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• Revised hydrology based on changes in the upstream watershed
• Proposed levee and channel construction for a segment starting at Van Buren Road

and extending upstream approximately 1200 feet.

This report was prepared using the format, forms and instructions outlined in
References 1 and 2 by the Arizona Department ofWater Resources (ADWR) and the
Federal Emergency Management Agency (FEMA), respectively (see Appendix A:
References).

The purpose ofthis study is to document the results ofan evaluation ofBullard
Wash in Maricopa County, Arizona between Sections 2.371 Gust south ofLower
Buckeye Road) and 6.320 Gust south ofThomas Road) in support ofa Conditional Letter
ofMap Revison (CLOMR). The basis for the CLOMR is two-fold:

The results ofthe study provide a revised floodplain and floodway delineation for
Bullard Wash for the study reach which reflects the revised hydrology and the proposed
levee/channel improvements in Section 5 ofTIN, RIW. In general the hydrologic
revisions resulted in lower discharges, consequently resulting in a narrower floodplain
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SECTION1:~ODUCTION

Bullard Wash CLOMR

The methodology used for the hydrologic analysis for the .CLOMR was the U.S.
Army Corps ofEngineers HEC-l model The model was developed utilizing existing
modeling prepared by the Flood Control District ofMaricopa County (FCDMC) and
modified by JEF to reflect recent watershed modifications. The resulting HEC-l model
has been adopted by the FCDMC for use on future CLOMR submittals within the
watershed (see correspondence in Appendices Band D ofthis report).

The study reach for the CLOMR is located in Township 2 North, Range 1 West,
Section 32 and Township 1 North, Range 1 West, Sections 5, 8, 17 and 20, Gila and Salt
River Baseline and Meridian. The proposed levee and channel improvements are located
entirely within Township 1 North, Range 1 West, Section 5. Figure 1.1 shows the study
reach and improvement reach locations.

This study was prepared by JE FullerlHydrology & Geomorphology, Inc. (JEF) under
contract to Pinnacle Engineering, Inc. The project manager for JEF was John M.
Wallace, P.E.. The project manager for Pinnacle Engineering was Wade Cooke, P.E.
Pinnacle Engineering prepared the Bullard Wash Channel Improvement Plans under
contract to Marwest Enterprises, L.L.C.

The methodology used for the hydraulic analysis for the CLOMR was the U. S.
Army Corps ofEngineers HEC-2 model The analysis was performed by modifying the
HEC-2 model used as the basis for the existing flood insurance study (FIS) to reflect the
revised hydrology and the proposed levee/channelization improvements in Section 5 of
TIN, RIW. The HEC-2 model revisions to reflect the proposed levee/channelization
improvements were based on plans prepared by Pinnacle Engineering.
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and floodway delineation. The proposed levee/channelization improvements in Section 5
ofTIN, RIW result in a narrower floodplain and coincident floodway through this
quarter mile reach.
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This section ofthe notebook documents the forms required by the Arizona
Department ofWater Resources (ADWR) and Federal Emergency Management Agency
(FEMA) as a part ofthe CLOMR submittal The forms provided for this submittal are
contained in Appendix B ofthis report and include the following.
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Bullard Wash CLOMR

SECTION 2: ADWRIFEMA FORMS

ADWR Study Documentation Abstract
FEMA MT-2, Form No.1: Revision Requester and Community Official Form
FEMA MT-2, Form No.3: Hydrology
FEMA MT-2, Form No.4: Hydraulics
FEMA MT-2, Form No.5: Mapping
FEMA MT-2, Form No.6: Channelization
FEMA MT-2, Form No.7: Bridge Culvert
FEMA MT-2, Form No.8: LeveelFloodwall
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3.2 Mapping

3.1 Field Survey Information

1 Please note that at the time of the preparation of this report the name of the development was changed to
"Mountain View Estates" and that the latter name appears on some documentation within this report.

The basis ofthe vertical control for the Estrella Views EstatesIBullard Wash
Channel Improvement Plan survey was RM 214 on the existing FlS.
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SECTION 3: SURVEY AND MAPPING INFORMATION

The survey and mapping information used to prepare this report consist of:

• The original survey and mapping prepared by the WLB Group as a part ofthe
existing FlS for Bullard Wash prepared in 1992. This work is documented in
the existing FlS submittals and is not recreated herein.

• New survey work used in the development ofthe channel improvement plans
for Bullard Wash associated with the Estrella Views Estates!. Sub-sections
3.1 and 3.2 document this new survey work.

Bullard Wash CLOMR

New survey work was performed for the Estrella Views Estates project to
provide a basis for development ofthe Bullard Wash Channel Improvement plans. The
survey was performed by Peter Bellis, R.L.S., ofPinnacle Engineering. Survey field
notes for the Estrella Views EstateslBullard Wash Channel Improvement plans are
contained in Appendix C ofthis report.
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4.2 Parameter Estimation

4.4 Calibration

4.1 Method Description

4.3 Problems Encountered During the Study
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SECTION 4: HYDROWGY

Bullard Wash CLOMR

The hydrology for this CLOMR represents a revision ofthe existing hydrologic
model used as the basis for the existing FIS. The existing FIS hydrologic model was
revised to reflect changes in the upstream watershed associated with the recently
constructed Dysart Avenue Drain improvements. Those changes are documented in the
Letter ofMap Revision (LOMR) package recently submitted to FEMA by the Flood
Control District ofMaricopa County for Bullard Wash at Luke Air Force Base.

No special problems were encountered associated with the revisions to the
existing FIS HEC-l model. No warning or error messages are present in the model
output.

The hydrology for the existing FIS and this CLOMR was based on the U.S. Army
Corps. ofEngineers HEC-l model. The watershed map for the HEC-l model is shown in
Figure 4.1. Because the existing FIS HEC-l model was used as the basis for the
hydrologic model for the CLOMR, the reader is referred to the hydrology submittals for
the existing FIS (Reference 3) for a detailed discussion ofthe development ofthat model.

The reader is referred to the hydrology submittals for the existing FIS (Reference
3) for a detailed discussion ofthe parameter estimation for the original HEC-l model.
No revision ofthe parameters for the model were included as a part ofthis CLOMR.

No new calibration ofthe HEC-l model was performed in connection with the
revisions made as a part ofthis effort. The reader is referred to the hydrology submittals
for the existing FIS (Refernce 3) for a detailed discussion ofthe parameter estimation for
the original HEC-l model.
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It should be noted that the original FIS HEC-1 model was run using the 1981
version ofHEC-1 while the revised model for this CLOMR was prepared using the
current version ofHEC-1 (Version 4.0, September 1990). A portion ofthe revised HEC­
1 model input/output showing the above concentration points is included in Appendix D
ofthis report!. A 3.5" disk containing the revised HEC-1 models is contained in
Appendix G ofthis report.

HEC-2 Location HEC-1 Drainage Area Existing Revised
section CP (sqrni) discharge from discharge for
number number FIS thisCLOMR
1.893 CP336 57.14 4899 3200
2.536 30' South of CP335 52.55 4906 3191

Lower Buckeye
Road Alignment

2.977 CP334 52.20 4915 3194
3.167 11 334 51.46 4432 2742
3.602 Yuma Road CP316 50.82 4438 2746
4.625 Van Buren Road CP298 50.80 4446 2754
5.430 Interstate-10
5.460 CP287 49.96 5319 3538
5.727 280' North of CP286 48.89 4662 3400

McDowell Road
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Bullard Wash CLOMR

4.5 Final Results

The table below provides a summary ofthe changes in discharges from the
existing FIS HEC-1 model to the revised HEC-1 model.

1 The size of the output file precluded inclusion of a hard copy of the entire input/output
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5.3 Parameter Estimation

5.4 Cross-section Description

5.2 Work Study Maps

The reader is referred to the hydraulics submittals for the existing FIS (Reference
3) for a detailed discussion ofthe parameter estimation for the original HEC-2 model.
No revision ofthe parameters for the model were included as a part ofthis CLOMR.
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SECTION5:HYDRAUIJCS

Bullard Wash CLOMR

5.1 Method Description

The results ofthe hydraulic modeling are documented on copies ofthe
topographic maps used for the existing FIS, which were prepared by the WLB Group.
The resulting maps are included in Appendix J ofthis report. These maps showthe
revised floodplain and floodway delineations resulting from the revised hydrology and
proposed channel improvements planned as a part ofthe Estrella View Estates project.
For comparison purposes, copies ofthe flooplain work maps from the existing FIS are
also included in Appendix 1.

The existing FIS HEC-2 model was revised to reflect the revised hydrology
discussed in Section N ofthis report. Also, the HEC-2 model was revised to reflect the
proposed channel improvements planned as a part ofthe Estrella Views Estates project
located immediately upstream ofVan Buren Street.

The hydraulic modeling for the proposed CLOMR was performed using the U.S.
Army Corps ofEngineers HEC-2 model which was used as the basis for the existing FIS.
The model name ofthe existing FIS model is BULL_FIS.DAT. The model name ofthe
revised HEC-2 model is BULL_CLM.DAT

The revised HEC-2 model starts at the downstream end ofthe Bullard Wash area
mapped in detail on the existing Flood Insurance Rate Map (FIRM) panel no.
04013C2070, ie., the point where Zone A ends and Zone AE begins. The existing water
surface elevation at HEC-2 section 2.371 was used to start the revised HEC-2 model.

All cross-section locations are per the existing FIS (except as noted in Section 5.5
ofthis report). The reader is referred to the hydraulics submittals for the existing FIS
(Reference 3) for a detailed discussion ofthe cross-section placement and orientation.
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5.6 Floodway Modeling

Modeling ofthe revised floodway was based on optimization ofequal conveyance
reduction (encroachment method 5 ofHEC-2 as described in Reference 4), then

No revisions were made to the basic modeling effort reflected in the existing FIS
model except where the proposed channel improvements planned as a part ofthe Estrella
View Estates project were added to the model.

The plans for the proposed Bullard Wash Channel improvements associated with
the Estrella Views Estates project are included in Appendix I ofthis report. The
proposed improvements include the following components:
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• Placement ofa 12 celled, 10' x 4' reinforced concrete box culvert (RCBC) at
the Van Buren Road crossing. It should be noted that the outer two cells, i.e.,
the most western and the most eastern, ofthe proposed RCBC are planned to
be constructed as a 10'x 10' cell (western-most cell) and a 10'x 7' cell
(eastern-most cell). The western-most cell is intended to serve as a future
horse underpass. The invert ofthis cell will be located four feet below the
invert ofthe interior cells and the soffit will be located two feet above the
soffits ofthe interior cells. The eastern-most cell (lO'x 7') has a depressed
invert to allow for through flow ofan existing irrigation ditch. The invert of
this cell will be located three feet below the invert ofthe interior cells. To
model the proposed culvert crossing, Section 4.625, located at Van Buren
Street, was replaced with Sections 4.619 and 4.631, located at the upstream
and downstream end ofthe proposed RCBC, respectively. The proposed
RCBC was then modeled using the Special Culvert routine ofHEC-2.

• Construction ofapproximately one-quarter mile oflevee and channelization of
the Bullard Wash upstream ofthe proposed RCBC described above. The
proposed improvements include levees with four feet offreeboard within 100
feet ofthe proposed RCBC, three and one-half feet offreeboard at the
upstream terminus, and three feet offreeboard elsewhere within the project.
Details ofthe alignment, profile and cross-section ofthe proposed
improvements are shown on the plan sheets included in Appendix I ofthis
report. Specific engineering documentation required per FEMA MT-2, Form
8 (LeveelFloodwall) to address embankment protection, embankment and
foundation stability, floodwall and foundation stability, settlement and interior
drainage are contained in Appendix E ofthis report. To properly model the
configuration ofthe proposed improvemens, additional cross-sections were
added to the existing FIS HEC-2 model. The additional cross-sections are
4.754, 4.811, 4.833 and 4.855.

5.5 Modeling Considerations

Bullard Wash CLOMRI
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5.8 Calibration

5.9 Final Results

5.7 Problems Encountered during the Study

No new or additional calibration was done beyond that done for the existing FIS.

Page 9

The input/output for the revised HEC-2 modeling are contained in Appendix E of
this report. The summary printout from the revised HEC-2 model is shown on the
following pages for ease ofreference

No special problems were encountered during the study which are not otherwise
discussed in other sections ofthis report.

It should be noted that the proposed channel improvements associated with the
Estrella Views Estates project encroach into the existing floodway. For this reason, the
sections within the proposed improvement reach (Sections 4.701 through 4.855) reflect
revised bank stations.

Bullard Wash CLOMR

modifying the resulting encroachments as needed to provide a reasonably smooth
floodway delineation. The reader is referred to the hydraulics submittals for the existing
FIS (Reference 3) for a detailed discussion ofthe floodway modeling approach used in
the existing FIS HEC-2 model.
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I Q IEPlH EIMIN 10*RS

2.371 3200.00 943.66 9277.65 9975.00 10030.00 10779.24
2.371 3200.00 943.61 9506.21 9975.00 10030.00 10072.29I

I
I
I

*
*

*
*

*
*

2.435 3200.00 943.77 9276.89 9985.00 10085.00 10714.22
2.435 3200.00 943.85 9668.89 9985.00 10085.00 10085.00

2.536 3191.00 945.40 9868.70 9965.00 10060.00 10649.76
2.536 3191.00 945.79 9915.00 9965.00 10060.00 10138.00

2.680 3191.00 948.59 9603.54 9925.00 10050.00 10674.57
2.680 3191.00 949.54 9925.00 9925.00 10050.00 10124.37

2.771 3191.00 950.08 9655.17 9985.00 10020.00 10532.04
2.771 3191.00 951.03 9972.38 9985.00 10020.00 10182.43

2.883 3191.00 952.33 9622.85 9985.00 10015.00 10420.12
2.883 3191.00 953.34 9853.00 9985.00 10015.00 10130.00

.00 1501.59

.00 566.08

.11 1437.33

.24 416.11

1.63 781.06
1.94 223.00

3.19 964.41
3.74 199.37

1.49 858.07
1.49 210.05

2.25 797.28
2.31 277.00

4.26
4.21

3.87
3.95

1.90
2.29

3.39
4.34

2.78
3.73

3.83
4.84

939.40
939.40

939.90
939.90

943.50
943.50

945.20
945.20

947.30
947.30

948.50
948.50

2.44
6.34

7.86
23.00

122.60
132.35

17.97
19.03

68.90
72.12

23.35
19.63

1.66
2.66

2.88
4.95

8.06
9.57

4.31
5.28

6.57
8.68

4.96
5.52

I
I

2.977 3194.00
2.977 3194.00

3.070 3194.00
3.070 3194.00

3.167 2742.00
3.167 2742.00

953.68 9686.92 9980.00 10050.00 10408.32
954.41 9875.00 9980.00 10050.00 10050.00

955.62 9531.43 9945.00 10025.00 10569.93
956.40 9846.10 9945.00 10025.00 10134.96

956.84 9575.14 9970.00 10020.00 10570.36
957.86 9788.00 9970.00 10020.00 10130.00

1.36 721.40
1.07 175.00

1.94 1038.51
1.99 288.85

1.22 995.22
1.46 342.00

3.78
4.51

3.32
4.10

2.94
3.96

949.90
949.90

952.30
952.30

953.90
953.90

42.72
36.91

27.39
35.59

20.18
17.88

6.71
7.05

4.54
6.26

4.10
4.84

3.291 2742.00
3.291 2742.00

3.376 2742.00
3.376 2742.00

I
I

*
*

*
*

1
24SEP98 10:04:26

959.18 9989.16 9970.00 10020.00 10822.67
960.06 9982.98 9970.00 10020.00 10284.69

961.21 9772.58 9985.00 10015.00 10795.34
962.25 9985.00 9985.00 10015.00 10291.73

2.33 813.11
2.20 298.43

2.03 977.10
2.19 306.73

1.98
2.86

2.91
3.95

957.20
957.20

958.30
958.30

80.89
92.63

28.57
27.65

PJlGEl 36

4.52
5.64

2.93
4.09

3.602 2746.00
3.602 2746.00

964.10 9742.06 9880.00 10100.00 10454.53
964.92 9880.00 9880.00 10100.00 10100.00

1.49 712.46
1.31 220.00

I
I

3.491
3.491

Q

2742.00
2742.00

962.60
963.62

9628.08
9911.46

9980.00 10020.00 10599.29
9980.00 10020.00 10234.04

D:r:EVS{

1.40
1.37

971.21
322.58

IEPlH

3.10
4.12

2.20
3.02

EIMIN

959.50
959.50

961.90
961.90

10*RS

19.00
18.97

40.57
31.07

3.36
4.43

3.95
4.20

I
I
I
I
I
I

3.702 2746.00 966.18 9297.73 9955.00 10055.00 10395.05
3.702 2746.00 966.86 9600.00 9955.00 10055.00 10075.00

3.841 2746.00 968.67 9229.62 9955.00 10070.00 10338.92
3.841 2746.00 969.70 9588.62 9955.00 10070.00 10070.00

3.978 2746.00 970.71 9279.88 9930.00 10095.00 10376.45
3.978 2746.00 971.60 9700.00 9930.00 10095.00 10095.00

4.101 2746.00 972.63 9450.68 9960.00 10080.00 10450.15
4.101 2746.00 973.48 9852.45 9960.00 10080.00 10091.34

4.237 2746.00 974.47 9500.62 9935.00 10075.00 10323.19
4.237 2746.00 975.50 9869.05 9935.00 10075.00 10075.00

4.356 2746.00 975.86 9538.80 9950.00 10070.00 10345.85
4.356 2746.00 976.90 9852.44 9950.00 10070.00 10070.00

4.496 2746.00 977.52 9692.35 9975.00 10130.00 10385.67

2.08 851.16
1.94 239.56

2.49 881.56
2.84 262.19

2.04 1096.57
1.90 395.00

1.92 999.47
1.87 238.89

1.84 822.57
2.02 205.95

1.40 807.05
1.41 217.56

1.66 693.32

2.78 963.40
3.46 963.40

3.57 965.10
4.60 965.10

3.81 966.90
4.70 966.90

3.93 968.70
4.78 968.70

3.17 971.30
4.20 971.30

3.26 972.60
4.30 972.60

3.12 974.40

37.70
47.12

29.14
28.66

27.96
24.66

30.32
35.66

22.35
22.27

21.67
21.57

23.85

4.20
5.52

3.09
4.02

3.56
4.06

3.57
4.77

3.49
4.22

3.47
4.18

3.61
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I 4.496 2746.00 978.53 9957.69 9975.00 10130.00 10131.68 1.63 173.99 4.13 974.40 23.92 4.43

I
I

4.619 2754.00 979.15 9909.00 9909.00 10075.00 10075.00
4.619 2754.00 979.86 9909.00 9909.00 10075.00 10075.00

4.631 2754.00 980.09 9889.63 9873.00 10079.00 10061.91
4.631 2754.00 980.43 9887.94 9873.00 10079.00 10063.65

4.701 2754.00 980.86 9893.72 9881.50 10087.50 10075.28
4.701 2754.00 981.03 9893.06 9881.50 10087.50 10075.94

1.63 166.00
1.33 166.00

.94 172.29

.57 175.71

.78 181.55

.60 182.88

3.15 976.00
3.86 976.00

3.97 976.12
4.31 976.12

3.94 976.92
4.11 976.92

34.46
17.83

21.52
16.11

17.97
15.61

5.32
4.33

4.54
4.13

4.21
4.03

4.754 2754.00 981.38 9909.54 9897.00 10103.00 10090.46
4.754 2754.00 981.48 9909.12 9897.00 10103.00 10090.88

4.811 2754.00 981.96 9909.62 9897.00 10103.00 10090.38
4.811 2754.00 982.01 9909.38 9897.00 10103.00 10090.62

.51 180.92

.45 181.76

.58 180.76

.53 181.24

4.31
4.18

2.91
2.87

4.33
4.26

8.29
7.97

19.24
17.56

19.58
18.58

978.35
978.35

3.87 977.51
3.97 977.51

3.85 978.11
3.90 978.11

3.93
3.97

257.54
257.93

.32

.31
982.28 9871.23 9858.50 10141.50 10128.77
982.32 9871.04 9858.50 10141.50 10128.96

4.833 2754.00
4.833 2754.00

*
*I

I

4.855 2754.00
4.855 2754.00

4.858 2754.00
4.858 2754.00

I
I

*
*

*
*

1
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982.43 9688.90 9680.00 10175.00 10175.00
982.47 9688.81 9680.00 10175.00 10175.00

982.39 9688.41 9705.00 10290.00 10341.72
982.28 9850.00 9705.00 10290.00 10150.00

.15

.15

-.04
-.19

486.10
486.19

653.31
300.00

3.86
3.90

2.39
2.28

978.57
978.57

980.00
980.00

3.24
3.14

25.93
65.48

1.70
1.68

2.72
4.68

987.23 9543.26 9945.00 10090.00 10308.40
988.09 9865.00 9945.00 10090.00 10090.00

2.51 765.14
2.41 225.00

I
I

*

SEl:N) Q

5.009 2754.00
5.009 2754.00

5.153 2754.00
5.153 2754.00

984.73
985.68

9664.64
9875.00

9935.00 10100.00 10332.94
9935.00 10100.00 10105.00

2.34
3.40

668.30
230.00

2.83
3.78

2.93
3.79

EIMIN

981.90
981.90

984.30
984.30

10*KS

33.54
28.69

31.84
35.61

3.68
4.31

3.70
4.76

I
I

*
*

*
*

*
*

5.282 2754.00
5.282 2754.00

5.430 2754.00
5.430 2754.00

5.460 3538.00
5.460 3538.00

988.68 9325.76 9945.00 10055.00 10352.76
989.72 9760.21 9945.00 10055.00 10055.00

990.44 9913.90 9899.90 10100.10 10086.10
991.13 9912.44 9899.90 10100.10 10087.56

991.00 9912.71 9899.90 10100.10 10087.29
992.00 9910.62 9899.90 10100.10 10089.38

1.45 1027.00
1.63 294.79

1.76 172.21
1.41 175.13

.56 174.57

.87 178.77

3.18
4.22

2.44
3.13

3.00
4.00

985.50 13.78
985.50 13.68

988.00 81.60
988.00 35.11

988.00 66.93
988.00 25.47

2.76
3.31

6.77
5.22

7.01
5.19

I
I

*
*

*
*

*
*

5.563 3538.00
5.563 3538.00

5.727 3400.00
5.727 3400.00

5.840 3400.00
5.840 3400.00

992.61 9351.44 9850.00 10100.00 10736.61
993.11 9850.00 9850.00 10100.00 10232.23

993.54 9375.48 9935.00 10135.00 10467.87
994.30 9935.00 9935.00 10135.00 10135.00

996.30 9353.27 9970.00 10170.00 10715.70
997.15 9953.68 9970.00 10170.00 10240.40

1.62 1385.17
1.11 382.23

.92 933.58
1.19 200.00

2.77 1293.68
2.85 286.73

4.11
4.61

2.54
3.30

2.90
3.75

988.50 5.08
988.50 7.58

991.00 108.14
991.00 81.45

993.40 21.83
993.40 25.22

2.02
2.65

5.65
5.92

3.01
3.88

2.51 1000.10
3.56 1000.10

I
I *

*

5.960 3400.00 998.09 9735.32 9960.00 10150.00 10948.05
5.960 3400.00 999.10 9960.00 9960.00 10150.00 10274.06

6.086 3400.00 1000.79 9475.24 9900.00 10100.00 10827.24
6.086 3400.00 1001.79 9900.00 9900.00 10100.00 10206.32

6.217 3400.00 1002.61 9445.53 9900.00 10100.00 10837.22
6.217 3400.00 1003.66 9850.00 9900.00 10100.00 10270.00

1.79 1212.73
1.95 314.06

2.70 1352.00
2.70 306.32

1.82 1391.69
1.86 420.00

2.19
3.20

2.49
3.49

995.90
995.90

998.30
998.30

39.62
39.85

40.60
41.25

17.16
15.88

3.21
4.24

3.39
4.42

2.46
3.01

I
6.320 3400.00 1003.60 9582.92 9900.00 10100.00 10928.09
6.320 3400.00 1004.60 9900.00 9900.00 10100.00 10279.29

.99 1345.17

.94 379.29
2.70 1000.90
3.70 1000.90

19.52
19.99

2.67
3.35

I
I



The Bullard Wash is a small, poorly defined, watercourse which flows through.
agricultura11and in the Town ofGoodyear, located west ofPhoenix. The erosion and
sediment transport characteristics ofthe watercourse are discussed in greater detail in
Reference 3. Flow is generally ofa very high. width-to-depth ratio with a relatively low
associated sediment transport capacity. The design ofthe proposed Bullard Wash
Improvements at Estrella Views Estates will maintain the relatively high. width-to-depth
ratio ofthe watercourse. For this reason, no significant changes in the erosion and
sediment transport characteristics ofthe wash are expected in connection with this
CLOMR. Documentation associated with minor erosion potential within the improved
reach is contained in Appendix E ofthis report.

I
I
I
I
I
I
I
I
I
I
I
I
I
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Draft floodway table data for the Bullard Wash CLOMR are shown below. Flood
profiles are shown on the following pages.

Floodway Data Table
Floodway Base Flood Water Surface Elevation

Width (feet) Section Area Mean Velocity With Without Increase (ft)
Station (rr) (ft/s) Floodway Floodway
2.371 566 1729 1.9 943.7 943.7 0.0
2.435 416 956 3.3 943.9 943.8 0.1
2.536 223 464 6.9 945.8 945.4 0.4
2.680 199 770 4.1 949.6 948.6 1.0
2.771 210 676 4.7 951.1 950.1 1.0
2.883 277 1023 3.1 953.3 952.3 1.0
2.977 175 585 5.5 954.4 953.7 0.7
3.070 289 816 3.9 956.4 955.6 0.8
3.167 342 991 2.8 957.8 956.8 1.0
3.291 302 699 3.9 960.1 959.2 0.9
3.376 307 1029 2.7 962.2 961.2 1.0
3.491 323 1090 2.5 963.6 962.6 1.0
3.602 220 653 4.2 964.9 964.1 0.8
3.702 475 675 4.1 966.9 966.2 0.7
3.841 481 856 3.2 969.7 968.7 1.0
3.978 395 885 3.1 971.6 970.7 0.9
4.101 239 739 3.7 973.5 972.6 0.9
4.237 206 755 3.6 975.5 974.5 1.0
4.356 218 818 3.4 976.9 975.9 1.0
4.496 174 656 4.2 978.5 977.5 1.0
4.619 166 636 4.3 979.8 979.1 0.7
4.631 176 667 4.1 980.4 980.1 0.3
4.701 183 684 4.0 981.1 980.9 0.2
4.754 182 659 4.2 981.5 981.4 0.1
4.811 181 647 4.3 982.1 982.0 0.1
4.833 258 960 2.9 982.3 982.3 0.0
4.855 486 1636 1.7 982.4 982.4 0.0
4.858 300 589 4.7 982.3 982.4 -0.1
5.009 230 734 3.8 985.7 984.7 1.0
5.153 225 687 4.0 988.1 987.2 0.9
5.282 295 1134 2.4 989.7 988.7 1.0
5.430 175 528 5.2 991.1 990.4 0.7
5.460 179 681 5.2 992.0 991.0 1.0
5.563 382 1576 2.2 993.1 992.6 0.5
5.727 200 574 5.9 994.3 993.5 0.8
5.840 287 994 3.4 997.1 996.3 0.8
5.960 314 933 3.6 999.1 998.1 1.0
6.086 306 888 3.8 1001.8 1000.8 1.0
6.217 420 1412 2.4 1003.6 1002.6 1.0
6.320 379 1240 2.7 1004.6 1003.6 1.0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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1. Instructions for Organizing and Submitting Technical Documentationfor Flood
Studies, Arizona Department ofWater Resources, State Standard Attachment,
SSA 1-97, November 1997

2. Revisions to National Flood Insurance Program Maps, Application/Certification
Forms and Instructions for Conditional Letters ofMap Revision, Letters ofMap
Revision and Physical Map Revisions, MT-2, FEMA Form 81-89 Series, June
1998

3. White Tanks/Agua Fria Area Drainage Master Study, Part A: Flood Study
Technical Documentation Notebook (TDN), WLB Group, October 1992

4. HEC-2 Water Surface Profiles Users Manual, U.S. Army Corps ofEngineers,
September 1990.
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Study Documentation Initial Restudy CLOMR X WMR Other
Abstract for FEMA Study
Submittals

Section 2.1: Study Documentation Abstract for FEMA Submittals

2.1.1 Date Study Accepted

2.1.2 Study Contractor JE FullerlHydrology & Geomorphology

Contact(s) John M Wallace

Address 2881 N. Silver Spur Drive

Tucso~ Arizona 85745

Phone 520-623-3112

Internal Reference Number Pinnacle EngineeringIBullard Wash CLOMR

2.1.3 FEMA Technical Review
Contractor

Contact(s)

Address

Phone

Internal Reference Number

2.1.4 FEMA Regional Reviewer
. Phone

2.1.5 State Technical Reviewer

Phone

2.1.6 Local Technical Reviewer

Phone

2.1.7 Reach Description Bullard Wash; Maricopa County, Arizona

2.1.8 USGS Quad Sheet(s) with
original photo date & latest
photo revision date

2.1.9 Unique Conditions and
Problems

2.1.10 Coordination ofQ's Flood Control District ofMaricopa County reviewed

(Agency, Date, Comments) and approved HEC-l model for CLOMR preparation.



I
FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 3067-0148

I
REVISION REQUESTER AND COMMUNITY OFFICIAL FORM Expires April 30, 2001

Public reporting burden for this form is estimated to average 2.13 hours per response. The burden estimate
includes the time for reviewing instructions, searching existing data sources, gathering and maintaining the needed

I data, and completing and reviewing the form. Send comments regarding the accuracy of the burden estimate and
any suggestions for reducing this burden to: Information Collections Management, Federal Emergency Management i

Agency, 500 C Street, S.W., Washington DC 20472; and to the Office of Management and Budget, Paperwork I

I
Reduction Project (3067-0148), Washington, DC 20503.
You are not required to respond to this collection of infonnation unless a valid OMB Control Number Is displayed In the upper right comer of this
fonn.

I
1. REQUESTED RESPONSE FROM FEMA

This request is for a:

I ~ CLOMR A letter from FEMA commenting on whether a proposed project, if built as proposed, would justify a map
revision, or proposed hydrology changes (See 44 CFR Ch. 1. Parts 60,65 & 72).

I
0 LOMR A letter from FEMA officially revising the current NFIP map to show the changes to floodplains,

floodway or flood elevations. LOMRs typically decrease flood hazards. (See 44 CFR Ch. 1 Parts 60 & 65.)

0 Other Describe:

I 2. OVERVIEW

I 1. The basis for this revision request is (are): (check all that apply)

~ Physical Change 0 Improved Methodology/Data ~ Floodway Revision

I 0 Other Describe:
Note: A photograph is not required, but is very helpful during review.

I 2. Flooding Source: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

3. Project Namelldentifier: Bullard Wash,

I 4. FEMA zone designations affected: AE
(example: A, AH, AO, A1-A30, A99, AE, V, V1-V30, VE, B, C, 0, X)

I
5. The NFIP map panel(s) affected for all impacted communities is (are):

Community No. Community Name State Map No. Panel No. Effective
Date

I
Ex: 480301 Katy, City TX 480301 00050 02/08/83

480287 Harris County TX 48201C 02200 09/28/90

040046 Town of Goodyear AZ 04013C 2060E 09/30/95

I 6. The area of revision encompasses the following types of flooding and structures. Check all that apply.

I
Types of Flooding Structures

~ Riverine ~ Channelization

0 Coastal ~ Levee/Floodwall

I 0 Alluvial fan ~ Bridge/Culvert

0 Shallow Flooding (e.g. Zones AO and AH) 0 Dam

0 Lakes \ 0 Fill

0 Other (describe) 0 Other (describe)
\

I
.. \

I PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAtL1NG ADDRESS ." I

I ..



I
I
I
I
I
I
I
I

4. ENCROACHMENT INFORMATION
1. Does the State have jurisdiction over the floodway or its adoption by communities participating in the NFIP?

DYes [8J No

If Yes, attach a copy of a letter notifying the appropriate State agency of the floodway revision and documentation of the
approval of the revised floodway by the appropriate State agency.

2. Does the development in the floodway cause the 1% annual chance (base) elevation to increase at any location by more
than 0.000 feet? D Yes [8J No D N/A

3. Does the cumulative effect of all development that has occurred since the effective SFHA was originally identified cause
the base flood elevation to increase at any location by more than one foot (or other increase limit if community or state
has adopted more stringent criteria - even if a floodway has not been delineated by FEMA)? DYes [8J No

If the answer to either items is Yes, please attach documentation that all requirements of Section 65.12 of the NFIP
regulations have been met, regarding evaluation of alternatives, notice to individual legal property owners, concurrence of
CEO, and certification that no insurable structures are impacted.

5. MAINTENANCE RESPONSIBILITY
The community is willing to assume responsibility for 18I performing D overseeing compliance with the maintenance
and operation plans of the

(Name)
flood control structure. If not performed promptly by an owner other than the community, the community will provide the
necessary services without cost to the Federal government.

I
Operation and maintenance plans are attached. D Yes ~ No

6. REVIEW FEE

ON/A

I
I
I

The review fee for the appropriate request category has been included. [8J Yes Fee amount: $3,300
OR

This request is based on a federally sponsored flood-eontrol project where 50 percent or more of the project's cost is
federally sponsored, or the request is based on detailed hydrologic and hydraulic studies conducted by Federal, State, or
local agencies to replace approximate studies conducted by FEMA and shown on the effective FIRM; thus the project is
fee exempt. 0 Yes

Please see Instructions for Fee Amounts

7. SIGNATURE

I
I

Note: I undenrtand that my signature Indicates that all Information
submitted In support of this request is correct

Jo n M. Wallace, P.E., Vice President
Printed Name and Title of Revision Requester

Note: Signature Indicates that the community undenrtands, from the
revision requester, the Impacts of the revision on flooding conditions
In the community.

Signature of Community Official

Printed Name and Title of Community Official

Check which forms have been included with this request

I
I
I
I
I

JE Fuller/Hydrology & Geomorphology, Inc.
Company Name

Tele hone No.: 520-623·3112 Date: 9/30/1998

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER
AND/OR LAND SURVEYOR

This certification is in accordance with 44 CFR Ch. 1, Sect 65.2

g-4~ Gn~
John M. Wallace, P.E., Vice President
Pi-inted Name and Title of Revision Requester

Registr No. 22922 Expires (Date) 12/31/98 State AZ

Type of License/Expertise: Civil Engineer

Community Name

Tele hone No.:

Form Name and (Number)
181 Hydrologic (3)

181 HydrauUc (4)
181 Mapping (5)
181 Channelization (6)
181 Bridge/Culvert (7)
181 LeveelFloodwall(8)
o Coastal (9)
o Coastal Structures (10)
o Dam (11)
o Alluvial Fan (12)

Date:

Required If ......
new or revised discharges
new or revised water-surface elevations
floodplain/floodway changes
channel is modified
addition/revision of bridge/culvert
addition/revision of levee/floodwall
new or revised coastal elevations
addition/revision of coastal structure
addition/revision of dam
structures proposed on alluvial fan



I
I
I
I

FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 3067-0148
HYDROLOGIC ANALYSIS FORM Expires April 30, 2001

Public reporting burden for this form is estimated to average 3.67 hours per response. The burden estimate
includes the time for reviewing instructions, searching existing data sources, gathering and maintaining the needed
data, and completing and reviewing the form. Send comments regarding the accuracy of the burden estimate and
any suggestions for reducing this burden to: Information Collections Management, Federal Emergency Management
Agency, 500 C Street, S.W., Washington DC 20472; and to the Office of Management and Budget, Paperwork
Reduction Project (3067-0148), Washington, DC 20503.
You are not required to respond to this collection of infonnation unless a V11lid OMB Control Number is displayed In the upper right comer of this
fonn.

I
Note: Fill out one form for each flooding source studied

Community Name: Town of Goodyear, Maricopa County, Arizona

Flooding Source: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

Project Namelldentifier: Bullard Wash Revised Hydrology and Estrella Views Estates Improvement Project

1. REASON FOR NEW HYDROLOGIC ANALYSIS

o Improved data [8] Changed physical condition of

o Othero Proposed Conditions (CLOMR)

o No existing analysis
watershed

o Alternative methodology

I
I
I
I
I

For the reason stated above. please attach a detailed explanation. If a computer program/model was used in revising the
hydrologic analysis, please provide a diskette with the input files for the same flood recurrence intervals contained in the FIS
for that stream; and at least for the 1% annual chance (base) flood where no detailed study exists.
Explanation provided: [8] Yes 0 No Diskettes provided: [8] Yes 0 No

2. METHODOLOGY FOR NEW.ANALYSIS

I
I

Indicate Method
Included
o Statistical Analysis of Gage Records
o Regional Regression Equations
[8] Precipitation/Runoff Model
o Other

Required Data

Form 3 - Attachment A
Form 3 - Attachment C
Form 3 - Attachment 0
Back-up computations and supporting data

Data

0 Yes 0 No
0 Yes 0 No
[8] Yes 0 No
0 Yes 0 No

3. APPROVAL OF ANALYSIS

The hydrologic analysis has already been approved by a local, state, or Federal Agency. [8] Yes 0 No 0 Not
Required

I
I If Yes, attach evidence of approval. [8] Approval attached. If No, attach explanation. 0 Explanation attached.

I Location:

4. COMPARISON OF BASE FLOOD DISCHARGES

Drainage Area (SqMi) FIS(cfs) Revised (cfs)

I
I
I

280' North of McDowell Rd. 48.89 4662 3400
Van Buren Road 50.80 4446 2754
30' South of Buckeye Rd. Alignment 57.14 4906 3200
Note: When revised discharges are not significantly different than the FIS discharges, FEMA may require a confidence limits
analysis (see attachment BI at a later date to complete the review.

If only a portion of a detailed study area was revised please attach an explanation describing the transition from the proposed
discharges to the effective discharges. 0 Explanation Included 1:81 Explanation Not Required .

I
5. HISTORICAL FLOODING INFORMATION



I
I
I
I
I
I
I
I

! I

I
I
I
I
I
I
I
I
I
I

dates, and source of information. D Data Attached ~ Data Not Available

PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS
FEMA Form 81-89B, MAY 97 Hydrologic Anlllysis Form MT·2 Form 3 PlIge 1 of 5



I ATTACHMENT D: PRECIPITATION/RUNOFF MODEL

I
I
I
I

1.

2.

3.

4.

FIS: Revised:

Method or model used: HEC-1 HEC-1

Version: 4.0

Date: 9/1990

Source of rainfall depth: FCDMC

Source of rainfall distribution: FCDMC

Rainfall duration: 24-hour

I
I
I
I
I
I
I
I
I

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

Areal adjustment to precipitation (%):

Maximum overland flow length

Hydrograph development method:

Loss rate method:

Source of soils information:

Source of land use information:

Channel routing method:

Reservoir routing:

Baseflow considerations:
If Yes, explain below how baseflow was determined:

Snowmelt considerations:

Model calibration:
If Yes, explain below how calibration was performed

Future land use condition:
If Yes, explain why below

Varies

NA

Unit Hydrograph

Green-Ampt

FCMCD

FCMCD

Normal Depth

~ Yes

D Yes

D Yes

D Yes

D Yes

D No

~ No

~ No

~ No

~ No

~ Yes

DYes

DYes

DYes

DYes

D No

~ No

~ No

~ No

~ No

Attach precipitation/runoff model, hydrologic model schematic, curve number calculations, time of concentration
calculations, and supporting maps, delineating the watershed boundary and drainage area divides.

I
I

15.

Information and Maps provided? D Yes ~ NO*

I
I
I

NOTE: FEMA policy is to base flooding on existing conditions.

Hydrologic Analysis Form

Output of portion ofHEC-l model is contained in Appendix D.
Disk with HEC-l model is contained in Appendix G
Watershed map is contained in Appendix H
See Reference 3 for all other information

MT-2 Form 3 Page 5 of 5



The HEC-I model "bullab3.dat," developed by the Flood Control District ofMaricopa
County, will be submitted to FEMA for the Bullard Wash Channel LOMR package.

I am enclosing the drainage maps for White Tanks ADMS and Bullard Wash Channel
hydrology.

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

FLOOD CONTROL DISTRICT
of

Maricopa County

2801 West Durango Street • Phoenix, Arizona 85009-6399
Telephone (602) 506-1501

Fax (602) 506-4601
n (602) 506-5897

September 25, 1998

Mr. John Wallace
2881 North Silver Spur Drive
Tucson, Arizona 85745

Dear Mr. Wallace:

If you have any questions, please call me at (602) 506-3293.

~~.~
Bing Zhao, Ph.D., P.E.

~;>b( Civil Engineer

BOARD OF DIRECTORS
Jan Brewer

Fulton Brock
Andrew Kunasek

Don Stapley
Mary Rose Garrido Wilcox
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FEDERAL EMERGENCY MANAGEMENT AGENCY a.M.B No. 3067-0148
RIVERINE HYDRAULIC ANALYSIS FORM Expires April 30, 2001

Public reporting burden for this form is estimated to average 2.25 hours per response. The burden estimate includes the time
for reviewing instructions, searching existing data sources, gathering and maintaining the needed data, and completing and
reviewing the form. Send comments regarding the accuracy of the burden estimate and any suggestions for reducing this
burden to: Information Collections Management, Federal Emergency Management Agency, 500 C Street, S.W., Washington
DC 20472; and to the Office of Management and Budget, Paperwork Reduction Project (3067-0148), Washington, DC
20503.

You lire not required to respond to this collection of infonnlltion unless II vlliid OMB Control Number Is displayed in the upper right comer of this
fonn.

Note: Rllout one form for each flooding source studied

Community Name: Town of Goodyear

Flooding Source: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

Project Namelldentifier: Bullard Wash Revised Hydrology and Estrella Views Estates Improvement Project

1. REACH TO BE REVISED

Describe the limits of the revision OR submit a copy of the FIRM with the revision area clearly highlighted.
Copy of FIRM(s) attached depicting area of the revision (highlighted, or circled)? ~ Yes

Downstream Limit: - 900 south of Lower Buckeye Road (extended) (HEC-2 section 2.371)

Upstream Limit: - 3400 north of McDowell Road (HEC-2 section 6.320)

2. MODELS SUBMITTED

Requirements: for areas which have detailed flooding: for areas which do not have detailed
Full input and output listings along with files on diskette for each of the flooding:
models listed below (items 1-4) and a summary of the source of input Only the 100-year (Base) flood profile is
parameters used in the models must be provided. The summary must include a required. A hydraulic model is not required
description of any changes made from model to model (e.g., Duplicate for areas which do not have detailed
Effective model to Corrected Effective model). At a minimum, the Duplicate flooding; however, BFEs may not be added
Effective (item 1) and the Revised or Post-Project Conditions (item 4) models to the revised FIRM. If a hydraulic model is
must be submitted. See instructions for directions on when other models may developed for the area, items 3 and 4
be required. described below must be submitted.
If hydraulic models are not developed, hydraulic analyses (including all calculations) for existing or pre-project conditions and
revised or post-project conditions must be submitted.
1. Duplicate Effective Model ~ Natural File Name Bull fis.dat ~ Floodway File Name Bull fis.dat
Copies of the hydraulic analysis used in the effective FIS, referred to as the effective models (10-, 50-, 100-, and 500-year
multi-profile runs and the floodway run) must be obtained and then reproduced on the requester's equipment to produce the
Duplicate Effective model. This is required to assure that the effective models input data has been transferred correctly to the
requester's equipment and to assure that the revised data will be integrated into the effective data to provide a continuous FIS
model upstream and downstream of the revised reach.

2. Corrected Effective Model 0 Natural File Name 0 Floodway File Name
The Corrected Effective model is the model that corrects any errors that occur in the Duplicate Effective model, adds any
additional cross sections to the Duplicate Effective model, or incorporates more detailed topographic information than that
used in the currently effective model. The Correctly Effective model must not reflect any man-made physical changes since
the date of the effective model. An error could be a technical error in the modeling procedures, or any construction in the
floodplain that occurred prior to the date of the effective model but was not incorporated into the effective model.

3. Existing or Pre-Project Conditions Model 0 Natural File Name 0 Floodway File Name
The Duplicate Effective model or Corrective Effective model is modified to produce the Existing or Pre-Project Conditions
model to reflect any modifications that have occurred within the floodplain since the date of the Effective model but prior to
the construction of the project for which the revision is being requested. If no modification has occurred since the date of the
effective model, then this model would be identical to the Corrected Effective model or Duplicate Effective model.

4. Revised or Post-Project Conditions Model ~ Natural File Name Bull clm.dat ~ Floodway File Name Bull clm.dat
The Existing or Pre-Project Conditions model (or Duplicate Effective model or Corrected Effective model, as appropriate) is
revised to reflect revised or post-project conditions. This model must incorporate any physical changes to the floodplain since
the effective model was produced as well as the effects of the project. When the request is for the proposed project this
model must reflect proposed conditions.



Aoodway

PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS
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Form 81-8ge, May 97 Riverine Hydraulic Analysis Form MT-2 Form 4 Page 1 of 2



I 3. STARTING WATER-SURFACE ELEVATIONS

If the results indicate any of the following, attach an explanation - to this form, or to the hydraulic model printout- as to the
reasonableness of the situation.

o Supercritial depth ~ Critical Depth 0 Drawdowns 0 Negative Floodway Surcharges

o Floodway Surcharges Greater Than Maximum Allowed by Community/State

o Water surface elevations higher than the end points of cross sections.

o Floodway discharge is different than the Natural 100-year (base) flood discharge.

o Project causes 1Oo-year floodplain or floodway elevations to increase (state if increases are located off the
requester's property)

4. RESULTS (from the model used to revise the 100-year water surface elevations)

NOTE: If the effective study is an approximate study, the slope/area method is recommended.
For detailed analysis studies, using a known water-surface elevation is recommended.

~ YesExplanation Attached?Explain how they were determined.
ONoI

I

I
I

I

1. Profile Transition

5. REVISED FIRM/FBFM AND FLOOD PROFILES

If Hydraulic model used is HEC-2, has it been checked with FEMA'S CHECK-2 computer program
(see instructions for information on how to obtain CHECK-2)

I
I

Explanation attached with Form ~ Explanation provided on attached printout 0

DYes o No

I a. 100-Year Water-Surface Elevations - indicate the difference in water surface elevations where the project 1DO-year
elevations tie into the existing 100-year water surface elevations at each end of the project.

I
Downstream End 2.371 within NA (feet)

Cross-Section #
Upstream End 6.320 within NA (feet)

Cross-Section #

b. Floodway Elevations - indicate the difference in water surface elevations where the project floodway elevations tie
into the existing floodway water surface elevations at each end of the project.

Floodway widths - indicate the difference in floodway widths where the project floodway widths tie into the existing
floodway width at each end of the project.

I
I
I

c.

Downstream End 2.371 within NA (feet)
Cross-Section #

Downstream End 2.371 within NA (feet)
Cross-Section #

Upstream End 6.32 within NA (feet)
Cross-Section #

Upstream End 6.32 within NA (feet)
Cross-Section #

I 2. Profile Checklist (check box if information has been provided on profile)

I
I
I

The following information (unless in parentheses) must be included at the same scale as the existing profiles for this
project:

~ Stream Name 181 Community Name 181 Corporate Limits labeled 181 Study limits labeled

~ Confluences labeled ~ Channel Stationing 181 Streambed profiled 181 Cross Sections labeled

181 HorizontalNertical Scales indicated 181 100-year elevs profiled II

~ Road Crossings ~ Labeled ~ Low Chord Elevations ~ Top of Road Elevations

I
IIAll recurrence intervals in the effective study must also be profiled.

Roadway Data Table

I
Attach a Floodway Data Table for each cross section listed in the published Floodway Data table in the FIS report.
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Roadway Data Table Attached ~ Yes

Form 81-89, May 97

o Not Required

Riverine Hydraulic Analysis Form MT-2 Form 4 Page 2 of 2
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FEDERAL EMERGENCY MANAGEMENT AGENCY a.M.B No. 3067-0148
RIVERINE I COASTAL MAPPING FORM Expires April 30, 2001

Public reporting burden for this form is estimated to average 1.5 hours per response. The burden estimate includes
the time for reviewing instructions, searching existing data sources, gathering and maintaining the needed data,
and .completing and reviewing the form. Send comments regarding the accuracy of the burden estimate and any
suggestions for reducing this burden to: Information Collections Management, Federal Emergency Management
Agency, 500 C Street, S.W., Washington DC 20472; and to the Office of Management and Budget, Paperwork
Reduction Project (3067-0148), Washington, DC 20503.
You are not required to respond to this collection of Infonnatlon unless a V11lid OMB Control Number Is dlsplllyed In the upper right comer of this
form.

Note: Rllout one form for each flooding source studied

Community Name: Town of Goodyear

Flooding Source: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

Project Namelldentifier: Bullard Wash Revised Hydrology and Estrella Views Estates Improvement Project

This is a r&1 Manual D Digital submission. Digital map submissions may be used to update digital FIRMs (DFIRMsJ.
For updating DFIRMs, these submissions must be coordinated with FEMA Headquaners as far in advance 8S possible.

1. MAPPING CHANGES

If any items are marked No or N/A please attach an explanation.

1. A topographic workmap must be submitted showing the following information (check N/A when not applicable):I
I
I
I
I
I

a. Revised approximate 100-year floodplain boundaries (Zone A) D Yes
b. Revised detailed 100- and 500-year floodplain boundaries r&1 Yes
c. Revised floodway boundaries r&1 Yes
d. Location and alignment of all cross sections with stationing control indicated r&1 Yes
e. Stream alignments, road alignments and dam alignments. .. r&1 Yes
f. Current community boundaries r&1 Yes
g. Effective 100- year floodplain and floodway boundaries from FIRM/FBFM reduced or

enlarged to the scale of the topographic workmap r&1 Yes
h. Tie-ins between the effective and revised 100-, 500-year and floodway boundaries r&1 Yes
i. The requester's property boundaries and community easements r&1 Yes
j. The signed certification of a registered professional engineer r&1 Yes
k. Location and description of reference marks : r&1 Yes
I. Vertical datum (example: NGVD, NAVD) r&1 Yes
m. Coastal zone designations tie into adjacent areas not being revised Dyes
n. Location and alignment of all coastal transects used to revise the coastal analyze DYes
o. V-zone has been delineated to extend landward to the heel of the primary frontal dune Dyes

DNo r&1 N/A
DNo D N/A
DNo D N/A
DNo DN/A
DNo DN/A
DNo DN/A

DNo D N/A
D No D N/A
DNo D N/A
DNo D N/A
D No D N/A
D No D N/A
DNo r&1 N/A
DNo r&1 N/A
DNo r&1 N/A

I
2. What is the source and date of the updated topographic information (example: orthophoto maps, July 1985; filed survey,
May 1979, beach profile, June 1987 etc.)? 1989 topographic mapping from original FIS used supplemented with new
survey for the Estrella Views Estates, Bullard Wash improvements (located immediately north of Van Buren Street)

3. What is the scale and contour interval of the following workmaps?I
Effective FIS Scale 1" =400' Contour Interval 2'

I Revision Request Scale same as FIS Contour Interval same as FIS

I
I

NOTE: Revised topographic information must be of equal or greater detail than effective.

4. Attach an annotated FIRM/FBFM at the scale of the effective FIRM/FBFM showing the revised 100- and 500-year floodplain
and the floodway boundaries and how they tie into those shown on the effective FIRM/FBFM downstream and upstream of
the revisions or adjacent to the area of revision for coastal studies. FIRM/FBFM attached? I81 Yes D No

PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS

I
Form 81-890, May 97 Riverine I Coastal Mapping Form MT-2 Form 5 Page 1 of 2



2. EARTH FILL PLACEMENT

I
I 1. The fill is: D Existing D Proposed

I
I

2.

3.

Has fill been/will be placed in the regulatory floodway?
If Yes, please attach completed Riverine Hydraulic Analysis Form (Form 4).

Has fill been/will be placed in floodway fringe (area between the floodway
and TOO-year floodplain boundaries)?

D Yes

DYes

D No

D No

If Yes, then complete A, B, C, and D below.

I
I

a. Are fill slopes for granular materials steeper than one vertical
on one-and-one-half horizontal?

If Yes, justify steeper slopes

DYes D No

I
b. Is adequate erosion protection provided for fill slopes exposed to moving flood waters? (Slopes exposed to

flows with velocities of up to 5 feet per second (fpsJ during the TOO-year flood must, at a minimum, be
protected by a cover of grass, vines, weeds, or similar vegetation; slopes exposed to flows with velocities
greater than 5 fps during the TOO-year flood must, at a minimum, be protected by stone or rock riprap.J

Has all fill placed in revised 1OO-year floodplain been compacted to 95 percent of the maximum density
obtainable with the Standard Proctor Test Method or acceptable equivalent method? D Yes D No

I
I c.

D Yes

If No, describe erosion protection provided

D No

If Yes, attach certification of fill compaction (item 3c. above) by the community's NFIP permit official, a registered
professional engineer, or an accredited soils engineer in accordance with Subparagraph 65.5(a)(6) of the NFIP
regulations.

Can structures conceivably be constructed on the fill at any time in the future?I
I
I 4.

d.

Fill certification attached DYes

Has fill beenlwill be placed in a V zone? D Yes

D No

D No

DYes D No

If Yes, is the fill protected from erosion by a flood control structure such as a revetment or seawall?

I DYes D No

I
I
I
I
I
I

If Yes, attach the Coastal Structures Form (Form 10).

Riverine/Coastal Mapping Form MT-2 Form 5 Page 2 of 2
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FEDERAL EMERGENCY MANAGEMENT AGENCY I O.M.B. Burden No. 3067-0148
CHANNELIZATION FORM Expires April 30, 2001

PUBLIC BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average 1.75 hours per response. The burden estimate
includes the time for reviewing instructions, searching existing data sources, gathering and maintaining the
needed data, and completing and reviewing the form. Send comments regarding the accuracy of the burden
estimate and any suggestions for reducing this burden to: Information Collections Management, Federal
Emergency Management Agency, 500 C Street, S.W., Washington, DC 20472; and to the Office of Management
and Budget, Paperwork Reduction Project (3067-01481, Washington, DC 20503.
You are not required to respond to this collection of infonnation unless a valid OMB Control Number I. displayed in the upper right comer of
thl. fonn.

Community Name: Town of Goodyear

Flooding Source: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

Project Namelldentifier: Bullard Wash Revised Hydrology and Estrella Views Estates Improvement Project

1. REACH TO BE REVISED

Describe the limits of the revision OR submit a copy of the FIRM with the revision area clearly highlighted.
Copy of FIRM(s) attached depicting area of the revision (highlighted, or circled)? 0 Yes

Downstream Limit: - 900 ft. downstream of Lower Buckeye Road alignment (end of Zone AE)

Upstream Limit: - 3300 ft. upstream of McDowell Road (end of Zone AE)

2. CHANNEL DESCRIPTION

Attach the following information about the channel (check box if information has been provided):

~ Description of the inlet and outlet

~ Description of the shape of the channel (both cross sectional and planimetric configuration) and its lining (channel
bottom and sides):

3. ACCESSORY STRUCTURES

The channelization includes:

~ Levees (Attach Levee/Floodwall System Analysis Form - Form 8)
1:8 Drop structures

Superelevated sections
b
~ Transitions in cross sectional geometry
i- Debris basin/detention basin
F- Energy dissipater
L- Other (Describe):

4. DRAWING CHECKLIST

Attach the plans of the channelization certified by a registered professional engineer. The plan detail and information
should include (check box if information has been provided):

I
I
I
I

~ Channel alignment and locations of inlet, outlet, and accessory structures

~ Channel lining

~ Typical cross sections and profiles of channel banks and invert

SE:,:i
\".. ~ g.. g'..) (::.. ,..... Co.-l .-;

C'-~ ..; :: ,r'



1. The channel was designed to carry 2754 (cfs) and/or the 1DO-year flood.

I
I
I
I
I

2.

5. HYDRAULIC CONSIDERATIONS

The design elevation in the channel based on:

t8] Subcritical flow

o Critical flow

o Supercritical flow

o Energy grade line

I
3. If there is the potential for a hydraulic jump at the following locations. check the box(es) that apply and attach an

explanation of how the hydraulic jump is controlled without affecting the stability of the channel.

At Drop Structures?

I At Transitions?

Other locations?

6. SEDIMENT TRANSPORT CONSIDERATIONS

I

I
I

Inlet to channel?

Outlet of channel?

Explanation Attached? DYes

0 Yes

0 Yes

0 Yes

0 Yes

0 Yes

t8] No ON/A

If there is any indication from historical records that sediment transport (including scour and deposition) can affect the 100­
year (base flood) water-surface elevations; and/or based on t.he stream geomorphology, vegetative cover. development of
the watershed and bank conditions. there is a potential for debris and sediment transport (including sewer and deposition)
to affect the base flood water-surface elevations. then provide the following information (Check the box if provided):

I
I
I
I
I
I
I
I
I

o
o
t8]

o

Estimated sediment load

Method used to estimate sediment transport

Method used to estimate scour and/or deposition

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport



I FEMA Form 81-89E, AUG 93
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1. IDENTIFIER

PUBLIC BURDEN DISCLOSURE NOTICE

1. Name of structure (roadway, railroad, etc.): Van Buren Streeet Box Culvert

You are not required to respond to this collection of infonnation unleaa a valid OMB Control Number i. displayed in the upper right comer of
this fonn.

O.M.B. Burden No. 3067-0148
Expires April 30, 2001IFEDERAL EMERGENCY MANAGEMENT AGENCY

BRIDGE/CULVERT FORM

Public reporting burden for this form is estimated to average 2 hours per response. The burden estimate
includes the time for reviewing instructions, searching existing data sources, gathering and maintaining the
needed data, and completing and reviewing the form. Send comments regarding the accuracy of the burden
estimate and any suggestions for reducing this burden to: Information Collections Management, Federal
Emergency Management Agency, 500 C Street, S.W., Washington, DC 20472; and to the Office of Management
and Budget, Paperwork Reduction Project (3067-0148), Washington, DC 20503.

Community Name: Town of Goodyear

Flooding Source: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

Project Name/Identifier: Bullard Wash Revised Hydrology and Estrella Views Estates Improvement Project

I

I

I
I
I
I
I
I

,....... A r- ... ft.. ",,_r- A •• _ ftft

HEC-2

3. This revision reflects (check one of the following):

2. Location of bridge/culvert along flooding source (in terms of stream distance or cross-section identifier):

DYes 0 No 1:81 N/AJustification attached

If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding
source could not analyze the structure(s). (Attach justification)

River 'mile 4.619 (Section 4.619 in HEC-2 model)

1:81 New bridge/culvert not modeled in the FIS

o Modified bridge/culvert previously modeled in the FIS

o New analysis of bridge/culvert previously modeled in the FIS

4. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HYB)

1~ P_LiiiiiiEA_S_E__R_EF_E_R_T_O.....T_H_E_IN..S_T..RiiiU_C_T_IO.,.N..S....FO..R....T...H.E..A..P..P...R..O..PR.I..A..T.E..M..A..I..L1.N.G.A..D.D'''''R_E.S.S .....,

I
I
I
I
I
I

I
I
I
I
I



I
I

2. DRAWING CHECKLIST

Attach plans of the structure(s) certified by a registered professional engineer. The plan detail and information should
include the following (check the boxes if the information has been provided):

I
I
I
I
I
I
I

1:8:1 Dimensions (height, width, span, radius, length)

1:8:1 Shape (culverts only)

1:8:1 Material

1:8:1 Beveling or Rounding

1:8:1 Wing Wall Angle

1:8:1 Low Chord Elevations - Upstream and Downstream

1:8:1 Top of Road Elevations - Upstream and Downstream

1:8:1 Structure Invert Elevations - Upstream and Downstream

1:8:1 Stream Invert Elevations - Upstream and Downstream

1:8:1 Skew Angle

1:8:1 Cross-Section Locations

1:8:1 Distances Between Cross Sections

1:8:1 Erosion Protection

:I:. .

I 3. SEDIMENT TRANSPORT CONSIDERATIONS

If there is any indication from historical records that sediment transport (including scour and deposition) can affect the 100­
year (base flood) water-surface elevations; and/or based on the stream geomorphology, vegetative cover, development of
the watershed and bank conditions, there is a potential for debris and sediment transport (including sewer and deposition)
to affect the base flood elevations, then provide the following information (Check the box if provided):

I
I
I
I
I
I
I
I

D

D

D

D

Estimated sediment load

Method used to estimate sediment transport

Method used to estimate scour and/or deposition

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport

I
Bridge/Culvert Form MT-2 Form 7 PlIge 2 of 2



MT-2 Form 8 Page 1 of 9

O.M.B. Burden No. 3067-0148
Expires April 30, 2001

to
to
to

Station
Station
Station

1. REACH TO BE REVISED

Levee/Roodwall System Analyses Form

PUBLIC BURDEN DISCLOSURE NOTICE

2. LEVEE/FLOODWALL SYSTEM ELEMENTS

- 3300 ft. upstream of McDowell Road (end of Zone AE)

entifier: Bullard Wash Revised Hydrology and Estrella Views Estates Improvement Project

IFloodwali analysis is based on:

Y which agency?

Type:

red to respond to this collection of information unless a valid OMB Control Number is displayed In the upper right comer of

thic cast-in place reinforced concrete
ced concrete masonry block
piling
describe):

mit: - 900 ft. downstream of Lower Buckeye Road alignment (end of Zone AE)

evee/floodwall system been certified by a Federal agency to provide protection against the 1% annual
OO-year) flood event? 0 Yes I8l No

e: Bullard Wash, Town of Goodyear, Maricopa County, Arizona

ing of an existing levee/floodwall system
y constructed levee/floodwall system

ysis of an existing levee/floodwall system

P.,;L;,;E;",;A;;;,S;;"E~R;;,EF_E;,;,R;.T_O....T_H_E_INiiiiS_T_R_U_C_T.;,;IO_N_S__FO_R....T_H_E..A_P..P_RO....PR.I..,A..T..E..M...A..I..,L1_N...G_A_D_D_R_E..S..S ....1

omplete only the interior drainage section on pages 7 and 8 of this form and the operation and
ance section of Revision Requestor and Community Official Form.

g burden for this form is estimated to average 3.0 hours per response. The burden estimate
me for reviewing instructions, searching existing data sources, gathering and maintaining the
and completing and reviewing the form. Send comments regarding the accuracy of the burden
any suggestions for reducing this burden to: Information Collections Management, Federal
anagement Agency, 500 C Street, S.W., Washington, DC 20472; and to the Office of Management
aperwork Reduction Project (3067-0148), Washington, DC 20503.

me: Town of Goodyear

n embankment, dike, berm, etc.
ural floodwall
describe):

ments and locations are:

G, AUG 93

mits of the revision OR submit a copy of the FIRM with the revision area clearly highlighted.
) attached depicting area of the revision (highlighted, or circled)? 0 Yes

RAL EMERGENCY MANAGEMENT AGENCY
IFLOODWALL SYSTEM ANALYSES FORMI FEDE

LEVEE

I Public reportin
includes the ti

I
needed data,
estimate and
Emergency M
and Budget, P

I You are not requi
this form.

I
Community Na

Flooding Sourc

I
Project Namelld

Describe the Ii

I Copy of FIRM(s

Downstream Li

I Upstream Limit:

I 1. This Levee

o upgrad

I
I8l a newlo reanal

2. Levee ele

I I8l eartheo structo other (

I 3. Structural

0 monoli

I
0 reinfor
0 sheet
0 other (

I 4. Has this I
chance (1

I If Yes, b

If Yes, c

I
mainten

I ~

FEMA Form 81-89

I
I



I 2. LEVEE/FLOODWALL SYSTEM ELEMENTS (Cont'd)

5. Attach certified drawings containing the following information (indicate drawing sheet numbers):

I a. Plan of the levee embankment and floodwall structures. Sheet Numbers 2

I
b. A profile of the levee/floodwall system showing the 100-year

water-surface (base flood) elevation, levee and/or wall crest and
foundation, and closure locations for the total levee system. Sheet Numbers 4 and 5

I
c. A profile of the base flood elevation, closure

opening outlet and inlet invert elevations, type and size of
opening, and kind of closure device. Sheet Numbers 5 and 6

I
I

d. A layout detail for the embankment protection measures.

e. Location, layout. and size and shape of the levee
embankment features, foundation treatment, floodwall
structure, closure structures, and pump stations.

Sheet Numbers 3

Sheet Numbers 3

3 FREEBOARD.
1. The minimum freeboard provided above the base flood elevation is:

Riverine

3.0 feet or more at the downstream end and throughout ~Yes DNo
3.5 feet or more at the upstream end ~Yes 8No
4.0 feet immediately upstream of all structures and constrictions ~Yes No

Coastal

1.0 foot above the height of the one percent wave for the 100-year
stillwater surge elevation or maximum wave runup (whichever is

DYes DNogreater).

2.0 feet above 1OO-year stillwater surge elevation DYes o No

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach
documentation addressing Part 65.1 0(b)(1 )(ii) of the National Flood Insurance Program regulations.

If No is answered to any of the above, please attach an explanation.

2. Is there an indication from historical records that ice-jamming can effect the base flood elevation? DYes ~
No
If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.

3. Tabulate the elevations at critical locations (tabulate values at each levee crest grade change, and where sediment
may accumulate such as along bends in the channel.)

Station Location 1OO-year Water Levee Crest Freeboard (ft.)
Surface Elevation

22+76 Upper end 982.43 985.93 3.5
17+40 midway 981.38 984.48 3.1

10+40 Lower end 980.09 984.10 4.01

I
I
I
I
I
I
I
I

I
I

I (Extend table on an added sheet as needed and reference)

I
I

Levee/Aoodwall System Analyses Form MT-2 Form 8 Page 2 of 9



Type of Closure
Device

Neenah R-5050-SF36
Neenah R-5050-SF18

Highest Elevation for
Opening Invert

977.00 (outlet)
978.02 (outlet)

5. CLOSURES

Opening Type

18" RGRCP
36" RGRCP

4. SEDIMENT TRANSPORT CONSIDERATIONS

west bank

Left or Right Bank

east bank

list all closures:

the levee system:

logic data

dded sheet as needed and reference)

D do not exist

hod used to estimate scour and/or deposition

hod used to estimate sediment transport

hod used to revise hydraulic or hydrologic analysis (model) to account for sediment transport

ion from historical records that sediment transport (including scour and deposition) can affect the 100­
ase flood) elevations; and/or based on the stream geomorphology, vegetative cover, development of

ank conditions, there is a potential for debris and sediment transport (including sewer and deposition)
od elevations, then provide the following information:

mated sediment load

required detail analysis reports, data obtained during field and laboratory investigations
esign analysis for the following levee system features should be submitted in a tabulated
Reference U.S. Army Corps of Engineers EM-111 0-2-1906 Form 2086).

I
If there is any indicat

I year water-surface (b
the watershed and b
to affect the base flo

I 0 Esti

0 Met

I ~ Met

D Met

I
I 1. Openings through

I ~ exist

If openings exist,
Channel Station

I approx 11 +00
approx 11 +00

I
I

(Extend table on an a

Note:

I
Geotechnical and geo

In addition to the
and used in the d

I
summary form. (

I
I
I
I
I
I
I



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

6. EMBANKMENT PROTECTION

1. The maximum levee slope landside is: 4:1

2. The maximum levee slope floodside is: 4: 1

3. The range of 100-year (base) riverine flood velocities along the levee? 2.9 (min.) to 4.5 (max.)

4. Embankment material is protected by (describe the kind): rip rap along outside of bends and at transitions

5. Riprap Design Parameters: (Include references) ~ Velocity D Tractive stress

Reach Sideslope Flow Velocity Curve or Stone Riprap Depth of
Depth Straight Toedown

0100 050 Thickness

Sta 10+40 to 12+91 4:1 3.9 ft 4.3 ftls curve 1.0' 0.5' 1.0' NA

Sta 12+91 to 14+39 4:1 3.9 ft 4.3 ft/s straight NA NA NA NA

Sta 14+39 to 17+34 4:1 3.9 ft 4.3 ft/s curve 1.0' 0.5' 1.0' NA

Sta 17 +34 to 20+50 4:1 3.9 ft 4.3 ft/s straight NA NA NA NA

Sta 20+50 to 22+ 76 4:1 3.9 ft 4.3 ftIs entrance 1.0' 0.5' 1.0' NA
transition

Sta to

(Extend table on an added sheet as needed and reference)

6. Is a beddinglfilter analysis and design attached? D Yes ~ No

7. Describe the analysis used for other kinds of protection used (include copies of the design analysis):

Embankment protection design memorandum is included in Technical Documentation Notebook report

Note: Attach engineering analysis to support construction plans.

I
I
I

Levee/Aoodwall System Analyses Form MT·2 Form 8 Page 4 of 9



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

7. EMBANKMENT AND FOUNDATION STABILITY

1. Identify locations and describe the basis for selection of critical location for analysis:

[gI Overall height: Sta ALL, height 1 ft.

[gI Limiting foundation soil strength:

Sta ALL, depth 1.5 feet to

strength l2J = 30 degrees, c = 1000 psf

slope: SS = ~ (h) to ! (v)

(Repeat as needed on an added sheet for additional locations)

2. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): Slope
stability calculations were neglected due to the embankment slope being a 4:1 (horizontal to vertical)

3. Summary of stability analysis results:

Case Loading Conditions Critical Safety Factor Criteria (Min.)

I End of construction >3 1.3

II Sudden drawdown >3 1.0

III Critical flood stage >3 1.4

IV Steady seepage at flood stage >3 1.4

VI Earthquake (Case I) >3 1.0

(Reference: U.S. Army Corps of Engineers (USACE) EM-111 0-2-1913 Table 6-1)

4. Was a seepage analysis for the embankment performed? DYes ~ No

If Yes, describe methodology used:

5. Was a seepage analysis for the foundation performed: DYes [gI No

6. Were uplift pressures at the embankment landside toe checked? DYes ~No

7. Were seepage exit gradients checked for piping potential? DYes ~No

8. The duration of 100-year (base) flood hydrograph against the embankment is ~ Hrs.

Note: Attach engineering analysis to support construction plans.--

I
I
I

Levee/Aoodwall System Analyses Form MT-2 Form 8 Page 5 of 9



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

8. FLOODWALL AND FOUNDATION STABILITY

1. Describe analysis submittal based on Code:

0 UBC (1988) or fgI Other (specify):

2. Stability analysis submitted provides for:

fgI Overturning fgI Sliding; If not, explain:

3. Loading included in the analyses were:

fgI Lateral earth @ PA = 45 psf; Pp = 150 psf

0 Surcharge-Slope @ ---, 0 surface ___ psf

0 Wind @ Pw =--- psf

0 Seepage (Uplift); __ 0 Earthquake @ Peq = ___ %g

0 1OO-year significant wave height --- ft.

0 100-year significant wave period ___ sec.

4. Summary of Stability Analysis Results: Factors of Safety. Itemize for each range in site layout dimension and
loading condition limitation for each respective reach.

Loading Condition Criteria (Min) Sta To Sta To

Overturn Sliding Overturn Sliding Overturn Sliding

Dead & Wind 1.5 1.5 2.81 3.06

1.5 1.5

1.5 1.5

1.3 1.3

(Ref: FEMA 114 Sept 1986; USACE EM 1110-2-2502)

(Note: Extend table on an added sheet as needed and reference)

5. Foundation bearing strength for each soil type:

Bearing Pressure Sustained Load (psf) Short Term Load (psf)

Computed design maximum 1489

Maximum allowable 1500

6. Foundation scour protection fgI is, 0 is not provided. Describe if provided:

Rock rip-rap (see plan set)

Note: Attach engineering analysis to support construction plans.--

I
I
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I 9. SETTLEMENT

4. Differential settlement of floodwalls

[8J has D has not been accommodated in the structural design and construction.

1. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to
maintain the established freeboard margin? [8J Yes D No

3. Settlement of the levee crest is determined to be primarily from:

[8J Foundation consolidation
[8J Embankment compression
D Other (describe):

ft. to .083 ft.2. The computed range of settlement is

I
I
I

I
I

Note: Attach engineering analysis to support construction plans.

10. INTERIOR DRAINAGE

I 1. Specify size of each interior watershed

Draining to pressure conduit: NA

I Draining to ponding area: 23 acres behind west levee, 21 acres behind east levee

No
No
No

I
I

2. Relationships Established

Ponding elevation vs. storage
Ponding elevation vs. gravity flow
Differential head vs. gravity flow

3. The river flow duration curve is enclosed

D
[8J Yes

Yes
D Yes

D Yes

§
[8J No

4. Specify the discharge capacity of the head pressure conduit: no capacity assumed for concurrent flow conditions

I 5. Which Flooding Conditions Were Analyzed?

I
•
•
•
•

Gravity flow (Interior Watershed)
Common storm (River Watershed)
Historical ponding probability
Coastal wave overtopping

DYes [8J No
[8J Yes D No
D Yes [8J No
D Yes [8J No

I
I
I

If No, explain why not: ponding based on concurrent flow (i.e., joint probabiiity) was assumed to be worst case

6. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the
capacities of pumping and outlet facilities to provide the established level of flood protection. [8J Yes D No

If No, explain why not:

7. The rate of seepage through the levee system for the 100-year (base) flood is 3.28 x 10-7 cfs

I
I Levee/Aoodwall System Analyses Form MT-2 Form 8 Page 7 of 9
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

10. INTERIOR DRAINAGE (Cont'd)

8. The length of levee system used to drive this seepage rate in item 7: ft.---
9. Will a pumping plant(s) be used for interior drainage? DVes ~ No

If Ves. include the number of pumping plants:
For each pumping plant. list:

Plant #1 Plant #2

The number of pumps

The ponding storage capacity

The maximum pumping rate

The maximum pumping head

The pumping starting elevation

The pumping stopping elevation

Is the discharge facility protected?

Is there a flood warning plan?

How much time is available between
warning and flooding?

Will the operations be automatic? DVes DNa

If the pumps are electric. are there backup power sources? D Ves DNo

(Reference: U.S. Army Corps of Engineers EM-1110-2-3101. 3102. 3103. 3104. and 3105)

Note: Include a copy of supporting documentation of data and analysis. Provide a map showing the flooded area and
maximum ponding elevations for all interior watersheds that result in flooding.

11. OTHER DESIGN CRITERIA

1. The following items have been addressed as stated:

Liquefaction D is ~ is not a problem
Hydrocompaction D is ~ is not a problem
Heave differential movement due to soils of high shrink/swell D is ~ is not a problem

2. For each of these problems, state the basic facts and corrective action taken:

Problematic soil conditions not present

3. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities f100dside
of the structure? D Ves ~ No

Note: Attach supporting documentation

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

12. OPERATIONAL PLAN AND CRITERIA

1. Are the plannedlinstalled works in full compliance with NFIP regulations, Section 44 CFR Ch. 1 1.65.10

~ Yes D No

2. Does the operation plan incorporate all the provisions for closure devices as required in Section 65.1 O(cl(1), of the NFIP
regulations?

~ Yes D No

3. Does the operation plan incorporate all the provisions for interior drainage as required in Section 65.1 O(cl(2), of the
NFIP regulations?

~ Yes D No

If the answer is No to any of the above, please explain below.

I
I
I
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Dear Mr. Martens;

Embankment and Foundatjon Stability

Evaluation of the aforementioned levee syslem inclUded the fOllowing faclors:

Proposo/8476

602-943-7179
FO"@e & Vann, Inc.

October 2. 1998

Mr. Peter W. Martens. P.E.
President
THE MARWEST GROUP
480 I East Greenway Road
Scottsdale, Arizona 85254

Compliance with local and national codes requires on evaluation of the levee
system ossociated with Ihe Bullard Wash channelization. This report is in response
to the request of Mr. Wade Coole with Pinnocle Engineering. Inc. for on
evaluation of fhe levee embankment and foundalion stability, and settlement
associated wilh the proposed channelization.

The embankment design for the channelization of Bullard wash consists 01 a
levee approximately 7 to 8 feet in height with a base of approximately 65 fo 70
feet (reference pions from Pinnacle Engineering. Inc.). The find embonk:menf
slopes result in 4:1 (horizonlal:verfical) ratios. The embanlcmenf soils will consist of
silty sandy clay fo silty clayey sand. placed in 6 inch lifts, and compacted to a
minimum of 95~ of the ASTM 01557 maximum density, with moisture maintained
in Ihe range of optimum to optimum + 4%. The top 8 inches of existing grade
soils prior to fill placement will be ploced to a minimum of 95% of the ASTM
01557 maximum density. with moisfure ;n 'he range of optimum to optimum +4.

RE: levee Embankment and Foundation Stability
and Settlement Analysis
Mountain View Estotes (Bullard Wash)
Northwest Corner of Vanburen and Bullard Avenue
Goodyear. Arizona

• Duration of significant flow of approximately six hours for the 100 year flood
event.

• Depth of flooding associated with the proposed chennel section.
• Possible seepage paths assodated with the proposed levee system.

A levee design with Embankment slopes with a 4:1 ratio (14 degree slope) will
not present slope stability problems Ino quantitative analysis was performed due

FOREE & VANN. INC.
90lJ NORTH 24TH AVENUE. SUITE 1. PHOENIX, ARIZONA 85021.2851
tELEPHONE 1602) 943-6997 FACSIMILE (102) 943.7179

Oct-05-98 05:12P
UCl:. U~ ~ts U;;J:04p

I
I
I
I
I
I

I­
I
I
I
I
I
I
I
I
I
I
I
I



Settlement

602-943-7179For@@ & Vann, Inc.

Should any questions arise concerning the content of Ihis Iro smillal or if this firm
can be of fur1her service in this or any other matter. please ontact 'his office 01
your convenience.

The second is consolidation of the foundation soils. Due to the over
consolidated nalure ot the soils in the area and laboratory response to welling
data (refer to the Geotechnicollnvestigalion Report doted March 14. 199" the
maximum anticipated consolidation of foundation soils is 0.5 inches.

Attached are the levee/Floodwoll System Anolyses Forms associated with the
aforementioned evoluafion.

The totol seltlement anticipated is 1.0 inch. Differential settlement of flood woll
foundations ore addressed in the Foundation Recommendation secfion of the
previously mentioned Geotechnical Investigation Report

fa the gradual slopes). The foetor of safety of such slopes againsl failure.
including the anticipated seepage. should be in excess of 3. fOf all coses.
Additionally. seepage forces will not result in defrimental effects due 10 short
term flooding and high compaction of levee soils associated with 0 very wide
levee base. Thus. the phreatic surfoce will nol daylight on the dry side of the
embankment.

As mentioned previously the levee system is approximately 7 to 8 feet in height.
The settlement associated with the levee system is broken down into two oreos.

The first is compression of the embanlcment soils. The embankment soils ore
proposed 10 be pJaced at a very high density limiting the consolidation of the
soils to 0.5 inches.

FOREE & VANN. INC.

Respectfully submitted.

Delbert A. Rapier. E.l.T.
Stoff Engineer

cc. Addressee (l )
Mr. Wade Coolc. P.E.I Pinnacle Engineering (3)

8712 East Vista Bonito, Scoflsdale. Arizona 85255
Attachments (2)

Oct-05-9S 05:13P
uc~ u~ ~~ U~:04pI­
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Attachments:

FROM: John Wallace, P.E.

DATE: November 11,1998

RE: Summary ofInterior Drainage Conditions

JE Fullerl Hydrology & Geomorphology, Inc.Memorandum

The interior drainage behind the west levee is documented in the drainage report
prepared by Hook Engineering for the Mountain View Estates Subdivision. The interior
drainage behind this levee is collected in Retention Basin Numbers 3 and 4 as shown in the
Hook Engineering Drainage report. The pertinent calculation sheets from the Hook
Engineering report, including storage-elevation data, are attached. PQnding in these
retention basins is designed to infiltrate into the subsurface. The 18" RCP pipe through
the west levee near Station 11+00 as shown on the Bullard Wash improvement plans
(Appendix I ofCLOMR report) is provided for emergency overflow only.

cc: Wade Cooke, Pinnacle Engineering

TO: Pinnacle EngineeringIBullard Wash CLOMR file

• From Hook Engineering Drainage Report for Mountain View Estates:
Cover page (I sheet)
Appendix E (Site Retention Calculations) (4 sheets)
portion ofPlate 3 showing locations ofRetention Basins 3 and 4 (1 sheet)

• Ponding Analysis Sheet for East Levee (I sheet)

The interior drainage behind the east levee is documented on the attached sheet.
Ponding at this location reaches an elevation of982.1 assuming concurrent flow in the
Bullard Wash allows no outflow through the 36" RCP outflow pipe provided through the
levee at this location.

I
I
I
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Prepared For:

Submitted To:

Prepared By:

FINAL DRAINAGE REPORT
FOR

MOUNTAIN VIEW ESTATES

Marwest Group
4801 East Greenway Road
Scottsdale, Arizona 85254

City of Goodyear
112E. Western Road
Goodyear, Arizona. SillS

Hook Engineering, Inc.
3221 N. 24th Street
Phoenix, Arizona 85016

October 16, 1998
HEI # 3561
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APPENDIXE

Site Retention Calculations



V =D/12xAx C

Volume Required:

Referenced Equation:

VOLUME REQUIRED:

17,220

Volume (cu.ft.)
Contour
Area (sq.ft.) Depth
1,736
9,7~ 3.0'

Contour
Elevation
981.0
984.0

v =3.0/12 x (3.14 ac. x 43,560) x 0.67 =22,910 eu.ft.

Volume Provided: (average area x depth)

Where:
V = Volume Required (cu.ft.)
D =lOO-year, 6-hour precipitation depth = 3.0 inches

.A = Contributing area (sq. ft.)
C = Weighted RunoffCoefficient for 1DO-year storm:

Average Single Family Residential C =0.68
Landscape 1Retention areas C =0.58
Right-of-way for Buren Street C = 0.95

SITE RETENTION CALCULATIONS:

Adequate retention· can be provided as shownin the following calculations:

Retention is required for runoff from the 100-year, 6-hour rainfall event produced on-site,
including the halfright-of-way for Van Buren Street.

Basin # 1:
A = 2.69 + 0.45 = 3.14 acres
C =(2.69 ac. x 0.68 + 0.45 ac. x 0.58) 13.14 ae. =0.67

The retention volume provided in Basin# 1 is 5,690 cubic feet less than required. Excess runoff
not contained in Basin #1 will overflow and be retained in Basin #2.

I
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Volume Required:

Volume Required:

V = 3.0/12 x (7.84 ac. x 43,560) x 0.66 = 56,349 eu.ft.

The retention volume provided in Basin # 3 is 6,669 cubic feet greater than required.

200,949

63,018

Volume (Cu.ft.)

Volume (eu.ft.)

Contour
Area (gg.ft.) Depth
53,014
80,952 3.0'

Contour
Area (sg.ft.) Depth
14,382
27,630 3.0'

Contour
Elevation
976.5
979.5

Contour
Elevation
977.0
980.0

Volume Provided: (average area x depth)

Volume Provided: (average area x depth)

. V =3.0/12 x (22.05 ac. x 43,560) x 0.67 = 160,883 eu.ft.
Plus excess runoff from Basin # 1 = 5.690
Total =: 166,573 cu. ft.

Basin # 2:
A =5.35 + 7.17 + 2.21 + 4.40 + 2.92 = 22.05 acres
C =(19.13 ae. X 0.68 + 2.92 ac. x 0.58) 122.05 ac. =0.67

Basin # 3: ~~.~
-. +3.38+1.27~

C = (6.57 ac. x 0.68 + 1.27 ac. x 0.58) /7.84 ac. = 0.66

The r~tention volume provided in Basin # 2 is 34,376 cubie feet greater than required.
--'-"'-" ....

I
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V = 3.0/12 x (15.09 ac. x 43,560) x 0.72 = 118,318 eu.ft.

The retention volume provided in Basin # 4 is 21,327 cubic feet greater than required.

139,645

Volume (eu.ft.)
Contour
Area (sq.ft.) Depth
30,076
63,021 3.0'

Contour
Elevation
976
979

Volume Required:

Volume Provided: (average area x depth)

Basin # 4'
= .21 + 2.57 + 4.53 + 2.30 + 2.48~

C =(10.61 ac. x 0.68 + 2.30 x 0.95 + 2.48 ac. x 0.58)/15.09 ac. =0.72
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By interpolation from the storage-elevation table, the 100-yr, 6-hour runoff volume wll pond
to an elevation of approx. 982.1 ft msl.wth no outflow through the 36" outflow pipe through levee

PROJ: Pinnacle EngineeringlBullard Wash CLOMR for Mountain View Estates
DETAIL: Analysis of Ponding behind East Levee (just north of Van Buren)

Drainage area concentrating flow at ponding area, A =
100-year, 6-hour rainfall (from Hook drainage report), P =

Runoff coefficient (Table 3.2 of Maricopa County Drainage Manual), C =

986

21 acres
3.00 inches
0.25

15.75 acre-feet

984

o
0.110
2.707

13.890
59.490

Volume
(ae-feet)

982

o
0.66
1.95
5.03

10.51

Area
(acres)

980

Elevation (msl)

I-Storage I

o
0.5
2.5
4.5
6.5

Depth
(feet)

978

6-hour, I 1OQ-year runoff volume = CPA =

Elev
(msl)
977.5

978
980
982
984

Storage-Elevation table for ponding area behind east levee:

Ponding Storage Behind East Levee

70

60

50

40

30

20

10

o
976

-G)

'*CD
'­
(J
cu-CD
C)

l!o...
U)
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FORMULAE FOR SOLVING OBLIQUE TR~ANGLE~ ,
• ' 0' "

FOR1VIULAE FOR SOLVING RIGHT TRIANGLES'
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. SolutiQn '

Sec A :; !-'~ Cos~t; B
b . .

COJ~C A :=.!.. = Sec B
(1

Cot A ;;;:co!.;:: Tan 8
a

Sohr.tion

, b .5an A c1 sin C
!in B wi=.-4- I C=.~ :'S,',

b
b' a sin B·

- sinA
, 0 a sin C

A,e. A}"B=a180o-~,.csl,~ .

. "'rell iide Q + ~ + C; ana = VI{I-O) (I-.b) (I-C')

., be sin A .. ,"
Area, area ==:~,

. ,a1 sin B sin C
Area' area == 2 sinA' .. '

Tan A = ..!!. =COl 8
. b

Sin A -==~= Cos B.
C '

. b .... B
CosA =-= ~Jn

.'

(I, (

0, b, (

A.b,c

a.b,C

.A,a

C;,ven Rtquind

B.o, b S' = 90~ - A, ~:::;: t sin A, b ~ ( COS A.
'... '. b

IJ, ~,c S = 90· - A, a =- .b tan A, ( = CO$ A.

. A a
B, b, ( B;:::= 90·, - A. •.b == d eot ,c ~ sr;;;"

.A B 11 sin A := -!. = co, 8, b:= V(c +a) (C' - CJ) .

... ' , e, .' ,I' 0.,•. '

A. S.' lan A -t .. tot B, co= vo' + b'

'A,b

',0

A,B;C,tJ,

;
:.

~~D~ 1" U.S.A.
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The HEC-1 model "bullab3.dat," developed by the Flood Control District ofMaricopa
County, will be submitted to FEMA for the Bullard Wash Channel LOMR package.

I am enclosing the drainage maps for White Tanks ADMS and Bullard Wash Channel
hydrology.
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FLOOD CONTROL DISTRICT
of

Maricopa County

2801 West Durango Street • Phoenix, Arizona 85009-6399
Telephone (602) 506-1501

Fax (602) 506-4601
n (602) 506-5897

September 25, 1998

Mr. John Wallace
2881 North Silver Spur Drive
Tucson, Arizona 85745

Dear Mr. Wallace:

Ifyou have any questions, please call me at (602) 506-3293.

~,V-.~
Bing Zhao, Ph.D., P.E.

s,;.;'b( Civil Engineer

BOARD OF DIRECTORS
Jan Brewer

Fulton Brock
Andrew Kunasek

Don Stapley
Mary Rose Garrido Wilcox
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I ~Rr

+ D251 1948. 16.50 1264. 346. 333. 35.76

I PaJm) TO
+ R251 1920. 16.75 126l. 346. 333. 35.76

2 cn£1NEDRr

I
+ 0'266 1953. 16.75 1339. 369. 355. 36.09

DIVEPSICN TO
+ DI283 234. 16.75 152. 43. 42. 36.09

I ~Rr

+ D266 1719. 16.75 1187. 326. 314. 36.09

PaJm) TO

I
+ R266 1714. 16.83 1186. 326. 314. 36.09

HYm:G'AIH Rr
+ D252 411. 16.83 308. 9l. 88. 36.66

I PaJm) 'ID

+ R252 404. 17.33 305. 90. 87. 36.66

HYm:G'AIH Rr

I
+ 207 335. 13.17 79. 20. 19. .50

2 cn£1NEDRr
+ lI267 485. 13.07 352. 109. 105. 37.16

I 2 cn£1NEDAT
+ 0'207 2088. 16.83 1530. 434. 418. 37.49

DIVEPSICN TO

I
+ DI284 1275. 16.83 971. 284. 274. 37.49

HYm:G'AIH Rr
+ Il2S7 813. 16.83 560. 150. 144. 37.49

I PaJm) TO
+ R2S7 805. 17.17 554. 150. 144. 37.49

2 cn£1NEDRr

I
+ 0'268 3626. 13.07 219l. 684. 659. 47.97

PaJm) TO
+ SR268 3556. 13.83 2163. 666. 642. 47.97

I PaJm) TO
+ R268 3279. 14.42 2109. 647. 624. 47.97

HYm:G'AIH Rr

I
+ 286 473. 13.08 109. 27. 26. .70

2 cn£1NEDRr
+ lI286 3341. 14.42 2120. 073. 648. 48.07

I ~Rr

+ 288 160. 13.25 44. 11. 10. .22

PaJm) TO

I + R288 153. 13.42 43. 11. 10. .22

2 cn£1NEDAT
+ 0'286 3400. 14.42 2l32. 683. 658. 48.89

I PaJm) TO

+ R286 3332. 14.58 2121. 078. 653. 48.89

HYm:G'AIH AT

I + 287 223. 12.07 36. 9. 9. .23

I



I
I

2 cnmNEDAT
+ lI287 3332. 14.58 2121. 686. 661. 49.12

I HYIFl:G'MH AT
+ 0266 234. 16.75 152. 43. 42. 36.09

I
romD TO

+ P266 229. 17.33 151. 43. 41. 36.09

HYIFl:G'MH AT
+ 283 102. 13.08 23. 6. 6. .16

I 2 cnmNEDAT
+ CP283 229. 17.33 154. 48. 46. 36.25

I
romD TO

+ P283 228. 17.58 154. 48. 46. 36.25

HYIFl:G'MH AT
+ 285B 83. 12.33 9. 2. 2. .06

I 2CXMllNEDAT
+ CP285B 228. 17.58 154. 50. 48. 36.32

I
romD TO

+ Sl'285B 223. 17.75 153. 50. 48. 36.32

DIVEPSICN TO
+ DI297 219. 17.75 153. 50. 48. 36.32

I HYIFl:G'MH AT
+ 0285B 5. 17.67 1. O. O. 36.32

I
romD TO

+ R285B 4. 18.25 1. O. O. 36.32

HYIFl:G'MH AT
+ 0267 1275. 16.83 971. 284. 274. 37.49

I romD TO
+ R267 1259. 17.50 967. 282. 272. 37.49

I
HYIFl:G'MH AT

+ 284 326. 13.17 76. 19. 18. .52

2 cnmNEDAT
+ CP284 1259. 17.50 988. 300. 289. 38.01

I romD TO
+ Sl'284 1252. 17.67 957. 282. 271. 38.01

I
romD TO

+ R284 1251. 17.75 956. 281. 271. 38.01

HYIFl:G'MH AT
+ 28SA. 82. 12.33 9. 2. 2. .06

I 2 cnmNEDAT
+ lI28SA. 1251. 17.75 956. 283. 273. 38.07

I
2 cnmNEDKr

+ CP28SA. 1252. 17.75 957. 283. 273. 38.29

romD TO
+ Sl'28SA. 1252. 17.83 957. 283. 273. 38.29

I DIVEPSICN TO
+ 1D297A 246. 17.83 238. 95. 91. 38.29

I
HYIFl:G'MH Kr

I



I
I + r:e85P. 1006. 17.83 719. 189. 182. 38.29

FaJlE) TO

I + R285P. 1001- 18.00 717. 189. 182. 38.29

HYIR:G'AHI AT
+ 285 56. 12.33 6. l. l. .04

I 2 CXM3lNID AT
+ CP285 100l. 18.00 717. 190. 183. 38.33

FaJlE) TO

I + SP285 1000. 18.08 717. 190. 183. 38.33

DIVEPSICN TO

+ 2r:e97A 273. 18.08 195. 52. SO. 38.33

I HYIR:G'AHI AT
+ D285 728. 18.08 522. 138. 133. 38.33

FaJlE) TO

I + R285 72l. 18.33 522. 138. 133. 38.33

2 ro£INEDAT
+ CP287 3538. 14.67 2622. 822. 792. 49.96

I FaJlE) TO

+ SP287 2758. 18.42 2584. 816. 786. 49.96

FaJlE) TO

I + R287 2754. 18.75 257l. 805. 775. 49.96

HYIR:G'AHI AT
+ 298 59l. 13.00 122. 30. 29. .84

I 2 ro£INEDAT
+ CP298 2754. 18.75 2573. 834. 803. 50.80

I
FaJlE) TO

+ SP298 275l. 18.83 2567. 827. 796. 50.80

FaJlE) TO

+ R298 2746. 19.17 2553. 813. 783. 50.80

I HYIR:G'AHI AT
+ 316 512. 13.17 122. 31. 29. .82

I
2 ro£INEDAT

+ CP3l6 2746. 19.17 2555. 841. 811. 50.82

FaJlE) TO

+ R316 2742. 19.33 2541. 832. 802. 50.82

I HYIR:G'AHI AT
+ 334 452. 13.00 95. 24. 23. .64

I
2 ro£INEDAT

+ 1I334 2742. 19.33 2541. 855. 823. 5l.46

HYIR:G'AHI AT
+ D285 273. 18.08 195. 52. SO. 38.33

I FaJlE) TO

+ R285 271- 18.33 194. 52. SO. 38.33

I
HYIR:G'AHI AT

+ D285P. 246. 17.83 238. 95. 91. 38.29

FaJlE) TO

+ R285P. 246. 18.25 237. 92. 89. 38.29

I
I



I
I HYII',lXPAIH M

+ 297A 206. 12.92 39. 10. 9. .27

I
2 a:MID'IID M

+ lI297A 246. 18.25 237. 102. 98. 38.56

2 a:MID'IID M

I
+ CP297A 517. 18.33 431. 153. 148. 38.60

RCX.1JE) 'ID

+ P297A 508. 19.92 426. 146. 140. 38.60

I
HYII',lXPAIH M

+ 315 278. 13.25 68. 17. 16. .47

2 a:MID'IID Kr

I
+ CP315 508. 19.92 426. 162. 156. 39.07

RCX.1JE) 'ID

+ ro15 505. 20.67 423. 148. 142. 39.07

I
2~Kr

+ CP334 3194. 19.50 2888. 1000. 964. 52.20
.... ..,Ii""IT; .•

RCX.1JE) 'ID

I
+ P334 319!. 19.75 2882. 987. 951. 52.20

HYII',lXPAIH Kr
+ 335 277. 12.92 54. 13. 13. .35

I 2 a:MID'IID Kr

+ CP335 319!. 19.75 2882. 1000. 963. 52.55

_1I:Iiii.-l~-"-'"

RCX.1JE) 'ID

I
+ R335 3187. 19.92 2876. 990. 954. 52.55

HYII',lXPAIH Kr

+ 299 289. 13.00 6l. 15. 15. .40

II RCX.1JE) 'ID

+ R299 213. 14.42 61. 15. 15. .40

HYII',lXPAIH Kr

I
+ 317 341. 13.25 82. 21. 20. .57

2 a:MID'IID Kr
+ CP317 341. 13.25 140. 36. 34. .97

I RCX.1JE) 'ID

+ ro17 295. 13.83 136. 36. 34. .97

HYII',lXPAIH Kr

I
+ 300 353. 12.83 66. 16. 16. .39

RCX.1JE) 'ID

+ rooo 264. 14.17 65. 16. 16. .39

I ~Kr

+ 318 581. 12.67 97. 27. 26. .62

2 a:MID'IID Kr

I
+ CP318 580. 12.67 156. 43. 41. 1.01

RCX.1JE) 'ID

+ ro18 530. 12.92 154. 43. 41. 1.01

I ~Kr

+ 301 535. 12.17 46. 12. 12. .30

RCX.1JE) 'ID

I + ro01 175. 14.00 46. 12. 12. .30

I



I
I

~AT

+ 319 577. 12.50 84. 23. 23. .54

I 2 CXl£INED AT
+ CP319 578. 12.50 127. 36. 34. .84

I
PamD TO

+ R319 520. 12.83 126. 36. 34. .84

~AT

+ 337 744. 12.25 84. 25. 24. .49

I 3 CXl£INED AT
+ CP337 1120. 12.83 357. 103. 99. 2.34

I
PamD TO

+ SR337 373. 13.50 335. 103. 99. 2.34

DIVEPSICN TO

+ DI367 373. 13.50 335. 103. 99. 2.34

I ~AT

+ D337 o. •08 o. o. o. 2.34

I
PamD TO

+ R337 o. .08 o. o. o. 2.34

2 CXl£INED AT
+ 1I336 295. 13.83 136. 36. 34. 3.31

I 2 CXl£INED AT
+ 2I336 3195. 19.92 2901. 1021. 984. 55.86

I
~AT

+ 336 552. 13.92 206. 57. 55. 1.28

2 CXl£INED AT
+ CP336 3200. 19.83 2918. 1074. 1035. 57.14

I
._'" lUI •• 'all ....., ..

PamD TO

+ SR336 3200. 19.92 2915. 1074. 1035. 57.14

I
~AT

+ 336A. 149. 14.00 54. 14. 13. .37

2 CXl£INED AT
+ CP336A. 3200. 19.92 2918. 1087. 1047. 57.51

I PamD TO

+ R336A. 3198. 20.00 2915. 1081. 1041. 57.51

I
~AT

+ 3641\ 99. 12.25 9. 2. 2. .07

2 CXl£INED AT
+ lI3641\ 3198. 20.00 2915. 1083. 1043. 57.58

I ~AT

+ 336B 168. 12.00 9. 2. 2. .08

I
PamD TO

+ SR336B 101. 12.17 9. 2. 2. .08

PamD TO

+ R336B 82. 12.33 9. 2. 2. .08

I 2 a:l£INED AT
+ CP3641\ 3198. 20.00 2915. 1085. 1045. 57.66

I
DIVEPSICN TO

I



I
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APPENDIXE

Hydraulic Analysis and Supporting Data
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I
I

Tl
12
T3

mr.IlIID WISH c:rJ:Mt - PJm1lC[E~IEIlEID~

F.UXDErroN/:m::x:Dm PUf FIIE: RlU._ClM.Iro'
mr.IlIID WISH c:rJ:Mt - m:M~~ IOlD 'ID M:D:NEU. RD

M:del.i.n;r perlamr:d by JE E\iller/~ & Gea!DJ:Iicl.ogy, I:=.
Jchn Willaoe, P.E. 520-623-3112
The fa1.1.ow:in;r revi.si.cns llere mrle to the cu:ginal FIS m;:-2 by wrn
Hy;1rolDgy:

HEr:-1 was revise:! by Stanley Cal:3ultants & n:nc to reflect;
a:nstru::ticn of Dysart Drain. New Q1.00 va1l.les ware i.IpIl:
based en revisErl HEr:-1 m::del (see di.9olSsi.cn in TIN report).
Pevise:i cIi.:3dlaIges are~ in wrn o::mta1t cams next to
original. va1l.les

Hy:lraulics :
Original wrn mxIel sh:rtearl to in=J.u:ie cnly detailed stu:iy reach

fran Secticn 2.371 to Secticn 6.320. ~~ IIEl:ches
original. FIS.

secticn 3.625 (a1.cnJ cent:er of Van a= Foa:l) npl.a::ed by Secticns
4.619 arrl 4.631 to m::del~ aJ1.vert at: Van a= Foa:l
(12 oelled 4'xlO' re:inforce:i!:x:lK a.ll.vert)

Secticns 4.754, 4.811, 4.833 arrl 4.855 a±l.e:l. to mx:l.el. to oclequately
define prcpa3Ed B.ill.aJrl~ c:hamel/1.evee~ at
Estre.l.la Views Estates (l.pStresn of Van a= street)

I
I
I
I
I J1 lCEEJ:K NINIT IDIR Q

I
o 2 o o o o

EN

o o 943.66 o

I
1 o o o o o o o o o

I



I
I

J3 V1\RlABLE a::x:&S FeR~ mnm::ur

I 38 43 1 53 21 22 54 51 4 8
42 5 26 0 110 0 200

1
24S&P98 10:04:26 PKE 2

I
N::: .045 .07 .03 .1 .3
Qr 3 3200 3200 3200

I Er 10.4

** J3<j;JN IE11IIIED ru::roPIAIN\~~.

Q = QAT CP336 (=4899 CE'S). REVISED Q = 3200 CE'S

I
Xl 2.371 25 9975 10030 400 500 390
GR 949.7 8815 948 8940 946 9060 944 9145 944.5 9185
GR 944 9270 942 9315 940 9435 939.8 9520 940 9585
GR 940.6 9655 940 9710 939.4 9775 940 9815 942 9890
GR 942.3 9930 942 9975 940 9995 939.7 10000 940 10005

I GR 940.7 10030 942 10385 944 10860 946 11400 949.7 ll450

Er 10.4
Xl 2.435 20 9985 10085 335 335 335

I
GR 950 8650 948 8790 946 8890 945.2 9000 946 9090
GR 944 9250 942 9485 941.1 9720 942 9835 942.4 9950
GR 942 9985 940 9995 939.9 10000 940 10005 941.7 10085
GR 942 10360 944 10760 946 11320 948 11395 949.8 11420

I Qr 3 3191 3191 3191
Er 9.1 9915 10138

003S-SEcrICN 30 En:r s::xJlH OF :u:»R~ PD. "FXJmW)"

I Q = QAT CP335 (= 4906 CE'S). REIIISID Q = 3191 CE'S

Xl 2.536 15 9965 10060 535 535 535
GR 951 9185 950 9300 948 9555 946 9710 945.5 9865

I GR 944 9920 943.5 9935 943.8 9965 943.5 10000 943.7 10060
GR 944 10155 944.8 10500 946 10800 948 11280 950.2 11340

Er 10.4

I DIVll:ED :rn:w CXX1lRS Em 'lllE NEXT~~ams-~CNS,

~ 'IlESE FUR> ARE: EEnI:TIVE I:X.lE 'ID UPSIPJlM :INEu:w M
Xl= 2.883

I Xl 2.680 17 9925 10050 735 725 760
GR 954 9265 952 9400 950 9505 948 9645 947.2 9735
GR 948 9790 949.9 9805 948.8 9900 948 9905 947.3 9925
GR 946 9940 945.2 10000 945.6 10050 946 10165 948 10565

I
GR 950 10935 952 lU60

Er 10.4
Xl 2.771 16 9985 10020 480 480 480
GR 954 9440 952 9545 950 9660 948.1 9810 950 9880

I GR 951.4 9890 950 9900 949.4 9985 947.4 10000 948.2 10020
GR 947.3 10075 948 10210 950 10505 950.9 10795 952 lU05
GR 953.5 11255

1

I
24S&P98 10:04:26 PKE 3

Er 9.1 9853 10130

I Xl 2.883 15 9985 10015 580 580 590
GR 958 9190 956 9360 954 9535 952 9640 950 9840
GR 949.6 9920 950.2 9985 948.5 10000 950.1 10015 949.2 10035
GR 950 10165 952 10385 954 10600 956 11230 956.5 11270

I
I



I
I or 3 3194 3194 3194

El' 9.1 9875 10050

I Q = Q AT CP334 (= 4915 CE'S). RE\ITIE) Q = 3194 CE'S

Xl 2.977 15 9980 10050 500 500 500
ffi 960 9170 958 9345 956 9530 954 9660 952 9830

I
ffi 951 9960 951.5 9980 950 9990 949.9 10000 950 10010
ffi 952.1 10OS0 954 10480 956 10740 958 11200 958.5 11305

El' 10.4
Xl 3.070 13 9945 10025 485 495 490

I ffi 958.5 9510 953.8 9545 954.5 9600 954.5 9945 954 9960
ffi 952.5 9975 954.2 9985 952.3 10000 953.2 10025 952.7 10060
ffi 954 10290 956 10635 958 10875

I
or 3 2742 2742 2742
El' 9.1 9788 10130

Q = Q AT 1I334 (= 4432 CE'S). RE\ITIE) Q = 2742 CE'S

I Xl 3.167 18 9970 10020 475 515 510
ffi 960.7 9530 956 9585 955 9625 955.4 9730 954.9 9865
ffi 955.8 9935 955.1 9970 954 9990 953.9 10000 954 10005
ffi 954.9 10020 954.5 10080 955.1 10120 954.8 10220 956 10425

I
ffi 958 10770 960 10990 962 11230

El' 10.4

DlVIIED :rn:w CXX1lRS RR 'lEE NEXT 'IW) UPS:mEIM CFOSS-soc:rrrns.

I lDEIlER.nESE F.UH3~ EEnI::l'lVE IXlE ro tJPS'lHM lNE1CW AT
Xl= 3.602

Xl 3.291 23 9970 10020 660 650 655

I
ffi 964 9530 962 9670 961.3 9690 961.8 9725 960.4 9770
ffi 961.8 9785 960.1 9940 960.5 9970 960 9985 958 9995
ffi 957.2 10000 958 1000S 960 10015 960.1 10020 960 10025
ffi 958 10040 957.2 10110 957.8 10360 957.6 10460 958 10700
ffi 960 10910 962 10970 964 11600

I El' 10.4
Xl 3.376 17 9985 10015 460 440 450
ffi 967.9 9300 966 9370 964 9520 962 9630 960.5 9900

I
ffi 961.9 9985 960 9995 958.3 10000 960 1000S 961 10015
ffi 960 10030 958.4 10055 958.6 10170 958.8 10365 960 lOS90
ffi 962 10930 964 11490

1

I
24SEP98 10:04:26 m:E 4

El' 10.4

I
Xl 3.491 17 9980 10020 60s 60s 60s
ffi 968 9255 966 9435 964 9555 962 9660 960.5 9930
ffi 961.9 9980 960 9995 959.5 10000 960 1000S 961.9 10020
ffi 960 10040 959.6 10130 960 10240 962 lOS40 964 10735

I
ffi 966 11000 968 11780

ax 3 2746 2746 2746
N: .07 .07 .04 .1 .3
El' 10.4

I CPalS--soc:rICN AT YlM\ ID.

Q = QAT CP316 (= 4438 CE'S). RE\ITIE) Q = 2746 CE'S

I Xl 3.602 13 9880 10100 590 590 590
ffi 970 9225 968 9450 966 9600 964 9750 962 9880
ffi 961.9 10000 962 10100 963.2 10330 964 10445 966 10625
ffi 968 10770 968.9 10945 970 11005

I
I



I
I Er 9.1 9600 10075

DIVlIED FILW axIlRS E1:R 'lEE NEXT ~~ CPOSS-SECl'ICNS,

I ~'" nES& FrI:WS APE EEHJ::rIVE IllE 'ID UPSlF.EM :r:Nru::W PIT!
Xl= 4.101

Xl 3.702 20 9955 10055 535 490 525
rn. 972 8720 970 8925 968 9115 966 9315 964 9550

I rn. 963.5 9620 964 9665 970.5 9750 970.5 9900 970 9920
rn. 968 9935 964 9945 963.5 9950 963.9 9955 963.4 10000
rn. 964 10055 966 10370 968 10660 970 10980 972 11360

I
Er 10.4
Xl 3.841 23 9955 10070 735 735 735
rn. 976 8355 974 8700 972 8995 970 9130 968 9280
rn. 966 9550 965.5 9650 966 9685 970.5 9700 970.2 9900

I
rn. 970 9915 968 9925 966 9930 965.1 9935 966 9940
rn. 967.1 9955 966.3 10000 967.3 10070 968 10260 970 10495
rn. 972 10710 974 11090 976 11350

Er 9.1 9700 10095

I
Xl 3.978 23 9930 10095 725 725 725
rn. 978 8360 976 8690 974 8990 972 9180 970 9335
rn. 968.8 9570 970 9705 970.5 9740 970.5 9885 970 9900
rn. 968 9910 966.9 9915 968 9920 969 9930 968 9990

I
rn. 967.9 10000 968 10015 968.4 10095 970 10300 972 10515
rn. 974 10655 976 10850 978 ll110

1
24SE:P98 10:04:26 IKE 5

I Er 10.4
Xl 4.101 23 9960 10080 650 650 650

I
rn. 980 8400 976 8715 974 8955 974 9255 972 9540
rn. 971 9715 971.4 9780 970.2 9890 971.3 9920 970 9935
rn. 968.7 9945 970 9950 971 9960 970 9985 969.8 10000
rn. 970 10015 970.9 10080 970.7 10160 972 10400 974 10560
rn. 976 10620 978 10915 980 11180

I Er 10.4
Xl 4.237 19 9935 10075 715 715 715
rn. 980 8695 978 9160 ·976.5 9270 977.4 9305 976 9390

I
rn. 974 9535 972 9850 971.8 9870 972 9885 972.4 9910
rn. 972.2 9920 972.6 9935 972 9940 971.3 10000 972 10075
rn. 974 10290 976 10430 978 10600 980 10870

Er 10.4

I Xl 4.356 16 9950 10070 630 630 630
rn. 980.5 9300 980 9320 978 9430 976 9525 974 9725
rn. 973.1 9895 973.5 9915 973.3 9935 973.5 9950 972.6 10000
rn. 973.4 10070 974 10155 976 10360 978 10485 980 10615

I
rn. 982 10870

Er 10.4
Xl 4.496 14 9975 10130 740 740 740
rn. 984 9180 982 9365 980 9540 978 9645 976 9845

I rn. 974.8 9945 975.2 9975 974.4 10000 975 10130 976 10275
rn. 978 10420 980 10540 982 10620 984 10840

Ql' 3 2754 2754 2754

I
N: .035
Er 10.4

CXS5-SBX::I'ICN PIT! WIN WREN sr.
Q = Q PIT! CP298 (= 4446 CE'S).~ Q = 2754 CE'S

I Vanau:en st:J:eet - PD:p:lse:l. Pei..nforoerl Ccn::rete Box ClIlvert
Begin Martlest PLq>erty Charnili.zaticn ani Levees

Xl 4.619 18 9909 10075 648 648 648

I
X3 10 983 983

I





I
I

A 7-SIO'lN mn:x:E FIr 1-10

I Xl 5.430 11 9899.9 10100.1 680 820 780
X3 10 996 996
ffi 1000 9050 997 9899.9 994.2 9900 994.2 9906 988 9919
ffi 988 10000 988 10081 994.2 10094 994.2 10100 997 10100.1

I
ffi 1000 10450

Qr 3 3538 3538 3538
SB 1.05 1.6 2.6 0 162 6 1203 2 988 988
EI' 10.4

I Q = Q FIr CP287 (= 5319 CFS).~ Q = 3538 CFS

Xl 5.460 11 9899.9 10100.1 160 160 160

I
X2 0 0 1 995 997
X3 10 997 997
m 4 9050 1000 9899.9 997 10100.1 997
m 10450 1000
rn. 1000 9050 997 9899.9 994.2 9900 994.2 9906 988 9919

I ffi 988 10000 988 10081 994.2 10094 994.2 10100 997 10100.1
ffi 1000 10450

N:: .07 .07 .04 .3 .5

I
EI' 10.4
Xl 5.563 13 9850 10100 540 535 540
ffi 996 8140 994.2 8850 994 9085 992 9470 990 9790
ffi 990.9 9815 989.5 9850 988.5 10000 988.9 10100 990 10370

I
ffi 992 10655 994 10920 996 11105

Ql' 3 3400 3400 3400
N:: .07 .07 .045 .1 .3
EI' 10.4

I O'a3S-SEX:XICN FIr 280 EEEX (A!CNj EUH EPmi) N:roH <F MD:JEU. PD.

Q = Q FIr CP286 (= 4662 CFS).~ Q = 3400 CFS

I DIVlIED EII:l'T anlRS Em 'lEE: NEXT ~ UPSmE1'M CKSS-SEX:XICNS,
lDEIIrn,. 'llESE: rn:m .Are~ Il.lE: ro tJl'S'mM mEl(W FIr
Xl= 5.960

I Xl 5.727 21 9935 10135 870 835 870
ffi 999 8415 998 8710 996 9045 994 9250 992.4 9690
ffi 994 9730 996.1 9780 993.5 9800 993.5 9830 1000.4 9870
ffi 1000 9890 994 9900 992 9935 991 10000 991.8 10135

I
ffi 992 10190 994 10550 994.6 10565 994 10600 996 10890
ffi 998 11170

1
2~8 10:04:26 Bra: 8

I EI' 10.4
Xl 5.840 22 9970 10170 590 580 595

I
ffi 1001.6 8460 1000 8815 998 9090 996 9400 994.5 9760
ffi 996 9805 998.1 9840 993.5 9865 993.5 9895 998.6 9920
ffi 998 9925 996 9940 994 9970 993.4 10000 993.7 10170
ffi 994 10300 996 10605 996.3 10620 995.8 10650 996 10675
ffi 998 10945 1000 11190

I EI' 10.4
Xl 5.960 16 9960 10150 640 610 635
ffi 1002 8825 1000 9240 998 9760 997 9910 997.3 9960

I
ffi 996 9990 995.9 10000 996 10010 996.2 10150 996 10230
ffi 996.2 10520 997.3 10680 997 10715 998 10935 1000 11210
ffi 1002 11560

EI' 10.4

I Xl 6.086 12 9900 10100 655 685 665

I



I
I GR 1004 8350 1002 9210 1000 9650 999.6 9810 999.2 9900

GR 998.3 10000 999.2 10100 999 10420 999.7 10495 1000 10720
GR 1002 10990 1004 11285

I E:l' 9.1 9850 10270
Xl 6.217 15 9900 10100 620 745 690
GR 1006 8300 1004 9175 1002 9565 1001.2 9630 1001.7 9665

I
GR 1000.6 9695 1000.3 9900 1000.1 10000 1000.3 10100 1000.7 10445
GR 1001.5 10535 1001.4 10600 1002 10730 1004 11080 1006 11110

E:l' 10.4
Xl 6.320 13 9900 10100 580 525 545

I GR 1008 8860 1006 9230 1004 9555 1002.5 9660 1002 9670
GR 1001.3 9900 1000.9 10000 1001.4 10100 1002 10480 1003.1 10800
GR 1004 11030 1006 11060 1007 11220

1

I
24SEP98 10:04:26 IKE 9

SEX:N) rEP1H CW3EL crom w:EU< EX; IN HI. cn:oss ~ErEIT

Q QLCE Q:H o:m AIm J\CH JlR:8 VOL iW\ R-EANK ErEIT

I TnoE VIffi \1m 'IKE XNL XN:H XNR WIN EIMJN ssm
SLOEE XUEL XLCH XIaR I'IPJJl.L m:: Icx:Nr a:mR 'IUWJD ENm

I
*IR:F 1

0

cnN= .100 CElIl'= .300
*SEX:N) 2.371

I ** m;IN I:EmIIID ru:xDPIAIN\EIO:l:mY l\NALYSIS.
Q = Q AT CP336 (=4899 CFS). RE:'JISED Q = 3200 CFS

2.371 4.26 943.66 .00 943.66 943.68 .02 .00 .00 942.00

I
3200.0 2339.7 289.7 570.7 2077.8 174.0 1147.3 .0 .0 940.70

.00 1.13 1.66 .50 .045 .030 .070 .000 939.40 9277.65
.000244 400. 390. 500. 0 0 0 .00 1501.59 10779.24

I *SEX:N) 2.435

3302 WlRIDG:~ CEAN::E CXJl'SIIE CF JlD:EPmBIE RAla, KRATIO = .56

I
2.435 3.87 943.77 .00 .00 943.82 .05 .13 .01 942.00

3200.0 1678.0 863.8 658.3 1197.4 299.6 842.0 22.1 11.3 941.70
.06 1.40 2.88 .78 .045 .030 .070 .000 939.90 9276.89

•000786 335• 335. 335. 2 0 0 .00 1437.33 10714.22

I *SEX:N) 2.536
3685 20 nuAIS ATrEME'lED w:EL,CW3EL
3693 m:EABrE MINIMM sm:::rFIC ENEIGY

I
3720 auTIrnL rEP1H~

O'OSS-SIOC:TICN 30 nEl' s:xJlH CF IJ:HR~ P.O. "EX!nnD"

Q = Q AT CP335 (= 4906 CFS). PE'JISED Q = 3191 CFS

I 2.536 1.90 945.40 945.40 .00 945.92 .52 1.07 .14 943.80
3191.0 508.1 1363.0 1319.9 113.1 169.2 536.7 41.5 24.9 943.70

.08 4.49 8.06 2.46 .045 .030 .070 .000 943.50 9868.70

I
•012260 535• 535. 535. 20 11 0 .00 781.06 10649.76

*SlOCN) 2.680

I 3265 DIVlIE) EUW

1
24SEP98 10:04:26 IKE 10

I
I



I
I

SEOO rEPlH CW3E:L aum W3E:LK EX; HIT HL ([ffiS Ir--BmK EIDT
Q Q[ffi (pi ~ AIffi J\CH AP!B VOL iW\. R~ELEIT

I TIME vrre VCH VF!E XNL XN:H XNR WlN EIMIN SSl7\.
swre xu::EL XIOi XI£:ER I'lP.lAL IIX: Io:::Nr o:F.AR 'IDIWID EKS1'

I 3302 W\RffiIG:~~ aJrSIrE OF J\CX:ZP1l'\mE~, KRATIO = 2.61

DIVIIED F.U:W <XXXJRS RR~ NEXT $0 UPSmE71M CR:SS-~rns,

I InEIIER. 'llESE EIaiS ARE~ Il.lE ro UPSIHM INEllW AT
Xl= 2.883

2.680 3.39 948.59 .00 .00 948.74 .16 2.79 .04 947.30

I
3191.0 234.9 1588.7 1367.4 177.5 368.3 990.5 61.3 39.6 945.60

.16 1.32 4.31 1.38 .045 .030 .070 .000 945.20 9603.54
.001797 735. 760. 725. 6 0 0 .00 964.41 10674.57

I *SEOO 2.771

3265 DIVIIED EI£W

I 3302 W\RffiIG:~~ aJrSIrE CF Jl£l:EPmB[E~, KRATIO = .51

2.771 2.78 950.08 .00 .00 950.27 .19 1.51 .01 949.40
3191.0 684.8 465.8 2040.4 260.4 70.9 777.8 75.9 49.6 948.20

I .20 2.63 6.57 2.62 .045 .030 .070 .000 947.30 9655.17
.006890 480. 480. 480. 3 0 0 .00 858.07 10532.04

I
*SEXN> 2.883

3302 W\RffiIG: CXNJEY}lKE~ aJrSIrE OF Pa:EPD\B[E~, KRATIO = 1.72

2.883 3.83 952.33 .00 .00 952.44 .12 2.17 .01 950.20

I 3191.0 1565.5 446.7 1178.8 628.0 90.1 705.6 92.8 60.6 950.10
.26 2.49 4.96 1.67 .045 .030 .070 .000 948.50 9622.85

•002335 580. 590. 580• 3 0 0 .00 7cn.28 10420.12

I *SEOO 2.977

Q = Q AT C1'334 (= 4915 CFS). REIJIS!D Q = 3194 CFS

I 2.cn7 3.78 953.68 .00 .00 954.07 .38 1.54 .08 951.50
3194.0 1452.7 1404.5 336.8 452.9 209.3 283.7 106.4 69.4 952.10

.29 3.21 6.71 1.19 .045 .030 .070 .000 949.90 9686.92
•004272 500. 500. 500• 3 0 0 .00 721.40 10408.32

I 1
24SEP98 10:04:26 :EKE 11

I SEOO rEPlH CW3E:L aum ~ EX; HIT HL ([ffiS Ir--BmK EIDT
Q Q[ffi (pi o;m AIffi Jlai AP!B VOL iW\. R~EIDT

TIME vrre VCH VF!E XNL XN:H XNR WlN EIMIN SSl7\.

I SWIE xu::EL XIOi XI£:ER :r'lRrnI. IIX: ICXNr o:F.AR 'IDIWID EKS1'

*SEOO 3.070

I
3.070 3.32 955.62 .00 .00 955.75 .12 1.65 .03 954.50

3194.0 924.3 846.1 1423.6 480.7 186.3 843.4 120.2 79.3 953.20
.35 1.92 4.54 1.69 .045 .030 .070 .000 952.30 9531.43

•002739 485. 490• 495. 3 0 0 .00 1038.51 10569.93

I
I



I
I *SlOCN) 3.167

Q = QAT 1I334 (= 4432 CE'S). PE\.IISID Q = 2742 CE'S

I 3.167 2.94 956.84 .00 .00 956.93 .09 1.18 .00 955.10
2742.0 1230.7 512.9 998.4 612.1 125.1 756.5 137.4 90.9 954.90

.41 2.01 4.10 1.32 .045 .030 .070 .000 953.90 9575.14

I
.002018 475. 510. 515. 3 0 0 .00 995.22 10570.36

*SlOCN) 3.291

I 3265 DIVIJE) EI.CW

3302~: ~ CEAN:OE: CU1'SIIE CF~ P.Ala, KPATIO = .50

I DIVIJE) EI.CW <XX1lPS Eat lliE NEXT ~ UPSmE7M ac:;s-~CNS,

~ nESE: :E'It:W3 ARE EEllCI'IVE WE ro~ INEI£W AT
Xl= 3.602

I 3.291 1.98 959.18 .00 .00 959.28 .10 2.34 .00 960.50
2742.0 .0 101.7 2640.3 .0 22.5 1078.8 156.9 104.5 960.10

.48 .00 4.52 2.45 .000 .030 .070 .000 957.20 9989.16

I
•008089 660. 655. 650• 2 0 0 .00 813.11 10822.67

*SlOCN) 3.376

I 3265 DlVllED EI.CW

3302~: ~ CEAN:Z CU1'SIIE CF~ P.Ala, KPATIO = 1.68

I 3.376 2.91 961.21 .00 .00 961.26 .06 1.98 .00 961.90
2742.0 53.3 92.2 2596.5 60.3 31.5 1392.1 169.9 113.5 961.00

.55 .88 2.93 1.87 .045 .030 .070 .000 958.30 9772.58
.002857 460. 450. 440. 3 0 0 .00 977.10 10795.34

i I 1
2~8 10:04:26 ~ 12

I SEXXl rEPIH CH3EIo crows mw< EX; IN HL aross :Ir-flIN{ EIEJ
Q arm Q:H crm JlliB JlJ:H J\P!.B vaL lW\. R~EIEJ

TIM;: VI£B VOl VR:B XNL XN:H XNR WlN EIMIN SSTA

I swm XI£E[, XIOi XIaR I'lRIAL Irx:: Ia:Nr a::RAR 'lawID nmr

*SEXN> 3.491

I
3.491 3.10 962.60 .00 .00 962.66 .05 1.40 .00 961.90

2742.0 780.9 263.4 1697.6 446.8 78.3 1095.2 191.5 127.1 961.90
.64 1.75 3.36 1.55 .045 .030 .070 .000 959.50 9628.08

.001900 605. 605. 605. 4 0 0 .00 971.21 10599.29

I a:HIT= .100 CDi\T= .300
*SEXXl 3.602

I
3302~: ~ CEAN:Z CU1'SIIE CF Jl£X:EP.IJ\BIE P.Ala, KPATIO - .69

CR)SS-~CNAT Yl.M'I. RD.

I Q = QAT CP316 (= 4438 CE'S). PE\.IISID Q = 2746 CE'S

3.602 2.20 964.10 .00 .00 964.28 .18 1.58 .04 962.00
2746.0 207.9 1872.8 665.2 144.2 474.3 405.0 209.4 138.5 962.00

I .69 1.44 3.95 1.64 .070 .040 .070 .000 961.90 9742.06

I





I
I

*SEX:NJ 4.619

I 3495 0JffiBl\NK~ J\SSlM:DN:N~, EUm- 983.00 ErnE7\= 983.00

I
CKflS-SEX:I'ICN AT VPN WREN sr.
Q = QAT CP298 (= 4446 CFS). REVISED Q = 2754 CFS
VanB..u:en street - PI:qx>serl Reinfo=erl Ca=ete Box Cl.1lvert

1
24SEP98 10:04:26 EP(E 14

I Begin Man.1=st Prcperty~ am Levees

I
4.619 3.15 979.15 .00 .00 979.59 .44 1.84 .09 976.00

2754.0 .0 2754.0 .0 .0 517.7 .0 367.2 240.3 976.30
1.27 .00 5.32 .00 .000 .035 .000 .000 976.00 9909.00

.003446 648. 648. 648. 2 0 0 .00 166.00 10075.00

I sm::IAL CI1LVERI'

I
g:; am aw ENID:: ~ Rr.UN RISE smN alLVIN am s:::L EIaU EIOlD

12 .012 .40 2.70 .00 4.00 10.00 62.00 8 1 976.12 976.00

0lARI.' 8 - BJl{ Cl.lLVERI' WI'lH F.rnFED WlNH\LLS; NJ lNIEr 'lOP~ BEVEL
~ 1 - WlNH\LLS ErMED 30 '10 75~

I *SEX:NJ 4.631

sm::IAL CI1LVERI' amE1' a::N:IR:lL

I
EXirC= 980.222 EBX:: = 980.409 rom: 979.149 E!InID= 983.500

sm::IAL CI1LVERI'

EXirC EBX:: H4 ~ \P.1IN Val PaJI]J EL'lRD W!:IRIN

I 980.22 980.41 •82 O• 2754. 4.543 480.0 983.50 O.

I
3495 0JFR8ANK~ASS.MD~, mm- 983.50 ErnE7\= 983.50

4.631 3.97 980.09 .00 .00 980.41 .32 .82 .00 983.50
2754.0 .0 2754.0 .0 .0 606.3 .0 368.0 240.5 983.50

1.27 .00 4.54 .00 .000 .035 .000 .000 976.12 9889.63

I •002152 62. 62 • 62. 2 0 0 .00 172.29 10061.91

*SEX:NJ 4.701

I
4.701 3.94 980.86 .00 .00 981.14 .28 .73 .00 983.92

2754.0 .0 2754.0 .0 .0 653.7 .0 373.4 242.0 983.92
1.30 .00 4.21 .00 .000 .035 .000 .000 976.92 9893.72

•001797 370. 370. 370• 2 0 0 .00 181.55 10075.28

I *SEX:NJ 4.754
4.754 3.87 981.38 .00 .00 981.66 .29 .52 .00 984.51

2754.0 .0 2754.0 .0 .0 639.5 .0 377.5 243.2 984.51

I
1.32 .00 4.31 .00 .000 .035 .000 .000 977.51 9909.54

.001924 280. 280. 280. 2 0 0 .00 180.92 10090.46

*SEINJ 4.811

I 4.811 3.85 981.96 .00 .00 982.25 .29 .58 .00 985.11
2754.0 .0 2754.0 .0 .0 635.9 .0 381.9 244.4 985.11

1.33 .00 4.33 .00 .000 .035 .000 .000 978.11 9909.62
•001958 300. 300. 300• 2 0 0 .00 180.76 10090.38

I
I



I
I

1
24SEP98 10:04:26 ~ 15

I SEX:N:l IEPJH CW3EL auw3 VEEIK EE IN HI. arDSS L-IYINK E[E\T

Q QU:B Q::H iJ?ffi AIJ:B J\rn 1\Pffi VOL !WI. R-IYINK E[E\T

I
TIME v:u::B vrn VIm XNL XN:H XNR WIN EIMIN ssm
SID:EE xu:EL XI.Cli XLCIR ITRIAL ID.:: ICXNr CXPAR TOEWID llIDSl'

*SEX:N:l 4.833

I 3302~: CXNJEYAN::::E awa aJrSlIE CF Pa::EPmBLE FIANZ, KPATIO = 1.54

4.833 3.93 982.28 .00 .00 982.41 .13 .15 .02 985.35

I
2754.0 .0 2754.0 .0 .0 947.5 .0 384.1 245.0 985.35

1.35 .00 2.91 .00 .000 .035 .000 .000 978.35 9871.23
.000829 120. 120. 120. 2 0 0 .00 257.54 10128.77

I *SEX:N:l 4.855
3280 oms SliU'ICN 4.86 ElrnNED 2.21 FEEl'

I
3302~: CXNJEYAN::::E awa CX11'SIIE CF Pa::EPmBLE FIANZ, KPATIO = 1.60

4.855 3.86 982.43 .00 .00 982.47 .04 .06 .01 985.54
2754.0 .0 2754.0 .0 .0 1620.1 .0 387.5 246.0 980.23

1.37 .00 1.70 .00 .000 .035 .000 .000 978.57 9688.90

I .000324 115. 115. 115. 0 0 0 .00 486.10 10175.00

*SEX:N:l 4.858

I 3302~: CXNJEYAN::::E awa CX11'SIIE CF Pa::EPmBLE FIANZ, KPATIO = .35

I
Err! M!=lest Pl:q)erty

4.858 2.39 982.39 .00 .00 982.51 .11 .01 .02 982.00
2754.0 1.2 2749.2 3.7 3.2 1009.8 10.1 387.9 246.2 982.00

1.37 .36 2.72 .36 .070 .040 .070 .000 980.00 9688.41

I
•002593 15. 15. 15• 2 0 0 .00 653.31 10341.72

*SEX:N:l 5.009
5.009 2.83 984.73 .00 .00 984.86 .13 2.35 .00 983.70

I 2754.0 988.9 1354.1 411.0 485.6 368.4 272.4 407.7 258.4 982.50
1.45 2.04 3.68 1.51 .070 .040 .070 .000 981.90 9664.64

.003354 800. 795. 840. 3 0 0 .00 668.30 10332.94

I 1
24SEP98 10:04:26 ~ 16

I SEX:N:l IEPJH CHlEL auw3 ~ EE IN HI. arDSS ~EIEV

Q QU:B Q::H iJ?ffi Jli!J:B J\rn 1\Pffi VOL !WI. R~E!E\T

TIME v:u::B vrn VIm XNL XN:H XNR WIN EIMIN ssm
srDEE xu:EL XI.Cli XI£lR ITRIAL ID.:: ICXNr CXPAR ~ llIDSl'

I *SEX:N:l 5.153
5.153 2.93 987.23 .00 .00 987.36 .12 2.50 .00 985.60

2754.0 1273.9 1258.3 221.7 686.7 340.1 185.1 428.2 270.9 985.40

I 1.53 1.86 3.70 1.20 .070 .040 .070 .000 984.30 9543.26
.003184 775. 765. 730. 3 0 0 .00 765.14 10308.40

I *SEX:N:l 5.282

I



3302 W\FNlN3: CXNJEi7\N:E awrn aJrSI[E OF PD:::EPmBLE mrn, KPATIO= 1.52

5.282 3.18 988.68 .00 .00 988.74 .05 1.37 .01 987.00
2754.0 1551.0 858.7 344.2 1149.4 311.3 336.2 451.8 284.9 986.00

1.64 1.35 2.76 1.02 .070 .040 .070 .000 985.50 9325.76
•001378 690• 680. 665. 3 0 0 .00 1027.00 10352.76

I
I
I
I CXH\f.= .300 crnv=

*SEXN) 5.430
.500

I
I

3301 HIT CHl'NE) M:RE THAN HVINS

996.00 E:rnE7'r- 996.00

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

A 7-sI¥\N ERII:G: Kr 1-10

5.430 2.44 990.44 .00 .00 991.15 .71 2.09 .33 997.00
2754.0 .0 2754.0 .0 .0 406.6 .0 470.4 295.1 997.00

1.67 .00 6.77 .00 .000 .035 .000 .000 988.00 9913.90
.008160 680. 780. 820. 1 0 0 .00 172.21 10086.10

sm:JAL ERIrG:

1
24SEP98 10:04:26 IKE 17

SEXN) IEPIH cw:EL aum ~ EX; HIT HL au:ss ~EIEIT

Q Q[lB CP:I O?ffi AIm }l(H JIR:B VOL im R~EIEIT

Tn£ VI£:B vrn VRrn XNL XN:H XNR WIN EIMIN ssm
SIDEE xu:m. XIOi XI£JR I'lRIAL m:: IaNI' o:mR ~ ENr:SI'

5227~ EIEIT IS 990.10 , NJ1' 990.44 KitP.AULIC .JlMP a:nJPS~ (IF Im F.UH o:NIP!LS)

SB XK XKJ:R a:EQ RJ::UN EN:: ~ BARm SS EIOI1 EI£H)

1.05 1.60 2.60 .00 162.00 6.00 1203.00 2.00 988.00 988.00

*SEXN) 5.460

3302 W\FNlN3:~ awrn aJrSI[E CF JlO:EPD\B[E RAN3E, KPATIO = 1.42

crASS B Im F.UH

3420 ERIrG: W.S.= 990.49 EP.IIX:E VErJ:X:ITY= 8.82 ~ CH'REL ARE1'i= 401.

EXiEFS EXiI:W: H3 ~ orm . B1\Rm ~ ELIC E!lIF.D iEIRIN
ARm

.00 991.76 .00 O. 3538. 1203. 1190. 995.00 997.00 O.

3495 0JEP.8ANK ARmASSM!D~,EIU7\I- 997.00 EIP.E7'.= 997.00

Q = Q Kr CP287 (= 5319 CFS).~ Q = 3538 CFS

5.460 3.00 991.00 .00 .00 991.76 .76 .61 .00 997.00
3538.0 .0 3538.0 .0 .0 504.6 .0 472.0 295.7 997.00

1.67 .00 7.01 .00 .000 .035 .000 .000 988.00 9912.71
•006693 160. 160. 160• 0 0 0 .00 174.57 10087.29



I
I

.300 aH\T= .500a::HIT=
*SEJ::N:l 5.563

I 3301 IN~ M:::RE 'lIM HVlNS

I
3302 Wl\FNIN;: cx:NIIEYAN::E awrn CXJl'SlIE OF Jl1XEI'll\B[E~, KPATIO = 3.63

5.563 4.11 992.61 .00 .00 992.65 .04 .67 .22 989.50
3538.0 464.7 1882.7 1190.6 692.3 934.0 1340.5 493.5 305.4 988.90

1.78 .67 2.02 .89 .070 .040 .070 .000 988.50 9351.44

I .000508 540. 540. 535. 4 0 0 .00 1385.17 10736.61

1

I
24SE:P98 10:04:26 m;;;: 18

SEJ::N:l IEPlli CH:iEL auws ~ EX; IN HI. QIDSS ~ErEJ

Q QUE Q:H \l'!E AU:B JlDi APJ:B vm. 1W\. R-EANK ErEJ

I TIME VIJ:B VQi VRCB XNL XN:1:I XNR Will ElMIN ssm
SLOEE xralL XIOi XIa3R I'IR11\L :m: Io::Nr a:P.AR 1crwID Elm!'

I
a::HIT= .100 aH\T= .300
*SEJ::N:l 5.727

3265 DIVIIED EI£W

I 3302 Wl\FNIN;: cx::NIlE:G\N:E awrn CXJl'SlIE OF~~, KPATIO = .21

I
CK:SS-SIlI:l'ICN M 280 EEEr (AIl:N; EI£W mIH) N:RIH CF M:D:H:LL PD.

Q = Q M CP286 (= 4662 CFS). P:EITJS:D Q - 3400 CFS

DIVIIED EI£W ca:IlRS Em mE NEXT 'liD tJPSmE7M CFCSS-~rns,

I lDEIIrn, 'llES& F.J:I:WS ARE EEHI::l'IVE IXE ro UPSlHM INEU:W M
X1= 5.960

5.727 2.54 993.54 .00 .00 993.90 .37 1.15 .10 992.00

I
3400.0 337.4 2386.2 676.3 218.4 422.2 304.9 531.9 328.1 991.80

1.83 1.55 5.65 2.22 .070 .045 .070 .000 991.00 9375.48
•010814 870. 870. 835• 3 0 0 .00 933.58 10467.87

I *SEJ::N:l 5.840

3265 DIVIIED EI£W

I 3302 Wl\FNIN;: cx:NIlE:G'N:E awrn CXJrSlIE CF JlJO:EPlJlB[E~, KPJl.TIO = 2.23

5.840 2.90 996.30 .00 .00 996.39 .08 2.45 .03 994.00
3400.0 700.6 1644.6 1054.9 597.7 545.8 741.7 551.0 343.1 993.70

I 1.90 1.17 3.01 1.42 .070 .045 .070 .000 993.40 9353.27
.002183 590. 595. 580. 4 0 0 .00 1293.68 10715.70

I
*SEJ::N:l 5.960

5.960 2.19 998.09 .00 .00 998.18 .09 1.80 .00 997.30
3400.0 145.3 1175.1 2079.6 137.7 365.5 1.117.9 576.1 361.1 996.20

1.98 1.06 3.21 1.86 .070 .045 .070 .000 995.90 9735.32
.003962 640. 635. 610. 4 0 0 .00 1212.73 10948.05

I
1

24SE:P98 10:04:26 IKE 19

I
I



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

SEX:N:l IEPlH CW3EL QUill w:ElK EX; HJ HL Cl[QSS :r.--M'lK ErEll'
Q QUE Q:H o:m ArJ::B 1'£H APm VOL 'lWl. R-:P1NK ErEIT
TIME: v:u::B vrn VA:B XNL XN:H XNR WIN EIMIN ssm
SWIE xu:EL XIai XIaR rJJUAL IIX: ICXNl' crnAR 'roEWID rnrer

*SEX:N:l 6.086
6.086 2.49 1000.79 .00 .00 1000.89 .10 2.71 .00 999.20

3400.0 477.0 1385.7 1537.3 354.0 408.9 905.6 601.6 380.9 999.20
2.06 1.35 3.39 1.70 .070 .045 .070 .000 998.30 9475.24

.004060 655. 665. 685. 4 0 0 .00 1352.00 10827.24

*SEX:N:l 6.217

3302 W\mlNJ: cx:IWE:G\N:E Cll1\N3E CXJI'SlIE OF~ RAN3E, KRATIO = 1.54

6.217 2.51 1002.61 .00 .00 1002.66 .05 1.77 .00 1000.30
3400.0 814.4 1187.6 1398.0 630.3 482.5 1092.1 632.7 402.9 1000.30

2.18 1.29 2.46 1.28 .070 .045 .070 .000 1000.10 9445.53
•001716 620. 690• 745. 3 0 0 .00 1391.69 10837.22

*SEX:N:l 6.320
6.320 2.70 1003.60 .00 .00 1003.66 .06 1.00 .00 1001.30

3400.0 699.5 1322.5 1378.0 504.7 495.2 1090.9 659.6 419.9 1001.40
2.26 1.39 2.67 1.26 .070 .045 .070 .000 1000.90 9582.92

.001952 580. 545. 525. 3 0 0 .00 1345.17 10928.09

1
IP!FllE Em S'IP,E1M RlLI1\ID~ CID>lR

ErEID\TICN 939. 949. 959. 969. 979. 989. 999. 1009. 1019. 1029.
SEX:N:l QM)IS

2.37 o. IRIE M
100. I FIE M
200. I FIE M
300. I FIE M

2.43 400. c::rnIE M
500. cr L E M
600. CILE .M
700. C mE .M
800. C ILE .M

2.54 900. Im .M
1000. C mE .M
1100. C IE .M
1200. C I:IH: • M
1300. C ILE. M
1400. C IRIE • M
1500. C lRL E. M
1600. C I IE. M

2.68 1700. C I IE. M
1800. C lRL E M
1900. C lIE M
2000. C IRIE M
2100. C Im M

2.77 2200. C IRrE M
2300. C IRrE M
2400. C ~M

2500. C ILE M
2600. C IRrE M

2.88 2700. C I.L E M



I
I 2800. C . I.L E M .

2900. C ILV£ M.
3000. C ILE M.

I 3100. C ILE M.
2.98 3200. C .IIR'iE M.

3300. C .1 L E M.
3400. C .1 L E M.

I
3500. C • :IRIWE M.
3600. C • I PIE M.

3.CJ7 3700. C !PIE M.
3800. C :IRIWE M.
3900. C ILEM

I 4000. C ILEM
4100. C !PIE .M

3.17 4200. C mE .M
4300. C !PIE • M

I
4400. C !IE. M
4500. C I IE. M
4600. C IE. M
4700. C IEL M
4800. C I EL M

I 3.29 4900. C IEL M
5000. C IEL M
5100. C I.EL M
5200. C I.EL M

I
5300. C I.RE M

3.38 5400. C 1. EL M
5500. C 1. ELM
5600. C I. EL M
5700. C 1.RE M

I 5800. C IRE M
5900. C IRE M.

3.49 6000. C I E M.
6100. C .IV£ M.

I
6200. C .1 IE M.
6300. C .1 IE M
6400. C • !IE M

3.60 6500. C IE .M
6600. C IE .M

I 6700. C IV£ .M
6800. C ILE .M
6900. C IE .M
7000. C IRE M

I
3.70 7100. C ILE M

7200. C ILE M
7300. C ILV£ • M
7400. C IL E • M
7500. C IL E • M

I 7600. C lnE. M
7700. C I L E. M

3.84 7800. C I IE. M
7900. C ILE M

I
8000. C ILE M
8100. C ILE M

8200. C I'IE M.
8300. C I L.E. M.
8400. C I L.E M.

I 3.98 8500. C !PIE M.

8600. C lRL E M.
8700. C ILE M.
8800. C I PIE M

I
8900. C I.nE M
9000. C I.L E M
9100. C I.L E M

4.10 9200. C I. IE .M

9300. C lnE .M

I 9400. C ILE .M

9500. C ILE .M
9600. C .IL E .M

9700. C .lRL E .M

I 9800. C .lRL E .M

I



I
I 4.24 9900. C .II.E .M

10000. C .II.E .M
10100. C • II. E .M

I 10200. C II.E .M
10300. C II.E .M
10400. C II.E .M

4.36 10500. C II.v-E .M

I
10600. C II. E .M
10700. C II.E • M
10800. C II.E M
10900. C II.E M
11000. C II. E. M

I llloo. C I E. M
ll200. C II. E • M

4.5011300. C II. E • M
11400. C II.v-E. M

I
11500. C II. E. M
11600. C I E. M
11700. C I E. M

11800. C lRv-E M

4.62 11900. C I E M

I 4.63 12000. C I .E L
12100. C I .E L
12200. c I .E L

4.70 12300. C I .m L

I
12400. C I • E L
12500. C I • E L

4.75 12600. C I • E L
12700. C I. E L
12800. C I.m L

I 4.8112900. C I. E L
4.83 13000. C I. E L

13100. C I~R E L
4.8613200. C loRE L

I
4.8613300. C .1 E M.

13400. C .1 E M.

13500. C .1 IE M.
13600. C .1 IE M.
13700. C • lIE M

I 13800. C .mE M

13900. C • mE M

5.01 14000. C lIE .M
14100. C lIE .M

I
14200. C mE .M
14300. C mE .M
14400. C II.E .M

14500. C IRIE • M

I
14600. C IRIE .M

5.15 14700. C II. E • M

14800. C II. E • M

14900. C IRIE • M

15000. C mIiE. M

I
15100. C II. E. M

15200. C II. E. M

15300. C II. E. M

5.28 15400. C IRIE. M

I
15500. C I R!E M
15600. C 1m M

15700. C I EL M

15800. C I~ M

15900. C 1m L M.

I 16000. C I .E L M.

16100. C I .m RL M

5.43 16200. C Lm L.M
16300. C Lm L.M

I
5.46 16400. C I. E L.M

16500. C I. m L M
16600. C I.mL M.

16700. C Lm M.

16800. C I. IE M.

I 5.56 16900. c II. E M

I



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

17000. C IL E M
17100. C ILWE M
17200. C IL E M
17300. C II. E M.
17400. C •IL E M •
17500. C •IL E M •
17600. C •IL E M •
17700. C .IL E M.

5.73 17800. C • TIm M.
17900. C ILE M.
18000. C ILE M.

18100. C ILE M
18200. C ILE M
18300. C lWE M

5.84 18400. C ILE .M
18500. C ILE .M
18600. C ~.M

18700. C IL E • M
18800. C lIE • M

18900. C lIE • M
5.96 19000. C lIE. M

19100. C lIE. M

19200. C ILE M

19300. C lIE M
19400. C lIE M
19500. C IL.E M

19600. C lIE M
6.09 19700. C lIE M

19800. C ILE M

19900. C ILE M

20000. C IE M
20100. C 1m M

20200. C ILE M

20300. C ILE M

6.22 20400. C .1 E M
20500. C .1 E M

20600. C .1 E M

20700. C .IR E M

20800. C .IL E M

6.32 20900. C • I E M.

1
24SE:P98 10:04:26 IKE 20

Tl mITE TANKS / A£ll\ ERlA ARm I:RA:J:NllG: M\SlER S'IUJY

T2 100 - YEAR SlaM EVENr ~ RN FIIE: 10.H21
T3 R.lL'U\PD mal (mSi 10) - EPJ:M~ 0\mL 'ID DYSARr IFAIN.

Jl IaJEr:K :mJ NIN\T IDIR smr r-E!RIC HVIN3 Q ~ :m

0 3 0 0 0 0 0 0 943.61 0

J2 NIR:F IPIDr mEW XSI!DT XSID:E EN ALIrX: lR'1 ClflIM l'.IPKE

14 -1

1
24SE:P98 10:04:26 IKE 21

S&ID IEPIH oa:L QIDl; WSE:J:1{ EX; HIT HL aross ~Ef.E,T

Q orre CPi o:m AI.CB JlOi AKa VOL lW\. R~Ef.E,T

TIM!: VIm VOl VIm XNL »nI XNR WIN EIMIN SSTA

SWIE XI.CBL xrar xra'R :rmIAIo me ro:Nr o:F.AR 'lmm> EN:SI'

*IRJF 2
0

o::HIJ= .100 cnw= .300
*S&ID 2.371



I
2800 1m Q1= 2049.88 W3E[K= 943.66 EN:: Q1= 2049.88 W"nF
1m Q1= 3471. PATIOS Ire, CH, RCB= .6866 .0845 .2290 ~

3470 :EN::FO'lOMNr smnrn3=

I
I
I

2.371
3200.0

.00
.000634

9506.2 10072.3 TYEE=

** El!@N IErAILED E!JXDPIAIN\~lINAlliSIS.
Q = Q AT a>336 (=4899 CFS). P.EVISED Q = 3200 CFS
4.21 943.61 .00 943.66 943.67 .06

2622.3 454.8 122.9 1437.6 171.3 119.8
1.82 2.66 1.03 .045 .030 .070
400. 390. 500. 0 0 0

944.66 PATIO: .0000
944.66

.409

.00 .00 942.00
.0 .0 940.70

.000 939.40 9506.21
.00 566.08 10072.29

I
I

*SEl:N:l 2.435
2800 1m Q1= 1141.04 w:EIK= 943.77 EN:: Q1= 1141.04 W"nF 944.77 PATIO:
1m Q1= 2332. PATIOS Ire, CH, RCB= .5387 .2134 .2478 ~ 944.77

3302~: a::NJEYIlN:E Qill.l'a aJ.rSIIE CF JlO:EPmB[E mrn, KPATIO = .52

.0000

3470~ smnrn3= 9668.9 10085.0 TYEE= 4~ .511
2.435 3.95 943.85 .00 943.77 944.09 .24 .37 .05 942.00

3200.0 1677.6 1522.2 .0 648.1 307.7 .0 10.3 3.6 941.70
.03 2.59 4.95 .00 .045 .030 .000 .000 939.90 9666.89

.002300 335. 335. 335. 2 0 0 .00 416.11 10085.00

*SEl:N:l 2.536

3301 HI~ MFE mAN HVINS

7165 MINIMM sm:::IFlC EHR;Y

3720 croTIrnL IEPJH AS&MD

3470 EN:R:PaMNl' smnrn3= 9915.0 10138.0 TYEE= 1 ~ 223.000

CB:\SS-SEC'ICN 30 EEE:r s:XJlH CF URR BlI'Em RD. "EX!mlE)"

1
24S1!:P98 10:04:26 BZG!: 22

Q = Q AT a>335 (= 4906 CFS). REVISID Q = 3191 CFS

2.536 2.29 945.79 945.79 945.40 946.83 1.04 2.45 .24 943.80
3191.0 632.7 1977.3 581.0 103.6 206.7 153.7 19.0 7.7 943.70

.04 6.11 9.57 3.78 .045 .030 .070 .000 943.50 9915.00
•013235 535• 535. 535. 4 11 0 .00 223.00 10138.00

I
I
I
I
I
I
I
I

*SEl:N:l 2.680
2800 1m Q1= 752.81 W3E[K= 948.59 EN:: 01= 752.81 W"nF 949.59 PATIO:
1m Q1= 1494. PATIOS Ire, CH, RCB= .1370 .4073 .4556 ~ 949.59

3301 HI~ MFE mAN HVINS

.0000

I . 3302 W\RIDG: a::NJEYIlN:E Qill.l'a aJl'SlIE CF JlO:EPmB[E mrn, KPATIO = 2.64

DlVlIED EIJ:W C011RS Em mE NEXT~ UPSmE7M am5-S1X:TICNS,
lD&'FR,nESE EUHS J\PE~ IlJE ro~ INEUH AT
Xl.= 2.883

3470~ smnrn3= 9925.0 10124.4 TYEE= .496

947.30
945.60

9925.00
10124.37

.07
11.3

945.20
199.37

3.01
29.6
.000
.00

.36
283.3

.070
o

4~

949.90
486.6

.030
o

948.59
.0

.000
3

.00
619.8
2.19
725.

949.54
2571.2

5.28
760.

4.34
.0

.00
735 •

2.680
3191.0

.09
•001903

I

I
I

I



I
I
I

*SElX:> 2.771
2BOO NAT 01= 3B4.42 N:ErK= 950.0B EN:: 01= 3B4.42 ~ 951.08 RATIO=
NAT 01= 951. PATIOS rm, rn. Fl:B= .3075 .1146 .5779 w:EL= 951.0B

3302 W\FNIN;: o:NJE:G\N:E C11!\lrn aJI'SlIE OF~ RAlU:, KPATIO = .51

.0000

.04
13.6

947.30
210.05

I
I

3470~ smTICNS=
2.771 3.73 951.03

3191.0 70.B 903.2
.11 3.53 B.68

.007212 4BO. 4BO.

9972.4 101B2.4 TYFE= 4
.00 950.0B 951.54

2217.0 20.0 104.1
4.02 .045 .030
4BO. 3 0

TAKEI'=
.51

551.4
.070

o

.596
1.59
37.6
.000
.00

949.40
948.20

9972.38
10182.43

I
*SElX:> 2.BB3

3302 W\FNIN;: o:NJE:G\N:E C11!\lrn aJI'SlIE OF~ RAlU:, KPATIO = 1.92

1
10:04:2624S2:P9B

I
I

950.20
950.10

9853.00
10130.00

.03
16.8

948.50
277.00

277.000
1.98
48.9
.000
.00

TAKEI'=
.21

439.3
.070

o

9853.0 10130.0 TYFE= 1
.00 952.33 953.55

989.2 462.9 120.4
2.25 .045 .030
580. 2 0

*SElX:> 2.977

3470 EN:KilOMNl' smTICNS=
2.BB3 4.B4 953.34

3191.0 1536.9 665.0
.16 3.32 5.52

.001963 5BO. 590.

I
I

(= 4915 CFS).~ Q = 3194 CFSI 3470 EN:KilOMNl' smTICNS=

Q = Q AT CE'334

9875.0 10050.0 TYFE= 1 TAKEI'= 175.000

I
2.977

3194.0
.18

•003691

4.51
1360.8

4.19
500•

954.41
1833.2

7.05
500.

.00
.0

.00
500.

953.68
324.9

.045
3

954.97
260.0

.030
o

.56
.0

.000
o

1.31
58.1
.000
.00

.11 951.50
19.4 100000.00

949.90 9875.00
175.00 10050.00

*SElX:> 3.070
2800 NAT Q1= 610.33 N:ErK= 955.62 EN:: 01= 610.33 w:EL= 956.62 RATIO=
NAT 01= 1372. PATIOS rm, rn. Fl:B= .3604 .2139 .4258 w:Er.- 956.62

.0000

954.50
953.20

9846.10
10134.96

.02
22.0

952.30
288.85

.555
1.77
66.0
.000
.00

TAKEI'=
.36

381.3
.070

o

9846.1 10135.0 TYFE= 4
.00 955.62 956.76

1085.2 187.1 247.9
2.85 .045 .030
495. 2 0

3470 EN:KilOMNl' smTICNS=
3.070 4.10 956.40

3194.0 556.8 1552.0
.21 2.98 6.26

.003559 485. 490.

I

I
I

I
*SElX:> 3.167

3470~ smTICNS= 9788.0 10130.0 TYPE: 1 TAKEI'= 342.000

Q = Q AT 1I334

I
I

3.167
2742.0

.26
•001788

3.96
1252.6

2.63
475•

957.86
850.9
4.84
510.

(= 4432 CFS).~ Q = 2742 CFS

.00 956.84 958.04 .17 1.26 .02 955.10
638.6 476.3 175.8 339.3 76.4 25.6 954.90
1.88 .045 .030 .070 .000 953.90 9788.00
515. 2 0 0 .00 342.00 10130.00

I



I
I

1
m:E 24

HI
AP!:B
XNR
Io::Nl'

10:04:2624Sl!:1?98

I
I
I

*Sl!X:NJ 3.291
2800 NAT Q1= 304.87 W3Elli= 959.18 EN: Q1= 304.87 W3E:L=
NAT Q1= 749. PATIOS I£B, CE, PJ:B= .0000 .0383 .9616 w:E[,=

960.18 PAT!O=
960.18

.0000

I
3265 DIIJIIE) EU:W

3302~: a:NIlEYJ\N:E CllAN3E aJrSlIE OF~ RAN:i!:, KPATIO = .44

DIIJIIE) EU:W CXXIlRS FCR WE NEXT ~ tJPSmE7M OOS5-S!l::rICNS,

~~ E"!lHl ME:~ IXlE: ID tlPSlHM :rnrn:w AT
Xl= 3.602

3470 EN:P!J'£lMNr smTICl'& 9970.0 10284.7 TYIE=

960.50
960.10

9982.98
10284.69

.02
30.4

957.20
298.43

.593

2.26
89.0
.000
.00

.25
653.1

.070
o

960.31
46.2
.030

o

959.18
.0

.000
3

.00
2481.5

3.80
650.

960.06
260.5
5.64
655.

2.86
.0

.00
660.

3.291
2742.0

.30
.009263

I
I

I

3302~: a:NIlEYJ\N:E CllAN3E CUl'SlIE OF JlD:EPmB[E RAN:i!:, :KPATIO - 1.83

*Sl!X:NJ 3.376
2800 NAT Q1= 512.98 -mErK= 961.21 EN: Q1= 512.98 WSEL=
NAT Q1= ill7. mnos I£B, CE, PJ:B= .0997 .0418 .8585 w:E[,=

.01
33.5

958.30
306.73

I
I
I

3470 EN:P!J'£lMNr smTICl'&
3.376 3.95 962.25

2742.0 .0 250.1
.35 .00 4.09

.002765 460. 450.

9985.0 10291.7 TYIE= 4
.00 961.21 962.37

2491.9 .0 61.2
2.58 .000 .030
440. 1 0

TAKEr=
.12

901.6
.070

o

962.21 PAT!O=

962.21

.541
2.04
97.8
.000
.00

.0000

961.90
961.00

9985.00
10291.73

I
*Sl!X:NJ 3.491
2800 NAT Q1= 629.02 -mErK= 962.60 EN: Q1= 629.02 WSEL= 963.60 PAT!O=
NAT Q1= 1334. mnos I£B, CE, PJ:B= .3463 .0899 .5638 w:E[,= 963.60

.0000

3470 EN:l'a\DMNl' smTICl'&
3.491 4.12 963.62

2742.0 468.1 525.2
.41 2.64 4.43

.001897 605. 605.

IKE 25

961.90
961.90

9911.46
10234.04

.00
37.8

959.50
322.58

.529
1.37

112.5
.000
.00

TAKEr=
.12

794.4
.070

o

9911.5 10234.0 TYIE= 4
.00 962.60 963.74

1748.7 177.5 118.6
2.20 .045 .030
6~. 2 0

10:04:2624Sl!:1?98
1I

I

-.2824965.10 PAT!O=

m.
VOL

WIN
aF.1\R

552.89 WSEL=964.10 EN: Q1=

cnN= .100 CEN= .300
*Sl!X:NJ 3.602
2800 NAT Q1= 431.14 W3Elli=

I
I

I
I



I
I NAT Ql= 935. RATIClS Iffi, CH, RB= .1085 .5916 .2999 w:EL= 965.10

I
3470~ smTICNS= 9880.0 10100.0 TYEE? .408

I
I

Q = Q Rr CP316 (= 4438 CFS). RE.'\illED Q = 2746 CFS

3.602 3.02 964.92 .00 964.10 965.20 .27 1.41 .04 962.00
2746.0 .0 2746.0 .0 .0 653.2 .0 124.3 41.5 962.00

.45 .00 4.20 .00 .000 .040 .000 .000 961.90 9880.00
•003107 590• 590. 590. 2 0 0 .00 220.00 10100.00

*S&NJ 3.702

I
3265 DIVlIJID EIm

3470 EN:Pa'OMNl' smTICNS= 9600.0 10075.0 T:lm= 1~ 475.000

I DIVJ:Im) F.rLW CXXllPS RF. 'lEE NEXT 'lID UPSlP.E1M ams-soc:rrCNS,
IDEIlER,.~ F.[£W3 J\FE EEnI::I'IVE WE '10 UPS'1HM INEI£W Rr
Xl= 4.101

*S&NJ 3.841
2800 NAT Q1= 508.66 va:rK= 968.67 EN: Ql= 508.66 ~
NAT Ql= 1064. RATIClS Iffi, CH, RB= .6109 .2379 .1512 w:EL=

3265 DIVlIJID EIm

969.67 PATI:O=
969.67

I
I
I

3.702
2746.0

.48
•004712

3.46
841.0
2.80
535.

966.86
1756.4

5.52
525.

.00
148.6
2.66
490•

966.18
300.8

.070
2

967.21
318.3

.040
o

.35
55.9
.070

o

1.99
132.3

.000
.00

.02
44.3

963.40
239.56

963.90
964.00

9600.00
10075.00

.0000

967.10
967.30

9588.62
10070.00

.02
48.5

965.10
262.19

.522
2.66

145.2
.000
.00

mR:Er=
.18
.0

.000
o

9588.6 10070.0 T:lm= 4
.00 968.67 969.89
.0 518.5 337.7

.00 .070 .040
735. 3 0

3470 EN:Pa'OMNl' smTICNS=
3.841 4.60 969.70

2746.0 1388.0 1358.0
.54 2.68 4.02

.002866 735. 735.

1

I
I

~ IEPIH cmEL oms va:rK EX; IN HL CIIJ:SS ~EIEIT

Q orre Q:H o:m AIm Iai J\P!B vcr. 1m. R-BANK EIEIT
TlI>E VI.CB vrn VR:B XNL XN:R XNR WIN ElMIN ssm
SWIE xu::m. XIaI XI£Hl. I'lF.IJ\L lIC Ia:Nr CXEAR lUWID ENCSl'

*~ 3.978

3470~ smTICNS= 9700.0 10095.0 T:lm= 1 mR:Er= 395.000
3.978 4.70 971.60 .00 970.71 971.82 .22 1.92 .01 969.00

2746.0 510.0 2236.0 .0 334.8 550.1 .0 159.7 54.0 100000.00
.60 1.52 4.06 .00 .070 .040 .000 .000 966.90 9700.00

.002466 725. 725. 725. 3 0 0 .00 395.00 10095.00

I
I
I
I

24SE:P98 10:04:26 IKE 26

*~ 4.101
2800 NAT Q1= 498.66 va:rK= 972.63 EN: Ql= 498.66 ~
NAT Ql= .1107. RATIClS Iffi, CH, RB= .4193 .2951 .2857 w:EL=I

I
3470~ smTICNS=

4.101 4.78 973.48
2746.0 880.6 1804.2

9852.5 10091.3 T:lm= 4 mR:Er=
.00 972.63 973.75 .27

61.2 331.1 378.3 29.4

973.63 PATI:O= .0000
973.63

.549
1.91 .02 971.00

171.8 58.7 970.90

I



I
I .64

•003566
2.66
650•

4.77
650.

2.08
650.

.070
2

.040
o

.070
o

.000 968.70 9852.45
.00 238.89 10091.34

*SEl:NJ 4.237
2800 NAT Q1= 580.84 W3EIK= 974.47 EN:: 01= 580.84 R3E:L=
NAT 01= 1148. PATICS IJ:B, CH, R:B= .3917 .4179 .1903 w:EL=

.0000

972.60
972.00

9869.05
10075.00

.00
62.4

971.30
205.95

975.47 PATIO=
975.47

.494
1.99

184.1
.000
.00

~

.24
.0

.000
o

9869.1 10075.0 TYE= 4
.00 974.47 975.74
.0 218.7 536.2

.00 .070 .040
715. 1 0

3470~ smTICNS=
4.237 4.20 975.50

2746.0 482.6 2263.4
.70 2.21 4.22

.002227 715. 715.

I

I
I

I
*SEl:NJ 4.356
2800 NAT 01= 589.96 W3EIK= 975.86 EN:: 01= 589.96 w:EL=
NAT 01= 1150. PATICS IJ:B, CH, R:B= .4188 .3652 .2160 w:EL=

976.86 PATIO=
976.86

.0000

3470~ smTICNS= 9957.7 10131.7 TYE= 4~ .475
4.496 4.13 978.53 .00 977.52 978.82 .29 1.68 .02 975.20

2746.0 124.3 2615.0 6.7 59.5 590.2 5.9 208.0 68.8 975.00
.79 2.09 4.43 1.13 .070 .040 .070 .000 974.40 9957.69

.002392 740. 740. 740. 2 0 0 .00 173.99 10131.68

3470~ smTICNS= 9852.4 10070.0 TYE= 4~ .487
4.356 4.30 976.90 .00 975.86 977.12 .22 1.38 .00 973.50

2746.0 796.8 1949.2 .0 351.9 466.1 .0 195.5 65.4 973.40
.74 2.26 4.18 .00 .070 .040 .000 .000 972.60 9852.44

.002157 630. 630. 630. 3 0 0 .00 217.56 10070.00

1
24SEP98 10:04:26 ~ 27

S&NJ IEP1H CW3I!:L aum ~ EX; HIT HI. ClID3S ~EIEIT

Q arm Q:H c;;rre JW:B JlO:I J\OCB VOL 'l\'A R-B'N< EIEIT
TIME VI£B vrn VPQ3 XNL XN:H XNR W1N EIMIN ssm
SIJ:)EE xu:BL X!Oi xraR ITRmI. m::: ICXNr CXPJ\R 'lmml moor

I
I
I
I
I
I

*S&NJ 4.496
2800 NAT 01= 562.28 ~= 977.52 EN:: 01= 562.28 w:EL= 978.52 PATIO=
NAT 01= 1071. PATICS IJ:B, CH, R:B= .2611 .4988 .2401 w:EL= 978.52

.0000

I
*SEl:NJ 4.619
2800 NAT 01= 469.17 ~= 979.15 EN:: 01= 745.98 w:EL=
NAT 01= 746. PATICS IJ:B, CH, R:B= .0000 1.0000 .0000 w:EL=

980.15 PATIO= -.5900
980.15

I
3470~ smTICNS= 9909.0 10075.0 TYE=

983.00 E:I:Rm=

.000

983.00

I
CRC\SS-SEx::I'ICN AT VAN B1REN sr.
Q = Q AT a?298 (= 4446 CFS). REImED Q = 2754 CFS
Vanau:en street - l'J:qlosed PeinforoE'd c.e::o::rete Box C1I1vert
Begin Mane5t P.tq;>erty 0larJrclizaticn an:!. Levees

I
I

4.619
2754.0

.83
•001783

3.86
.0

.00
648.

979.86
2754.0

4.33
648.

.00
.0

.00
648 •

979.15
.0

.000
2

980.15
636.2

.035
o

.29
.0

.000
o

1.33
217.6

.000
.00

.00
71.3

976.00
166.00

976.00
976.30

9909.00
10075.00

I
I



I
I 12 .012 .40 2.70 .00 4.00 10.00 62.00 8 1 976.12 976.00

I
Cli1\RI' 8 - BJX alLVERI' WI'lH E!lIPED~; N:) JNIEr 'IDP Ero!: mvEL
s:m.E 1 - WlN:W\LIS Fll\RED 30 11) 75 Im'E&S

*S&N:l 4.631

2800 Nro' 01= 593.71 WSE:rK= 980.09 EN: 01= 875.48 W3EL=

Nro' 01= 875. RATIOS LCB, rn. R:B= .0000 1.0000 .0000 ~
1

SPEI::JAL C11LVERl' amEl' CXNrnClL
EXiIC = 980.222 IDX: = 980.694 rom=: 979.864 ELTPD=I

I 24SEP98 10:04:26

983.500

981.09 RATIO= -.4746
981.09

PFG: 28

I
HI.
VOL
WIN
CXF.AR

I
I

EXiIC

980.22
IDX:

980.69
H4
.54
~

O.
(pJIN

2754.
vrn roIDJ

4.132 480.0
ELTPD 'jEJpJN

983.50 O.

I
I

3470~ S'IM'ICN3= 9873.0 10079.0 TYIE= 4~ .000

3495 0JmBANK ARmAS&MID~,ErIm= 983.50~ 983.50

4.631 4.31 980.43 .00 980.09 980.69 .27 .54 .00 1033.50
2754.0 .0 2754.0 .0 .0 666.5 .0 218.5 71.5 983.50

.84 .00 4.13 .00 .000 .035 .000 .000 976.12 9887.94
.001611 62. 62. 62. 2 0 0 .00 175.71 10063.65

I *S&N:l 4.701
2800 Nro' Q1= 649.75 WSE:rK= 980.86 EN: 01= 956.92 ~
Nro' 01= 957. RATIOS LCB, rn. R:B= .0000 1.0000 .0000 ~

981. 86 RATIO=
981.86

-.4728

*S&N:l 4.754
2800 Nro' Q1= 627.93 me:rK= 981.38 EN: 01= 930.89 w:E[F

Nro' 01= 931. RATIOS LCB, rn. R:B= .0000 1.0000 .0000 ~
-.4825

1033.92
983.92

9893.06
10075.94

1034.51
984.51

9909.12
10090.88

.00
73.1

976.92
182.88

.01
74.2

977.51
181.76

.000
.59

224.3
.000
.00

982.38 PATIO=
982.38

.000
.46

228.6
.000

.00

~

.27
.0

.000
o

~

.25
.0

.000
o

9881.5 10087.5 TYIE= 4
.00 980.86 981.28
.0 .0 683.8

.00 .000 .035
370. 2 0

9897.0 10103.0 TYIE= 4
.00 981.38 981.75
.0 .0 658.5

.00 .000 .035
2M. 2 0

3470~ S'IM'ICN3=
4.701 4.11 981.03

2754.0 .0 2754.0
.86 .00 4.03

.001561 370. 370.

3470~ S'IM'ICN3=
4.754 3.97 981.48

2754.0 .0 2754.0
.88 .00 4.18

.001756 280. 280.

I

I
I

I

10:04:26

I
I
I

*S&N:l 4.811
2800 Nro' 01=
Nro' 01= 924.

1
24SEP98

622.39 me:rK= 981.96 EN: 01= 924.33 w:E[F

RATIOS LCB, rn. R:B= .0000 1.0000 .0000 ~

HI
Mm
XNR

982. % PATIO=
982.96

HI.
VOL
WIN

-.4851

PFG: 29

I



I
I SIDEE n:x::: Ia::Nr

.00
75.5

978.11
181.24

I
I

3470 EN:PJ:ilOMNI' smTICNS=
4.811 3.90 982.01

2754.0 .0 2754.0
.90 .00 4.26

.001858 300. 300.

9897.0 10103.0 TYEE= 4
.00 981.96 982.30
.0 .0 646.7

.00 .000 .035
300. 2 0

~

.28
.0

.000
o

.000
.54

233.1
.000

.00

1035.11
985.11

9909.38
10090.62

I
*S&N:> 4.833
2800 NAT Q1= 956.48 WSErK= 982.28:m:: Q1.= 1405.41 W3EL=
NAT Q1.= 1405. RATIOO Iffi, Of. R:B= .0000 1.0000 .0000 w:EL=

983.28 RATIO= -.4694
983.28

1035.35
985.35

9871.04
10128.96

.02
76.1

978.35
257.93

.000
.14

235.3
.000
.00

~

.13
.0

.000
o

9858.5 10141.5 TYEE= 4
.00 982.28 982.45
.0 .0 959.5

.00 .000 .035
120. 2 0

3470 EN:PJ:ilOMNI' S'mTICNS=
4.833 3.97 982.32

2754.0 .0 2754.0
.91 .00 2.87

.000797 120. 120.

I
I
I

*S&N:> 4.855
2800 NAT Q1.= 1528.84 WSErK= 982.43:m:: Q1.= 2349.34 W3EL= 983.43 PATIO= -.5367
NAT Q1.= 2349. RATIOO Iffi, Of. R:B= .0000 1.0000 .0000 w:EL= 983.43

3280 ao3S SEr:l'ICN 4.86 EXIENIFD 2.24 Em:r

I 3302~: a::NJEYAN:E CRlItG!: aJrSIIE CF J\£XZI?lNl[E ma, KRATIO = 1.59

I
I
I
I
I

3470 EN:PJ:ilOMNI' S'mTICNS= 9680.0 10175.0 TYEE= 4~ .000
4.855 3.90 982.47 .00 982.43 982.51 .04 .OS .01 1035.54

2754.0 .0 2754.0 .0 .0 1636.1 .0 238.7 77.1 980.23
.93 .00 1.68 .00 .000 .035 .000 .000 978.57 9688.81

•000314 11S. 115. 11S• 2 0 0 .00 486.19 10175.00

*SEX:N:) 4.858

3302~: a::NJEYAN:E CRlItG!: aJrSIIE CF J\£XZI?lNl[E ma, KRATIO = .22

1
2~8 10:04:26

SEX:N:) !EPlH c:w::EL crom WSErK EX; HJ' HL crass Ir-BlN< EIDl

Q Q[ffi Q:H o:m AIm J\CH J\P!B vaL 'lm R~EIDl

TIME: VIJ:B VCH VP!B XNL xtnI XNR WIN EIMIN SS'm
SIDEE XUEL xu:H XI.CIR l'lRIAL n:x::: Ia::Nr CXH\R TI:{WlD moor

IKE 30

I
I

3470 EN:PJ:ilOMNI' smTICNS= 9850.0 10150.0 TYEE= 1 ~ 300.000

En:i Manle:3t Pn:perty

4.858 2.28 982.28 .00 982.39 982.62 .34 .01 .09 100000.00
2754.0 .0 2754.0 .0 .0 588.8 .0 239.1 77.2 100000.00

.93 .00 4.68 .00 .000 .040 .000 .000 980.00 9850.00
•006548 15• 15. 15. 2 0 0 .00 300.00 10150.00

I *SEX:N:) 5.009

3302~: cx::NVEYPN:E CRlItG!: aJrSIIE CF J>D:::El'lJ\BtE ma, KRATIO = 1.51

I
I



I

983.70
982.50

9875.00
10105.00

.01
82.0

981.90
230.00

230.000
3.31

251.2
.000

.00

~

.25
15.8
.070

o

9875.0 10105.0 TYFE= 1
.00 984.73 985.93

27.9 191.7 526.5
1.77 .070 .040
840. 4 0

3470~ smTICl&
5.009 3.78 985.68

2754.0 455.1 2271.0
.99 2.37 4.31

.002869 800. 795.

I
I

.01 985.60
86.1 100000.00

984.30 9865.00
225.00 10090.00

225.000
2.44

263.7
.000
.00

~

.30
.0

.000
o

9865.0 10090.0 TYFE= 1
.00 987.23 988.39
.0 223.4 464.1

.00 .070 .040
730. 3 0

*SEJ:N) 5.153

3470~ smTICl&
5.153 3.79 988.09

2754.0 547.0 2207.0
1.04 2.45 4.76

.003561 775. 765.I
I

I
*Sl!X:N) 5.282
2800 rm Q1= 741. 78 ~= 988.68 EN:: 01= 741. 78 W3EL= 989.68 PATIO=
rm 01= 1426. mnos Iffi, rn, Pl::B= .5628 .2686 .1686 WEL= 989.68

.0000

I
I
I
I
I
I

3302~: a:NJEYAN:E CEAta aJrSTIE OF PaEPmmE~, KPATIO = 1. 61

3470~ smTICl& 9760.2 10055.0 TYFE= 4~ .480
5.282 4.22 989.72 .00 988.68 989.83 .11 1.43 .02 987.00

2754.0 1348.4 1405.6 .0 708.9 424.9 .0 278.0 90.1 986.00
loll 1.90 3.31 .00 .070 .040 .000 .000 985.50 9760.21

.001368 690. 680. 665. 2 0 0 .00 294.79 10055.00

1
24.SEP98 10:04:26 IKE 31

SEl:N:> !EPlH cw:EL amB ~ EX; HI HI. arms L-£mK EIEIT
Q QU:B .;pi (Jim AUB JlOi AIm vaL iN\. R-mNK EIEIT
Tn£ VI.CB VOl VPl:B XNL XN:H XNR WlN ErMIN ssm
SWIE XUBL xr.cH ~ l'IFJ1\:L II:C IaNr CXF.AR TCEWID moor

CDl\T= .300 CDN= .500
*SEJ:N) 5.430
2800 rm 01= 304.87 ~= 990.44 EN:: 01= 545.07 W3EL= 991.44 PATIO= -.7878
rm 01= 545. RATIOS I.CB, rn, Pl::B= .0000 1.0000 .0000 WEL= 991.44

3302~: a:NJEYAN:E CEAta <XJI'SIIE OFPaEPmmE~, KPATIO = .62

I 3470 EN::R:K1MNl' smTICl& 9899.9 10100.1 TYFE=

996.oo~

.000

996.00

I A 7-smN mIrG!: AT I-10

I
I
I
I

5.430 3.13 991.13 .00 990.44 991.55 .42 1.57 .15 997.00
2754.0 .0 2754.0 .0 .0 527.6 .0 292.1 94.1 997.00

1.15 .00 5.22 .00 .000 .035 .000 .000 988.00 9912.44
•003511 680. 780. 820• 2 0 0 .00 175.13 10087.56

Sm::rAL mIrG!:

sa XK XKm a:EQ RI:lUN IR: mE' BARm SS ErOfJ E[£H)

1.05 1.60 2.60 .00 162.00 6.00 1203.00 2.00 988.00 988.00

*SEl:N:> 5.460

3302~: a:NJEYAN:E CEAta <XJI'SIIE OF J'O:EPmB[E ~, KRATIO = 1.51

I



I
I

488.

995.00 997.00 O.

997.00

BARrn TPAIEroID
ARm.

1203. 1190.

997 •00 ErP.EPi=

7.24

3538.

(= 5319 CFS). RE.'IITI:ED Q = 3538 CFS

.06 O.

991.01 EP.llX:E VELO:ITY=

Q = Q M CP287

.00 992.42

3420 BRII:Gi: W.S.=

1

I

I
I

I
24SEP98 10:04:26 EJG: 32

I
5.460

3538.0
1.16

.002547

4.00
.0

.00
160.

992.00
3538.0

5.19
160.

.00
.0

.00
160.

991.00
.0

.000
o

992.42
681.3

.035
o

.42
.0

.000
o

.86
294.3

.000
.00

.00
94.8

988.00
178.77

997.00
997.00

9910.62
10089.38

CON= .100 cnN= .300
*SEXNJ 5.727
2800 rm 01= 326.95 il3E[K= 993.54 m:::: 01= 435.95 ~ 994.54 RATIO: -.3334
NAT 01= 843. RATIOS Ire, Of, R:B= .2247 .5170 .2582 ~ 994.54

3302~: cx:NJEYJ\N:E rnAN:E aJTSlIE OF JlO:EPmB[E RArn:, KPATIO = 1.83

3302~: cx:NJEYJ\N:E rnAN:E aJTSlIE OF JlO:EPmB[E RArn:, KPATIO = .29

CON= .300 cnN= .500
*SEXNJ 5.563
2800 rm 01= 1569.96 il3E[K= 992.61 m:::: 01= 1569.96 ~
rm 01= 2666. RATIOS Ire, Of, R:B= .1788 .4650 .3562 ~

.0000

989.50
988.90

9850.00
10232.23

.10
98.3

988.50
382.23

993.61 RATIO:
993.61

.411
.68

308.3
.000
.00

~

.09
520.1
.eno

o

9850.0 10232.2 TYEE= 4
.00 992.61 993.20

743.8 .0 1055.7
1.43 .000 .040
535. 2 0

3470~ S'mTICN3=
5.563 4.61 993.11

3538.0 .0 2794.2
1.22 .00 2.65

.000758 540. 540.

I
I
I
I
I
I 3470~ S'mTICN3= 9935.0 10135.0 TYEE= .483

DlVIlE) :rn::w CXXl1PS Em 'lEE NEXT~ tJPS'm&!M CF03S-soc:rICNS,
lDEVm, ':IlES& F.U::W3~ EEnI::rIVE II1E ro UPSn'!M INEILW M
X1= 5.960

Q = Q M CP286 (= 4662 CFS). RE.'IITI:ED Q = 3400 CFS

I
I
I

5.727
3400.0

1.26
•008145

3.30
.0

.00
870.

994.30
3400.0

5.92
870 •

.00
.0

.00
835.

993.54
.0

.000
2

994.85
574.0

.045
o

.54
.0

.000
o

1.51
329.5

.000
.00

.14
104.0

991.00
200.00

992.00
991.80

9935.00
10135.00

*SEXNJ 5.840
2800 rm 01= 727.68 il3E[K= 996.30 m:::: 01= 727.68 ~ 997.30 RATIO:
NAT Ql= 1529. RATIOS Ire, Of, R:B= .2733 .3875 .3392 ~ 997.30

1I
24.SEP98 10:04:26

.0000

EJG: 33

I
I



I
I
I

SEJ::N)

Q

TIME
SIDIE

IN
ARCB
XNR
IaNI'

HL
VOL
WIN
CXPAR

I
3302~: cx::NJEi7\N:E CE1'IN:E CXJI'S1IE OF Jll:XEPmBLE P:AN:E, KPATIO = 1. 80

I
3470 EN:Fa\ClMNr smnrn3= 9953.7 10240.4 TYIE= 4~ .524

5.840 3.75 997.15 .00 996.30 997.35 .20 2.47 .03 994.00
3400.0 79.0 2710.7 550.2 42.5 714.8 236.9 340.2 107.3 993.70

1.31 1.86 3.88 2.32 .070 .045 .070 .000 993.40 9953.68
.002522 590. 595. 580. 3 0 0 .00 286.73 10240.40

3470 EN:Fa\ClMNr smTIrn3= 9900.0 10206.3 TYIE= 4~ .587
6.086 3.49 1001.79 .00 1000.79 1002.05 .26 2.72 .01 999.20

3400.0 .0 2687.2 712.8 .0 608.6 279.2 368.1 116.4 999.20
1.40 .00 4.42 2.55 .000 .045 .070 .000 998.30 9900.00

.004125 655. 665. 685. 3 0 0 .00 306.32 10206.32

*SEJ::N) 5.960
2800 lm Q1= 540.19 ~= 998.09 EN:: Ql= 540.19 W3EL= 999.09 PATIO=
lm Ql= 1263. RATIOO Ire, CR, Rl::B= .0977 .2968 .6055 w:EL= 999.09

*SErN) 6.086
2800 lm Ql= 533.63 ~= 1000.79 EN:: Ql= 533.63 w:EL= 1001.79 PATIO=
lm Ql= 1294. RATIOO Ire, CR, Rl::B= .2002 .3264 .4734 w:EL= 1001.79

.01
111.7

995.90
314.06

.0000

.0000

997.30
996.20

9960.00
10274.06

.572
1.97

354.1
.000
.00

~

.23
376.1

.070
o

9960.0 10274.1 TYIE= 4
.00 998.09 999.33

1038.7 .0 556.7
2.76 .000 .045
610. 2 0

3470 EN:Fa\ClMNr smnrn3=
5.960 3.20 999.10

3400.0 .0 2361.3
1.35 .00 4.24

.003985 640. 635.

I
I
I
I
I
I *SErN) 6.217

3302~: cx::NJEi7\N:E CE1'IN:E CXJI'S1IE CF J\CXEPD\B[E P:AN:E, KPATIO = 1.61

1000.30
1000.30
9850.00

10270.00

.02
122.3

1000.10
420.00

420.000
1.70

386.7
.000
.00

~

.11
554.3

.070
o

9850.0 10270.0 TYIE= 1
.00 1002.61 1003.76

1018.3 166.1 691.8
1.84 .070 .045
745. 3 0

3470 EN:Fa\ClMNr smTIrn3=
6.217 3.56 1003.66

3400.0 299.9 2081.9
1.48 1.81 3.01

.001588 620. 690.

I
I
I
I

1
24Sli:P98 10:04:26

SErN) IEPIH ~ <Em w:E[K EX; IN HL CIID3S ~EWJ

Q QI£B CPi o:m Au:B JI£H ARCB VOL ~ R-BANKEWJ
TIME VIm VOl VP!B XNL xrnI XNR WIN EIMIN SS'll\.
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I
I Q IEI?IH EIMIN 10*RS

I
I
I
I

*
*

*
*

*
*

*
*

*
*

2.371 3200.00
2.371 3200.00

2.435 3200.00
2.435 3200.00

2.536 3191.00
2.536 3191.00

2.680 3191.00
2.680 3191.00

2.771 3191.00
2.771 3191.00

2.883 3191.00
2.883 3191.00

943.66 9277.65 9975.00 10030.00 10779.24
943.61 9506.21 9975.00 10030.00 10072.29

943.77 9276.89 9985.00 10085.00 10714.22
943.85 9668.89 9985.00 10085.00 10085.00

945.40 9868.70 9965.00 10060.00 10649.76
945.79 9915.00 9965.00 10060.00 10138.00

948.59 9603.54 9925.00 10050.00 10674.57
949.54 9925.00 9925.00 10050.00 10124.37

950.08 9655.17 9985.00 10020.00 10532.04
951.03 9972.38 9985.00 10020.00 10182.43

952.33 9622.85 9985.00 10015.00 10420.12
953.34 9853.00 9985.00 10015,00 10130.00

.00 1501.59

.00 566.08

.11 1437.33

.24 416.11

1.63 781.06
1.94 223.00

3.19 964.41
3.74 199.37

1.49 858.07
1.49 210.05

2.25 797.28
2.31 277.00

4.26
4.21

3.87
3.95

1.90
2.29

3.39
4.34

2.78
3.73

3.83
4.84

939.40
939.40

939.90
939.90

943.50
943.50

945.20
945.20

947.30
947.30

948.50
948.50

2.44
6.34

7.86
23.00

122.60
132.35

17.'31
19.03

68.90
72.12

23.35
19.63

1.66
2.66

2.88
4.95

8.06
9.57

4.31
5.28

6.57
8.68

4.96
5.52

1.94 1038.51
1.99 288.85

2.94 953.90
3.96 953.90

I
I

2.977 3194.00
2.977 3194.00

3.070 3194.00
3.070 3194.00

3.167 2742.00
3.167 2742.00

953.68 9686.92 9980.00 10050.00 10408.32
954.41 9875.00 9980.00 10050.00 10050.00

955.62 9531.43 9945.00 10025.00 10569.93
956.40 9846.10 9945.00 10025.00 10134.96

956.84 9575.14 9970.00 10020.00 10570.36
957.86 9788.00 9970.00 10020.00 10130.00

1.36
1.07

1.22
1.46

721.40
175.00

995.22
342.00

3.78
4.51

3.32
4.10

949.90
949.90

952.30
952.30

42.72
36.91

27.39
35.59

20.18
17.88

6.71
7.05

4.54
6.26

4.10
4.84

I *
*

3.291 2742.00
3.291 2742.00

959.18 9989.16 9970.00 10020.00 10822.67
960.06 9982.98 9970.00 10020.00 10284.69

2.33 813.11
2.20 298.43

1.98
2.86

957.20
957.20

80.89
92.63

4.52
5.64

3.376 2742.00
3.376 2742.00

I
*
*

1
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961.21 9772.58 9985.00 10015.00 10795.34
962.25 9985.00 9985.00 10015.00 10291.73

2.03
2.19

977.10
306.73

2.91
3.95

958.30
958.30

28.57
27.65

~. 36

2.93
4.09

I Q IEI?IH EIMIN 10*RS

I *

3.491 2742.00
3.491 2742.00

3.602 2746.00
3.602 2746.00

962.60 9628.08 9980.00 10020.00 10599.29
963.62 9911.46 9980.00 10020.00 10234.04

964.10 9742.06 9880.00 10100.00 10454.53
964.92 9880.00 9880.00 10100.00 10100.00

1.40 971.21
1.37 322.58

1.49 712.46
1.31 220.00

3.10
4.12

2.20
3.02

959.50
959.50

961.90
961.90

19.00
18.97

40.57
31.07

3.36
4.43

3.95
4.20

I
I

3.702 2746.00 966.18 9297.73 9955.00 10055.00 10395.05 2.08 851.16 2.78 963.40 37.70 4.20



I
I 3.702 2746.00 . 966.86 9600.00 9955.00 10055.00 10075.00 1.94 239.56 3.46 963.40 47.12 5.52

I
I

3.841 2746.00 968.67 9229.62 9955.00 10070.00 10338.92
3.841 2746.00 969.70 9588.62 9955.00 10070.00 10070.00

3.978 2746.00 970.71 9279.88 9930.00 10095.00 10376.45
3.978 2746.00 971.60 9700.00 9930.00 10095.00 10095.00

4.101 2746.00 972.63 9450.68 9960.00 10080.00 10450.15
4.101 2746.00 973.48 9852.45 9960.00 10080.00 10091.34

2.49 881.56
2.84 262.19

2.04 1096.57
1.90 395.00

1.92 999.47
1.87 238.89

3.57 965.10
4.60 965.10

3.81 966.90
4.70 966.90

3.93 968.70
4.78 968.70

29.14
28.66

27.96
24.66

30.32
35.66

3.09
4.02

3.56
4.06

3.57
4.77

I
I

4.237 2746.00 974.47 9500.62 9935.00 10075.00 10323.19
4.237 2746.00 975.50 9869.05 9935.00 10075.00 10075.00

4.356 2746.00 975.86 9538.80 9950.00 10070.00 10345.85
4.356 2746.00 976.90 9852.44 9950.00 10070.00 10070.00

4.496 2746.00 977.52 9692.35 9975.00 10130.00 10385.67
4.496 2746.00 978.53 9957.69 9975.00 10130.00 10131.68

1.84 822.57
2.02 205.95

1.40 807.05
1.41 217.56

1.66 693.32
1.63 173.99

3.17 971.30
4.20 971.30

3.26 972.60
4.30 972.60

3.12 974.40
4.13 974.40

22.35
22.27

21.67
21.57

23.85
23.92

3.49
4.22

3.47
4.18

3.61
4.43

I
I

4.619 2754.00 979.15 9909.00 9909.00 10075.00 10075.00
4.619 2754.00 979.86 9909.00 9909.00 10075.00 10075.00

4.631 2754.00 980.09 9889.63 9873.00 10079.00 10061.91
4.631 2754.00 980.43 9887.94 9873.00 10079.00 10063.65

4.701 2754.00 980.86 9893.72 9881.50 10087.50 10075.28
4.701 2754.00 981.03 9893.06 9881.50 10087.50 10075.94

1.63 166.00
1.33 166.00

.94 172.29

.57 175.71

.78 181.55

.60 182.88

3.15 976.00
3.86 976.00

3.97 976.12
4.31 976.12

3.94 976.92
4.11 976.92

34.46
17.83

21.52
16.11

17.97
15.61

5.32
4.33

4.54
4.13

4.21
4.03

4.811 2754.00 981.96 9909.62 9897.00 10103.00 10090.38
4.811 2754.00 982.01 9909.38 9897.00 10103.00 10090.62

4.754 2754.00 981.38 9909.54 9897.00 10103.00 10090.46
4.754 2754.00 981.48 9909.12 9897.00 10103.00 10090.88

3.85 978.11
3.90 978.11

3.87 977.51
3.97 977.51

4.33
4.26

4.31
4.18

2.91
2.87

19.58
18.58

8.29
7.97

19.24
17.56

978.35
978.35

3.93
3.97

.51 180.92

.45 181.76

.58 180.76

.53 181.24

.32 257.54

.31 257.93
982.28 9871.23 9858.50 10141.50 10128.77
982.32 9871.04 9858.50 10141.50 10128.96

4.833 2754.00
4.833 2754.00

*
*I

I

4.855 2754.00
4.855 2754.00

4.858 2754.00
4.858 2754.00

I
I

*
*

*
*

1
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982.43 9688.90 9680.00 10175.00 10175.00
982.47 9688.81 9680.00 10175.00 10175.00

982.39 9688.41 9705.00 10290.00 10341.72
982.28 9850.00 9705.00 10290.00 10150.00

.15 486.10

.15 486.19

-.04 653.31
-.19 300.00

3.86
3.90

2.39
2.28

978.57
978.57

980.00
980.00

3.24
3.14

25.93
65.48

B"G1: 37

1.70
1.68

2.72
4.68

5.153 2754.00
5.153 2754.00

987.23 9543.26 9945.00 10090.00 10308.40
988.09 9865.00 9945.00 10090.00 10090.00

I
I

*
5.009
5.009

Q

2754.00
2754.00

984.73
985.68

9664.64
9875.00

9935.00 10100.00 10332.94
9935.00 10100.00 10105.00

2.34
3.40

2.51
2.41

668.30
230.00

765.14
225.00

2.83
3.78

2.93
3.79

EIMlN

981.90
981.90

984.30
984.30

10*1<5

33.54
28.69

31.84
35.61

3.68
4.31

3.70
4.76

I
I

*
*

*
*

*
*

5.282 2754.00
5.282 2754.00

5.430 2754.00
5.430 2754.00

5.460 3538.00
5.460 3538.00

988.68 9325.76 9945.00 100SS.00 10352.76
989.72 9760.21 9945.00 100SS.00 100SS.00

990.44 9913.90 9899.90 10100.10 10086.10
991.13 9912.44 9899.90 10100.10 10087.56

991.00 9912.71 9899.90 10100.10 10087.29
992.00 9910.62 9899.90 10100.10 10089.38

1.45 1027.00
1.63 294.79

1.76 172.21
1.41 175.13

.56 174.57

.87 178.77

3.18 985.50
4.22 985.50

2.44 988.00
3.13 988.00

3.00 988.00
4.00 988.00

13.78
13.68

81.60
35.11

66.93
25.47

2.76
3.31

6.77
5.22

7.01
5.19

I
I

*
*

*
*

5.563 3538.00
5.563 3538.00

5.727 3400.00
5.727 3400.00

992.61 9351.44 9850.00 10100.00 10736.61
993.11 9850.00 9850.00 10100.00 10232.23

993.54 9375.48 9935.00 10135.00 10467.87
994.30 9935.00 9935.00 10135.00 10135.00

1.62 1385.17
1.11 382.23

.92 933.58
1.19 200.00

4.11 988.50
4.61 988.50

2.54 991.00
3.30 991.00

5.08
7.58

108.14
81.45

2.02
2.65

5.65
5.92

I



I
I *

*
5.840 3400.00
5.840 3400.00

996.30 9353.27 9970.00 10170.00 10715.70
997.15 9953.68 9970.00 10170.00 10240.40

2.77 1293.68
2.85 286.73

2.90
3.75

993.40
993.40

21.83
25.22

3.01
3.88

I 5.960 3400.00
5.960 3400.00

998.09 9735.32 9960.00 10150.00 10948.05
999.10 9960.00 9960.00 10150.00 10274.06

1.79 1212.73
1.95 314.06

2.19
3.20

995.90
995.90

39.62
39.85

3.21
4.24

I
I

*
*

6.086 3400.00 1000.79 9475.24 9900.00 10100.00 10827.24
6.086 3400.00 1001.79 9900.00 9900.00 10100.00 10206.32

6.217 3400.00 1002.61 9445.53 9900.00 10100.00 10837.22
6.217 3400.00 1003.66 9850.00 9900.00 10100.00 10270.00

6.320 3400.00 1003.60 9582.92 9900.00 10100.00 10928.09
6.320 3400.00 1004.60 9900.00 9900.00 10100.00 10279.29

2.70 1352.00
2.70 306.32

1.82 1391.69
1.86 420.00

.99 1345.17

.94 379.29

2.49 998.30
3.49 998.30

2.51 1000.10
3.56 1000.10

2.70 1000.90
3.70 1000.90

40.60
41.25

17.16
15.88

19.52
19.99

3.39
4.42

2.46
3.01

2.67
3.35

I
1
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I
I 2.371

2.371
943.66
943.61

.00
-.05

943.68 1501.59 2339.69 289.65
943.67 566.08 2622.32 454.81

570.66
122.86

.00 .00 9975.00 10030.00 .00

.41 9506.21 9975.00 10030.00 10072.29

I
I

*
*

*
*

*
*

2.435 943.77
2.435 943.85

2.536 945.40
2.536 945.79

2.680 948.59
2.680 949.54

.00 943.82 1437.33 1677.95 863.76 658.29 .00 .00 9985.00 10085.00 .00

.08 944.09 416.11 1677.75 1522.24 .00 .51 9668.89 9985.00 10085.0010085.00

.00 945.92 781.06 508.07 1362.98 1319.94 .00 .00 9965.00 10060.00 .00

.39 946.83 223.00 632.72 1977.31 580.96 223.00 9915.00 9965.00 10060.0010138.00

.00 948.74 964.41 234.86 1588.70 1367.44 .00 .00 9925.00 10050.00 .00

.95 949.90 199.37 .00 2571.15 619.85 .50 9925.00 9925.00 10050.00 10124.37

2.771 950.08
2.771 951.03

2.883 952.33
2.883 953.34

.00 950.27 858.07 684.77 465.80 2040.43 .00 .00 9985.00 10020.00 .00

.96 951.54 210.05 70.78 903.20 2217.02 .60 9972.38 9985.00 10020.0010182.43

.00 952.44 797.28 1565.48 446.74 1178.78 .00 .00 9985.00 10015.00 .00
1.02 953.55 277.00 1536.89 664.95 989.16 277.00 9853.00 9985.00 10015.0010130.00

.00 .00 9980.00 10050.00 .00
175.00 9875.00 9980.00 10050.00 10050.00

954.07 721.40 1452.66 1404.51 336.82
954.97 175.00 1360.80 1833.20 .00

.00

.72
953.68
954.41

2.977
2.977

*
*

*
*

I
I

955.75 1038.51 924.34 846.10 1423.56
956.76 288.85 556.79 1551.98 1085.23

959.28 813.11 .00 101.68 2640.32
960.31 298.43 .00 260.55 2481.45

I
I *

*

3.070
3.070

3.167
3.167

3.291
3.291

955.62
956.40

956.84
957.86

959.18
960.06

.00

.77

.00
1.02

.00

.89

956.93
958.04

995.22 1230.74
342.00 1252.55

512.91
850.89

998.36
638.55

.00 .00 9945.00 10025.00 .00

.56 9846.10 9945.00 10025.00 10134.96

.00 .00 9970.00 10020.00 .00
342.00 9788.00 9970.00 10020.00 10130.00

.00 .00 9970.00 10020.00 .00

.59 9970.00 9970.00 10020.00 10284.69

I
I

*
*

*

3.376
3.376

3.491
3.491

3.602
3.602

961.21
962.25

962.60
963.62

964.10
964.92

.00
1.04

.00
1.01

.00

.83

961.26 977.10 53.26 92.23 2596.51
962.37 306.73 .00 250.06 2491.94

962.66" 971.21 780.92 263.43 1697.65
963.74 322.58 468.06 525.24 1748.70

964.28 712.46 207.92 1872.83 665.24
965.20 220.00 .00 2746.00 .00

.00 .00 9985.00 10015.00 .00

.54 9985.00 9985.00 10015.0010291.73

.00 .00 9980.00 10020.00 .00

.53 9911.46 9980.00 10020.00 10234.04

.00 .00 9880.00 10100.00 .00

.41 9880.00 9880.00 10100.00 10100.00

968.75 881.56 1827.05 678.60 240.35
969.89 262.19 1388.00 1358.00 .00

I
I

3.702
3.702

3.841
3.841

966.18
966.86

968.67
969.70

.00

.68

.00
1.04

966.31 851.16 1162.91 1047.07
967.21 239.56 841.00 1756.43

536.02
148.58

.00 .00 9955.00 10055.00 .00
475.00 9600.00 9955.00 10055.00 10075.00

.00 .00 9955.00 10070.00 .00

.52 9588.62 9955.00 10070.00 10070.00

I



I
I 3.978

3.978
970.71
971.60

.00

.89
970.83 1096.57
971.82 395.00

839.42 1433.34
510.04 2235.96

473.25
.00

.00 .00 9930.00 10095.00 .00
395.00 9700.00 9930.00 10095.00 10095.00

I
. 1
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I 4.101
4.101

972.63
973.48

.00

.85
972.72
973.75

TOEWID

999.47
238.89

1074.12 986.48
880.65 1804.19

685.40
61.16

.00 .00

.55 9852.45
9960.00 10080.00 .00
9960.00 10080.00 10091.34

I 4.237
4.237

974.47
975.50

.00
1.03

974.58
975.74

822.57
205.95

962.69 1368.27
482.62 2263.38

415.04
.00

.00 .00

.49 9869.05
9935.00 10075.00 .00
9935.00 10075.00 10075.00

I
4.356
4.356

4.496
4.496

975.86
976.90

977.52
978.53

.00
1.04

.00
1.01

975.96
977.12

977.65
978.82

807.05
217.56

693.32
173.99

1092.40 1182.59
796.85 1949.15

611.19 1573.83
124.34 2614.97

471.00
.00

560.97
6.69

.00 .00

.49 9852.44

.00 .00

.48 9957.69

9950.00 10070.00 .00
9950.00 10070.00 10070.00

9975.00 10130.00 .00
9975.00 10130.00 10131.68

I 4.619
4.619

979.15
979.86

.00

.72
979.59
980.15

166.00
166.00

.00 2754.00

.00 2754.00
.00
.00

.00 .00

.00 9909.00
9909.00 10075.00 .00
9909.00 10075.00 10075.00

I
I

4.631
4.631

4.701
4.701

4.754
4.754

980.09
980.43

980.86
981.03

981.38
981.48

.00

.34

.00

.17

.00

.10

980.41
980.69

981.14
981.28

981.66
981.75

172.29
175.71

181.55
182.88

180.92
181.76

.00 2754.00

.00 2754.00

.00 2754.00

.00 2754.00

.00 2754.00

.00 2754.00

.00

.00

.00

.00

.00

.00

.00 .00

.00 9873.00

.00 .00

.00 9881.50

.00 .00

.00 9897.00

9873.00 10079.00 .00
9873.00 10079.00 10079.00

9881.50 10087.50 .00
9881.50 10087.5010087.50

9897.00 10103.00 .00
9897.00 10103.00 10103.00

I
I

*
*

*
*

4.811
4.811

4.833
4.833

4.855
4.855

981.96
982.01

982.28
982.32

982.43
982.47

.00 982.25 180.76 .00 2754.00

.06 982.30 181.24 .00 2754.00

.00 982.41 257.54 .00 2754.00

.05 982.45 257.93 .00 2754.00

.00 982.47 486.10 .00 2754.00

.04 982.51 486.19 .00 2754.00

.00 .00 .00 9897.00 10103.00 .00

.00 .00 9897.00 9897.00 10103.0010103.00

.00 .00 .00 9858.50 10141.50 .00

.00 .00 9858.50 9858.50 10141.50 10141.50

.00 .00 .00 9680.00 10175.00 .00

.00 .00 9680.00 9680.00 10175.00 10175.00

987 .36 765.14 1273.92 1258.34 221.75 .00 .00 9945.00 10090.00 .00
988.39 225.00 547.00 2207.00 .00 225.00 9865.00 9945.00 10090.00 10090.00

I
I

*
*

*

4.858
4.858

5.009
5.009

5.153
5.153

982.39
982.28

984.73
985.68

987.23
988.09

.00 982.51 653.31 1.18 2749.15
-.11 982.62 300.00 .00 2754.00

.00 984.86 668.30 988.88 1354.14

.95 985.93 230.00 455.06 2271.04

.00

.85

3.67 .00 .00 9705.00 10290.00 .00
.00 300.00 9850.00 9705.00 10290.00 10150.00

410.98 .00 .00 9935.00 10100.00 .00
27.90 230.00 9875.00 9935.00 10100.00 10105.00

988.74 1027.00 1551.04 858.74 344.21
989.83 294.79 1348.43 1405.57 .00

991.15 172.21 .00 2754.00 .00
991.55 175.13 .00 2754.00 .00

.00 . .00 9945.00 10055.00 .00

.48 9760.21 9945.00 10055.00 10055.00

.00 .00 9899.90 10100.10 .00

.00 9899.90 9899.90 10100.10 10100.10

.00

.00
.00 9899.90 10100.10
.00 9899.90 10100.10

.00

.00
.00
.00

.00 3538.00

.00 3538.00
174.57
178.77

991.76
992.42

.00

.69

.00
1.04

.00
1.00

988.68
989.72

991.00
992.00

990.44
991.13

5.282
5.282

5.430
5.430

5.460
5.460

*
*

*
*

*
*

I
I
I

1
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I *
*

5.563
5.563

992.61
993.11

.00

.49
992.65 1385.17
993.20 382.23

464.75 1882.67 1190.58
.00 2794.21 743.79

.00 .00 9850.00 10100.00 .00

.41 9850.00 9850.00 10100.00 10232.23

I
*
*

5.727
5.727

993.54
994.30

.00

.77
993.90 933.58
994.85 200.00

337.43 2386.22 676.35
.00 3400.00 .00

.00 .00 9935.00 10135.00 .00

.48 9935.00 9935.00 10135.00 10135.00

I
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* 5.840 996.30 .00 996.39 1293.68 700.58 1644.56 1054.86 .00 .00 9970.00 10170.00 .00

* 5.840 997.15 .84 997.35 286.73 79.05 2770.75 550.20 .52 9953.68 9970.00 10170.00 10240.40

5.960 998.09 .00 998.18 1212.73 145.33 1175.10 2079.57 .00 .00 9960.00 10150.00 .00
5.960 999.10 1.00 999.33 314.06 .00 2361.28 1038.71 .57 9960.00 9960.00 10150.00 10274.06

6.086 1000.79 .00 1000.89 1352.00 476.98 1385.72 1537.30 .00 .00 9900.00 10100.00 .00
6.086 1001.79 1.00 1002.05 306.32 .00 2687.19 712.81 .59 9900.00 9900.00 10100.00 10206.32

* 6.217 1002.61 .00 1002.66 1391.69 814.38 1187.57 1398.04 .00 .00 9900.00 10100.00 .00

* 6.217 1003.66 1.05 1003.76 420.00 299.86 2081.89 1018.25 420.00 9850.00 9900.00 10100.00 10270.00

6.320 1003.60 .00 1003.66 1345.17 699.47 1322.48 1378.05 .00 .00 9900.00 10100.00 .00
6.320 1004.60 .99 1004.73 379.29 .00 2319.82 1080.18 .53 9900.00 9900.00 10100.00 10279.29

1
24SEP98 10:04:26 IKE 41

~ OF m:>a>s RID sm::mu wrES

mmm:; SEX:N)= 2.435 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E
mmm:; SIOCN)= 2.435 a>oF!IE= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E

CAtJrICN SIOCN)= 2.536 m:FII.E= 1 OUTIaIL IEPlH ASSMD
CAtJrICN SEX:N)= 2.536~ 1 ~ MINlM.M Sf£X:IFIC EH:fGY
CAtJrICN SIOCN)= 2.536 m:FII.E= 1 20 'ffiIALS A1TEMP.Ill) 'ro BAI1ItU: W5E[,

CAtJrICN SIOCN)= 2.536 m:FII.E= 2 OUTIaIL IEPlH ASSMD
CAtJrICN SIOCN)= 2.536 a>oF!IE= 2 MINlM.M Sf£X:IFIC ENEFG{

mmm:; SIOCN)= 2.680 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E
mmm:; SIOCN)= 2.680 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E P.RU:

mmm:; SIOCN)= 2.771 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E P.RU:
mmm:; SIOCN)= 2.771~ 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E P.RU:

mmm:; SEX:N)= 2.883 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E P.RU:
mmm:; SEX:N)= 2.883 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE~ P.RU:

mmm:; SEX:N)= 3.291 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E
mmm:; SEX:N)= 3.291 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: wrsIIE~ mu:

mmm:; SIOCN)= 3.376 m:FII.E= 1 o::NVEi7\N::E c:Hllrn CXJrSIIE 1a.EP.lN![E P.RU:
mmm:; SEX:N)= 3.376 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E

mmm:; SEX:N)= 3.602 a>oF!IE= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE KI::EP.mmE PJlN:E

mmm:; SIOCN)= 4.833 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E
mmm:; SEX:N)= 4.833 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E

mmm:; SIOCN)= 4.855 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E
mmm:; SEX:N)= 4.855 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E

mmm:; SIOCN)= 4.858 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E
mmm:; SIOCN)= 4.858 IRFIIE= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE~ PJlN:E

mmm:; SEX:N)= 5.009 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE~ P.RU:

mmm:; SIOCN)= 5.282 m:FII.E= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE~ P.RU:
mmm:; SIOCN)= 5.282 a>oF!IE= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E PJlN:E

mmm:; SIOCN)= 5.430 IRFIIE= 1 o::NVEi7\N::E CE.lI:U: CXJrSIIE~ P.RU:
mmm:; SEX:N)= 5.430 IRFIIE= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E P.RU:

CAtJrICN SIOCN)= 5.460 m:FII.E= 1 HiImIlLIC J(Mp D.S.
mmm:; SIOCN)= 5.460 IroFlIE= 1 cmIIEYJlN:E CE.lI:U: aJrSJIE 1a.EP.lN![E P.RU:
mmm:; SIOCN)= 5.460 m:FII.E= 2 o::NVEi7\N::E CE.lI:U: CXJrSIIE 1a.EP.lN![E P.RU:
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I

~SEIX)= 5.563 moFlIE= 1 a::NJEYAN:E C1JAN:E ClJI'SIIE~ P.AN:E
~SEIX)= 5.563 moFlIE= 2 a::NJEYAN:E CEAN:E Cl1l'SJIE~ P.AN:E

I ~SEX:N)= 5.727 moFlIE= 1 cx:NIIEYJlN:E cmtU: Cl1l'SJIE Fa:El'rABLE P.AN:E
1

24SEP98 10:04:26 PPa: 42

I ~SEX:N)= 5.727 ffiOFlLE= 2 cnM:i7\N:E cmtU: Cl1l'SJIE~ P.AN:E

~SEX:N)= 5.840 moFlIE= 1 a::NJEYAN:E cmtU: Cl1l'SJIE JI.I:I:EPrAB[E P.AN:E

I ~SEX:N)= 5.840 moFlIE= 2 a::NJEYAN:E cmtU: CXJl'SIIE JI.I:I:EPrAB[E P.AN:E

~SEX:N)=. 6.217 moFlIE= 1 cx:NIIEYJlN:E cmtU: ClJI'SIIE JI.I:I:EPrAB[E P.AN:E
~SEX:N)= 6.217 moFlIE= 2 cx:NIIEYJlN:E cmtU: CXJl'SIIE JI.I:I:EPrAB[E P.AN:E

I 1
24S&P98 10:04:26 PPa: 43

I F.UX'Il'm mm,. ~~~
Ha'lIE ro. 2

I --- F.UX'Il'm --- wmR gJRE1l£E EIEVJm:CN

smTICN WIDIH SEX::I'ICN ~ wrrH wrnnJ1'~
~ VEIXCI'lY F.UX'Il'm F.UX'Il'm

I 2.371 566. 1729. 1.9 943.7 943.7 .0
2.435 416. 956. 3.3 943.9 943.8 .1
2.536 223. 464. 6.9 945.8 945.4 .4

I
2.680 199. TIO. 4.1 949.6 948.6 1.0
2.TI1 210. 676. 4.7 951.1 950.1 1.0
2.883 277. 1023. 3.1 953.3 952.3 1.0
2.'577 175. 585. 5.5 954.4 953.7 .7

I
3.070 289. 816. 3.9 956.4 955.6 .8
3.167 342. 991. 2.8 957.8 956.8 1.0
3.291 302. 699. 3.9 960.1 959.2 .9
3.376 307. 1029. 2:7 962.2 961.2 1.0
3.491 323. 1090. 2.5 963.6 962.6 1.0

I
3.602 220. 653. 4.2 964.9 964.1 .8
3.702 475. 675. 4.1 966.9 966.2 .7
3.841 481. 856. 3.2 969.7 968.7 1.0
3.978 395. 885. 3.1 971.6 970.7 .9

I
4.101 239. 739. 3.7 973.5 972.6 .9
4.237 206. 755. 3.6 975.5 974.5 1.0
4.356 218. 818. 3.4 976.9 975.9 1.0
4.496 174. 656. 4.2 978.5 977.5 1.0
4.619 166. 636. 4.3 979.8 979.1 .7

I
4.631 176. 667. 4.1 980.4 980.1 .3
4.701 183. 684. 4.0 981.1 980.9 .2
4.754 182. 659. 4.2 981.5 981.4 .1
4.811 18!. 647. 4.3 982.1 982.0 .1

I
4.833 258. 960. 2.9 982.3 982.3 .0
4.855 486. 1636. 1.7 982.4 982.4 .0
4.858 300. 589. 4.7 982.3 982.4 -.1
5.009 230. 734. 3.8 985.7 984.7 1.0
5.153 225. 687. 4.0 988.1 987.2 .9

I 5.282 295. 1134. 2.4 989.7 988.7 1.0
5.430 175. 528. 5.2 991.1 990.4 .7
5.460 179. 681. 5.2 992.0 991.0 1.0
5.563 382. 1576. 2.2 993.1 992.6 .5

I
5.727 200. 574. 5.9 994.3 993.5 .8
5.840 287. 994. 3.4 997.1 996.3 .8
5.960 314. 933. 3.6 999.1 998.1 1.0
6.086 306. 888. 3.8 1001.8 1000.8 1.0
6.217 420. 1412. 2.4 1003.6 1002.6 1.0

I 6.320 379. 1240. 2.7 1004.6 1003.6 1.0

I
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APPENDIXF

Erosion and Sediment Transport Analysis Supporting Documentation



DATE: September 15, 1998

FROM: John Wallace, P.E.

RE: Bullard Wash Channel Improvements

TO: Wade Cooke, P.E., Pinnacle Engineering

JE Fuller! Hydrology & Geomorphology, Inc.Memorandum

Per our discussion regarding FEMA levee documentation requirements, I also
performed a more general assessment ofembankment erosion potential. Chapter 5 ofthe
Maricopa County Drainage Design Manual (Vol. II, Hydraulics) covers open channel
design. Per Chapter 6 (page 6-10), earth lined channels are appropriate for subcritical
flow conditions where side slopes are 4:1 or flatter and a grade control is provided. With
the proposed culvert structure at VanBuren Street acting as a grade control, all ofthe
above conditions are satisfied for the Bullard Wash improvements. In addition, Tables
6.1 and 6.3 identify maximum permissible velocities for channels with erodible linings.
The maximum channel velocity per the HEe-2 model ofthe proposed improvements is
4.4 feet per second, while the above tables indicate permissible velocities of2.5 to 6.0
feet per second depending on the type ofsoil in the earthen channel lining (see attached
copy ofTable 6.1 which relates permissible velocity to soil embankment type). I
recommend consulting your geotechnical engineer regarding the type ofsoil to be used in
constructing the channel improvements to confirm the adequacy ofthe channel lining.

Attached is a calculation sheet showing estimated scour depths along the channel
based on the City ofTucson (COT) Drainage Design Manual. The COT scour equations
have been used by our Tempe office in the past for Maricopa County projects and
provide a reasonable scour potential estimate. As you can see from the attached sheet,
100-year scour depth estimates for the proposed channelization improvements indicate
minimal scour potential In fact, due to the low velocities and relatively high width-to­
depth ratio ofthe channel, the only noticeable scour potential occurs where the 555-foot
radius bend occurs. At this location the potential exists for approximately 1.2 feet of
scour (0.25 ft anti-dune trough depth plus 0.92 ft bend scour). It is probably prudent to
assume that a similar scour potential will exist along the contraction segments ofthe
levee at the north property line. To address the erosion potential it may be appropriate to
include a rock blanket along these two segments. I believe a rock blanket (dSO = 6
inches, blanket thickness = 2 x d50 = one foot) extending three feet up the 4:1 side slope
and three feet into the channel would provide more than adequate protection against the
minimal bend scour potential identified. The attached rip-rap sizing chart from ADWR
SSA 7-98, 'Watercourse Bank Stabilization", demonstrates the conservative sizing ofthe
rock rip-rap. The rock blanket will allow for collapse ofthe rock into any scour path that
may develop along the toe ofthe embankment at these locations.

I have prepared this memo to document the Levell scour and sedimentation
analysis ofthe referenced improvements called for in our scope ofwork.

cc: File
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Attachments

It should be noted that Table 6.3 ofthe Maricopa County manual identifies,it for
use on channels where the discharge is less than 2,500 cubic feet per second (cfs), while
the 100-year discharge for our design exceeds 2,700 cfs. However, page 6-5 ofthe
manual indicates that use ofTable 6.3 for major drains is applicable ifgrade control is
established, which the Van Buren Street culvert will provide. For this reason it seems to
me that the proposed improvements satisfy the intent ofthe Maricopa County design
criteria for earth lined channels which should in turn satisfy FEMA

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

Memo to Wade Cooke
JEFuller, Inc.
9/15/1998

p.l



GENERAL SCOUR

Per COT Drainage Design Manual, Equation 6.6:

Per COT Drainage Design Manual, Equation 6.4:

Per COT Drainage Design Manual, Equation 6.5:

(if a negative value is calculated, result appears as 0)

(calculated rcfT is limited to 0.5 < rcfT < 10.21)

(using rcfT and substituting Eqn. 6.7 into Eqn. 6.6)

0.00 feet

0.25 feet

4.28 fps
32.17 accelaration due to gravity (ftIs"2)

0.00 feet

4.28 fps
3.90 feet
3.57 feet

0.0019 ftIft

0.92 feet

4.28 fps
3.90 feet
3.57 feet

0.0019 ftIft
555.00 feet
181.00 feet

3.07

Zlft =

za=

Vm=
g=

Zgs=

Vm=
Ymax=

Yh=
Se=

Zbs=

Vm=
Ymax=

Yh=
Se=
rc =
T=

rcfT =

given:

ANTI-DUNE TROUGH DEPTH

found:

Bullard Wash Channelization at Estrella Views Estates (upstream of Van Buren Street)

Depth of Scour

given:

found:

BEND SCOUR

LOW-FLOW THALWEG

The proposed improvements include a design low-flow channel for irrigation which
will preclude the development of a low-flow thalweg scour component

given:

therefore:

found:
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Stono Woight - t65 lbs par cubic (oot

ceNTER or
CURVATURE

Level 2 l\1edian Riprap Stone Size (Dso)

May 1998- 13 -

SOURCE: SIMONS, LI 8. ASSOCIATES, (NC. ((988)

SSA 7-98

PT • Downstream point or tangency 10 Ihe <;enlerline radius or <;urvature.
PC = Upstream point or curvature at the centerline radius or Curvature,

Side Slope = J:1 or Flatter

Definition Sketch
for bend angle ex.

5. 0 r----r-,.-.-,.--,.--,.--,--,--~,I7Vo----r-r-<1JI<J~71----r<,71--"1-iI::VTl-ri

4.5 ljJ~/f+--t-·+~f bo/ ~~r /"
1--+-I--t--t-+--+--t-'&rI'/ ~I-"-~ y~t;;r- - <",

4 .0 :t I ~ OJ 0/ <..~~ I
~ 0-/ 6' / 4' t>~CO I

3.5.--t--t---t----l---t--t-"6?"j V I V ,'I:>

o<{I I 0- t.,r'"/,-+-t--t---1
~ 3.0 I---t---:t---t--t-i----t-§'l!I V / V / / ~~~7
.2: 2.5 ~ I / v V ...~"('. '.,..r---!--j--+--f---f

'-' 1/ / /, ...<.i7\~'::";'-t--t--;--+--j--,

c! 2.0 ~~--+-+=:I/=:::V:=/:::/=::;T-V-t----t--r--t--t--r--r-i
,./ 1.5 / /~VVI////

Dr.. < ~,~ t •0 1-+-+-+---J~-l-vAv~t-V-::::+:~_""'vr+-+-+-t-t--i--r-r-j-t-i
/ /vl/vv-

~5J--1--+-4/-:::/",~4;.._-4v-s-~+-+--t--j--t--J-i-+-++-t--t--j
o.aL.-~/E1..k%~:t:~=.J.-+r-L-L-..l.---l_L-..L-...J..----L---l_.l.-..L...-L--L----l.---IL-.J

o 2 3 41' 5· 6 7 8 g 10 1t 12 13 14 15 t6 17 18 19 20
~VELOCITY (feet per second)

V ~ '-1.'-1 f-r/~
NOTE: For side slope = 2:1 multiply Dso dctermined

from chart by 1.14. Side slopes stceper than 2:1
should not be used.
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Open Channels

Table 6.1
Maximum Permissible Velocities for Roadside

Drainage Channels with Erodible Linings
(USDOT. FHWA. 1961 and 1983)

Soils Type of Lining Permissible
(Earth, No Vegetation) Velocity (1), ftls

Fine Sand (noncolloidal) 2.5

Sandy Loam (noncolloidal) 2.5

Silt Loam (noncolloidal) 3.0

Ordinary Finn Loam 3.5

Fine Gravel 5.0

Stiff Clay (very colloidal) 5.0

Graded. Loam to Cobbles (noncolloidal) 5.0

Graded. Silt to Cobbles (noncolloidal) 5.5

Alluvial Silts (noncolloidal) 3.5

Alluvial Silts (colloidal) 5.0

Coarse Gravel (noncolloidal) 6.0

Cobbles and Shingles 5.5

Shales and Hard Pans 6.0

(1) For sinuous channels multiply permissible velocity by:
0.95 for slightly sinuous;
0.90 for moderately sinuous; and
0.80 for highly sinuous

6.3.2.3 Low Flow Channels: The majority of storm events will be less than the design
storm. resulting in frequent low flow conditions. Low flows in earth- or grass-lined
trapezoidal channels will deposit sediment and develop their own pilot channel which
will be meandering and could direct low flows into the channel banks causing bank
erosion. Design of low flow channels will prevent meandering and will direct low flows
in a controlled manner.

Rounding the channel bottom to approximate a parabolic shape will cause the centerline
of the channel to act as a low flow channel. Alternatively. the channel bottom could be
graded into a shallow V-shape to lower the centerline.

Because of the potential. for long-term channel aggradation. base flows and crop
irrigation return flows may require specific consideration. Waterways which are
normally dry often have somewhat continuous low flows after urbanization because of



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

APPENDIXG

Digital Data Files



APPENDIXH

Hydrology Exhibit Maps
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APPENDIX I

Hydraulics Exhibit Maps
(Bullard Wash Channel Plans, under separate cover)



APPENDIXJ

Floodplain Work Study Maps














