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TO 

o,IIONAL POAM NO. 10 
.IULY 1•73 ICDl'IION 
GSA FPIIIII ... , c•Ra 101.11.a 

UNITED STATES GOVERNMENT 

Memorandum 

S. R. Leslie, D-235A 
Denver, Colorado 
DATE: June l O, 1982 

FROM E. J. Carlson, D-1532 

SUBJECT: Design Data - Water Measurement Device, A-Canal -
Klamath Project, Oregon-California 

Attached is a summary of the design study for A-Canal ramp flumes, 
prepared by R. A. Dodge, for your reply to the MP Regional Engineer's 
letter dated April 12, 1982, Sacramento, concerning the above subject. 

Because of the age and condition of the canal, flow does not follow 
"normal flow" assumptions. Design of a ramp flume i-s very sensitive to 
what the actual submergence depth is, therefore, considerable time was 
spent in making least square fits of depth versus discharge and backwater 
computations to force fit results to match 1981 field data at sites 2, 
3, and 4. Results of the design study are summarized in a table for 
quick reference. Crest heights for the ramp flumes resulted from trial 
and error determinations that produced submergence depth� that are 85 
percent of the measuring head at a discharge of 1,050 ft /s. Doing this 
assures that submergence will nos significantly effect measuring accuracy 
for discharges equal to 1,050 ft /s or less. It is suggested that all 
the attached material be submitted to the Region. Later the same material 
should be sent to the project for comparison with any other field data 
that they may have. 

The computer program is now being tested by designing some small ramp 
flumes for laterals. When the program is tested to our satisfaction it 
will be made public. 

If you have any further questions concerning these results you can 
contact me or Mr. Dodge at extension 3997. 

Attachment .tit� 

B-, U.S. S411ing1 &nth Rft,11/arly on the Payroll Sllflings Pl1111 
to, ..... 
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DESIGN STUDY OF RAMP FLUMES FOR A-CANAL 
KLAMATH PROJECT - OREGON-CALIFORNIA 

by 

R. A. DODGE 
,. 

i / . .___../ 

Two possible . locatior5were investigated for installation of a ramp flume. 
One was with measuring statfon of the flume at 28+00 and the Other was · at 
.station 16+50. 

Water surface and bed elevations were taken from the table of 1981 field 
data and drawing 12�201-5302 furnished by the project. However, it was 
noted that the station for the. headworks gates (10+82 on · the water surface 
profiles} was 100 feet too high in relation tq the plan drawing 12-201-1767 
and the sections shown on drawing 12-201-1765. Thus the invert profile was 
modified between station 11+82 and the gates assumed to be at station ·-9+82. 

Depths were ·talculated and log-log least square fits of discharge v�rsus 
depth. were computed for fie 1 d measurement sites 2, 3, ·and 4. The corre-
· 1 atfon coefficients for the best fit equations were 0.9993, 0.9992,-and 0.9972. 
respectively. These equations of fit were used to predict depths of 10.73, 
10.86., .and 10. 75 feet for sites 2, 3, and 4 and. a design discharge of 1050 ft3/s. 

Backwater profi.les were computed in an effort to match these depths. During 
the backwater computations, it was found that one_ single value of rugosity 
could not be used to match the deptfls over the reach from sites ·2 to 4. 
However, it was found that the water surface profiles could be forced fit 
to the. depths between sites 2 to 3 and sites 3-to 4 separately_by .using 
df fferent" rugos·i ties. · By tri a 1 and error, the resulting apparent rugos i ty 
for the upper reach was found to be 0.038-feet and the · corresponding apparent 
Mannings 11 11 11 value was 0.0.19;,for the lower reach the values were 0.235 feet 
and 0�.025,. respectively. The term "apparent" is used here because the canal 
flow is not strictly normal and these values average out variable roughness 
and tflere is a lack of.exact knowledge of the as-built canal dimensions com­
bi:ned with s·uhsequent settlement ancl-,weathering:\ · 

/ 

Th.e backwater profiles were used to determine the downstream submergence depths 
for·:·th.e3ramp flume at the two possible locations and for. the design discha·rge of 
1050 ft /s. Apparent slopes were then found that would produce, by normal · 
flow computation, submergence depths. very nearly the sall)e as determined by 
the backwater profile computations. 

The above slopes and rugosities were used in �he ramp flume.camputer·program 
for computing submergence and checking for the 85 percent submergence limit. 
Th.e submergence 1 imi t is the ratio of depths downstre-am to measuri-ng head 
relative ·to the crest elevation that produces an error of discharge of 1. per­
cent from free flow calibration. For this submergence limit i. t was found 
that a crest height of·S.33 feet is required for a ramp flume at station 28+00 
and 5.80 feet at station 16+50. Normal flows computed by the ramp flume pro­
gram were within 2:_0.03 feet of the depth detennined by backwater computations. 

2.. 
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Backwater computations were also computed to station 10+10 for the discharges 
given in the 1981 project field data. Resulting depths at station 10+10 
were used as submergence heads in the orifice equation with the fully opened 
area to compute and plot coefficients of discharge {Cd) versus percent of 
actual gate opening. The gate openings of the 1981 data only covered the 
range· of 24 percent and less. However, the corresponding (Cd) values 
plotted with considerable model gate data show approach (Cd) values of about 
_0.90 for full gate opening. Some data for constant-head orifice turnouts 
indjcate that (Cd) approaches a fully opened (C ) limit of 0.73 to 0.95 
varying with approach geometry and averaged abo8t 0.90. Using t�is value 
in the orifice equation, the head loss was 0.19 foot for 1050 ft /s for the 
fully opened case. If a (Cd) of 0.8 or 1.0 were used, head loss would be 
plus and minus 0.02 foot of the value for (Cd) at 0.90. This head loss 
value combined with the backwater computations was used to predict 
minimum required reservoir water surface elevation at the 1981 field3measure­
ment site 1 of 4137.42, 4138.28, and 4138.10 feet to deliver 1050 ft /s 
for the canal without a ramp flume, for the ramp flume in place at station 
16+50, and for the ramp flume in place of station 28+00. 

The above results are for ramp flumes with vertical drops at the downstream 
end of their crests. Our model studies indicate that a downstream 6:1 ramp 
diverging the flow from the downstream end of the crest raises the submergence 
limit from 85 percent to 93 percent for a maximum deviation of discharge of 
1 percent from free flow calibration. Profiles and crest elevations were 
not calculated for downstream divergence ramps. It is expected that the 
crests could be lowered by about 0.48 foot and the upstream water surface 
profile would be parallel and lowered by the same amount. Accurate flow 
measurements cannot be expected for submergence limits exceeding 85 percent 
for flumes· with a·vertical drop and 93 percent for flumes with a 6:1 diverging 
downstream ramp. 

Water surface profiles and ramp flume calibrations for both possible locations 
are enclosed. The calibrations should not be used for measuring heads less 
than 0.65 foot nor for heads greater than about 6.1 feet. If one of these 
possible ramp flumes is built, it should be recalibrated using as-built 
measurements of the approach canal, ramp flume, and just downstream of the 
end of the 6rest. 

On the basis of this study, it is estimated that the maximum discharge which 
can be

3
deltvered at a reservoir elevation of 4136.7 is about 970, 840, and 

770 ft /s for no ramp flume, for the ramp flume at station 16+50, and the 
ramp flume at station 28+00, respectively. 

A summary of this preliminary design study is given in the attached table 
for quick reference. The computer output and a .plot of the resulting profiles 
are also attached. These results should be comµared with computations usin� 
additional field data that the project may have, and adjusted in terms of the 
true location of the gates and the nature of the transition from the gate 
structure to the canal with the bottom width of 13.5 feet. 

2 
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Depth 
Ramp Crest downstream 

location height of ramp 
{Sta.) (ft) flume { ft) 

No ramp - -
16+50 5.80 10.79 
28+00 5.33 10.36 

..b. 

.. 

A-CANAL - KLAMATH PROJECT 
SUMMARY OF COMPUTAT IONS FOR DES IGN OF BROADCRESTED RAMP 
MEASUR ING FLUME FOR A MAX IMUM DES IGN Q OF 1050 FT3/S 

Water · W.ater Depth Depth Depth 
Measuring surface drop surface fl, at at at 
station across ramp at site 1 station site.2 site 3 

depth (ft) flume ( ft) (.ft) 10+ 10 (ft} (ft} (ft) 

- - 4 137.42 1 1.23 10.73 10.86 
1 1.84 1.05 4 138.28 12.09 1 1. 75 10.86 
1 1.43 1.07 4 138. 10 1 1. 9 1  1 1. 5 1  10.68 

Depth. 
. 

Estimated max, 
at Gate discharge delivered 

site 4 foss with reservoir 
(ft) (ft) El. 4 136. 7 

10.75 0. 19 970 
10.75 0. 19 840 
10.75 0. 19 770 



"' 

-,HFUSM,RADae 

UHAT IS ALF VALUE? 1 
l 

STATION INVERT ELEV 

FT FT 

2aee. 25.300 

2173. 2S.328 

2675. 25.260 

c?S73. 25.300 

2478. 2S.-498 

2388. 25 ... 68 

2282. 2S.499 

2188. as.see 
ae1e. 25.648 

1987. 25.669 

1889. 2s.1ee 

1788. 25.698 
READY, 
OLD,RAD2B 

READY. 
LIST 
a2,es,a1. 13.sv.21. 

PROGRAft RAD28 

Q • 

SLOPE 

.een 
.eee1 

-.eee& 
.eee-4 

. eete 

.eee1 
.9883 

.eeeg 

.eees 
.eeea 

.eee-1 
-.0981 

'R�,N\ r> . FIUft.·1 Cl Jr . ;···'-h:1 
' . \ \ 

. ·--- ,\ . 

STATION 2800 BACKUAT£R--A CANAL 

,� · .. \ ?_·-,< .,-UC. 

use.e crs INITIAL DEPTH• 11.41 FT RUGOSITV • .235000 FT N • .0252 

ENERGY DEPTH 
DEPTH VELOCITY PIEZ GRADE LINE 

FT FT.1SEC FT FT 

11.487 '1.793 11.407 37.064 

U.406 4.?84 U.406 37.882 

U.S36 4.744 U.SJ6 37.14S 
11.S63 ... 729 U.S63 37.211 

11.S28 4.738 11.sas 37.276 

u .s21 4.729 11.s21 37,334 

11.ssa 4.710 11 .ssa 37.396 

11.534 4.725 11.534 37.-461 

11.s•s '4.719 11.545 37.531 
11.sse 4.781 11.see 37.583 
11.609 4.68S 11.609 37.6S0 
11,678 4.674 U.678 I 3?.707 

Q AIIVQ UATER 

e.eee 
e.eee 

e.eee 
0.000 

e.eee 
e.eee 

e.eee 
e.eee 
0.eee 

e.000 

0.000 

0.000 

PROFILE NORMAL 

FT 

Mc? u.143 
Pll 11.ee2 
A2 -10ee.eee 
Pl2 13.267 

PU 10.20 .. 

JU 11.362 

1'12 1-4. 184 

1'11 u, ... ,-1 
M2 12.037 
1'12 15.168 

M2 13.407 
A2 -ieee. eee 

·;, ·'.\ -· ' 

CRITICAL 

FT 

S.S04 
S.495 

5.522 

S.522 

S.513 

S.504 

s.se-1 

5.594 

S.504 

S,584 

S.S04 

s.se1 

1ese,11.4e1.e.2Js.0,1,e.eetle93,9B2 
STATION 2800 BAC�UATEA--A CAHAL 

12 
e.1,2aee,as.3e,13.se,.s,e 
e,1,2113,2s;3a,13.S'4,.s,e 
e,1.261s,as.2&,13.42,.s,e 
e,1,as1J,as;3e,13.-12,.s,e 
e,1,241e.2s.4e,13 ... s,.s.e 
e,1,23se.2s.4s,1J.se •• s.e o.,.2aaa,as.4g,a3.se,.s,: o.1.a1ae,as.sa,13.se,.s, e.1,ee1e,2s.64,t3.se,.s,e e,1,19a1,as.&6,13.se,.s,o 
e,1,1sse.2s.1e,13.se,.s,e 
e,1,11es,2s.s9,1J.4e,.s,e 
READV. 

1' 
�� -: .. ,k ·· -� .............. �-�· •• ... :L�.:-. 

' 

I' 

- . ... ..... 

'.,,.' 
__ ,.__ \._..,....,. - • .,... ___ .___.....,· •c.,.,1 __ - -- - -

T�JCl(HESS 
BOU,.DAR'r' LAly'ER 

FT 
11. .. 07 
11.406 

11.395 
10.e.ag 

10.280 

9.783 

9.238 

8.648 

8.088 

7.522 

6.878 

6.312 

-"'· 

�B-+ 00 



-.HFUSM.SITLE23 

G--, /\1'1 1 r -- . r ,. ,_ ,:i,t :- :!· . :-;·r.c\ z. 'iJ° --i ,--, (' 

UHAT IS ALF VALUE? 1 
1 A CANAL. KLA"ATH -- SITES 2 TO 3 

STATION INVERT ELEV 
FT FT 

1788. 2S.699 

1700. 25.769 

1590. 25.800, 

1503. 25.860 

1382. 25,920 

1ase. es.ese 
1263. aG.eee 

11se. 25.869 

1100. 2S.920 

1870. 2S.960 

10-.e. 25.980 

1811, as.eee 
READV, 
OLD,SITLE23 
READ\'. 
LIST 

a2/es,a1. 14.03.23. 
PROGRAN SITLE23 

Q • 10se.e crs 

SLOPE DEPTH 

FT 

-.eee1 11.s1a 

.eeea u.638 

.0004' U.637 

.0007 11.606 

.0005 11,589 

.eetJ tl.491 

-.0029 11,508 

-.9017 11.698 

.eee1 11.?06 

.0013 11.854 

.000? 11.993 

.eee? .11.914 

1ese,11.&1a,.eJaeJ,e,1.-e.eeeesJJ.9B2 
A CAHAL, KLA�ATH -- SITES 2 TO 3 

12 
e,1,11aa.2s.&9.t3.4,.s,e 
e,1,11ee.2s.1&,13.44,.s,e 
e,1,1sge,2s.s.1a.4s,.s,e 
e,1,1seJ.as.as,13.4&,.s,e 
0,1,1382,2S.92,13,48,.S.e 
e,1,1aee,2s.es,13.S&,.s,e 
e.1,1263.2&,1a.s1.s,e 
•.1,11ae,as.ea,1u.s •• ,,e 
e,s,11ee.2s.ge.1J.s •• s�e 
e,1,1e1e,as.9s,22.3J,.�.e 
e,1,1e .. e,2s.ga,31.JJ •• s,e 
e.1,1e1e,2s.ee,4e.eee,.s,e 
AEADV. 

INITIAL DEPTH • 11.68 FT RUGOSITV • .038030 FT N • .0191 

Et1ERGV DEPTH 
UELOCITV PIEZ GRADE LINE Q A(R.tQ lJATER PROFILE NORl'IAL CRITICAL 

FT.tSEC FT FT F'T FT 
4.673 u.s1a 37.707 0.000 A2 -1eee.ee0 S.527 

4.685 11.sJs J?.738 e.eee "1 9.158 S.517 

4.683 11.637 37.778 0.000 Ml U.S45 5.S15 

4.697 11.606 37.809 0.000 M1 9.5S0 S.S13 

4.791 11.589 37.852 0.000 Ml 10.525 5.508 

4.733 11 .4'91 37.889 e.eee Mt 7.992 S.498 

... 998 11.sea 37,896 e.eee Aa -1eee.eee S.7 .. 1 

4.892 11.698 3?�930 e.eee A2 -10ee.ee0 5.74'1 

... 635 11.706 37.960 e.000 ru 9.297 S.S04 

3.lJS 11.8S4 37.967 e.000 I'll 5.671 4.096 
a.Jss U.903 37.978 0.000 "1 S.641 J.313 
1,918 11.gu ; 37,971 e.eee Mt -1.ses 2.s3a 

,,:,-

\ ·: 

THICKNESS 
BOUHDARV LAVER 

FT 

6.312 

S.7S1 

S.03S 

....... s 
J.599 
2.849 

2.&ae 

e.n .. 
t .359 

1. 162 

.881 

.St3 

--:,; ., _ 

2. '3 ,+ oo 



-,HF"IJSM,RADL16 

ijHAT IS ALF VALUE? l 
1 

R J.\�-\ p r:;_�,I n,,e: I /<l. T 

STATIOH 1 6S8 RAMP 8ACKIJATER--A CANAL 

-, 
':::r-�:), I / -- � , b --1- ::.�o 

---------------------- -----------------------------
Q • tese.e CFS INITIAL DEPTH• 11.84 FT RUGOSITY • .eJ8838 FT N • .0191 

EHERGV DEPTH 
STATION INVERT ElEU St.OPE DEPTH VELOCITY PIEZ GRADE LINE Q AIR/Q UATER PROf"ILE NORl1AL CRITICAL 

F'T FT FT FT-'SEC FT FT FT FT 

1658. 2S.788 .eee4 U.843 ... 565 11.843 37.947 e.eee 111 11.522 S.583 

1590. as.see .eeeJ 11.843 4.517 11.843 37.967 e.eee 1'11 11.843 s.s1s 

1593. 25.869 .eee1 11.809 4.592 11,899 37.996 e.eee l'U 9.sse S.512 

1382. 25.920 .eees 1 1 .789 4.597 11.789 38.837 e.eee I'll 18.524 s.see 

1288. es.ese .ee1J 11.689 ...629 11.689 38.972 e.eee 1'11 7.902 s ... ge 

1263. 2s.eee -.ee29 11.1 .. 1 4.614 11.141 38.878 e.oee Aa -1eee.eee S.584 

1188. 25.868 -.een 1 1 .sga 4.787 11,892 38. 188 e.eee Ai! -1eee.eee 5.741 
1188. 25.928 .eee1 11,896 4.539 11,896 38.136 e.000 l'U 9.297 S.583 
1970. 2S,969 .0813 12.835 3.878 12.835 38.142 e.eee 1'11 5.671 ... 096 

1040. aS.989 .eee1 12.es1 2.326 12.081 38. 14S e.eee 1'11 S.641 3.312 
1918. 2s.eee .eee1 12.891 t.886 12.891 38.147 e.eee Pll 4.805 2.sJa 

READY. 
OlD,RADLl6 
READY. 
LIST 

,2.,,s.,21. 1•. es.se. 
PAOGRAPI RADL16 

1eset11.a .. 3,e.e3ae3,e61,1.eet3&3s,gaa 
S ATION 16S8 RA"P ACKMATER-A CANAL 

11 
e,1,1sse.2s.1a.13.s,.s,e 
e,1,1sge,as.se.1J.4s,.s,e 
e,1.1seJ,2s.es,13.4&,.s,e 
e,1,1Js2,as.s2,1J.4B •• s,e 
e,1,12ae,2s.es,13.ss,.s.e 
e,1,1263,2&.ee,13.s,.s,e 
e,1,11ae,2s.as,12.s,.s,e 
e,1,11ee.2s.g2,13.s,.s,e 
e,s,1e1e,as.9,,22.33,.1,o 
e,1,1e4e,as.1a,31.33,.a,e e,1,1e1e,2s.ee,4e.ee,.s.e 
READY. 

THICKNESS 
BOUtfDARY LAVER 

FT 

S.457 

s.ess 

4.468 

3.615 

2.853 

2.724 
a.e43 

1,365 

1.16? 

( -I 

.884 

.s15 



I 

LIST 

8218S126. 09,16,34. 
PROGRAM SITLE23 
1ese.1e.e6,.e3aeJ,e,1,-e.eeeeaJJ,1eaa 

A CANAL, KLA"ATH -- SITES 2 TO J 
12 

"' o· R ti r,',:, [) FL., I(,,: 

I 2. + 6 3 10.v;jef- Jer---i·l1 
...,__ 

I 0. 73 

e.1,11aa.2s.sg,13.� •• s.e 
e.1.110e.2s.1s.1J.4�,.s.e 
e,1,1sge,es.s,1J.4s,.s,e · � 
e,1,1s0J,2s.es,13.4&,.s.e -----
e,1.1Je2,2s.92,13.4a,.s,e 
e,1,1aee.2s.0s.13.s&,.s,e 
e,1.1263,26.12.s,.s.e 
e,1,11se.2s.a6,12.s,.s,e 
e,1,11ee.2s.92,1J.s,.s,e 
e,1,1e1e.2s.gs,2a.JJ,.s,e 
e,1,1e4e,2s.ga,J1.JJ,.s,e 
e,1,1e1e,2&.e0,�e.eee •• s,e 
READV. 
-,HFYS",SITLE23 

YHAT IS ALF' VALUE? 1 
1 A CANAL, KLAnATH -- SITES 2 TO 3 

Q • 1ese.e crs INITIAL DEPTH• 18.86 FT RUGOSITY • ,038838 FT N • ,8199 

ENERGY DEPTH 
STATION INVERT ELEV SLOPE DEPTH VELOCITY PIEZ GRADE LINE 0 AJR1Q 1.U�TER PROFILE NOR"AL CRITICAL 

FT FT FT FTl'SEC FT FT FT FT 
1788. 25.698 -,8881 18,869 .,-.. s.us 18.869 36.959 e.eee A2 -1eee.eee S.S26 
11ee. 2S,768 .eeea 1e.ee9 S.1'43 19.829 

I 

36.999 0.eoe Nt 9. 158 s.s11 
1598. as.see .eee .. te.848 5,133 10.848 37.049 0.000 f'l2 11.545 5.51S 

1S83. 2S.868 .eee1 10.818 s.tH 18.818 37.089 e.eee 111 9,549 s.stJ 
1382. as.9ae .eees 18.81-1 5.141 1e.su , 37. 1'44 0.000 "l 10.sas s.see 
12ae. ee.ese .een 19. 72S s.11 .. 19.12s 37. 191 o.eee N! 7,992 S.490 

1263. es.eee -.8829 10.734 S.475 10.734 37. 199 0.eee A2 -1000.eee 5.741 

11ee. 25.869 -.een U>.939 5 .• 3-11 10.939 37.242 e.eee A2 -1eee.0ee S.7 .. 1 

uee. 25.929 .eee1 18.965 S.0-45 10.96S 37.280 e.eee Ml 9.297 5.593 

19?9. as.sase ,8813 1 1.1sa 3.3?4 11.1�2 37,289 e.eee ru S,611 4.09S 

H.fe. aS.989 • eee1 11.212 2.s3s 11.212 37.292 e.eee n1 S,641 3.313 

tese. ae.ete .eee? I u.aao e.ese 11,229 37.294 .... e.eet ,u 4.885 a.a3e 
AEADV. ...:f.).• 

l 

.'"·\,. 

f \ '�- r1 ,;.· u. -i �-o 

THICKNESS 
BOUNDARV LAYER 

FT 
s.s11 

S,00? 

4.282 
3,683 

2.809 

2.012 

1,851 

1,1J9 
.297 

.233 

.671 

1.e1a 



-.HF'US1'1.SITE34 
UHAT IS ALF UALUE ? 1 

Q • 

STATION INVERT Et.EV SLOPE 
FT FT 

3288. 24 . 488 -.e01J 

317S. 24.3-48 - . 8913 

307S . as . 220 .eeas 
2955. 25.238 . eee1 

2878 . 2S .299 . eee? 
2773. 2S.329 . 8eeJ 
267S . 25 .269 - .eeeG 
2573. as.Jee .eee .. 

2479. as . ..  ee .ee1e 

2389. 25 . 468 .eee1 
2282. 25.499 .eee3 . .  
2188 ,  25 ,589 , 8999 

2070. 25.648 .eees 
1987. 25. 668 .eee2 
1888. 25 .788 . eee-1 
1788. 2S .698 ...  1911 

READY. 

. 
J:

-, 
1 � n",e.. f\lo P°'fn p 

_,.___ -l. . , .., I i � I -r- ::J t r.) .. :,-o. e t 
Z} 

de.p-f� -= J o . 86 

. A  CANAL. KLA�ATH -- SITES 3 TO 4 -----�----------------------·------�------------------------
iese.e CFS INITIAL DEPTH • 18. ?S FT RUGOSITV • . 235898 FT N • .e2s2 

ENERGV DEPTH 
DEPTH UELOCITV PJEZ GRADE L INE Q AIRl'Q UATER PROFILE NORMAL CRITICAL 

FT FTl'SEC FT FT FT FT 
1 e . ?se S.327 19 .758 35.671 e.eee A2 -1eee.ee0 S.629 
18. 995 S.236 10 . 995 3S. 761 e.eee A2 -1eee.eee S .682 
18. 1S6 S. 535 1e.1ss 35 .8S1 e . eee 51 S . 247 S .481 

18 . 273 5.458 18.273 35 . 966 0.eee 1'12 ae.221 S . '484 
te . 293 S.4S3 u,.293 36. 045 e. eee M2 1 1 . HB S.-491 

18 . 368 s ... ...  18 .368 36. 135 e . 0ee ft2 1-1 .122 S .495 
ie.see S . 343 1e .s2e 36 . 223 e.eee Aa - 1eee . eee s . saa 

1e . s1s S , 387 19.S7S 36 . 313 e .eee 1'12 13.266 s .saa 
19.56S S . 382 10.S6S 36.402 e.eee ru 10.203 s .stJ 
lt.587 S.277 te.587 36.479 e .eee 1'12 11.361 s .se4 

te.646 S . 249 18.64'6 36.562 e.eee 1'12 H .184 S.504 

te.641  S , 243 U) . 64 1  i 36 . 648 e .eee rn 10 ,47S S . S84 
19.677 s .220 10.677 36.7-49 0.eee 1'12 12.037 5. 584 

10. 730 S.187 10 .730 36.808 e.0ee r1a 15.168 5 .584 

18,782 s. 1ss 18.782 36 . 895 e.eee 1'12 13 . 406 S.504 

te .879 S . 129 18 , 818 36.968 e. eee A2 - i eee .eee S , 527 

1 . ·' - :  

THICKNESS 
BOUNDARY LAVER 

FT 
18.759 
18 .995 
1e. 1ss 

1 9 . 273 

t e .293 

te . 360 
1 e . s2e 

10.575 

1e.0s1 

9 . 570 

9 . 043 

8 . •f70 

7 . 848 

7.375 

6.748 

6. 196 



RAr.P FLU�E AT STATION 16+50 
l 

CYBER ?38EE DATE 82/0$/27. TIME t '4 . t9.Je. 

CAHAL SLOPE• .eee455 
FLU�E DI"EMStOHAL DATA- SILL HEIGHT•S.see IC•  .eeseeeee ICC• . 03883090 

81• 13 . 500 Z l •  . see ><L• 2 . eee 83• 19.300 Z3• . see 
01 • 12.000 z .. . . see Ct•lJ.000 03• 12.000 28• . see 
Di!• 1 2 , e00 ZS • .see TL• 17.488 04• 1 2 . 000 Z9• . see 

VI Q CRtTICAt FROUDE 
FT , CFS DEPTH-FT NO.AT V IDEAt-Q DISC.C V t  ALF 3 VJ VH . . . . . . .• . • . • • . . . . . • • . . • • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 

Yl/CL UNDER . es +++ FRICTIONAL PROBLEMS +++ INVALID REGION 
RANGE UHERE �L+TL EXCEEDS 5C V1 > SHOULD BE "INinJZED +++ SEE INSTRUCTIONS 

.2ee J.gss .u . e0J s . 349 .7394 , 04 1.0s1 1 .84 . 356 
Vl /CL UNDER . es +++ rRICTIONAL PROBLE"S •++ INVALID REGION 
RANGE UHERE Ml+Tl EXCEEDS S < Yl > SHOULD Bt nIHI"IZED +++ SEE INSTRUCTIONS 

. Jee 7.935 . 1 8  .006 9.8418 .8858 . es 1.857 2.3 1 . S39 
Vl/CL UNDER . es +++  FRICTIONAL PROBLE"S +++ INVALID REGION 
RANCE UHERE Xt+TL EkCEEDS S <Yl > SHOULD BE "t NI�IZED +++ SEE INSTRUCTIONS ... ee 12.795 . 2  .. · .e10 1 5 . 200 .8420 . 1 2  1.057 2 . 71 .718 
Vl/CL UNDER . es +++ FRICTIONAL PROBLEftS +++ INVALID REGION 
RANGE �HERE XL+TL EXCEEDS S <Vt > SHOULD BE ftIHI"IZED +++ SEE INSTRUCTIONS 

.see 18.418 � 31 .813  21.298 .86'48 .18 1.ese 3.96 . 895 
v 1 ,ci UNDER . es +++ FRICTIONAL PROBLEftS +++ INVALID  RECION 
RANGE W�ERE XL+TL EXCEEDS S <V l > SHOULD BE "INIMIZED +++ SEE INSTRUCTIONS 

. 600 24. 786 . JS .818  aa.ese .8836 . 23 1.0-49 3 , 38 1 . 012 

RANGE UHERE XL+TL EXCEEDS S ( Vl > SHOULD BE "INIMIZED +++ SEE IHSTRUCTIONS 
. 1ee 31.828 . .... .022 3S.4'4t .8978 .29 1.041 3 , 68 l.2'49 

RANGE ijHERE XL+TL EXCEEDS S CY1 >  SHOULD BE MINIMIZED +++ SEE INSTRUCTIONS . see 39 . 456 .Sl . 827 '43 . 4 10  .9088 . 36 1.036 3 , 95 1.426 
RANGE WHERE XL+TL EXCEEDS S <Yl ) SHOULD BE "INIMIZED +++ SEE INSTRUCTIONS 

.909 47.666 . S8 . 032 51.959 .9176 . ..  a 1. 032 '4 .2 1 1 .682 
-:-- 1 . 000 S& , 421 .es . eJ& 61. 81 0 . 9248 .49 1 . 0e9 4 . 46 ,1 , 178 

1 . 1ee 6S . 699 .11 . 9-41 ?0 , 590 , 9301 .S6 t . 026 4 , 69 1.gs-4 
1.2e0 7S . 482 .78 . e  .. s 80.679 . 93S7 .63 1.024 4.91 2 : 130 
t . 300 85.758 . as . es2 91 . 239 .9480 .71 1 . e22 s. 12  2 , 306 
1 , 408 96 .SU .9a .0s1 t e2 . J00 . 9437 .78 1.e2e 5.32 2.482 

�-� 1 . see un . 733 .99 . 062 1 13 , 800 . 9470 .86 1 .019  s .s 1  2.6S9 
1.see 119. 411 t .86 . 967 125 .?00 .9498 .94 1.011 5.70 e.SJS 
1 ,789 131,543 1.13 . 012 138 . 108 .9524 t . 02 1.016  S.88 J .et2 
1.eee 144.117 1 .1 9  .077 1s1 . eee .9S .. 6 1 . 10 1 . e 1s  6.06 J. 188 
1 .989 157 ,137 1.26 .983 164. 280 .9568 1 . 18 1.01s 6 , 23 3 . 365 
2.eee 178 .583 1 . 33 .e ae 177 .909 . 9586 1 , 26 1 . 0 1 "  6 . 4'8 3.54'2 2. ue 184 .'458 1 , 410 .993 192 .  s ee .9603 1 , 34 1.813 6.56 J . 720 

a.eee 198.755 t . 4'8 .898 206 .600 , 9619 1 . -42 t.913  6.72 J.897 
a.Jee 2 13.473 1 . ss • 193 221.see . 9633 1.se 1 .e12  6.88 '4 , 075 
2 . -489 228 . &0? 1 .62 . 1es 231.eee .96 .. 6 1 .58 1 . 01 1 7 . 03 ... 253 a.see 244' .154 1 .69 . 1 1 3  as2 . eee . 9659 1 .67 1 . eu ?. 1 8  ..... Jl 2 . &ee 260. 19S 1.?6 .us 269 . eee . 9679 1,75 1.e1e  7.33 41 . 609 

a .1ee 276 . ..  72 1,83 . 123 285 . 698 .968' 1 .83 1 . e1e  7.47 4 . 787 a.see 293. 2-44' 1 , 98 .121 392. 608 .9698 1 .92 1 . eie  ? . 6 1  .. .  966 
a.see · 319.-421 1 .98 .133 320. tee .9699 2 .ee . 1.eeg 7.?S 5.1 4S 
3 .eeo 327 . 999 a.es . 138 . 33?.998 .9?t8 2.ee 1 . ee9 ?.88 5.324' 3 .tee 34'Js.sns 2 . 12 . U3 356 , 199 .9?16 2 .n  1.ee9 a.ea s.seJ 

..._......._....r.:.;..:� .. :\ 

• 

• 

c::;.,,. • ..... � I (l_ I 1; ·-I- !. ;c, 



! 

1 

Ille s 
? 

·w� ,., 

>< ,n 
..:..--'\ ; I 

J . 2ee 364. JS7 2 . 19 . t4B 314 . 1ee .912• 2 .2s 1.eee e . 1s s . 682 
3 , Jee JBJ . 133 2 .21 . 1sJ 393.100 .9131 2.JJ 1.eea 8 .as s . s&1 
J . 4ee 4e2.Je6 2 . 34 .1s1 •1J . 1ee . 9738 2 . 42 1.eee e . 4e 6 , 040 
J .see 421 ,874 2 . 41 .162 432.900 .974S 2.se 1.ees s.sJ 6 . 220 
J . 6ee 441 , BJ? 2 . 49 . 167 �SJ. tee .9751 2 . s8 1 .ee1 8 ,65 6.400 , 
3 , 100 462 , 194 2 . s& . 111 473 , 100 .9757 2. s? 1 .ee1 a .11 6 , 579 
J . 800 482.944 2 , 63 . 176 494.700 .9763 2 .75 1 . 001 8.89 6 . 759 ; 0 3 .900 504,081 2 . 11 , 1 80 516 , 000 .9769 2.83 1 , 007 9 . 01 6 ,939 .... i-,· o 
4 .eee s2s .s21 2 .1s . 18s 531 . eee .9774 a .91 1 . ees 9 , 13 1 . 119 
4 . 100 547 .sss 2 , 86 . 1sg ss9, gee ,9779 J .ee 1.ee& 9 . 24 1 .299 , 

CYBER 730££ DATE 82185127, Tift£ 14, 29 ,28 .  

CANAL SLOPE• .eee4SS 
FLUME D l"ENSIONAL DATA- SILL HEIGHT•S , 890 K• . eeseeeee KC• .93803000 

B1•1J.see · z1• .see XL• 2 .eee BJ•t9. Jee ZJ• .see 
01-12 . eee Z4• . see CL• tJ.eee DJ•12 .eee ZS• . see 
02-12.eee ZS• . see TL•17 .4ee D4•12 . eee zg • • see 

Vl Q CRITICAL FROUDE 
FT ,  CFS DEPTH-FT HO .AT V IDEAL-Q DISC .C  Ul ALF 3 VJ YN . . . . . . . . . . . . . . . . .. . . . . . . . ... . . . . . . . . . . . . . . . • ••. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 .2ee ssg , gee 2 .93 . 194 sea.see . 9784 J.ea 1 . ees g . J& 7, 479 
4 ,388 592, 578 3 . 01 . 198 60S .408 .9788 3 , 16 1.096 9 . 47 7 . 659 
4.4ee &15. 674 J . ee . aea s2s . 1ee .9793 J . as 1 . ees 9 . ss 7. 839 
4 .see 639, 159 3 , 16 . 201 652.400 . 9797 3.JJ 1 . ees 9.69 s . 019 
4 , &ee 6&3. 034 3 . 23 . 211 s1s.se0 . 9se1 3 . 41 1 . ees 9 .ae 8 . 199 

4 . 1ee 687 .298 3 . 31 . 21s 10e. gee .gees 3 . 49 1 . 00s 9 ,91 s . 3s0 
4 . aee 111 .9s1 3.39 . 219 12s.see ,9809 J . 57 1 . 0es 1e.ee e . 56e 
4 ,gee 736 .993 J . 4& . 223 751 . eee ,9BtJ  J . ss 1. 0es 10 . 10 0 . 140 
s.eee 762. 424 3 , 54 . 221 11, . 100 .9817 3 , 74 1 . 0es 10 .20 e .920 
s . 1ee 788 . 244 a . sa .231 902. ?ee .9e2e J.s2 1 . ees 10 . Je 9. 10e 

5. 2ee e14 . 40J 3 ,69 .23s s29.eee .9824 J .9e 1. ees 10 . 40 9. aae 
s . Jee B41.e00 l , 7? , 239 ass . gee .9826 3 .9a 1.ees 10 . se 9.461 
s . 4ee B&? .986 3 .as . 243 883. eee .9s30 4 . es 1 . ee4 1e .se 9 . 6-41 . 
s . see 89S .Jse 3.93 . 247 91e .see .98JJ 4 , 14 1 . ee4 1e. 1e 9 .ea1 
s . &ee 923 ,159 4 , ee . as t  938 . see .9836 4 . 22 1. ee4 1e.ee 10 . 001 

s . 1ee gs1.a12 4.es . ass gss . see .9839 4 .Je 1 . 004 1e. ge 1e . 1e2 
SUB"ERGENCE Ll"IT EXCEEDED +++ �EASUREMENT REGION QUESTIONABLE 

s .see 979.8S4 4 . t& . ass ggs . &ee .9&4a 4 , Ja 1.e04 11.ee 1e . J62 
SU BntAQENCE LlnJT EXCEEDED +++ �EASUREMENT REQION QUESTIONABLE 

s .9ee 1eea .1es 4 , 24 .262 1e2s .eee , 9845 4 . 46 1 . ee4 11 . 10 10 .s-42 
SUB"ERGENCE LlftlT EXCEEDED +++ MEASUREMENT REGION QUESTIONABLE 

s.eee 1e39 , 101 4.3a . 266 1es4. eee .9848 4 . SJ 1 .ee4 11 .20 10 . 122 
SUB�ERGENCE t1n11 "UCH EXCEEDED +++ nEASURE"ENT RECI OH HIGHLY QUESTI ONABLE 

s.1ee 1e&?.818 4 , 39 . 269 1ee4. eee ,9as1 4 . 61 1 . ee4 11. Je 10 .sea 

CAUTION SHOU LD ALUAYS BE USED RECAROING LOU U£LOCITJE9 I N  APPROACH SECTION . 
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CVBER ?38EE DATE 82195.,27. TJl"E e9.ee.J?. 

CANAL SLOPE• .eee4SS 
FLU1'1E Dl"ENSIONAL DATA, SILL HIIQHT•s.eee K• .00seeeee KC• 

a 1 •1J.see Zt • .see XL• 2.eee BJ• 19.Jee ZJ• . see 
D1 •12.eee Z4• .see CL• t3.eee D3• 12.eee ze• .see 
02-12.eee zs• .see TL• t?.4ee D4•12 .eee zg • .  see 

V t  Q CRITICAL FROUDE 
FT. CFS DEPTH-FT NO.AT V l DEAL-Q D ISC.C Vt ALF 3 

.eJeeJeee 

VJ YH · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · ·� · · · · · · · · · · · · · · · · ·  
SUBMERGENCE LI"IT E�CEEDED +++ "EASURE"EHT REGI ON QUESTIONABLE 

s.e2e 1044 .eee 4.33 .as1 te6e.000 .9849 4.ss 1.004 11 .20 10 . 1sa 
SUB"ERGENCE LlftlT EXCEEDED +++ MEASURE"EHT REGION OUESTIOHABtE 

6 .eaa 1e•4.&t0 4.JJ . 267 1e61.ee0 . 9849 4.ss 1 . ee4 11 .20 10. 1&2 
SUB"ERGENCE L I"IT EXCEEDED +++ MEASURE"EHT REGION QUESTIONABLE . 

s . 0�4 1e4s.aea 4 . 33 .2s1 1061 . 000 . 9849 4.ss 1.ee4 11.20 10.765 
SUBMERGENCE LI"IT EXCEEDED +++ "EASURE"Eh1 REG ION QUESTIONABLE 

6.e26 1945 . 794 4 . 34 . 267 1e62.00e . 9849 4 . ss 1.ee4 11.2e 10.1sg 
SUBNERCEHCE LinIT EKCEEDED +++ �EASUREN£NT AECJON OUESTIONA8LE 

6 . e2a 1046.JB? 4.34 .2s1 1e&2.0ee .9849 4.S& 1.ee4 11.ae 1e.112 
SUBNERCENCE LlftIT EXCEEDED +++ �EASURENENT REGION QUESTIONABLE 

6.e30 1046.979 4.34 .261 10sJ.00e .9849 4.S& 1.0e4 11 .2e 10.11& 
SUB"ERGENCE L I"IT EXCEEDED +++ "EASUREftEHT REGION QUESTIONABlE 

,.eJa 1e41.s12 4.34 .2&1 10s4.e0e , 9849 4 .56 1.ee4 11.20 1e.1ee 
SUBMERGENCE ll�IT EXCEEDED +++ NEASURENENT REGION QUESTIONABLE 

6 . &34 104e.1ss 4.34 . 261 1864.eee . 9849 4 . ss 1 .ee• 1 1 .20 10.1e3 
SUBMERGENCE LI"IT EXCEEDED +++ NEASUAENENT REGION QUESTI ONABLE 

s . eJ& 1e4a ,1ss 4.34 . 267 1ess.eee .9849 4 .56 1 . 004 11.2e 10.1s1 
SUBMERGENCE LI"IT EXCEEDED +++ NEASURENENT REGION QUESTIONABLE 

6.e3s 1049.JSt 4.3s .2&1 106s.0ee , 9849 4.56 1.0e4 11.2e 10.190 
SUBNERGENCE LIMIT EXCEEDED +++ NEASURENENT RECION QUESTIONABLE 

&.e4e 1049 . 94S 4 .Js .2&7 1ess.0ee .98�9 4.s1 1 . ee4 11.20 ie.794 
SUBNERGENCE linIT EXCEEDED +++ �EASURENEHT REGION QUESTIONABLE 

s.e42 1ese.s3e 4.35 . 2s1 1e&1.eee .9849 4.57 1 . ee4 11.2e 10 .199 
SUBftERGEHCE LlftIT EXCEEDED +++ "EASURENEHT REGION QUESTIONABLE 

s.e44 1es1.1J2 4.3s .2&1 1es1 .eee . 9849 4 .57 1.0e4 11.30 1e.se1 
SUB�ERGENCE LlftIT "UCH EXCEEDED +++ ftEASUAEftENT REGION HICHLY QUESTIONABLE 

6 ,846 1es1.12s 4 . Js .268 1e6e.eee .9849 4 ,57 1.ee4 11.le 1e.ses 
SUBftERQENCE LlftIT "UCH EXCEEDED +++ NEASUREMENT REGION H IGHLY QUESTIONABLE 

s.e4a 10s2.319 4 .35 .2sa 1ese.eee ,9849 4 ,S7 1.0e4 11.3e 1e.sea 
SUBl'IERGENCE Ll"IT nucH EXCEEDED +++ ftEASUREMENT REGION H ICHLY QUESTIONABLE 

s.ese 1es2 . 914  4.36 .a6a 1esg .0ee . 9849 4 .57 1.ee4 11.Je - 10 .812 
SUBMERGENCE LlftIT MUCH EXCEEDED +++ MEASUREftENT REGION HIGHLY QUESTIONABLE 

s.ese 1es3 . sea 4 ,36 .ase 1e1e.eee .9858 4.se 1.ee4 1 1.Je 10 .816 
SUBNERGENCE LiftIT ftUCH EMCEEDED +++ "EASUREMENT REGION HIGHLY QUESTIONABLE 

s.es4 10s4 .1e2 �.3& .ese 1e1e.eee .9ase 4.sa 1.ee• 11.3e 1e.e19 
SUB"ERQENCE LINIT NUCH EXCEEDED +++ "EASURENENT REGION HlGHLV QUESTIONABLE 

s.ess ses4.697 4.3& .2&a 1e11.eee .9ase 4.58 1.ee� 11.Je 1e . e23 
SU8ftERGENC£ llftlT "UCH EXCEEDED ••• ftEASUREftENT REGION HJGHLV QUESTIONABLE 

, •• ,, sesc .aea 4.3G , .a1a 1,11 .,ee .ease � . s, · a . eo� s 1 , l� ,e .eae . 
SU8N:RGENC£ LlftlT fhJCH EMCE£DED +++ nEASUREftENT RECION HIGHLY QUESTIONABLE 

s.e6e 1ess.aa? �.3& .2,e 1e1a.eee .gsse 4.se 1.ee• 11.Je 1e.sJe 

CAUTION SHOULD ALUAYS IE USED RECARDINC LOU VELOCITIES IN APPROACH SECTION. 
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RAMP FLUnE AT STATION 28+08 

CYBER ?30EE DATE aa.1es.121. TIME 14 .13 . 14 .  

CANAL SLOPE• .089918 . aeseeeee ICC• . 23seeeee FLUME Dl"EHSIOHAL DATA- SILL HEIGHT•S . 333 K• 
81•13.SH Zl • .see ><L• 2 .000 B3• 18.833 Z:.l• . see 
01•12 . eee Z4• .see Cl• tJ.000 Dl• ta . eee ZS• . see 
»2•12.eee ZS• . see TL•16.000 D4•ta .eee Z9• . see 

Y l  0 CRITICAL FROUDE 
F'T • CFS DEPTH-FT NO.AT V tDEAL-0 D lSC.C Vl ALF' 3 VJ YN • • • • • • • • . • . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 

Yl.lCL UNDER .es +++ FRICTIONAL PROBLE"S +++ INVALID RECION 
RANGE UHER£ ML+TL EXCEEDS S <Y l > SHOULD BE "lNtnIZED +++ SEE INSTRUCTIONS 

.aee 3.867 .u .eeJ s.22e • 74es .e4 t . es? 1 .e4 • 381 
Yl/CL UNDER .es +++ FRICTIONAL PROBLEns +++ INVALID  REGION 
RANGE YHERE XL+TL EXCEEDS S <Y l ) SHOULD BE ntHIAlZED +++ SEE INSTRUCTIONS 

. Jee 7.755 .18 .ee7 9.612 .8068 .es 1.057 2.32 
Y1/CL UNDER .es +++ FRICTIONAL PROBLE"S +++ INVALID REGION 

.561 

RANGE YHERE XL+TL EXCEEDS S < Y1 >  SHOULD BE �lNINIZED +++ SEE INSTRUCTIONS 
.408 12.S93 .24 . eu 14.830 .8429 . 13 1.0s1 2 . 11 .736 

VI/CL UNDER .es +++ FRICTIONAL PROBLE"S +++ INVALID REGION 
RANGE UHER£ ML+TL EXCEEDS 5 < Y1 > SHOULD BE ftINlftlZED +++ SEE INSTRUCTtOHS .see 17. 988 · . 31 .01s 29.780 · . 865S .19 · 1 .ess 3.96 .997 
Vl/CL UNDER . es +++ FRICTIONAL PROBLEftS +++ INVALID REGION 
RANGE UHERE XL+TL EXCEEDS S < Y1 >  SHOULD BE MINIAIZED +++ SEE INSTRUCTIONS 

. 688 a•.211 . 38 .020 27.390 . 88-41 .25 1 . 0-49 3.38 1.979 
RANGE UHERE XL+TL EXCEEDS S < Yl ) SHOULD BE MIN1"12ED +++ SEE INSTRUCTIONS .1ee 31.892 .44 . ea-t 34.610 .898 .. . 31 1 . ,  .. 2 3.68 1 , 249 
RANGE �HERE XL+TL EXCEEDS S C Vl ) SHOULD BE MINIAIZED +++ SEE INSTRUCTIONS . aee 38.5S7 .st .929 42.400 . 9993 .38 1 , 036 3 .96 1.418 
RANCE UHERE XL+TL EXCEEDS S <Y t > SHOULD BE ftININIZED +++ SEE INSTRUCTIONS 

. · , 918 46.S84 ,SB .635 se.?se .9180 . 4S t . 832 4.21 1, 587 
RANGE UHERE XL+TL EXCEEDS S<Yl > SHOULD BE fllNJ"IZED +++ SEE lNSTRUCTIONS 

t .eee 55. 147 .65 , 049 59. 610 .92S1 .sa . 1.ta9 4 .46 1 , 755 
1 . 1ee 64.224 .71 .045 68 , 999 .9310 .69 1 .e2& 4 . 69 l .92� 

1 . aee 73, 799 .78 . es1 1s.sse .9360 .67 t . 024 4 . 91 2.098 
1.3ee 83.8S8 .as . ess 89.199 ,9492 .7S 1. e22 s. 12 a. 2s1 t . 4ee 94.388 .92 .062 ue.eee , 9439 . •  83 1 .eae S . 32 a . 424 
1 . see 185 , 388 .99 . es? 1 1 1 . Jee . 9472 ,91 . 1 . e19 . s.s2 2 . 592 1 .&ee 116 ,823 1 .es .073 123 .eee , 9S98 .99 1 , 818 S.?e 2 . 759 
1.1ee 128 . 714 t . 13 .979 1Js . tee .9525 1 . ea 1 . eis S.89 a.926 1.aee u, .e_.2 1 .20 . ee.c u1.1ee . 9S-48 1 . 16 1 .016 6 . 86 3. 893 1 .gee 153 , 81 1  1 .a1 .e9e 160.708 .9569 1 ,24 1 .01s 6 . 24 3. 260 2 . eee 167 .002 1 .34 .995 174.2ee . 9587 1.33 1 . eH 6 . 40 3.428 
2.1ee 188.617 1 . 41 .1e1 18B . tee .960,f I . 4 1  t .013 6 . 57 3 . 595 

2.aee 194 . 651 1 ,48 .1es 292 , 380 .9628 1 . se t . 013 6.73 3.763 a. Jee 289, 101 1.ss . 1 12  217.009 .9634 t.se 1 .012 . 6 . 88 J .93t 2.4ee 223.'163 1 .62 . u1 232.c?ee .9647 1 .-67 1 .e u  1.03 4 . 098 
e.see 239.236 1 . 69 . 1aa 2-17.709 . 9659 1 . 1s 1 . eu ? . 18  4'.266 a.see as-t.tte t . ?6 . 121 263. 608 .9671 t . 8� 1 . eu 7 . 33 -t . 434 

2.?ee 278.996 1 .a  .. .133 279. 988 . 9681 1 . 93 1 .e s• 1 . �11 ... 682 a.see 287.484 1.su . 138 29s.1ee .9691 a.e1 1 .e1e 7.61 '4 . 771 2.uee 394.374 1 . 98 . t-43 313.800 . 9798 2.10 . 1.ee9 7 .75 4 . 939 3.eee 321 .663 a.es , 1 48 331 . 380 . 9789 2 . 18 1.e09 7 . 89 5.108 
3.iee 339.351 2.13 . 153 349.280 .9?17 2.21 · 1.ee9 a.ea s.2?1 

�{'-5 /(� . 2_ �-� ., 'ry) 



3.200 35?.435 2 . 20 • 1 58 367.500 .9725 2 . 36 1.ees a .  1s  S . 446 
J . 300 375.914 2.21 • 163 386.300 . 9732 2. '44 t.808 8.28 S.615 
3.-408 394.788 2.JS • 168 '405.490 . 9739 2 . 53 1.808 8.4 1 S.784 J.see '414.ess 2 ... a .173 -124.909 . 9746 2 . 62 1.eee 8.54 S .9SJ 
3 .see o13J. 716 2 ... 9 .118 ....... 199 .97Sa 2 .1e t .887 8 . 66 , . 122 
3 . 1ee '453.766 2.s? .183 '465.000 .9758 2.19 1.907 8.78 6.292 
J . ee0 474.208 2.64 • 188 "485.708 . 9764 2 .87 1.ee1 8.90 6.461 
3 . 989 -495.0-41 2 , 72 .192 506,700 .9770 2 . 96 1.ee1 9.02 6 . 639 
o1.eee 516.264 2.19 , 197 sae.aee .9774 3.04 1 . 886 9. 1 -t  6 , 800 
4.1ee 537.88'4 a .a1 .2e2 sse . 000 .9780 J. 13 1.ees 9.as 6.970 

1 
CVBER 130EE DATE 82/05/27. Tll'IE u .  t -1.,13. 

CAHAL SLOPE• . 009918 
FLU �E Dl�EHSI ONAL DATA, SILL HEIGHT•S.333 IC• .00seeeee ICC• . 23588000 

91•13.500 Zl • .see ><L• 2.eee BJ• t s.833 ZJ• .see 
01-12.eee Z4• .see CL•1J.eee DJ•1a.eee ZS• .see 
02-12.eee ZS• . see TL•1s.eee D4•12.099 Z9• .see 

Vt  Q CRITICAL FROUDE 
FT. CFS DEPTH-F'T NO , AT Y IOEAt.-0 DISC.C V1 ALF 3 V3 VN . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . .. . . . • . . • . . . . . . . . . . . . . . .. . . . . . . . . . . .  

4.200 S59. 998 , 2 . 94 .296 s12 .2ee . 9784 3.22 1.ees 9.37 1. ue 
... Jee 582.274 J . ea .au S94 . 888 . 9789 3.39 1 .ees 9 . ..  8 7.309 .. . .. ee 695.051 3 . t e .21s &11 . aee ,9794 3.38 1 .ees 9.59 7.479 
4 . 500 628.217 3 . 17  .22e 6-tt .280 .9798 3.'4? 1.ee6 9.70 7.649 .. .  see 6S1.770 3.25 .224 664.900 ,9882 3.SS 1.ees 9.81 7.819 
4.700 675.710 3.32 .228 689. iee .9806 3.64 · 1 . 895 9.92 7 ,989 
4.see 708 , 038 3 . 40 .233 113.see .9810 3 .7a 1 .ees 10.00 8 . 159 
-4.900 724.754 3.48 .237 738.S00 .9815 3 . 80 1 .e0s 10. 10 8 , 329 s. eee 7 .. 9.857 3.S6 , 241 763.808 .9818 3.89 1 .ees 10.20 8 . 499 
s .100 775.347 3.63 .a4S 789 ,588 .9821 3.97 1.ees 10.30 8.669 
s . 20e &el. l 7S 3 , 71 .249 S ts.see . 9824 4.05 t .ees 1 0. -10 8 . 838 
s.Jee 827 . 439 3 . 79 .i!SJ 842,000 .9828 4. 14 1.00s 10.se 9.908 
s . -tee 854,126 J.87 .2s1 868.800 .9831 4 , 22 1 .004 u,. se 9.179 
s.see 881.166 3.94 .261 896 ,000 .9834 4.30 1, 004 10.70 9.3-49 
S.600 908 .593 .c .ea .26S 923.600 .9838 �.JS 1.00.c 1e.s0 9 , S19 
s.1ee 936 • .C88 '4.18 .269 951.609 ,98-41 .. . ..  6 1 . 804 . 10. 98 9 ,689 
s.aee 

SUB"ERGENCE LlflIT EXCEEDED +++ �EASURENEHT REGION QUESTIONABLE 96-4.s1e 4.te .213 979.9ee .9844 4 . s-1 1.ee4 11.00 9. 859 

5.989 
SUB"ERGENCE LI"IT EXCEEDED +++ MEASUREMENT REGION OUESTIONA8LE 
993.201 4 . 26 . an 1989.000 . 98-17 '4.63 1 , 904 l 1. 1 0  10.eag SU BMERGENCE llftIT EXCEEDED ++t MEASUREMENT REGION QUEST IONABLE 6.eee 1022.i ee 4.34 . as1 1eJe.eee .9849 4.71 1.004 11. 20 10.199 SU BflERGENCE LiftIT MUCH EMCEEDED +++ flEASURE"ENT REGION HIGHLY QUESTIONABLE &.100 10s1.547 ... �2 .2a4 1es1.eee .9ssa ... 79 1.ee4 11.Je 1e.Jss 

CAUTION �HOUlO At.�AYS BE USED RECARDINC LOU VELOCITIES IN APPROACH SECTION • 
. · :·-/ 
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1 
CVBER ?38EE DATE s2,es,es. 

CANAL SLOPE• .088918 

RK• 
? 

Tl P!E l 8 • 29 • 4 t • 

FLU�E DlftENSlONAL DATA- SILL HEIGHT•S. 333 K• .eeseeeee KC• .23seeeee 
11-13.see z t •  .see XL• 2.000 BJ• te .eJJ ZJ• .see 
01-12.000 Z4• .see CL• tJ.eee DJ•12.eee ze• .see 
02-12.eee ZS• .see TL• t & .eee D4•12.eee Z9• .see 

Yl Q CRIT ICAL FROUDE 
FT . CFS DEPTH-FT NO. AT Y IDEAL-Q otsc.c Vt ALF 3 U3 YN . . . . . . . . . . . • . . • . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUB�ERGENCE LinIT EXCEEDED +++ REASUREMENT REGION QUESTIONABLE 
s.ese te4e.eee 4.4e .2&4 1es1.eee . 9852 4 .11 1 . ee4 11. Je 10.337 

SUBRERGENCE LIMIT EXCEEDED +++ nEASUREftENT REGION QUESTIONABLE 
6.eet 1845.937 · 4.4e .284 1062.eee .9852 4.77 1.004 11.Je 1e.JJ6 

SUBN£RGENCE LlftlT EXCEEDED +++ nEASUREftENT REGION QUESTIONABLE 
s .012 1046.232 4.40 .284 1es2.9ee .9852 4.77 1.ee4 11.30 1e.JJ8 

SUBnERGENCE LI"IT EXCEEDED +++ MEASUREftENT REGION QUESTIONABLE 
s.ee3 1e4&.s21 4.4e .2a4 1es2.9ee .9ssa 4.11 .1.e04 11.Je 1e.349 

SUBMERGENCE Ll�IT EKCEEDED +++ MEASURE"ENT RECION QUESTIONABLE 
6 .884 1t46.822 4.48 .284 1863,888 .98S2 4.77 1 , 894 11.38 19.341 

SUBftERCENCE Ll"iT EMCEEDED +++ "EASUREnENT RECION OU£STIOHADLE 
&.885 1e41.111 4 , 48 .214 1esl.0e0 .9852 4.?? 1.ee4 1 1.Je 1e.343 

SUB"ERGENCE Ll"IT EkCEEDED +++ nEASUREnENT RECION QUESTIONABLE 
s.eas - 1947.412 �.•1 . 2a4 te&J.eee . 9852 4 . ?e 1.ee4 11.Je 10.345 

SUB"ERGENCE LI"IT EMCEEDED +++ nEASURE"ENT REGION QUESTIONABLE 
6.887 1947.?0? 4.41 .284 1863.900 . 98S2 4.78 1 . 904 11.39 10.346 

SUB"ERCENCE Ll"IT EKCEEDED +++ "EASURE"ENT REGION QUESTIONABLE 
& ,888 1848.eea 4.-tt .214 1es•.e00 .9852 4.7a 1 . ee4 11.Je 1&.348 

SUB"ERGENCE Ll"IT EXCEEDED +++ MEASUREMENT REGION QUESTIONABLE 
��889 1848.298 4.41  .284 1864.098 .9852 4.78 1.884 11.38 18.358 

SUBMERCENCE Ll"IT EXCEEDED +++ �EASURE�EHT RECION QUESTIONABLE 
&.e9e lt48.S9l 4 ,41 .2a4 te&4.eee .98S2 4.?a 1.0e4 11.30 1e.3s1 

SUBM[RCENCE LI"IT EXCEEDED +++ MEASUAE"ENT RECION QUESTIONABLE 
s.es1 104s.ssa 4 , 41 .284 1e6s.ee9 .98S2 4 . 1a 1.004 11.Je 10.353 

SUBMERGENCE LiftIT EXCEEDED +++ nEASURE"ENT RECION QUESTIONABLE 
s.092 1849.183 4 .41 .284 1ess.eee .98S2 4.11 1.e04 11.3e 1e .Jss 

SUBnERGENCE LlftIT l'l\JCH EKCEEDED +++ "EASURE"ENT RECION HIGHLY QUESTIONABLE 
s.e93 · te-49 . 419 . 4.41 .2e4 1ess .eee .9ss2 ... ?B 1 .ee4· ·11 .Je 1e . 3s1 

SUBftERQEHCE Lt"IT ftUCH EXCEEDED +++ ftEASUREftENT REGION H IGHLY OUEST IONABLE 
s.094·, 1949.114 4.41 .284 sess.eee .9852 4.?s 1.ee-t u.3e _ 10.Jsa 

SUINERGENCE LiftlT ftUCH EXCEEDED +++ f'IEASURERENT REGION HIGHLY QUESTIONABLE s.egs 1ese.es9 4.41 .28• 106s .eee .9852 4.78 1.004 11.Je 10.3&0 SU8"£RGENCE LiftlT . "UCH EXCEEDED +++ flEASUAE"ENT REGION HIGHLY QUEST IONABLE s.eH tese.3&5 4.41 . .a,_. 1e&s.eee .9asa 4. ?8 t . 0e4 11 .J0 ie.3&2 
SUBl'IERGENCE LIPIIT. "UCH £)(CE£DED +++ t'1£ASUREl'IENT REGION HIGHLY QUEST IONABLE : s.e9?. tese.&se · 4.•U .ea4 196&.eee .9852 4.78 1.ee4 11.Je 10.363 . SUBftERCENCE LUtJT fllJCH EXCEEDED +++ NEASURENEPfT REGION HIGHLY OUESTIONABLE · . s.etB tese.vss 4.41 .as4 . .  te&?.eee . · .9852 4.?a 1 .ee-t 1 1.3e 1e.1&s . · . ::- . . . . . .  ···. SUBl'ttRCf:NCE l.lft,l.T·,'1UCH E>CCEEDED •++ . .  _N£ASUAE"ENT- - R£0I� HIGHLY . QUESTIONABLE,: . __ . .  

. · · : ' '; · .· ,>;'.8.191,_ ••st�_ll,1:t:, _ ; 4�4118_;1:r�·c ,188'4 ,e)t,l,�,�.�·i:;'.'.f: '•;'asa --�;·'1�.": ' ·':"" p , 31 \; " ie.3�7. ,·..;�-':'. \. · 

CAUT�� �;tiL�:; �i.UAYS' 1£ �SED �E�;�I,«� '. .. � ... u��ocniE� . '�N APPROACH SECTION. 
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1 

CVBER 739EE DATE 92,-es,21 . TIME 08.-48 . 88 • 

CANAL SLOPE• . 880918 
FLUME DlnENSIOHAL DATA• SILL HEIGHT •S.lll (•  .eeseeeee KC• :23seeeee 

B1•1J.s00 z1• .see �L· 2 . eee BJ• te.sJJ ZJ• .see 
D1•12 .eee Z4• .see CL•13.eee DJ•12.eee ZB• . see 
02-12.eee ZS• .see TL• t&.eee D4•12.eee 29• . see 

Vl Q CRITICAL FROUDE 
FT. CFS DEPTH-FT HO .AT Y IDEAL-0 DJSC.C Vt ALF 3 VJ VN . . . . . . . . • . . . . . .. . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s . 599 908.Jee 4.02 .2&s 923.388 .98J8 4.Js 1�004 10.ee 9 . s11 
S.619 913.848 4.04 .266 928.990 .9838 4.40 1.004 18.90 9 . 551 
s.&39 919 . 39S 4 .es .2&1 9J4 . 4ee .9839 4 . 41 1 . 004 10 ,ge 9.ses 
S.659 924.957 - 4.07 .268 940.888 , 9848 4.43 1 .004 10 ,90 9 . 619 
5,619 938, 534 4 .88 · .268 945 .789 . 9840 4 . 4� 1 , 804 10 . 90 9.653 

S.699 
S . 719 
s.139 
S , ?S9 
S .179 

S.799 

S .819 
S.839 

S. 859 
S.879 

936 , 128 4.18 , 269 9S1.308 .9841 .. . ..  6 l.004 10 . 90 
941 . 736 4. 12 . 278 9S6.988 . 9841 4 . 48 1 . 004 11 . ee 
SUBMERGENCE LIMIT EXCEEDED +t+ MEASUREMENT REGION QUESTIONABLE 
947 . 361 4.13 .a11 9Ga . see .9&4a 4.49 1.004 11 . ee 
SU91'1ERGEHCE L lrtlT EkCEEDED

. 
+++ NEASUREl'IENT REGION QUESTI ONABLE 

953.000 · 4 .15 .271 968.388 , 9842 4 , 51 1 .ee4 11.ee 
SUBl'IERGENCE Lll'IIT EXCEEDED . +++ l'IEASUREftENT REGION QUESTIONABLE 
958.656 4.16 .212 9?3 ._989 . 9843 4.SJ 1 ,004 11.00 
SUBMERGENCE LIMIT EXCEEDED +++ NEASUREl'IENT REGION QUEST I ONABLE 
964 . 326 4 , 18 .273 979,688 .9844 4.54 1 . 094 11.00 
SUBMERGENCE LIMIT EMCEEDED +++ l'IEASUREl'IENT REGION OUESTIONA9LE 
978 .013 4 ,  19 .2?4 98S ,488 . 9844 4.56 1.004 11.10 
SUBMERGENCE LIMIT EMCEEDED +++ MEASUREMENT REGI ON QUESTIONABLE 
975 , 715 4 , 21 .274 991.189 .984S 4.58 1 ,00-4 11. 10 
SUBMERGENCE LIMIT EXCEEDED +++ MEASUREMENT RECION QUESTIONABLE 
9at , 43a -4 . 23 .ins · 99;.see , 9845 • . s9 s ee4 11 .1e 
SUBMERGENCE LIMIT EkCEEDED +++ "EASUREnEHT REGION QUESTIONABLE 
987. 16S 4 . 24 , 276 1ee3.eee ,9846 '4 �61 1.ee4 11.10 
SUBNERCE"CE LlftlT EXCEEDED +++ ftEASUREl'IENT REGION QUESTJOHABLE 

9 . 6B7 
9. 721 

9.755 
9.789 
9.823 

9.857 

9.891 
9.925 
9.959 

9.993 

s.899 992.913 4 .26 .211 1ees . eee .9816 4.62 1.0e4 11.10 10.021 
SUBAERGENCE LI"IT EXCEEDED +++ "EASUREMENT REGION QUESTIONABLE 

s.vt9 998 .&?7 4 .a? .a?e 1e14.eee .9847 4 . 64 1 .ee1 11.10 1e .es1 
SUBMERGENCE Ll"IT EXCEEDED +++ �EASURE"ENT AEO ION QUESTIONABLE 

s .939 1ee4 . 4S7 4 , 29 .211 1eao.eee . ga�a 4 , 66 1.ee4 11.20 te.egs 
SU8ftERCENC£ Ll"tT EXCEEDED +++ MEASUREnENT REGION QUESTIONABLE 

s . ssg 1e1e.2s2 4 .3e .219 1e2s . eee .9848 4.67 1.00• 11 .20 10.129 
SUBMERGENCE LINIT EKCEEDED +++ �EASURENENT REGION QUESTIONABLE 

s .919 1e1s.es2 4 .32 .aae 1032 .eee ,9849 4 ,69 1.ee4 11.20 10.163 
SUBnERGENCE LlNlT EKCEEOED +++ MEASURE"ENT REGION QUESTIONABLE 

s .1H 1ee1 .aaa 4,34 . aa1 tele.eee .g94g 4 . 71 t . ee• u .2e u, . 191 
SUBftERQENC£ LI"IT EXCEEDED +++ "EASURE�ENT AEGIO" QUESTIONABLE 

s.111 t ee? .?3t 4 .35 .2a1 : 1843 .eee .gese · 4 . ?a 1 .ee4 u.ae · u, .231 
SUBftERG£NCE Ll"IT EXCEEDED +++ NEASURE�ENT REClON QUESTIONABLE . . 

,.,a te33 , S87 ·· 4 . 3? .aa2 1e .. o .eee . vas• .: "· ?4 1 . ee• u .3e · u,. ass . : ·· 
$UINE�UNCI Ll"It EXCEEDED +++ ftEASUAE�ENT ,cctCN OUtSTJ OHA8L[ . '. .  

e.oso 1839 .4S9 4 ,38 .2a3 1ess.eee .sas1 4 .?s 1.ee4 11 .3e se .a99 . 
, :. SU8ftERGENCE LlftlT EMCEEDED +++ ftEASURE"£NT REGION QUESTIONABLE 

s.e11 1e4S.348 4.4e · . 2s4 1es1.eee .9ss2 4 , 77 1 . ee4 11.Je 1e .JJJ · . . 

SU8ftERCENCE LlftlT nucH· EXCEEDED +++ PIEASUREftENT REGJON HICHLV OUESTJONABLE 
-._ . 

. .  r ·  .' : , . ·  ' 

' I  � :.� ; 

·;-!-: .... .  , i :-:i . ·\. . · '- .. - C (· 
& 
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United States Department of the Interior 
�nreclu of Reclamation 

KLAMATH PROJECT 

Memorandum Date If k/4-c/: 
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To: j?J /:y;·/4u-. i. _,I �� /"/4/'/;n /}-/S]:, 1-
1/ .... r:, --4 �..-=rr:rr .�. 
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