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l~'~oduction 

This report presents t~e results of a study on water sur

face profiles of the Susitna River between Sunshine and the 

downstream end of Devil Canyon under o pen water conditions for a 

selected range of discharges (see Exhibit 1). The u.s. Geo1ogi

ca1 Survey (USGS) is ma i ntain!ng a stream gaging station at 

Sunshine, downstream end o f the study raach. The station is 

1ocated abcut 84 miles from the mouth of the Susitna River at 

Cook In1et (the ~uth). The upper end of the study reach near 

the mouth of Oevil Canyon is about 150 miles from the mouth. 

The discharge rating curves based on the computed water 

sur~ace profiles are presented for selected ~ocations, especial

ly at immediate upstream and downstream of important s1oughs. 

Mean river velocities also are pr ovided at surveyed cross 

sections for a range of discharge values. 

Background 

The water surface profiles for the Susitna River betwePn 

the downstream end of Oevil Canyon and the confluence of the 

Susitna and Chulitna rivera were developed previously by R&M 

Consultant Incorporated, Anchorage, Alaska (R&M) for the dis

charges of 9,700, 13,400, 17,000, 23,400, 34,500 and 52,000 

cubic ftiet per second (cfs). All discharges were referenced to 

the gaging station at Gold Creek (the Gold Creek gage). The 

resulta of R•M studies including field surveys are presented in 
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vario us repo rt s ( 1, 2 , 3, )11 . These repo rts were prep~ red by 

R&M f o r Ac res Americ an Incorpo rated (ACRES ) f o r submiss i on t o 

Al as!< a Po we r Autho ri ·ty i .,PA ) . 

S i n c e the R&M s tudy o f Marc h 1982 ( 2 ) , 32 addit iona1 rive r 

c ross sec tio ns have been surveyed ( 3 ) in the study reach. Fiv e 

o ld c r o s s s e c tio ns were al so resurveyed. The o ld an~ ne w cross

s ectio ns are identif i e d o n Ex h ib i t 1 . 

Alaska Department o f Fish a nd Ga~es ( ADF& G) has esta blished 

a number of staff gag e s in the study reach. The water l eve l s at 

these gages were observed periodical l y during July thro ugh 

Oc t o ber, 1Q8 2 Lnd were refere nced t o the flo w at the Gold Creek 

gage ( 4 ) . The water 1evels data also are availab~e f o r 198 3 . 

Sc o pe o f Present Stud y 

The avail~hility of additio nal survey e d river c r oss 

sectio ns and river stage data permits the refinement o f water 

surface co mputatio ns made by R&M. The ma•jor works involved in 

the present study include: 

1. a review of basic data, s tudy approach and assomptio ns 

used by R&M in the computations •Of water surfac e 

pro files: 

2. a refinement of previous calibra·tion by R&M of the 

HEC-2 Computer model developed by the u.s. Army Corps 

l i Refers to reference at the end of text. 
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of Engineers (5) based on additional cross sections 

and river stage data; and 

3. a recomputation of water surface profiles for 9 

different discharges at appropriate intervals to 

define stage-discharge rating curves at selected 

locations. 

Peview of Previo~s Study 

Th~ HEC-2 model uses standard step m~thod (6) to compute 

water surface profiles based on the Bernoulli theorem and the 

Manning's equation between river c ross sections. This mode! was 

used by R&M to compute water surface profile by using a total of 

66 river cross sections (No. 3 to No. 6R) as identified on 

Exhibit 1. 

An extensive analysis was made by R&M to estimate the val-

ues of Manning's roughness coefficients (the 'n' values). Ini-

tially, these values were estimated at eight staff gages (see 

Table 2) using observed water surface elevations and correspond-

ing discharges with the assumption that the friction slope at 

each cross section is approximately equal to the averaae bed 
~~ 

~~~J" 
the \ .)v slope over the reach from the next-upstream cross section t o 

next dowstream cross section. ·rhe 'n' values were computed for 

discharges ranging between 3,000 to 50,000 cfs, and an average 

relationship between the 'n' values and the discharges was 

de,·eloped (Figure 4. 4, reference 2) • 

The 'n' values vere also estimated using bed material size 

dis~ribution (7) determined by the •Grid-by-Number method (8). 
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However, the 'n' values derived by the two methods were used 

only as a reference in selecting an i ~titial values for each 

cross sections at a discharge of 9,700 cfs at Gold Creek. No 

horizontal o r vertical variation of 'n' value was considered 

except at cross section No. 25 where the 'n' values were 

adjusted horizontally. Multi-channels exist at this cross s ec-

tion and the veloc i ties in each channel are s i gnific antly di f-

ferent. Therefore, the 'n' values were increased in sorne c han-

nels t o decrease the conveyance. 

A ..... )? 9Q.. The f!EC-2 model was first calibrated f~.,r the d i s c harge of 
V'~ "",,JP 

ftiY"" 9, 700 cfs at the Go lrl Creek gage. For the c omput at i o ns o f wa t e r 

surface profile, this flow was de c reased fo r the river reac h 

upstream from the Gold Creek gage and incr~ased f or t he down-

stream reach based on the intervening drainage areas. The 

adjustmen t factors used for different sub-reaches are ( see 

Exbibit 1 for locations) shown in t ne following table: 

ADJUSTMENT FACTORS BASED ON DRAINAGE AREAS 

Cross sections Factor to adjust 
Prom To Gold Creek Flow 

3 23 1.030 
24 50 1.000 
51 61 0.983 
fi2 ~!! 0.942 

~ 

The refinement of tha initial 'n' values during the Slibra-

tion took into co~sideration several criteria including bed 

material size, river sinuosity, presence of and type of vegeta-
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tion, existence of multiple channels, etc. The final 'n' values 

are given Table 1. 

The 'n' values derived for 9,700 cfs were adjusted by the 

following factors to estimate those for other calibration dis-

charges of 17,000, 34,500 and S2 ,aoo cfs. These factors vere 

probably derived through a trial-and-errer procedure although it 

is not mentioned in the reports (2). 

ADJUST~ENT FACTORS FOR 'n' VALUES 

Oischarge 

17,000 
34,500 
52,000 

Adjust.ment Fac t or 

0.90 
0.81 
0.81 

A comparison of observed and computed stages at eight staff 

gage locations (used as control points) given in R&M's March 

1982 report (2, Table A.l5) is shown in Table 2. 

Rased on their field experience, aerial photos, and sur-

veyed ri~er cross sections, R&M classifed flows in the Susitna 

River into two flow regime: ~ low flow regime and a high flow 

regime. A numher of side channels and sloughs which receive 

w,ater during the high flow regime of over 20,000 c fs at Gold 

Creek are practically dry during the low flow regime of below 

20,000 cfs. Therefore, two versions of HEC-2 model were set up. --For discharges up to 20,000 cfs, the assumption was made th at 

there are no flows in sorne selected side channel and sloughs. 

In the second version, flow vas assumed to exist in all channels 

for discharges higher than 20.000 cfs. 

-s-
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A review of Table 2, indicates that the differences between 

Jbserved and computed stages at the eight control points used by 

R&M are wi t•a in + 0. 5 ft except at a few {oss sections for a fe .... 

discharges. The higher differences at these cross sections 

(especially for lower flow ranges) are mostly due to multl-chan-

nel situation with the staff gages being located in the side 

channels where the mainstem water level is not aeeurately repre-

sented. Water surface elevation across a multi-channel c ross 

section is not uniform as assumed in the computa~ions of water 
--

surface profiles by the AEC-2 model. R&H collected data on 

differences in elevations acros s multiple-channel cross sections 

(2, Tables 4.5 and 4.6). These data are shown in Table 3 which 

provides an indication of possible deviation between observed 

and computed water s~rface elevations. 

Present Study 

The AEC-2 computer model used by R&H was used to compute 

water surface profiles for this study. The model calibration 

was refined using additlonal cross-sections and river stage 

data. The basic data and assumptions used and the results 

obtained are disçussed below . 

Study Reach 

The length of the study reach is about 66 miles between 

cross sections Nos. 68 and 001 (Exhibit 1) in comparison to the 

reach between cross sections l~os. 68 and 3 used by R&M. The 

study reach was extended to the Sur.shine oaoing station (cross 

section Number 001) to provide approxi11ate estimation of water 

-6-
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surface elevations f o r varius discharges near the confluence of 

~ 

the Sustina, Talkeetna and Chulitna rivera. 

River Cross Sections 

~ total of 107 cross sections vere used for the computa

tions. This included 6R c ross sections surveyed in 1981, 33 

cross sections surveyed in 1q82, five cr oss sections estimted 

from IJSGS topographie l'laps of l:li331\0 scale and one cross sec-

tion taken from field notes of a discharge ~asurement by USGS 

at Sunshine ~tation. All of these cross sect ions are identifiert 

on Exhibi.t 1. 

Ouring the 1982 survey, the cross section~ vere surveyed in 

the river channels only a nd vere not extended to higher bank 

elevations. These cross sections vere extended to both banks 

using cross sections surveyed in 1981, located upstream and 

downstream from a given 1982 cross section. 

The cross sections derived from the topograhic maps are 

only approximate because of the small scala (1:63,360) and large 

contour interval. 

Initial 'n' Values 

The derivation of 'n' values by RiM is discussed under the 

section entitled •aeviev of Previous Study• and are listed in 

Table 1. These values wen• used as initial values for refining 

the calibration. 

Control Points 

ADFiG has developed stage discharge relationships for all 

staff gages established on the mainstea, side-channels or 

-7-
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sloughs ( 4 ) . The discharges used in these relat ionships are --those !1 the Gold Creek gage. 

All gages designated as mainstem gages vere selected as 

control points to compare observed gage haights vith the gage 

heights of corresponding discharges computed by the REC-2 model. 

However, during the calibratio n of the model, some of these 

control points had to be ignored ~ - .. t, s e of inconsistency be

tveen the next upstream o r next dovnstream contro l point. The 

control points used in the study are identified in Table 2 . 

Five of the ADF&G gages are the same as f ive of the €ight 

gages used by R&H ( gage No. LFX-9, LRX-24, LRX-28, LRX-35 and 

LRX-~2, Table 2). The gage heights used by R&H at these gages 

v~re compared vith those obtained from the stage-discharge rat

ing curves provided by ADF&G. The two set of value5 were 

sliahtly di!ferent at some locations. For c on sistency vith the 

upstream and dovnstream control points (ADF&G gages), the gage 

heights dete~~ined from the ADF&G relationships vere used . At 

the other three locations used by R&H, ADF&G data vere not 

available. At these locations (LRX-4, LRX-5 and LRX-68, Table 

2), the data used by R~H, vas used in this study. 

The ADF&G stage-discharge relationships are developed for 

dischrges ranging betveen about 8,000 cfs and about 25,000 cfs. 

To calibrate the model for higher discharge, ~M data (see Table 

2) vere used. 

-8-
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The observed gage heights for various discharges either 

taken from R'M data or the stage-discharge relationshi~s deve

loped by AOF'G are given in Table 2. 

HEC-2 Model Set-up 

Multi-channels (sloughs and side channels) exist at a r.u~

ber of cross sections (see Exh i bit 2). As d i scussed under the 

section entitled •Review of Previous Study•, R•M estimated a 

threshold discharge of 20,000 ~fs above which flow will enter 

all the channels. This value i s considered to be reasonable 

based on the avaiJable surveyed cross sections and is used in 

the present study. Therefore, two data fi les were set-up for 

REC-2. In one file, the option of artificial levees available 

in HEC-2 was used to restrict flows in the main chal'nel (for' 

discharge9 up to 20,000 cfs at Gold Greek). In the c>ther file, 

the flow was allowed to exist in all channels (foL disc~arges 

above 20,000 cfs at Gold Creek). 

Refinement of REC-2 Model Calibration 

The REC-2 model calibration made by R•M was tested for 

three discharge levels (9,700 cfs, 13,400 cfs and 17,000 cfs) 

below and three discharge levels (23,400 cfs, 34,500 cfs and 

52,000 cfa) above 20,000 cfs. 

Because the above diacharges are at Gold Creek, theae vere 

adjuated by the factors derived by RiM (diacussed under the 

section entitled •Review of Previous Study•) for the correapond

ing discharoes at varioua sections. The adjuatment to the dis

charges for the reachea downstream of 1~e confluence of th~ 

-9-
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Susitna and Chulitna rivers and the confluence of the Susitna 

and Talkeetna rivers also were based on drainage area ratios. 

Table 4 shows the discharge in each study reach for a given dis

charge at Gold Creek. 

Pirst HEC-2 run was made for 9,700 c fs using the 'n' values 

derived by R&M and the 107 river cross sections shown on 

Exhibits 1 and 2. One cross section~interpolated by R&M be-

tween cross sections 43.0 and 44.0 also was used. R&~ used thi•1 

cross section to avoid crit ical depth at cross sections 44.0. 

Exhibit 3 also shows a water surface profile computed by R&M 

based on the cross ~~etions surveyed in 1981 and the correspond-

ing profile computed using ê!ll survtyed cross sections and the 

refined 'n' values. The difference in t he two profiles indi-

cates the sensitvity of w~ter surface elevations when n~w sur-

veyed cross sections are i ntroduced in the computations. This 

will be discussed further under the sections entitled •oiscusft 

sion• and •Recommandations•. 

The refin~ment of the model calibration for 9, 700 cfs was 

concinueà by ~·Jccessively changing the •n• v~.tlues and the values 

of expansion and contraction coefficients until the observed 

water surface elevation at the control points are properly 

reproduced. The outputs indicated critical depth at cross sec

ton 18.1. A oareful review of the locations of cross sections 

18.0, l v .l and 18.2 (Exhibit 2l indicated that steep slope 

starts at about half way between cross sections 18.1 and 18.0 

and critical depth should not occur at 18 .1. The river is wider 

-10-
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at cr~ss section 18.1 compared to its width at cross section 

18.0 . Therefore, a cross-section, 18.05, was interpolated be

tween cross sections 18.0 and 18.1, and the values of expansion 

and contraction coefficients were also changed. This avoided 

the critical depth at section 1 8~1 

A comparison of computed and observed water surface eleva

tions is shown on Table L. Except in a few cases the two values 

match reasonably well. 

The difference in the computed and observed water surface 

elevation at cross section 28.0 is about 1.3 feet when using the 

obse rved gage height derived from the stage-d ischarge curve 

developed hy ADF&C. and abou t 0.6 feet when using the observed 

helght given by R&H ( see T'able 2) . The d i fference in the 

observed water surface elevation is probably because of j~dge

ment exercised by two different organizations in develc ~ing the 

stage-discharge curves. The •n• values a t this cross section 

and the next upstream or downstream cross sec tion had to be 

lowered t o match the computed water surface elevaion with the 

observed value (see Tahle 2). Purther lowering of the 'n' 

values was considered inappropriate. 

At cross section 35.0, two observed water surface eleva

tions are available (Table 2), the computed elevation is about 

0.1 feet higher than the R&M value and about 0.7 feet hiQher 

than the ADP&G value. The 'n' values in the reach are reasonab

ly low. Becauae the computed value was close to the R&M value, 

further adjustment to 'n' values was not made. Secondly, the 

-11-
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stage-discharge curve developed by ADF•G showed considerable 

scatter for 8,000 to 12,000 cfs discharge range (4). 

The ft~del refinement for the discharges of 13,400, 17,000, 

23,400, 34,500 and 52,00h cfs was continued essentially follow

ing the above procedures, that is successively changing the 'n' 

values. A comparison of computed and observed water surface 

elevations are given in Table 2. The final 'n' values are shown 

in Table 1. 

In a few cases when a control point is not locat&·' .JO a 

surveyed cross section, the coftputed stages are interpolate~ 

from the values computed at the surveyed cross sections to com

pare with the observed values. 

In general, lower 'n' values wer·e used for higher dischar

gea. However, in certain reaches of the river and also dictated 

by observed gage heights at the ccntl:'ol points, sorne deviat i on 

was allowed. Therefore, Table 1 indicates higher 'n' values 

for higher discharges compared to the • n • values for lower dis·· 

charges in a few cases. This situation is physically possible 

particularly at multi-channel cross sections because at higher 

stage, side channels could exhibit bigher roughness. 

The HEC-2 model was also applied for the discharges of 

3,000, 5,000 and 7,000 cfs. Six control points were available 

from R'M for the discharge of 3,000 cfs. The model was cal i 

brated using these control points. The co.puted and observed 

water surface elevations are given below: 

-12-
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COMPARISON OF WATER SURFACE ELEVATION 
Discharge • 3,000 cfa 

Control Point Com~uted Observed 
( t) (cfs) 

3 339.7 340.2 
9 374. 7 375.1 

24 519.2 519. 1 
35 615.0 614.7 
45 681.1 681.4 
62 831 •• 831.9 

The 'n' values for 5 ,000 and 7,000 cfs were interpolated 

from the values for 3,000 and 9,700 cfs. 

The computed water surface elevations are given in Table S. 

The computer input and output files for all discharges for which 

water elevat ions are given in Table 5, are provide.d as ~ppen-

dice s A through 1. These appendices provide information on 

cros~ sections where the flow was comfined in main channel or 

al l owed over the full channel width fo r different discharges. 

Stage-oischll rge Rating Curves 

Stage-disc harge rating curves at 74 l ocations, ~sed on the 

water surface eleva tions given in TaDle 5, are shown on Exhibit 

5 to 78. The locat i ons were select~d at all control points to 

provide comparison of observed and computed water surface eleva-

tions, and upstream a~d downstream from the important sloughs. 

Smooth curves are drawn through the pJ.otte~ points. 

Mainstem River Velocfty 

Mean velocity at a given cross ~ction are camputed as part 

of the computations made by the HEC-2 model. These velocities, 

-13-
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derived from the computer outputs given in Appendices A through 

I, are summarized in Table 6. The velocities for locations 

between two 6Urveyed croas sections can be interpolated from 

the table. 

Dicussinn 

The HEC-2 ~odel provides an acceptable procedure for the 

computation of water surface profiles in a natural river. Row-

ever, SOifte assumptions involved in the model should be recog

nized. This will help in the proper interpretation of results 

provided by t he model. 

The model assumes a uniform water surface elevation ~cros! ~ 

a given cross sec tion. Suclt a condition does not nece~sarily 

exist in a natural rivet· especially at bends and multiple-chan-

nel cross section~. Table 3 provides some idea about the ~agn i-

tude of difference between water surface elevations at a given 

cross section. At bends, the di~ference depends upon the radius 

of bend, river width and velocity. Even in a straight reach of 

a vide river some diffe=ence \ n water surface elevations between 

the left and right banks could exist because of oblique flow --------conditions. 
~ 

At a multiple channel cr~•• ~ction, reasonably accurate 

water surface elevations can be computed in tvo or three chan-

nels by trial-and-error using HEC-2 if control point is avail

able in each channel. Since these data are not available for 

the present a tudy, the procedure was \tOt used. 

-14-
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At some multiple-channel cross sections, the side channels 

are connecled to the main channel at some threshold discharges. 

A discharge at 20,000 cfs has been used for this purpose based 

on the initial calibration by R&M. Bowev~r, this discharge 

could vary from cross section to cross section as can be seen 

from the discontinuity in a few stage-discharge rati ng curves 

(Exhibits 5 to 78) based on actual observations. 

The flow velocity computed by the model at each cross sec

tion is the average velocity over the entire flow area. Field 

observations indicate that at a multiple-channel cross section, 
/ 

the velocities are differents' in various channels. This should 

be recognized while using the veloc ity data. 

RecOI'IIIIendations 

Exhibit 3 shows a comparison o f two water surface profiles 

for a di5charge at 9, 700 cfs. The first profile is computed by 

R&M and the second profile is computed by Harza using the re

calibrated 'n' values and additional cross sections surveyed i~ 

1982. The difference between th~se profiles is about 5 feet 

near cross sections 18.1, 18.2 and 18.3 although the differences 

at other locations vary ~0.5 to ~2.0 feet. This difference is 

caused because the thalweg elevation at cross section 18.1 (sur

veyed in 1982) is about 3 feet higher than the elevation inter

polated between cross sections 18.0 and 19.0. R&M did not use 

croas section~ 18.1, 18.2 and 18.3 in their calibration. There-

fore, a lo~er surface profile ~esulted when using a lover 

thalweg. 
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The large difference in the two computed water surface 

profiles due to introduction of new cross sections indicates the 

necessity of additional cross section~:- 1f further refinement of 

vater surf~ce profiles are needed for any particular subreach. 

For the present study, addi t.ion,d c:ontrol points (Table 2) 

were taken from the 1982 ADP''G study (1,) and also the 1983 pre-

liminal:'y data., The ADf'lG study covers the diseharge range of 

about 7,000 to about 32,000 cfs and the 1983 preliminary data 

vb.ich include the new control point (Table 2) cover the range of 

about 15,000 to about 32,000 cfs. Since the range of calibra

tion is between 9,700 and 52,000 cfs, the first set of data does 

not cover the high range above 32,000 cfs and t~e Becond set of 

data does not cover the low range below 15,000 cfs and th~ high 

range above 32,000 cfs. Therefore, it is recommended that river 

sta~es be observed at all mainstem gages to cover the entire 

1 . _. "12....._ Jv...--c... ·} '- · ' '>IJ ~ Joco :,; , '- IH I v~. ........ l.t range of ca 1bration. r - ï ~~ ? · ·~ · J 

Some of the mainstem gages could not be used in the cali-

bration because of inconsisten~y in the recorded stages when 

compared with the next upstream or downstream gage. The gages 

near Lane slough and at cross section numbers 56 and 57 are 

examples. It is likely that these differences are due to inac-

curate àesignation of river mileage at sorne gages. In a rela-

tively steep channel, a difference of +0.2 mile in a gage loca

tion could cause a significant difference in the water surface 

elevation. It is recommended that for any future refinement of 

-16-
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the water surface prof iles, effort must be made to determine 

accurate river mileage of the gage locations. 

The number and locations of the surveyed river cross sec

tions between the confluence (of the Talkeetna and Susitna 

ri vers) and the mou th of the Dev il Canyon are adequate unle,.s as 

discussed previously, further refinements of water surface pro

files for any partcular subreach are needed. However, at least 

five cross sect ions downstr.eam of cross secti c-,n C.3 should be 

surveyed for more accur~te water surface profiles of the river 

reach between the confl:..~nce and the sunshinfl bridge. Obser

vation of river stages also will be requirf~d at these cross 

sections. 

Additional control point&· al5o ~re r~qu ired at some 

mul ~. iple-channel cross sections. At least tiii'O staff gages 

should be establish~d in each ~ajor channel of a cross section. 

Twenty additional control points are recommended as shown on 

Exhibit 2. 

- 17-
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Tah1e 1 

MANNJNn'a ROUGKNESS COBrrtCU!MT8 ( 'n' VALUflSI 

:t'lill 'chi n~~~~~ 'chi 
Manni;!'• 'n' Valuea 

n~!nn l c hl S.Ctlon ntetance 1'~ono l c~l 23A4nn lclal ~2Annn ' r.hl 
!2:_ SMU••I _.!!.._ iiaraa; li• Mana R6 Haraa Iii Hana i• Mana ~Harae 

.001 13,90 ,OfiOI ,04S ,0 40 .ou ,041 .OlS 
.01 14.13 ,Ofill ,ll4S ,040 .nu .041 ,035 
.oz 16.93 ,06() ,04S ,040 . 041 .ou .035 
,0) 88,13 , Ofil) , 045 ,040 .ou .ou .OlS 
.o. 19,13 ,060 .04S ,040 ,041 .041 .03S .os •n.n ,Ofill .o4s ,040 .ou , 041 ,03S 
.l 94.21 ,060 . 0 4S ,040 .ou . 041 .OlS 
•• 94.55 ,Ofi() ,04!1 ,040 ,041 .041 .015 
.s 94,9~ .oao , 0 4S ,040 .041 .nu .OlS 

·' 95.37 .OfiO , 04S , 0 40 ,041 .ou ,OH 
.'7 95.76 , 060 , o.;s ,040 .ou .041 .03S 
•• 96.ll ,OfiO ,04S ,040 ,041 .ou ,0)5 

·' 96.61 ,OfiO ,04S .040 ,041 .nu ,0)5 
1.0 97.02 ,OfiO ,045 ,040 ,0 41 ,041 ,0)!\ 
1.1 97.11 ,060 .04S ,040 . ou • nu .0)5 
l.Z 97,U ,Ofin ,04S .n40 .ou . ou ,OlS 
2.0 97.93 ,060 ,045 ,040 .ou .ou .035 
2.1 91.03 ,OiiO . n4S .n40 .n41 ,041 ,0)5 
2.2 91.21 .060 , 04S , 040 . ou .ou .n3S 
2.1 91.42 ,060 ,045 .n40 .nu ,041 .OlS 
l.O ,.,59 ,040 .060 .nll .04S .016 , 040 .016 ,041 .032 .ou .032 . 03n 
1.1 ,., 75 .025 ,028 ,015 ,O H ,0)5 , 0 35 
l.Z 91,93 ,025 ,028 . 035 , 035 .OlS ,OlS 
),) 99.10 .02S ,028 ,035 ,OlS . OlS ,OlS 
3.4 99.11 ,025 ,028 . 010 ,035 ,015 . 035 
4.0 99.58 .040 ,025 , 018 ,028 ,036 ,030 ,03fi ,015 .032 ,015 ,032 .n J~ 
4.1 99.75 .02S ,028 ,010 ,015 ,035 ,0 )5 
4.2 99.94 ,02S , 0 28 ,030 ,OlS . O:lS ,OlS 
4.) 100.17 .025 ,028 .010 ,03S ,03S .03S 
4 •• 100.28 ,02!1 ,028 ,030 .015 . 035 .035 
5.0 100,]6 ,040 ,025 .038 .028 ,Olfi .030 • Olfi , 035 ,032 ,0 35 ,032 .035 
6.0 100,16 ,040 .025 ,0)8 .02S ,03fi ,02S ,036 ,013 ,032 .03S ,0)2 ,O!)S 
7.0 101.52 .040 . 02S ,0311 ,OJS .036 ,02S ,036 ,033 .032 . 03~ , 032 , I}JS 
1.0 102.31 .oso ,04S . ou ,Olfi .045 . OJII ,045 , 0311 ,041 ,038 .nu • 0311 

~ 
9,0 103.22 , 055 .oss .OS2 .048 .nso , 046 .oso , 042 ,045 .041 .045 ,0)8 
9.1 104.12 .nss , 0411 .n4fi ,04 2 . 0 41 .nlll 

10.0 104 . 75 .oss .040 • 052 .010 .oso ,030 .oso .010 . 0 45 . 030 . 04S .010 
10.1 10S,01 ,0)0 ,02S ,025 ,n;zs , 025 ,02S 
10.2 105,81 ,030 ,02S .02S .02S ,02S .025 ~ 10.1, 106,14 ,OH ,0 )0 , 0)0 ,010 ,0)0 , 0)0 
11,0 106,68 ,05S .OlS . OS2 ,0 30 ,050 , O)n .oso .030 . 045 .0)0 .04S , 0)0 
12,01 101 . 4} . 05S ,041) ,052 ,040 .oso ,040 .nso ,Olfi , 045 .O:lS , 0 45 .OlS 

" u.o U O,lli , OS5 ,040 , 052 .040 ,050 .OlS , 050 ,036 .045 ,03S .0 45 .035 
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Table 1 ICont'd) 

MANNINO'a JOUGHN!SS CO~PPICIINTR ('n' VALU16l 

-Section Diatanca 
•• A 

,.A!no rchl 52Aooo (cfa) ..,_, (lU laa) R6 .!!!!:!.! L Mana 

14.0 110.19 .css .040 ,052 , 030 .050 ,030 .050 ,030 .045 ,0]0 .o .. s ,0)0 
15.0 111.13 .045 ,0311 .ou .OlS .nu ,0]0 ,041 ,0]0 .03~ ,030 ,0]~ ,030 
16,0 112.34 .040 ,038 • 0]8 ,018 ,036 ,OlS ,036 ,034 ,ltj,t ,1)]2 ,032 .nl2 
17.0 112.69 ,04fl ,030 ,fllll .nJ4 ,fl]~ ,Ol2 ,Ol~ ,OJO ,0)2 .0112 ,032 .032 
11 .o lll.02 ,040 ,030 ,031 ,034 .036 .032 .036 .OlO ,032 .o.u .032 ,0)2 
11.1 114.11 ,04S ,04fl ,04fl ,nJ~ .032 .032 
11.2 115.01 ,04!1 .040 .fl36 .036 ,032 .032 
11.3 11S.I6 .fl45 ,031 ,0]6 ,036 .on .032 
19.o 116.44 .040 ,040 .031 ,031 , 0 36 .036 .oJ6 .036 .o:n .032 .032 .032 
19.1 1111.19 .04fl ,OJII ,0)~ ,Olfi ,0)2 .032 
20.0 117.19 .040 .040 . 038 , 0 )1 ,036 ,0]6 .036 .fll6 .oJ2 .032 .Ol2 .fll2 
20.\ 117,61 .040 .Ol8 ,Olfi ,Olfi .032 ,032 
20.2 118.31 ,040 ,038 ,Ol6 .n lfi .Ol2 .032 
21.0 119.15 .040 .040 ,038 ,018 ,018 .fil" ,OJfi ,036 , 032 .032 ,0)2 ,032 
22.0 119.32 . 1130 .030 .029 .029 .027 ,027 .027 ,027 ,024 ,024 .024 .024 
u.o 120.26 .030 .OlS .029 ,02S , 027 ,025 ,027 .025 .fl24 .024 ,024 ,024 
24.0 120.66 ,030 ,025 ,fl29 .025 .027 . 02~ • 02'7 .02S .024 ,024 • 024 ,024 
24.1 12o.n ,050 ,045 ,OlS ,027 ,024 .024 
25.0 121.63 ,0)0 ,050 ,029 .04S .027 .OlS ,027 ,027 ,024 ,024 .024 .024 
25.1 122.05 .035 ,033 .nJn ,030 .028 ,028 
26.0 122.51 .OlS 135 ,033 ,028 ,032 ,0]0 ,0)2 ,030 .028 ,028 ,028 .0211 
27.0 l2l.Jl .OlS ,030 ,033 ,0211 .Ol2 ,OlO ,032 ,028 • 0211 .028 ,0211 ,028 
21.0 124.41 ,OlS ,030 ,Oll ,028 ,Ol2 ,032 ,032 ,032 . 028 .028 .028 ,021 
21.1 12S,54 ,0]0 ,OlO .032 ,031 ,0211 .o2e 
29.0 126.11 ,OlS ,030 . 033 .Ol5 .032 ,035 ,032 ,031 • 0211 ,031 ,028 • 0211 
30,0 127,50 ,038 .osn . 1136 ,048 ,034 .047 ,034 ,040 .031 ,04fl .031 ,04S 
Jl,O 128.66 ,0]8 .oso ,036 .048 ,034 ,047 ,0)4 .045 ,031 ,045 ,031 .fl40 
32.0 129, fi7 ,0)8 ,0311 ,0]6 .Ol~ .Ol4 ,0)4 . 034 .032 ,031 ,0)) ,031 .031 
33.0 llO .12 .036 ,032 .034 ,032 ,032 ,0]0 ,OJ2 ,030 ,029 .029 ,029 .029 
)4,0 uo.n ,CJ6 ,032 .034 ,032 ,032 ,OJO .032 ,0)0 . o 2• ,029 .029 ,029 
n.o 130.17 ,036 ,032 .034 ,032 ,032 .030 ,032 ,OJO .029 ,029 .029 .029 
)6,0 ll1.19 ,036 ,036 .034 ,032 ,032 ,0)0 ,0)2 ,030 ,029 .029 ,029 ,02!1 
37.0 131.10 .036 , 036 ,034 .OJfi ,0)2 .034 ,032 , 032 ,029 .o2• ,029 , 029 
31,fl 132.90 ,036 ,036 ,034 .036 ,032 ,034 ,032 .032 ,029 .029 . n2• ,029 
39,0 133.ll .036 .036 .034 ,0]6 .0)2 .034 .032 ,0)2 .029 .029 .o2• ,029 
40.0 134.28 ,0311 .040 ,036 .0311 .034 .034 ,034 . 1)4 ,0)1 .031 ,031 ,031 
u.o 134.73 .038 .038 .036 ,0]6 .03' ,034 .034 , 033 .031 ,0)1 ,0)1 .031 u.o 135 ,]Il .038 .038 ,O]fi ,Olfi ,034 ,034 ,034 ,033 ,031 ,031 ,031 ,031 
u.o us. 72 .040 .040 .031 ,0)8 .0311 .036 .036 ,034 ,0)2 .0)2 .032 ,0)2 
44,0 1)6.40 .040 ,040 .031 ,0311 ,Olfi , Olfi ,O)fi ,O)fi , !)]2 .032 ,0]2 ,0)2 
45.0 136.68 . 040 ,040 ,031 ,0]8 ,0)11 .038 . ?36 .036 ,032 ,032 ,0)2 .030 
46.0 136,96 ,04S ,038 .ou .036 .ou ,034 .ou . OH .037 ,0)) .037 .OJO 
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Table 1 ICont' dl 

MANNINC. 'a AOUGH NP.SS CO~PPICIENTS l 'n' VALUES) 

~ 1 '7i'ii'i 1 ela~ n,4i'ili iclsl 
Manni~'s 'n ' Values 

Section Diatanco t7 , nnn l c~l 23A4on i c ral 341 -:niJ 1 e la 1 ~~ ,nol! 1 ela 1 
No_, - IMU .. L ~ .!!!.!..!!. ~ !!.!.!:!.! .!!!.!!.__ !!.!.!:!.! R' .!!.!!,!! R•M Hal;'za R6" !!!!.!! 

47.0 137 .lS . 040 . Ol8 . Ol8 .Olfi . Ol6 ,0)4 .Olfi .Ol4 .032 .Oll .032 , 0)0 
u.o 137 .Cl . 0 40 . OlR , 0)8 , Olfi ,O)fi . 034 ,Olfi ,0)4 ,032 . 031 . Ol2 .0)0 
u.o 138.2l .040 . OlO . 038 . Ol6 . Ol6 . Hl4 .036 .034 .032 ,031 .032 ,0)0 
so.o 138 .fB .045 .OJS ,04) . OJS .041 . 034 ,0 41 .033 .037 ,0)0 .037 . 025 
Sl.O 138.89 .oso .060 .nu .oss .04S , OS) .04S . oso . 0 41 .oso . 041 .025 
52.0 139.44 , 050 . 050 .0411 .nso , 045 , 0 47 . 045 . 047 .04 1 , 0 40 .nu ,040 
53.0 140.15 .oso , 0)5 .048 ,OlS . 0 45 . OlS ·. ~• 4S .OlS . 0 41 ,035 . 041 . OlS 
S4. 0 140 . 8l .055 . O!S . 052 . OlO . nso . OlO . oso . 027 ,04S . ~27 ,tl4 S .027 
ss.o 141. 59 . oss . OlS .052 . OlO . oso . OlO . oso . 027 , 045 .027 . 045 .027 
Sfi. 0 142. 13 . oss .045 ,052 . OlO .oso , 030 .nso ,0)0 , 045 ,0)0 .04S .OlO 
57.0 142.34 .oso .oss .048 . 045 .045 . 040 .045 .OlS .041 ,OlS . 041 .OlS 
58.0 143.18 . oso .060 .048 .oss ,045 , 055 ,045 , 0 4S ,0 4 1 , 0 4fi .041 , 035 
59.0 144 . 83 .oso . 065 .048 , 060 . 0 45 , 060 .0 45 . oss ,0 41 .041 .ou .OlS 
60.0 147. 56 . oss • OfiO .052 . oss .o5n ,055 .oso .ns5 , 045 .nu .04S .OlS 
61.0 148.73 .oss .060 . 052 . oss . os o .045 .nso . 041 ,045 . 041 . 0 45 .OlS 
62.0 148.94 , 05S ,OfiO .052 .oss .oso .o5n . nsn ,045 .045 .041 ,04 5 .OH 
63,0 149.15 .oss .060 ,052 . 055 .050 , 050 ,050 , 045 ,0 45 .ou ,0 45 ,0)5 
, •• ô 149 . 35 , 055 . 060 .052 . ns5 . n50 .oso .nso .045 . 045 .041 ,045 .041 
65.0 149.4~ • 055 . 060 . 052 . nss . 050 . oso • 050 . 045 .0 45 .ou . 0 45 . ou 
66.0 U9,H . os5 , OfiO , 052 ,055 .osn .oso . oso ,04S .045 .041 .045 .041 
67 .o 149 ,81 .055 .060 .052 . oss ,050 .050 .o5o , 045 ,045 , 041 .045 .041 
68.0 1511.19 .oss ,060 . 052 .oss ,050 .oso .oso ,04 S ,0 45 .041 , 045 .041 
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Table 2. 

COMPARIS<JM OF OBSI'!JtVftO AMn COMPUTBD NATI!It fii /JtPACB I!LBVATIONfl 

GaiJ• 
lliatanc.V 11 ,1111 

rrfe tteighte C ftl f o r Indicat.ed nhoha~u (etel 
Location n.4o~ n 1 onn 23 , 4 ]4,5b0 52 1 11Bo r.rr Oba. crn· Oba. env· Ob a, env· ôbll. Vïnf· ôha, fjif• i'ïba. SOft Ill (2) Tlï rrr -m- T1l TTIT TnT 

IUNIW 274.1 274.1 275.1 275.1 275,9 275,9 277 .~ 277.2 279.3 279,3 282,2 282.2 
LU- 99.51 348.fi 349.5 350,5 H l. fi 352.8 354.5 

(348.1) (3611,61 ( ) 49 ,5)JI (349,5 1 (350 ,51 ()50, 81 (352.01 ::t52,0I ()~2.ctl (353,11 (354.61 (355,11 

Mai nat• 101.15 36),, 1 163 . 2 363 ,7 363 .9 )fi4 ,) 3fi4.5 365,1 364.8 
Wiaker 
Slough 

Talk .. tna 102,90 375,6 375,8 376,3 376.7 377.1 377,6 378.3 378.9 
riahwlleel 

LU-tl/ 103.22 378.0 3711,0 379 ,0 3711,fi 379 ,Il lill, 2 38~. 3 38 5 ,8 
( 378.4) ( )78. 11 ()79,01 (379.41 (379.111 (3110,3) (381.61 (38l.a) ( 3a 3. 11 Il a 3. 4) ( 385.4) (la6.2) 

LU-10,2 105,90 402,1 402,2 40l.l 403 .1 

LU-10, 3 106.40 407.6 40fi,a 4011.3 407.7 

LU-11 106.61 409.2 40ct,3 410 .1 410,2 

LU-12 101.41 423.4 422.6 424 .3 423,., 

lide Channel 111.50 ua. 1 448 ,7 449,0 449,5 449.4 449,a 449 .a 450,fi 
Gaah Creek 

Head Gaah ui.1o 453,7 453 . a 454.3 45i,5 454.a 455 .1 455 , 5 455.8 
Cl'~k Sida 
Channel 

Mal nat• 112.30 455,2 455.2 455,9 455.9 456 , 4 456,4 457, 3 457.3 
Slough 6A 

LU-11 113.02 460.4 460.7 461.4 4fi 1. 8 461,9 462.4 462 .a 463. 2 

'~ --- -- . -1 
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Tahle 2 (Con t 'd l 

COMPARISON OP ORRIRVRD AND COMPUTIO ~TRR SURPACE P.LEVATJONS 

Gllge r.fe Heiqh1.a (ft) for Jndleated Oiaehar~ea (cfa! 
t.ocat.ion oiatanee-11 9,7oo 1l,4_L i7,non 23,4o l4,~oo 52,ooo 

:.o &.. env· êlb·~ env· &.. cr;y· ôb.. y;nv· &.. vnv· &.. ciili cu u1 rn- rn rn- Tiï mr rm 
Curry rlah 120,60 521.8 !»21.9 522.3 522.6 523.2 523. 7 

Mhee1 

LRX-;4lf 120.66 521,1 ~2 1.2 ~22,0 522.2 522.A 523.0 ~24,4 524.1 525 .4 527,2 
(521.1) (521.21 (522.()) (522,61 (522.91 (523.21 (523.81 (524.3 t (524.41 (525.41 (527.5 1 (527.21 

LllX-2al/ 124 ... J 553,1 554.4 554.2 555, 2 555,5 55~. 1 557,1 55t;,8 558 . 1 560,1 
(553.8) (555,0) (555.31 (555,71 (556,01(SS6.21 (557.01 15S7,o) ( 5S8,21 (558,1 1 155t,81 1560,11 

LU-29 126,11 569,1 569.4 570,4 570.4 571.1 571.2 572.1 572,0 

LllX-31 128,66 595,6 595,3 596.7 596. 2 597.4 597.1 598,3 598,2 

LaX-3sll 130,87 616.7 617.4 618,0 1;18.4 t;1A,7 (;19.1 619,8 620,5 621.6 623.6 
(617.31 (617.71 (617.91 ( 618.71 (619.0)(619.4) (620.0) (620.3) (621.3) (621.61 (62),3) (623.)1 

LllX-40 134,28 65~.2 655.2 656,0 655.9 656,6 (;56,5 (;57,1 657,5 

Lu-u.a/ 136.68 6114,0 6115.1 ~86,0 6117 , 2 688.4 "o.~ 
(684.1) (684,01 ( 685,2 1 (685.11 (685,9)(6115,81 (687,0 ) (687,0) (688,4) (618,1) (690.01 (619.t) 

LllX-50 138,48 702,5 702 ,7 703,6 704, J 704,7 705,1 705.5 706,2 

LllX-51 138,89 707.4 706,9 708,2 707,6 708,9 708,3 710.0 709,8 

... ln•t- at 139.80 71·9.6 719,8 720.5 720.7 721.1 721.3 721,8 722.3 
Blough 19 

LllX-5) 140,15 722.9 722, 7 723.8 723,7 724.6 724.4 725,5 725.4 

Ll). 54, U0.83 732,1 732,3 733.0 733.1 733,8 734.1 
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Gao• 
Oiauncell Loca tion 
liiTI 

( l l ( 21 

Maiatea at lU. 70 
Slouoh 22 

LRX-61 149.73 

LRX-62ll 148 . 94 

LRX-68U 150.19 

Table 2 ( Con t ' dl 

COMPARI SON OP OBSERVEO AND COMPUTP.O WATEN SURPACE P.LP. VATIONS 

9,700 
l)bs . c("f• nr • 
784. 8 785.0 

835.4 
( 83'). 4 ) (8)5 . 11 

851.0 
1851 . 41 (850 . 6) 

C.&ge ~eighta (ft) for Indicated Olachar~ea (cfa) 
13,400 , , ,orin :n ,4o 34,500 52,ooo 

obs. cr;f· obs. c(Af· nha . finf· Ohs. ~j';f · o6a. c011-'h. 
~ rn- Tiil 1TTT TnT li4T 

78~ . 6 786. 1 787 .3 787 .4 788,3 7R7.5 

834 .2 834 . 7 8 35 .1 835 . 6 83~ . 3 836.7 

83~. 5 83~.~ 837.3 837.1 838.7 8)8 ,5 841 , 0 843.0 
1835 . 91 1836 . 41 (837.51(837. 5 1 (8)8,31 C838.0l 1840 .71 ( 840.8) I U3.9) IBU.21 

852.1 RS2, 8 1154 .0 855 . 8 1158.8 
(852 . 21 (85 1. 8) 1852 . 911852.81 (8 54.1 1 CIIS4 .0) 1 11 5~ .0) 1855 .81 IBS9.01 18511.71 

!1 ole t ence fro• aouth o f the river. 

11 Staff gagea uaed by R'" in ~odel calibration 

11 Staf f oaoea uaed by R'" in aodel cal ibrat ion and for v hich atao~-dlacharqe relatlonahips a l s o are available froa ADP• G. 

if Gage heiohta paranthealaed, are either the obaerveo o r computed values by R'"· 
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Taole 3 

VAJIIATIOII Ill laTBJt ROJIFACB D.SVATICWI IIIBTWI!II CHANN!LSl/ 
AT A CllOSS SlrCTION 

Flow Lesa Than 1o,ono cfa 

Station Date of Flow .. ter SU:rface Il.., atton ~ft. 1 
IIUIIbers fkli'V!J!: (cfa) ... ln i$annei il iii i!iannei! al C~nta 

LRX-4 10/ . / 80 9800 350. 4 348.2, 350.9 
LRX-7 10/6/80 9380 3U.Ii 365.7 
UX-16 10/10/80 9695 455.2 455.5 
LRX-31 10/30/80 2400 5U.l 592.6, 593.7 
LRX-36 10/36/80 5525 619.0 618.5 rrazi ) ice accua. 1 

10' vi~e shore ice. 
!.Rlt-39 10/28/110 5400 645.6 644.7, 642.9 Shore ice1 lee floes. 
LRX-42 10/20/80 7230 668.7 666.11 (s l o ughi Vsristior. of 0.4' in 

667.S vster aur(ec-e a cross 
••in cttennttl 

LRX-43 10/17/ 8(1 7350 670.9 673.7 Frszil ice 
LRX-44 10/17/80 7350 680.8 

10/20/80 7230 679.9 
LRX-411 10/1 4/ 80 12qo 6ql.7 6119,7 (ponded) 
LRX-52 10/24/ 80 6420 713.8 716.3 
LRX-53 10/ 14/80 U20 722 . 2 724.0 ~•11 aide channel 

v/~loving vster 
LRX-54 10/24/80 6420 731.11 733.5 
LRX-5~ 10/23/80 6270 742.6 739,q 

Flow Gres ter th sn 21,000 cfa 

LRX-4 8/ 31 / 81 22300 351.'fM ' 3~1.5(L), 352.6(R)ll 
LRX-7 8/31/81 22300 367,6(L) 3611 . 0( R) 
LRX-16 8/31/ 111 22300 457.41LI 457 ,1i ( R), 4~5.Q(M.~LI 

457.31 RSLI 
LRX-28 8/31/81 22300 557,7(M) 556.4(L), 557.2(R ) 
LRX-29 8/31/81 22300 572,4 ( RI 'i74,0(L.RL) ponded vster i n left 

slough 
LRX-31 8/31 / 81 22300 5911,2(R) 594.8(",SLI , 

593.0(L. ~LI 
LRX-36 9/1/81 21100 622 .4( L) 621.6(R), 
LRX-39 9/ 1/ 81 211M U8 .5(Jt) 647,0(LI 

U6.l(L.SLI 
LRX-42 9, 21/ 81 21100 672,2(R) 669 ,5( LSLI Ploving eter in left 

slough 
LRX-43 'Vl/ 81 21100 673.5(RI 673.5( M.SL I , 

674,81LSLI 
LRX-44 9/1/81 21100 fi83.8(R) 681.8(M,SL) 

682.8 ( L. RL) 
LRX-47 9/1/81 21100 li93.7(M) 69l.l(L.SLI 
LRX-411 9/1/81 21100 6!'5.3(Rl M2. 7(L.~LI 
LRX-5:1 9/1/81 21100 725. 4(R) 725.1(L.SLI 
UIX-S.S 9/1/ 111 21100 743,6( LB) 743.l(L.~L I 

7U.9(RB) 

11 source1 R•M Report (2, Tables 4.5 and 4 ,61 

1./ Abbreviations L • Left ChannelJ Il - ll.ight Chenne11 M - Middle Chsnnel1 SL - Sloughi 



tl 
1 
Il 
'1 
1 
1 
1 
1 
1 

Il 
Il 
1 
1 
1 
1 
1 
1 
1 

Cross 
From 

001 

1.1 

3 . 0 

24.0 

51.0 

62 . 0 

RI VER REACHES 

sections 9,700 
To 

1. 0 17 , 000 

2 . 3 13 , 930 

23 . 0 9 . 9 9 0 

50 . 0 9 , 700 

61.0 9 , 54 0 

68.0 9,1 40 

Tahle 4 

AND CORRESPONDING DI SCHARGES 

Gold Creek Discharges (cfs) 
13 ,400 17 , 000 23 ,400 34 , 500 52 , 000 
Discharges 1n River Reach (cfs) 

23 ,4RO 29 , 790 41 , 020 60, 470 91,140 

19,240 24,405 33,fi10 4 q , 5 4r. 74 , 1\70 

13 , RRO 17 , 508 24 , 107 35 , 540 53 , 5fifi 

13 ,4 00 17 , 000 23 ,4 00 34,500 52,000 

13,179 1n , 720 23 , 000 33 , 910 51 , 10q 

12 , fi26 ln , 019 22,045 32 , 500 4 A, ClR4 



-------------11------
Tabl e 5 

MATER SURFACE 8LEVATtONR 

Water Surface Elevationa (ft1•al) for tndic•ted niacharge (cfa) 

Cro•• River 
S.Ctlon Mll•ea• 3,000 51000 7 1000 91700 1)1 400 171000 23 ,400 3 41 500 52,000 

0,001 83,90 272 . 1 272,7 273,) 274.1 275.1 275 , 9 217.2 279,3 2112.2 
0, 01 114. Bl 27fi , 6 278 , 2 279 , 0 281, 4 211 1, fi 28 2,3 :ZA4, 8 291.7 292. 4 
0 , 02 86 ,9] 281 .7 28 2.8 211 3,5 285 . 5 28 5.7 286. 4 :ZA 11 ,5 294 . 1 295,3 
0. 03 88 , 1] 285. 1 ~86.0 286. 4 2118 , 0 2811 .1 238 ,fi 290, 4 294.9 296.3 
0 , 04 89,8] 291. 4 292 . 2 292.7 294 ,0 294.1 294 ,5 295,9 298,8 )CO , ) 
0.11~ 91. fil 298,7 2~9. 4 29 •• 7 300 . 9 301,0 30 1,3 302,5 )04. 7 305,9 
0, 3 94 ,2] 314 , ) 315.3 315 . 7 316.7 31fl,7 317.1 3111,2 HA, 7 llt. 7 
0, 4 u .ss l1fi . 1 317 .o 317.5 3111 ,7 318,8 319,2 320,3 321.fi 322. 7 
0 . 5 94. 92 317 .l 318.5 319.1 320,7 320,8 l21.2 322. 4 323.9 325.0 
0,6 95 , 37 319.2 320 , A 321.5 323. 4 323.6 324. 2 325.5 327 . o 327,8 
0.7 95.76 323.5 324 .3 324 .8 32fi.3 326,5 l21i . 9 328 . 2 329.6 n o . 4 
0, 8 96 . 11 326 , 5 327 . ~ 327 , 6 328.8 328,9 329 . 3 330. 4 ll1 •• ll2.fi 
0 . 9 96.61 330 ,5 331.1 33\. 4 332. 4 332,5 332 , 8 333.6 334 .8 335. 4 
1.0 97.02 332.0 332 . 9 333, 4 l34. fi 331.. 7 335,0 335.9 ll6.9 337. 7 
i..1 97.3'1 332 , 9 333 . 9 334, 5 335 , 7 3~5.8 336.2 337.2 338 , 4 339 , 2 
1.2 97.62 335.0 335.7 33fi.1 337 .l 3ll7 . 4 337.7 339.0 340,3 341, 0 
2.0 97,9) 336.7 338,0 338 . 3 339.3 )Joj .~ 339.7 340.9 342.1 342.9 
2. 1 98.03 337 . 1 3311.3 338,7 339.7 ll9,A 340.1 341.3 342. 7 343.6 
2.2 98.23 337.7 338.9 339.3 3 40 . 5 340,5 340,9 342.3 344 .1 345.0 
2.3 98.42 338 . 5 340,0 340.5 342.5 342 . 7 343.5 345. 4 347 .l 347 . !t 
3,0 98 . 59 339.7 341.2 34 1.8 344 .1 344 .5 345 . 3 346.9 348 .4 349.1 
3.1 98 , H 340,9 342 . 1 ) 42. 7 344 ,6 345 . 1 34fi , O 347.5 348,9 350 , 0 
3,2 98,9l 343 .4 344, 1 34 4. 6 345.2 345.11 346,8 3411 . 0 349. 4 3$0.11 
3.3 99 .1()J 344.8 345,5 346,0 346.1 346,11 347 . 7 HA, 6 350,0 351.6 
3.4 99 .31 345,9 346, 4 34 6 . 9 347 ,2 348,0 348 , 11 349,8 351.1 352.11 
4 .0 99 . 58 347.1 347.5 348.0 3411. fi 34 • • 5 350,3 351.7 352 •• 354 ,6 
4. 1 99.75 351,0 351. 4 351.7 351,9 352,6 353 . 2 354 .3 355 , 3 356,7 
4. 2 99 •• 4 351.9 352.5 352 . 11 353.0 353 . 11 354.4 355.5 356.11 l5A,O 
4 .3 100.17 352.5 353,1 353,5 353 . 8 354 ,7 355,5 357 . o 358 , 2 359.7 
4 . 4 100.28 353.1 353,9 354 ,2 354 ,5 )55,5 356,3 357,9 359,0 360,3 
s.o 100,36 356,5 356.9 357.2 357. 4 ~58 ,0 358.5 359,6 360,8 )(,2,1 
6 , 0 100,96 360. 2 360 , 9 ll'i 1 • l )fil. q )fi~ . 7 363.3 36 4 . 4 )ft5,6 367 .l 
1 . n 101.52 363. 1 364 . o 364, 6 365,3 366. ~ 366 , 6 ) .ill , 2 36 •• 5 371.0 
8, 0 10 2. 38 370.2 371 . 2 311 . 7 :n2. 4 373 .4 374 .0 375.1 376,6 l7A , 4 
9 , 0 103 ,22 374 ,9 376.2 376,9 3711,0 378,6 37.,11 3fll .:z 383.3 385,11 
9. 1 104.12 J8 1 ,9 3113,0 383 . 7 384 . 9 385 , 8 3116,6 3117. 7 311 • • 7 391.11 

10.0 \04 .75 391.1 391.6 391.8 392.2 392.2 392 . 8 393.6 395,0 396 , 7 
10.1 105.01 393 , 5 394 . 2 394 .6 395 . 1 395,3 395.8 396 . 6 397.9 399. 4 
10.2 105.81 399 . 7 400.2 400 . 8 401. 4 40 1.7 402,2 403 , 0 404 ,2 405.6 
10. 3 106,34 403.11 404 • • 405 ,4 406,0 406 . 3 406,8 407,7 409 . 0 410.11 
11.0 106 , 68 406,3 407, 4 407,8 408.3 408,7 409,3 410.2 411.5 4 13.2 



-------------------
Table 5 (Continued) 

NATER SURFACE BLEVATIONR 

Na ter Surf race ~>l•~•(Jtione ( ft,•ell t()r Ind icated DiacharQe (ch 1 

C'.coee River 
Section lU leage J,ooo s.oo~ 1,ooo 9,700 13,400 17 ,ooo 23,400 H,sno ,lliOOO 

12.0 108.41 419.0 419.7 420.4 420.8 421. 7 422.6 423 .7 425,6 428.0 
13,0 110.36 433 ,2 434,3 43S,fi 436.2 U7 ,fi 438,1 439. fi 441.5 444,9 
14 .o 110,89 441.3 442.0 442.4 442.9 443.4 443.9 us .o 44fi, 7 449.3 
15.0 111.83 450,2 451.2 451. fi 452.1 4S2,fi '*52,9 •s3.7 .. 5 ... 9 '*56 , 3 
16.0 112.34 .. 53.4 '*54.2 4S4.8 •ss .4 456.3 U6,6 '*57. 7 459,0 4fi0,11 
17.0 112.69 457 ,6 458.1 458,6 '*59.0 4S9.9 4fi0,4 461.1 4fi2.4 4fi3,9 
18,0 113.02 4S9 .1 4S9,7 460.2 460.7 4fi 1 • 8 462.4 4fi3,2 464.9 466. fi 
18.1 114.11 471.9 472.8 47 3 .4 474.2 .. ,...s 475,3 47fi.O 477,0 .t78,9 
18.2 US,OII 477 .o 478.1 479,1 480.2 4111.2 4111,8 482.'l 484,2 486.1 
18.3 11S. 86 480.4 481,6 482.5 4113,9 484.7 485,5 487,0 4flfl.fi 490,9 
19,0 116.44 484.3 485.1 485,7 486 ,8 487 ,6 488,S 490,1 491.6 494,2 
19.1 116.89 490,7 491.4 492.1 492,7 493.S 494.0 49S.S 496,8 499,0 
20,0 117.19 492 . 0 493',0 493.9 494,8 49!1 ,8 496,4 497,9 499.0 S01.0 
20.1 117 ,fil 4!!7 .8 4911.7 499.4 soo,J 501.0 501,5 S02,S 503.S 504.9 
20.2 ua. 31 502.1 503,3 504.1 504,8 505.5 50fi,1 507,2 SOli. 2 509.8 
21.0 119.15 SOfi,O 50'7,3 508.3 509.2 510.2 510.9 512 . 2 513,5 515.7 
22.0 119.32 508.~ 509,8 510.5 511.5 512.3 512.9 514,0 515.3 517.3 
23 , 0 120.26 SUt. 1 5111.8 519.3 519,7 520.4 520.9 521.8 522.9 52 ... fi 
24.0 130.66 519.2 '§20 .1 S20.7 521.2 522.2 523.0 S24.1 525.4 527,2 
24.1 120,8S 520.0 521.2 522.0 522.7 524.0 ~~·.4 525. 4 S2fl.fl 529, A 
25.0 121.63 530.9 531,4 532.0 533.2 533,8 533.9 !IH,6 537.8 539.fi 
2! .1 122.05 S32.S 533,1 533.7 534.8 535,5 535.6 53fi,7 539.6 541.7 
26.0 122.57 S3S,6 S3fl.4 536.9 537.6 538.2 S38.9 S40,1 su.o 544.2 
27.0 123.31 S40.2 S41. 3 542.0 542,8 su. 3 544.4 ~45.5 547.2 549.4 
28 0 124.41 S51.6 552.7 553.6 SS4.4 555.2 556 .1 556.~ 558.1 SfiO . 1 
28.1 125.54 563.fi 564.3 SU,9 5fiS.3 5fifi,O 5fifi. 8 5fi7.fi 5fi8.3 570,1 
29.0 126.11 567,5 568,4 5611,8 569.4 570.4 S71.2 572,0 S73.1 574.9 
30,0 121 .sn S84. 7 S8S,fi S8fi.O 58 fi .. , S87.3 587.7 SIIII.O Sll9. 2 m·· 31.0 128.66 592.0 !..93 ,3 S94 . 1. S9S,3 S9ti,2 S97,1 S'lB, 2 599,6 6 .4 
32.0 129,67 604,0 fi04,fi fiOS .·2 606.1 607,0 607,7 6011.4 uo .o 611.8 
33,0 130.12 610.6 611.3 61J. 7 612,2 613 .o 613 .s 613,8 614,6 6~5.9 
34.0 130.47 fil4.1 fil4.7 61/'J; . 2 fi1S,7 fil6,fi 617.2 fi17,9 619.1 620.4 
35,0 130.87 fi,S.O 616.0 fi}\'6 . fi fil7.4 618.4 fi19.1 620.1 621.7 623.6 
36.0 131.19 6 fi,4 617.1 1 L7 ,8 filll,9 fi20. 2 621.0 fi22 . 4 fi24.2 fi2fi.fl 
37.0 131.80 fi2S.1 626,0 626.S 627.1 627.8 fi 211 .1 fi28.9 629,4 630.4 
38,0 132.90 fi3 7 . 0 6)7. 7 638.2 6311.9 640.0 1>40.7 641.11 fi43,4 645.6 
39,0 133.33 644.S 64S .1 64S.4 64S .9 fi46,4 Ufi. 7 647.4 648.2 649.7 
40.0 134.28 6S3.1 fiS3.8 654,4 6SS.2 fiSS.9 fiSfi.S fi57,S fiSA.6 660.4 
u.o 134.72 6S7,9 658,6 fi 59 .2 ~:;9.9 660,6 661.2 6fi2.3 663.6 1165 .8 
42. 0 135.36 667.4 6611.0 668,4 6fi8,8 669.4 1;69.8 1;70. 4 fi1l.S fi72.8 
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Tah1e 5 (Continuedl 

WATER SURFACE BLBVATIOHS 

Water surface B1evationa (ft 1••H for Indicated Oiacha!Jile (cflll 

Croaa River 
Section l'lileaae 3,000 5,000 7,ooo 91700 u 14oo 17,000 23,40q 34_,_500 l!r,OOO 

43,0 135.72 668,4 669.4 670,2 671.2 67 2.1 672.7 673,8 fi75. 3 676,9 
44.0 136.40 6711.11 679,6 6110.2 681. 2 682.2 683.0 684,2 685.4 687.4 
45.0 136,68 6111,1 682.2 683,0 684,0 685,1 686,0 687.2 6811.4 690.5 
46,0 136.96 6114 .l 6115. 1 6115.9 686.9 6117,9 61111,8 690,2 691.7 694.1 
47 .0 137.15 687,5 688,6 689,3 690.4 691.3 691,9 692.9 694.2 696. 3 
48.0 137,41 689.8 690.9 691. 7 692. ca 693.9 694,6 695.5 697,0 699.1 
49,0 138.23 698.6 699,6 700.2 700,9 702,7 703,4 704,3 705,2 706,6 
50.0 138.48 700,2 701,3 702,0 702.7 704.3 705,1 706,2 707,3 7011,6 
51.0 138.89 705,4 706,0 706.5 706.9 707,6 708.5 i09.1 711.4 71 L. 7 
52,0 139,44 713,0 714.4 715,8 717 . Il 111 .a 718 ·' 7111,6 7l9,'i 720.1 
53 .0 140.15 719,9 720,8 722.1 722,7 723.7 724 •• 725., 726.5 728.11 
54,0 140,83 7)0,2 730.8 731.3 731,8 732.3 733.1 734.1 735." 737,6 
55.0 141.59 740,7 741.6 742.2 742.91 743.4 743.9 744.3 7a5,3 746,A 
56,0 142.13 749,5 750.2 750.5 751. 4 751.4 752.1 753.2 755,0 756,9 
57,0 J 42.34 751.7 752.7 753,1 754.2 754,4 755.0 756 .o 757,8 759,9 
58,0 .. 143.18 762,4 763,5 764. 1 764.8 765,7 766,: 766.2 767,9 769.2 
59,0 144 • .JJ 7R3,0 784.3 785.4 786.8 787.8 789.2 790,4 791.2 792.3 
60,0 147.56 1116.4 817.5 818.5 819.5 1120,6 821. fi 1123,4 lli3,A A25.8 
61.0 148 .73 828.7 830.3 831.3 833. 1! 1134.' 834.8 1136.4 8311.7 840.5 
62,0 148.94 1131.4 832.9 833.7 835,4 836,1) 837.1 8311.5 1141,0 84 3,0 
63.0 149.15 834.4 835,6 836,4 1137.9 839.0 839,7 841.0 843.2 845.2 
64,0 149.35 1136,2 1137.6 838,5 839.9 841.1 A41. 9 843 .2 845,4 848.0 
65,0 149.46 839.0 840.0 840,6 841.9 842.9 843,5 844,7 847 .o 850.0 
66.0 149.51 842.3 843,0 843.6 1144.5 114 5, 2 845 .8 1146,11 8411,5 1150,9 
67.0 149.81 845,7 1146.8 847.5 848.7 849,6 850,2 1151.1 852.4 854 ,7 
68,0 150.19 847.3 1148,6 R49.5 851.11 852.1 852,8 854,0 1155 .11 858,8 



---------------~---
Table fi 

MRAN VBLOCITI ER 

Mean Veloc1t1ee (ft 1mel l fo r Ind lcated Dlecha~e (c fsl 

Croas Rlver 
Sectton !fil•'MJ• 31ooo s 1(1oo 1 1ooo 9,700 13 1iOO 11 ,or~ 23 ,400 J4 1soo .ll.t,OOO 

0,001 83.90 1. 5 2 . 2 2.7 3.4 4 . 1 4. 6 5 .4 6.3 7.2 
0 . 01 114. 83 l. n 2.1 2.fi 2.7 3 . 7 4. :1 4, 7 3.0 3.6 
0 ,02 86.93 .9 1.1 1.3 l.J 1.7 1. 9 2.0 1.6 2. 2 
0 , 03 88.13 1.3 1. ., 2.2 2. 1 2.8 3. 3 3 . 3 2.7 ).fi 
0.04 89.83 1.0 1.4 1.7 1. 8 2 . 4 2.9 3.2 3.2 ) .8 
o . os 91.63 1.:1 1 • • , l. Q 1.8 2 .4 2 .8 2 ,Q 2 .fi 3.3 
0 . 3 94 , 23 1.4 1.7 2 . 1 2.2 2 . 9 3 . 4 3 . 6 4 . 6 5. 4 
0, 4 94 .55 1.3 l.fi 2.0 2.0 2.fi 3,0 3 . 2 3.5 4 . 1 
o.s Ç4,92 1.3 1.7 2.1 2.0 2 . 7 3.1 3.2 3.3 4.0 
0,6 95 .37 2.2 2. 4 2 . 8 2 .4 3.2 3 .5 3 . 3 3 . ~ 3.8 
0.7 95 .76 1.6 2.0 2 .4 2 . 1 2, • ., 3. 1 3 , 0 3.1 3.9 
o.8 96.13 1.3 1.7 2 . 1 1.9 2', !. ) , 0 3,0 2 ,9 3.5 
0.9 96 . 61 1.3 1.7 2 . 0 1.9 2 ,fi 2 . 9 3 . 0 3 . 2 4 . 2 
1.0 97,02 1. 0 1.3 1. 5 1. 5 2 . 1 2.4 2 , 7 3. 1 4 , 1 
1.1 97.31 1.3 1.5 1.8 1.7 2,3 2 . 7 2 .9 3.1 3.9 
1.2 97.62 1.4 1. 11 2 .1 2. 1 2,11 3.2 ),0 3.1 3.9 
2.0 97,93 1.3 1 .5 1.9 1.9 2.6 3 . 0 3.2 3.6 4 .8 
2 .1 . 98.03 1.0 1. 2 1. 5 l.li 2.2 2 . 6 2 . 8 3.2 4.0 
2.2 98 .23 1.6 2.1 2.8 3 .3 4. 5 5.3 5.7 5.3 6,3 
2 . 3 98. 42 2.5 3 , 2 4 . 1 3.9 5.2 5 , 4 4 . 3 :l,ll 4,6 
3.0 98,59 1.6 2.0 2.4 2.3 3. 1 3.4 :; , ) 3 . 3 4 .3 
3.' 911.75 4. 0 3. 4 3.7 2.4 2 .11 2.8 2.7 3. 1 4 . 0 
3 . 2 98.93 3.0 2.9 3.0 3,0 ),2 3.0 3. 1 3 . 4 4 . 1 
3 .3 99.10 2.1 2 .2 2.5 3,2 3. 4 3.2 3. 4 3 .7 4 .3 
3.4 99.31 2. 1 2.7 3.0 3 . 8 4 , 0 4.0 4 .3 4 ,8 5.4 
4.0 99. 58 3.6 4.6 5.0 5 , 3 5 .1 s . o 4 . fi s. o 5.1 
4 .1 99.75 2.5 2 . 9 3 .5 4, 2 C.1 4 . 0 3.7 4. 0 4.3 
4 .2 09 .94 1. 3 1.11 2 . 3 2,11 ).1 3 .4 J . fi 4 . 2 4.9 
4 . 3 lOO .17 1.8 2.5 3 . 1 3.9 4 .1 4.1 3.7 3.9 4. 2 
4. 4 100.28 4 . 7 4 . 11 5.3 6 , l! !;. 2 4 . 9 4 . 4 4 .7 5.3 
5.0 100 , 36 2.4 3.2 4 ,0 5. 1 5,7 6.1 4 ,9 5.3 6 . 4 
6.0 100 . 9fi 2 . 5 2.9 3 . 2 ),li ) ,Q 4. 2 3 . 9 4. 5 5.2 
1.0 101.52 ] .• 5 4 . 1 4. 5 4 . 8 4.4 s.s 4 . fi 5. 1 5.11 
8.o .02 . 38 1.9 2.'i 3.1 3.11 4 ,) 4 , 7 5.4 li. 5 7.9 
9.0 103.22 1.6 2.1 2 . fi 3.2 4.0 4 . 4 5 . ) fi,O 7 , 2 
9,1 104.12 s . 1 4 . 4 4 . 7 4 . 4 4 . 9 5 . 2 5.7 fi. 1 fi . A 

10 .o 104. 75 1. 4 2. 1 2.7 3,3 4 .5 4 . 9 'i . ll 6. 4 7 , 5 
10.1 10 5 . 01 2. 11 3.2 3.7 4 . 1 5 . 3 5 . fi 6, 1 6.7 7 . 6 
10.2 105 . 81 2 .4 ~ .o 3.4 3.8 4 . 8 5. 3 6,2 7.3 8.9 
10.3 106.34 3. 7 'I. S ) , Q 4. 2 5 . 3 'i . 7 fi,) 7.2 11.2 
11.0 101, .68 2.1 2. 4 2.9 3.6 4 .5 5.0 5.9 7 . 0 8.5 



-------------------
Tah1e ~ (Continuedl 

M!AN V!LOCITIE!l 

Mean Ve1ocitiea (ft 1•a11 for Indicated Diacharge (cfa) 

Croaa River 
section Mlie~e 3,1'100 s,ooo 7 1ooo 9,700 13,400 17,00.0 23,400 34,500 ~:;!-~ 

12.0 108.41 2.1 2.8 3.3 4.2 4.8 5.2 6.1 7.0 8.2 
13.0 110.36 2.4 3.1 3.4 4.2 4.~ 5.4 6.1 7.1 7.2 
14.0 110,89 3.9 4.4 4.8 5,3 6.1 6.5 6.4 6.5 6.3 
15.0 111.83 1.6 1. 9 2.4 2.9 3.7 4.4 5.2 6.1 7.6 
16.0 112.34 2 . 5 2.9 3.4 3.9 4.2 4,8 5.0 5,6 6.2 
17.0 112.~9 2.4 3.2 3.7 4.3 4.4 4.9 5.6 6.3 7.2 
18 .o 113.02 1.4 2.1 2.6 3.3 3.7 4.3 5.3 6.4 11.1 
18.1 114.11 1.7 2.2 2.6 3.1 4.1 4.3 5.2 6.7 7.5 
111.2 115.08 2.1 2.7 3.1 3.4 3 . 9 4.5 4.9 6.0 7.1 
111.3 115.86 1. 9 2.5 2.9 3.2 4.0 4.6 5.2 6,6 7.9 
19.0 1Ui.44 3.3 3.8 4.4 4.5 5.3 5.7 6,1 7.2 8,3 
19.1 116.89 2.3 3.0 3.4 4.0 4.6 5.2 !;.1 5.7 5.4 
20.0 117.19 2.2 2.9 3.4 3, 7 4.0 4 •. t 4.4 5.1 5.o 
20 . 1 117.61 .e.s 4.1 4,0 4.0 4. 1 4,5 4.5 5,2 5,7 
20.2 118.31 1.5 1.9 2.3 2.7 3.3 3.8 4.4 5.6 7,2 
:n.o H9.15 4.9 4.1i 4.9 5.3 li.!! li,li 7.0 11.3 9,2 
22.0 1B.:n 3.4 4.3 4,11 5.o 5.6 6.2 6.7 8.o 9.1 
23.0 120.26 2.9 3 . 3 3.~ 4.6 5.2 5.8 6.4 7,5 8.5 
24.0 120.66 1.8 2.5 3.2 4.1 4.9 5.5 6.6 8.2 10.3 
24.1 120.85 8,4 8,5 9.1 9.9 9,3 10.8 11.9 13.3 11.4 
25.0 121.63 1.6 2. 1 2.3 2.0 2.3 2.9 3,3 2.4 2.7 
25.1 122.05 1.9 2.6 3,0 3.2 3.8 4.7 5.3 5.0 5.5 
26.0 122.57 2.7 3.3 3.9 4.4 5.3 5.8 6,6 7.4 8.6 
27,0 123.31 2 •. , 3.4 4.0 4.~ 5.7 5.9 7,0 8.3 9.1 
28 0 124.41 1.1 6,5 6.5 6.5 6.6 6.4 6,3 6,9 7,0 
211,1 125.54 1.9 2.4 2.7 3.3 3.9 4.1 4.7 5.6 5,8 
29.0 126.11 4.0 4.3 s.o 5.8 ,;,o 6.4 7,4 9.0 10.7 
30.0 127.50 1.8 1.9 2.2 2.3 2.5 2.7 3,3 3,5 3.7 
31.0 128.66 2.1 2.5 2.9 3.4 4.1 4.7 5,6 7.1 9,1 
32.0 129.67 4,5 5.2 5.4 5.4 5,6 5.9 5.8 6.2 7,0 
33.0 130.12 2.1 2.8 3.4 4.1 4.4 4,8 5.2 6.2 7,0 
34.0 130.47 2.7 3.4 4.1 4.8 5.3 5,9 6.fi e.o 9,9 
35.0 130,87 1.6 2.3 3,0 3.7 4.4 5.2 6.4 8.1 10.2 
36,0 131.19 7.0 7.7 7,6 7.2 5,9 5,9 S.5 5.3 5.4 
37 .o 131.80 2.1 2.7 3.3 4.0 4.9 5,8 6.9 9.5 12 •. ~ 
38.0 132.90 4,5 5.0 5,3 5 . 7 s.~ 5.9 6 . 3 6.8 7.0 
39,0 133.33 2.1 2.6 3.i' 3.8 4.4 s.o s .8 7.2 8.2 
40.0 134.28 2.5 3.1 3.6 4.0 4.7 5.4 6,2 7,7 9.3 
41.0 134.72 2.2 3.1 j,8 4.5 5.5 6.3 7.1 8.4 8,9 
42.0 135.36 2,8 3.1 3.4 :; , 7 4.1 4,5 5.0 s.~ 6,4 



• - - - - - - - -· - - .. -·- •. - ~- 1- -
Ta l' le fi ( Cont 1 nued) 

MEAN VELOCITIES ELBVATIONS 

Mean Velocitiea ( ft,••l! fo r Indicated Diacha~e (cfa) 

eroaa River 
section Mi leage 3,000 - s,ooo 7 , 000 9,700 13,400 17,000 23,400 34,500 52,000 

u.o us. 72 1.7 2.4 3.1 3,8 4, 7 s.s 6.6 7,9 9.4 
u.o 136.40 3.4 4.4 S,l 5.~ 5,9 6 .3 6.9 8.3 '9.6 
45,0 136.68 2,3 3.0 ? , fi 4.3 5.1 5.8 "·' 8,8 11.1 
46.0 136. 9fi 7.3 7.2 1. ~ 7,2 7.11 8,1 8 . 3 '·" )11,4 
47.0 137.15 3.0 3.8 4.5 5.0 5,9 6,8 7.4 9.1 10,6 
48,0 137.41 4.2 4.4 4,7 4. 8 5 .4 6,11 6,1 7.2 ••• 49.0 138.23 3.1 3.9 4.7 5.5 4.9 5,4 6,0 7.3 fl.7 
50,0 138.48 2.0 2.5 3.1 3.7 4.0 4.1i 5.5 7.2 '9,6 
51.0 138.89 4.3 4 . 9 5.3 6.1 6,5 6.5 6,8 7,6 10 . 8 
52.0 139,44 2.2 2.7 2.6 2.4 2.7 3,2 3,5 4,3 5.7 
~3.0 140.15 4.0 4.2 4 ,0 4.6 5,2 5 . 8 t\,8 8,5 '9.7 
54.0 140.83 3.4 4.5 5.4 6,4 7,7 11,0 8.9 ~.3 }Ill, li 
55.0 141.59 3.2 3,7 4.3 ~ , 8 5.8 6,4 7,9 9.5 11.1 
56,0 142.13 2.4 3,3 4,3 4, ') lS.fi 7.2 8,1 8,7 9.9 
57,0 142.34 2.0 2.4 3,0 3,2 4.3 4.8 5.1i 6.4 '7,6 
58,0 143.18 2.3 2 . 9 3.5 4.1 4.8 5.fi 7.1 7.9 10.0 
59.0 144,83 2.3 2.8 3.1 3.4 4 . 1 4 . 3 5.2 7,1 '9,5 
60.0 147.56 2.6 3,3 :l,8 4.4 5.2 5, 7 6.4 9.1 11.2 
61.0 148.73 2.5 3.2 3.9 4.2 5,0 6.0 7,0 8,5 11.3 
62.0 148,94 3.1 J,S 4.2 4.4 5.1 6,1 7.2 8,4 1~.8 

63.0 149.15 2.4 3.1 ],8 4.3 5.1 6.0 7.2 8,7 11.3 
64.0 149.35 2.4 3.0 3.6 4 . 0 4, 11 5.5 6.fi 8.1 }10 ,1 
65,0 149,46 7.0 6.8 7 , 4 6.8 7,2 7,9 8,fi 8,5 :8.4 
66,0 149.51 2.4 3,2 3,11 4.3 5 . 0 5. 6 6 . 3 7.1 7,9 
67.0 149.81 1. 9 2.5 3.1 3.5 4.3 s.o 6.2 7,9 ·9.8 
ili , O 150.19 1.6 2.1 2.7 3.1 3 ,11 4.5 5.fi 7.2 8.9 
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USTING OF RIVER CROSS SECTIO~S 

EXPLANATION OF LISTING 

Xl Card: 

Field 1: 

Field 2: 

Field 3: 

Field 4: 

Specified cross section geometry 

Croaa section identification 

Total number of stations on next GR card!t 

Station, left bank of channel 

Station, rigbt bank of chan:leJ 

Field 5: Length of reach left over b~r.~, between current cross 

section and next downstream cross section 

Field 6: Lengtb of reach right over bank 

Field 7: Length of reach main channel 

X2 Card: Specifies ebange in discharge 

X3 Card: Artificiel levees at specified station 

NC Card: 

GR Card: 

Field 1 : 

Field 2: 

Field 3 : 

"n" values and contraction and expansion coeff.i.cients 

Specifies elevation and station of each point in a 

croas section used to describe the ground profile 

Elevation of cross section point 1 a t station 1 

Station of cross section point 1 

Elevation cr oss section point 2 at station 2 

•. • continued usin& up t o 100 point s 

For more detailed explanation, r efer to HBC-2 Uaars Maaual . 
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