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February 1 1, 1994 

Mr. Brian Fry, P.E. 
NBS Lowry 
2600 North 44th Street 
Phoenix, AZ 85008-1 599 

Re: Dysart Drain Improvement Project 
160-Acre Detention Basin 
30% Submittal 
WP #93030.00 

Dear Mr. Fry: 

In accordance with the referenced contract, we are herewith submitting two  (2) copies 
of preliminary (30%) Hydraulic Report, cost analysis and design plans and a computer 
floppy. I t  is my understanding that one set will be submitted by your office directly 
to Randolph Air Force Base (HQ-AETC) for the review. 

This submittal incorporates pertinent review comments from the District's 
memorandum, dated January 1 1, 1994. Please note, some comments were more 
applicable towards more detailed future submittals such as 60% or 90%. Those 
comments will be addressed appropriately at those submittal stages. 

We believe our conceptual submittal for the detention basin conceDt ~ l a n  6-f was very 
beneficial in terms of the District's and Luke Air Force Base's input. Based on their 
input, we have prepared this submittal. We believe the data package submitted 
herewith represents over 50% completion of the design plans. 

Please feel free t o  call us if you need any clarification regarding this submittal. 

Sincerely, 

WOOD, PATEL & ASSOCIATES, INC. B.4- 
As ok Patel, P.E., R.L.S. 
principal 

cc: Don Rerick, FCDMC (with 6 sets, 1 floopy) 
Zane Hoit, LAFB (with 5 sets, 1 floppy) 

REWRn93030.JZ6 

\Vood. Patel Sr Associates. Inc. 1550 East .Ilissouri. Surte 203 Phoenix. Ar~zona S5014 rhO2) 234-1334 Fax (601)  734-1312 



PROJECT NO.: 93030 

PROJECT NAME: Dysart Drain lmprovement Project 
160-Acre Detention Basin Site 

BASIN DESIGN 30% SUBMITTAL 

Hvdroloav 

For the purpose of design, WoodlPatei used the hydrology information provided by the 
District from the report titled "Addendum to Dysart Drain lmprovement Project, 
Concept Design Study Selected Alternative", November, 1993, prepared by WLB 
Group, Inc. The HEC-1 computer model provided by the District was used to verify 
basin parameters and outflow requirements. WoodlPatel took the HEC- 1 model and 
replaced the storage-outflow rating curves for the detention basin from the WLB 
report. The storage outflow rating curves are based upon the selected concept Option 
6-f by WoodIPatel. All key drainage features for the selected option are depicted on 
Figure 1. 

The hydrology peak flows have been checked all along the channel alignment. Per 
Figure 2, the comparison of flows between WLB's November, 1993 report and 
WoodIPatel's Option 6-f have been made. As can be seen from the figure, the flows 
are in general agreement with the WLB report. 

Although not required, WoodlPatel also checked the basin hydrology based on the 
original WLB HEC-1 model from the August, 1993 report. This model utilized larger 
peak flows coming into the detention basin. As a check, Wood/Patelfs storage- 
outflow rating curve was inserted in the HEC-1 model. The routed peak flows and the 
flows along the entire channel alignment have been checked and are also listed on 
Figure 2. 

Basin Desian Parameters 

WoodIPatel has generally followed the design parameters shown below in the best 
possible way: 

1. The maximum depth of water in the basin is to be approximately 1 0  feet. 

2. The maximum berm and spoil area heights above the existing grade will be 
approximately 12 feet. Spoil material which cannot be accommodated within 
these height limits will be exported offsite. Our initial analysis suggests that we 
may have an earthwork balance within the project site. This was pursued in 
order to reduce the significant cost impact of exporting the dirt. 



3. Basin and berm sideslopes will have a maximum slope of 6: 1 . For the outlet 
channel, the side slope is kept to about 5:1. For the inlet and outlet structure 
transition area, where the side slopes are steeper than 2:1, grouted riprap 
linings are provided to enhance the slope stability. 

Desian Inflows 

Due to uncertainty in the spill flow conditions, a conservative approach was utilized 
for the design of the collector and transmission channels within the detention basin. 
The peak flow that is established by WLB's November, 1993 report is used for design 
purposes. The inflow points and volume of peaks have been depicted on the attached 
Figure 3. 

Storaae Reauirements 

1. Maximum storage capacity for the basin is 550-acre feet. This volume includes 
detention volume, sediment volume, freeboard, and other uncertainties in 
hydrology. These parameters have been established by the District. 

2 .  The peak outflow of the detention basin will be 550 cfs and this will occur 
when the basin is completely full. 

3. The subsidence values to be accounted for in the detention basin design are 
given by the District for all corners except the northeast corner. Wood/Patel 
has established an estimated value to be 12.4 feet of subsidence for the 
northeast corner. This value will be consistently used in the design purposes. 

O~era t ion  & Maintenance Reauirements 

To reduce the amount of nuisance ponding, all major inflow areas will be directed into 
a nuisance f low swale, which runs along the south and east boundary of the detention 
basin. This channel, with a bottom width of  10  feet and an approximate depth of 2 
feet, has the capacity to handle approximately a 100 cfs flow. Flows of 100 cfs can 
be anticipated from a storm in about a 1 -year event. Any irrigation runoff which will 
end up in the detention basin, will also be handled by this swale. The swale will help 
reduce the sediment deposition problem, nuisance flow collection problem, growth 
introduced by nuisance flow, and bird population which may be attracted as a result 
of vegetation and ponding. 



O~erat ion and Maintenance Feature Desian 

1 . A 14-foot stabilized maintenance access road will be provided around the basin 
with access to Reems Road and Northern Avenue. 

2. An invert access ramp from the maintenance access road will be provided into 
the basin from the north side. 

3. A four strand, plain wire fence will be placed around the basin. Gates will be 
located a minimum of 40 feet back from the public right-of-way at each 
maintenance access location. 

4. A swale to handle onsite runoff will be provided on the top of fill areas along 
the lowest elevation near the edges. The flows from swales will be collected 
at the outfall point and discharged into the basin or outfall channel via lined 
spillways. These details will be included in the next submittal. 

Farmer's Reauirements 

1. The existing irrigation ditch, located along the north property line, will not be 
disturbed. Therefore, the right-of-way has been established a minimum of 55 
feet south of the mid-section line in accordance with District requirements. 

2. The existing water line, which pumps tailwater from the ponding area near 
Northern Avenue, will be relocated along the east and north boundary of the 
project as addressed by the NBS Lowry plans. 

3. All irrigation and other structures located within the property line and basin 
boundary will be removed. All channels within the MCDOT right-of-way along 
Northern Avenue will be filled to the natural grade. All drainage culverts within 
that right-of-way will be removed. 

Collector Channels 

1. North Collector Channel: 
Flows will be collected in the current design via spillover from Reems Road into 
a collector channel approximately 200 feet in length along Reems Road. This 
channel will feed into a conveyance channel along the northern boundary (North 
Collector Channel). The channel will outfall into the detention basin as shown 
on the design plan. 



Per the District's input, the North Collector Channel is designed in such a way 
it can intercept design flow from the future box culvert across Reems Road. If 
for some reason the design flow value is increased from 1,000 cfs to 2,000 
cfs, the proposed channel cross-section can be expanded. To account for this, 
we have provided flat ground area along the south side of the channel so the 
south bank sideslope can be removed and additional cross-section can be 
added. 

The North Collector Channel is a trapezoidal channel with 1.5: 1 side slopes and 
a 12-foot bottom width. The lining of the lower 300 feet of the channel is 
composed of exposed rock grouted riprap; the remainder of the channel is lined 
with gunite. At  the basin inflow point, a grouted riprap apron is proposed. 

The North Collector Channel was analyzed using a HEC-2 model. The first 
cross-section of the model is located within the basin. The starting water 
surface elevation was set equal to the peak basin water surface elevation. The 
remaining cross-sections are located within the collector channel itself. A flow 
of 1,000 cfs was used for the entire length of the collector channel. A 
Manning's "n" value of 0.035 was used for the exposed rock grouted riprap- 
lined portion of the channel, and 0.01 9 was used for the concrete-lined portion. 

2. East Collector Channel: 
A new collector channel is anticipated along the mid-section line between Olive 
Avenue and the north property line. This channel will be designed by NBS. 
WoodIPatel has been coordinating the hydraulic requirement for the channel as 
to flow line, depth of flow, flow regime, and physical location, etc. at the north 
right-of-way line at the detention basin. Any work north of the north right-of- 
way line will be done by the NBS design team. To make sure that Option 6-f 
is workable, WoodIPatel has looked into potential options for the inflow point 
at the northeast corner. This information is being coordinated with NBS staff. 

As with the North Collector Channel, the East Collector Channel is an exposed 
rock grouted-riprap-lined channel with a grouted riprap apron at the basin inflow 
point. The proposed channel has 2: 1 side slopes and a 16-foot bottom width. 

The East Collector Channel south of the north right-of-way line was analyzed 
using a HEC-2 model. The first cross-section of the model is located within the 
basin. The starting water surface elevation was set equal to the peak basin 
water surface elevation. A flow of 840 cfs was used for the entire length of 
the collector channel. A manning's "nu value of 0.035 was used for the 
exposed rock grouted riprap lining of the channel. 



3. Reems Road Collector Channel: 
The Reems Road Collector Channellswale system is located along the east side 
of Reems Road and extends from the southwest corner of the basin near 
Northern Avenue north for a distance of approximately 2,240 feet. The channel 
collects overflow from Reems Road and conveys it to the basin. The channel 
has a trapezoidal cross-section with a bottom width that varies from 20 feet 
near the basin inflow area to 10 feet further upstream as shown on the design 
plan. The channel lining consists of grouted riprap for the channel and soil 
cement for the side swale. As with the other collector channels, a grouted 
riprap apron is proposed at the basin inflow point. 

This channel was also analyzed using a HEC-2 model. The first cross-section 
of the model is located within the basin. The starting water surface elevation 
was set equal to the peak basin water surface elevation. The remaining cross- 
sections are located within the collector channel itself. A flow of 1,000 cfs 
was used for the downstream 480 feet of channel; a flow of 600 cfs was used 
for the remainder of the side swale. The grouted riprap lining in this case is not 
an exposed rock lining as is the case with the other collector channels. 
Therefore, a lower Manning's "n" value of 0.030 is used for the grouted riprap 
lining of the Reems Road Collector Channel. A Manning's "n" value of 0.020 
was used for the soil cement lining. 

Basin Outflow Svstem 

To achieve a nonjurisdictional embankment size, according to the Arizona Department 
of Water Resources, the basin configuration has been modified from the WLB concept. 
With the selected Option 6-f, the entire storage volume in the detention basin has 
been provided below natural grade. To achieve this, the outflow structure is now 
located approximately 1,300 feet north of Northern Avenue along the east boundary 
line. A t  Northern Avenue a 2-barrel 6' x 6' box culvert is provided. A concrete 
bottom channel will be provided between Northern Avenue to  the outflow box culvert. 
This will enhance nuisance flow conveyance for the drainage outflow. It will also 
reduce the potential of any ponding or added maintenance. This was essential 
because the gradient along this channel is extremely flat. This channel was also 
checked for a positive drainage condition in the case of future subsidence. 

As discussed in the paragraph above, the entire storage volume is provided in the 
basin below the natural grade. In a case where the basin is completely full and all 
freeboard volume has been used, the spillover will occur over the natural grade at the 
southeast corner near Northern Avenue. 

To ensure functioning of the outfall box culvert, a HEC-2 analysis was performed, 
beginning from the Northern Avenue Channel to  the proposed 1-barrel 6' x 7' basin 
outlet box culvert through the outfall channel. The HEC-2 analysis was utilized to  
create an outflow rating curve for the outfall structure. 



Starting conditions for the HEC-2 model were obtained by using a normal-depth rating 
curve for the Northern Avenue Channel. This rating curve was then used as a 
tailwater condition for the 2-barrel 6' X 6' box culvert at Northern Avenue. Culvert 
headwater calculations were then performed for several different flows in order to 
obtain staring water surface elevations for the basin outflow channel HEC-2 model. 

The above methodology was repeated for the future condition, in which elevations 
were lowered to  account for subsidence. For the outfall channel, the proposed 
channel grades are depicted on Figure 3 and the subsided channel grades are depicted 
on Figure 4. 



SUMMARY OF CHANNEL SLOPES (FTIFTL 

Drainage Feature Design Subsided Remark 
Condition Condition 

a North Collector Channel .0025 .0022 OK 

b East Collector Channel .0095 .0095 OK 

c Reems Road Collector Channel ,0057 ,0057 OK 

f Outfall Channel .00137 .0003 1 Check For 
Conveyance 

g Nuisance Flow Channel - East .0026 .00157 OK 
Nuisance Flow Channel - South .0008 .00109 OK 

As can be seen from the above summary, all major drainage features will have a minor 
impact for the subsided condition with the exception of the outfall channel. To 
address adequate functioning of the outfall channel, we have performed a detailed 
backwater analysis included in this report. 

Detention Basin Desian 

A preliminary grading design was performed to ensure that the basin will have a 
positive slope in the bottom, as well as a storage relationship adequate to allow proper 
routing of the flood hydrograph. 

Channel Velocities 

All collector channels are lined with either gunite or grouted riprap lining to address 
erosion concern. The outfall channel is provided with a gunite bottom, where the 
velocity is about 5 fps. The 5:1 sideslope area, however, has a velocity less than 2 
fps, therefore, no erosion protection is warranted. 

Channel Flow Conditiona 

Froude numbers for subcritical channel flow are to  be less than or equal to  0.86. 
Froude numbers for supercritical flow are to  be greater than or equal t o  1.13 but less 
than 2.0. A minimum channel velocity of 2.0 feet per second is required to prevent 
deposition of fine sediments in the collector channels. 



Channel Geometry 

Changes in horizontal channel alignment are made with curves having a minimum 
radius of 3.0 times the water surface topwidth. According to the Hydraulics Manual, 
a minimum freeboard of 0.25 times the sum of the flow depth and velocity head is 
required, or a minimum of 1 foot for subcritical flow and 2 feet for supercritical flow, 
whichever is greater. 

Exceptions to the minimum freeboard requirement have been approved by the District 
during the bi-weekly meeting dated December 6, 1993. Accordingly, the collector 
channels have been provided with 1 foot of freeboard. The outfall channel, however, 
will be provided with a minimum freeboard of 0.25 times the sum of the flow depth 
and velocity head. 

Trash Rack for Northern Avenue Box 

The issue of the trash rack for the Northern Avenue box inlet has been discussed with 
the District and Luke Air Force Base. An alternative for a flood gate (collapsible fence) 
was presented to the District in December of 1993. Resolution for this issue is 
currently pending, therefore, it is not addressed in this submittal. 

Cost Estimates 

Table 1 depicts the cost estimate for the proposed basin design on the Preliminary 
Plans. To provide a guideline for the base cost, we have extracted pertinent basin 
related costs from the WLB Report as shown on Table 2. 
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TABLE 1 

ESTIMATES OF PAOBABLE COSTS 

160-ACRE DETENTION BASIN IMPROVEMENTS 
DVSART DRAIN IMPROVEMENT PROJECT 

WOODIPATEL CONCEPT 6-1.  PRELIMINARY DESlON 

ITEM DESCRIPTION QUANTITV UNIT UNIT AMOUNT 

COST 

1 BOX CULVERT @ BASIN END 

2 BOX CULVERT @ NORTHERN AVENUE 

3 CHANNELS 

NORTH COLLECTOR CHANNEL (2503x50) 125320 SF $2 25 $281 2% 

REEMS RD COLLECTOR CHNL [%XU) 21560 SF 92 25 348 510 

@ NE CORNER TO E COLL CHNL(3WxSO) 15320 SF $2 25 533.750 

4 CHANNEL GROUTED RIPRAP INLETS 

FROM NORTH COLLECTOR CHANNEL 

FROM REEMS RD COLLECTOR CHANNEL 

FROM EAST COLLECTOR CHANNEL 

5 NUISANCE FLOW SWALE 

@ EAST BOUNDARY (1800x15) 

@ SOUTH BOUNDARY (3000x1 5) 

@ BASIN OUTFALL CHANNEL (lMOx2.7) 

6 EXCAVATION 1ZMXXX) CY 51 00 St MO.000 

7 FENCING 1040 LF 5300 $31 XK)  

RIGHT-OF-WAY ACQUISITION 120 AC 5500000 9600000 

8 RIGHT-OF-WAY ACQUISITION addlbonal 40 ac 40 AC 5500000 5200000 

SUBTOTAL 52.670 JgO 

ENGINEERING (FIXED AMOUNT) 

CONSTRUCTION ADMINISTRATION 

CONTINGENCIES 

T O T M  U . 4 7 W  

BUDGETED COST PER WLB REPORT OATED AUG '93. FROM T A U  2 0.33O.OW 

COST DIFFERENTIAL 

EXPLIWATfOt 
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TABLE 2 01 128194 

BASIN IMPROVEMENT QUANTITIES & COSTS 
DYSART DRAIN IMPROVEMENT PROJECT 

WLB CONCEPT DESIGN 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT 
COST 

1 BOX CULVERT 200 LF $245.00 $49,000 
2 SPILLWAY 16400 SY $22.00 $360,800 
3 EXCAVATION 1480200 CY $1 .OO $1,480,200 
4 INTERCEPTOR CHANNEL $0 
5 RIGHT-OF-WAY ACQUISITION 120 AC $5,000.00 $600,000 

SUBTOTAL $2,490,000 

ENGINEERING 7 % 
CONSTRUCTION ADMINISTRATION 7 % 

CONTINGENCIES 20 % 

TOTAL $3,336,600 

EXPLANATION: 

It should be noted that, the cost in this table has been reproduced 

from the WLB's CONCEPT REPORT Dated Aug, 1993. Pertinent items from 
pages 29 & 30 of the report were extracted in conjunction with the basin construction. 
This table would provide a base for the comparison purmses for the desiun 
phase of this project. 



TECHNICAL DATA 

TABLE OF CONTENTS 

1. HYDROLOGY 

HEC-1 Input/Output, 
WLB's HEC-1 model dated Nov. 1993 is updated 
Wood/Patelfs Design (Concept 6-f) is incorporated in the model 

2. HYDRAULICS AT BASIN OUTFALL (Desicln Condition) 

a. Tailwater calculations, channel along Northern Avenue at 2 - 6' X 6' box 
culvert outfall. 

b. Culvert hydraulics to  create inlet rating curve, 2 - 6' X 6' box culvert at 
Northern Avenue. 

c. HEC-2 analysis, outfall channel including basin outlet box culvert (1  - 6' 
X 7' box). 

3. HYDRAULICS AT BASIN OUTFALL (Subsidence Condition] 

a. Tailwater calculations, channel along Northern Avenue at 2 - 6' X 6' box 
culvert outfall. 

b. Culvert hydraulics t o  create inlet rating curve, 2 - 6' X 6' box culvert at 
Northern Avenue. 

c. HEC-2 analysis, outfall channel including basin outlet box culvert (1 - 6' 
X 7' box). 

4. HYDRAULICS FOR BASIN COLLECTOR CHANNELS 
r 

a. "North Collector Channel" at north property line. 

b. "East Collector Channel", outfall from the NE corner designed by  NBS. 

c. "Reems Road Collector Channel" at west boundary. 



HYDROLOGY 

HEC-1 InputIOutput based on WLB's model dated November, 1993: 

Portion of WLB's input data that was modified by WoodIPatel for the 160-acre 
detention basin storage routing. 

Partial runoff summary output table; only pertinent concentration points have 
been included. 



RC .075 .075 .075 3750 .W39 
RX 1000 1001 1002 1360 2780 2998 2999 3000 
RY 1109 1109 1109 1108 1108 1109 1109 1109 

KK CP193 
KN ADD HYDROGRAPHS A T  CP193 
KO 1 1 

HC 2 36.34 
KK SR193 
K n  STORAGE ROUTE THROUGH 74-ACRE DETENTION BASIN 1 AT CP193 
KM 1-6'Xi" BOX CULVERT-INLET ELEVATION = 1089.85 
KN CONVEY FLOUS SOUTH AROUND UEST EDGE OF LUKE AFB 

KO 1 1 

AS 1 STOR 0 0 
SV 0 0 15.56 U.03 104.2 207.3 566.8 
SQ 0 46 108 160 210 299 562 
SE1089.9 1092.0 1093.5 1094.5 1095.5 1097 1102 

KK Dl93 
KN DIVERT TO CP2l2 FROM CP193 

DT Dl212 
D l  0 500 520 580 1OOO 1500 2OOO 2500 3000 5000 

DQ 0 0 0 0 0 0 0 0 0 n 



RUNOFF SUMMARY 

FLOU I N  CUBIC FEET PER SECOND 

T IME IN HOURS, AREA IN SQUARE MILES 

PEAK T I M E  OF AVERAGE FLOU FOR MAXIMUM PERIOD 

OPERATION STATION FLOU PEAK 

t 6-HOUR 24-HOUR 72-HOUR 

B A S I N  MAXIMUM T I M E O F  

AREA STAGE MAX STAGE 
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HYDRCGRAPH AT 

ROUTED TO 
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HYDROGRAPH AT 
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DIVERSION TO 
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2 COMBINED AT 
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DIVERSION TO 
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2 COMBINED AT 

DIVERSION TO 
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2 COMBINED AT 
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ROUTED TO 
+ R205 3962. 18.83 2942. 1158. 1117. 58.19 

HYDROGRAPH AT 

t 206 188. 12.17 14. 3. 3. 0.12 

2 COMBINED AT 
+ CP206 3962. 18.83 2942. 1161. 1120. 58.31 

2 COMBINED AT 
t RCP206 3929. 18.83 2919. 1153. 1112. 68.69 



HYDRAULICS AT BASIN OUTFALL (Desian Condition) 

a. Tailwater calculations, channel along Northern Avenue at 2 - 6' X 6' box 
culvert outfall. 

b. Culvert hydraulics to create inlet rating curve, 2 - 6' X 6' box culvert a t  

Northern Avenue. 

c. HEC-2 analysis, outfall channel including basin outlet box culvert ( 1  - 6' 
X 7' box). 



TRAPEZOIDAL CHANNEL ANALYSIS 
RATING CURVE COMPUTATION 

January 24, 1994 
DYSART DRAIN IMPROVEMENT PROJECT 

CHANNEL DOWNSTREAM OF NORTHERN AVENUE BOX CULVERT 
NORMAL DEPTH TAILWATER CURVE 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE .................................................................... 

.................... Channel Bottom Slope (feet per foot) - 0 .0011  
Manning's Roughness Coefficient (n-value) ..............+ _ 0.4_130 
Channel Side Slope - Left Side (horizontal/vertical) .... . 2.0Q 
Channel Side Slope - Right Side (horizontal/vertical ) .c, ' ., 6 0  
Channel Bottom Width (feet) .............................. - 8.0 x 

1 1 *.-- 

f -  j .. k *  

PROGRAM RESULTS : 
Depth Flow Rate Velocity Froude Velocity Energy Flow Area Top Width 
(ft) (cfs) (ips) Number Head(ft) Head(ft) (sq ft) (ft) .................................................................... 
0.5 10.0 2.21 0.581 0.076 0.576 4.5 10.0 
1.0 33.0 3.30 0.637 0.169 1.169 10.0 12.0 
1.5 68.1 4.13 0.670 0.265 1.765 16.5 14.0 
2.0 115.8 4.82 0.694 0.361 2.361 24.0 16.0 
2.5 176.7 5.44 0.713 0.459 2.959 32.5 18.0 
3.0 251.7 5.99 0.729 0.558 3.558 42.0 20.0 
3.5 341.7 6.51 0.743 0.658 4.158 52.5 22.0 
4.0 447.6 6.99 0.755 0.760 4.760 64.0 24.0 
4.5 570.2 7.45 0.766 0.863 5.363 76.5 26.0 
5.0 710.5 7.89 0.776 0.968 5.968 90.0 28.0 

.................................................................... .................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986 
Dodson & Associates, Inc.! 5629 FM 1960 W., #314, Houston, TX 77069 
(713) 440-3787. A manual wlth equations & flow chart is available. 



Trapezoidal Channel Rating Curve 



January  11, 1994 
DYSART DRAIN IMPROVEMENT PROJECT 

OPTION 6F REVISED FOR CULVERT LENGTH & D . S .  CHANNEL SLOPE 
2-BARREL 6 '  X 6 '  BOX CULVERT AT NORTHERN AVENUE 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE .................................................................... 
C u l v e r t  Span (Width of  Opening) ( f e e t ) . . . . . . . .  .......... 6 - 0 0  

C u l v e r t  R i s e  (Height of Opening) ( f e e t )  ................. 6.00 
FHWA Char t  Number (8 ,9 ,10 ,11 ,12  o r  1 3 )  .................. 8 
S c a l e  Number on Char t  (Type of C u l v e r t  En t r ance )  ........ 1 
Manning's Roughness C o e f f i c i e n t  (n -va lue )  ............... 0.0130 
En t rance  Loss C o e f f i c i e n t  of C u l v e r t  Opening ............ 0.30 
C u l v e r t  Length ( f e e t )  ................................... 155.0 
C u l v e r t  S lope  ( f e e t  p e r  f o o t )  ........................... 0.0013 

PROGRAM RESULTS : 
Flow T a i l w a t e r  Headwater ( f t )  Normal Cri t ical  Depth a t  O u t l e t  
Rate D e p t h I n l e t  O u t l e t  Depth Depth O u t l e t V e l o c i t y  

( c f s )  ( f t )  C o n t r o l  Con t ro l  ( f t )  ( f t )  ( f t )  ( f ~ s )  

.................................................................... .................................................................... 
BOX CULVERT ANALYSIS COMPUTER PROGRAM Vers ion  1 . 6  Copyr ight  ( c )  1986 
Dodson f Associates, I n c . ,  5629 FM 1960 W . ,  R314, Houston, TX 77069 
(713)  440-3787. A l l  R i g h t s  Reserved. 
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........................... ........................... 
B O S S  H E C - 2 ( t m )  

........................... ........................... 

Copyright (C) 1988-92 Boss Corporation 

A L L  Rights Reserved 

Version : 3.10 

Serial  Number : 0070276.250 

Licensed t o  Uood Pate1 Associates 

PROGRAM ORIGIN : 
---------------- 

Boss Hec-2 (tm) i s  an enhanced version of the U.S. Army Corps of Engineers 

Hydrologic Engineering Center HEC-2 program fo r  water-surface p r o f i l e  

computations. Program based upon the September 1990 version, updated on 

August 1991. 

DISCLAIMER : 
------------ 

Boss Hec-2 ( t m )  i s  a complex program which r q u i r e s  engineering expertise 

t o  use correct ly .  Boss Corporation assumes absolutely no responsib i l i ty  

fo r  the correct use of t h i s  program. A L L  resul ts  obtained should be 
carefu l ly  examined by an experienced professional engineer t o  determine 

i f  they are reasonable and accurate. 

Although Boss Corporation has endeavor4 t o  make Boss nec-2 error  free, 

the program i s  not and cannot be c e r t i f i e d  as i n f a l l i b l e .  Therefore, Boss 

Corporation makes no warranty, ei ther i w l i c i t  or exp l i c i t ,  as t o  the 

correct performance o r  accuracy of t h i r  software. 

I n  no event sha l l  Boss Corporation be Liable t o  anyone f o r  special, 

co l la tera l ,  incidental, o r  consequential damages i n  connection with o r  

a r i s ing  out o f  purchase o r  use o f  t h i r  software. The t o l e  and exclusive 

L i a b i l i t y  t o  Boss Corporation, regardless o f  the form o f  action, sha l l  

not exceed the purchase p r i ce  of t h i s  software. 

PROJECT DESCRIPTION : 
----------------- 

PROJECT TITLE : DYSART DRAIN IMPROVEMENT PROJECT 

PROJECT NUMBER : 93030.00 
DESCRIPTION : DETENTION BASIN 193 OUTLET CHANNEL 

ENGINEER : W O D ,  PATEL & ASSOCIATES 

DATE OF RUN : 1/24/7994 

TIME OF RUN : 1 :28  pr 
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T1 93030.00 

12 DYSART DRAIN IMPROVEMENT PROJECT 

13 DETENTION BASIN 193 OUTLET CHANNEL 

T4 OPTION 6 F  REVISED 1/11/94 

JOB PARAMETERS : 
---------------- 

J1 ICHECK INQ NINV I D I R /  STRT f r  METRIC HYINS Q USEL FQ 
I 

0 2 0 0 0.0 20.0 1091.22 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC 1BU CHNIM ITRACE 

1 1 0.0 0.0 0.0 0.0 0.0 -6.0 7 0.0 

USER-DEFINED SUMMARY TABLES ( J 3 )  : 
................................. 

38 42 1 43 26 5 1 4 8 10 53 
54 13 15 150 

REQUESTED CROSS-SECTION PRINTOUTS (J5) : 

NC 0.035 0.035 0.014 0.3 0.5 
UPSTREAH FACE OF BOX CULVERT 

UPSTREAM FACE OF BOX CULVERT 
L b  El3 

NC 0.0 0.0 0.0 0.3 0.5 
X 1  8 0 0.0 0.0 200.0 200.0 200.0 1 .O 0.284 

DOUNSTREAM FACE OF 6 '  X 7' BOX 
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DOUNSTREAM FACE OF 6 '  X 7 '  BOX I 
1 1, f 1 7  .\, I L- 

X I  8.5 7 95.0 105.0 109.0 109.0 109.0 1 .O 0.0 

Y Z  10 0.0 0.0 0.0 0.0 0.0 1102.0 1102.0 0.0 

UPSTREAM FACE OF 6 '  X 7 '  BOX 

UPSTREAM FACE OF 6 '  X 7' BOX 

x1 9 0 0.0 3' 75.0/ 75.0 75.0 1 .O 0.1 

x2 0.0 0.0 2 .  C 1102.0 . 0.0 0 0.0 0.0 
p~ 

X3 10 0.0 0.0 0.0 0.0 0.0 0.0 1102.0 1102.0 

' , 
4 - 

NC 0.025 0.025 0.025 0.0 0.0 \ \ I !  

DETENTION BASIN 193 

DETENTION BASIN 193 
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T1 93030.00 
T2 DYSART DRAIN IMPROVEMENT PROJECT 

T3 DETENTION BASIN 193 OUTLET CHANNEL 

JOB PARAMETERS : 
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J1 ICHECK INQ NINV I D I R  STRT METRIC HVINS Q USEL FQ 

J 2  NPROF IPLOT PRFVS XSECV XSECH FN ALLDC I B U  CHNIM ITRACE 

FLOV DISTRIBUTION : 
------------------- 

C r o s s - S e c t i o n  Nu-r (SECNO) 

T o t a l  D i s c h a r g e  ( c f s ,  Q) 

C o n p u t e d  U a t e r  S u r f a c e  E l e v a t i o n  ( f t  MSL, CUSEL) 

S t a t i o n  ( f t )  = 70.6 92.0 108.0 129.4 
F l o w ( % )  = 8 .7  82.6 8.7 
A r e a  ( s q  f t )  = 51.4 105.0 51.4 
V e t  ( f t / s )  = 1.02 4.72 1 .02 
D c p t h ( f t )  = 2.41 6.56 2.41 

FLOU DISTRIBUTION : 

C r o s s - S e c t  ion Number  (SECMO) 

T o t a l  D i s c h a r g e  ( c f s ,  Q )  

C o m p u t e d  U a t e r  S u r f a c e  E l e v a t i o n  ( f t  MSL, CUSEL) 

S t a t i o n  ( f t )  = 71.8 92.0 108.0 128.2 
F l o w  (%) = 8.1 83.8 8.1 
A r e a  ( s q  tt) = 45.8 100.6 45.8 
V e l  ( f t / s )  = 1.06 4.99 1.06 
D e p t h  ( f t )  = 2.27 6.29 2.27 
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FLOW DISTRIBUTION : 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 73.0 92.0 108.0 127.0 

Flow (?!I = 7.5 84.9 7.5 
Area (sq f t )  = 40.5 96.3 40.5 
Vel ( f t / s )  = 1.11 5.29 1.11 

D e p t h ( f t 1  = 2.14 6.02 2.14 

FLOU DISTRIBUTION : 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 
Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

s ta t ion  ( f t) = 74.2 92.0 108.0 125.8 
Flow (%I = 6.9 86.1 6.9 

Area (rq ft) = 35.7 92.1 35.7 
Vel ( f t l s )  = 1.17 5.61 1.17 
Depth ( f t )  = 2.00 5.76 2.00 

FLW DISTRIBUTION : 
------------------- 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Coaputed uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 75.3 92.0 108.0 124.7 

Flow (X I  = 6.4 87.3 6.4 

Area (sq f t )  = 31.2 88.0 31.2 
vet ( f t / s )  = 1.22 5.95 1.22 

Depth ( f t )  = 1.87 5.50 1.87 

FLOU DISTRIBUTION : 

Cross-Section Number (SECNO) 

Total Discharge (cfr ,  Q) 

Computed Uater Surface Elevation ( f t  nSL, CUSEL) 

Stat ion ( f t )  = 76.3 92.0 108.0 123.7 
Flow ( X I  = 5.8 88.3 5.8 
Area (sq f t )  = 27.6 84.4 27.6 

V e l ( f t / s )  = 1.27 6.28 1.27 

Depth ( f t )  = 1.76 5.27 1.76 
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FLOU DISTRIBUTION : 
------------------- 

Cross-Section Number (SECNO) 
Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Station ( f t )  = 95.0 105.0 

F low(%)  = 100.0 

Area (sq f t )  = 48.0 
Vel ( f t / s )  = 12.51 
Depth ( f t)  = 4.80 

Cross-Section Number (SECNO) 
Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 55.0 95.0 105.0 145.0 
Flow (%I = 27.6 44.9 27.6 

Area (sq f t )  = 271.5 123.7 271.5 

Vel ( f t / s )  = .61 2.18 .61 
Depth ( f t )  = 6.79 12.37 6.79 

FLOW DISTRIBUTION : 

Cross-Section Number (SECNO) 
Total Discharge (cfs, Q) 

Coaputed Uater Surface Elevation ( f t  HSL, CUSEL) 

Stat ion ( f t )  = .O 320.0 
Flow (XI = 100.0 
Area (sq f t )  = 2410.9 

Vel ( f t / s )  = .25 
Depth ( f t) = 7.53 
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SPECIAL NOTE : 
-------------- 

An aster isk (*I  t o  the l e f t  of the cross-section number indicates a special 

note 1s present i n  the SUMMARY OF UARNING AND STATUS MESSAGES section. 

SUMMARY PRINTOUT : DYSART DRAIN IHPROVEMENT PROJECT 
------------------ DETENTION BASIN 193 OUTLET CHANNEL 

93030.00 

Cross- Minimum Computed Discharge Channel U.S. Elev Uater Flow Mean Lef t  Right Le f t  Right 

S e c t i o n  C.  S. U. S. F Lou Mean Flou D i f f  per Surface Depth Velocity U. S. U. S. Overbank Overbank 

Number Elevation Elevation Velocity Section Top Uidth Head Stat ion Station Flow F LOU 
( f t  MSL) ( f t  MSL) (c fs)  ( f t / s )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  (cfs) (c fs)  

SECNO ELMIN CUSEL Q VCH D I F W S X  TOPUID DEPTH HV SSTA ENDST QLOB PRO8 
--------- --------- --------- --------- --------- --------- -------- --------- --------- --------- --------- --------- --------- 
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Cross- Minimum Computed Discharge Channel U.S. €Lev Uater Flow Mean Lef t  Right Le f t  Right 

Section C .  S. U. S. Flow Mean Flow Di f f  per Surface Depth Velocity U. S. U. S. Overbank Overbank 

Number Elevation Elevation Velocity Section Top Uidth Head Station Station Flow Flow 

( f t  MSL) ( f t  MSL) (c fs )  ( f t / s )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  (ft) (c fs)  (c fs)  

SECNO ELMIN CUSEL Q VCH DIFUSX TOPUIO DEPTH HV SSTA ENOST PLOB QROB 
--------- --------- --------- --------- --------- --------- -------- --------- --------- --------- -------- --------- --------- 



BOSS HEC-2 version 3.10 
PROJECT TITLE : DYSART DRAIN INPROVEUENT PROJECT 

PROJECT NUMBER : 93030.00 

PAGE 32 

1 /24/1994 

Cross- Minimum Computed Discharge Channel U.S .  €Lev Uater Flow Mean Lef t  Right Le f t  Right 

Section C.  S .  U. S. Flow Mean Flow D i f f  per Surface Depth Velocity U. S. U. 5. Overbank Overbank 

Number Elevation Elevation Velocity Section Top Uidth Head Stat ion Station Flow F low 
( f t  MSL) ( f t  MSL) (c fs)  ( f t / s )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t)  (c fs )  ( c fs )  

SECNO ELMIN CUSEL Q VCH DIFUSX TOPUID DEPTH HV SSTA ENDST QLOB QROB 

SUMMARY PRINTOUT TABLE 150 : DYSART DRAIN IMPROVEMENT PROJECT 
........................ DETENTION BASIN 193 OUTLET CHANNEL 

93030.00 

Cross- Channel Top o f  Max. Lou Minimum Discharge Corputed C r i t i c a l  Energy Energy Channel Cross- Index Q 
Section Reach Roadway Chord C. S. Flow U. S. U. S. Gradient Gradient Mean Flow Section (0.01 

Nullbcr Length Elevation Elevation Elevation Elevation Elevation Elevation Slope Velocity Area Convey. 

( f t )  ( f t  MSL) ( f t  MSL) ( f t  MSL) (cfs) ( f t  MSL) ( f t  MSL) ( f t  MSL) ' 10,000 ( f t / s )  (sq f t )  

SECNO XLCH ELTRD ELLC ELMIN Q CUSEL CRIUS EG 1W'S VCH AREA .01K 



BOSS HEC-2 version 3.10 

PROJECT TITLE : DYSART DRAIN IMPROVEMENT PROJECT 

PROJECT NUMBER : 93030.00 

PAGE 33 

1 /24/1994 

Cross- Channel Top of Max. Lou Minimum Discharge Computed C r i t i c a l  Energy Energy Channel Cross- Index Q 

Section Reach Roadway Chord C. S. Flow U. S .  U. S. Gradient Gradient Mean Flow Section (0.01 4 

Number Length Elevation Elevation Elevation Elevation Elevation Elevation Slope Velocity Area Convey. ) 

( f t )  ( f t  MSL) ( f t  MSL) ( f t  MSL) (c fs)  ( f t  MSL) ( f t  HSL) ( f t  MSL) l 10,ooo ( f t / s )  (sq f t )  

SECNO XLCH ELTRD ELLC ELMIN a CUSEL CRIUS EG 1 0 ~ 4 s  VCH AREA . O ~ K  
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 
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Cross- Channel Top o f  Max. Lou Minimum Discharge Computed C r i t i c a l  Energy Energy Channel Cross- Index Q 

Section Reach Roadway Chord C.  S. Flow U. S. U. S .  Gradient Gradient Mean Flow Section (0.01 

Nunbcr Length Elevation Elevation Elevation Elevation Elevation Elevation Slope Velocity Area Convey. ) 
( f t )  ( f t  MSL) ( f t  MSL) ( f t  MSL) (c fs )  ( f t  MSL) ( f t  MSL) ( f t  MSL) * 10,000 ( f t / s )  (sq f t )  

SECNO XLCH ELTRO ELLC ELnIN Q CUSEL CRIUS EG 10KfS VCH AREA .01K 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- - 
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cross- Channel Top of Max. Low Minimum Discharge Computed C r i t i c a l  Energy Energy Channel Cross- Index Q 

Section Reach Roadway Chord C.  S. Flow U. S. U. S. Gradient Gradient Mean Flow Section (0.01 4 

Number Length Elevation Elevation Elevation Elevation Elevation Elevation Slope Velocity Area Convey. 

( f t )  ( f t  MSL) ( f t  MSL) ( f t  MSL) (c fs)  ( f t  MSL) ( f t  MSL) ( f t  MSL) 10,000 ( f t / s )  (sq f t )  

SECNO XLCH ELTRD ELLC ELMIN Q CUSEL CRIUS EG 10K*S VCH AREA .01K 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 

SUHHARY PRINTOUT TABLE 150 : DYSART DRAIN IMPROVEMENT PROJECT 
............................ DETENTION BASIN 193 OUTLET CHANNEL 

93030.00 

Cross- Discharge Corputed U.S. Elev U.S. Elev U.S. €Lev Uater Channel 

Section Flow U. S. D i f f  per D i f f  per D i f f  per Surface Reach 

Nunbcr Elevation P r o f i l e  Section Knou/Comp Top Uidth Length 

(c fs)  ( f tMSL) ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  

SECHO Q CUSEL DIFUSP DIFUSX DIFKUS TOPUID XLCH 
-------- -------- ---- ------- --------- -------- ------- -------- 
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Cross- Discharge Computed U.S .  ELev U.S.  €Lev U.S. €Lev Uater ChanneL 

Section FLOW u. S .  D i f f  per D i f f  per D i f f  per Surface Reach 

Number ELevation Pro f i te  Section Knou/Comp Top Uidth Length 

(c fs)  ( f t  MSL) ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  

SECNO Q CUSEL DIFUSP DIFUSX DIFKUS TOPUID XLCH 
--------- --------- --------- --------- --------- --------- --------- --------- 
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Cross- Discharge Computed U.S. Elev U.S. Elev U.S. ELev Uater Channel 

Section Flow U. S .  D i f f  per D i f f  per D i f f  per Surface Reach 

Number Elevation P r o f i l e  Section Knou/Comp Top Uidth Length 

(c fs)  ( f t  n s ~ )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  

SECNO Q CUSEL DIFUSP DIFUSX DIFKUS TOPUID XLCH 
--------- --------- --------- --------- --------- --------- --------- --------- 
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SUMMARY OF WARNING AND STATUS MESSAGES : 
........................................ 

section 8.5, p r o f i l e  1, conveyance change outside acceptable range. 

Section 8.5, p r o f i l e  2 ,  conveyance change outside acceptable range. 

Section 8.5, p r o f i l e  3, conveyance change outside acceptable range. 

Section 8.5, p r o f i l e  4,  conveyance change outside acceptable range. 

Section 8.5, p r o f i l e  5 ,  conveyance change outside acceptable range. 

Section 8.5, p r o f i l e  6, c r i t i c a l  depth assumed. 

section 8.5, p r o f i l e  6, probable minima speci f ic  energy. 

section 8.5, p r o f i l e  6, 20 t r i a l s  attempted t o  balance water surface 

elevation. 

Section 8.5, p r o f i l e  7, c r i t i c a l  depth assuwd. 

Section 8.5, p r o f i l e  7, probable minim. speci f ic  energy. 

Section 8.5, p r o f i l e  7, 20 t r i a l s  atteapted t o  balance water surface 

elevation. 

Section 8.5, p r o f i l e  8, c r i t i c a l  depth assuwd. 

Section 8.5, p r o f i l e  8, probable minim. speci f ic  energy. 

Section 8.5, p r o f i l e  8, 20 t r i a l s  a t t c q t e d  t o  balance water surface 

elevation. 

section 8.5, p r o f i l e  9, c r i t i c a l  depth arruwd. 

Section 8.5, p r o f i l e  9 ,  p r o b b l e  ainimm speci f ic  energy. 

Section 8.5, p r o f i l e  9, 20 t r i a l s  atteapted t o  balance water surface 

elevation. 

Section 8.5, p r o f i l e  10, c r i t i c a l  depth arruwd. 

Section 8.5, p r o f i l e  10, probable minimum speci f ic  energy. 

Section 8.5, p r o f i l e  10, 20 t r i a l s  atteapted t o  balance water surface 

elevation. 

Section 9 ,  p r o f i l e  3, conveyance change outside acceptable range. 

Section 9, p r o f i l e  0, conveyance change outside acceptable range. 
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Section 9, p r o f i l e  5, conveyance change outside acceptable range. 

Section 9, p r o f i l e  6, conveyance change outside acceptable range. 

section 9, p r o f i l e  7, conveyance change outside acceptable range. 

section 9, p r o f i l e  8, conveyance change outside acceptable range. 

section 9, p r o f i l e  9, conveyance change outside acceptable range. 

Section 9, p r o f i l e  10, conveyance change outside acceptable range. 

Section 10, p r o f i l e  1, c r i t i c a l  depth assumed. 

Section 10, p r o f i l e  1, probable minima specif ic energy. 

Section 10, p r o f i l e  1, 20 t r i a l s  attcnpted t o  balance water surface 

elevation. 

Section 10, p r o f i l e  2, c r i t i c a l  depth assumed. 

Section 10, p r o f i l e  2, probable n i n i u m  speci f ic  energy. 

Section 10, p r o f i l e  2, 20 t r i a l s  a t t n p t e d  t o  balance water surface 

elevation. 

section 10, prof i Le 3, conveyance change outside acceptable range. 

Section 10, p r o f i l e  4, conveyance change outside acceptable range. 

Section 10, p r o f i l e  5 ,  conveyance change outside acceptable range. 

Section 10, p r o f i l e  6, conveyance change outside acceptable range. 

Section 10, p r o f i l e  7, conveyance change outr ide acceptable range. 

Section 10, p r o f i l e  8, conveyance change outr ide acceptable range. 

Section 10, p r o f i l e  9, conveymce c h n g .  outside acceptable range. 

Section 10, p r o f i l e  10, c o n v e y ~ c e  change outr ide acceptable range. 

42 Uarning and status wssage(s) generated 

END OF OUTPUT 



Discharge Rating Curve f o r  Cross-Section 9 



Discharge Rating Curve fo r  Cross-Section 10 



HYDRAULICS AT BASIN OUTFALL (Subsidence Condition) 

a.  Tailwater calculations, channel along Northern Avenue at 2 - 6' X 6' box 
culvert outfall. 

b. Culvert hydraulics to create inlet rating curve, 2 - 6' X 6' box culvert at 
Northern Avenue. 

c. HEC-2 analysis, outfall channel including basin outlet box culvert ( 1  - 6' 
X 7' box). 



TRAPEZOIDAL CHANNEL ANALYSIS 
RATING CURVE COMPUTATION 

January 24, 1994 
DYSART DRAIN IMPROVEMENT PROJECT 

CHANNEL DOWNSTREAM OF NORTHERN AVENUE BOX CULVERT 
NORMAL DEPTH TAILWATER CURVE - SUBSIDENCE CONDITION 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE 

.................... Channel Bottom Slope (feet per foot) 0.0009 
Manning's Roughness Coefficient (n-value) ............... 0.0130 
Channel Side Slope - Left Side (horizontal/vertical) .... 2.00 
Channel Side Slope - Right Side (horizontal/vertical) ... 2.00 
Channel Bottom Width (feet) ............................. 8.0 

PROGRAM RESULTS: 
Depth Flow Rate Velocity Froude Velocity Energy Flow Area Top Width 
(ft) (cfs) (fps) Number Head(ft) Head(ft) (sq it) (ft) 

.................................................................... 
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986 
Dodson & Associates, Inc., 5 6 2 9  FM 1960 W . ,  #314, Houston, TX 77069 
(713) 440-3787. A manual with equations & flow chart is available. 



Trapezoidal Channel Rating Curue 



BOX CULVERT A N A L Y S I S  
COMPUTATION OF CULVERT PERFORMANCE CURVE 

January 11, 1994 
DYSART DRAIN IMPROVEMENT P R O J E C T  

O P T I O N  6F WITH S U B S I D E N C E  
2-BARREL 6 '  X 6 '  BOX CULVERT AT NORTHERN AVENUE 

PROGRAM INPUT DATA: 
D E S C R I P T I O N  VALUE .................................................................... 
C u l v e r t  Span ( W i d t h  of O p e n i n g )  ( f e e t )  .................. 6.00 
C u l v e r t  Rise (Height of Opening) ( f e e t )  ................. 6.00 
FHWA C h a r t  N u m b e r  (8,9,10,11,12 o r  13) .................. 8 
Scale N u m b e r  on C h a r t  ( T y p e  of C u l v e r t  E n t r a n c e )  ........ 1 
M a n n i n g ' s  R o u g h n e s s  C o e f f i c i e n t  ( n - v a l u e )  ............... 0.0130 
E n t r a n c e  L o s s  C o e f f i c i e n t  of C u l v e r t  O p e n i n g  ............ 0.30 
C u l v e r t  L e n g t h  ( f e e t )  ................................... 155.0 
C u l v e r t  Slope ( f e e t  p e r  f o o t )  ........................... 0.0013 

PROGRAM RESULTS : 
F l o w  T a i l w a t e r  H e a d w a t e r  ( f t )  N o r m a l  C r i t i c a l  D e p t h  a t  O u t l e t  
R a t e  D e p t h  I n l e t  O u t l e t  D e p t h  D e p t h  O u t l e t  V e l o c i t y  

( c f s )  ( f t )  C o n t r o l  C o n t r o l  ( f t )  ( f t )  ( f t )  ( f p s )  .................................................................... 
10.0 0.80 0.68 3.02 0.63 0.44 0.80 2.08 
20.0 1.15 1.09 3.16 0.99 0.70 1.15 2.90 
30.0 1.50 1.43 3.28 1.30 0.92 1.50 3.33 
40.0 1.80 1.74 3.39 1.58 1.11 1.80 3.70 
50.0 2.00 2.03 3.50 1.85 1.29 2.00 4.17 
100.0 2.80 3.25 4.03 3.07 2.05 2.80 5.95 
150.0 3.50 4.30 4.61 4.19 2.69 3.50 7.14 
200.0 4.00 5.24 5.26 5.27 3.26 4.00 8.33 
250.0 4.50 6.11 5.99 6.00 3.78 6.00 6.94 
300.0 4.90 6.93 6.81 6.00 4.27 6.00 8.33 

.................................................................... 

BOX CULVERT ANALYSIS COMPUTER PROGRAM V e r s i o n  1.6 C o p y r i g h t  ( c )  1986 
D o d s o n  & A s s o c i a t e s ,  Inc . ,  5629 FM 1960 W., R314, H o u s t o n ,  TX 77069 
(713) 440-3787. All R i g h t s  Reserved. 
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........................... ........................... 
B O S S  H E C - 2 ( t m )  

........................... .......................... 

Copyright ( C )  1988-92 Boss Corporation 
A L L  Rights Reserved 

Version : 3.10 

Ser ia l  Number : 0010276.250 

Licensed t o  Wood Patel Associates 

PROGRAM ORIGIN : 

Boss Hec-2 (tm) i s  an enhanced version o f  the U.S. Army Corps o f  Engineers 

Hydrologic Engineering Center HEC-2 program fo r  water-surface p r o f i l e  
coaputations. Program based upon the September 1990 version, updated on 

August 1991 . 

DISCLAIMER : 
------------ 

Boss Hec-2 ( t m )  i s  a colnplex program which requires engineering expertise 
t o  use correct ly.  Boss Corporation assumes absolutely no responsib i l i ty  

f o r  the correct use o f  t h i s  program. A l l  resu l ts  obtained should be 

carefu l ly  examined by an experienced professional engineer t o  determine 
i f  they are reasonable a d  accurate. 

Although Boss Corporation har endeavored t o  make Boss Hec-2 error free, 

the program i s  not a d  cannot be c e r t i f i e d  as i n f a l l i b l e .  Therefore, Boss 
Corporation makes no warranty, e i ther  i q l i c i t  o r  exp l i c i t ,  as t o  the 

correct performance or accuracy of t h i s  software. 

I n  no event sha l l  Boss Corporation be l i a b l e  t o  anyone fo r  special, 

co l la tera l ,  incidental, o r  consequential damages i n  connection wi th  o r  

a r i s ing  out o f  purchase o r  use of t h i s  software. The sole and exclusive 

l i a b i l i t y  t o  Boss Corporation, regardless o f  the form o f  action, sha l l  
not exceed the purchase p r i c e  o t  t h i s  software. 

PROJECT DESCRIPTION : 
------- 

PROJECT TITLE : DYSART DRAIN IMPROVEMENT PROJECT 

PROJECT NUMBER : 93030.00 
DESCRIPTION : DETENTION BASIN 193 OUTLET CHANNEL 

ENGINEER : WOOD, PATEL & ASSOCIATES 
DATE OF RUN : 7/24/1994 
TIME OF RUN : 1 :36 pm 



BOSS HEC-2 version 3 . 1 0  
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1 / 2 4 / 1 9 9 4  

T1 9 3 0 3 0 . 0 0  

1 2  DYSART DRAIN IMPROVEMENT PROJECT 
T 3  DETENTION BASIN 1 9 3  OUTLET CHANNEL 

T 4  ELEVATIONS I N  THIS MODEL ARE LOUERED FOR SUBSIDENCE (FUTURE 
T 4  CONDITION) COHPARED TO THE MODEL 6 F  DATED 1 2 / 2 0 / 9 3 .  

JOB PARAMETERS : 

J1 ICHECK INQ NINV I D I R  STRT METRIC HVINS Q USEL FQ 

JZ NPROF IPLOT PRFVS XSECV XSECH FN ALLDC I B U  CHNIM ITRACE 

USER-DEFINED SUMMARY TABLES ( J 3 )  : 
................................ 

3 8  4 2  1 4 3  2 6  
5 4  13 15 1 5 0  

REQUESTED CROSS-SECTION PRINTOUTS ( J 5 )  : 
........................................ 

NC 0 .035  0 .035  0 . 0 1 4  0 . 3  0 .5  
UPSTREAM FACE OF BOX CULVERT 

UPSTREAM FACE OF BOX CULVERT 

NC 0.0 0.0 0.0 0 . 3  0 . 5  

X1 8 0 0.0 0.0 200.0 200.0 2 0 0 . 0  1.0 0.06312 
DOUNSTREAH FACE OF 6' X 7'  BOX 
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DOUNSTREAM FACE OF 6 '  X 7 '  BOX 

SC 1.014 0.3 2.6 25.0 7.0 6.0 75.0 
UPSTREAM FACE OF 6 '  X 7' BOX 

UPSTREAM FACE OF 6 '  X 7 '  BOX 

NC 0.025 0.025 0.025 0.0 0.0 
DETENTION BASIN 193 

DETENTION BASIN 193 

X 1  10 4 0.0 320.0 100.0 100.0 100.0 

GR 1090.5 0.0 1080.8 100.0 1080.8 220.0 1030.5 
FLOW DISTRIBUTION : 
------------------- 

( f t  MSL, CUSEL) 

\ 
S t a t i o n  ( f t )  = 87\ 92.0 108.0 113.0 

\ F l o w  (%) = \ 98.5 .8 
'- A r e a  (sq f t )  = 2.5 \U.O 2.5 

V t L  ( f t / s )  = .06 
o e p t k  ( f t )  = .50 '. 

\ 

FLOU DISTRIBUTION : , 

----------------- '. 

T o s s - S e c t i o n  Number  (SECNO) 

T-1 D i s c h a r g e  ( c f s ,  Q) \... 
cop\Water S u r f a c e  E l e v a t i o n  ( I C M S L ,  CWSEL) . 

\ 
'\ 

\ '. 

S t a t i o n  (It) \ 87.3 112.7 
F l o w  ( X I  =.., 

\ 
. 7  

A r e a  ( s q  f t )  = '-. 2.2 43.0 
V e l  ( f t / s )  = 
D e p t h  ( f t )  = .47 
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h a t i o n  (fh) = . 320:0 
Flow ( X )  = 100.0 
Area (sq tt) = 2230.3 \ 
vet ( f t / s )  = .22 

11 93030.00 

T2 DYSART DRAIN  IMPROVEMENT PROJECT 

T3 DETENTION BASIN 193 OUTLET CHANNEL 

JOB PARAMETERS : 
---------------- 

J1 ICHECK INQ NINV I D I R  STRT METRIC HVINS Q USEL FQ 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBU CHNIH ITRACE 

FLOW DISTRIBUTION : 

Cross-Section Number (SECNO) 
Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 67.5 92.0 108.0 132.5 
Flou (%) = 9.8 80.4 9.8 
A r M  ( ~ q  ft) = 60.0 106.4 60.0 

ve l  ( f t / s )  = .98 4.53 .98 

Depth ( f t )  = 2.45 6.65 2.45 

FLW DISTRIBUTION : 

Cross-Section N u h r  (SECNO) 

Total Discharge (cfs, Q) 

Corputed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 67.6 92.0 108.0 132.4 
F low(%) = 9.8 80.5 9.8 

Area (sq f t )  = 59.3 105.9 59.3 

vet ( f t / s )  = .99 4.56 .99 
Depth ( f t )  = 2.44 6.62 2.44 
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FLOU DISTRIBUTION : 
------------------- 

Cross-Section Number (SECNO) 

Total Discharge (c fs ,  Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 67.8 92.0 108.0 132.2 

Flow (2)  = 9.7 80.6 9.7 

Area (sq f t )  = 58.5 105.4 58.5 

vet ( f t / s )  = .99 4.59 .99 

Depth ( f t )  = 2.42 6.59 2.42 

FLOW DISTRIBUTION : 
------------------- 

Cross-Section Number (SECNO) 

Total Discharge (cfs, 9) 

Computed Uater Surface Elevation ( f t  HSL, CUSEL) 

Stat ion ( f t )  = 68.0 92.0 108.0 132.0 
F low(%) = 9.6 80.8 9.6 
Area (sq f t )  = 57.8 104.9 57.8 

Vet ( f t / s )  = 1.00 4.62 1 .OO 
Depth ( f t )  = 2.40 6.56 2.40 

FLOU DISTRIBUTION : 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CWSEL) 

Stat ion ( f t )  = 68.1 92.0 108.0 131.9 
F low(%)  = 9.5 80.9 9.5 

Area (sq f t )  = 57.0 104.4 57.0 
Vet ( f t / s )  = 1.00 4.65 1.00 
Depth ( f t )  = 2.39 6.53 2.39 

FLOW DISTRIBUTION : 
------------------ 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Conputed Water Surface Elevation ( f t  MSL, CWSEL) 

Stat ion ( f t )  = 68.3 92.0 108.0 131.7 
F low(%) = 9.5 81.1 9.5 

Area (sq f t )  = 56.3 106.0 56.3 

Vel ( f t / s )  = 1 .O1 4.68 1 .O1 

D e p t h ( f t )  = 2.37 6.50 2.37 
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FLOU DISTRIBUTION : 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 97.0 103.0 
Flow ( % I  = 100.0 
Area (sq f t )  = 40.5 
Vet ( f t / s )  = 14.81 
Depth ( f t )  = 6.75 

FLOU DISTRIBUTION : 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Conputed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion ( f t )  = 55.0 95.0 97.0 103.0 105.0 145.0 

Flow (%I  = 30.1 3.1 33.5 3.1 30.1 

Area (sq f t )  = 281 .1 24.0 78.0 24.1 281.1 
Vel ( f t / s )  = .64 .78 2.58 .78 .64 

Depth ( f t )  = 7.03 12.00 13.00 12.03 7.03 

FLOU DISTRIBUTION : 
------------------- 

Cross-Section Number (SECNO) 

Total Discharge (cfs, Q) 

Computed Uater Surface Elevation ( f t  MSL, CUSEL) 

Stat ion (ft) = .O 320.0 
Flow ( % I  = 100.0 

Area (sq f t )  = 2518.8 
Vet ( f t / s )  = .24 
Depth ( f t )  = 7.87 



BOSS HEC-2 version 3.10 

PROJECT TITLE : DYSART DRAIN  IMPROVEMENT PROJECT 

PROJECT NUMBER : 93030.00 

PAGE 30 

1 /24/1994 

SPECIAL NOTE 

An aster isk ( * I  t o  the Left  of the cross-section number indicates a special 

note 1s present i n  the SUMMARY OF UARNING AND STATUS MESSAGES section. 

SUMMARY PRINTOUT : DYSART DRAIN IMPROVEMENT PROJECT 
------------------ DETENTION BASIN 193 OUTLET CHANNEL 

93030.00 

Cross- Minimum Computed Discharge Channel U.S. Elev uater Flow Mean Le f t  Right Le f t  Rlght 

Section C.  S. U. S. F Low Mean Flow Di f f  per Surface Depth Velocity U. S. U. S. Overbank Overbank 

Number Elevation Elevation Velocity Section Top Uidth Head Stat ion Stat ion Flow F Lou 

( f t  MSL) ( f t  MSL) (c fs)  ( f t / s )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  (c fs)  (c fs)  

SECNO ELMIN CUSEL Q VCH DIFUSX TOPUID DEPTH HV SSTA ENDST QLOB QROB 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 
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Cross- Minimum Computcd Discharge Channel U.S. Elev Uater Flow Mean Le f t  Right L e f t  Right 

Section C .  S .  U. S.  F Low Mean FLOW O i f f  per Surface Depth Veloci ty U. S. U .  S. Overbank Overbank 

Number Elevat ion Elevat ion Ve loc i ty  Section Top Uidth Head Sta t ion Sta t ion Flow F Low 

( f t  MSL) ( f r  ~ S L )  ( c f s )  ( t t / s )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( c f s )  ( c ~ s )  

SECNO ELMIN CUSEL Q VCH DIFWSX TOPUID DEPTH HV SSTA ENDST QLOB QROB 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 
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Cross- Minimum Computed Discharge Channel U.S. Elev Uater Flow Mean Le f t  Right Lef t  Rlght 

Section C .  S. U. S. F Lou Mean Flow D i f f  per Surface Depth Velocity U. S. U. S. Overbank Overbank 

Number Elevation Elevation Ve loc~ ty  Section Top Uidth Head Stat ion Station Flou F Lou 

( f t  MSL) ( f t  MSL) (c fs )  ( f t / s )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  (cfs) ( c fs )  

SECNO ELMIN CUSEL Q VCH DIFUSX TOPUID DEPTH HV SSTA ENDST QLOB QROB 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 

SUMMARY PRINTOUT TABLE 150 : DYSART DRAIN IMPROVEMENT PROJECT 
....................... DETENTION BASIN 193 OUTLET CHANNEL 

93030.00 

Cross- Channel Top o f  Max. Low Minimum Discharge Coqutcd C r i t i c a l  Energy Energy Channel Cross- Index Q 

Section Reach Roadway Chord C. S. Flow U. S. U.  S. Gradient Gradient Mean Flow Section (0.01 

Number Length ELevation Elevation Elevation Elevation Elevation Elevation Slope Velocity Area Convey. 

( f t )  ( f t  MSL) ( f t  HSL) ( f t  MSL) (c fs)  ( f t  MSL) ( f t  MSL) ( f t  MSL) 10,000 ( f t / s )  (sq f t )  

SECNO XLCH ELTRD ELLC ELMIN Q CUSEL CRIUS EG 10K*S VCH AREA .01K 
--------- -------- ----- ---- ---- -- --- -------- -------- -------- -------- 
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Cross- Channel Top of Max. Lou Minimum Discharge Computed C r i t i c a l  Energy Energy Channel Cross- Index Q 

Section Reach Roadway Chord C.  S .  Flow U. 5. U. S. Gradient Gradient Mean Flow Section (0.01 + 

Number Length Elevation Elevation Elevation Elevation Elevation Elevation Slope Velocity Area Convey. ) 

( f t )  ( f t  MSL) ( f t  MSL) ( f t  MSL) (cfs) ( f t  MSL) ( f t  MSL) ( f t  MSL) 10,000 ( f t / s )  (sq f t )  

SECNO XLCH ELTRD ELLC ELMIN Q CUSEL CRIUS EG 10K*S VCH AREA .01K 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 
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Cross- Channel Topof  Max. Lou Minimum OischargeConputed C r i t i c a l  Energy Energy Channel Cross- IndexQ 

Sect~on Reach Roadway Chord C.  S. Flow U. S .  U. S. Gradlent Gradient Mean Flow Section (0.01 

Number Length Elevation Elevation Elevation Elevation Elevation Elevation Slope Veloclty Area Convey. ) 

( f t )  ( f t  MSL) ( f t  MSL) ( f t  MSL) (cfs) ( f t  MSL) ( f t  MSL) ( f t  MSL) 10,000 ( f t / s )  (sq f t )  

SECNO XLCH ELTRD ELLC ELPIIN Q CUSEL CRIUS EG 10K*S VCH AREA .O1 K 
_____--_- _-------- --------- --------- --_____-_ ----_---- --------- --____--_ __-______ __------- _------__ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
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Cross- Channel Top o f  Max. Lou Minimum Discharge Computed C r i t i c a l  Energy Energy Channel Cross- Index Q 

Section Reach Roadway Chord C .  S. Flow U. S. U. S. Gradient Gradient Mean Flow Section (0.01 

Number Length Elevation Elevation Elevation Elevation Elevation Elevation Slope ve loc i ty  Area Convey. ) 

( f t )  ( f t  RSL) ( f t  MSL) ( f t  MSL) (c fs )  ( f t  MSL) ( f t  RSL) ( f t  MSL) 10,000 ( f t / t )  (sq f t )  

SECNO XLCH ELTRD ELLC ELMIN Q CUSEL CRIUS EG 10K*S VCH AREA .01K 
--------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- 

SUMMARY PRINTOUT TABLE 150 : DYSART DRAIN IMPROVEMENT PROJECT 
............................ DETENTION BASIN 193 OUTLET CHANNEL 

93030.00 

Cross- Discharge Computed U.S. Elev U . S .  Elev U.S. Elev Uater Channel 

Section Flow U. S. D i f f  per D i f f  per D i f f  per Surface Reach 

Number Elevation P r o f i l e  Section Know/Comp Top Uidth Length 

(c fs)  ( f t  MSL) ( f t )  ( f t )  ( f t )  ( f t )  (ft) 

SECNO Q CUSEL DIFUSP DIFUSX DIFKUS TOPUID XLCH 
-------- --------- --------- --------- --------- --------- -------- -------- 
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Cross- Discharge Computed U.S. ELev U.S. ELev U.S. €Lev Uater Channel 

Section Flow U. S. D i f f  per D i f f  per D i f f  per Surface Reach 

Number Elevation Pro f i l e  Section Knou/Comp Top Uidth Length 

(c fs )  ( f t  MSL) ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  

SECNO Q CUSEL D I F U S P  D I F U S X  DIFKUS TOPUID XLCH 
--------- --------- --------- --------- --------- --------- --------- --------- 
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Cross- Discharge Computed U.S. €Lev U.S. Elev U.S. €Lev Water Channel 

Section Flow U. S. D i f f  per D i f f  per D i f f  per Surface Reach 

Number E levat ion  P r o f i l e  Section KnouIComp Top Uid th  Length 

( c f s )  ( f t U S L )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  

SECNO Q CUSEL DIFUSP DIFUSX DIFKUS TOPUID XLCH 
--------- --------- --------- --------- --------- --------- --------- --------- 
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SUMMARY OF UARNING AND STATUS MESSAGES : 
........................................ 

Section 8.5 ,  p r o f i l e  1, conveyance change outside acceptable range. 

Section 8.5 ,  p r o f i l e  2, conveyance change outside acceptable range. 

Section 8.5 ,  p r o f i l e  3, conveyance change outside acceptable range. 

Section 8 .5 ,  p r o f i l e  4, conveyance change outside acceptable range. 

section 8.5 ,  p r o f i l e  5, conveyance change outside acceptable range. 

Section 8.5 ,  p r o f i l e  6, c r i t i c a l  depth assumed. 

Section 8.5 ,  p r o f i l e  6, minimum specif ic energy 

section 8.5 ,  p r o f i l e  7, c r i t i c a l  depth assumed. 

Section 8.5, p r o f i l e  7, probable minimum speci f ic  energy. 

section 8.5, p r o f i l e  7, 20 t r i a l s  attempted t o  balance water surface 

elevation. 

section 8.5 ,  p r o f i l e  8, c r i t i c a l  depth assumed. 

Section 8.5 ,  p r o f i l e  8, probable minimum specif ic energy. 

Section 8.5 ,  p r o f i l e  8, 20 t r i a l s  attempted t o  balance water surface 

elevation. 

Section 8.5, p r o f i l e  9, c r i t i c a l  depth assumed. 

Section 8.5, p r o f i l e  9, probable ainiaurn speci f ic  energy. 

Section 8.5, p r o f i l e  9, 20 t r i a l s  a t t n p t e d  t o  balance water surface 

elevation. 

Section 8.5, p r o f i l e  10, c r i t i c a l  depth assumed. 

Section 8.5, p r o f i l e  10, probable miniurn speci f ic  energy. 

Section 8.5, p r o f i l e  10, 20 t r i a t s  a t t c lp ted  t o  balance water surface 

elevation. 

Section 9, p r o f i l e  5, conveyance change outside acceptable range. 

Section 9, p r o f i l e  6, conveyance change outside acceptable range. 

Section 9, p r o f i l e  7, conveyance change outside acceptable range. 
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Section 9, p r o f i l e  8, conveyance change outside acceptable range. 

section 9, p r o f i l e  9, conveyance change outside acceptable range. 

section 9, p r o f i l e  10, conveyance change outside acceptable range. 

Section 10, p r o f i l e  1, conveyance change outside acceptable range. 

Section 10, p r o f i l e  2, conveyance change outside acceptable range. 

Section 10, p r o f i l e  3, conveyance change outside acceptable range. 

section 10, p r o f i l e  4, conveyance change outr ide acceptabLe range. 

Section 10, p r o f i l e  5, conveyance change outside acceptable range. 

Section 10, p r o f i l e  6, conveyance change outside acceptable range. 

Section 10, p r o f i l e  7, conveyance change outside acceptable range. 

Section 10, p r o f i l e  8, conveyance change outside acceptable range. 

Section 10, p r o f i l e  9, conveyance change outside acceptable range. 

Section 10, p r o f i l e  10, conveyance change outside acceptable range. 

35 Uarning and status ncssage(s) generated 

END OF OUTPUT 



Discharge Rating Curve f o r  Cross-Section 9 

J 

Water Surface Energy Grade Line 



Discharge Rating Curve fo r  Cross-Section 10 

Water Surface 
Discharge cfs 

Energy Grade Line 





HYDRAULICS FOR BASIN COLLECTOR CHANNELS 

a. "North Collector Channel" at nor th property line. 

b.  "East Collector Channel", outfall f rom the NE corner designed b y  NBS. 

c .  "Reems Road Collector Channel" at west  boundary. 



................*..*...*.......*..***....... 

. HEC-2 WATER SURFACE P R O F I L E S  

. Version 4 . 6 . 2 ;  May i991 

RLN DATE 39FFB94 TIME 14:47.38 .... 1........*........*...............*..... 

.................*.*..***.*...***...*.. 
3 . 5  ARMY X R P S  3F ENGINEERS 

HYDROLOGIC E N G I M E R I S G  :ENTER 

6 0 9  SECOND S T R E E T ,  S U I T E  D 

D A V I S ,  CALIFORNIA 35616.4537 

(916) 756-1134 

.*.......*..*.....*..*.....r..r 
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T H I S  RUN EXECJTED 9 9 F E B 9 4  1 4 : 4 7  38 ..................................... 
HEC-2 WATER SURFACE ? R O F I L E S  

Version 4 . 6  2 .  May :33:  ..................................... 

DYSART DRAIN IMPROVEMENT PROJECT 

NORTH COLLECTOR CHRNNEL - PROP9SED CONDITION 

T H I S  MODEL WAS STARTED LTSING THE PEAK STAGE I N  DETENTION B A S I N  S R 1 9 3  

LLTECK INQ NINV IDIR STRT WSEL , Fa METRIC W I N S  O 

NPROF I P L O T  PRFVS XSECV XSECH FN W D C  IBW CHNIM ITRACE 

VARIABLE CODES FOR SlJM4AP.Y PRINTOLT 

IN DETENTION B A S I N  O NORTH COLLECPOR ClWNW4L O U R S T  

2 0 0 0 50.0 50.0 50.0 1.0 0 . 1 2 5  
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THIS RUN EXECUTED J9FEB94 k4.47 1 3  ..................................... 
HEC-2 WATER SURFACE PROFILES 

'/ers;gn 4 6.2; Yay I991 ..................................... 

NCTE- ASTERISK . ' '  AT LEFT 3F CROSS-SECTI3N NUMBER INDICATES MESSAGE IN SUMWXY OF ERRORS LIST 

NORTH COLLECTOR CHANNEL 

SUMMARY PRINTOrn 

SECNO 

300 

1.000 

2.000 

3.000 

4 000 

5.000 

5.000 

7.000 

8 000 

9.000 

10.300 

11.000 

12.000 

13.000 

14.000 

15.000 

16.000 

CWSEL 

1099.50 

1100.34 

1101.68 

1102.07 

1102.38 

1102.63 

1102.86 

1103.07 

1103.15 

1103.23 

1103.32 

1103.53 

1103.80 

1104.14 

1104.52 

1104.95 

1105.41 

VCH DIFWSX 

.85 .OO 

10.72 .84 

7.84 1.34 

7.36 .39 

7.07 .30 

6.87 .26 

6.73 .23 

6.61 .21 

6.66 .08 

6.91 .08 

7.16 .09 

7.64 .21 

8.07 .27 

8.39 .33 

8.63 .38 

8.81 .43 

8.91 .46 

TOPWID 

318.00 

26.52 

30.15 

30.97 

31.50 

31.50 

31.50 

31.50 

31.50 

31.50 

31.34 

30.48 

29.79 

29.31 

28.96 

28.73 

28.59 

DEPTH HV 

4.00 .01 

4.84 1.79 

6.06 .96 

6.32 .84 

6.50 .78 

6.63 .73 

6.73 .70 

6.82 .68 

6.78 .69 

6.61 .74 

6.45 .80 

6.16 .91 

5.93 1.01 

5.76 1.09 

5.65 1.16 

5.57 1.20 

5.53 1.23 

SSTA ENDST 

841.00 1159.00 

986.78 1013.30 

984.97 1015.12 

984.56 1015.53 

984.30 1015.80 

984.30 1015.80 

984.30 1015.80 

984.30 1015.80 

984.30 1015.80 

984.30 1015.80 

984.38 1015.72 

984.81 1015.29 

985.15 1014.94 

985.39 1014.70 

985.56 1014.52 

985.68 1014.41 



SECNO E L M I N  CWSEL VCH DIFWSX TOPWID DEPTH H'J SSTA ENDST ?LCB 2RC3 

1 7 ? C S  1150.38 L105.89 1000.00 8.96 48 28.53 5 51 1.25 985.78 1314.31 'I c .;I 

1.25 985.78 1014 30 0 0 
. - 

: 3 . 3 0 0  1100 6 3  1196.13 1300.30 8.97 .25 28.52 5.51 
u" 

I 



NORTH COLLECTOR CHANNEL 

SbMMARY PRINTCUT TABLE :SO 

SECNC XLCH ELTRD ELLC ELMIN P CWSEL CRIWS EG 13'K.S 'JCH AREA >1K 

200 00 I0 .OO 1095.50 1900.50 1099 .50 .OO 1099.51 . 7 0  .95 i;75.30 1192.42 

1.000 90.30 .30 .OO 1095.50 1000.00 1100.34 1100.34 1102.13 137.24 i0.72 93 25 35 36 

2.200 50.00 3 0 .50 1095.63 1000.~0 1101.68 .OO 1102.64 58.14 7.d4 l27.55 131 15 

3.350 50.50 .OO .30 1095.75 1000.00 1102.07 .OO 1102.91 48.87 7 36 135 3 7  143 24 

4.200 50.00 0 0  .OO 1095.88 1000.00 1102.38 00 1103.15 43.85 7.07 141 39 :Si.>: 
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NCRTH ZOLLECTOR C!-WNNEL 

S'LW-WRY ?R:NTC)bT TABLE i50 

DIFWSP 

. o o  

. 3 0  

. 3 0  

.oo 

5 0 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

. o o  

. o o  

.oo 

.oo 

TOPWID 

318.00 

26.52 

30 15 

30.97 

31.50 

31.50 

31.50 

31.50 

31.50 

31.50 

31.34 

30.48 

29.79 

29.31 

28.96 

28.73 

28.59 

28.53 

28.52 



SLMMARY SF ERRORS ;WD S P E C I A L  NOTES 

ZAbi'iICIN SECNO- 1 2 3 0  PROFILE.  1 C R I T I C A L  DEPTH ASSUMED 

ZALTTION SECNO- 1 0 0 0  PROFILE.  PROBABLE MINIMUM S P E C I F I C  ENERGY 

ZAVTION SECNO- 1 . 0 0 0  P R O F I L E =  1 2 0  T R I A L S  ATTEMPTED TO BALANCE WSEL 

NARNING SECNO- 2 . 0 0 0  P R O F I L E -  1 CONVEYANCE CHANGE O U T S I D E  ACCEPTABLE RANGE 

WAiWING SECNO- 8 0 0 0  P R O F I L E -  1 ZONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 



.......... *..........**..........*..*....... 

. HEC-2 WATER SURFACE PROFILES 
'Jerslon 4 6 . 2 ;  May 1991 

RUN DATE 39FEB94 TIME 1 4 : 4 6 : 3 9  . ..*... ill...*..........................*.*.* 

.....*..**.*............*...*.......... 
3.S ARMY ZCRPS 3F ENGIEERS 

HYDROLCGIC ENGINEERING X X E R  

609 SECOND STREET, S X i T 3  3 

DAVIS. CRLiF0RV:A 3 5 5 1 5 - 4 5 9 -  

(9161 756-1134 ....*....... *.......................... 



..................................... 
.,-- ; , - 2  WATER 3LXFACE PROFILES 

r THIS  RUN EXECUTED 09FEB94 1 4  : 4 6 :  3 9  

1 ' (\ ,. 

T2 DYSART DRAIN IMPROVEMENT PROJECT 

T? EAST COLLECT3R CHANNEL - PROPOSED CONDITION 

T4 THIS  MODEL WAS STARTED USING THE PEAK STAGE I N  DETENTION BASIN S R 1 9 3  

2 1  'CHECK I N Q  N I N V  IDIR STRT METRIC W I N S  Q WSEL FQ 

22 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

5 3  VARIABLE CODES FOR SW+T+lARY PRINTOUT 

J 5  LPRNT W E C  '*'*'.'*REQUESTED SECI'ION NUMBERS**"'*** 

I N  DETENTION BASIN O NORTH COLLGCMR CHAHNgL OUFL5T 
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THIS RUN EXECUTED 09FEB94 14.46:33 ..................................... 
X E C - 2  WATER SLTFACE P R C F I L E S  

V e r s x o n  4 6 . 2 .  May 1391 ..................................... 

EAST CZLLECTOR CHANNEL - 

SLMMARY PRINTOUT 

SECNO 

0 0 0 

1.000 

2.000 

3.000 

4. OC0 

5.000 

6.000 

CWSEL 

i099.50 

1098.66 

1099.31 

1099.78 

1100.25 

1100.72 

1101.19 

DIFWSX 

.oo 

- .84 

.66 

.47 

.47 

.47 

.47 

TOPWID 

327.60 

31.82 

32.54 

32.51 

32.49 

32.48 

32.48 

DEPTH 

4.80 

3.96 

4.14 

4.13 

4.12 

4.12 

4.12 

S S T A  ENDST 

836.20 1163.80 

984.09 1015.91 

983.73 1016.27 

983.75 1016.25 

983.75 1016.25 

983.76 1016.24 

983.76 1016 24 
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EAST 23LLECTOR 3ANNEL - 

S L W Y  PR:?;TOUT TABLE 

ELLC ELMIN 

. o o  1094.70 

00 1094.70 

00 1095.17 

.OO 1095.65 

.OO 1096.12 

.OO 1096.60 

.OO 1097.07 

a CWSEL 

840.30 1099.50 

840.00 1098.66 

840.00 1099.31 

840.30 1099.78 

840.00 1100.25 

840.00 1100.72 

840.00 1101.19 



BAST C3LLECT3R CHANNEL - 

j L W Y  T R I Y T O L T  TABLE 1 5 0  

DIFWSX 

. o o  

- .  8 4  

.66 

. 4 7  

. 4 7  

. 4 7  

. 4 7  

TOPWID 

3 2 7 . 6 0  

3 1 . 8 2  

3 2 . 5 4  

3 2 . 5 1  

3 2 . 4 9  

3 2 . 4 8  

3 2 . 4 8  



S L W Y  3F ERRCRS AND SPECIAL NOTES 

WARNZNG SECNO- : ? O C  PROFTLE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

PAGE 5 



........ r.r......*.*...r.r.r...*...*...*.*.*...* 

HEC-2 WATER SURFACE PROFILES 

. 'Jersron 4.6.2; May 1991 

RUN ?ATE 09FEB94 TIME 14 -45:21 . .... ll....l.r...l.*..*..........**.......... 

X  X  XXXXXXX XXXXX 

X  X X  X  X  

X  X X  X  

XXXXXXXXXXX X  

X  X X  X  

X  X X  X  X  

X  X  XXXXXXX XXXXX 

..*................*................... 
2 .  S ARMY CORPS 2F ENGIYEERS 

YYDROLCGIC ENGINEERING CENTER 

* 609 SECOM) STREET, SUITE 3 

DAVIS. CALIFORNIA 95615-4687 

19161 756-1194 ....... t.."............................ 

XXXXX 

X X  

X  

XXXXX XXXXX 

X  

X 

XXXXXXX 



THIS  RUN EXECUTED 0988894 14 4 5  21 ......*....... *.*........*.....*...** 
X E C - 2  WATER SURFACE TRCFILES 

Verslon 4 . 6 . 2 ;  May i991 

.................*t.... t............. 

T4 THIS  MODEL WAS STARTED USING THE PEAK STAGE I N  ~ E T E N T I O N  aASIN S R 1 9 3  

/" 
31 II"HECK INQ NINV I D I R  STRT ' W I N S  Q WSEL F Q  

;2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

5 3  VARIABLE CODES FOR SLBMARY PRINTOUT 

J5 LPRNT' NUMSEC *.*....*REQUESTED S E ~ I O N  NUMBERS..*.*.** 

I N  DETENTION BASIN @ REEMS COLLECI'OR CIUNNEL OU!LFX 

X 1 2 0 0 0 5 0 . 0  5 0 . 0  5 0 . 0  1 . 0  0 . 2 8 5  0 





..................................... 
3EC-2 WATER SURFACE PROFILES 

THIS RUN EXECUTED 39FEB94 14.45.22 

V e r s l o n  5 . 6 . 2 .  M a y  1 9 3 1  ..................................... 

NOTE- ASTERISK i * )  AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN S-Y OF ERRORS LIST 

REEMS COLLECTOR CHANNEL 

SUMMARY PRISTCUT 

SECNO ELMIN CWSEL Q 

000 1094.20 1099.50 1000.00 

VCH DIFWSX TOPWID 

2.08 .OO 101.74 

DEPTH 

5.30 

4.39 

4.37 

4.36 

4.35 

4.34 

4.34 

4.34 

4.34 

5.03 

2.59 

2.75 

2.72 

2.70 

2.69 

2.69 

2.69 

SSTA 

49.13 

81.21 

81.25 

81.28 

81.30 

81.31 

81.32 

81.32 

81.33 

81.00 

60.16 

60.00 

60.00 

60.00 

60.00 

60.00 

60.00 

QLOB 

. O O  

. o o  

.00 

50 

00 

. o o  

. o o  

0 0 

.o o  

.oo 

. 00 

.oo 

.o o  

.oo 

.oo 

.oo 

.oo 
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S E CNO 

17.300 

19 300 

'.3 300 

29.000 

21.000 

22.000 

23 000 

DIFWSX 

.86 

8 6 

.86 

.86 

.86 

.86 

.91 

DEPTH HV 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2 . 6 9  

SSTA 

69 6 0 . 3 0  

.69 60.00 

.69 60.00 

.69 60.00 

.69 60.00 

.69 60.00 

.69 60 30 
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REEMS C3LLECT3R L W L  

SL'MMARY PRINTOUT TABLE 150 

XLcX ELTRD 

.GO .oo 

40.00 .OO 

50.00 0 0 

50.00 0 0 

50.00 0 0 

50.00 0 0  

50.00 00 

50.00 .OO 

50.00 0 0 

45.00 .OO 

80.00 .OO 

50.00 .OO 

50.00 .OO 

50.00 .OO 

50.00 .OO 

50.00 .OO 

ELLC 

00 

. o o  

. o o  

.JO 

. o o  

00 

.oo 

.oo 

.oo 

.oo 

.oo 

0 0 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

. 00 

.oo 

.oo 

.oo 

.oo 

.oo 

CWSEL 

1099.50 

1098.89 

1099.16 

1099.43 

1099.71 

1399.98 

1100.27 

1100.55 

1100.83 

1101.79 

1103.39 

1103.77 

1103.95 

1104.14 

1104.35 

1104.56 

1104.99 

1105.85 

1106.71 

1107.56 

1108.42 

1109.28 

1110.14 

1111.04 

CRIWS 

.oo 

00 

.oo 

.oo 

AREA 'ILK 

481.53 G62 14 

I26 56 135 9 9  

125.77 134 5 3  

125.26 133.32 

124. 91 133 2 9  

124.67 133.33 

124.52 132.80 

124.42 132.56 

124.37 132.58 

150.79 177 42 

8 4 3 8  82.78 

93.45 97.55 

91.46 94.19 

90.46 92 51 

90.02 91.79 

89.93 91.64 

89.94 91.66 

89.94 91.65 

89.87 91.55 

89.90 91.59 

90.00 91.75 

89.91 91.60 

89.77 91.38 

90.01 91.77 



REEMS ZOLLECTOR CHANNEL 

S L W Y  PRINT3UT TABLE 153 

PAGE i 

3 000 

4.000 

5.000 

6 000 

7 000 

8.000 

9.000 

10.000 

11.300 

12. OCO 

13. OCO 

14.000 

DIFKWS 1 

. o o  

0 0 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

. o o  

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

:OPWID XLCH 

101.74 .OO 

37.58 40.00 

37.50 50.00 

37.44 50.00 

37.41 50.00 

37.38 50.00 

37.37 50.00 

37.35 50.00 

37.35 50.00 

38.00 45.00 

55.20 80.00 

55.40 50.00 

55.40 50.00 

55.40 50.00 

55.40 50.00 

55.40 50.00 

55.40 100.00 

55.40 200.00 

55.40 200.00 

55.40 200.00 

55.40 200.00 

55.40 200.00 

55.40 200.00 

55.40 210.00 



S > , Y  OF ERRORS AND SPECIAL NOTES 

WARNING SECNO- 1 . 5 0 3  PRCFXLE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAmIGN SECNO- 1 0 . 0 0 0  PROFILE- 1 CRITICAL DEPTH ASSUMED 

~ t n - 1 3 ~  SECNO. 1 0 . 3 0 0  PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY 

a W I O N  SECNO= 1 0 . 0 0 0  PROFILE= 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

PAGE - 


