---IUI---Cla*CI 

Cross Section 4 2f6,O 0,OO 9-90 C*OO Oe56)i0 
Statian 9+45 231,O 0,OQ 0 ,  00 0*08 0*00 
(carat*) 283*0 8*00 0,80 0 , 00 Q,OO 

303 . Q o.aq o,oo o,oo o,oo 



HOP V e B ~ e i t i e ~  Velacities Velocities Oedocities 
iscat icrn a i s t  at at at  a lik 
Within S i t e  C f t )  240 c f s  158 cZs 55 c f s  +ik8 cfs 
B U l l s l l l l * - r ) 4 L I - I 4 ( 1 - -  ."----I -I.-------- -."m----lQ--- --OII-I------ --.I)--*u-III-- 

Cross  Sestisn 5 P38,0 
Station %1+90 142,O 
(con t .) 146,O 

150,Q 
154.0 
156.0 
276,O 
380,O 
39P,O 

Cross Section 4 
S t a t i ~ ~  16930 



Table 8-3.2 (cant  .) IFC-4 CaLibration. velocities ( f t f s e c f  at 
s i  he 131 ,*I k, 

Rss Velocities Veiacities Velaci t ies  V e i o c i t i c s  
Lscation Dist a t  at at a8 

WitZg4in S i t e  ( S t )  240 c f s  158 c f s  55 c f s  18 e f s  ----------- lirPl-IU....l .I---(l---*L111 -1*111-.1llC----- -lalhllr-U.*-.l--  UClb"-- - l lar) - - -  

Cross Section 6 l f 7 , 0  
Seatian t6+30 122,O 
(cant , )  126,O 

13046 
%t38*0 
246*Q 
1SP,.8 
194,O 
262,Q 
166,O 
170,O 
174.0 
l iJ8c0 
682 . 0 
188,O 
192-0 
196,O 
280,O 
204,O 
208 + 0 
212,O 
%P6,0 
228 Q 
224-0  
228,O 
232,O 
236 0 
240-8 
244,O 
246,O 
248 0 
252,O 
256 0 
260,O 
264.0 
268,O 
252,O 
276,O 



Fable t i - - 3 2  (cent.) IFG-4 Caf lk2ration velocities ( f t f s e )  at 
s i t e  I3?h,?Lo 

Bar Velocities Velocities Velocities Velocities 
Locati c~n Dist st a t  at a t  

Within Site (ft3 240 c f s  150 efs  55 cfs  18 cEs 
QI-LIILI---I---- ------ ---------- ---------- ---------- --me------ 

Crass Section 6 280.6 0,OO Bo0O OS00 0,OO 
Station 16+3Q 284,9 0 ,  00 0,0@ 0,OO 0, 00 
(coat .) 345,O 0.90 0. QO 0,063 0. 00 

358,O 0,98 Om00 0 ~ 0 0  6 a  00 

Cross Sectisn 7 0,O 
Station 19+05 2 e O  

8.0 
10,o 
i4,O 
18.0 
28aO 
24,O 
%8,8 
32.0 
36,O 
40,O 
44,O 
48,O 
51, Q 
54,Q 
711.0 
84,O 
88.0 
92,O 
96,O 
108,O 
804,O 
108.6% 
612,O 
116.0 
B2ObO 
P24,O 
128.0 
P32,O 
136,O 
%40,0 
%44,5a 
P48,ed 
152.0 
156 0 



Table B-3.2 (cant.) IFC-4 Calibration velocities (Et/sec) at 
site f 3 1 e 1 L ,  

Hsr Velocities Velocities Velocities Velocities 
Loeatiotn Dist a t  a t  a t  at 

Within S ~ i t e  (ft) 240 cfs  150 c f s  55 c f s  118 c f s  
- I I O - - . . - C l - P l i - ( t - - -  ------ -------a=- ---------- ---------- ---*---m---- 

Cross Selcticsn 7 160.0 
Station f9+Q5 P64,O 
(coast , ) 168 0 

172,O 
%76*0 
%78,0 
182,O 
%86,0 
190,O 
P94,O 
198.0 
202,o 
208.0 
2lL2,Q 
216*Q 
22050 
224,O 
228.0 
232,O 
236,O 
240,O 
244,O 
248.0 
254.0 
258,O 
262,O 
266, Q 
278.8 
274,O 
278, CP 
282,456 
285,O 
288 9, 0 
290.8 
294cllb,0 
298,O 
302,O 
305.0 
31%,6 
315.0 
3119,O 
323 0 
329.0 
331,O 
535,O 





Table B-3.3 ZFG-4 iZalibs&ion velocities (ft/see) a t  
site ]i32.&L, 

Loeat i on 
Within S i t e  
----.P--...m+---- 

Cross SectPsn 1 
Statioeitn O+OO 

Hot 
Diat 
(ft) 

PO----- 

Velocities Velocities 
a t  a t  

141 c f s  27 e f s  



Table B-3,3 (scont .I IFG-4 Calibration velociQies ( f tdsec)  at 
site P32.LE, 

Her 
Location Dist 

Within S i t e  
---.Pit----,--- 

(f t) 
.I---.-- 

Cross Seictieta 1 80,O 
Station Q+QB 83.0 
(csrnt ,) 98,O 

109,O 

Cross Se~ct iow 2 0,Q 
Station 1+24 4 . 0  

18,s 
31.5 
32,O 
34,Q 
36,O 
37,O 
38,O 
40,O 
4 2 @ 0  
44,O 
46,O 
48.0 
50,O 
52,Q 
54,O 
56,O 
.58.0 
60,O 
62,O 
64,O 
66,Q 
68,O 
70,O 
72,O 
74,O 
76 . 0 
78.0 
80,Q 
82.0 
84,O 
86 0 
88*8 
90.0 
92.0 



Tabde B-3,s (cant.)  IFG-4 Calibration velocities (Etdtsec) at 
s i t e  h32cQL, 

Hsr Velocities Veloei t i e s  
Lrrscat i on, Dist at a t  

Within S i t e  (ft)  141 cfs  27 cfs 
---.----.I---- ------ ---------- - - 1 1 - - 0 4 - - 1 -  



TaBle 8--3,3 (cowt.)  IFG-4 Calibration velocities ( f t / sec)  at 
site 132,bL. 

Hot 
Locat ion B i s t  

Within S i t e  
--------m--- 

(f t)  
---I--- 

Cress Seetion 3 90,s 
Station 2+46 95,O 
(cont .) 104,4 

139,s 

Crass Stection 4 obo 
Station 3+90 11x6 

18 0 
20,O 
22ao 
24,o 
30,6 
32 , 0 
34,O 
36 0 
38.0 
40,O 
42,O 
44,O 
46,O 
48,8 
50.0 
5150 
53.0 
55,O 
57,O 
59,O 
4100 
62,O 
64,O 
66.0 
68,O 
70,8 
72,O 
74,Q 
"%6,0 
78 , 0 
80,O 
84a6 
86,O 
88.0 

Velocities Velocities 
a% ia t 

141 cfs  27 cf ,s 
-...I-- I...----- ----,---4--- 



Table El-3.3 (cowt .) IFG-4 Calibration velocities ( f t / see>  at 
s i t e  132,dLe 

Hor Velocities Velocities 
Loeat ion Diot a& a t  

Within Site (ft) 141 c f s  2% elEs 
------a.--.L-.L-.L -PD*s.(.-Q.DIQ 

--ll)-..--...---- ------_1)--1 

Cross Section 4 9OS0 
Statiora 3+90 92,O 
(con t . ) 94,O 

96 0 
98,O 
1&02*0 
P061P0 
f%0.0 
114mo 
118.0 
12250 
124,O 
126,O 
%28,0 
130wo 
ah32,O 
152,Q 
162,s 
182,O 
199,O 

Crass Sectien 5 0,O 
Station 5+lf 46.69 

4 3 , s  
44 .0  
46,O 
48,O 
50.0 
S%*O 
54.0 
56.43 
58,O 
6000 
6 2 * 0  
66 . 8 
68,O 
78,O 
74,O 
78,O 
80,O 
82.0 



Table B-3.3 (cont .) IFG-4 Calibration velocities ( f t / sec)  at 
site 1 3 2 , d L e  

Bar 
Location Dist 

Within S i t e  
------I.--<--- 

(f t) 
..D-.....-CBPrm 

Cross Section 5 86.0 
Station S+l% 90,Q 
(cant.) 92,O 

94,O 
98 a 0 
l02,O 
104.0 
686.0 
ISt0,Q 
H%4,6 
116.0 
118.0 
122,O 
9124.0 
126.8 
12SeO 
138,O 
134,Q 
136 e 0 
138,O 
140,O 
142.8 
144.0 
146.8 
148,O 
1 5 0 e C 3  
152,O 
1 5 4 e t D  
P56,O 
162,s 
182,O 
22oao 

Cross Section 6 0,O 
Station 6+94 25.0 

29,O 
30.0 
32,O 
34eo  
36,O 
38,O 



Table B-3,3 (cant.) IFG-4 Calibration velocities (ft/sec) at 
site P32,$%, 

Bar Vef seities Velocities 
Loea t., on Dist a% at 

Within Site !ft> 141 cfs  27 asfs 
- C l s - - C I - m - I I L - - - -  --.)111-- ------II--.p ---m--.m.---- 

Cross Section 6 42,O 
Statisln 6+94 44,O 
(ccnt .) 46,O 

50,6 
54,O 
56,O 
58,O 
62,Q 
66,6 
68,O 
7050 
72,5 
7 4 e O  
76,O 
78,O 
88,O 
82,O 
84,O 
86,O 
88,O 
90.0 
92,O 
94,o 
96,O 
98,O 
100,o 
I02eO 
B04,Q 
106,O 
lo850 
11050 
112,o 
1&4,0 
1316,O 
118,O 
f20,0 
822,O 
124.0 
139,O 
160,O 
181,s 



Table B-3.3 (cant.) IFG-4 Calibration velocities (ft/sec) at 
sits %32*&L, 

HOP 
Location Dist 

Within Site 
I l l l l l l* l s lp .~-*- - - -  

(ft) 
.I----- 

Cross Section 7 0. 89 
Statisn 8+52 L8,2 

20.0 
22,o 
22,6 
23 ,s  
24.0 
26,O 
28,8 
38,O 
32,O 
34,O 
36.0 
40a0 
44,O 
48.0 
52-0 
56 ,. 8 
58.0 
6000 
62,O 
Q4,0 
66.0 
68,O 
70,O 
72.6 
34.43 
76.0 
78.0 
80,O 
82,O 
84,O 
86,8 
88,O 
god$B 
92,O 
94.6 
96,Q 
98,O 
ZOO*O 
102,O 

;J$l~eities V-e%acbties 
ale a t  

141 cfs 27 cfs  
Ic+Ol l ibO- . IQ.L . IDI  (Il)-------"P"P 

01 * 88 
61.00 
010 00 
oi.00 
01 * 00 
0~.00 
01.00 
01.00 
BB * 00 , 

01~00 
OF, 00 
08.15 
or. 1.5 
9]B, 15 
01.25 
63.30 
0,25 
03 * 35 
0 . 40 
Cb. 30 
Cl .35 
el * 34 
Cf. 30 
CB. 38 
0 .40  
ta . zs 
0,30 
ea, zs 
CS*  20 
0, f 0 
0 6  10 
0,10 
dPe 80 
0*00 
0.00 
0.00 
oeoo 
0.80 
P* 00 
OIL0 
0.00 



Table B-3,3 ( tant , )  PFG-4 Calibration velocities (f tfsec) at 
site 132.&L, 

Cross Section 7 904.0 
Statialn 8+%2 1060i0 
(cant .) 108,O 

1%6,0 
122-5 
1313 
145,O 
168*5 



Table B-3.3 (cont .) IFG-4 Calibration *reloci t ies  (f t/rec) a t  
s i t e  132,6L8 

Her 
Location Dist 

Within S i t e  (fa;) ------------ .L...).IUIIIII 

Cross Seet ioa  8 88*0 
Station 9+78 91-0 
I tont . )  92,O 

95,O 
96,O 
98,O 
99,O 
100,O 
102,0 
103.0 
105,s 
628 8 
155,O 
168,O 
178,O 

Cress Section 9 
Station 11+31 

Vchoeikies '%Fsloc::i t .ies 
at at 

14% cfs 27 cf is 
----...I----- --.El-.---.-..--- 



Table B-3.3 (cont .) IFG-4 Calibration velocities ( f t /sec)  a t  
s i t e  132,&EQ 

Locat i crsn 
Within Site ----------- 

Cross Section 9 
Station 11931 
(cant .I 

Melscities Velocities 
at at 

i 4 %  cfs  2hglfs 



Table 113-3.4 IFG-4 Calibration velocities ( f t l s ec )  at 
s i t e  B36,OL. 

Hot Velocities Oehscities Velocities 
Location Dis t a t  a t  a t  

Within Site (f t )  265 cfs 153 c f s  81 e f s  
tl*.ll-.l)..18-)-*WIO- .FIC*QbllD.DIIII - - I I - -Y I .D . .P . .m.Z1 -L---*-Q"-...)--g --.--I.----- 

Cross Seetian 1 O a O  

Station 0+00 1 , O  
9.0  
lP,O 
% 4 , 0  
16.0 
118,O 
19,5 
23.0 
25,O 
26@0 
28,O 
30,O 
32,O 
34,O 
36 0 
38,Q 
4000 
42,O 
44,O 
46,Q 
48,O 
SO%O 
52.0  
54,O 
56,O 
58,O 
60.0 
62mQ 
64,O 
66*8 
68,O 
7 0 e o  
72,O 
74,a 
76.0 
78,7 
80,O 
80,9 
82,O 



Table B-3,4 IFG-4 Calibtation velocitias (ft Jsec)  at 
site 136,QLe 

Hor Velocities Velocities Velocities 
Lrcscat ion Dist a t  a t  a t  

Within Site (ft) 265 cfs 153 cfs 89 c f s  ---.-------- - -me--  PI(...------- - --..-C.".C----..--.. ---*.Q*IJ--D.-s-- 

Cross Section 1 82,8 OoOO 8,OO Oo08 
Station 8900 88 a 0 0.80 Q o  00 0006 
(ccnt.) 91.5 0,068 Q,QO OeOO 

9304 Q u Q O  Q*OO 0.00 

Cross Sactien 2 
Stibtisn 0+88 

Cross Section 3 0,O 0,OO 0*88 0.00 
Stai t ion 1.4.95 3,O 0,OO 0.00 0,OO 

9,O On00 0,049 0 0 8 8  
10*0 0.30 O a  10 OeOO 
12,O Og60 0.25 O a O O  
14,Q : 3 b ,  80 1,10 0.40 



Table B3.4 (cswt,) IFG-4 Caiibratioan velocities (frtlsec) at 
s i t e  B3Be8L* 

Hsr Velocities Velocities Velocities 
Location Dis t at a t  at  

Within S i t e  (ft) 265 c f s  $33 c f s  81 c f s  
O-QQ.-lL*110sll11111111B CIP....-.IwII Ilt)-dlZ----CII-- --L-PIIP-.c.e--.IIII ----..--we-- 

Crass Seetian 4 . 0,8 
S t a t i o : n  2+9% 2,s 

705 
10.0 
P2,O 
112,s 
14,O 
16,Q 
18,O 
20,o 
2 2 e O  
24,O 
26,O 
28,O 
30,O 
32,O 
3[*. 0 
36,O 
38,O 



Table B-3.4 (cont.) IFG-4 Calibration veiccities (ft/sec) at 
site 136,0Le 

Mar Velocities Oeloeities Vfgloci t ies  
Laeat i s m  Di s t at at iijk fit 

Within S i t e  (ft) 264 c f s  153 c f x  81 cfs 
- - * . . . P l l l l r - - L * R r * L . I * ) U -  ---*-- ---------am- - L I I - - - . l - - ~ - -  P w P - * . . . . l l . l * r t . r l l r -  

Cross Section 5 0,O 
Station 4+23 2,s 

13*9  
14=8 
b 6 , O  
1850 
20,O 
2 2 e 0  
2%*6 
2G50 
28.0 
38,s 
32,O 
34,O 
36,O 
38.8 
40,O 
42,O 
44,O 
46 0 
48.0 



Table B-3.4 (cont . )  IFG-4 Calibration velocities (ft/sec) a t  
site %36.0L8 

Hsr Velocities Velocities Velocities 
Locat ion Dist at a t  a It 

Within S i t e  ( f t )  265 e f s  153 c f s  81 c f s  
--I-----_--- -...)O.D-rp- 

--.PI------- - U I I I I I I O D - c . D I I O I  --111------ 

Cross Seetion 5 SOeO 
Station 4+23 52,O 
(cont .) 54,O 

56*0  
58*0  
60,O 
62,O 
64.0 
66.0 
68,O 
70.0 
72,0 
74,o 
76,O 
78,O 
79,O 
79,8 
80,s 
83,O 
89,O 
91.6 

Cross Section 6 0,O 
Station 5+82 8,O 

8,s 
10,Q 
I I e O  
l f  Q5 
12,O 
B4,O 
16,O 
%8,0 
20*0 
22.0 
24, Q 
' 6 ,O  
;>g *< \  
;Lac 
* $- 

J, . .e  ? 3 
34,O 
36,O 



Table B-3.4 (cont.)  IFG-4 Calibration velocities ( f t / sec)  at 
s i t e  136,0E, 

Hos Velocities Velocities Velocities 
Locat ion Dist at at a t  

Within Site (ft> 265 c f s  153 c f s  81, c f s  ----------- .14.--.1111 ----11)-.m.*I,-- ----IC------ -..P.-----.p).p)- 

Cross Section 6 38@0 
Station 5+82 40,O 
(cont .) 42,o 

44,O 
46,O 
48,O 
5 Q o 0  
52,O 
54,O 
56,0 
58.0 
6000 
62,O 
63,3 
64,O 
Q7,0 
68*0 
X 6 , O  
79,O 
8Io8 



Table 8-4.1. Comparison between observed and predicted water surface 
elevations, discharges, and velocities f o r  s i t e  101.2R 
hydraul i c  model. 

- - - 

St reamlsed Water Surface 
311 - Vel oc i  ty 

Adjustment 
Factor 

C a l i b r a t i o n  Flow 279 c f s  

Calibration Flow 25 c f s  



Table 8-4.2. Comparison between observed and predicted water surface 
e leva t ions ,  discharges, and v e l o c i t i e s  for s i t e  131.1.L 
hydraul i c  model . 

Streamlbed Water Surface - - -  

s t a t i o n  - Vel o c i  t y  
Adjustment 

f t  c f s )  e ss Factor 

Calibration f l o w  240 cfs 

C a l i b r a t i o n  Flow 150 c f s  

Calibratjon F loh  55 c f s  

Gal i b r a t i o n  Flow 18 cfs  



Table 8-4.3, Comparison between observed and predicted water surface 
elevations, discharger, and velocities f o r  s i t e  132.6i 
hydraulic model. 

P 

Streambed 
Vel oc i  t y  

PIdjustment 
Factor 

C a l i h a t i s n  Flow 141 cfs  

Calibration F l o n  27 cfs  



Table B-4.4. Comparison between observed and predicted water surcace 
elevatians, discharges, and vrlocities for s G t e  136.0: 
hydraulic iliodel. 

Streambed Water Surface 
Station -- Velocity 

cted Adjustment 
f L  factor 

Calibration Flow 265 c f s  

Cal fbraltisn Flow 153 c f s  
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2 3 

OBSERVE0 DEPTH (U) 

'0 2 3 4 

OBSERVED VELOCtR (FTISEC) 

F i g u r e  8-2.1 Scat te rp lo ts  o f  observed and pred ic ted depths and v e l o c i t i e s  from t h e  
calibrated IFG-4 hydraul i c  model a t  101,2R. 



DISTANCE FROM LEFT BANK HEADPIN (feet) 

F igure  B-2.2 Comparison o f  observed v e l o c i t i e s  and v e l o c i t i e s  predicted by low f l o w  
IFC-2 model a t  s i t e  101.5L, cross sec t ion  5 .  



o Obsemed, 1696 cfs 
o Observed, 4500 cfs 

Pred t c b  d 
Water SuPQace E levatim 

Q:&ra.'@u: 
~ l t  bqeQ St~&amb@d 

Dl STANCE FROM LEFMBANK HEADPLIN flee11 

F igu re  B-2.3 Comparison o f  observed v e l o c i t i e s  and v e l o c i t i e s  predicted by high f l o w  
IFG-2 model a t  s i t e  101.5L, cross sec t ion  5 .  



@ Observed, 355 cfs 
0 Observed, 4820 cfs  

Predicted 
EI@VQOBQ~ 

Streom bed 

OISTANCE FROM LEFT BANK HEADPIN (feet) 

Figure 8-2.4 Comparison o f  observed veloci t ies  and v e l o c i t i e s  predicted by low f l o w  
IFG-2 model a t  s i t e  112.6L9 cross sec t i on  7, 



a Observed, 355 cfs 
Q Observed, 4820 cfs 

Prsdleted 
%841fa~@ E ! @ V O ~ ~  8 ~ t  

DISTANCE FROM LEFT BANK HEADPIN (feel) 

&.,. ,, --.-*-* ..** #"  *e'-w"* - ---- 

Figure 8- 2 . 5  Comparison o f  observed velocities and v e l o c i t i e s  predicted by high f l o w  
IFG-2 model a t  s i t e  112.6L, cross s e c t i o n  7. 



0 Observed, 71 cfs 
a Observed, 316 cfs  
8 Observed, 1090 c f s  

Vir$f%er ;UB 4066 Flearatiollp 
r,: . y ' St reombed 

200 

DISTANCE FROM LEFT BANK HEADPIN (feet) 

Figure 8-2.6 Comparison o f  observed velocities and v e l o c i t i e s  predicred by 
IFG-2 model a t  s i t e  119.2R, cross sec t i on  3 .  



OBSERVED DEPTH (FT) OBSERVED VELOCIN (FT/SEC) 

F igu re  8-2.; Scatterplots o f  observed and predicted depths and v e l o c i t i e s  from the 
calibrated IFG-4 hydraulic model a t  131.7L. The diagonal l ine i n  each 
p l o t  represents a one-to-one relationship. 



OBSEFIVED DEPTH (F1) OBSERVED VELOCITY (n/SEC) 

Figure 8-2.8 Scatterplots o f  observed and pred ic ted depths and v e l o c i t i e s  from t h e '  :...:a: i. 
calibrated IFG-4 hydraulic model a t  132.6L. The diagonal l i n e  i n  each 
p l o t  represents a one-to-one r e l a t i o n s h i p .  



2 3 

OB$ER\!IO QErSTbi {FT) 

Figure 8-2,.9 Scat te rp lo ts  0.6 observed and predicted depths and v e l o c i t i e s  f r o m  t h e  
calibrated IFG-4 hydraulic model a t  136.0L.. The d iagona l  l ine i n  each 
p l o t  represents 2"  cfi@-to-afie re la l$=f ish$p.  
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Figure 8-2.10 Comparison o f  observed v e l o c i t i e s  and velocities predicted by high f l o w  
IFG-2 model a t  s i t e  147.1L, cross s e c t i o n  2. 



@ Observed, 1907cfs 
0 Observed, SCiOOcfs 

Psedf~fad 
y Water SurfoceElevatlon 
"s 
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DISTANCE FROM LEFT BANK HEADPIN [feet) 

Figure 8-2.11 Camparison o f  observed velocites a i d  velocities predicted by h i g h  f l ow 
IFG-2 model a t  s i t e  947.11., cross sccl i o n  2 .  



T a b l e  B-6.1. Mainstem discharge, s i t e  flaw and water surface 
elevation ( W S E L ) ,  w e t t e d  (gross) surface area and 
juvenile ch inook  weighted u s a b l e  area (WUA) forecast  f o r  
Site 101.1R. Rating c u r v e s  a re  n o t  a v a i l a b l e  f o r  the 
unbreached condition ( <9,200 c f s )  ; mainstsm d i s c h a r g e  
v e r s u s  s i t e  flow rating c u r v e  is inapplicable above 
22,000 cfs. Low end h igh  turbidity cond i ;k ions  are 
assumed for discharges below and a b o v e  9,200 c f s .  

MAINSTEM S I T E  SITE G R O S S  .JUVENILE 
Df SCHARGB FLOW WSEL SURFACE CBENQOK 

A B g h  WUA 
(cfs) (cfsf ( f t )  (sq* ft. / 1000 linear f t . )  

1 Surface area base (?  on aerial photography measurements 
2 Interpolated v a l u e  
3 S u r f a c e  area at time t calculated as surface area  a t  time t-1 

r a i s e d  to 2*003, 
4 Site p o ~ ~ d e d  
5 WUA a t  t i ~ e  t, calculated as WUA at time t--1 raised t o  0.998. 



T a b l e  8-6.2. Mainstem discharge, s i t e  f l o w  and water sur face  
e l e v a t i o n  ( W S E L ) ,  wetted (gross) surface area mad 
juvenile ch inook  weighted usab le  area (WUA) forecast for 
S i t e  101.5L. High turbidity habitat suitability 
criteria w e r e  used f o r  all discharges. T h e  i o w  and h i g h  
f l a w  KFG-2 a o d d s  were used to fosecast hydsaelic 
conditions below and above 8 ,500  efs ,  respectively. 

biAHNSkTBM S I T E  SITE GROSS JUVENTIGE 
DISCHLARGB FLOW WSE% SURFACE G%%%:H08$  

BRBA WUA 
(efs)  ( c fs )  ( f t )  (sq. ft. / 1000 linear ft.) 

"I.llrll*--a~b-LUQUQUI"I"I"I"IIIIIIIIIIIIIIIIII~~~~----IOIIIIIIII."-."-."-."-s"s"s"s"s"s"s"s"s"s"s"s"s"s"s"s"s"s"-s"s"s"s"- -lr* 



Table 8-6 .3 .  Mains tem discharge, s i t e  flow and water s u r f a c e  
elevation (WSEL), w e t t e d  ( g r o s s )  surface area  a n d  
juvenile chinook weighted u s a b l e  area (WUA) modeled for 
Site 112.SL. Bigh t u r b i d i t y  habitat suitability 
criteria w e r e  used f o r  all discharges. The low and high 
f l o w  IF@-% models were used to forecast hydraulic 
conditions below and above 10,500 and 11,000 c f s ,  
respectively. Surface area and WUA values within the 
range of overlap are averages of o u t p u t  from b o t h  
IF@-2JRABTAT ~ ~ d e f s ,  

MAIMSTEN S I T E  SITE GROSS 38TVBNI LE 
OHSGBa4RGE PLOW WSBE SURFACE (:BINOOK 

AREA WUA 
(cfs) (cfs)  ( f t f  (sq. f t .  / 1000 linear f t . )  

- l l l - - - - - ~ " * I " * I " * I " * I " * I " * I " * I . - L - L - L U I U I U I i l P Q Q Q Q Q Q Q - 3 U U - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - L . - - L .  

5000 
60108 
aooo 
8000 
30100 

%QO~OO 
%1810$9 
l20300 
f 30.iOO 
940400 
158l08 
160100 
170100 
18000 
B9OrBO 
20O iDO 
21006 
2 2 Q i D O  
23008 
2484DO 
250180 
260400 
278108 
28008 
29600 
3001QO 
31000 
320300 
33000 
34000 
35088  

E Interpolated v a l  .e 



Table B - 6 . 4 .  Mainste~ discharge,site flow a n d  water surface elevation 
( W S E L ) ,  wetted (gross)  sur face  area and juvenile chinook 
weighted u s a b l e  area (WUA) forecast for Site 119.2R. Low 
and high t u r b i d i t y  conditions were assumed for discharges 
below and above 10,000 c f s .  Rating c u r v e s  w e r e  inapplic- 
able  in the 5 -30 ,000  and  2 5 - 3 5 , 0 0 0  cfs divcharje range. 

MAINS'TEM S I T E  SITE GROSS iFUVENILE 
BZSCBJARG$ FLOW WSBL SURFACE CHINOOK 

AREA WUA 
( c f s )  ( c f s )  ( f t )  (sq. ft, j 1000 linear f t . )  

C I - l L - - - - U I - - ~ - ~ - ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c - . c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ - ~ ~ ~ -  

1 C o n s t a n t  surface area based  on aerial photography measurements 
2 Interpolated value 
3 Surface area at time t calculated as sur face  area at time t- l  

r a i s e d  to $,38l 
4 WUA assumed equal to 18.5  percent of surface area 
5 WUA at time t ca l cu la t ed  as sur face  area  at time t-l raised to 

0.993 (22-25 ,000 c f s )  or 0.398 (25-35,000 cfs) 



T a b l e  B-6.5. Mainstem discharge, s i t e  flow and water su r face  
elevation ( W S E L ) ,  wetted ( g r o s s )  sur face  area and 
juvenile chinook weighted usab le  area ( W U A )  forecast f o r  
S i t e  131.7L. High turbidity habitat suitability 
criteria w e r e  used  far a $ Z  discharges* 

MAINSTEM SPTB S I T E  GROSS: .JGV%NMLE$ 
DHSCHARGB FLOW WSBL SURFACE @$IINOOK 

AREA HUA 
(e f s )  (cfs) ( f t )  (sq. ft. / 1000 linear f t .  

I Interpolated v a l u e  
2 W U A  st time t calculated as WUA at time t-1 raised tu 0.995 



Table B-6.6. Mainstem discharge, s i t e  f l o w  and water  surface eleva- 
tion (WSBL) ,  w e t t e d  (gross) surface area and juvenile 
chinook weighted u s a b l e  area  ( W U A )  forecas t  f o r  S i t e  
132.6L. Low and h i g h  t u r b i d i t y  c o n d i t i o n s  are assumed 
for discharges below a n d  above 10,500 cfs.  Rating 
c u r v e s  are inapplicable befoe 10,500 cfs, 

MAINSTEM STTG SITE GROSS J ~ U V B H I  LB 
DISGBdkRGE FLOW WSEE SURFACE CBZNOOK 

AREA WUA 
( c f s )  (c fs )  ( f t )  fsq.  F t .  / 1000 linear ft.) 

- - - - - - - - - - - b - b - b " - b - b - b - b O O O O O O O O O - L I - - - - - - - - - - s I s I s I s I r s r - - m r r u - - r l . r - - s I s I s I s I s I s I s I s I s I s I s I s I s I s I s I s I s I s I s I  

1 S u z f a c e  area based  on eerial photography measurements 
2 I n t e r p o l a t e d  value 
3 S u r f a c e  ariea at time t calculated as sur face  area at t i ~ e  t-l 

raised to 1,803 
4 WUA assumed equal to low turbidity WUA forecast j u s t  prior to 

breaching 
5 WUA s t  L i m e  t ealculsted as su r face  area at t i a e  t-l raised to 

0 998 
8-1 28 



T a b l e  8-6 .7 .  Mainstea discharge, s i t e  flow and water surface 
e l e v a t i o n  (WSEL) ,  wetted ( g r o s s )  surface area a n d  
j u v e n i a e  c h i n o s k  weighted usable area (WUA) f a r eca s t  for 
S i t e  136.OL. High turbidity h a b i t a t  suitability 
c r i t e r i a  were u s e d  far ahl discharges, 

MATNS'TEM S I T E  S I T E  GROSS JPUVENZLE 
D$S@B.ARGB FLOW WSEE SURFACE GsBZ3OOK 

ARBA WUA 
(cfs)  ( c f s )  (ft) (sq. ft. / 1000 linear ft.) 

- L r U " * B * - - - - P I - - - U ~ - 1 " 1 - 1 " 1 - 1 " 1 1 " 1 1 " 1 1 " 1 1 " 1 - s l - s l - s l - s l - s l ~ ~ ~ - L I - W l ) t l O l - - - - ~ ~ ~ - - - * - - - * l a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ > . ~ - ~ - ~ - ~ ~ ~ ~ ~ ~ ~ ~  

1 Interpolated v a l u e s  



Table 8-6,8 .  Mainstem discharge, s i t e  flow and water surface 
e l e v a t i o n  (WSEL), w e t t e d  ( g r o s s )  s u r f a c e  area and  
juveuile chinook weighted u s a b l e  area ( W U A )  fo recasz  f a t *  
S i t e  14T,%EJ The low and high  f l o w  1FG-2 models were 
used to foreca9t hydraulic c~nditians b e l ~ a w  and above  
219038 c f s*  

MiAIHST3M S PTB S I T E  CROSS JUVEMILg 
Df SCHAWGE FLOW WSEL SURFACE C H I  NOOH 

&BE A W U A  
(cfs) (e fs )  (ft) (sq. ft. / 1000 linear f t . )  

------------.---------------.------- -I.----(-LTr-------l-C.-.-------.---------------*- 


