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1 STANLEY CONSULTANTS, INC.

2929 East Camelback Road, Suite 130 ¢ Phoenix, AZ 85016-4425 Tel: 602/912-6500 * Fax: 602/912-6599

June 14, 1995

Mr. Don Rerick

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
2801 West Durango Street

Phoenix, Arizona 85009

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

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.)

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.
Please review the enclosed calculations and contact me if you have any questions or comments.
Sincerely,
STANLEY CONSULTANTS, INC.

gé' 2 z if:l (! Ye—~a-)

Scott Buchanan, P.E.
Project Manager

gsb/klk:JUNO18:12183

MEMBER OF THE STANLEY CONSULTANTS GROUP e« INTERNATIONAL CONSULTANTS IN ENGINEERING, ARCHITECTURE, PLANNING, AND MANAGEMENT
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* HEC-2 WATER SURFACE PROFILES % * U.S. ARMY CORPS OF ENGINEERS

* % * HYDROLOGIC ENGINEERING CENTER

* Version 4.6.2; May 1991 * * 609 SECOND STREET, SUITE D

* " * DAVIS, CALIFORNIA 95616-4687

* RUN DATE 13JUN95 TIME 19:23:13 : % (916) 756-1104
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13JUN9S 19:23:13 PAGE 1

THIS RUN EXECUTED 13JUN95 19:23:13
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HEC-2 WATER SURFACE PROFILES
Version 4.6.2; May 1991

****************‘********************

SPLIT FLOW BEING PERFORMED
SF SPLIT FLOW ROUTINE

TW RIGHT BANK WEIR FLOW FIRST UPSTREAM SECTION
WS 2 20.98 21.18 =1 3.0
WC 0 1319.00 16.5 1319.00

TW LEFT BANK WEIR FLOW FIRST UPSTREAM SECTION
WS 2 20.98 21.18 =1 3.0
WC 0 1319.00 16.5 1319.00

TW RIGHT BANK WEIR FLOW MIDDLE SECTION
WS 2 20.78 20.98 4l 3.0
WC 0 1319.00 16.5 1319.00

TW LEFT BANK WEIR FLOW MIDDLE SECTION
WS 2 20.78 20.98 -1 3.0
WC 0 1319.00 16.5 1319.00

TW RIGHT BANK WEIR FLOW LAST DOWNSTREAM SECTION
WS 2 20.58 20.78 =1 3.0
WC 0 1319.00 16.5 1319.00

TW LEFT BANK WEIR FLOW LAST DOWNSTREAM SECTION

WS 2 20.58 20.78 =1 3.0
1HC 0 1319.00 16.5 1319.00

13JUN95 19:23:13 3 PAGE 2
T1 10TH STREET WASH STANLEY CONSULTANTS PROJECT # 12183
T2 BASIN NO. 1 FILENAME: 12183H2C
13 MAIN STREAM SUBCRITICAL FLOW PROPOSED CONDITION
;2 ek e e ek e e ke ke ko e ks ke ok e ok e e ok ok ok ok ok ko ks ok ok ok ke ke ok e
T4 THIS MODEL IS INTENDED FOR USE IN ESTIMATING THE WATER SURFACE ELEVATION
T4 ALONG THE 10TH WASH AND THE WEST TRIBUTARY FOR PROPOSED CONDITIONS.
T4 REFER TO THE EXISTING CONDITION HEC-2 EXHIBIT AND THE WEST TRIBUTARY
T4 STATIONING ON THE DESIGN PLANS FOR THE LOCATION OF IMPROVED XSECTS.
T4 THE FLOWS USED IN THIS MODEL WERE TAKEN FROM THE HEC-1 MODEL DONE BY
T4 KAMINSKI-HUBBARD (ADMS) AND MODIFIED BY SCI USING THE 14"x14" STEEL
T4 PLATE ORIFICE OPENING FOR THE PRINCIPAL SPILLWAY OUTLET PIPE OF THE
T4 EXISTING CITY OF PHOENIX DETENTION DAM NO. 3.
T4 ke e e e ok ko ko ke ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ke e ke ek
¥2 e e e e s e e e e e ko ke e o ko e e ke e ok ke ok ok o ok ok ok ok ok ok ok e ek ok ks ke ke ke ek e e
T4 THIS MODEL IS ESSENTIALLY THE SAME AS MODEL 12183H2B EXCEPT FOR THE
T4 ADDITIONAL AND MODIFIED CROSS SECTIONS USED TO BETTER ESTIMATE FLOW
T4 CONDITIONS TO REFLECT THE FOLLOWING PROPOSED CHANNEL IMPROVEMENTS:
T4
T4 1. THIS MODEL REFLECTS THE PROPOSED IMPROVEMENTS REQUIRED FOR THE INLET
T4 LOCATED ON THE WEST TRIBUTARY. THE CHANNEL IMPROVEMENT CONSISTS OF
T4 CONCRETE LINED REACH INCLUDING A TRANSITION SECTION FROM A TRAPEZOIDAL
T4 SECTION TO A RECTANGULAR SECTION UPSTREAM OF THE WEIR INLET, A
T4 RECTANGULAR REACH JUST UPSTREAM FROM THE WEIR AND THROUGHOUT THE WEIR
T4 LENGTH, AND A TRANSITION FROM A RECTANGULAR SECTION TO A TRAPEZOIDAL
T4 SECTION DOWNSTREAM OF THE WEIR. ADDITIONAL TRANSITION LENGTHS ARE USED
T4 TO MATCH EXISTING CHANNEL GEOMETRY BOTH UPSTREAM AND DOWNSTREAM OF THE
T4 CONCRETE LINED REACH. THESE ADDITIONAL TRANSITIONS ARE RIPRAP LINED TO

T4 TO PROVIDE SCOUR PROTECTION AND BANK STABILITY. THE PROPOSED WEIR REACH




J2

J3

J5

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.

2. 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-1 WEST TRIBUTARY
WEIR INFLOW RATING CURVE.
e 3 e e e e e e e e ke ke ok e ke ke vk e ok ke ok 3k ke o ok ke ke ke e ok ke ke ok ke o ok ke ok ok ke ke o ke e ke ke e ke e 9k ke ok e ok ke ke e 3k ke ke ok ok e o ok 3k v e ok o o ok
13JUN95 19:23:13
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.
3. CROSS SECTION GR STATION 1000 CORRESPONDS TO CENTERLINE OF THE WASH.
4. THE ROUGHNESS COEFFICIENTS USED RANGE FROM "n"=0.020 TO "n"=0.100 FOR
EXISTING CONDITIONS AND "n"=0.018 TO "n"=0.100 FOR PROPOSED
CONDITIONS.
5. STARTING WATER SURFACE ELEVATION IS CALCULATED USING SLOPE AREA.
6. PROFILE 1: 10YR
PROFILE 2: 100YR
PROFILE 3: EMERGENCY (100YR 2HR FLOWS USED AS WORST CASE)
ICHECK  INQ NINV IDIR STRT METRIC ~ HVINS @
2 0.001
NPROF IPLOT ~ PRFVS  XSECV  XSECH FN ALLDC 1BW
1 -1 -1
VARIABLE CODES FOR SUMMARY PRINTOUT
38 43 1 2 13 55 16
15 56 18 38 43 1
39 27 53 54 28 4 37
1 68 50 3 61 27 21
28
LPRNT  NUMSEC HHAAAAKKREQUESTED SECTION NUMBERS**¥xxn
-10 -10
13JUN95 19:23:13
0.100 0.045 0.025 0.2 0.4
3 404 764 1694
8.97 9 992 1007.5
1042
1310 797 1309 938 1308 992 1305
1305 1002 1308 1007.5 1309 1028 1310
9.35 9 992 1011 38 38 38
1042
1310 816 1309 926 1308 992 1305
1305 1002 1308 1009 1309 1011 1310
0.020 0.020 0.020 0.1 0.3
10.00 16 807 1080 55 55 60
1311.0 673 1310.0 807 1309.0 877 1308.0
1306.0 950 1305.0 980 1305.0 1000 1305.0
1307.0 1040 1308.0 1052 1309.0 1065 1310.0
1312.0 1127
0.045 0.045 0.045 0.1 0.3
10.32 16 890 1064 25 36 32
1311.0 849  1310.0 890 1309.0 900 1308.0
1306.0 978  1305.0 996 1305.0 1000 1305.0
1307.0 1019 1308.0 1032 1309.0 1047 1310.0

WSEL
1306.5
CHNIM

14
25

23

997
1042

998
1043

898
1010
1080

930
1002
1064

FQ
ITRACE
26 17
42 8
38 43
24 22
1304
1304
1307.0
1306.0
1311.0
1307.0
1306.0
1311.0

PAGE

PAGE

15
1000

15
1000

924
1026
1100

949
1011
1079

3

4



1312.0

11.42
1313.0
1308.0
1305.0
1310.0

0.020
11.62
1313.0
1308.0
1311.0

0.045
11.82
1313.0
1308.0
1309.0

13.77
1315.0
1310.0
1306.0
1310.0
1315.0

13JUNS5

18.61

19.78
1317.5

13JUN95

19.88
1318.8

19.98
1319.5

20.08
1319.5

0.018
20.18
1320.0

20.28
1320.3
1316.5

AR NI
18

0.045
14
963
983
1025
21
956
971
1000
1020
1036

19:23:13

1060
0.045
13
900
993
1033
1"
954
1000
1019
0.035
4
978.0

4
976.5

19:23:13

d
975.0

4
974.0

4
978.2
0.018

4
982.3

8
983.6
1004.6

968
1312.0
1307.0
1306.0
1311.0

0.020
952
1312.0
1307.5
1312.0

0.045

1312.0
1307.0
1310.0

959
1314.0
1309.0
1306.0
1311.0

697

1312.6
1312.0
1317.0

969
1313.2
1311.0
1316.0

697

1314.6
1314.0
1319.0

672

1319.0
1314.0
1315.0
1320.0

0.020

1319.0
1314.2
1319.0

0.045

1319.0
1314.3
1318.0

954

1318.0
1315.0

0.035
978.0
1315.1

976.5
1315.2

975.0
1315.3

974.0
1315.4

978.2
1315.5

0.018
982.3
1315.6

983.6
1316.5
1316.5

1042

986
1015
1039

0.1
1080

1000
1080

0.1
1071

989
1033

1033
959
976

1005

1023

1073

1055

1000
1045

1019
980
958

1005

1015.
983.

1016.
985.

vo omn

90
1311.0
1306.0
1307.0
1312.0

0.3
20
1311.0
1308.0

0.3

20
1311.0
1307.0
1311.0

185
1313.0
1308.0
1307.0
1312.0

195
1307.8
1313.0
1318.0

92
1308.9
1312.0
1317.0

100
1310.7
1315.0
1320.0

110
1318.0
1313.1
1316.0

0.3

30
1318.0
1315.0
1320.0

0.3
1317.5
1314.8
1319.0

58

1317.0
1316.0

1"
1315.1

10
1315.2

10
1315.3
10
1315.4
10
1315.5

1315.6

10
1316.5
1320.3

115
989

1021
1042

20
958
1014

205

1035
1063

115
1016
1037

105
1028
1048

60

936

1027

20
933
1022
1093

12
950
1003
1055

58
1019

1008

1"
1004.5

10
1004.5

10
1004.5

10
1004.5
10
1004.5

10
1004.5

10
995.4
1016.4

110
1310.0
1305.0
1308.0

20
1310.0
1309.0

20
1310.0
1307.0
1312.0

195
1312.0
1307.0
1308.0
1313.0

10
1319.3
10
1319.5
10
1319.5

10
1320.0

10
1315.62

974
1027

963
1026

972
1005
1071

965
985
1013
1029

963
1009

968
1011

1015.2

1016.0

1016.5

1016.8

1017.3

1017.7

995.5

1309.
1304.
1309.

1309.
1310.

1309.
1308.

1311.
1306.
1309.
1314.

1315.
1316.

1315.
1318.

om

0

oooo

ocoo

s e
o—-0

1315.62

977
1000
1033

970
1034

977
1018

968
1016
1033

PAGE

963
1001
1051

957
1047

980
1020

980
1014

PAGE

1004.5
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X1 20.38 8 985.7  1014.3 10 10 10
GR  1320.5 985.7  1317.3 9945 1317.3 995.4  1315.63 995.5 1315.63 1004.5
GR 1317.3  1004.6  1317.3  1005.5 13205 1014.3
X1 20.48 8 987.7  1012.3 10 10 10
GR  1320.8 987.7  1318.2 9945 1318.2 995.4  1315.65 995.5 1315.65 1004.5
l GR  1318.2  1004.6 13182 1005.5 1320.8 1012.3
NG 0.018 0.018 0.018 A 3
X1 20.58 4 995.4 10046 10 10 10
R 1321.0 995.4  1315.66 995.5 1315.66 1004.5 1321.0 1004.6
l X1 20.78 4 994.9  1005.1 20 20 20
R 1322.0 994.9  1315.69 995.0 1315.69 1005.0 13220 1005.1
X1 20.98 4 99%.4  1005.6 20 20 20
l GR  1322.0 9.4 1315.72 994.5 1315.72 1005.5 1322.0 1005.6
X1 21.18 4 993.9  1006.1 20 20 20
R 1323.0 993.9  1315.75 94.0  1315.75 1006.0 1323.0 1006.1
NG 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
GR  1324.0 989.9  1317.42 990.0 1316.10 99  1316.10 1006 1317.42 1010
l GR  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 1014.5
GR132600 101406
l 13JUN95 19:23:13 PAGE 7
X1 21.68 6 981.4  1018.6 10 10 10
GR  1324.0 981.4  1320.71 981.5 1316.70 9%  1316.70 1006 1320.71 1018.5
GR  1324.0  1018.6
X1 21.78 6 976.9  1023.1 10 10 10
GR  1324.0 976.9  1322.36 977.0  1317.00 99  1317.00 1006 1322.36 1023
l R  1324.0 1023 .1
NC  0.035 0.035 0.035 K 3 |
X1 21.88 4 973 1027 10 10 10 |
GR  1324.0 973 1317.30 994.0 1317.30 1006.0 1324.0 1027.0 |
|
l NC  0.065 0.065 0.065 ‘
X1 22.22 4 979 1018 15 50 34 |
GR  132%.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 1014 |
GR  1326.6 1025 |
X1 24.05 15 990 1018 125 125 125 |
GR  1324.0 990  1323.0 991 1322.0 993 1321.0 994 1320.0 996 |
GR  1319.0 97  1318.0 999 1317.2 1000 1318.0 1002 1319.0 1004
GR  1320.0 1007 1321.0 1009 1322.0 1012 1323.0 1015 1324.0 1018 ‘
X1 25.37 19 981 1018 132 132 132
GR  1327.0 978  1326.0 981 1325.0 983 1324.0 986 1323.0 988
GR  1322.0 991 1321.0 993 1320.0 996 1319.0 998 1318.7 1000
GR 13190 1002 132010 1005 1321.0 1007 1322.0 1009 1323.0 1011
SR 13240 1013 1325.0 1016 1326.0 1018 1327.0 1020
13JUN9S 19:23:13 PAGE 8
I SECNO  DEPTH  CWSEL  CRIWS  WSELK  EG HV HL OLOSS  L-BANK ELEV
Q QLOB QcH QROB ALOB ACH AROB VoL TWA R-BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST
|_ FLOW DISTRIBUTION FOR SECNO= 8.97 CWSEL= 1309.64
STA=  847. 938. 992.  1008.  1028.  1037.
PER Q= 2.0 10.1 78.9 8.5 .5
AREA=  29.1 61.7 587  23.4 2.9
VEL= 2 5 4.2 1.1 5
DEPTH= 3 1.1 3.8 1.1 3
FLOW DISTRIBUTION FOR SECNO= 9.35 CWSEL= 1309.69
' STA=  851. 926.  992.  1011.  1033.
PER Q= 1.9 13.4  83.4 1.3
AREA=  25.8  78.2 6.5 7.5
VEL= 2 5 4.1 5
DEPTH= 3 1.2 3.4 3
| 1
| 13JUN95 19:23:13 PAGE 9
| ' T 10TH STREET WASH STANLEY CONSULTANTS PROJECT # 12183




J1 ICHECK INQ NINV IDIR
3
J2 NPROF IPLOT PRFVS XSECV
2 =1
FLOW DISTRIBUTION FOR SECNO= 8.97
STA= 797. 938. 992. 1008.
PER Q= 9.0 13.4 64.3 11
AREA= 112.1 96.9 68.8 36
VEL= b ol 4.7 1
DEPTH= .8 1.8 4.4 1
FLOW DISTRIBUTION FOR SECNO= 9.35
STA= 816. 926. 992. 1011.
PER Q= 7.8 17.4 69.9 5
AREA= 91.5 120.9 76.8 26
VEL= b iy 4 4.6 1
DEPTH= .8 1.8 4.0
13JUND5 19:23:13
T1 10TH STREET WASH
J1 ICHECK INQ NINV IDIR
4
J2 NPROF IPLOT PRFVS XSECV
3 -1
FLOW DISTRIBUTION FOR SECNO= 8.97
STA= 797. 938. 992. 1008.
PER Q= 20.2 15.4 47.1 15
AREA= 279.2 160.9 87.2 61
VEL= 7 1.0 5.5 2
DEPTH= 2.0 3.0 5.6 3
FLOW DISTRIBUTION FOR SECNO= 9.35
STA= 816. 926. 992. 1011.
PER Q= 16.6 19.8 53.3 10
AREA= 220.8 198.5 99.1 62
VEL= .8 1.0 5.5 1
DEPTH= 2.0 3.0 5.2 2
13JUN9S 19:23:13
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HEC-2 WATER SURFACE PROFILES
Version 4.6.2; May 1991
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NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

MAIN STREAM SUBCRITICAL
SUMMARY PRINTOUT

SECNO Q CWSEL CRIWS

8.970 314.91  1309.64  1308.29
8.970 501.95 1310.30 1309.40
.970  1024.67 1311.48 1310.39

8

9.350 314.91  1309.69  1308.31
9.350 501.95 1310.33  1309.33
9.350 1024.67 1311.51 1310.48

i 10.000 314.91  1309.92  1306.12
10.000 501.95 1310.58 1306.43
e 10.000 1024.67 1311.79 1307.06

o 10.320 314.91  1309.92  1306.79
10.320 501.95 1310.58 1307.17
e 10.320 1024.67 1311.78 1307.89

11.420 314.91  1309.93  1306.65
* 11.420 501.95 1310.57 1307.25
11.420  1024.67 1311.73  1308.40

*
oo

11.620 314.91  1309.88 1309.00
11.620 501.95 1310.52 1309.38

HVINS Q WSEL

STRT METRIC
.001 1307.1
XSECH FN ALLDC IBW CHNIM
=4
CWSEL=  1310.30
1028. 1042.
5 2.0
.8 i
5 19
.8 .8
CWSEL=  1310.33
1042.
.0
.3
.0
.8

STANLEY CONSULTANTS PROJECT # 12183

STRT METRIC HVINS Q WSEL
.001 1309.0
XSECH FN ALLDC IBW CHNIM
=1
CWSEL=  1311.48
1028. 1042.
.0 4.2
5 27.7
2 1.6
.0 2.0
CWSEL=  1311.51
1042.
.3
ol
.7
.0

QLOB

38.
112.
365.

48.
126.
373.

24
57
54

32
08
02

.00

.75
.35

.00

31
.24

.00
.00
.00

.00
.00

VLOB

.42
.54
.83

.46
.59
.89

.00
12
.36

.00
.19
.57

.00
.00
.00

.00
.00

FQ

ITRACE

FQ

ITRACE

THIS RUN EXECUTED 13JUN95

K*XNL QCH VCH
100.00 248.44 4.23
100.00 322.76 4.69
100.00 482.80 5.54
100.00 262.66 4.07
100.00 350.89 4.57
100.00 545.99 5.51
.00 314.91 47
20.00 498.79 .59
20.00 951.61 .81
.00 314.91 .73
45.00 500.17 .92
45.00 980.63 1.30
.00 314.91 1.85
.00 501.95 2.06
.00 1024.67 5.17
.00 314.91 2.84
.00 501.95 3.17
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11.620 1024.67 1311.70 1310.19 .00 .00 .00 1024.67 3.85 20.00 .00 .00 .0
l i 11.820 314.91  1309.92  1308.65 .00 .00 .00 314.91 2.69 45.00 .00 .00 .0
* 11.820 501.95 1310.55 1309.11 .00 .00 .00 501.95 3.18 45.00 .00 .00 .0
* 11.820 1024.67 1311.72 1310.08 .00 .00 .00 1024.67 4.00 45.00 .00 .00 0
%* 13.770 314.91  1310.29 1308.00 .00 .00 .00 314.91 2.22 45.00 .00 .00 .0 ‘
I x 13.770 501.95 1311.01  1308.55 .00 .00 .00 501.95 2.79 45.00 .00 .00 <00
13.770  1024.67 1312.31 1309.72 .00 .00 .00 1024.67 3.99 45.00 .00 .00 .0 1
1 |
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SECNO Q CWSEL CRIWS QLOB VLOB K*XNL QCH VCH K*XNCH QROB VROB K*XN ‘
i 15.770 292.91  1310.62  1309.69 .00 .00 .00 292.91 3.85 45.00 .00 .00 .0
¥ 15.770 434.95  1311.39  1310.15 .00 .00 .00 434.95 4.00 45.00 .00 .00 0 4
* 15.770 730.67 1312.87 1310.89 ST .68 45.00 729.92 3.83 45.00 .00 .00 08
16.770 292.91  1311.29 1310.79 .00 .00 .00 292.91 4.85 45.00 .00 .00 .0 i
16.770 434.95 1311.93  1311.25 .00 .00 .00 434 .95 3.11 45.00 .00 .00 20
l 16.770 730.67 1313.19 1312.00 .00 .00 .00 730.67 5.08 45.00 .00 .00 .0
17.770 292.91  1312.65 1312.51 .00 .00 .00 292.91 5.91 45.00 .00 .00 .0
* 17.770 434.95 1313.08 1312.95 .00 .00 .00 434,95 6.53 45.00 .00 .00 .0
* 17.770 500.67 1313.93 1313.12 .00 .00 .00 500.67 4.77 45.00 .00 .00 .0
* 18.610 270.91  1315.25 1315.25 .00 .00 .00 270.91 6.01 45.00 .00 .00 .0
» 18.610 409.95 1315.67 1315.67 .00 .00 .00 409.95 6.31 45.00 .00 .00 .0
* 18.610 441.67 1315.75 1315.75 .00 .00 .00 441.67 6.38 45.00 .00 .00 .0
b 18.870 270.91 1315.78 1315.59 .00 .00 .00 270.91 4.11 20.00 .00 .00 .0
* 18.870 409.95 1316.21 1315.87 .00 .00 .00 409.95 4.10 20.00 .00 .00 .0
* 18.870 441.67  1316.30 1315.93 .00 .00 .00 441.67 4.12 20.00 .00 .00 .0
% 18.990 270.91  1316.02 1316.02 .00 .00 .00 270.91 5.38 45.00 .00 .00 .0
b 18.990 409.95  1316.33  1316.33 .00 .00 .00 409.95 5.93 45.00 .00 .00 .0
l * 18.990 441.67 1316.38 1316.38 .00 .00 .00 441.67 6.08 45.00 .00 .00 .0
% 19.570 270.91  1317.03  1316.40 .00 .00 .00 270.91 4.55 45.00 .00 .00 .0
* 19.570 409.95 1317.39 1316.86 .00 .00 .00 409.95 5.79 45.00 .00 .00 .0
ke 19.570 441.67  1317.46  1316.95 .00 .00 .00 441.67 6.06 45.00 .00 .00 .0
19.680 270.91  1317.08 1316.63 .00 .00 .00 270.91 4.89 35.00 .00 .00 .0
19.680 409.95  1317.47 1317.06 .00 .00 .00 409.95 6.00 35.00 .00 .00 .0
19.680 441.67  1317.56  1317.16 .00 .00 .00 441.67 6.19 35.00 .00 .00 .0
19.780 270.91  1317.08 1316.86 .00 .00 .00 270.91 5.65 35.00 .00 .00 .0
19.780 409.95  1317.47 1317.32 .00 .00 .00 409.95 6.73 35.00 .00 .00 .0
19.780 441.67  1317.56  1317.42 .00 .00 .00 441.67 6.91 35.00 .00 .00 .0
»* 19.880 270.91  1317.08 1317.08 .00 .00 .00 270.91 6.77 35.00 .00 .00 .0
¥ 19.880 409.95  1317.57 1317.57 .00 .00 .00 409.95 7.49 35.00 .00 .00 0
* 19.880 441.67  1317.67  1317.67 .00 .00 .00 441.67 7.62 35.00 .00 .00 .0
l . 19.980 270.91  1317.31 1317.31 .00 .00 .00 270.91 6.86 35.00 .00 .00 .0
By 19.980 409.95 1317.81 1317.81 .00 .00 .00 409.95 7.57 35.00 .00 .00 .0
e 19.980 441.67  1317.91  1317.91 .00 .00 .00 441.67 7.70 35.00 .00 .00 .0
* 20.080 270.91  1317.58 1317.58 .00 .00 .00 270.91 6.99 35.00 .00 .00 .0
* 20.080 409.95  1318.10 1318.10 .00 .00 .00 409.95 7.69 35.00 .00 .00 x0
% 20.080 441.67 1318.21 1318.21 .00 .00 .00 441.67 7.82 35.00 .00 .00 .0
» 20.180 270.91  1317.93  1317.93 .00 .00 .00 270.91 7.26 18.00 .00 .00 .0
* 20.180 409.95 1318.51 1318.51 .00 .00 .00 409.95 7.95 18.00 .00 .00 .0
* 20.180 441.67  1318.62 1318.62 .00 .00 .00 441.67 8.09 18.00 .00 .00 .0
1
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¥ 20.280 270.91  1318.26 1318.26 .00 .00 .00 270.91 7.46 18.00 .00 .00 .0
* 20.280 409.95 1318.88 1318.88 .00 .00 .00 409.95 8.15 18.00 .00 .00 <0
I ks 20.280 441.67 1319.00 1319.00 .00 .00 .00 441.67 8.28 18.00 .00 .00 .0
. t 20.380 270.91  1318.63  1318.63 .00 .00 .00 270.91 7.83 18.00 .00 .00 .0
. 20.380 409.95 1319.32  1319.32 .00 .00 .00 409.95 8.44 18.00 .00 .00 .0
b 20.380 441.67  1319.45  1319.45 .00 .00 .00 441.67 8.56 18.00 .00 .00 +0
I . 20.480 270.91 1318.89 1318.89 .00 .00 .00 270.91 8.44 18.00 .00 .00 +0
x 20.480 409.95 1319.73  1319.73 .00 .00 .00 409.95 8.89 18.00 .00 .00 .0
* 20.480 441.67 1319.88 1319.88 .00 .00 .00 441.67 8.99 18.00 .00 .00 «0
g 20.580 270.91  1318.68 1318.68 .00 .00 .00 270.91 9.89 18.00 .00 .00 .0
i 20.580 409.95  1319.65 1319.65 .00 .00 .00 409.95 11.32 18.00 .00 .00 .0
i 20.580 441.67 1319.84  1319.84 .00 .00 .00 441.67 11.64 18.00 .00 .00 .0
i 20.780 280.70 1319.54  1318.59 .00 .00 .00 280.70 7.25 18.00 .00 .00 S0t
b 20.780 469.88 1319.77 1319.77 .00 .00 .00 469.88 11.43 18.00 .00 .00 0 =
I * 20.780 540.99 1320.16 1320.16 .00 .00 .00 540.98 12.02 18.00 .00 .00 -0
20.980 319.84  1319.54  1318.68 .00 .00 .00 319.84 7.57 18.00 .00 .00 .0 |
. 20.980 550.24  1319.96  1319.96 .00 .00 .00 550.24 11.72 18.00 .00 .00 .0
i 20.980 721.45 1320.81  1320.81 .00 .00 .00 721.45 12.78 18.00 .00 .00 .0
I 21.180 360.00 1319.55 1318.77 .00 .00 .00 360.00 7.83 18.00 .00 .00 .0
* 21.180 672.00 1320.33  1320.33 .00 .00 .00 672.00 12.16 18.00 .00 .00 0
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21.780 672.00 1323.18 193.34  1317.00 6.18 10.00 .00 976.95  1023.05 .00 46.10 2.2
l 21.780 1111.00 1326.21 333.10 1317.00 9.21 10.00 .00 976.90  1023.10 .00 46.20 2.6
i 21.880 360.00 1320.51 71.18  1317.30 3.21 10.00 .00 983.90 1016.10 .00 32.19 1.8
. 21.880 672.00 1323.16 178.16  1317.30 5.86 10.00 .00 975.62  1024.38 .00 48.76 2.2
il 21.880 1111.00 1326.22 340.99 1317.30 8.92 10.00 .00 973.00 1027.00 .00 54.00 2.6 i
* 22.220 360.00 1320.63 51.81  1317.45 3.18 34.00 .00 987.49  1011.06 .00 23.57 1.9
* 22.220 672.00 1323.11 124.30  1317.45 5.66 34.00 .00 981.24 1016.17 .00 34.92 2.2
%* 22.220 1111.00 1326.15 240.94  1317.45 8.70 34.00 .00 979.00 1018.00 .00 39.00 2.7
% 22.800 360.00 1321.95 105.64  1317.30 4.65 58.00 .00 978.15  1016.33 .00 38.18 1.9
= 22.800 672.00 1323.78 185.38  1317.30 6.48 58.00 .00 970.73  1019.74 .00 49.01 2.3
22.800 1111.00 1326.51 343.09 1317.30 9.21 58.00 .00 960.00 1024.84 .00 64.84 2.7 1
¥ 24.050 360.00 1322.94 65.22 1317.20 5.74 125.00 .00 991.12  1014.81 .00 23.69 2.0
b 24.050 672.00 1324.44 105.02  1317.20 7.24 125.00 .00 990.00 1018.00 .00 28.00 2.4
l ¥ 24.050 1111.00 1326.70 168.39  1317.20 9.50 125.00 .00 990.00 1018.00 .00 28.00 2.9
* 25.370 360.00 1324.54 95.68 1318.70 5.84 132.00 .00 984.37 1014.63 .00 30.27 2.1
* 25.370 672.00 1326.11 149.23  1318.70 7.41 132.00 .00 980.67 1018.22 .00 37.55 2:5
% 25.370  1111.00 1327.97 225.14  1318.70 9.27 132.00 .00 978.00 1020.00 .00 42.00 3:0
1
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MAIN STREAM SUBCRITICAL
I SUMMARY PRINTOUT
SECNO Q CWSEL FRCH DIFWSP EG DIFEG STENCL STCHL XLBEL RBEL STCHR STENC
l 8.970 314.91  1309.64 .38 .00 1309.86 .00 .00 992.00 1308.00 1308.00 1007.50 1042.0
8.970 501.95 1310.30 .39 .65 1310.52 .66 .00 992.00 1308.00 1308.00 1007.50 1042.0
8.970 1024.67 1311.48 W41 1.19  1311.72 1.86 .00 992.00 1308.00 1308.00 1007.50 1042.0
9.350 314.91 1309.69 .39 .00  1309.90 .00 .00 992.00 1308.00 1309.00 1011.00 1042.0
9.350 501.95 1310.33 .40 .64 1310.56 .66 .00 992.00 1308.00 1309.00 1011.00 1042.0
9.350 1024.67 1311.51 .42 1.18  1311.77 1.86 .00 992.00 1308.00 1309.00 1011.00 1042.0
i 10.000 314.91  1309.92 .05 .00 1309.93 .00 .00 807.00 1310.00 1310.00 1080.00 .0
% 10.000 501.95 1310.58 .06 .66  1310.59 .66 .00 807.00 1310.00 1310.00 1080.00 .0
l * 10.000 1024.67 1311.79 .07 1.21  1311.80 1.87 .00 807.00 1310.00 1310.00 1080.00 .0
* 10.320 314.91  1309.92 .08 .00 1309.93 .00 .00 890.00 1310.00 1310.00 1064.00 .0
» 10.320 501.95 1310.58 .09 .65  1310.59 .66 .00 890.00 1310.00 1310.00 1064.00 =0
% 10.320 1024.67 1311.78 .M 1.20  1311.80 1.87 .00 890.00 1310.00 1310.00 1064.00 .0
I i 11.420 314.91  1309.93 .15 .00 1309.97 .00 .00 968.00 1312.00 1312.00 1042.00 .0
i 11.420 501.95 1310.57 .19 .64 1310.64 .67 .00 968.00 1312.00 1312.00 1042.00 .0
. 11.420 1024.67 1311.73 .26 1.16  1311.89 1.92 .00 968.00 1312.00 1312.00 1042.00 .0
11.620 314.91  1309.88 .40 .00 1310.00 .00 .00 952.00 1312.00 1312.00 1080.00 .0
11.620 501.95 1310.52 .39 .65 1310.68 .68 .00 952.00 1312.00 1312.00 1080.00 .0
11.620 1024.67 1311.70 .45 1.18  1311.93 1.93 .00 952.00 1312.00 1312.00 1080.00 .0
* 11.820 314.91  1309.92 .34 .00  1310.03 .00 .00 966.00 1312.00 1312.00 1071.00 .0
¥ 11.820 501.95 1310.55 .38 .63 1310.71 .67 .00 966.00 1312.00 1312.00 1071.00 .0
' = 11.820 1024.67 1311.72 A 1.17  1311.97 1.9 .00 966.00 1312.00 1312.00 1071.00 .0
i 13.770 314.91  1310.29 23 .00 1310.37 .00 .00 959.00 1314.00 1314.00 1033.00 .0
. 13.770 501.95 1311.01 wef 71 1311.13 .76 .00 959.00 1314.00 1314.00 1033.00 .0
13.770  1024.67 1312.31 .35 1.31  1312.56 2.19 .00 959.00 1314.00 1314.00 1033.00 .0
l * 15.770 292.91  1310.62 .49 .00 1310.85 .00 .00 968.00 1312.60 1317.00 1060.00 .0
o 15.770 434,95  1311.39 .46 .78  1311.64 .80 .00 968.00 1312.60 1317.00 1060.00 .0
* 15.770 730.67 1312.87 .40 1.47  1313.10 2.25 .00 968.00 1312.60 1317.00 1060.00 .0
16.770 292.91  1311.29 .66 .00 1311.66 .00 .00 969.00 1313.20 1318.00 1053.00 .0
16.770 434.95 1311.93 .63 .64 1312.34 .68 .00 969.00 1313.20 1318.00 1053.00 .0
16.770 730.67 1313.19 .54 1.26  1313.59 1.94 .00 969.00 1313.20 1318.00 1053.00 .0
17.770 292.91  1312.65 .89 .00 1313.19 .00 .00 969.00 1314.60 1321.00 1051.00 .0
* 17.770 434.95  1313.08 .90 b4 1313.74 «25 .00 969.00 1314.60 1321.00 1051.00 .0
I * 17.770 500.67 1313.93 .58 .84  1314.28 1.09 .00 969.00 1314.60 1321.00 1051.00 .0
* 18.610 270.91  1315.25 1.01 .00 1315.81 .00 .00 915.00 1319.00 1319.00 1066.00 .0
* 18.610 409.95  1315.67 1.01 42 1316.29 .48 .00 915.00 1319.00 1319.00 1066.00 .0
* 18.610 441.67 1315.75 1.01 .08 1316.38 ST .00 915.00 1319.00 1319.00 1066.00 .0
1
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|
SECNO Q CWSEL FRCH DIFWSP EG DIFEG STENCL STCHL XLBEL RBEL STCHR STENC
\
l * 18.870 270.91  1315.78 .76 .00 1316.04 .00 .00 900.00 1319.00 1319.00 1073.00 .0
* 18.870 409.95 1316.21 .66 b 1316047 .43 .00 900.00 1319.00 1319.00 1073.00 .0
* 18.870 441.67  1316.30 .65 .08  1316.56 .52 .00 900.00 1319.00 1319.00 1073.00 .0
* 18.990 270.91  1316.02 1.01 .00 1316.47 .00 .00 900.00 1320.00 1319.00 1055.00 .0
i 18.990 409.95 1316.33 1.01 .31 1316.87 .41 .00 900.00 1320.00 1319.00 1055.00 .0
% 18.990 441.67  1316.38 1.01 .06 1316.95 .49 .00 900.00 1320.00 1319.00 1055.00 .0
i 19.570 270.91  1317.03 .58 .00 1317.36 .00 980.00 954.00 100000.00 100000.00 1019.00 1019.0
X 19.570 409.95  1317.39 .69 35 1317.91 .56 980.00 954.00 100000.00 100000.00 1019.00 1019.0
* 19.570 441.67  1317.46 71 .07 1318.03 .68 980.00 954.00 100000.00 100000.00 1019.00 1019.0




19.680 270.91  1317.08 .66 .00 1317.46 .00 .00 978.00 1316.20 1318.70 1015.20 .0
19.680 409.95  1317.47 .74 .39 1318.03 .58 .00 978.00 1316.20 1318.70 1015.20 .0
19.680 441.67  1317.56 .75 .09  1318.15 .70 .00 978.00 1316.20 1318.70 1015.20 .0
19.780 270.91  1317.08 .81 .00 1317.58 .00 .00 976.50 1317.50 1319.10 1016.00 .0
19.780 409.95  1317.47 .89 .39 1318.17 .60 .00 976.50 1317.50 1319.10 1016.00 .0
19.780 441.67  1317.56 .90 .09  1318.30 .72 .00 976.50 1317.50 1319.10 1016.00 .0
l E 19.880 270.91  1317.08 1.01 .00 1317.79 .00 .00 975.00 1318.80 1319.30 1016.50 .0
d 19.880 409.95  1317.57 1.01 .49 1318.44 .65 .00 975.00 1318.80 1319.30 1016.50 .0
il 19.880 441.67  1317.67 1.00 .10 1318.57 .78 .00 975.00 1318.80 1319.30 1016.50 .0
K 19.980 270.91  1317.31 1.01 .00 1318.04 .00 .00 974.00 1319.50 1319.50 1016.80 .0
i 19.980 409.95  1317.81 1.01 .50  1318.70 .66 .00 974.00 1319.50 1319.50 1016.80 .0
L 19.980 441.67  1317.91 1.01 .10 1318.83 .80 .00 974.00 1319.50 1319.50 1016.80 .0 |
o 20.080 270.91  1317.58 1.01 .00 1318.34 .00 .00 978.20 1319.50 1319.50 1017.30 .0 ‘
% 20.080 409.95 1318.10 1.01 .53 1319.02 .69 .00 978.20 1319.50 1319.50 1017.30 0
* 20.080 441.67 1318.21 1.01 110 1319.16 .82 .00 978.20 1319.50 1319.50 1017.30 .0 ‘
|
* 20.180 270.91  1317.93 1.00 .00 1318.75 .00 .00 982.30 1320.00 1320.00 1017.70 08
% 20.180 409.95  1318.51 1.00 .58  1319.49 .74 .00 982.30 1320.00 1320.00 1017.70 0%
¥ 20.180 441.67 1318.62 1.00 110 1319.64 .89 .00 982.30 1320.00 1320.00 1017.70 .0
i 20.280 270.91  1318.26 1.00 .00 1319.13 .00 .00 983.60 1320.30 1320.30 1016.40 .0 ;
* 20.280 409.95 1318.88 1.00 .61 1319.91 .78 .00 983.60 1320.30 1320.30 1016.40 .0
= 20.280 441.67  1319.00 1.00 .12 1320.06 .93 .00 983.60 1320.30 1320.30 1016.40 .0
o 20.380 270.91  1318.63 1.00 .00 1319.58 .00 .00 985.70  1320.50 1320.50 1014.30 .0 }
i3 20.380 409.95  1319.32 1.00 .69 1320.42 .85 .00 985.70 1320.50 1320.50 1014.30 A0
b 20.380 441.67  1319.45 1.00 .13 1320.59 1.01 .00 985.70 1320.50 1320.50 1014.30 .0 |
* 20.480 270.91 1318.89 1.00 .00 1320.00 .00 .00 987.70 1320.80 1320.80 1012.30 .0 }
* 20.480 409.95 1319.73 1.01 .83 1320.95 .95 .00 987.70 1320.80 1320.80 1012.30 .05
* 20.480 441.67  1319.88 1.01 16 1321.14 1.14 .00 987.70 1320.80 1320.80 1012.30 -0
* 20.580 270.91  1318.68 1.01 .00 1320.20 .00 .00 995.40 1321.00 1321.00 1004.60 .0
x 20.580 409.95  1319.65 1.00 .97 1321.64 1.44 .00 995.40  1321.00 1321.00 1004.60 «0u
' * 20.580 441.67  1319.84 1.01 .19 1321.94 1.74 .00 995.40 1321.00 1321.00 1004.60 -0
] |
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l SECNO Q CWSEL FRCH DIFWSP EG DIFEG STENCL STCHL XLBEL RBEL STCHR STENC
i 20.780 280.70 1319.54 .65 .00 1320.35 .00 .00 994.90 1322.00 1322.00 1005.10 .0
ol 20.780 469.88  1319.77 1.00 .24 1321.80 1.45 .00 994.90 1322.00 1322.00 1005.10 .0
= 20.780 540.99 1320.16 1.01 .39 1322.40 2.05 .00 994.90 1322.00 1322.00 1005.10 .0
' 20.980 319.84  1319.54 .68 .00 1320.43 .00 .00 994.40 1322.00 1322.00 1005.60 .0
% 20.980 550.24 1319.96 1.01 .42 1322.09 1.66 .00 994.40 1322.00 1322.00 1005.60 .0
* 20.980 721.45  1320.81 1.00 .85  1323.35 2.92 .00 994.40 1322.00 1322.00 1005.60 .0
21.180 360.00 1319.55 ol ] .00 1320.51 .00 .00 993.90 1323.00 1323.00 1006.10 .0
. 21.180 672.00 1320.33 1.00 .78  1322.63 2.12 .00 993.90 1323.00 1323.00 1006.10 .0
* 21.180 1111.00 1322.14 1.01 1.81 1325.35 4.85 .00 993.90 1323.00 1323.00 1006.10 .0
21.380 360.00 1319.63 .70 .00 1320.57 .00 .00 993.90 1323.00 1323.00 1006.10 0
21.380 672.00 1321.48 72 1.85  1322.96 2.39 .00 993.90 1323.00 1323.00 1006.10 .0
I 21.380 1111.00 1323.71 .73 2.23 1325.79 5.22 .00 993.90 1323.00 1323.00 1006.10 .0
x 21.480 360.00 1320.48 .38 .00 1320.77 .00 .00 989.90  1324.00 1324.00 1010.10 .0
* 21.480 672.00 1322.88 .36 2.41  1323.29 2.52 .00 989.90  1324.00 1324.00 1010.10 .0
* 21.480 * 1111.00 1325.72 .34 2.84 1326.26 5.49 .00 989.90 1324.00 1324.00 1010.10 .0
' 21.580 360.00 1320.60 .35 .00 1320.81 .00 .00 985.40 1324.00 1324.00 1014.60 .0
21.580 672.00 1323.11 .28 2.51  1323.35 2.54 .00 985.40 1324.00 1324.00 1014.60 +0
* 21.580 1111.00 1326.06 .25 2.94 1326.34 5.54 .00 985.40  1324.00 1324.00 1014.60 .0
21.680 360.00 1320.59 .42 .00 1320.82 .00 .00 981.40  1324.00 1324.00 1018.60 .0
21.680 672.00 1323.17 .28 2.57 1323.36 2.54 .00 981.40 1324.00 1324.00 1018.60 .0
21.680 1111.00 1326.16 .23 2.99 1326.37 5.55 .00 981.40 1324.00 1324.00 1018.60 .0
21.780 360.00 1320.57 .49 .00 1320.86 .00 .00 976.90  1324.00 1324.00 1023.10 .0
21.780 672.00 1323.18 .30 2.61  1323.37 2.51 .00 976.90  1324.00 1324.00 1023.10 .0
l 21.780  1111.00 1326.21 .22 3.03 1326.38 5.52 .00 976.90  1324.00 1324.00 1023.10 .0
i 21.880 360.00 1320.51 .60 .00 1320.91 .00 .00 973.00 1324.00 1324.00 1027.00 .0
- 21.880 672.00 1323.16 <39 2.65 1323.38 2.47 .00 973.00 1324.00 1324.00 1027.00 .0
- 21.880 1111.00 1326.22 .23 3.06 1326.38 5.47 .00 973.00 1324.00 1324.00 1027.00 .0
' b 22.220 360.00 1320.63 .83 .00 1321.38 .00 .00 979.00 1324.00 1324.00 1018.00 .0
e 22.220 672.00 1323.11 .51 2.48 1323.56 2.18 .00 979.00 1324.00 1324.00 1018.00 .0
* 22.220  1111.00 1326.15 .33 3.04 1326.48 5.10 .00 979.00  1324.00 1324.00 1018.00 .0
i 22.800 360.00 1321.95 .36 .00 1322.13 .00 .00 960.00 1326.00 1326.60 1025.00 .0
4 22.800 672.00 1323.78 .33 1.82  1323.98 1.85 .00 960.00 1326.00 1326.60 1025.00 .0
22.800 1111.00 1326.51 .25 2.74  1326.68 4.54 .00 960.00 1326.00 1326.60 1025.00 .0
" 24.050  360.00 1322.94 99 .00 1323.42 .00 .00  990.00 1324.00 1324.00 1018.00 0
b 24.050 672.00 1324.44 .58 1.50 1325.08 1.66 .00 990.00 1324.00 1324.00 1018.00 0: o
. 2 24.050 1111.00 1326.70 47 2.26  1327.38 3.96 .00 990.00 1324.00 1324.00 1018.00 .0
i 25.370 360.00 1324.54 .37 .00 1324.76 .00 .00 981.00 1326.00 1326.00 1018.00 .0
i 25.370 672.00 1326.11 .40 1.56  1326.42 1.66 .00 981.00 1326.00 1326.00 1018.00 -0
l * 25.370 1111.00 1327.97 .37 1.86 1328.36 3.59 .00 981.00 1326.00 1326.00 1018.00 .0
1
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SUMMARY OF ERRORS AND SPECIAL NOTES
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
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 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 11.420 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
l 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
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
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
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
CAUTION SECNO= 18.610 PROFILE= 3 CRITICAL DEPTH ASSUMED
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
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
l 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
CAUTION SECNO= 19.880 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 19.880 PROFILE= 1 MINIMUM SPECIFIC ENERGY
1CAUTION SECNO= 19.880 PROFILE= 2 CRITICAL DEPTH ASSUMED
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I 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
l CAUTION SECNO= 19.980 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 19.980 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 19.980 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 19.980 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 19.980 PROFILE= 3 CRITICAL DEPTH ASSUMED
l CAUTION 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
CAUTION SECNO= 20.080 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.080 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.080 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.080 PROFILE= 3 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.180 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.180 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.180 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.180 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.180 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.180 PROFILE= 3 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.280 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.280 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.280 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.280 PROFILE= 2 MINIMUM SPECIFIC ENERGY |
CAUTION SECNO= 20.280 PROFILE= 3 CRITICAL DEPTH ASSUMED |
l CAUTION SECNO= 20.280 PROFILE= 3 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.380 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.380 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.380 PROFILE= 2 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.380 PROFILE= 2 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 20.380 PROFILE= 3 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.380 PROFILE= 3 MINIMUM SPECIFIC ENERGY




CAUTION SECNO= 20.480 PROFILE= 1 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.480 PROFILE= 1 MINIMUM SPECIFIC ENERGY

CAUTION 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

CAUTION SECNO= 20.480 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.580 PROFILE= 1 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.580 PROFILE= 1 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.580 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.580 PROFILE= 2 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.580 PROFILE= 3 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.580 PROFILE= 3 MINIMUM SPECIFIC ENERGY

1HARNING SECNO= 20.780 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

|
13JUN9S 19:23:13 PAGE 23

CAUTION SECNO= 20.780 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.780 PROFILE= 2 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.780 PROFILE= 3 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.780 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.980 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.980 PROFILE= 2 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 20.980 PROFILE= 3 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 20.980 PROFILE= 3 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 21.180 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 21.180 PROFILE= 2 MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 21.180 PROFILE= 3 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 21.180 PROFILE= 3 MINIMUM SPECIFIC ENERGY

WARNING SECNO= 21.480 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 21.480 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 21.480 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 21.580 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 21.880 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 21.880 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 21.880 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 22.220 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 22.220 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 22.220 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 22.800 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 22.800 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 24.050 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 24.050 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 24.050 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 25.370 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 25.370 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 25.370 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
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* HEC-2 WATER SURFACE PROFILES * * U.S. ARMY CORPS OF ENGINEERS
* " * HYDROLOGIC ENGINEERING CENTER
* Version 4.6.2; May 1991 ¥ * 609 SECOND STREET, SUITE D
* % * DAVIS, CALIFORNIA 95616-4687
* RUN DATE 13JUN9S TIME 19:24:14 * * (916) 756-1104
. e v e e 3k e v vk vk e e e e v ke e ke e vk e v e ke Ik v e ke vk vk ke vk e vk o ok vk v vk ke e e o ok ok e e e v v v ke v e e ke v e T ke vk e e e v e e e vk v e e e vk v e e e ok e e ok
I X X XXXXXXX XXXXX XXXXX
X X X X X X X
X X X X
XXXXXXX  XXXX X XXXXX XXXXX
X X X X X
X X X X X X
X X XXXXXXX  XXXXX XXXXXXX
l 13JUN95 19:24:14 PAGE 1
THIS RUN EXECUTED 13JUN95 19:24:14
e e vk e vk v v vk v vk e e e e 3k e e e v vk 3k e ke e dk e e e ke ke ke e ke ok e ok ke
l HEC-2 WATER SURFACE PROFILES
Version 4.6.2; May 1991
*************************************
I T1 10TH STREET WASH STANLEY CONSULTANTS PROJECT # 12183
T2 BASIN NO. 1 FILENAME: 12183H2C.SUP
Tz MAIN STREAM SUPERCRITICAL FLOW PROPOSED CONDITION
T
l T
J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
2 1 0.001 1319.5
I J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE
1 -1 -1
l J3 VARIABLE CODES FOR SUMMARY PRINTOUT
38 43 1 2 13 55 16 14 26 17
15 56 18 38 43 1 25 42 8
39 27 53 54 28 4 37 38 43
1 68 50 3 61 27 21 23 24 22
28
J5 LPRNT NUMSEC Fkk*RAXAREQUESTED SECTION NUMBERS*** %k
l -10 -10
QT 1 410
NC 0.018 0.018 0.018 .3 .5
X1 20.58 4 995.4 1004.6 10 10 10
l GR 1321.0 995.4 1315.66 995.5 1315.66 1004.5 1321.0 1004.6
X1 20.48 8 987.7 1012.3 10 10 10
GR 1320.8 987.7 1318.2 994.5 1318.2 995.4 1315.65 995.5 1315.65 1004.5
1GR 1318.2 1004.6 1318.2 1005.5 1320.8 1012.3
l 13JUN95 19:24:14 PAGE 2
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 1004.5
GR 1317.3 1004.6 13173 1005.5 1320.5 1014.3
X1 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 1004.5
. GR  1316.5 1004.6 1316.5 1005.5 1320.3 1016.4
NC 0.035 0.035 0.035 wl .3
X1 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
X1 20.08 4 978.2 1017.3 10 10 10
GR  1319.5 978.2 1315.5 993.0 1315.5 1004.5 1319.5 1017.3
X1 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
l X1 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
X1 19.78 4 976.5 1016.0 10 10 10
l GR 1317.5 976.5 1315.2 985.5 1315.2 1004.5 1319.1 1016.0
NC 0.045 0.045 0.045




X1 19.68 4 978.0 1015.2 1" 11 11
l GR  1316.2 978.0 1315:1 983.0 1315.1 1004.5 1318.7 1015.2
X1 19.57 1" 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
GR 1314.8 1000 1315.0 1005 1316.0 1008 1317.0 1011 1318.0 1014
l GR 1319.0 1019
X1 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
l GR 1317.0 1033 1318.0 1045 1319.0 1055
NC 0.020 0.020 0.020 01 0.3
X1 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
GR 1318.0 1060 1319.0 1073 1320.0 1093
X1 18.61 i 915 1066
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
13JUNS5 19:24:14 PAGE 3
THIS RUN EXECUTED 13JUN95 19:24:15
e e e de e vl vk v s ke ok e Sk ok ke s e ke o e s e gk o ke o e e v e 3k o ke ok ke ok e
l HEC-2 WATER SURFACE PROFILES
Version 4.6.2; May 1991
e vk e e e e e v sk e e ke ke ke ke e 3k ok ok ok ke ke ke vk ok e e ok e e ke ke ke ok ke e ke
l NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST
MAIN STREAM SUPERCRITICA
I SUMMARY PRINTOUT
SECNO Q CWSEL CRIWS QLOB VLOB K*XNL QCH VCH K*XNCH QROB VROB K*XN
l * 20.580 410.00 1319.64 1319.64 .00 .00 .00 410.00 11.34 18.00 .00 .00 .0
& 20.480 410.00 1318.91 1319.72 .00 .00 .00 410.00 12.68 18.00 .00 .00 J0
= 20.380 410.00 1319.28 1319.32 .00 .00 .00 410.00 8.58 18.00 .00 .00 .0
l 20.280 410.00 1318.35 1318.87 .00 .00 .00 410.00 10.80 18.00 .00 .00 .0
* 20.180 410.00 1317.83 1318.50 .00 .00 .00 410.00 11.70 35.00 .00 .00 .0
20.080 410.00 1317.46 1318.11 .00 .00 .00 410.00 11.40 35.00 .00 .00 .0
l 19.980 410.00 1317.32 1317.81 .00 .00 .00 410.00 10.27 35.00 .00 .00 .0
19.880 410.00 1317.25 1317.57 .00 .00 .00 410.00 9.09 35.00 .00 .00 «0
I 19.780 410.00 1317.02 1317.32 .00 .00 .00 410.00 8.90 35.00 .00 .00 0
= 19.680 410.00 1317.06 1317.06 .00 .00 .00 410.00 7.45 45.00 .00 .00 =0
2 19.570 410.00 1316.85 1316.85 .00 .00 .00 410.00 7.59 45.00 .00 .00 .0
l = 18.990 410.00 1316.31 1316.31 .00 .00 .00 410.00 6.01 45.00 .00 .00 .0
18.870 410.00 1315.56 1315.87 .00 .00 .00 410.00 8.05 20.00 .00 .00 .0
l X, 18.610 410.00 1315.67 1315.67 .00 .00 .00 410.00 6.32 20.00 .00 .00 0
: 13JUN95 19:24:14 PAGE 4
l MAIN STREAM SUPERCRITICA
SUMMARY PRINTOUT
SECNO Q CWSEL AREA ELMIN DEPTH XLCH STENCL SSTA ENDST STENCR TOPWID TWA
* 20.580 410.00 1319.64 36.15  1315.66 3.98 .00 .00 995.43  1004.57 .00 9.15 .0
*i 20.480 410.00 1318.91 32.34  1315.65 3.26 10.00 .00 992.64  1007.36 .00 14.72 .0
l * 20.380 410.00 1319.28 47.76  1315.63 3.65 10.00 .00 989.05 1010.95 .00 21.89 .0
20.280 410.00 1318.35 37.95 1315.62 2.73 10.00 .00 989.22 1010.78 .00 21.55 .0
o5 20.180 410.00 1317.83 35.06 1315.60 2.23 10.00 .00 988.80 1011.20 .00 22.40 =0
l 20.080 410.00 1317.46 35.97 1315.50 1.96 10.00 .00 985.72  1010.79 .00 25.07 .0
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19.980 410.00 1317.32 39.91  1315.40 1.92 10.00 .00 982.76 1010.27 .00 27.51 .0
19.880 410.00 1317.25 45.11  1315.30 1.95 10.00 .00 980.74 1010.37 .00 29.63 .0
19.780 410.00 1317.02 46.06 1315.20 1.82 10.00 .00 978.36  1009.88 .00 31.51 .0
. 19.680 410.00 1317.06 55.05 1315.10 1.96 10.00 .00 978.00 1010.34 .00 32.34 .0
= 19.570 410.00 1316.85 54.00 1314.80 2.05 11.00 980.00 980.00 1010.56 1019.00 30.56 .0
i 18.990 410.00 1316.31 68.18 1314.30 2.01 58.00 .00 960.30  1024.04 .00 63.74 £y
18.870 410.00 1315.56 50.91 1314.20 1.36 12.00 .00 964.49  1029.83 .00 65.34 i1
% 18.610 410.00 1315.67 64.90 1313.10 2.57 26.00 .00 970.29  1024.02 .00 53:173 =h
13JUN95 19:24:14 PAGE 5
MAIN STREAM SUPERCRITICA
SUMMARY PRINTOUT
SECNO Q CWSEL FRCH DIFWSP EG DIFEG STENCL STCHL XLBEL RBEL STCHR STENC
* 20.580 410.00 1319.64 1.01 .00 1321.64 .00 .00 995.40 1321.00 1321.00 1004.60 .0
X 20.480 410.00 1318.91 1.51 .00 1321.40 .00 .00 987.70 1320.80 1320.80 1012.30 .0
X 20.380 410.00 1319.28 1.02 .00 1320.42 .00 .00 985.70 1320.50 1320.50 1014.30 .0
20.280 410.00 1318.35 1.44 .00 1320.16 .00 .00 983.60 1320.30 1320.30 1016.40 .0
. 20.180 410.00 1317.83 1.65 .00 1319.96 .00 .00 982.30 1320.00 1320.00 1017.70 .0
20.080 410.00 1317.46 1.68 .00 1319.48 .00 .00 978.20 1319.50 1319.50 1017.30 .0
19.980 410.00 1317.32 1.50 .00 1318.96 .00 .00 974.00 1319.50 1319.50 1016.80 .0
19.880 410.00 1317.25 1.30 .00 1318.54 .00 .00 975.00 1318.80 1319.30 1016.50 .0
19.780 410.00 1317.02 1.30 .00 1318.25 .00 .00 976.50 1317.50 1319.10 1016.00 .0
g 19.680 410.00 1317.06 1.01 .00 1317.93 .00 .00 978.00 1316.20 1318.70 1015.20 20
* 19.570 410.00 1316.85 1.01 .00 1317.75 .00 980.00 954.00 100000.00 100000.00 1019.00 1019.0
18.990 410.00 1316.31 1.02 .00 1316.87 .00 .00 900.00 1320.00 1319.00 1055.00 .0
18.870 410.00 1315.56 1.61 .00 1316.57 .00 .00 900.00 1319.00 1319.00 1073.00 .0
i 18.610 410.00 1315.67 1.01 .00  1316.29 .00 .00 915.00 1319.00 1319.00 1066.00 .0
13JUN95 19:24:14 PAGE 6

SUMMARY OF ERRORS AND SPECIAL NOTES

CAUTION SECNO= 20.580 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 20.480 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

CAUTION SECNO= 20.380 PROFILE= 1 WSEL ASSUMED BASED ON MIN DIFF
CAUTION SECNO= 20.380 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

WARNING SECNO= 20.180 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

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

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

CAUTION SECNO= 19.680 PROFILE=
CAUTION SECNO= 19.680 PROFILE=
CAUTION SECNO= 19.680 PROFILE=

CAUTION SECNO= 19.570 PROFILE=
CAUTION SECNO= 19.570 PROFILE=
CAUTION SECNO= 19.570 PROFILE=

— ) il

EENEE N

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

CAUTION SECNO= 18.990 PROFILE=
CAUTION SECNO= 18.990 PROFILE=
CAUTION SECNO= 18.990 PROFILE=

—_—_

CRITICAL DEPTH ASSUMED
PROBABLE MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 18.610 PROFILE=
CAUTION SECNO= 18.610 PROFILE=

—_

CAUTION SECNO= 18.610 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
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Circular Channel Analysis & Design
Solved with Manning’s Equation

Open Channel - Uniform flow Sed. SLIG[55

Worksheet Name: 10TH STREET WASH
Comment : EAST TRIB. INLET HYDRAULICS
Solve For Actual Depth

Given Input Data:

Diameter.......... 5.00 ft
2N Vo) o1~ N 0.1600 ft/ft
Manning’s M. ....s. 0.012
Discharge......... 36.00 cfs
Computed Results:
BDEPERIET . . . . e el 061 E£t
Velocity.......... 26.19 fps
Flow Area......... 1.37 "st
Critical Depth.... 1.6% EE
Critical Slope.... 0.0028 ft/ft
Percent Full...... 12.24 %
Full Capacity..... 1128.58 cfs
OQMAX @.94D........ 1214.03 cfs
Froude Number..... 7.13 (flow is Supercritical)

Open Channel Flow Module, Version 3.21 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Circular Channel Analysis & Design
Solved with Manning’s Equation

1 - .
Open Channe Uniform flow S 5%?/7;’

|
1
Worksheet Name: 10TH STREET WASH
|
Comment : EAST TRIB. INLET HYDRAULICS

Solve For Actual Depth

Given Input Data:

Diameter.......... 500 ft
SHOTE . st s ne o o »ols s 0.1600 ft/ft
Manning’s n....... 0.012
Discharge......... 123.00 cfs
Computed Results:
Depth............. 1.11 £t
VeloCktY. i uvissas 37.69 fps
Flow Area......... 3.26 st
Critical Depth.... .17 £E
Critical Slope.... 0.0036 ft/ft
Percent Full...... 22.29 %
Full Capacity..... 1128.58 cfs
OMAX @.94D........ 1214.03 cfs
Froude Number..... 7.50 (flow is Supercritical)

Open Channel Flow Module, Version 3.21 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

/ —

Worksheet Name: 10TH STREET WASH < > S5
Comment: BASIN LOW FLOW CHANNEL
Solve For Depth
Given Input Data:

Bottom: Width. .. .. 10.00 ft

Left Side Slope.. 3.00:1 (H:V)

Right Side Slope. 3.00:1 (H:V)

Manning’s n...... 0.018

Channel Slope.... 0.0025 ft/ft

Discharge........ 72.00 cfs
Computed Results:

Pepth.ic « cseewn s 1,28, Bt

NELOCTEY o 55 s a5 s = 4.07 fps

Flow Area........ 17.70 sf

Flow Top Width... 17.67 ft

Wetted Perimeter. 18:0:9" £

Critical Depth... 1.05 ft

Critical Slope... 0.0051 ft/ft

Froude Number.... 0.72 (flow is Subcritical)

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

I ‘




BESIENEDN B . .Sl .. o DATE SO0 SHERT HOwr B e PHEE MOt tsterem oot
CHECKED BY ... o5 e, DATE (271405 OF oo JOB NO. ...[212 .2

l REVIEWED BY .evvvvvvriennenenennnnnns DATE oisens vuns smmas o SUBJECT ™, 0t v smieivae s Tipars sia s wiaimsiornie e e OB s sl

AT 7RIBOTARY | ENERGY . OISS IPATORS T

',.,Aﬁ,;_w#z"c,:,'/e/“’ H . | N

L TUMBUNG [Frew N CIRCVIAR  CYLVERTS P Ul =6-%

o A b (mone)  max A wfe THILWATER.

TUARE | Z = eEits (?EK_PIPE> MAX A Poss g LE,

RE 7 o im0

"1":-‘:."— RN i R 1
e i i iV R T B s /{;77" - 724 U
! E/fg/,J 505’ Ft—ovd CHArNAE. UE}QC(rYI 2 Z/j@ ((%) 55
R RA N R ma T/,

S0 FReAT I7HE OSTUET] OF THE CWlvERT 79 THE tow Ftow

T s (T S SIS SULS S S UL O S I S SN SIS S S S S SO S S S

G O O N T A T & O T T G TE T B O O e B
|
|
|
9
<
ST
6\\

SC 3020




DESIGHED BY ;0. 50 S200 e DATE 5726/ 257 .. SHEET NO..ov.o.C oo PAGE WO e
CHECKED BY ... (2 %............ DATE (221405 OF oo & JOB NO. LBLEZ L,

REVELEWEDL BY: o oii'eosnonssnnsmn vomusnase DATE avvusssoosronsosSUBIBET R ..ooeioieiiviminonnsss wuwio vussssdinmnessduinsasmasans
ARBRONED. B¥: .o ostvnse sonwoonsnaiss 7§ S R —

L EASTT  TRAGUTARY | ENERGY NS5 PATORS ! ;((,ONTMJUC'Q>

HEZ 14

TUMBLISTE — [Ttes M LiRevHRT  cUVERTS f'm -p- 7

AsEZ T Qr=rez. b (,w pied
io1mis= R 1% SULHTY | SMAULER THAN  THE  RECOAMMEN D £ LS
S1z€ Ieoanise T ML - BT feoT  <Houe o
MAINTINS PR AENT  cAPACITY  Jo  PASS THE
DETIENS PEAK. Frow AT THE  JL%  LRADE ., NAMAC

L, ;/b,l s =S TN E T (Sez PREVIDSE PACE Y

) ) ) = / ey
; - = == tL_=ro !
S

EEREENE - 4¢ g EERER S A
Oeer Oy B I - i A

COMP/’r“Qf 7o BARR Low  frow WA"WCL‘ vEoery /@ MmAE & = /muf‘:)
ik V =45 %

N.re—: - A_r i A’JY Frow s’ /?'ljour —S\é &FE_ p& pieE TH{ Hfé-/
[ medEL [NbcATES. THAT  7ACNATER  foabirron S

iwe EXICyr AT THE  CuiaveERTT  burlET, /E) Ao e

, PEAK  INFLod  of 123 et peR. PAT T THE DA

LT IOTAGE 1S ESTIMATES T BRE  /3)3.5.

C 3020




E STANLEY CONSULTANTS

JobNo._ 12 = ¢ Page No.
Computed by DRS Date _27< DORNY S Subject
Checked by B Y Date _5/22/45
Reviewed by Date :
Approved by Date Sheet No. 7 of
ENcERoY DV PETR BARTETFLCES

Gx (8 cC-\- Y

= PN

WT Lx\3.S
Ypas — 1 'd <

GALIANIZED

Lo re=TE RARFFLE WIS <TEr(
CRSeon CR- =
RORNESWE ANCARS (8‘
ez
AR , 12 v
ADRESUE N .
| |
.i ! J\L f { e
| | LERs J
[ ‘ f
M| 13 |
e e
ConcesTs STEE

AT SANRTTE

® 3Ja w G'h

SC 3004 R1 691




s e SO N0, TGS

e e e

‘I‘D( Dt b.
Tz O B R AR B e

SE—

+~+<i N Gl 'l BN TN N I I I N BN O oD e e B
4
!
1
1
|
1}
1
i
{
4
1
]
1

o
w
o
N
o







E DES IGNED BY.....S./?‘.J ............. DATE .CL(3 /95 SHEET NO..ooooleroeeeress PAGE MO eoeveeerries e
CHECKED BY .....L0 3% ... DATE Ez {49 = OF sacsp s Sonees DOBIND - oado B D, ot
REVIEWED BY w.oovoevceeeeeeeenee. DATE-uff: ..o it SUBIEOTE ,vvrrionsnmasivosenismns sotbin oo Socs i onmn e simsssas
APPROVED BY oo DATE woeeneeerenan
[MEST TR\CYTARY DOWNITREAM. FRo~ (WNET  WEIR

Lt Dowr{TREAM. ofF THE INLET we—:&' SUWPERCRITICA— Flow S
VR L WITH MAK VEW G TY  Ans FRovBE NYMBER. of
| | 2 (‘:/5 AND L€ RESPELTIVELY, THe PReposcD rMmeETHID
of  Re-EsTABLSHING  SvBCRITICAC Froww Lo iTH AAUAGEALR E
 VEcries | s Jo  EXTE~D T R(PRAP PRSTECT 5~  Dow s WRE#rA
U &p! 1% PRoTEET  THT CHAMNCET FRorm POTEHTTA ScouR A~ 7O
. TRANSMeA | THE  frowd BACK T pRISTINTE L HArATE —
T T e s ries s,

m«,www ‘I)E'S”I&‘J M MonELS RgF‘«E’CT' TH’€ fo0 R G H’ﬂuﬂ
L EVEST . PowCUtR , Due yo MAANTANENTE  Anp AtsHeTIC
KE""(’SoMS, e RIPRAL wil (BE RuRED 2y  ApPPROX,
Lo TR T TAARTINE SN FHE rrope REFECTS IHE
BoverwmesSs OF e RIPRAP DbDuve 7o THE Port=iradt
T =R .THE coveR 7o BE LRDE>S AWAY, PR LewerR
l i FREGUERCY EVENTS,  THE MNATIVE Soc , oNee VEZETATTo+t
T 15 ESTARGUSHED | stoved R STARLE A~ THT REEULr/~G
‘ EFFECT 0F TRANSMeN/~C  Fiow Should SE  THE  SAMT
A yHe | BiPRAP [ tompAR NG THT  RevaHNESE A" = D.04s
T PR RE-ESTARUSHED CHANNEL — AND A" = 0035 AR
ERPos €7 R'PMP> .

T wo HEC-T SPO0ELS  JNOSILATE  THE  Frow  CorD(TLOMNS  fog
EREENE THe  JooTR  GHR: - , |
T T T T LT T T SR TR S T RGAI  fop, Fule LERETH T |
| g . oF PReTELT FR T [OYR AND 100YR |
AR , CGWuR | Ave  THE  Too¥A ZHR. USTH |
[Tt | | PR EmERGENCY  SpicLwAT  DETICA.

ZD) 1TIBZ HT . Sup - SuptRcRimicse RuN STpgmiNe

1 ‘ ! AT THE DOWNSTREAAN o oF THE

N O T CWETIR ARD  LeNTIRPVIAG Dowl STREAM
TO THE PRIVATE DRIVEWAT.

JHE  SYPeRcrITIC AL rMOACL  Slthws THE (WoRST LASE froww
UBTeciry  LF = 748 Ak  Ar  THE gD oF HE RIPRAP
Cecrand, THE  KEPTH  oF Fiow 1S APPReE  (,9C° . THSE

Two UAuEes I~ BVCATE MaNoR ScovR PLoTE~TIA.

SC 3020







SC 3020

GRooTTD  RIPRAP R wEeT

TRICoTIHRY  LHANNEC LININEG

E / PAGE 'NOs ol s dosrias stasssisis
ol s, OB NB. JELEZ
REVIEWED BY wvveeveveeeeveeseeeeee. DATE oo, SUBJECT:
APPROVED BY oovveeieeieieneannanen. )
RIPRAP  Drelé AN CRooTED RIPRAS

AND

T6p of RAMK Aens Rermiine wace (EAsT DAvK. I0TH STRELT

WaCH  cHAarNE Y,

THE FCDMeE N DRAINAGT
Vowvm® I HYpRAvVCICS
[oR  GERovi®™ R(PRAA.
PRENESTED N THE U 5.
HeH i ADmi~ € TeATI O

“ DEne~ 0f  RIPRAP

CRovTED RLPRAF

+

SEcnor g,

p Il

FGurE 57 :
RUPRAP

Sfcneas

(Y

DELIGN MANVAC
PReovibE=Z MINIMAL AHCTleN GUiDECNES
JHEREN=RE , THE bBELGA
DEPARTME~T of TRAMNSPORTIF e  FEDERA
HYbzAYGIC
ReUEr pme T "

R, mAR cer 4 lﬂv-‘f?'r/

,rjl(’- CERVARLC =

EPGINEER S Cilcunse. MO LI
Qe 70

SIZe" THEC

THE MAKIMUM  QEROCRTY EKPIRIE~NCES In THE

y24 APpReximATELY /0 ﬁ/ﬁ .

i g ”
TP CRRESPNNG RIPRAP THickweze s (47,

ROCK  Srzes e e
SET AT /N HEC Avo, [ .

MEDIAN Rock  <SIZC

SAY

MAXIrAC AN ok 51020

AR

AN M vpanl f\"(ic; SIZE

Miirv~ GRouT  PENETRATIOA

DETERMINCD

’ D50

PUTN——

2Y Tvc RECOmpn ¢Casl +T10 a0 §
= O0.67(4") = 7.38
- u
semEER

/4" ‘ (awwkcr THicknES S )

A\}

é”

(ﬁu,ow [/L, 70 /lj oF i
FAcE <sToC To &€ ,5&%5@))




[
E DESIGNED BY...... S e o S DATE . 5//5 /257 SHEET NOwoovvo Zomoooeon. PAGE HOG. Jirsmadio s o
CHECKED BY ....258%% . DATE (=i de AL, OFLS 5. Cvy i JOB NOov FERAEE. - 5
REVIEWED BY wvvevoveeeeeeennenn, DATE Liione o o D SUBJECT:
APPROVED BY wovoovoo oo, DATE
RiPRAP  DEsIEN « GRovTED  RIPRAP

THE DESIGN  ScodR. PEPIH ]S BASED °ON  THE DESIEN Scaul_
Pverd . Esnmamcs FoR. THE Loose RIPRAP, THE SAME CHANNEC
Frow | CARAcreRisICE  ARE FASSlumced 70 RE AdeovATe - THE

w e , Z
NMAXImuven  SCOUR  DEPTH D< FPPRO CHANANEL Fflow IS 2.29°,
Usine 4  SAFETY FAcTea 0F 1.5, THE DEUGY ScovR_
DEPTH 1< 24y,

!

THTE RIPRAP TYANDswa DePTH wiwe BE 5.0 fRom FANISHCD
ERADE . THE UPSTREAM AN  DowNsTRE¥UM  RIPRAPL TUARNDowsT
WL RBE . HE. SAME.

"

THE  THICKNESS wive € 1Y A PREVIOVSLY L mATED
PR THE GRouTED EILRAFS -

THE TVRNDowAN wiu E §oeid AT A  mMAX/MYsaa oF T:1,

SEE DETATL M pms

SC 3020







DESIGNED BY ... S OATE .. £/12/ T SHEET NO.voov. oo PAGE MO e
CHECKED BY ... overeresnne DATE Lez=l8-A, OF vorverdr i, JOB NO. /Z/EZ. ...
REVIEWED BY oo e DRTE sl i g SUBHEBTS woiserrioelalriessinmes momrs s <asemniadeoms 445 e o

APPROVED BY

SC 3020

PBAgin = tow Flow  LHANNTI_ VPLIFT  PRESSURES

TTVPIAC BiTcH STl ~d

14
m&.ﬂ[”70/‘—\, [k /o [Be7Tomn
I ISINEE
/1.5 OERTH
.o’ TURNDOwWAS

{@r"«T’ TURN D owvrrrs Froa~— ALV ATIier S >

S =

AREA —0F  WATER. DSpiAecls = ‘"""‘Z//o) 1 z/ gr5y(s)* /,5/4;‘5-);"“ '
‘ IR A i !

weigur oF wares Lupaees s (s h)(Czy L7738

| S /S 6 (s g LF
'-\szrfArwoFr cH»ANNAO_ s [2/4/75’) +rrojA /50 /65_//,7; :
= zhzs ks I B

ZILS T =TS 6 ok




E DESIGNED BY ....... Sel DATE .. 2120957 SHEET NOweveo oo PAGE NOu oo
CHECKED BY ..{2 2%, DATE 213595 2 . 12193
REVIEWED BY wevevevevreveen v, DATE et hecis SUBJECT:
APPROVED BY wovovoeeeeeesn. DATE <5 omcamse il

CONCRETE PIPES  [lermren !
1 VVZ THine=s To ConSneR

1) waleHT oF PipE
!.) WEGHT of voLumE oF WATER DiSPLACED

TR Y WEISHE oF | RACKETLC T

)

(fﬂﬂ sy WhTTE % (EL, t=TD z) 1S9 UMT WElghT oF CamcRETT
A = - , ol telel
: | T B, EoE Ry = ] L]

([&N{.ff),’l/\],,q,:‘ /f“/:_(,go,LB LTH
e Tl Vet

DIFFERCNCE 75 70 WaHT oF BACKFILL RECGURLD

e e~ e N

(eawsin)y wp=w=/f=2— (2 Lr)“ =

(g-ﬁ/o., 51(7)" | i (/on = u\‘) / ! N _ k N ‘ wi < ioe_ ug'f“ wT o'f ‘/Auﬁé/k"éd

0 OO O M 0O N 1 O M AN O I O wck ] ;
i | N ] ] i Ly = ONE umf'w{‘g o'{’ t(f7 é«LL]C/(
S Speche Gty o backfitf

SC 3020




DESIGNED BY ..... 5W ............. pate . & ’"‘“f% SHEET NO.. Z PAGE NOu woveeeeeeeeeeeeeeneeennn
CHECKED BY ... 2532 ... DATE (m.z)de 05 OF B JoB No. (2122 . ...
REVIEWED BY woeevvevveeeeeeeenaeeee DATE woineneenn SUBJECT: .

APPROVED BY wo.ooveereeeeeeeenenes DATE cecvms codmnsisdicn

‘w T CoNereTE pPIAEE ﬁ077‘}776’«d AN A&uﬁz\!ua})

’ 3.) Commanets
Wy = W(//{Z‘_) VEDEL - //afmé

S.G. 7 Z. Yo
el

W,];: 417 /h/s//,J

v e (ot (te]

V\l;’ ¢ 3o /53 e L-AF.f

%. SINeE T JHET RAckFrel 44 SeBITer  yo  WASH Flows | 7
L CONTRIBLIMN G wEleHT Wiee BE Q.0 ASCimpnic—  THAT 7}%&’ /9//’6‘._;._,_w
ZOVUER s T ERDES T PURING  PEAK £“V5~7'

THEREFVRE,  7¢E  Keaviradd WENHT G B Mave vp o Ly

PLACNG  Now— REINFERLED  CocRETE AT~ AnD  ARounts  PIPE  JoimrS.

L THIS. CovcrEre 15 ATLenmes o L. RIGHS AN PERMANEANT

T S8 THAT  THE ENiRE Wb [ @EYouD T THCT 0UTSIDE DAt e F PAEY T
‘ NI THE  TRENEH s i e escD 70 Llowlu sE T THE wElcHT
_ oo, LeFOR TP PIPEL TRErew  PCTALC PR AREA  CALCULARADS
RN RBAQALC Y THE  ARCKR fDIATID B‘f PPE BAcKFi L. Wil QF RIPLACED
CuvarH OunpP D ConNcRETE  yp Tv @" fr@auc TDP oF PIPE; :

Bruuires  waer = Y6k e iR .
' 7 = 53'30 lb< | /;m— V/Z" SECrrN ofF Pree

RO T S

R(Z&D wé}j-/ s <80 It /(8’1 U‘/{ )(3*(7) /(,9 5 /.53 L/'

: IERERNNERE NN o >A'“f 0 T L. F | @N(WCA’F‘ F°K THCH JU'J?" ST ‘"g’

7)6' /?Ppuc_/mw T ucsr' RIC. INLET pIRLT STH] //* So—7ot /uﬂ
RN ENREE BT S £ A A | L T LR Ay Zo  zowrz

I I . - o

SC 3020




-~ R &l B 5l = & i Il I OGS I S T B O B B aE =

E DESIGNED BY ...... 5“" ............ DATE..{f.!f;.(.‘lﬁ/...’.‘SHEET N 5o PAGE NOu oo
o T 2
CHECKED BY ... =5%%.......... DATE .(=m i G2 OF e s lgles

REVELEWED BY .oalicsissonvanauisintins s DATE b et SOBUEC TS b s st oot fos im0 5 B i s o o5 e ot s roient
APPROVED BY

CoNeRETE  PPE. FroTarre s ,/coww o:a)

B R ol e S < ST 7

57—

"

Vowme = (ze)(e)(34.72) [27

ﬁﬁ" codRere  JOoRTE | worel SLse JERVE 1o REDVEE
SCoVR | PETEATIMC BY | PReuvibide | SMATCL  fur oFF WAL
Plot-  THE LEWNGTH oF THE ©PifeEs, ] j

C 3020




CONCRETE PIPE
HANDBOOK

Published by
AMERICAN CONCRETE PIPE ASSOCIATION
8320 Old Courthouse Road
Vienna, Virginia 22180

$27.50




N
G I & = == =

[ ] [ ] - [ - [ - - q - Technical programs of the American Concrete Pipe Asso-

ciation, since its founding in 1907, have been designed to
compile engineering data on the hydraulics, loads and sup-
porting strengths and design of concrete pipe. Information
obtained is disseminated to producers and consumers of
concrete pipe through technical literature and promotional
handbooks. Other important activities of the Association in-
clude development of product specifications, govérnment
relations, participation in related trade and professional
societies, advertising and promotion, an industry safety pro-
gram and educational training. These services are made pos-
sible by the financial support of member companies located
throughout the United States, Canada, and in almost 40
foreign countries. A directory of member companies is avail-
able on request from the American Concrete Pipe Associ-
ation, 8320 Old Courthouse Road, Vienna, Virginia 22180

(703) 821-1990.

Copyright 1981
AMERICAN CONCRETE PIPE ASSOCIATION
All rights reserved.

This book or any part thereof must not be reproduced in any form without
the written permission of the American Concrete Pipe Association.

Library of Congress catalog number 80-65386
Printed in the United States of America

First printing January, 1980
20,000 copies
Second printing April, 1981
10,000 copies

ISBN 0-960-38681-5




LuINURRDLE P HAINUDUOU IS
Gl G B A B & B B B D G B G B B B B G .
portation Officials, American Society of Civil Engineers, U.S. Army LIST OF CONTENTS
Corps of Engineers, American Society for Testing and Materials, U.S.
Bureau of Reclamation, U.S. Environmental Protection Agency, U.S.
Soil Conservation Service, and many others. Credit for much of the data
in this Handbook goes to the engineers of these organizations and ,
agencies. Every effort has been made to assure accuracy and technical
data presented are considered reliable, but no guarantee is made nor lia-
bility assumed.
The Handbook was a time consuming and dedicated effort by the fol-

Preface
List of Contents

Chapter 1. Development of Technology

lowing staff of the American Concrete Pipe Association: Chapter 2. Materials and Manufacture
Mike Bealey Vice President of Technical Services .
. . A » Ch ; i
John J. Duffy Vice President of Marketing Services apter 3. Hydraulic Design
Russell B. Preuit Director of Engineering Services Ch :
Robert E. Stuckey Director of Publications apter 4. Loads and Supporting Strengths
We are greatly indebted to the expert advice, encouragement, editing Chapter 5. Supplemental Design Considerations and Procedures
and deadline awareness provided by Robert F. Baker, Consulting Engi-
neer, and to the technical review and assistance of the following represen- Chapter 6. Durability Considerations
tatives of the member companies of the American Concrete Pipe Associa-
tion who served as a review committee: Chapter 7. Design for Sulfide Control
J. Stuart Boldry Field Concrete Pipe Co., Inc. Ch
Charles L. Brown Faulkner Concrete Pipe Company apter 8. Product Standards and Testing
Robert R. Chisholm Supercrete Incorporated
Jessie R. Collier Wilson Concrete Company Chapter 9. Installation, Inspection and Construction Testing
Robert A. Parry Associated Sand & Gravel Company, Inc.
Harry T. Peck Gifford-Hill & Company, Inc. Chapter 10. Soil - Structure Interaction
Lee E. Stockton Price Brothers Company

List of Equations
Aside from the immediate use of the Handbook as an educational tool,

it is also intended to serve as a basis for continuing growth in the use of Glossary of Terms
precast concrete pipe. The state of the art is presented, not only to assist
current practice, but as a point of departure for research and development Index

to produce further economies and continued excellence in performance.
Concrete pipe has enjoyed a long and successful history of serving the
public interest by transporting sewage and other wastes, and through
drainage and flood protection for highways, railroads, airports, and agri-
cultural purposes. To continue to meet the public need, the orderly in-
troduction of new technology is considered vital to the engineering pro-
fession and the concrete pipe industry.

Richard E. Barnes, President
American Concrete Pipe Association

vii

vi




5-24 CONCRETE PIPE HANDBOOK

EXAMPLE

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.I. =50+ 00
P.C.=49 + 29.6
P.T. = 50 + 63.1
A = 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 (A/N):

L
) 1A
R=2 (tan2 N)
lé—ta -lL
2N - B3R
7.5
= -1
a5 170)

Il

1.2636 degrees

Substituting in Equation 5.8:

l A = sin™! L‘”
2N 2(D + 21)
i Pull
1.2636 = sin 042 + (2 x 4.5)]
Pull = 2.25 inches

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

2B.L
2R + B,

2(51)(7.5 x 12)

Drop =

2(170 x 12) + 51
2.22 inches

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

R

B. ~ 40.0
Enter Figure 5.21 on the vertical scale at an R/B, 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.

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

BUOYANCY OF CONCRETE PIPE

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.

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:

W, = % (B2 — D?)150 (5.14)

Where: B, = outside pipe diameter, feet
D inside pipe diameter, feet
W, = 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 giving actual dimensions, weight per
linear foot, etc. Data from these publications should be used when avail-
able.
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Concrete Pipe, Bell and Spigot Joint.

Table 5.2. Dimensions and Approximate Weights of Circular

ASTM C14—Nonreinforced Sewer and
Culvert Pipe, Bell and Spigot Joint
Class 1 Class 2 Class 3
I_ntemal Minimum | Average | Minimum | Average | Minimum | Average
D'i":":::" Wall | Weight, |  Wall Weight, | Wall Weight,
Thickness, | pounds | Thickness, | pounds | Thickness, | pounds
inches per foot inches per foot inches per foot
4 5/8 9.5 3/a 13 3/4 13
6 5/8 17 3/a 20 1/8 21
8 3/4 21 1/8 31 1-1/8 36
10 1/8 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 1-7/8 120
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 C 76—Reinforced Concrete Culvert, Storm Drain and
Sewer Pipe, Bell and Spigot Joint.
Wall A Wall B
'." iy Minimum Average Minimum Average
eyl Wall Waeight, Wall Waight,
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 2-1/2 200
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
will vary with heavier or lighter weight concrete.

* These tables are based on concrete weighing 150 pounds per cubic foot and will
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Table 5.3. Dimensions and Approximate Weights of Circular
Concrete Pipe, Tongue and Groove Joint.
ASTM C 76 — Reinforced Concrete Culvert, Storm Drain and
Sewer Pipe, Tongue and Groove Joints
Wall A Wall B Wall C

[;ir;:::::' Minimum Avqrage Minimum Avgrage Minimum Avgrage
inchas 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 1M 2-3/4 214 - -
24 2-1/2 217 3 264 3-3/4 366
21 2-5/8 255 3-1/4 322 4 420
30 2-3/4 295 3-1/2 384 4-1/4 476
33 2-1/8 336 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 5-3/4 101
b4 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 12817 6-1/2 1542 7-1/4 1735
72 6 1532 7 1811 7-3/4 2015
18 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 | 1 4716 | 11-3/4 5066
126 10-1/2 4690 | 11-1/2 5175 | 12-1/4 5542
132 " | 5148 | 12 6655 | 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 94N
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

vary with heavier or lighter weight concrete.
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WATER DENSITY . Table 5.5. Approximatg Weight of Water Displaced by Circular
The density of fresh water is 62.4 pounds per cubic foot and the average Concrete Pipe, Tongue and Groove Joint.
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 ; ASTM C76—Reinforced Concrete Pipe, Tongue and Groove Joint
the degree of salinity. Local conditions should be investigated for specific g —
bitlects, Fitdimal Weight of Watgr Displaced,
Diameter pounds per linear foot
DISPLACED WATER WEIGHT inch !
o= ] . nches Wall A Wall B Wall C
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, 12 82 87 =
flotation will occur. The weight of fresh water displaced per linear foot of : g 19 130 -
ircular pi be calculated by the equation: 164 181 =
circular pipe can y q 21 222 239 -
24 287 306 339
T
We=7% (B.2)62.4 (5.15) 27 355 381 418
30 429 465 505
Where: W,, = weight of displaced water, pounds per linear foot 33 511 560 600
The approximate weights of the volume of fresh water displaced per Zg g?g ggg ;23
linear foot of pipe are presented in Tables 5.4 and 5.5. 48 1069 1143 1206
: ; ; 54
Table 5.4. Approximate Weight of Water Displaced by & :gg; :‘;‘ég :gg;
Circular Concrete Pipe, Bell and Spigot Joint. 66 2020 2122 - 2207
. Y . . 12 2401 2519 2605
ASTM C 14 - Nonreinforced Concrete Pipe, Bell and Spigot Joint 78 2786 2944 3043
| | Weight of Water Displaced, 84 3mn 3401 3508
wiome pounds per linear foot ol 3752 3899 4005
D[ameter. 96 4266 4423 4545
inches Class 1 Class 2 Class 3 :02 4823 4980 : 5109
08 5403 5580 5706
g ]gg ;g; ;(1]; 14 6017 6203 6341
¢ 33. 35. 37- 120 6674 6863 7008
126 7354 7556 7709
10 49 51 55
12 70 7 86 132 8067 8282 8443
138 8826 9042 9210
15 109 118 127
18 154 174 179 144 9606 9836 10,010
3 516 i 258 150 10,418 10,662 10,844
2% 281 327 342 156 11,278 11,523 1,71
162 12,157 12,416 12,612
ASTM C 76 — Reinforced Pipe, Bell and Spigot Joint 168 13,069 13,343 13,546
174 14,031 14,303 14,513
Weight of Water Displaced, 180 15,009 15,296 15,513
Internal ounds per linear foot ' -
Diameter, p
inches Wall A Wall B
12 86 93
15 127 138 BACKFILL WEIGHT
;z‘; ;:7;; ;gg The weight of the backfill directly over the pipe assists in resisting buoy-
o pe o ant forces. Th_e unit v.veight of compacted backfill material varies with the
27 377 410 type of m'aterlal, grain size, degree of compaction, etc. For preliminary
30 457 497 C computations, however, the average values for specific gravity and unit
weight of backfill materials provide sufficient accuracy.




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:

w

wr=w — (———SG e 62.4) (5.16)

Which reduces to:

1
Wy = w(l - E) (5.17)
Where: w, = 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 B,2 cubic feet per
linear foot of pipe. The volume of backfill from the top of the pipe to the
level of inundation equals H,B, 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:

W; = w(0.1073B.22 + H,B,) (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
\1}/, NNZZZON
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CcO ERATIONS AND 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:

Wp = w(H — H)B. (5.19)

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

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

Weg=W + W, (5.20)

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

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 th\e 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.

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.
1. 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 1 and 2. If
the resultant force is positive, the pipe will not float. If the resultant
force is negative, proceed with Step 4.

NS -
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. 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.

EXAMPLE

Given: 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.

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

Solution: 1. Weight of pipe
W, = +1811 pounds per linear foot (downward
force), Table 5.3.
2. Weight of displaced water
W, = —2519 pounds per linear foot of pipe (upward
force), Table 5.5.
3. Summation of forces
W, + W, = 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:

w; = 110 (1 — 2—165) = 68 pounds per cubic foot.
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The weight of inundated backfill, Equation 5.18, is:
W, = 68[0.1037 (7.17)* + (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:
Wp = (110) (8-8) (7.17) = 0.
Total weight of backfill
The total weight of backfill, per linear foot of pipe, Equation
5.20, equals:
Wp = 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 276 .
Fs 125 = +3421 pounds per linear foot

of pipe
(downward force)
\
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 H,

_wi(0.1073B.* + H,B¢)
1.25

W,

1.25W,

w; B,

_1.25(708)
~ 68(7.17)

= 1.05 feet

Answer: Therefore a minimum depth of slightly more than one foot of
inundated backfill above the top of the pipe is required to pre-

H, = — 0.1073B,

— 0.1073(7.17)

vent flotation.
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THRUST RESTRAINT ANALYSIS FOR DUCTILE IRON PIPE

p\g/é,«b/c—;-l? o

Type of Fitting :  BEND S~ 4 /‘//‘7‘5
Feow

Angle of Bend : 45.00 degrees -

Diameter of Bend : 6 inches 4s” BEND

Orientation of Bend : VERTICAL DOWN | /vbg‘:“j“—

g*'s/\//—‘}\%\\/,,'t L

Laying Condition ¢ . Type 3

Soil Designation : COH-GRAN

Depth of Cover : 4 feet

Design Pressure : 125 psi — G

Safety Factor : . 1i.25 e

fRovIDED

ScHeMAT
The Length of Restrained Joint Piping for each side of the Bend is:

14 feet (bare pipe)
20 feet (polywrapped pipe)
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