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MEMBER OF THE STANLEY CONSULTANTS GROUP • INTERNATIONAL CONSULTANTS IN ENGINEERING, ARCHITECTURE, PLANNING, AND MANAGEMENT

Please review the enclosed calculations and contact me if you have any questions or comments.

This report is intended to supplement the "Preliminary Calculations for Final Design" submitted for
60%. The final deliverables will consolidate the information into a final, bound, sealed report.
Please refer to the original report for any design calculations not included herein.

Tel: 602/912-6500 • Fax: 602/912-6599

~~~ STANLEY CONSULTANTS, INC.

June 14, 1995

RE: 10th Street Wash Detention Basin No.1
(FCD 95-10)
90% Supplemental Design Calculations

Mr. Don Rerick
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
2801 West Durango Street
Phoenix, Arizona 85009

Dear Mr. Rerick:

The enclosed supporting calculations document the 90% submittal of the design for 10th Street Wash
Detention Basin No. 1. The various sections pertain to individual components of the project. The
inside pocket contains a diskette with HEC-1 and HEC-2 computer model files. (Microstation 5.0
CADD files will be included under separate cover with the final deliverables.)

Sincerely,

gsb/klk:JUN018: 12183

Scott Buchanan, P.E.
Project Manager

STANLEY CONSULTANTS, INC.

Sfi.~)lT::.cL{ tY~A/'I

2929 East Camelback Road, Suite 130 • Phoenix, AZ 85016·4425
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1********************************************
* HEC-2 ~ATER SURFACE PROFILES *
* *
* Version 4.6.2; May 1991 *
* ** RUN DATE 13JUN95 TIME 19:23:13 *
********************************************

*************************************
* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
* 609 SECOND STREET, SUITE D
* DAVIS, CALIFORNIA 95616-4687
* (916) 756-1104
*************************************
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13JUN95 19: 23: 13 PAGE

I
I

*************************************
HEC-2 ~ATER SURFACE PROFILES

Version 4.6.2' May 1991
*************************************

THIS RUN EXECUTED 13JUN95 19:23: 13

I
SPLIT FLO~ BEING PERFORMED

SF SPLIT FL~ ROUTINE

T~ RIGHT BANK ~EIR FL~ FIRST UPSTREAM SECTION
~S 220.9821.18 -1 3.0
~C 0 1319.00 16.5 1319.00

T~ LEFT BANK ~EIR FL~ FIRST UPSTREAM SECTION
~S 2 20.98 21.18 -1 3.0
~C 0 1319.00 16.5 1319.00

T~ RIGHT BANK ~EIR FL~ MIDDLE SECTION
~S 2 20.78 20.98 -1 3.0
~C 0 1319.00 16.5 1319.00

T~ LEFT BANK ~EIR FL~ MIDDLE SECTION
~S 2 20.78 20 .98 -1 3.0
~C 0 1319.00 16.5 1319.00

T~ RIGHT BANK ~EIR FL~ LAST D~NSTREAM SECTION
~S 2 20.58 20.78 -1 3.0
~C 0 1319.00 16.5 1319.00

T~ LEFT BANK ~EIR FLO~ LAST D~NSTREAM SECTION
~S 2 20.58 20.78 -1 3.0
~C 0 1319.00 16.5 1319.00

1

I
I
I
I
I 13JUN95 19:23:13 PAGE 2

************************************************************************

************************************************************************
THIS MODEL IS INTENDED FOR USE IN ESTIMATING THE ~ATER SURFACE ELEVATION
ALONG THE 10TH ~ASH AND THE ~EST TRIBUTARY FOR PROPOSED CONDITIONS.
REFER TO THE EXISTING CONDITION HEC-2 EXHIBIT AND THE ~EST TRIBUTARY
STATIONING ON THE DESIGN PLANS FOR THE LOCATION OF IMPROVED XSECTS.
THE FL~S USED IN THIS MODEL ~ERE TAKEN FROM THE HEC-1 MODEL DONE BY
KAMINSKI-HUBBARD (ADMS) AND MODIFIED BY SCI USING THE 141 x14" STEEL
PLATE ORIFICE OPENING FOR THE PRINCIPAL SPILL~AY OUTLET PIPE OF THE
EXISTING CITY OF PHOENIX DETENTION DAM NO.3.
************************************************************************

THIS MODEL IS ESSENTIALLY THE SAME AS MODEL 12183H2B EXCEPT FOR THE
ADDITIONAL AND MODIFIED CROSS SECTIONS USED TO BETTER ESTIMATE FL~

CONDITIONS TO REFLECT THE FOLL~ING PROPOSED CHANNEL IMPROVEMENTS:

THIS MODEL REFLECTS THE PROPOSED IMPROVEMENTS REQUIRED FOR THE INLET
LOCATED ON THE ~EST TRIBUTARY. THE CHANNEL IMPROVEMENT CONSISTS OF
CONCRETE LINED REACH INCLUDING A TRANSITION SECTION FROM A TRAPEZOIDAL
SECTION TO A RECTANGULAR SECTION UPSTREAM OF THE ~EIR INLET, A
RECTANGULAR REACH JUST UPSTREAM FROM THE ~EIR AND THROUGHOUT THE ~EIR

LENGTH, AND A TRANSITION FROM A RECTANGULAR SECTION TO A TRAPEZOIDAL
SECTION DO~NSTREAM OF THE ~EIR. ADDITIONAL TRANSITION LENGTHS ARE USED
TO MATCH EXISTING CHANNEL GEOMETRY BOTH UPSTREAM AND DO~NSTREAM OF THE
CONCRETE LINED REACH. THESE ADDITIONAL TRANSITIONS ARE RIPRAP LINED TO
TO PROVIDE SCOUR PROTECTION AND BANK STABILITY. THE PROPOSED ~EIR REACH

STANLEY CONSULTANTS PROJECT # 12183
FILENAME: 12183H2C
PROPOSED CONDITION

10TH STREET ~ASH

BASI N NO. 1
MAIN STREAM SUBCRITICAL FL~

T1
T2
T3
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4 1.
T4
T4
T4
T4
T4
T4
T4
T4
T4
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T4
T4
T4
T4
T4
T4
T4
T4
T4 2.
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4

1

HAS A 12' BOTTOM WIDTH AT THE UPSTREAM END AND A 9' BOTTOM WIDTH AT THE
DOWNSTREAM END. THE TAPERED WEIR ALLOWS THE CONTROL SECTION TO BE
LOCATED AT THE DOWNSTREAM END OF THE WEIR AND PROVIDES GREATER HEAD
THROUGHOUT THE WIER LENGTH. PROPOSED CONDITION WATER SURFACE ELEVATIONS
ARE NOT ABOVE THE EXISTING WATER SURFACE ELEVATIONS UPSTREAM OF THE
PROJECT. THE MANNING'S ROUGHNESS COEFICIENT "n" = 0.016 FOR THE
CONCRETE LINED REACH AND "n" = 0.035 FOR THE RIPRAP LINED REACHES.

CROSS SECTIONS 15.77, 16.77, AND 17.77 WERE MODIFIED TO REFLECT THE
DESIGN CHANNEL CONDITIONS FOR THE PROJECT. THE CHANNEL BOTTOM WIDTH
WAS WIDENED TO 15 ft ADJACENT TO THE DETENTION BASIN AND 4:1 SLOPES
(H:V) CONSTRUCTED ALONG THE DETENTION BASIN RETAINING WALL. THE
BANK SLOPES ALONG THE EAST SIDE OF THE WASH ARE GRADED TO A 4:1 (H:V)
TO TIE INTO EXISTING GROUND. THE CHANNEL PROFILE WAS NOT MODIFIED
AND MATCHES THE EXISTING INVERT FROM FIELD SURVEYS.

THIS RUN WILL BE USED TO ESTIMATE THE PROPOSED WATER SURFACE PROFILE
UPSTREAM OF THE WEIR AND DOWNSTREAM OF THE CONCRETE LINED SECTION. THE
WATER SURFACE ELEVATIONS WITHIN THE WEIR SECTION AND IN THE EXPANSION
TRANSITION DOWNSTREAM OF THE WIER SECTION MAY NOT BE ACCURATE DUE TO
SUPERCRITICAL FLOW EXPERIENCED IN THE SPLIT FLOW WEIR PERFORMANCE. THE
SPLIT FLOW GENERATED BY THIS MODEL IS USED FOR THE HEC-l WEST TRIBUTARY
WEIR INFLOW RATING CURVE.
************************************************************************

19: 23: 13 PAGE 3

5. STARTING WATER SURFACE ELEVATION IS CALCULATED USING SLOPE AREA.

3. CROSS SECTION GR STATION 1000 CORRESPONDS TO CENTERLINE OF THE WASH.

FQ

ITRACE

WSEL

1306.5

CHNIM

Q

IBW

HVINS

ALLDC

-1

FN

METRIC

XSECH

STRT

0.001

IDIR

XSECV

NINV

PRFVS

-1

2

INQ

IPLOT

1. CROSS SECTION DATA DEVELOPED FROM ONE-FOOT CONTOUR AERIAL TOPOGRAPHIC
MAPS (DMJM ENGINEERING/KENNEY AERIAL MAPPING) AND SUPPLEMENTAL SURVEY
CONDUCTED BY SCI. DATUM IS CITY OF PHOENIX.

2. CROSS SECTIONS ORIENTED LEFT TO RIGHT LOOKING DOWNSTREAM.

4. THE ROUGHNESS COEFFICIENTS USED RANGE FROM "n"=0.020 TO "n"=0.100 FOR
EXISTING CONDITIONS AND "n"=O.018 TO "n"=0.100 FOR PROPOSED
CONDITIONS.

6. PROFILE 1: 10YR
PROFILE 2: 100YR
PROFILE 3: EMERGENCY (100YR 2HR FLOWS USED AS WORST CASE)

T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4

J1 ICHECK

J2 NPROF

I
I
I

I
I

I

J3 VARIABLE CODES FOR SUMMARY PRINTOUT

-10 -10

********REQUESTED SECTION NUMBERS********

I
I

38
15
39

1
28

J5 LPRNT

43
56
27
68

NUMSEC

1
1B
53
50

2

54
3

13
38
28
61

55
43
4

27

16
1

37
21

14
25

23

26
42
3B
24

17
8

43
22

I
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I
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NC 0.100
QT 3
X1 8.97
X2
X3
GR 1310
GR 1305

X1 9.35
X2
X3
GR 1310
GR 1305

NC 0.020
X1 10.00
GR 1311.0
GR 1306.0
GR 1307.0
GR 1312.0

NC 0.045
X1 10.32
GR 1311.0
GR 1306.0
GR 1307.0

0.045
404

9

797
1002

9

816
1002

0.020
16

673
950

1040
1127

0.045
16

849
978

1019

0.025
764
992

1309
BOB

992

1309
1308

0.020
807

1310.0
1305.0
130B.0

0.045
B90

1310.0
1305.0
1308.0

0.2
1694

1007.5

93B
1007.5

1011

926
1009

0.1
10BO
807
9BO

1052

0.1
1064
890
996

1032

0.4

BOB
1309

38

BOB
1309

0.3
55

1309.0
1305.0
1309.0

0.3
25

1309.0
1305.0
1309.0

1042
992

1028

38

1042
992

1011

55
877

1000
1065

36
900

1000
1047

1305
1310

38

1305
1310

60
1308.0
1305.0
1310.0

32
1308.0
1305.0
1310.0

997
1042

998
1043

898
1010
10BO

930
1002
1064

1304

1304

1307.0
1306.0
1311.0

1307.0
1306.0
1311.0

15

1000

15

1000

924
1026
1100

949
1011
1079



GR 1312.0 1111

I Xl 11.42 18 968 1042 90 115 110
GR 1313.0 965 1312.0 968 1311.0 971 1310.0 974 1309.0 977
GR 1308.0 982 1307.0 986 1306.0 989 1305.0 993 1304.0 1000
GR 1305.0 1007 1306.0 1015 1307.0 1021 1308.0 1027 1309.0 1033

I GR 1310.0 1036 1311.0 1039 1312.0 1042

NC 0.020 0.020 0.020 0.1 0.3
Xl 11.62 12 952 1080 20 20 20
GR 1313.0 941 1312.0 952 1311.0 958 1310.0 963 1309.0 970

I
GR 1308.0 977 1307.5 1000 1308.0 1014 1309.0 1026 1310.0 1034
GR 1311.0 1041 1312.0 1080

NC 0.045 0.045 0.045 0.1 0.3
Xl 11.82 14 966 1071 20 20 20
GR 1313.0 963 1312.0 966 1311.0 969 1310.0 972 1309.0 977

I GR 1308.0 983 1307.0 989 1307.0 1000 1307.0 1005 1308.0 1018
GR 1309.0 1025 1310.0 1033 1311.0 1049 1312.0 1071

Xl 13.77 21 959 1033 185 205 195
GR 1315.0 956 1314.0 959 1313.0 962 1312.0 965 1311.0 968

I GR 1310.0 971 1309.0 976 1308.0 980 1307.0 985 1306.0 993
GR 1306.0 1000 1306.0 1005 1307.0 1009 1308.0 1013 1309.0 1016
GR 1310.0 1020 1311.0 1023 1312.0 1026 1313.0 1029 1314.0 1033
GR 1315.0 1036

1

I
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QT 3 382 697 1400

I
Xl 15.77 13 968 1060 195 205 200
GR 1312.7 963 1312.6 968 1307.8 989 1307.8 1004 1310.8 1016.4
GR 1311.0 1017 1312.0 1023 1313.0 1035 1314.0 1040 1315.0 1047
GR 1316.0 1054 1317.0 1060 1318.0 1063

Xl 16.77 15 969 1053 92 115 100

I GR 1313.3 964 1313.2 969 1308.9 988 1308.9 1003 1309.6 1005
GR 1310.0 1008 1311.0 1012 1312.0 1016 1313.0 1020 1314.0 1024
GR 1315.0 1029 1316.0 1033 1317.0 1037 1318.0 1053 1319.0 1069

QT 3 382 697 1170

I
Xl 17.77 14 969 1051 100 105 100
GR 1314.7 964 1314.6 969 1310.7 991 1310.7 1006.6 1311.9 1012
GR 1313.0 1018 1314.0 1023 1315.0 1028 1316.0 1032 1317.0 1037
GR 1318.0 1041 1319.0 1045 1320.0 1048 1321.0 1051

QT 3 360 672 1111

I Xl 18.61 17 915 1066 110 60 84
GR 1320.0 874 1319.0 915 1318.0 936 1317.0 951 1316.0 963
GR 1315.0 985 1314.0 992 1313.1 998 1313.1 1000 1313.1 1001
GR 1314.0 1011 1315.0 1018 1316.0 1027 1317.0 1038 1318.0 1051
GR 1319.0 1066 1320.0 1081

I NC 0.020 0.020 0.020 0.1 0.3
Xl 18.87 13 900 1073 30 20 26
GR 1320.0 840 1319.0 900 1318.0 933 1317.0 947 1316.0 957
GR 1315.0 974 1314.2 1000 1315.0 1022 1316.0 1036 1317.0 1047

I
GR 1318.0 1060 1319.0 1073 1320.0 1093

NC 0.045 0.045 0.045 0.1 0.3
Xl 18.99 13 900 1055 12 12 12
GR 1320.0 900 1319.0 924 1317.5 950 1316.0 963 1315.0 980
GR 1314.8 993 1314.3 1000 1314.8 1003 1315.0 1009 1316.0 1020

I GR 1317.0 1033 1318.0 1045 1319.0 1055

Xl 19.57 11 954 1019 58 58 58
X3 10 980 1019
GR 1319.0 954 1318.0 958 1317.0 963 1316.0 968 1315.0 980

I
GR 1314.8 1000 1315.0 1005 1316.0 1008 1317.0 1011 1318.0 1014
GR 1319.0 1019

NC 0.035 0.035 0.035
Xl 19.68 4 978.0 1015.2 11 11 11

I
GR 1316.2 978.0 1315.1 983.0 1315.1 1004.5 1318.7 1015.2

Xl 19.78 4 976.5 1016.0 10 10 10
GR 1317.5 976.5 1315.2 985.5 1315.2 1004.5 1319.1 1016.0

1
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I
Xl 19.88 4 975.0 1016.5 10 10 10
GR 1318.8 975.0 1315.3 988.0 1315.3 1004.5 1319.3 1016.5

I Xl 19.98 4 974.0 1016.8 10 10 10
GR 1319.5 974.0 1315.4 990.5 1315.4 1004.5 1319.5 1016.8

Xl 20.08 4 978.2 1017.3 10 10 10

I
GR 1319.5 978.2 1315.5 993.0 1315.5 1004.5 1319.5 1017.3

NC 0.018 0.018 0.018 .3 .5
Xl 20.18 4 982.3 1017.7 10 10 10
GR 1320.0 982.3 1315.6 995.5 1315.6 1004.5 1320.0 1017.7

I Xl 20.28 8 983.6 1016.4 10 10 10
GR 1320.3 983.6 1316.5 994.5 1316.5 995.4 1315.62 995.5 1315.62 1004.5GR 1316.5 1004.6 1316.5 1005.5 1320.3 1016.4



I X1 20.38 8 985.7 1014.3 10 10 10
GR 1320.5 985.7 1317.3 994.5 1317.3 995.4 1315.63 995.5 1315.63 1004.5GR 1317.3 1004.6 1317.3 1005.5 1320.5 1014.3

X1 20.48 8 987.7 1012.3 10 10 10

I
GR 1320.8 987.7 1318.2 994.5 1318.2 995.4 1315.65 995.5 1315.65 1004.5GR 1318.2 1004.6 1318.2 1005.5 1320.8 1012.3

NC 0.01B 0.01B 0.01B .1 .3
X1 20.58 4 995.4 1004.6 10 10 10

I
GR 1321.0 995.4 1315.66 995.5 1315.66 1004.5 1321.0 1004.6
X1 20.78 4 994.9 1005.1 20 20 20GR 1322.0 994.9 1315.69 995.0 1315.69 1005.0 1322.0 1005.1

X1 20.98 4 994.4 1005.6 20 20 20

I GR 1322.0 994.4 1315.72 994.5 1315.72 1005.5 1322.0 1005.6
X1 21.18 4 993.9 1006.1 20 20 20GR 1323.0 993.9 1315.75 994.0 1315.75 1006.0 1323.0 1006.1

I
NC 0.018 0.018 0.018 .3 .5
X1 21.38 4 993.9 1006.1 20 20 20
GR 1323.0 993.9 1315.78 994.0 1315.78 1006.0 1323.0 1006.1

X1 21.48 6 989.9 1010.1 10 10 10

I
GR 1324.0 989.9 1317.42 990.0 1316.10 994 1316.10 1006 1317.42 1010GR 1324.0 1010.1

X1 21.58 6 985.4 1014.6 10 10 10
GR 1324.0 985.4 1319.07 985.5 1316.40 994 1316.40 1006 1319.07 1014.5GR 1324.0 1014.6

I 1
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I X1 21.68 6 981.4 1018.6 10 10 10
GR 1324.0 981.4 1320.71 981.5 1316.70 994 1316.70 1006 1320.71 1018.5GR 1324.0 1018.6

X1 21.78 6 976.9 1023.1 10 10 10

I
GR 1324.0 976.9 1322.36 977.0 1317.00 994 1317.00 1006 1322.36 1023GR 1324.0 1023.1

NC 0.035 0.035 0.035 .1 .3
X1 21.88 4 973 1027 10 10 10GR 1324.0 973 1317.30 994.0 1317.30 1006.0 1324.0 1027.0

I NC 0.065 0.065 0.065
X1 22.22 4 979 1018 15 50 34GR 1324.0 979 1317.45 995.5 1317.45 1004.5 1324.0 1018

I
X1 22.80 6 960 1025 58 58 58
GR 1326.0 960 1324.7 967 1317.3 997 1317.3 1003 1320.7 1014GR 1326.6 1025

X1 24.05 15 990 101B 125 125 125

I
GR 1324.0 990 1323.0 991 1322.0 993 1321.0 994 1320.0 996GR 1319.0 997 1318.0 999 1317.2 1000 1318.0 1002 1319.0 1004GR 1320.0 1007 1321. 0 1009 1322.0 1012 1323.0 1015 1324.0 101B
X1 25.37 19 981 1018 132 132 132GR 1327.0 978 1326.0 981 1325.0 983 1324.0 986 1323.0 988

I GR 1322.0 991 1321.0 993 1320.0 996 1319.0 998 1318.7 1000GR 1319.0 1002 1320.0 1005 1321.0 1007 1322.0 1009 1323.0 1011GR 1324.0 1013 1325.0 1016 1326.0 101B 1327.0 10201
13JUN95 19:23:13 PAGE 8

I SECNO OEPTH C\.ISEL CRI\.IS \.ISELK EG HV HL OLOSS L-BANK ELEVQ QLOB QCH QROB ALOB ACH AROB VOL T\.IA R-BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR \.ITN ELMIN SSTA

I
SLOPE XLOBL XLCH XLOBR !TRIAL IDC ICONT CORAR TOP\.IID ENDST

FLO\.I DISTRIBUTION FOR SECNO= 8.97 C\.ISEL= 1309.64

STA= 847. 938. 992. 1008. 1028. 1037.

I PER Q= 2.0 10.1 78.9 B.5 .5
AREA= 29.1 61.7 5B.7 23.4 2.9

VEL= .2 .5 4.2 1.1 .5
OEPTH= .3 1.1 3.8 1.1 .3

I
FLO\.I DISTRIBUTION FOR SECNO= 9.35 C\.ISEL= 1309.69

STA= 851. 926. 992. 1011. 1033.
PER Q= 1.9 13.4 83.4 1.3

AREA= 25.8 78.2 64.5 7.5

I
VEL= .2 .5 4.1 .5

DEPTH= .3 1.2 3.4 .3

13JUN95 19:23: 13 PAGE 9

I T1 10TH STREET \.lASH STANLEY CONSULTANTS PROJECT # 12183



J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ

I 3 .001 1307.1

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM !TRACE

I
2 -1 -1

FLOW DISTRIBUTION FOR SECNO= 8.97 CWSEL= 1310.30

STA= 797. 938. 992. 1008. 1028. 1042.

I
PER Q= 9.0 13.4 64.3 11.3 2.0

AREA= 112.1 96.9 68.8 36.8 11.1
VEL= .4 .7 4.7 1.5 .9

DEPTH= .8 1.8 4.4 1.8 .8

FLOW DISTRIBUTION FOR SECNO= 9.35 CWSEL= 1310.33

I STA= 816. 926. 992. 1011. 1042.
PER Q= 7.8 17.4 69.9 5.0

AREA= 91.5 120.9 76.8 26.3
VEL= .4 .7 4.6 1.0

I
DEPTH= .8 1.8 4.0 .8

13JUN95 19:23: 13 PAGE 10

I T1 10TH STREET WASH STANLEY CONSULTANTS PROJECT # 12183

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ

4 .001 1309.0

I J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM !TRACE

3 -1 -1

I
FLOW DISTRIBUTION FOR SECNO= 8.97 CWSEL= 1311.48

STA= 797. 938. 992. 1008. 1028. 1042.
PER Q= 20.2 15.4 47.1 13.0 4.2

AREA= 279.2 160.9 87.2 61.1 27.7

I
VEL= .7 1.0 5.5 2.2 1.6

DEPTH= 2.0 3.0 5.6 3.0 2.0

FLOW DISTRIBUTION FOR SECNO= 9.35 CWSEL= 1311.51

STA= 816. 926. 992. 1011. 1042.

I PER Q= 16.6 19.8 53.3 10.3
AREA= 220.8 198.5 99.1 62.7

VEL= .8 1.0 5.5 1.7
DEPTH= 2.0 3.0 5.2 2.0

I 13JUN95 19:23:13 PAGE 11

I THIS RUN EXECUTED 13JUN95 19:23:58
*************************************

HEC-2 WATER SURFACE PROFILES

Version 4.6.2; May 1991

I
*************************************

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

I MAIN STREAM SUBCRITICAL

SUMMARY PRINTOUT

I SECNO Q CWSEL CRIWS QLOB VLOB K*XNL QCH VCH K*XNCH QROB VROB K*XN

8.970 314.91 1309.64 1308.29 38.24 .42 100.00 248.44 4.23 25.00 28.23 1.07 45.0
8.970 501.95 1310.30 1309.40 112.57 .54 100.00 322.76 4.69 25.00 66.62 1.39 45.0
8.970 1024.67 1311.48 1310.39 365.54 .83 100.00 482.80 5.54 25.00 176.32 1.99 45.0

I 9.350 314.91 1309.69 1308.31 48.32 .46 100.00 262.66 4.07 25.00 3.94 .52 45.0
9.350 501.95 1310.33 1309.33 126.08 .59 100.00 350.89 4.57 25.00 24.98 .95 45.0
9.350 1024.67 1311.51 1310.48 373.02 .89 100.00 545.99 5.51 25.00 105.66 1.68 45.0

I
* 10.000 314.91 1309.92 1306.12 .00 .00 .00 314.91 .47 20.00 .00 .00 .0
* 10.000 501. 95 1310.58 1306.43 2.75 .12 20.00 498.79 .59 20.00 .41 .12 20.0
* 10.000 1024.67 1311.79 1307.06 62.35 .36 20.00 951.61 .81 20.00 10.71 .31 20.0

* 10.320 314.91 1309.92 1306.79 .00 .00 .00 314.91 .73 45.00 .00 .00 .0* 10.320 501.95 1310.58 1307.17 1.31 .19 45.00 500.17 .92 45.00 .48 .19 45.0

I * 10.320 1024.67 1311.78 1307.89 30.24 .57 45.00 980.63 1.30 45.00 13.80 .47 45.0
* 11.420 314.91 1309.93 1306.65 .00 .00 .00 314.91 1.55 45.00 .00 .00 .0* 11.420 501.95 1310.57 1307.25 .00 .00 .00 501.95 2.06 45.00 .00 .00 .0* 11.420 1024.67 1311.73 1308.40 .00 .00 .00 1024.67 3.17 45.00 .00 .00 .0

I 11.620 314.91 1309.88 1309.00 .00 .00 .00 314.91 2.84 20.00 .00 .00 .011.620 501.95 1310.52 1309.38 .00 .00 .00 501.95 3.17 20.00 .00 .00 .0



19:23: 13

Q CWSEL VROB K*XN

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

*
*
*

*
*

*
*
*

*
*
*
*
*
*
*
*

*
*
*
*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*

*

11.620

11.820
11.820
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13.770
13.770
13.770

13JUN95

SECNO

15.770
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16.770
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17.770

18.610
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18.990
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19.780
19.780

19.880
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314.91
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270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

280.70
469.88
540.99

319.84
550.24
721.45

360.00
672.00

1311.70

1309.92
1310.55
1311.72

1310.29
1311.01
1312.31

1310.62
1311.39
1312.87

1311.29
1311.93
1313.19

1312.65
1313.08
1313.93

1315.25
1315.67
1315.75

1315.78
1316.21
1316.30

1316.02
1316.33
1316.38

1317.03
1317.39
1317.46

1317.08
1317.47
1317.56

1317.08
1317.47
1317.56

1317.08
1317.57
1317.67

1317.31
1317.81
1317.91

1317.58
1318.10
1318.21

1317.93
1318.51
1318.62
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1318.26
1318.88
1319.00
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1319.45
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1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

QCH

292.91
434.95
729.92

292.91
434.95
730.67

292.91
434.95
500.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
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441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

QCH

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

280.70
469.88
540.98

319.84
550.24
721.45

360.00
672.00

3.85

2.69
3.18
4.00

2.22
2.79
3.99

VCH

3.85
4.00
3.83

4.85
5.11
5.08

5.91
6.53
4.77

6.01
6.31
6.38

4.11
4.10
4.12

5.38
5.93
6.08

4.55
5.79
6.06

4.89
6.00
6.19

5.65
6.73
6.91

6.77
7.49
7.62

6.86
7.57
7.70
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7.69
7.82

7.26
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8.09

VCH

7.46
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8.99
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21.180

21.380
21.380
21.380

21.480
21.480
21.480

21.580
21.580
21.580

21.680
21.680
21.680

21.780
21.780
21.780

21.880
21.880
21.880

13JUN95

SECNO

22.220
22.220
22.220

22.800
22.800
22.800

24.050
24.050
24.050

25.370
25.370
25.370

13JUN95

8.970
8.970
8.970

9.350
9.350
9.350

10.000
10.000
10.000

10.320
10.320
10.320

11.420
11.420
11.420

11.620
11.620
11.620

11.820
11.820
11.820

13.770
13.770
13.770

15.770
15.770
15.770

16.770
16.770
16.770

17.770

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

19:23:13

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

19:23:13

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501. 95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

292.91
434.95
730.67

292.91
434.95
730.67

292.91

1322.14

1319.63
1321.48
1323.71

1320.48
1322.88
1325.72

1320.60
1323.11
1326.06

1320.59
1323.17
1326.16

1320.57
1323.18
1326.21

1320.51
1323.16
1326.22

1320.63
1323.11
1326.15

1321.95
1323.78
1326.51

1322.94
1324.44
1326.70

1324.54
1326.11
1327.97

CWSEL

1309.64
1310.30
1311.48

1309.69
1310.33
1311.51

1309.92
1310.58
1311.79

1309.92
1310.58
1311.78

1309.93
1310.57
1311.73

1309.88
1310.52
1311.70

1309.92
1310.55
1311.72

1310.29
1311.01
1312.31

1310.62
1311.39
1312.87

1311.29
1311.93
1313.19

1312.65

1322.14

1318.80
1320.36
1322.18

1318.51
1319.62
1320.92

1318.82
1319.73
1320.74

1319.14
1320.12
1321.07

1319.42
1320.40
1321.41

1319.73
1320.71
1321.74

CRIWS

1320.31
1321.44
1322.62

1320.18
1321.15
1322.18

1321.79
1323.10
1324.29

1322.44
1323.63
1324.90

AREA

175.76
325.84
616.18

176.07
315.50
581.14

665.02
869.82

1379.58

428.85
552.38
834.67

202.88
243.97
323.50

110.91
158.28
266.29

117.18
157.87
256.36

142.08
179.82
256.57

76.03
108.80
191.45

60.45
85.19

143.90

49.54

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

QLOB

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
7.47

ELMIN

1304.00
1304.00
1304.00

1304.00
1304.00
1304.00

1305.00
1305.00
1305.00

1305.00
1305.00
1305.00

1304.00
1304.00
1304.00

1307.50
1307.50
1307.50

1307.00
1307.00
1307.00

1306.00
1306.00
1306.00

1307.80
1307.80
1307.80

1308.90
1308.90
1308.90

1310.70

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

VLOB

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.02
1.70

DEPTH

5.64
6.30
7.48

5.69
6.33
7.51

4.92
5.58
6.79

4.92
5.58
6.78

5.93
6.57
7.73

2.38
3.02
4.20

2.92
3.55
4.72

4.29
5.01
6.31

2.82
3.59
5.07

2.39
3.03
4.29

1.95

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

K*XNL

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
65.00
65.00

XLCH

.00

.00

.00

38.00
38.00
38.00

60.00
60.00
60.00

32.00
32.00
32.00

110.00
110.00
110.00

20.00
20.00
20.00

20.00
20.00
20.00

195.00
195.00
195.00

200.00
200.00
200.00

100.00
100.00
100.00

100.00

1111.00

360.00
672.00

1111. 00

360.00
672.00

1111. 00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

QCH

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111. 00

360.00
672.00

1099.03

STENCL

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

14.38

7.77
9.77

11.58

4.37
5.14
5.91

3.63
3.90
4.30

3.83
3.55
3.70

4.32
3.48
3.34

5.06
3.77
3.26

VCH

6.95
5.41
4.61

3.41
3.63
3.24

5.52
6.40
6.60

3.76
4.50
5.05

SSTA

847.45
797.00
797.00

850.63
816.00
816.00

812.31
729.25
673.00

890.76
866.21
849.00

974.20
972.26
968.80

963.83
960.37
953.75

972.36
970.35
966.83

970.12
967.98
964.08

976.67
973.28
963.00

977.43
974.58
969.00

980.07

18.00

18.00
18.00
18.00

18.00
18.00
18.00

18.00
18.00
18.00

18.00
18.00
18.00

18.00
18.00
18.00

35.00
35.00
35.00

K*XNCH

65.00
65.00
65.00

65.00
65.00
65.00

65.00
65.00
65.00

65.00
65.00
65.00

ENDST

1036.99
1042.00
1042.00

1032.93
1042.00
1042.00

1078.86
1091.60
1121.23

1062.71
1072.70
1104.15

1035.80
1037.74
1041.20

1033.05
1037.68
1068.61

1032.43
1041.79
1064.90

1020.88
1023.02
1026.92

1015.65
1019.35
1033.44

1013.17
1015.75
1020.80

1016.03

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

QROB

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
4.50

STENCR

1042.00
1042.00
1042.00

1042.00
1042.00
1042.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

PAGE 14

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.02
1.54

PAGE 15

TOPWID

189.54
245.00
245.00

182.29
226.00
226.00

266.55
362.35
448.23

171.95
206.49
255.15

61.60
65.48
72.40

69.22
77.31

114.86

60.07
71.43
98.07

50.75
55.03
62.85

38.97
46.07
70.44

35.75
41.16
51.80

35.96

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
65.0
65.0

TWA

.0

.0

.0

.1

.2

.2

.4

.5

.6

.6

.8

.9

.9
1.1
1.3

.9
1.1
1.3

.9
1.2
1.3

1.2
1.4
1.7

1.4
1.7
2.0

1.5
1.8
2.2

1.6



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

*
*
*
*
*

*
*
*
*
*
*
*
*
*

*
*
*

*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*

*
*

*
*

*
*
*

*

17.770
17.770

18.610
18.610
18.610

13JUN95

SECNO

18.870
18.870
18.870

18.990
18.990
18.990

19.570
19.570
19.570

19.680
19.680
19.680

19.780
19.780
19.780

19.880
19.880
19.880

19.980
19.980
19.980

20.080
20.080
20.080

20.180
20.180
20.180

20.280
20.280
20.280

20.380
20.380
20.380

20.480
20.480
20.480

20.580
20.580
20.580

13JUN95

SECNO

20.780
20.780
20.780

20.980
20.980
20.980

21.180
21.180
21. 180

21.380
21.380
21.380

21.480
21.480
21.480

21.580
21.580
21.580

21.680
21.680
21.680

21.780

434.95
500.67

270.91
409.95
441.67

19:23:13

Q

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

19:23: 13

Q

280.70
469.88
540.99

319.84
550.24
721.45

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00

1313.08
1313.93

1315.25
1315.67
1315.75

CIJSEL

1315.78
1316.21
1316.30

1316.02
1316.33
1316.38

1317.03
1317.39
1317.46

1317.08
1317.47
1317.56

1317.08
1317.47
1317.56

1317.08
1317.57
1317.67

1317.31
1317.81
1317.91

1317.58
1318.10
1318.21

1317.93
1318.51
1318.62

1318.26
1318.88
1319.00

1318.63
1319.32
1319.45

1318.89
1319.73
1319.88

1318.68
1319.65
1319.84

CIJSEL

1319.54
1319.77
1320.16

1319.54
1319.96
1320.81

1319.55
1320.33
1322.14

1319.63
1321.48
1323.71

1320.48
1322.88
1325.72

1320.60
1323.11
1326.06

1320.59
1323.17
1326.16

1320.57

66.62
104.90

45.07
64.95
69.21

AREA

65.87
100.09
107.10

50.31
69.10
72.67

59.56
70.74
72.85

55.39
68.30
71.31

47.95
60.91
63.89

40.01
54.73
57.99

39.50
54.15
57.38

38.73
53.33
56.47

37.30
51.54
54.61

36.32
50.31
53.37

34.60
48.56
51.58

32.08
46.10
49.14

27.39
36.21
37.93

AREA

38.72
41.11
45.01

42.27
46.96
56.43

45.97
55.24
77.28

46.31
68.80
95.95

82.36
130.80
188.10

99.20
172.30
258.22

94.01
189.42
300.50

83.24

1310.70
1310.70

1313.10
1313.10
1313.10

ELMIN

1314.20
1314.20
1314.20

1314.30
1314.30
1314.30

1314.80
1314.80
1314.80

1315.10
1315.10
1315.10

1315.20
1315.20
1315.20

1315.30
1315.30
1315.30

1315.40
1315.40
1315.40

1315.50
1315.50
1315.50

1315.60
1315.60
1315.60

1315.62
1315.62
1315.62

1315.63
1315.63
1315.63

1315.65
1315.65
1315.65

1315.66
1315.66
1315.66

ELMIN

1315.69
1315.69
1315.69

1315.72
1315.72
1315.72

1315.75
1315.75
1315.75

1315.78
1315.78
1315.78

1316.10
1316.10
1316.10

1316.40
1316.40
1316.40

1316.70
1316.70
1316.70

1317.00

2.38
3.23

2.15
2.57
2.65

DEPTH

1.58
2.01
2.10

1.72
2.03
2.08

2.23
2.59
2.66

1.98
2.37
2.46

1.88
2.27
2.36

1.78
2.27
2.37

1.91
2.41
2.51

2.08
2.60
2.71

2.33
2.91
3.02

2.64
3.26
3.38

3.00
3.69
3.82

3.24
4.08
4.23

3.02
3.99
4.18

DEPTH

3.85
4.08
4.47

3.82
4.24
5.09

3.80
4.58
6.39

3.85
5.70
7.93

4.38
6.78
9.62

4.20
6.71
9.66

3.89
6.47
9.46

3.57

100.00
100.00

84.00
84.00
84.00

XLCH

26.00
26.00
26.00

12.00
12.00
12.00

58.00
58.00
58.00

11.00
11.00
11.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

XLCH

20.00
20.00
20.00

20.00
20.00
20.00

20.00
20.00
20.00

20.00
20.00
20.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00
10.00
10.00

10.00

.00

.00

.00

.00

.00

STENCL

.00

.00

.00

.00

.00

.00

980.00
980.00
980.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

STENCL

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

977.56
972.80

979.52
970.27
968.56

SSTA

960.79
954.86
954.03

962.86
960.18
959.70

980.00
980.00
980.00

978.00
978.00
978.00

978.13
976.61
976.50

981.39
979.57
979.19

982.82
980.80
980.38

985.32
983.37
982.98

988.50
986.78
986.43

989.44
987.69
987.34

990.86
988.95
988.58

992.69
990.51
990.10

995.44
995.43
995.42

SSTA

994.94
994.94
994.93

994.44
994.43
994.42

993.95
993.94
993.91

993.95
993.92
993.90

989.95
989.92
989.90

985.47
985.42
985.40

981.86
981.43
981.40

982.68

1018.41
1022.63

1020.24
1024.03
1024.72

ENDST

1032.88
1038.35
1039.27

1020.21
1024.23
1024.95

1011.10
1012.16
1012.36

1010.37
1011.54
1011.80

1010.05
1011.20
1011.45

1009.84
1011.31
1011.61

1010.22
1011.73
1012.04

1011.14
1012.83
1013.17

1011.50
1013.22
1013.57

1010:56
1012.31
1012.66

1009.14
1011.05
1011.42

1007.31
1009.49
1009.90

1004.56
1004.57
1004.58

ENDST

1005.06
1005.06
1005.07

1005.56
1005.57
1005.58

1006.05
1006.06
1006.09

1006.05
1006.08
1006.10

1010.05
1010.08
1010.10

1014.53
1014.58
1014.60

1018.14
1018.57
1018.60

1017.32

.00

.00

.00

.00

.00

STENCR

.00

.00

.00

.00

.00

.00

1019.00
1019.00
1019.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

STENCR

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

40.85
49.84

40.72
53.76
56.16

PAGE 16

TOPIJID

72.09
83.49
85.24

57.35
64.05
65.25

31.10
32.16
32.36

32.37
33.54
33.80

31.92
34.60
34.95

28.45
31.74
32.42

27.40
30.93
31.66

25.82
29.47
30.19

22.99
26.45
27.14

21.11
24.62
25.33

18.29
22.09
22.83

14.62
18.99
19.81

9.11
9.15
9.16

PAGE 17

TOPIJID

10.12
10.13
10.14

11.12
11.14
11.16

12.11
12.13
12.18

12.11
12.16
12.20

20.09
20.17
20.20

29.06
29.16
29.20

36.28
37.15
37.20

34.64

1.9
2.3

1.6
2.0
2.4

TIJA

1.7
2.0
2.4

1.7
2.0
2.4

1.7
2.1
2.5

1.7
2.1
2.5

1.8
2.1
2.5

1.8
2.1
2.5

1.8
2.1
2.5

1.8
2.1
2.5

1.8
2.1
2.5

1.8
2.1
2.6

1.8
2.1
2.6

1.8
2.1
2.6

1.8
2.1
2.6

TIJA

1.8
2.1
2.6

1.8
2.2
2.6

1.8
2.2
2.6

·1.8
2.2
2.6

1.8
2.2
2.6

1.8
2.2
2.6

1.8
2.2
2.6

1.8



I
I
I
I
I

*
*
*
*
*
*

*
*

*
*
*
*
*
*

21.780
21.780

21.880
21.880
21.880

22.220
22.220
22.220

22.800
22.800
22.800

24.050
24.050
24.050

25.370
25.370
25.370

13JUN95

672.00
1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111. 00

360.00
672.00

1111.00

360.00
672.00

1111.00

19:23:13

1323.18
1326.21

1320.51
1323.16
1326.22

1320.63
1323.11
1326.15

1321.95
1323.78
1326.51

1322.94
1324.44
1326.70

1324.54
1326.11
1327.97

193.34
333.10

71.18
178.16
340.99

51.81
124.30
240.94

105.64
185.38
343.09

65.22
105.02
168.39

95.68
149.23
225.14

1317.00
1317.00

1317.30
1317.30
1317.30

1317.45
1317.45
1317.45

1317.30
1317.30
1317.30

1317.20
1317.20
1317.20

1318.70
1318.70
1318.70

6.18
9.21

3.21
5.86
8.92

3.18
5.66
8.70

4.65
6.48
9.21

5.74
7.24
9.50

5.84
7.41
9.27

10.00
10.00

10.00
10.00
10.00

34.00
34.00
34.00

58.00
58.00
58.00

125.00
125.00
125.00

132.00
132.00
132.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

976.95
976.90

983.90
975.62
973.00

987.49
981.24
979.00

978.15
970.73
960.00

991.12
990.00
990.00

984.37
980.67
978.00

1023.05
1023.10

1016.10
1024.38
1027.00

1011.06
1016.17
1018.00

1016.33
1019.74
1024.84

1014.81
1018.00
1018.00

1014.63
1018.22
1020.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

46.10
46.20

32.19
48.76
54.00

23.57
34.92
39.00

38.18
49.01
64.84

23.69
28.00
28.00

30.27
37.55
42.00

PAGE 18

2.2
2.6

1.8
2.2
2.6

1.9
2.2
2.7

1.9
2.3
2.7

2.0
2.4
2.9

2.1
2.5
3.0

I
MAIN STREAM SUBCRITICAl

SUMMARY PRINTOUT

FRCH DI FWSP

.38 .00

.39 .65

.41 1. 19

.39 .00

.40 .64

.42 1. 18

DIFEG STENCL

.00 .00

.66 .00
1.86 .00

.00 .00

.66 .00
1.86 .00

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

1080.00
1080.00
1080.00

1064.00
1064.00
1064.00

1042.00
1042.00
1042.00

1080.00
1080.00
1080.00

1071.00
1071. 00
1071.00

1033.00
1033.00
1033.00

1060.00
1060.00
1060.00

1053.00
1053.00
1053.00

1051.00
1051.00
1051. 00

1066.00
1066.00
1066.00

STCHR STENC

1007.50 1042.0
1007.50 1042.0
1007.50 1042.0

1011. 00 1042.0
1011.00 1042.0
1011.00 1042.0

PAGE 19

RBEL

1308.00
1308.00
1308.00

1309.00
1309.00
1309.00

1310.00
1310.00
1310.00

1310.00
1310.00
1310.00

1312.00
1312.00
1312.00

1312.00
1312.00
1312.00

1312.00
1312.00
1312.00

1314.00
1314.00
1314.00

1317.00
1317.00
1317.00

1318.00
1318.00
1318.00

1321. 00
1321.00
1321.00

1319.00
1319.00
1319.00

XLBEL

1308.00
1308.00
1308.00

1308.00
1308.00
1308.00

1310.00
1310.00
1310.00

1310.00
1310.00
1310.00

1312.00
1312.00
1312.00

1312.00
1312.00
1312.00

1312.00
1312.00
1312.00

1314.00
1314.00
1314.00

1312.60
1312.60
1312.60

1313.20
1313.20
1313.20

1314.60
1314.60
1314.60

1319.00
1319.00
1319.00

STCHL

992.00
992.00
992.00

992.00
992.00
992.00

807.00
807.00
807.00

890.00
890.00
890.00

968.00
968.00
968.00

952.00
952.00
952.00

966.00
966.00
966.00

959.00
959.00
959.00

968.00
968.00
968.00

969.00
969.00
969.00

969.00
969.00
969.00

915.00
915.00
915.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.66
1.87

.00

.66
1.87

.00

.67
1.92

.00

.68
1.93

.00

.67
1.94

.00

.76
2.19

.00

.80
2.25

.00

.68
1.94

.00

.55
1.09

.00

.48

.57

EG

1309.86
1310.52
1311.72

1309.90
1310.56
1311.77

1309.93
1310.59
1311.80

1309.93
1310.59
1311.80

1309.97
1310.64
1311.89

1310.00
1310.68
1311.93

1310.03
1310.71
1311.97

1310.37
1311.13
1312.56

1310.85
1311.64
1313.10

1311.66
1312.34
1313.59

1313.19
1313.74
1314.28

1315.81
1316.29
1316.38

.00

.66
1.21

.00

.65
1.20

.00

.64
1.16

.00

.65
1.18

.00

.63
1.17

.00

.71
1.31

.00

.78
1.47

.00

.64
1.26

.00

.44

.84

.00

.42

.08

.05

.06

.07

.08

.09

.11

.15

.19

.26

.40

.39

.45

.34

.38

.44

.23

.27

.35

.49

.46

.40

.66

.63

.54

.89

.90

.58

1.01
1.01
1.01

CWSEl

1309.64
1310.30
1311.48

1309.69
1310.33
1311.51

1309.92
1310.58
1311. 79

1309.92
1310.58
1311.78

1309.93
1310.57
1311.73

1309.88
1310.52
1311.70

1309.92
1310.55
1311. 72

1310.29
1311.01
1312.31

1310.62
1311.39
1312.87

1311.29
1311.93
1313.19

1312.65
1313.08
1313.93

1315.25
1315.67
1315.75

Q

19:23:13

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

314.91
501.95

1024.67

292.91
434.95
730.67

292.91
434.95
730.67

292.91
434.95
500.67

270.91
409.95
441.67

SECNO

8.970
8.970
8.970

9.350
9.350
9.350

10.000
10.000
10.000

10.320
10.320
10.320

11.420
11.420
11.420

11.620
11.620
11.620

11.820
11.820
11.820

13.770
13.770
13.770

15.770
15.770
15.770

16.770
16.770
16.770

17.770
17.770
17.770

18.610
18.610
18.610

13JUN95

*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*

*
*
*

*
*
*.

I
I
I
I
I

I
I

I
I
I

954.00 100000.00 100000.00
954.0D 100000.00 100000.00
954.00 100000.00 100000.00

1019.00 1019.0
1019.00 1019.0
1019.00 1019.0

I
I
I

*
*
*

*
*
*
*
*
*

SECNO

18.870
18.870
18.870

18.990
18.990
18.990

19.570
19.570
19.570

Q

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

CIJSEl

1315.78
1316.21
1316.30

1316.02
1316.33
1316.38

1317.03
1317.39
1317.46

FRCH

.76

.66

.65

1.01
1.01
1.01

.58

.69

.71

DIFIJSP

.00

.44

.08

.00

.31

.06

.00

.35

.07

EG

1316.04
1316.47
1316.56

1316.47
1316.87
1316.95

1317.36
1317.91
1318.03

DIFEG

.00

.43

.52

.00

.41

.49

.00

.56

.68

STENCl

.00

.00

.00

.00

.00

.00

980.00
980.00
980.00

STCHl

900.00
900.00
900.00

900.00
900.00
900.00

XlBEl

1319.00
1319.00
1319.00

1320.00
1320.00
1320.00

RBEl

1319.00
1319.00
1319.00

1319.00
1319.00
1319.00

STCHR

1073.00
1073.00
1073.00

1055.00
1055.00
1055.00

STENC

.0

.0

.0

.0

.0

.0



.00 1317.46

.39 1318.03

.09 1318.15I
I
I
I
I
I
I
I

*
*
*
*
*
*

*
*
*

*
*
*
*
*
*
*
*
*
*
**
*
*
*

19.680
19.680
19.680

19.780
19.780
19.780

19.880
19.880
19.880

19.980
19.980
19.980

20.080
20.080
20.080

20.180
20.180
20.180

20.280
20.280
20.280

20.380
20.380
20.380

20.480
20.480
20.480

20.580
20.580
20.580

13JUN95

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

270.91
409.95
441.67

19:23:13

1317.08
1317.47
1317.56

1317.08
1317.47
1317.56

1317.08
1317.57
1317.67

1317.31
1317.81
1317.91

1317.58
1318.10
1318.21

1317.93
1318.51
1318.62

1318.26
1318.88
1319.00

1318.63
1319.32
1319.45

1318.89
1319.73
1319.88

1318.68
1319.65
1319.84

.66

.74

.75

.81

.89

.90

1.01
1.01
1.00

1.01
1.01
1.01

1.01
1.01
1.01

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.01
1.01

1.01
1.00
1.01

.00

.39

.09

.00

.49

.10

.00

.50

.10

.00

.53

.11

.00

.58

.11

.00

.61

.12

.00

.69

.13

.00

.83

.16

.00

.97

.19

1317.58
1318.17
1318.30

1317.79
1318.44
1318.57

1318.04
1318.70
1318.83

1318.34
1319.02
1319.16

1318.75
1319.49
1319.64

1319.13
1319.91
1320.06

1319.58
1320.42
1320.59

1320.00
1320.95
1321.14

1320.20
1321.64
1321.94

.00

.58

.70

.00

.60

.72

.00

.65

.78

.00

.66

.80

.00

.69

.82

.00

.74

.89

.00

.78

.93

.00

.85
1.01

.00

.95
1.14

.00
1.44
1.74

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

978.00
978.00
978.00

976.50
976.50
976.50

975 .00
975 .00
975.00

974.00
974.00
974.00

978.20
978.20
978.20

982.30
982.30
982.30

983.60
983.60
983.60

985.70
985.70
985.70

987.70
987.70
987.70

995.40
995.40
995.40

1316.20
1316.20
1316.20

1317.50
1317.50
1317.50

1318.80
1318.80
1318.80

1319.50
1319.50
1319.50

1319.50
1319.50
1319.50

1320.00
1320.00
1320.00

1320.30
1320.30
1320.30

1320.50
1320.50
1320.50

1320.80
1320.80
1320.80

1321.00
1321.00
1321.00

1318.70
1318.70
1318.70

1319.10
1319.10
1319.10

1319.30
1319.30
1319.30

1319.50
1319.50
1319.50

1319.50
1319.50
1319.50

1320.00
1320.00
1320.00

1320.30
1320.30
1320.30

1320.50
1320.50
1320.50

1320.80
1320.80
1320.80

1321.00
1321.00
1321.00

1015.20
1015.20
1015.20

1016.00
1016.00
1016.00

1016.50
1016.50
1016.50

1016.80
1016.80
1016.80

1017.30
1017.30
1017.30

1017.70
1017.70
1017.70

1016.40
1016.40
1016.40

1014.30
1014.30
1014.30

1012.30
1012.30
1012.30

1004.60
1004.60
1004.60

PAGE 20

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

21.480 360.00
21.480 672.00
21.480 ' 1111.00

OIFWSP EG

.00 1320.35

.24 1321.80

.39 1322.40

.00 1320.43

.42 1322.09

.85 1323.35

.00 1320.51

.78 1322.63
1.81 1325.35

.00 1320.57
1.85 1322.96
2. 23 1325 . 79

.00 1320.77
2.41 1323.29
2.84 1326.26

.00 1320.81
2.51 1323.35
2.94 1326.34

.00 1320.82
2.57 1323.36
2.99 1326.37

I
I
I
I
I
I
I
I
I
I
I

*
*
*

*
*

*
*

*
*
*

*

*
*
*
*
*
*

*
*

*
*
*
*
*
*

SECNO

20.780
20.780
20.780

20.980
20.980
20.980

21.180
21.180
21.180

21.380
21.380
21.380

21.580
21.580
21. 580

21.680
21.680
21.680

21.780
21.780
21.780

21.880
21.880
21.880

22.220
22.220
22.220

22.800
22.800
22.800

24.050
24.050
24.050

25.370
25.370
25.370

13JUN95

Q

280.70
469.88
540.99

319.84
550.24
721.45

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

360.00
672.00

1111.00

19:23:13

CWSEl

1319.54
1319.77
1320.16

1319.54
1319.96
1320.81

1319.55
1320.33
1322.14

1319.63
1321.48
1323.71

1320.48
1322.88
1325.72

1320.60
1323.11
1326.06

1320.59
1323.17
1326.16

1320.57
1323.18
1326.21

1320.51
1323.16
1326.22

1320.63
1323.11
1326.15

1321.95
1323.78
1326.51

1322.94
1324.44
1326.70

1324.54
1326.11
1327.97

FRCH

.65
1.00
1.01

.68
1.01
1.00

.71
1.00
1.01

.70

.72

.73

.38

.36

.34

.35

.28

.25

.42

.28

.23

.49

.30

.22

.60

.35

.23

.83

.51

.33

.36

.33

.25

.59

.58

.47

.37

.40

.37

.00
2.61
3.03

.00
2.65
3.06

.00
2.48
3.04

.00
1.82
2.74

.00
1.50
2.26

.00
1.56
1.86

1320.86
1323.37
1326.38

1320.91
1323.38
1326.38

1321.38
1323.56
1326.48

1322.13
1323.98
1326.68

1323.42
1325.08
1327.38

1324.76
1326.42
1328.36

OIFEG

.00
1.45
2.05

.00
1.66
2.92

.00
2.12
4.85

.00
2.39
5.22

.00
2.52
5.49

.00
2.54
5.54

.00
2.54
5.55

.00
2.51
5.52

.00
2.47
5.47

.00
2.18
5.10

.00
1.85
4.54

.00
1.66
3.96

.00
1.66
3.59

STENCl

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

STCHl

994.90
994.90
994.90

994.40
994.40
994.40

993.90
993.90
993.90

993.90
993.90
993.90

989.90
989.90
989.90

985.40
985.40
985.40

981.40
981.40
981.40

976.90
976.90
976.90

973.00
973.00
973.00

979.00
979.00
979.00

960.00
960.00
960.00

990.00
990.00
990.00

981.00
981.00
981.00

XlBEl

1322.00
1322.00
1322.00

1322.00
1322.00
1322.00

1323.00
1323.00
1323.00

1323.00
1323.00
1323.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1326.00
1326.00
1326.00

1324.00
1324.00
1324.00

1326.00
1326.00
1326.00

RBEl

1322.00
1322.00
1322.00

1322.00
1322.00
1322.00

1323.00
1323.00
1323.00

1323.00
1323.00
1323.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1324.00
1324.00
1324.00

1326.60
1326.60
1326.60

1324.00
1324.00
1324.00

1326.00
1326.00
1326.00

STCHR

1005.10
1005.10
1005.10

1005.60
1005.60
1005.60

1006.10
1006.10
1006.10

1006.10
1006.10
1006.10

1010.10
1010.10
1010.10

1014.60
1014.60
1014.60

1018.60
1018.60
1018.60

1023.10
1023.10
1023.10

1027.00
1027.00
1027.00

1018.00
1018.00
1018.00

1025.00
1025.00
1025.00

1018.00
1018.00
1018.00

1018.00
1018.00
1018.00
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STENC

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0



I
SUMMARY OF ERRORS AND SPECIAL NOTES

I WARNING SECNO= 10.000 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 10.000 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 10.000 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I
WARNING SECNO= 10.320 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 10.320 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 10.320 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 11.420 PROFI LE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 11.420 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I WARNING SECNO= 11.420 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 11.820 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 11.820 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 11.820 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I WARNING SECNO= 13.770 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 13.770 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 15.770 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I
WARNING SECNO= 15.770 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 15.770 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 17.770 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 17.770 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I CAUTION SECNO= 18.610 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 18.610 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 18.610 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 18.610 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 18.610 PROFILE= 3 CRITICAL DEPTH ASSUMED

I
CAUTION SECNO= 18.610 PROFILE= 3 MINIMUM SPECIFIC ENERGY

WARNING SECNO= 18.870 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 18.870 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 18.870 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE-RANGE

I CAUTION SECNO= 18.990 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 18.990 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 18.990 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 18.990 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 18.990 PROFILE= 3 CRITICAL DEPTH ASSUMED

I CAUTION SECNO= 18.990 PROFILE= 3 MINIMUM SPECIFIC ENERGY

WARNING SECNO= 19.570 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 19.570 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 19.570 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I CAUTION SECNO= 19.880 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 19.880 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 19.880 PROFILE= 2 CRITICAL DEPTH ASSUMED

1

I
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CAUTION SECNO= 19.880 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 19.880 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 19.880 PROFILE= 3 MINIMUM SPECIFIC ENERGY

I CAUTION SECNO= 19.980 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 19.980 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 19.980 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 19.980 PROFILE= 2 MINIMUM SPECIFIC ENERGY

I
CAUT ION SECNO= 19.980 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 19.980 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.080 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.080 PROFILE= 1 MINIMUM SPECIFIC ENERGY

I
CAUTION SECNO= 20.080 PROFI LE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.080 PROFI LE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.080 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.080 PROFI LE= 3 MINIMUM SPECIFIC ENERGY

CAUT ION SECNO= 20.180 PROFILE= 1 CRITICAL DEPTH ASSUMED

I CAUT ION SECNO= 20.180 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 20.180 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.180 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.180 PROF ILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.180 PROF ILE= 3 MINIMUM SPECIFIC ENERGY

I CAUTION SECNO= 20.280 PROFI LE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.280 PROFI LE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.280 PROFI LE= 2 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.280 PROFILE= 2 MINIMUM SPECIFIC ENERGY

I
CAUTION SECNO= 20.280 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.280 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUT ION SECNO= 20.380 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.380 PROFILE= 1 MINIMUM SPECIFIC ENERGY

I
CAUT ION SECNO= 20.380 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.380 PROFI LE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.380 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTI ON SECNO= 20.380 PROFILE= 3 MINIMUM SPECIFIC ENERGY



I CAUTION SECNO= 20.480 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.480 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 20.480 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.480 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.480 PROFILE= 3 CRITICAL DEPTH ASSUMED

I
CAUT ION SECNO= 20.480 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUT ION SECNO= 20.580 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.580 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 20.580 PROFILE= 2 CRITICAL DEPTH ASSUMED

I
CAUT ION SECNO= 20.580 PROFI LE= 2 MINIMUM SPECIFIC ENERGY
CAUT ION SECNO= 20.580 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.580 PROFILE= 3 MINIMUM SPECIFIC ENERGY

IIARNING SECNO= 20.780 PROFI LE= CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I
1
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CAUT ION SECNO= 20.780 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.780 PROFILE= 2 MINIMUM SPECIFIC ENERGY

I CAUT ION SECNO= 20.780 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.780 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUT ION SECNO= 20.980 PROF ILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.980 PROFILE= 2 MINIMUM SPECIFIC ENERGY

I
CAUTION SECNO= 20.980 PROFI LE= 3 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 20.980 PROFI LE= 3 MINIMUM SPECIFIC ENERGY

CAUT ION SECNO= 21.180 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUT ION SECNO= 21.180 PROFILE= 2 MINIMUM SPECIFIC ENERGY

I
CAUT ION SECNO= 21.180 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 21.180 PROFILE= 3 MINIMUM SPECIFIC ENERGY

IIARNING SECNO= 21.480 PROFI LE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 21.480 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 21.480 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I IIARNING SECNO= 21.580 PROFI LE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

IIARNING SECNO= 21.880 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 21.880 PROFI LE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I
IIARNING SECNO= 21.880 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

IIARNING SECNO= 22.220 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 22.220 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 22.220 PROFI LE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I IIARNING SECNO= 22.800 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 22.800 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

IIARNING SECNO= 24.050 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 24.050 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I
IIARNING SECNO= 24.050 PROFI LE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

IIARNING SECNO= 25.370 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 25.370 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IIARNING SECNO= 25.370 PROFI LE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

I
I
I
I
I
I
I
I
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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1********************************************
* HEC-2 WATER SURFACE PROFILES *
* *
* Version 4.6.2; May 1991 *
* *
* RUN DATE 13JUN95 TIME 19:24:14 *
********************************************

*************************************
* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
* 609 SECOND STREET, SUITE D
* DAVIS, CALIFORNIA 95616-4687
* (916) 756-1104
*************************************

I
I
I 13JUN95 19:24:14

x X
X X
X X
XXXXXXX
X X
X X
X X

XXXXXXX
X
X
XXXX
X
X
XXXXXXX

XXXXX
X X
X
X
X
X X

XXXXX

XXXXX

XXXXX
X X

X
XXXXX

X
X
XXXXXXX

PAGE

I *************************************
HEC-2 WATER SURFACE PROFILES

THIS RUN EXECUTED 13JUN95 19:24: 14

2PAGE

1004.5

17
8

43
22

1315.65

FQ

!TRACE

26
42
38
24

995.5

1004.6

WSEL

1319.5

CHNIM

14
25

23

Q

IBW

10
1321.0

10
1315.65

16
1

37
21

-1

HVINS

ALLDC

10
1004.5

10
995.4

1012.3

55
43

4
27

METRIC

FN

.5
10

1315.66

10
1318.2
1320.8

13
38
28
61

STANLEY CONSULTANTS PROJECT # 12183
FILENAME: 12183H2C.SUP

PROPOSED CONDITION

STRT

0.001

XSECH

2

54
3

.3
1004.6
995.5

1012.3
994.5

1005.5

********REQUESTED SECTION NUMBERS********

lDIR

XSECV

1
18
53
50

0.018
995.4

1315.66

987.7
1318.2
1318.2

NINV

2

410
0.018

4
995.4

8
987.7

1004.6

19:24: 14

43
56
27
68

INQ

IPLOT

NUMSEC

-10

10TH STREET WASH
BASIN NO. 1
MAIN STREAM SUPERCRITICAL FLOW

T1
T2
13
T4
T4

J1 ICHECK

J2 NPROF

13JUN95

38
15
39

1
28

J5 LPRNT

-10

QT 1
NC 0.018
X1 20.58
GR 1321.0

X1 20.48
GR 1320.8
GR 1318.2

1

I

I

I

I
I

I

PRFVS

-1

I J3 VARIABLE CODES FOR SUMMARY PRINTOUT

I

I
I
I
I
I

X1 20.38
GR 1320.5
GR 1317.3

X1 20.28
GR 1320.3
GR 1316.5

NC 0.035
X1 20.18
GR 1320.0

X1 20.08
GR 1319.5

X1 19.98
GR 1319.5

X1 19.88
GR 1318.8

X1 19.78
GR 1317.5

NC 0.045

8
985.7

1004.6

8
983.6

1004.6

0.035
4

982.3

4
978.2

4
974.0

4
975.0

4
976.5

0.045

985.7
1317.3
1317.3

983.6
1316.5
1316.5

0.035
982.3

1315.6

978.2
1315.5

974.0
1315.4

975.0
1315.3

976.5
1315.2

0.045

1014.3
994.5

1005.5

1016.4
994.5

1005.5

.1
1017.7
995.5

1017.3
993.0

1016.8
990.5

1016.5
988.0

1016.0
985.5

10
1317.3
1320.5

10
1316.5
1320.3

.3
10

1315.6

10
1315.5

10
1315.4

10
1315.3

10
1315.2

10
995.4

1014.3

10
995.4

1016.4

10
1004.5

10
1004.5

10
1004.5

10
1004.5

10
1004.5

10
1315.63

10
1315.62

10
1320.0

10
1319.5

10
1319.5

10
1319.3

10
1319.1

995.5

995.5

1017.7

1017.3

1016.8

1016.5

1016.0

1315.63

1315.62

1004.5

1004.5



I
I
I
I
I
I

X1 19.68
GR 1316.2

X1 19.57
X3 10
GR 1319.0
GR 1314.8
GR 1319.0

X1 18.99
GR 1320.0
GR 1314.8
GR 1317.0

NC 0.020
X1 18.87
GR 1320.0
GR 1315.0
GR 1318.0

X1 18.61
GR 1320.0
GR 1315.0
GR 1314.0
GR 1319.0

1
13JUN95

4
978.0

11

954
1000
1019

13
900
993

1033

0.020
13

840
974

1060

17
874
985

1011
1066

19:24:14

978.0
1315.1

954

1318.0
1315.0

900
1319.0
1314.3
1318.0

0.020
900

1319.0
1314.2
1319.0

915
1319.0
1314.0
1315.0
1320.0

1015.2
983.0

1019
980
958

1005

1055
924

1000
1045

0.1
1073
900

1000
1073

1066
915
992

1018
1081

11
1315.1

58

1317.0
1316.0

12
1317.5
1314.8
1319.0

0.3
30

1318.0
1315.0
1320.0

1318.0
1313.1
1316.0

11
1004.5

58
1019
963

1008

12
950

1003
1055

20
933

1022
1093

936
998

1027

11
1318.7

58

1316.0
1317.0

12
1316.0
1315.0

26
1317.0
1316.0

1317.0
1313.1
1317.0

1015.2

968
1011

963
1009

947
1036

951
1000
1038

1315.0
1318.0

1315.0
1316.0

1316.0
1317.0

1316.0
1313 :1
1318.0

980
1014

980
1020

957
1047

963
1001
1051

PAGE 3

I
*************************************

HEC-2 WATER SURFACE PROFILES

Version 4.6.2; May 1991
*************************************

THIS RUN EXECUTED 13JUN95 19:24:15

I NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

I
MAIN STREAM SUPERCRITICA

SUMMARY PRINTOUT

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

K*XNVROB

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00 .00

QROB

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

18.00

18.00

18.00

18.00

35.00

35.00

35.00

35.00

35.00

45.00

45.00

45.00

20.00

20.00

K*XNCHVCH

11.34

12.68

8.58

10.80

11.70

11.40

10.27

9.09

8.90

7.45

7.59

6.01

8.05

6.32

PAGE 4

QCH

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

410.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

K*XNLVLOB

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

QLOBCRIIJSCIJSELQ

19:24:14

410.00 1319.64 1319.64

410.00 1318.91 1319.72

410.00 1319.28 1319.32

410.00 1318.35 1318.87

410.00 1317.83 1318.50

410.00 1317.46 1318.11

410.00 1317.32 1317.81

410.00 1317.25 1317.57

410.00 1317.02 1317.32

410.00 1317.06 1317.06

410.00 1316.85 1316.85

410.00 1316.31 1316.31

410.00 1315.56 1315.87

410.00 1315.67 1315.67

13JUN95

*

*
*

*

*

*

*

SECNO

20.580

20.480

20.380

20.280

20.180

20.080

19.980

19.880

19.780

19.680

19.570

18.990

18.870

* 18.610

I
I

I
I

I

I

I MAIN STREAM SUPERCRITICA

SUMMARY PRINTOUT

XLCH STENCL

.00 .00

SSTA ENDST STENCR TOPIJID

995.43 1004.57 .00 9.15I
I
I

*

*

*

*

SECNO

20.580

20.480

20.380

20.280

20.180

20.080

Q CIJSEL

410.00 1319.64

410.00 1318.91

410.00 1319.28

410.00 1318.35

410.00 1317.83

410.00 1317.46

AREA ELMIN

36.15 1315.66

32.34 1315.65

47.76 1315.63

37.95 1315.62

35.06 1315.60

35.97 1315.50

DEPTH

3.98

3.26

3.65

2.73

2.23

1.96

10.00

10.00

10.00

10.00

10.00

.00

.00

.00

.00

.00

992.64 1007.36

989.05 1010.95

989.22 1010.78

988.80 1011.20

985.72 1010.79

.00

.00

.00

.00

.00

14.72

21.89

21.55

22.40

25.07

TIJA

.0

.0

.0

.0

.0

.0



978.00 1010.34 .00

980.00 1010.56 1019.00

I
I
I

*

*
*

*

19.980

19.880

19.780

19.680

19.570

18.990

18.870

18.610

410.00 1317.32

410.00 1317.25

410.00 1317.02

410.00 1317.06

410.00 1316.85

410.00 1316.31

410.00 1315.56

410.00 1315.67

39.91 1315.40

45.11 1315.30

46.06 1315.20

55.05 1315.10

54.00 1314.80

68.18 1314.30

50.91 1314.20

64.90 1313.10

1.92

1.95

1.82

1.96

2.05

2.01

1.36

2.57

10.00

10.00

10.00

10.00

11.00

58.00

12.00

26.00

.00

.00

.00

.00

980.00

.00

.00

.00

982.76 1010.27

980.74 1010.37

978.36 1009.88

960.30 1024.04

964.49 1029.83

970.29 1024.02

.00

.00

.00

.00

.00

.00

27.51

29.63

31.51

32.34

30.56

63.74

65.34

53.73

.0

.0

.0

.0

.0

.1

.1

.1

MAIN STREAM SUPERCRITICA

SUMMARY PRINTOUT

19:24: 14

19:24:14

410.00 1319.64

410.00 1318.91

410.00 1319.28

410.00 1318.35

410.00 1317.83

410.00 1317.46

410.00 1317.32

410.00 1317.25

410.00 1317.02

410.00 1317.06

410.00 1316.85

410.00 1316.31

410.00 1315.56

410.00 1315.67

.0

.0

.0

.0

.0

.0

.0

.0

.0

STENC

.0

.0

.0

.0

5

6

STCHR

PAGE

PAGE

RBELXLBELSTCHL

995.40 1321.00 1321.00 1004.60

987.70 1320.80 1320.80 1012.30

985.70 1320.50 1320.50 1014.30

983.60 1320.30 1320.30 1016.40

982.30 1320.00 1320.00 1017.70

978.20 1319.50 1319.50 1017.30

974.00 1319.50 1319.50 1016.80

975.00 1318.80 1319.30 1016.50

976.50 1317.50 1319.10 1016.00

978.00 1316.20 1318.70 1015.20

954.00 100000.00 100000.00 1019.00 1019.0

900.00 1320.00 1319.00 1055.00

900.00 1319.00 1319.00 1073.00

915.00 1319.00 1319.00 1066.00

STENCL

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

980.00

.00

.00

.00

DIFEG

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

EG

.00 1321.64

.00 1321.40

.00 1320.42

.00 1320.16

.00 1319.96

.00 1319.48

.00 1318.96

.00 1318.54

.00 1318.25

.00 1317.93

.00 1317.75

.00 1316.87

.00 1316.57

.00 1316.29

DIFIJSPFRCH

1.01

1.51

1.02

1.44

1.65

1.68

1.50

1.30

1.30

1.01

1.01

1.02

1.61

1.01

CIJSELQSECNO

20.580

20.480

20.380

20.280

20.180

20.080

19.980

19.880

19.780

19.680

19.570

18.990

18.870

18.610

13JUN95

13JUN95

*
*

*

*

*
*

*

*

I
I

I
I

I

I
I

I

I SUMMARY OF ERRORS AND SPECIAL NOTES

I
I
I
I
I

CAUT ION SECNO=

CAUT ION SECNO=

CAUTION SECNO=
CAUTION SECNO=

IJARNING SECNO=

CAUTION SECNO=
CAUTION SECNO=
CAUTION SECNO=

CAUTION SECNO=
CAUTION SECNO=
CAUTION SECNO=

CAUTION SECNO=
CAUTION SECNO=
CAUTION SECNO=

CAUTION SECNO=
CAUTION SECNO=
CAUT ION SECNO=

20.580 PROFILE=

20.480 PROFILE=

20.380 PROFILE=
20.380 PROFILE=

20.180 PROFILE=

19.680 PROFILE=
19.680 PROFILE=
19.680 PROFILE=

19.570 PROFILE=
19.570 PROFILE=
19.570 PROFILE=

18.990 PROFILE=
18.990 PROFILE=
18.990 PROFILE=

18.610 PROFILE=
18.610 PROFILE=
18.610 PROFILE=

CRITICAL DEPTH ASSUMED

20 TRIALS ATTEMPTED TO BALANCE IJSEL

IJSEL ASSUMED BASED ON MIN DIFF
20 TRIALS ATTEMPTED TO BALANCE IJSEL

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

CRITICAL DEPTH ASSUMED
PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED TO BALANCE IJSEL

CRITICAL DEPTH ASSUMED
PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED TO BALANCE IJSEL

CRITICAL DEPTH ASSUMED
PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED TO BALANCE IJSEL

CRITICAL DEPTH ASSUMED
PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED TO BALANCE IJSEL

I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I
I
I
I
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I
I
I
I
I
I
I
I
I
I
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Open Channel - Uniform flow

Worksheet Name: 10TH STREET WASH

Comment: EAST TRIB. INLET HYDRAULICS

5.00 ft
0.1600 ft/ft
0.012

36.00 cfs

0.61 ft
26.19 fps
1. 37 sf
1. 67 ft
0.0028 ft/ft

12.24 %
1128.58 cfs
1214.03 cfs

7.13 (flow is Supercritical)

Circular Channel Analysis & Design
Solved with Manning's Equation

Open Channel Flow Module, Version 3.21 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

Solve For Actual Depth

Given Input Data:
Diameter .
Slope .
Manning's n .
Discharge .

Computed Results:
Depth .
Velocity .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Open Channel - Uniform flow

Worksheet Name: 10TH STREET WASH

Comment: EAST TRIB. INLET HYDRAULICS

5.00 ft
0.1600 ft/ft
0.012

123.00 cfs

1.11 ft
37.69 fps
3.26 sf
3.17 ft
0.0036 ft/ft

22.29 %
1128.58 cfs
1214.03 cfs

7.50 (flow is Supercritical)

Circular Channel Analysis & Design
Solved with Manning's Equation

Open Channel Flow Module, Version 3.21 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

Solve For Actual Depth

Given Input Data:
Diameter .
Slope .
Manning's n .
Discharge .

Computed Results:
Depth .
Velocity .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Comment: BASIN LOW FLOW CHANNEL

Worksheet Name: 10TH STREET WASH

Solve For Depth

10.00 ft
3.00:1 (H:V)
3.00:1 (H:V)
0.018
0.0025 ft/ft

72.00 cfs

1. 28 ft
4.07 fps

17.70 sf
17.67 ft
18.09 ft
1. 05 ft
0.0051 ft/ft
0.72 (flow is Subcritical)

Bottom Width .....
Left Side Slope ..
Right Side Slope.
Manning's n .
Channel Slope .
Discharge .

Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Depth .
Velocity .
Flow Area .
Flow Top Width .
Wetted Perimeter.
Critical Depth .
Critical Slope .
Froude Number .

Open Channel Flow Module, Version 3.21 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

Given Input Data:

Computed Results:

I
I
I
I
I
I
·1
I
I
1
1
1
I
I
1/
1
I
1
I
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BUOYANCY OF CONCRETE PIPE

It Is important to determine if local concrete pipe manufac
turers have the capability to manufacture pipe with the re
quired pull or drop.

PIPE WEIGHTS

The average density of concrete is 150 pounds per cubic foot, and the
approximate weight per linear foot of circular concrete pipe may be calcu
lated by the following equation:

SUPPLEMENTAL DESIGN 5-25
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The required drop can also be determined by use
of Figure 5.21:

RB = 40.0
e

(5.14)W = 1T (B 2 - D 2) 150
p 4 e

Where: Be = outside pipe diameter, feet
D = inside pipe diameter, feet
Wp = weight of pipe, pounds per linear foot

Average weights for nonreinforced and reinforced concrete sewer,
storm drain and culvert pipe are listed in Tables 5.2 and 5.3. Most pipe
manufacturers publish product data givi~g actual dimensions, weight per
linear foot, etc. Data from these publications should be used when avail
able.

The density of concrete is approximately 2.4 times that of water, but there
are several installation conditions where the possibility of pipe flotation
exists. Some of these conditions are: flooding to consolidate backfill;
pipelines in areas which will be inundated, such as a flood plain or under a
future man-made lake; subaqueous pipelines; and pipelines in areas with a
high groundwater table. When such conditions exist, flotation probability
should be determined.

The buoyancy of a concrete pipeline depends upon the weight of the
pipe, the weight of the volume of water displaced by the pipe, the weight
of the liquid load carried by the pipe, and the weight of the backfill. As a
conservative analytical practice, the line can be considered empty so the
weight of any future liquid load is then an additional safety factor.

Enter Figure 5.21 on the vertical scale at an R/Be value of 40.0,
project horizontally to the right until the diagonal line repre
senting a pipe length of 7.5 feet is intersected, from this point
project vertically down to the horizontal scale and read a value
of 2.22 inches for the required drop.

Answer: The required pull for deflected straight pipe is 2.25 inches. The
required drop for radius pipe is 2.22 inches.

EXAMPLE

Substituting in Equation 5.8:

I Ll _ . _I Pull
"2 N - Sm 2(D + 2t)

I 2636 - . -I Pull
. - Sm 2[42 + (2 X 4.5)]

Pull = 2.25 inches

= 1.2636 degrees

Given: A 42-inch diameter concrete pipe storm sewer is to be installed
on curved alignment corresponding to the roadway curvature.
The pipe will be manufactured in 7.5-foot lengths with a 4.5
inch wall thickness. The curve data for the pipe centerline is:

P.1. = 50 + 00
P.C. = 49 + 29.6
P.T. = 50 + 63.1
d = 45 degrees
R = 170 feet

Find: The required pull per joint for deflected straight pipe and the
required drop for radius pipe.

Solution: The required pull per joint can be determined by solving Equa
tion 5.7 to obtain a value for 1/2 (dIN):

L

Ill)R = 2 (tan "2 N

!~ = tan-I 2t
2 N

7.5
= tan-

I
2(170)

The required drop per joint for radius pipe can be detennined
by solving Equation 5.13 for drop:

D 2BeL
rop = 2R + B

e

2(51)(7.5 X 12)
2(170 X 12) + 51

= 2.22 inches

5-24 CONCRETE PIPE HANDBOOK
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Table 5.2. Dimensions and Approximate Weights of Circular
Concrete Pipe, Bell and Spigot Joint.

ASTM C14-Nonreinforced Sewer and
Culvert Pipe, Bell and Spigot Joint

Class 1 Class 2 Class 3
Internal

Minimum Average Minimum Average Minimum AverageDiameter,
Wall Weight, Wall Weight, Wall Weight,inches Thickness, pounds Thickness, pounds Thickness, pounds

inches per foot inches per foot inches per foot

4 5/8 9.5 3/4 13 3/4 13
6 5/8 17 3/4 20 7/8 21
8 3/4 27 7/8 31 1-1/8 36

10 7/8 37 1 42 1·1/4 50
12 1 50 1·3/8 68 1·3/4 90
15 1-1/4 78 1-5/8 100 1-718 120
18 1·1/2 105 2 155 2-1/4 165
21 1·3/4 159 2·1/4 205 2·3/4 260
24 2-1/8. 200 3 315 3-3/4 350
27 3·1/4 390 4 450 4·7/8 450
30 3·1/2 450 4-1/4 540 4·1/4 540
33 3·3/4 520 4-1/2 620 4-1/2 620
36 4 580 4-3/4 700 4·3/4 700

ASTM C76-Reinforced Concrete Culvert, Storm Drain and
Sewer Pipe, Bell and Spigot Joint.

Wall A Wall B
Internal

Minimum Average Minimum AverageDiameter,
Wall Weight, Wall Weight,inches Thickness, pounds Thickness, pounds

inches per foot inches per foot

12 1·3/4 90 2 106
15 1-7/8 120 2-1/4 148
18 2 155 2-112 200
21 2-1/4 205 2·3/4 260
24 2-1/2 265 3 325
27 2·5/8 310 3-1/4 388
30 2·3/4 363 3-1/2 459

These tables are based on concrete weighing 150 pounds per cubic foot and
wi II vary with heavier or lighter weight concrete.
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Table 5.3. Dimensions and Approximate Weights of Circular
Concrete Pipe, Tongue and Groove Joint.

ASTM C76 - Reinforced Concrete Culvert, Storm Drain and
Sewer Pipe, Tongue and Groove Joints

Wall A Wall B Wall C
Internal

Minimum Average Minimum Average Minimum AverageDiameter,
inches Wall Weight, Wall Weight, Wall Weight,

Thickness, pounds Thickness, pounds Thickness, pounds
inches per foot inches per foot inches per foot

12 1-3/4 79 2 93 - -
15 1-7/8 103 2·1/4 127 - -
18 2 131 2-1/2 168 - -
21 2·1/4 171 2·3/4 214 - -
24 2-1/2 217 3 264 3·3/4 366
27 2-5/8 255 3·1/4 322 4 420
30 2-3/4 295 3·1/2 3P4 4·1/4 476
33 2-7/8 336 3·3/4 451 4·1/2 552
36 3 383 4 524 4·3/4 654
42 3-1/2 520 4·1/2 686 5·1/4 811
48 4 683 5 867 5·3/4 1011
54 4-1/2 864 5·1/2 1068 6-1/4 1208
60 5 1064 6 1295 6-3/4 1473
66 5-1/2 1287 6·1/2 1542 7·1/4 1735
72 6 1532 7 1811 7·3/4 2015
78 6-1/2 1797 7-1/2 2100 8·1/4 2410
84 7 2085 8 2409 8-3/4 2660
90 7-1/2 2395 8-1/2 2740 9·1/4 3020
96 8 2710 9 3090 9·3/4 3355

102 8-1/2 3078 9·1/2 3480 10·1/4 3760
108 9 3446 10 3865 10-3/4 4160
114 9-1/2 3840 10·1/2 4278 11·1/4 4611
120 10 4263 11 4716 11·3/4 5066
126 10-1/2 4690 11·1/2 5175 12·1/4 5542
132 11 5148 12 5655 12·3/4 6040
138 11-1/2 5627 12-1/2 6156 13-1/4 6558
144 12 6126 13 6679 13-3/4 7098
150 12-1/2 6647 13·1/2 7223 14·1/4 7659
156 13 7190 14 7789 14·3/4 8242
162 13-1/2 7754 14-1/2 8375 15-1/4 8846
168 14 8339 15 8983 15·3/4 9471
174 14-1/2 8945 15-1/2 9612 16·1/4 10,117
180 15 9572 16 10,263 16·3/4 10,785

• These tables are based on concrete weighing 150 pounds per cubic foot and will
vary with heavier or lighter weight concrete.



Table 5.4. Approximate Weight of Water Displaced by
Circular Concrete Pipe, Bell and Spigot Joint.

Where: W w = weight of displaced water, pounds per linear foot

The approximate weights of the volume of fresh water displaced per
linear foot of pipe are presented in Tables 5.4 and 5.5.

DISPLACED WATER WEIGHT

When water is displaced, a buoyant or upward force exists, and, if the
buoyant force is greater than the weight of the object displacing the water,
flotation will occur. The weight of fresh water displaced per linear foot of
circular pipe can be calculated by the equation:

-
ASTM C76- Reinforced Concrete Pipe, Tongue and Groove Joint

Internal Weight of Water Displaced,

Diameter. pounds per linear foot

inches WaliA Wall B Wall C

12 82 87 -
15 119 130 -
18 164 181 -
21 222 239 -
24 287 306 339
27 355 381 418
30 429 465 505
33 511 560 600
36 600 660 704
42 816 885 940
48 1069 1143 1206
54 1351 1440 1504
60 1666 1764 1842
66 2020 2122 . 2207
72 2401 2519 2605
78 2786 2944 3043
84 3271 3401 3508
90 3752 3899 4005
96 4266 4423 4545

102 4823 4980 5109
108 5403 5580 5706
114 6017 6203 6341
120 6674 6863 7008
126 7354 7556 7709
132 8067 8282 8443
138 8826 9042 9210
144 9606 9836 10,010
150 10,418 10,662 10,844
156 11,278 11,523 11,711
162 12,157 12,416 12,612
168 13,069 13,343 13,546
174 14,031 14,303 14,513
180 15,009 15,296 15,513

_ -.illfPLiMiItlTA~SIGMIIa _ 5__
- ---':ON~ATmm AN'1Jl'kOCiTIS'iTRES

Table 5.5. Approximate Weight of Water Displaced by Circular
Concrete Pipe, Tongue and Groove Joint.

BACKFILL WEIGHT

The weight of the backfill directly over the pipe assists in resisting buoy
ant forces. The unit weight of compacted backfill material varies with the
type of material, grain size, degree of compaction, etc. For preliminary
computations, however, the average values for specific gravity and unit
weight of backfill materials provide sufficient accuracy.

-,1-

(5.15)

-

ww = ~ (B/}62.4

ASTM C14 - Nonreinforced Concrete Pipe, Bell and Spigot Joint

Internal
Weight of Water Displaced,

Diameter,
pounds per linear foot

inches Class 1 Class 2 Class·3

4 9.3 10.7 10.7
6 19.3 20.6 21.0
8 33 35 37

10 49 51 55
12 70 77 86
15 109 118 127
18 154 174 179
21 216 235 258
24 281 327 342

ASTM C76 - Reinforced Pipe, Bell and Spigot Joint

Internal
Weight of Water Displaced,

Diameter,
pounds per linear foot

inches Wall A Wall B

12 86 93
15 127 138
18 174 194
21 235 258
24 306 331
27 377 410
30 457 497

IIIiIINC..... P1PllliltNlJiif _
WATER DENSITY

The density of fresh water is 62.4 pounds per cubic foot and the average
density of seawater is 64.0 pounds per cubic foot. The density of brackish
water will be between that of fresh water and seawater depending upon
the degree of salinity. Local conditions should be investigated for specific
projects.

1IIIl211 _



Figure 5.23. Backfill Volumes Over Pipe.

-
(5.19)W D = IV(H - HI)B e

__ "UP~ENlIIIJES_ _ 5-3_
CO~ERATIONSAND PROCEDURES

The weight of the backfill above the water level, if any. acting down
ward per linear foot of pipe can be calculated by the equation:

FACTOR OF SAFETY

A factor of safety ranging between 1.0 and 1.5 should be applied, based on
the extent of knowledge of the proposed backfill material and site condi
tions. This factor of safety is applied to decrease the calculated downward
force of t1'{ backfill acting on the pipe.

PREVENTIVE PROCEDURES

If the total weight of the pipe and backfill is not adequate to prevent flota
tion of the pipe, preventive procedures will be required. Some of the com
monly used methods are:

• Increased wall thickness
• Precast or cast-in-place concrete collars
• Precast or cast-in-place concrete blocks
• Pipe strapped to piles or concrete anchor slab
• Additional backfill

When computing the volume of concrete required per linear foot for
pipe anchorage, the submerged weight of concrete is used, since concrete
which weighs 150 pounds per cubic foot in air weighs only 87.6 pounds
per cubic foot under water.

Where: H = depth from top of pipe to surface of backfill, feet
WD = weight of the backfill directly over the pipe, pounds per

linear foot

Therefore the total weight of backfill acting downward on the pipe is the
algebraic sum of Equations 5.18 and 5.19:

W n = WI + W D (5.20)

Where: WB = total weight of backfill directly over the pipe, pounds per
linear foot

DESIGN PROCEDURE

Following is a suggested procedure for determining the buoyancy of con
crete pipe and possible measures to prevent flotation. Downward forces
are considered positive and upward forces negative.

I. Determine the downward force of the pipe weight in pounds per
linear foot of pipe.

2. Determine the buoyant upward force of the weight of the displaced
water in pounds per linear foot of pipe.

3. Find the algebraic sum of the forces determined in Steps I and 2. If
the resultant force is positive, the pipe will not float. If the resultant
force is negative, proceed with Step 4.

--I
-,

(5.17)

(5.16)

Level of

J
Inundation

HI

IVI = IV(I - S~)

H

Which reduces to:

Where: WI = average unit weight of inundated backfill, pounds per
cubic foot

W = average unit weight of dry backfill, pounds per cubic
foot

SG = specific gravity of backfill material

The different volumes of the backfill over the pipe to be considered are
illustrated in Figure 5.23. The volume of backfill over the haunches from
the springline to the top of the pipe is equal to 0.1073 Be2 cubic feet per
linear foot of pipe. The volume of backfill from the top of the pipe to the
level of inundation equals HIBe cubic feet per linear foot of pipe. There
fore, the weight of inundated backfill, acting downward per linear foot of
pipe can be calculated by:

WI = IV/(0.1073B c2 + HIB e) (5.18)

Where: H, = depth of inundated backfill above top of pipe, feet
W, = weight of inundated backfill directly over the pipe, pounds

per linear foot

_-'v _ .iif~\...l_ r'1l'ililt1'WIiiif- _ _
The unit weight of inundated backfill is equal to the dry density of the

backfill minus the weight of water displaced by the solid particles and can
be calculated as follows:

IVI = IV - (SG : 62.4 X 62.4)



WI = 110 (I - 2.~5) = 68 pounds per cubic foot.

4. Determine the downward force of the total weight of backfill in
pounds per linear foot pipe.

5. Apply a factor of safety to determine the decreased total weight of
backfill.

6. Find the algebraic sum of the downward force determined in Step 5
and the excess upward force determined in Step 3. If the resultant
force is positive, the pipe will not float. If the resultant force is nega
tive, proceed with Step 7.

7. Select and analyze the procedures required to prevent flotation.

-

WI

H] =

6. Summation of forces:
From Step 3 the resultant upward force is -708 and from
Step 5 the downward force is +3421, producing a resultant
downward force of +2713 pounds per linear foot of pipe.
Therefore, the empty pipe will not float in the fully back
filled condition and Step 7 is not required.
To find the minimum height of inundated backfill necessary
to prevent flotation during construction, the force exerted
by the inundated backfill, Equation 5.18, must be equal and
opposite in direction to the buoyant force of the submerged
pipe, -708 pounds per linear foot.
Solve for HI

_ SiiMiEM-,L ~N _ ~-33_

'"C<:mSmrnA'TIONS AND PROCEDURES
The weight of inundated backfill, Equation 5.18, is:

WI = 68[0.1037(7.17)2 + (8 x 7.17)] = +4276 pounds
per linear foot of pipe (down-
ward force).

Weight of dry backfill
Since the groundwater table was assumed to be at the sur
face, the weight of dry backfill, Equation 5.19, equals:

Wv = (IIO) (8-8) (7.17) = O.
Total weight ofbackfill
The total weight of backfill, per linear foot of pipe, Equation
5.20, equals:

WB = 4267 + 0 = +4267 pounds per linear foot of pipe
(downward force).

5. Factor of safety:
Since precise information is not available on the density and
specific gravity of the sandy backfill, a factor of safety of
1.25 will be used to reduce the assumed total weight of the
backfill.

W +4276 ..F.S. = US = + 3421 pou?ds per Itnear foot
of pipe
(downward force)

w](O.1073B/ + HIBd
1.25

1.25W, _ 0.1073B
cIV,Be

~~0~1~~) - 0.1073(7.17)

1.05 feet

Therefore a minimum depth of slightly more than one foot of
inundated backfill above the top of the pipe is required to pre
vent flotation.

,

-

Answer:

---_CU1il1E .HA~UK_

Find:

Given:

EXAMPLE

A 72-inch diameter, Wall B, ASTM C 76 reinforced concrete
pipe is to be installed in a trench in a sandy coastal area with 8
feet of backfill over the top of the pipe. The groundwater table
is near the surface in this area, and the natural soil is primarily
sand. The sandy soil is assumed to have an in-place surface dry
density of 110 pounds per cubic foot with a specific gravity of
2.65.

Will the empty pipe float in the fully backfilled condition? What
is the minimum depth of inundated backfill required to prevent
flotation?

Solution: I. Weight of pipe
W p = + 1811 pounds per linear foot (downward
fcirce), Table 5.3.

2. Weight of displaced water
W w = -2519 pounds per linear foot of pipe (upward
force), Table 5.5.

3. Summation of forces
W" + Wu' = 1811 + (-2519) = -708 pounds per
linear foot of pipe (upward force).

Since the resultant force is negative, proceed to Step 4.
4. Total weight of backfill

Weight of inundated backfill
The in-place surface dry density of sand is 110 pounds per
cubic foot with a specific gravity of 2.65. The unit weight of
inundated backfill, Equation 5.17, equals:

_~-3_
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14 feet (bare pipe)
20 feet (polywrapped pipe)

DUCTILE IRON PIPE RESEARCH ASSOCIATION

THRUST RESTRAINT ANALYSIS FOR
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Type of Fitting

Angle of Bend
Diameter of Bend
Orientation of Bend

Laying Condition
Soil Designation
Depth of Cover
Design Pressure
Safety Factor
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The Length of Restrained Joint Piping for each side of the Bend is:
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