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Dear Mr. Sudbeck: 

Presented herewith is our DESIGN PLAN FOR SOUTH ROBBINSDALE DRAINAGE 
BASIN. The plan is a comprehensive basinwide design plan for stormwater management 
in the South Robbinsdale Drainage Basin. It will provide guidance to the City, 
Pennington County, developers, and others in the basin. It contains the necessary 
information to insure the basin is developed with proper stormwater controls. 

Please be assured of our readiness to meet with City Officials to discuss the contents of 
the report. We are available to answer any questions and are prepared to proceed with 
the design of the recommended improvements if desired. 

Thank you for the opportunity to be of service. 
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cc: File 7571 

Civil Engineering 

Geotechnical Engineering 

Materials Testing Laboratory 

Land Surveying 

Environmental Services 

Water Resources 



CONTENTS 

INTRODUCTION 

BACKGROUND 
OBJECTIVE 

TABLE OF CONTENTS 

DESIGN PLAN LIMITATIONS 

BASIN DESCRIPTION 

GENERAL INFORMATION 
SUB-BASIN DESCRIPTION 
LAND USE 
TOPOGRAPHY AND SPECIAL FEATURES 

DESIGN PLAN 

GENERAL 
DESIGN PLAN OVERVIEW 
COST ESTIMATE 
INDIVIDUAL ELEMENT DESIGN 
:MISCELLANEOUS AREA IMPROVEMENTS 
RECOMMENDATIONS 

HYDROLOGY 

METHODOLOGY 
INPUT PARAMETERS 
SUB-BASIN FLOWS 

HYDRAULICS 

METHODOLOGY 
HYDRAULIC ROUTING NETWORK 
INPUT PARAMETERS 
HYDRAULIC ELEMENT FLOWS 
FLOODPLAIN 

APPENDIX A - DESIGN PLAN HYDRO GRAPHS 

APPENDIX B - DESIGN PLAN COMPUTER PRINTOUTS 

APPENDIX C - EXISTING CONDITION COMPUTER PRINTOUTS 

PAGE 

1 
1 
1 

3 
3 
4 
5 

9 
9 

10 
10 
27 
28 

34 
34 
35 

39 
39 
40 
42 
43 

APPENDIX D - FUTURE LAND USE AND EXISTING HYDRAULIC CONDITION 
COMPUTER PRINTOUTS 

APPENDIX E - HY8 ANALYSIS OF ELM STREET BRIDGE 

SEPARATE COVER - DESIGN PLAN AERIAL PHOTOS 



LIST OF FIGURES 

NUMBER AND NAME PAGE 

FIGURE 1 - STUDY AREA 6 

FIGURE 2 - SUB-BASIN BOUNDARIES 7 

FIGURE 3 - FUTURE LAND USE 8 

FIGURE 4 - DESIGN PLAN HYDROLOGIC SCHEMATIC 33 

fIGURE 5 - SOILS TYPE SUMMARY 38 

FIGURE 6 - EXISTING CONDITION HYDROLOGIC SCHEMATIC 49 

LIST OF TABLES 

NUMBER AND NAME PAGE 

TABLE 1- SUMMARY OF DESIGN PLAN - RECOMMENDED 30 
. IMPROVEMENTS AND ESTIMATED COSTS 

TABLE 2 - SUMMARY OF DESIGN PLAN - PEAK FLOWS 31 
FROM SUB-BASINS 

TABLE 3 - SUMMARY OF DESIGN PLAN - PEAK FLOWS 32 
FOR HYDRAULIC ELEMENTS 

TABLE 4 - PEAK SUB-BASIN FLOWS - FUTURE LAND USE 36 

TABLES PEAK SUB-BASIN FLOWS - EXISTING LAND USE 37 

TABLE6- HYDRAULIC ELEMENT PEAK FLOWS - EXISTING 45 
LAND USE AND EXISTING HYDRAULIC CONDITIONS 

TABLE 7 HYDRAULIC ELEMENT PEAK FLOWS - 100 YEAR STORM 46 

TABLE 8 HYDRAULIC ELEMENT PEAK FLOWS 47 
DESIGN PLAN CONDITIONS 

TABLE 9 FEMA - DBDP FLOW COMPARISON 48 

\--/ 



( 



/\ 
, ! 

/ 

INTRODUCTION 

BACKGROUND 

Proper management of urban drainage has historically been neglected as cities develop. 
Management has consisted of piecemeal planning, crisis control, after the fact corrective 
solutions, and generally hoping the problem will go away or not happen again. 
Development has been allowed with little or no consideration given to basinwide impacts 
on flooding. Consequently severe and damaging flooding has occurred . 

. The City of Rapid City has recognized that this traditional method of urban drainage 
management is no longer appropriate. Rapid City now views drainage control as a 
significant component of the urban infrastructure system rather than a problem that is 
simply tolerated. Consequently the City of Rapid City has implemented a program for 
comprehensive basinwide drainage design planning. This design plan was thus prepared 
by FMG, Inc:, for the South Robbinsdale Drainage Basin. It is one of many design plans 
prepared for drainage basins in and around the City of Rapid City. 

OBJECTIVE 

The purpose of this design plan is to define existing and future stormwater related 
problems in the study area and to present a conceptual design plan for prevention and 
control of the problems. This conceptual design plan is intended to provide stormwater 
guidance to the City, Pennington County, developers, and others in the basin. It provides 
the necessary information to insure the basin is developed with proper stormwater 
controls. 

DESIGN PLAN LIMITATIONS 

It was beyond the scope of work to provide final engineering drawings suitable for 
construction. The design plan presented herein is conceptual and is intended to provide 
the general information necessary for the final working design of an efficient, planned 
system. The design plan is based on a practical hydraulic system which is suitable for 
further evaluation and implementation as the basin develops. 

It is unlikely that the final design of any recommended improvement will exactly follow 
guidelines presented in this report; therefore, it will be necessary to make a final detailed 
technical analysis of the proposed improvements prior to their construction. Time lags 
play an important role in a planned basinwide system; thus, the final project design must 
include a computer analysis of the entire system even if individual element design flows are 
smaller than those proposed in this report. The computer models used in the design plan 
allow the final design analysis to be performed quite easily as well as allowing for easy 
updating or changing of the design plan. 
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Since the plan lends itself to updating or revisions, users of the plan are a~vised to contact 
the City of Rapid City to determine if this original document has been modified. . 

It ,should be;"notedih~t thisd~sign ~tari.' providesf6r 'billy' m~j(k'idrainage.· Uriless; 
speCificallyaddressecl ih the report, localized or minor drainage wa.s beyond the scope of 
~~~ ',' '. 

It should also be noted' that the design plan runoID'rotitirtg analysis is considered an 
appr()ximation since storms rarely follow ideal patterns and other factors such as ground 
cover, infiltration, and channel conditions may vary with time or from assumed conditions. 
the intent of a hydroiogic runoID'routing analysis is to provide a reasonably dependable' 
~nd consistent approximation of rainfall;.runoff characteristics. 

, t·' ,[ 

,- ,t ~ , 

; .. 
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BASIN DESCRIPTION 

GENERAL INFORMATION 

The South Robbinsdale Drainage Basin is in the Rapid Creek drainage basin with the study 
area discharge point located east of the railroad tracks in the northwest quarter of Section 
17, TIN, R7E. Note that the basin does not discharge directly to Rapid Creek; rather, it 
discharges into a major Rapid Creek tributary at a location about 3000 feet southwest of 
Rapid Creek. 

The basin originates approximately 3 miles west of the discharge point and includes an 
area of approximately 1,635 acres. Figure 1 shows the South Robbinsdale Drainage 
Basin. 

SUB-BASIN DESCRIPTION 

The complete drainage basin was subdivided in 15 smaller drainage basins as shown on 
Figure 2. 

Subdivision of a drainage basin provides a more realistic approach to stormwater design as 
it allows flows to be calculated at various locations and then routed though a basin rather 
than simply assuming all runoff reaches the outlet simultaneously. There is no established 
rule for basin subdivision and it is primarily based on specific project engineering needs 
and engineering judgment. The sub-basins used in the final design plan were arrived at 
after reviewing project needs and discussions with city staff. It should be noted that sub
basins were added or changed during the study as necessary for proper modeling of 
proposed improvements. 

Sub-basin boundaries were established following major flow patterns and unaccounted for 
sub-basin transfer may occur. Unless otherwise specified it is intended that sub-basin 
transfer will be prevented upon plan implementation; however, owing to map scale 
limitations, difficulties in establishing exact flow patterns, etc., some sub-basin transfer 
may still occur. 

Basin boundaries were determined from aerial topography maps where possible. It should 
be noted that contours shown on the USGS quadrangle maps do not necessarily reflect all 
effects of urbanization and are misleading as to certain drainage boundaries. 

3 



LAND USE 

In accordance with the City of Rapid City Drainage Cnteria Manual this design plan is 
based on a fully developed drainage basin. To ensure that facilities are sized properly it 
was necessary to make a realistic forecast of how the study an~a ,will develop. 

The South Robbinsdale basin is presently about J5% d~veloped.Existing development 
primarily consists of industrial use, commercial use, low to medium density, residential use, 
and recreational use. It is expected that future development in the study area will follow 
existing trends with the basin being primarily develop~d as residential ~th other mixed 
uses included. Special land use assumptions were required' due t6 'the unique nature of 
certain future developments in the basin. These special assumptions were: ' , " 

• _' (c" , , • , ( . ' , "~', .• >. • " .' '. r,' ,,"',,", , 

1. The proposed "South Town Heights" PlannedReside~tialb~velopment is loc~ted 
within the study area in Section 14. Percent imperviousness for the proposed 
development was determined using the PRD plan on file at the City of Rapid City 
Planning Office. 

. . '.' :. .. " /;. .. \ ~., ,:- , ~ 

2. Existing undeveloped areas west of existing and proposed Fifth Street with slopes 
of20%,ormore were assumed to-be undevelopable and, 1% imperviousness was 
assumed. USGS quadrangle maps were used to approximate areas of20%slope~. 

Existing undeveloped areas west of Fifth Street with slopes less than 20%" ~XCypt 
for areas' shown for multi-famtly, were assumed to' hav~ singly famliy type 
developments with 35% to 40% imperviousness. Multi-family areas west of Fifth 
Street were assum~d to, have an imperviousness of70%.' 

',,'. ' ',; ,,' ,~<n ,,,,'--',' '''',: ,,\", , j" 

. ',. _.. ,.: . '.J" .', J ," r " '", !. ! ./~ . " _.. ), '" ' :.:.. " , I, .l. -.' ',_ 

3. Future office complexes were ,assumed to have an imperviousness of 70%; 
~ '. - , ", I _' , 

'4. the future ~chool site was assumed to have a' 50% imperyiousness.i.~both suI?; 
basin 20 and sub-basin 30. ,u " '" 

,5: The ,;future' park/recreation area In sub-basin' 30, W'l~' assurned ,to h!ive an 
imperviousness,of13%. ", 

6. It was~ssu~e(f that the area in sub-basi~ 2 between LaCroix Links, Golf Course 
and Minnesota Street would be developed as a park/recreation facility with' 7% 
imperviousness, If the area is developed differently it will be necessary tor~r,un 

"the models wi~h the proposed development. If the resulting flows exceed capacity 
'of the' downstream structures it will be n,~cessary to incn:;'ase the stfllctur,e, siz~s Qr 
use on-site detention. ' , ' , ,,"" ' '" , "'" 

Figure 3 at the rear of this chapter is a map of the anticipated future land use conditions 
used during preparation of this design plan. City officials were involved in future land use 
projections. 



TOPOGRAPHY AND SPECIAL FEATURES 

Basin topography is characteristic of the eastern foothills region of the Black Hills. 
Elevations vary from approximately 3,160 feet at the stream confluence to a maximum of 
approximately 3,870 feet at the basin divide. 

Proposed extensions of Fifth Street, Minnesota Street, Elm Avenue, and Parkview Drive 
are located in the study area. Numerous other roadways and utilities are located in or 
planned for the study area. Maps of these items are too large for inclusion in this report 
and are on file at the City Engineering Department. 
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) DESIGN PLAN 

GENERAL 

Preparing the design plan involved completion of various tasks in an orderly process. The 
process involved sub-basin flow calculations, routing of the flows, problem identification, 
and evaluation of proposed solutions. A basinwide approach was used to determine 
effects offlows, problems, and improvements on the entire basin. 

The entire basin was subdivided into numerous smaller basins with a network of hydraulic 
elements connecting the sub-basins. Flows were then calculated and routed using 
CUHPEIPC and UDSWM2-PC computer models. After flows were calculated for various 
scenarios it was possible to identify problems and begin the design analysis. 

After completion of the above steps, the analysis became a systematic evaluation of 
solutions. Evaluation of time lags between various points was an important part of the 
process. Economics, development needs, restrictions from existing infrastructure, and 
engineering judgment were included in the design plan evaluation and recommendation 
process. 

( '\ The result of the above process is the SOUTH ROBBINSDALE DRAINAGE BASIN 
I 
'" / DESIGN PLAN. This plan is not intended to be a final project design suitable for 

/ " 

"~. 

construction and a detailed engineering analysis and design is necessary prior to 
implementation of ,any proposed improvement. The design plan presented herein is 
. conceptual and is intended to provide the general information necessary for the final 
design of an efficient, planned system. It has been prepared within the limits of computer 
modeling to provide a functional drainage development guide. Rarely will a drainage 
basin respond and develop exactly as assumed; thus, this design is based on a practical 
hydraulic system. The plan is suitable for further evaluation as the basin develops, 
improvements become necessary, or various changes are requested. 

Since the plan lends itself to updating or revisions, users of the plan are advised to check 
with the City of Rapid City to determine if this original document has been modified. 

DESIGN PLAN OVERVIEW 

In accordance with the City of Rapid City Drainage Criteria Manual the design plan 
presented herein is based on a 100 year storm occurring in a fully developed basin. 

The proposed design plan is generally described as a series of detention ponds 
interconnected with open channels. The design plan requires major channel 
improvements, new roadway crossings, new storm sewers, and construction or 
modification of detention ponds. 

9 



It was beyond the scope of this study to establish or study floodplain boundaries. Except 
at the lower end of the basin, it is judged that the existing floodmaps for the area are 
adequate. Major channel improvements are recommended at the lower end of the basin; 
and revised flood maps can be prepared at time of channel reconstruction. Floodplalrl 
maps ¥e disc,ussed in further detail in the HYDRAULICS chapter of this report. 
, . . .. '. , \, 

Numerous plan summaries are given in figures and tables at the back or'this chapter; 
howeve~~the user is'cautioned to refer to the INDIVIDUAL ELEMENT DESIGN section 
for a complete understandIng of the design plan. The user should also be familiar with the 
HYDROLOGY and., HYDRAULICS chapters. A,summary of the design plan 
recommendations and 'estimated costs of each element is given as Table 1, Ii SUInmary ,of 
future condition peak flows for the sub~basins is given as Table 2, and asummaiy of 
Individual element peak routed flows with' design pian conditions is given' as' Table :3 .. A 
schematic of the design plan hydrologic routing network is showri on Figure 4. ' 

Design plan hydrographs for sub-basins, direct fl6w elements, and detention ponds' are 
included as Appendix A. Design plan CUHPEIPC and UDSWM2 computer printOl,itsare; 
included as Appendix"B and aerial photos depicting the design, plan are inqludecl 'und~r 
separate cover. 

tOST ESTIMATE 
, . 

Recoriunended design plan improvemerits are estimated to cost $2,365,qOO. The cost 
estiinate.isiternized by element onTable 1~, A complete,description ofelich,recOlnm~i:ided 
improvement is gi~enin the INDIVIDUAL ELEMENt DESIGN's'edton ohIlls chapter. ' , 

: • , , 1 '. ~,i \ i ' " 'J J .a. ~ . " . ~' • L . " 

, ... ;. 

The, total cost esthnate includes a 5% contingency cost" and 25% 
engi~~eringladmi~stration costs. Costtlstimatesdo no~ include .costs of l¥l:d or~as~m~~t 
acqiiisition as it has been aS~~IIledtha,t easeII1ents o~ righ~~9f,-way l'Vou~d ,b~Aedic~#d in, 
accordance with city s1.ibdiVisibn regtilations.'Cosfesiimatesdonot include 'any costs ror 
p1u1t!ple,purpose improvements. 

INDIVIDUAL ELEMENT DESIGN 

Following is a discussion of each element used in the design plan. This section expands on 
the summarized information pre~ented. in the design plan overview. IncIltded ,is:a 
description of each element;' specialproolemsencountered, design dat~ recomwe~?aiiori~~ 
and other appropriate irlfofmation. .' , . ' 

,'.; ,. 
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Element 1 

Element 1 represents the existing open channel beginning at the South Robbinsdale Basin 
discharge point and ending at the Highway 79 box culvert. A railroad bridge crosses 
Element 1 about 900 feet east of Highway 79. The channel has several sharp bends and is 
generally choked with vegetation. Improvements to the entire reach of channel are 
recommended. 

Flood carrying capacity downstream of the railroad is adequate; however, the FEMA 
floodplain is quite wide. It is assumed that developers will request to improve the channel 
to maximize developable land thus the recommendation for channel improvement 
downstream of the railroad. 

Improvements are recommended between Highway 79 and the railroad to prevent 
flooding of existing structures, provide a maintainable channel, eliminate the sharp 90 
degree channel bend, and allow for development of adjacent property. 

It is recommended that the Element 1 channel be improved with a 35 foot wide bottom, 
5: 1 side slopes, a longitudinal slope of 0.005 ftlft, and an n value of 0.050. Drop 
structures will be necessary and a concrete trickle channel is recommended for inclusion in 
the new channel. The sharp channel bends upstream of the railroad should be improved 
with appropriate radius curves. Peak routed flow in Element 1 is 1,231 cfs; however, the 
flow used for design is 1,463 cfs from Element 100. Normal depth for 1,463 cfs with the 
recommended Element 1 channel is about 5.0 feet at a velocity of approximately 5 fps. 

The railroad bridge is adequate; however, backwater from the bridge should be accounted 
for when designing the upstream channel. 

The typical channel for Element 1 UDSWM2 routing used a 35 foot bottom, 5:1 side 
slopes, an n value of 0.063, and an invert slope of 0.005 ftlft. 

Element 2 

Element 2 represents the existing open channel beginning at the Highway 79 box culvert 
and ending at the confluence of Elements 3 and 4. Improvements are recommended. 

Flood carrying capacity is adequate; however, the FEMA floodplain is quite wide. 
Furthermore, the channel is steep, subject to erosion, and choked with vegetation. The 
channel will be difficult, if not impossible, to maintain if it is not improved. It is 
recommended that the channel be reconstructed to improve flow carrying characteristics 
and to allow for development of adjacent property. 

11 



It is recommended that the Element 2 channel be improved with a 35 foot wide bottom, 
5:1 side slopes, a longitudinal slope of 0.005 :ftIft, and an n value of 0.050. Prop 
structures will be necessary and a concrete trickle channel is recommended for fuc1usion 
into the new channel. Peak routedflQw ill ElemeIlt2 i& 1,178 cfs; hoc wever, the flo~ ,used 
for design isi,46T cfsrrom Element 101, Normal depth for 1,467 cfs;Witfi, the 
feconunended Element 2 channel is aoout 5. q feet at a velocity of approXimately sips ..... 

1 ," ' < .', ~ • ,;. -- .; 

Th~ box culvert under Highway 79 is a triple 8' (S) x 6i (R) RC box culvert. The'culvert 
will convey the 1,467 cfs flow with about 6" of freeboard. Backwater from the box 
culvert should pe accounted for in the final design of Element 2 .. 

,,_,I:' ' ,) . 

Element 2 was UDSWM2 mQdeledwith a 35 foot 90ttom, 5:1 side slopes, ~ n value of 
0.063, and an invert slope of 0.005 ftlft'.'· ,;;., . .. 

Element 3 

Element 3 represents the' existing open channel beginning at the upstream end of Element 
2 and ending at the Element 200 detention pond. Channel capacity is adequate and ,no. 
improvements are necessary other than shaping as desired when adjacent propertY is, 
developed. ,. ' 

Element 3 was UDSWM2 J;11ode1ed with a 3 foot wide bottom, 3: 1 side slopes, an 11 val¥~' 
of 0.050, and' an invert slope of 0.020 ftift. Peak routed flow is 61 cfs 'at a. UDS:\VM2 
calculatedflow depth of 1. 7 feet.' , " , 

Etement4 

Element 4 represent~ the existing open cpannel peginning at the upstream, end of Ele~ent 
1 a~deriding at Ce~tenmal 'Park' at the d.ownstream elld qt ~le~ent5.,:Much of ' the 
channel has a concrete trickle channel. Improvements are recommended at theupst:ream 
and downstream ends of the channel. No improvements are recommended for the 
remainder of the channel. 

The downstream reach to be .imprQved is located between LaCroix Links golf c,ourse and 
Element 2, a reach' lengtli of about 600 feet. It is recommended that this' reach be 
improved similar t6 the recominendations for Element 2. The recommended channel has a 
35" foot wide bottom,S: 1 side slopes, and a longitudinal slope of 0.005 :ftIft. Drop 
stfuctUreswiI1 be necessary ,and a concrete trickle channel is recommended for inclusiori 
1nt9 the ,new channel. . ' ' ',' .';;'. 

Improvements 'are also recoriunended atJhe upstream end o(~lem~Ilt 4 ,in the vicinity of 
Centennial Park. A short pedestrian bridge crosses the channel at this location. It was 
beyond the scope of the study to perform detailed bridge modeling; however, a cursory 
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~: analysis indicates the bridge will constrict flow and cause backwater flooding. It is judged 
the backwater flooding will adversely affect the upstream channel as well as the Centennial 
Street overflow. Furthermore, the channel at the bridge is only about 10 wide and has 
steep side slopes. 

\~ 

It is recommended that the bridge be replaced with a clear span bridge approximately 70' 
long. The bridge deck should be elevated as required to prevent backwater flooding. The 
channel bottom at the bridge should be widened to about 25' to 30' in order to match the 
adjacent channels. An alternate to bridge replacement is a low water crossing with 
culverts and overtopping in lieu of a larger bridge. 

Bridges in the golf course downstream of Centennial Park will also restrict flow and cause 
backwater flooding. This is judged to be acceptable in the golf course and no 
improvements are recommended. 

Element 4 was UDSWM2 modeled with a 25 foot wide bottom, 4:1 side slopes, an n 
value of 0.050, and an invert slope of 0.0085 ftlft. Peak routed flow is 1,164 cfs and 
UDSW1\.12 calculated flow depth is 4.6 feet. UDSWM2 modeling data differs from the 
recommended channel at the lower end in order to provide average Element 4 data. 

Element 5 

Element 5 represents the existing open channel beginning at the upstream end of Element 
4 and ending at the Elm Avenue bridge. The channel has a concrete trickle channel and 
also has a grouted rip rap channel and drop structure downstream of the bridge. Channel 
and bridge capacity are adequate and no improvements are recommended. The only 
improvement recommended is construction of additional inlets on Elm Avenue at the 
bridge. 

The Elm Avenue bridge is adequate and no improvements are necessary. The bridge 
opening is 24' X 5.7' with a concrete lined floor and vertical concrete abutments. The 
bridge will convey the 939 cfs flow (Element 103) under Elm Avenue with about 2 feet of 
freeboard. HY8 was used to determine bridge capacity since the bridge resembles a box 
culvert. The HY8 data is included as Appendix E. 

Additional inlets are recommended on Elm Avenue at the bridge. It is recommended that 
inlets with capacity of about 40 cfs be installed to intercept all flow from the south on Elm 
Avenue. The bridge is not at a street sag and any flow that bypasses the bridge flows to 
Centennial Street and increases Centennial Street flooding. Slotted drain may be cost 
effective at this location. 

Element 5 was UDSWM2 modeled with a 20 foot wide bottom, 4:1 side slopes, an n 
value of 0.050, and an invert slope of 0.008 ftlft. Peak routed flow is 944 cfs and 
UDSWM2 calculated flow depth is 4.5 feet. 
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Element 6 

Element 6 represents the existi~g open channel beginning at the Elm Ave~ue bridge~d, 
ending at the confluence of Element 7 and Element 20. The City of Rapid City is currently 
constructing a phased project to improve this channel. No improvements oth~r than 
completion of the current project are necessarY. ' 

The current project includes construction of a concrete trickle channel, repairs to '~xisting 
drop structures, channel clearing, and construc~ion of a channel drop structure. 

Element 6 was UDSWM2 modeled with a30 foot wide bottom, 3:1 side slopes? an n, 
value of 0.050, and an invert slope of 0.p085 ftlft. Peak routed flow is 779 ~fs and 
UDSWM2 calculated flow depth is 3.6 feet: 

Element 7 

Element 7 represents the existing open channel beginning at the confluence of Element 7 
and Element 20 and ending at the ParkView Drive crossing. The CitY of Rapid: CitY 'is' 
currently constructing a phased project to improve this channel. No improvements other 
than completion of the current project are necessary. 

The current project includes construction of a concrete trickle channel, channel clearing, 
and construction of a gr, outed riprap outlet structure at the Parkview Drive crossing. ,,' 

, " 

Element 7 was ubSwM2 modeled with a 25'foot widebottoIll,:f 1 side slopes, 'an n 
valu'e of 0.050, and anillVert slope ofO.oiOftlft. Peak routed flow is 561 d's and 
UDSWM2 calculated flow depth is 3.1 feet. 

Element 8 

Element 8 represerits the existing open channerbeginning at the ParkView' Drive crossing 
and ending at Fifth Street at deterition pond Element 201. \Maple Street ancl",Wisconsin 
Avenue cross Element 8. Improvements to the reach of channel between ParKv1ew Drive 
and Maple Street are recommended. Improvements at the Parkview Drive crossing are 
aIso recommended. ' , , ' 

The total flow calculated at the Parkview I>rive crossing (Element 104) is 568 cfs. This 
peak flow is almost entirely generated by sub-basin 6. A.' significant poction of the, s~b
basin 6 flow does not reach the inlet end of the Parkview Drive culverts; "rather;' it is 
conveyed on streets to the vertical street s~g at the crossing. , Based on interpolation of 
flows, it is calculated that the peak flow reaching the Parkview Drive crossing via the 
upstream channel is approximately 320 cfswhile the, remaining 250 cfs is carried on stieet~ 

,;".' , " 
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to the crossing. The 250 cfs street flow will enter the channel system by overtopping of 
Parkview Drive at the crossing where a street sag exists. Overtopping to the channel will 
occur on the east side Parkview Drive. 

Parkview Drive between the crossing and Centennial Street does not have capacity to 
carry the 10 year street flow in accordance with RCDCM criteria. The 10 year flow is 
about 120 cfs; however, street capacity prior to curb overtop is only about 25 cfs. It is 
recommended that a 36" RCP be extended from the downstream side of the Parkview· 
Drive crossing to Centennial Street to carry the 10 year excess flow of 95 cfs. Inlets and 
pipe should be extended upstream from the Parkview Drive - Centennial Street 
intersection as necessary to properly intercept the flow. 

Installation of the recommended pipe will reduce the 100 year street flow reaching the 
Parkview Drive sag to 155 cfs (250 cfs - 95 cfs pipe). Improvements are necessary for 
overflow to occur without exceeding the 1 foot depth above curb allowed by the 
RCDCM. These improvements consist of grading the area behind the curb to an elevation 
at or below the curb elevation. Reconstruction of the sidewalk to an elevation at or below 
the curb is also required. It is assumed that the recommended 36" RCP pipe will be 
installed on the east side of Parkview Drive; . therefore, grading and sidewalk 
reconstruction can be completed as part of that project. 

(' \ The Parkview Drive pipe crossing, 4 - 42" RCP's with a sump inlet, is adequate to convey 
!",- ) the 320 cfs flow with no overtopping. The pipes have capacity for about 450 cfs prior to 

roadway overtop. 

The Maple Street crossing, twin 36" RCP culverts, is adequate. The 100 year flow to the 
crossing is about 100 cfs while the crossing capacity is about 110 cfs prior to street 
overtopping. 

The Wisconsin Street crossing, twin 36" RCP culverts, is adequate. The 100 year flow to 
the crossing is about 75 cfs while the crossing capacity is about 100 cfs prior to street 
overtopping. 

Channel improvements are recommended for the section of channel between Parkview 
Drive and Maple Street. The channel should be designed to convey 300 to 350 cfs and 
backwater from the Parkview Drive crossing should be accounted for. The recommended 
channel has a 20 foot wide bottom, 5: 1 side slopes, a longitudinal slope of 0.010 ftlft, and 
an n value of 0.040. Drop structures will be necessary and a concrete trickle channel is 
recommended for inclusion into the new channel. The recommended slope is steeper than 
that normally associated with grass lined channels; however, was judged appropriate due 
to the relatively low and short duration peak flow. Normal depth for the recommended 
channel with 350 cfs is about 2 feet at a velocity of about 6 fps. 

Element 8 was UDSWM2 modeled with a 20 foot wide bottom, 5:1 side slopes, an n 
value of 0.050, and an average invert slope of 0.017 ftlft. Peak routed flow is 32 cfs. The 
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UDSWM2 modeling slope differs from the recommen~ed, lower reach slope in order to 
mod~l the average Element 8 slope., ' ' " , 

Element 9 

Element 9 is a proposed 42" Rep storm sewer. It begins at the Element 201 detention 
pond and ends at the existing Element 1042" Rep. 

The 42" Rep will replace a current open chanhel and will be installed as part of a future 
. Fifth Street improvement project. The pipe primarily serves to convey discharge from the 
Element 202 pond although inlets on Fifth Street can also be connected to the pipe. The 
design discharge from Element 202 is about 70 cfs; however, it is recommended that the 
pipe be designed to convey 150 cfs which is the maximum flow that can be, discharged 
from Element 202 under e111ergen~y c?nqitions. 

The typical pipe for UDSWM2 routing is a 42" Rep with an n value qf 6.016 and an 
invert slope of 0.030 ftlfl:. Peak routed flo~ is 70 cfs. '" " 

Element 10 

EI~ment 10 represents the existing 42" Rep outlet pip~ from ~hy Element 202 det,entiqn; 
ponel. It begins atthe p~nd standpipe upstream of Texas Street and ends just downstream~ 
of Texas Street. No improvements are necessary. . , 

The typical pipe forUDSwM2 routing is a 42" RCPWith an n"value of 0"016 and an 
invert slope"ofO.o'I9 ftlft Peakrouted flow is'70 cfs. " , " , 

Element 11 
'J' 

Element 11 is an existing open channel beginning at the Element 202 detention pond ~d' 
ending at the Element 203 detention pond. No improvements are necessary. 

, • "I ,_:!; .),,' 

The typical channel for UDSWM2 routing used i 20 foot' wide channel, side slopes of 
.10:1, n value of 0.075; and an invert slope of 0.02,4 Nfl:. Peak routed, flow is 11 cfs: ' 

, , . , I 

Element 12 

Element 11 is an existing open channel beginning near the Elm Avenue bridge and ending 
at the proposed Element 300 detention pond. Minnesota Street crosses Element 12. 
Improvements to the channel downstream of Minnesota. Street arerecommenqed. 
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The existing channel downstream of Minnesota Street is experiencing erosion problems 
and is difficult to maintain. It is recommended that the channel be regraded and the floor 
of the channel lined with concrete. The recommended channel configuration is a 4' wide 
bottom, 4: 1 side slopes, n value of 0.02, and slope of 0.005 ftlft. The channel should be 
designed to cany about 100 cfs as it will convey some sub-basin 5 flow in addition to the 
70 cfs routed flow. Normal depth in the recommended channel for 100 cfs is about 2 feet. 

The Minnesota Street crossing, a 36" RCP, is adequate for the 100 year flow as is the 
channel upstream of Minnesota Street. 

The typical channel for UDSWM2 routing used a 4 foot wide channel, side slopes of 4: 1, 
average n value of 0.025, and an average invert slope of 0.01 ftlft. Peak routed flow is 70 
cfs. 

Element 20 

Element 20 is an existing open channel beginning at Element 6 and ending just upstream of 
Minnesota Street. Channel improvements are recommended as is completion of the 
Minnesota Street crossing. 

( The recommended channel configuration is a 30' wide bottom, 4:1 side slopes, n value of 
"'- / 0.04, and slope of 0.005 ftlft. Drop structures will be necessary and a concrete trickle 

channel is recommended for inclusion in the new channel. The channel should be designed 
to cany 658 cfs as calculated at Element 120. Normal depth in the recommended channel 
for 658 cfs is about 3.5 feet at a velocity of about 5 fps. The recommended channel shape 
and grade is close to that proposed when the adjacent subdivision was developed. 

The Minnesota Street Crossing should be completed by replacing the small temporary 
pipes with a permanent crossing. It appears that the future street will not have a vertical 
sag located at the channel; therefore, it is recommended that the entire 658 cfs be 
conveyed under the roadway. The recommended crossing consists of 3 - 66" RCP 
culverts with capacity of 65 8 cfs. 

The typical channel for UDSWM2 routing used a 30 foot wide channel, side slopes of 4: 1, 
average n value of 0.050, and an invert slope of 0.050 ftlft. Peak routed flow is 658 cfs. 

Element 21 

Element 21 is an existing open channel beginning at Minnesota Street and ending at the 
proposed Element 301 detention pond. Parkview Drive crosses the channel. 
Improvements are recommended to the channel and the Parkview Drive crossing. 
~.~---. 
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The existing channel is adequate; however~ the profile is very steep and subject to erosion. 
Furthermore,'it was assumed adjacent property owners will desire a defined channelto 
~aximizedevelopable area. . ," .. .. !.~ 

, I ',' 

It is recommendeq that the Element 21' channel be improved with a 15 root wide bottom" 
4:1 .. side slopes" a longitudinal slope of 0.005 .ftlft~ and an n value of 0.040. Drop' 
structures will be necessary and concrete trickle channel is recomniended for inclusion into 
the new channel. Peak routed flow in Element.21 is 144 cfs; however, the flow used for 
design '1~ about'285 cfs as calculated at Element 121. Norinal depth fOJ:: the recommendeci 
channel with 285 cfs is about 2.8 feet at a velocity of approximately 4 fps. 

the existing stock dam near tIte west~nd .0fElement 21 will be bieached as part ofihe 
channel Improvements. . ' , .. ', . . " , . 

The Parkview Drive crossing should be improved with twin 42" RCP culverts with 
capacity of about 150 cfs. This design flow is higher than the 10 year flow of 130, cfs and 
is used to allow the 100 year peak from Detention Pond 301 to pass under the roadway. 
The'roadway profile should be designed to allow the remaining 135 cfs (285 cfs - 150cfs) 
to overtop the roadway in accordance with theRCDCM. ,... 
'\ I ' , . 

The typical channel for UDSWM2 routing used a 15 foot wide channel, side slopes of 4:1, 
average n value of 0.050, and an invert slope of 0.050 ft/ft. Peak routed flow is 144 qfs. 

Element 22 

Element ~22}~ anexi~tlng op,el?- charmel beginning at She ,proposed Ele~en! 3,o~. detenti~>n 
pond and ending at sub-basin 22. No improvements are necessary.' ..... , 

The typicruchannel for UDSWM2 touting pseda 20 foot wid~clui.nriel, side ~lopes of 5:1, 
h~Value of ,0:075; and a~iriverfslopeor6.0JL ftlft ... peak iotitea flow 'is 236 cfs afa 
:UOS'WM2.dUculatedflow depth of 1.9 feet. ' .. ' '.' • 

Element 30 
, 

EH~rrient:3 bis an existing channel beginlUng at Minnesota Street and ending' at the 
proposed Element 302 detention pond. Parkview Drive crosses Element 30. Channel 
improvements and a new Parkview Drive crossing are recommended. The improyements 
to the Parkview Drive crossing are discussed under Element 302. '. 

:the recoirlmehded' chann~l confi~ration is Ii 20' wide bottom, 4: l:ilde slopes, h valqe bf 
0.04, and, 'Slope of O.OOSftlft. Drop structures willbe necessary '!l1d a concrete trickle 
channel istecomtnended for inelusion in the new charuiel. The chaImelshm~!dbe designed 
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to carry 500 cfs. Normal depth in the recommended channel for 500 cfs is about 3.5 feet 
at a velocity of about 4.6 fps. 

The typical channel for UDSWM2 routing used a 20 foot wide channel, side slopes of 4: 1, 
n value of 0.050, and an invert slope of 0.005 ftlft. Peak routed flow is 498 cfs. 

Element 31 

Element 31 is an existing open channel beginning at Detention Pond Element 302 and 
ending at Fifth Street at Detention Pond Element 303. Channel improvements are 
recommended. 

The existing natural channel is adequate; however, the profile is very steep and subject to 
erosion. Furthermore, it was assumed adjacent property owners will desire a defined 
channel to maximize developable area. 

It is recommended that the Element 31 channel be improved with a 20 foot wide bottom, 
4: 1 side slopes, a longitudinal slope of 0.005 ftlft, and an n value of 0.040. Drop 
structures will be necessary and a concrete trickle channel is recommended for inclusion 

. into the new channel. Peak routed flow in Element 31 is 483 cfs; however, the flow used 
(~~.')' for design is 503 cfs as calculated at Element 130. Normal depth for the recommended 
" channel with 503 cfs is about 3.5 feet at a velocity of approximately 5 fps. 

The typical channel for UDSWM2 routing used a 20 foot wide channel, side slopes of 4: 1, 
n value of 0.050, and an invert slope of 0.005 ftlft. 

Element 100 

Element 100 is direct flow element. It is used to summarize flows from sub-basin 1 and 
Element 1. The flow calculated at this element is the total discharge from the South 
Robbinsdale Drainage Basin. Peak discharge is 1,463 cfs. 

Element 101 

Element 101 is a direct flow element. It summarizes flows from sub-basin 2 and Element 
2 to provide an inflow hydro graph to Element 1. The flow calculated at this element is the 
flow reaching the Highway 79 crossing. Peak discharge is 1,467 cfs. 
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ElementT02 
'1' _: .• .... i 

Element 102 is a direct flow element located in Centennial Park. It summarizes flows 
,'\ ' : ','C ,;'; '",,' , ' , , ', " 

from sub-basin.4an~Element 5. Pe,ak dis9harge is 1,247 cfs., ' 

Element 103 

Element 103 ,is a direct flow element located at Elm Avenue. It sUtnm~rizes flows, from 
sllb-pasin 5, Element 6, and Element 12. Flow calculated ,at this Element 103 is the flow 
reaching the Elm Avenue bridge. Peale discharge is 939cfs. " ", ' 

,,'C' .," • 

. ' 'I,' 

Element 104 ' 

Element 104 is a direct flow element located at Parkview Drive. It summarizes flows from 
sub-basin 6 and Element 8. As discussed under Element 7, some of the flow calculated, at 
this location enters the channel system downstream ofParkviewDrive. Peak discharge: at 
Element 104 'is 568' cfs. " , ' 

Element 105 

Element 105 is a direct flow element. It summarizes flows from sub-basin 7 and Element 
9" to provide the Inflow hydrograph to detention pond Element 201.:eeakdischarg~is:2j~ 
cfs. 

Element 106 

'Element 106 is adirect'tioW'ele~~nt." It summarizesf,low~ froI1lsqp~basin Smp ~le~ent 
-11 to provide an inflow hydro graph todetent,ion ponclEI,ement ~O~ Peak disc4argeis181 
c:' , ",' .' ,: " ,;", , ,. 

CIS. 

Element 120 

Element 120 is a directflpw element just upstrea,m or Minnesota Street. ',It, summ,arizes 
flows from Element 30 and Element121 to provide an,i¢low hydrograph to Element 20: 

• • " .. , "" ' ... ,' ._" ' .. ,' , ', . '":. 1.; J. 

Peak dIscharge IS 658 cfs. This is the flow reaching the Minnesota Street crossing. 
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Element 121 

Element 121 is a direct flow element located near Minnesota Street and Parkview Drive. 
It summarizes flows from sub-basin 20 and Element 21. Peak discharge is 285 cfs. 

Element 122 

Element 122 is a direct flow element. It summarizes flows from sub-basin 21 and Element 
22 to provide an inflow hydro graph to detention pond Element 301. Peak discharge is 
456 cfs. 

Element 130 

Element 130 is a direct flow element. It summarizes flows from sub-basin 30 and Element 
31 to provide an inflow hydrograph to detention pond Element 302. Peak discharge is 
503 cfs. 

Element 200 
( --, 

) Element 200 is an existing detention pond located south of Minnesota Street in Dakota 
Ridge Subdivision. The pond is adequate and no improvements are necessary. 

Peak inflow is 138 cfs, peak outflow is 61 cfs, and required storage is 4 acre-feet. Top of 
pool is at approximate elevation 3211, top of embankment is at approximate elevation 
3212, and bottom of pond is at elevation 3206 

The outlet works is a staged system with a 24" RCP serving as the primary outlet and a 
48" diameter standpipe serving as a secondary outlet. Both the 24" RCP and standpipe 
are connected to a 36" RCP discharge pipe under Minnesota Street. The 24" RCP is at 
elevation 3206 and top of standpipe is at elevation 3210. Stage/storage/discharge data for 
the pond is given below. 

STAGE/STORAGEIDISCHARGE DATA - ELEMENT 200 
ELEV. 

3206 
3208 
3210 
3212 

STORAGE 
(AC-FT) 

0.0 
1.2 
2.8 
4.8 
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DISCHARGE 
(CFS) 

o 
14 
28 
85 



Element 201 

EleIllent '20 lis anexisti~~ det~ntion pond located at FifthStreet It is,reco~endedthat 
the pond'remain asa detention pond with increased storage capacity. Modification"~ t~ th~ 
outlet pipe are also necessary. 

The bottom of the pond should be excavated and lowered from approximate elevation 
3328.5 to elevation 33.26.5. Only the ~outhern portion of the pond can be lowered to the 
recommended ~ottom ele~ation in order to maintain' cover over a sanitary sewer. the 
pond must also be enlarged to the north and south to meet the stbrage requirement. " 

Additional storage will be obtained by constructing a small berm on the west side of Fifth 
Street. Preliminary plans for Fifth Street improvements indicate the street low point will 
be at elevation 3335.5. Design high water is slightly above elevation 3336 and it is 
recommended that the berm, on the west side be constructed. to elevation 3337.5. The, 
~erm will provide 1 foot plus ()f freeboard. . , . 

The existi,ng discharge pipe is a 24" RCP with the inlet reduced to 21" by a "IJoured' 
concrete obstruction. The recommended outlet is a 21" RCP and it is recommended that a 
21" RCP be used full length in lieu of the 24" RCP with obstructed inlet. It will be 
necessary to move the outlet pipe to the south portion of the pond in order to clear the 
sewer. Grag~~g to daylight the pipe oll;tl~t wHlal~o b~ nece~sary, 

" ,1 - . ,~ i ., . I '"' • - .• , ., . ~. " ' "".o :' " ,. 

Peak inflow is 232 crs, peak outfI6w is 32 cfs, and required storage is 16.8 acre-feet. Top 
of pool is at ,~pproximat~ el.ey.ati9P" 3336~ tpp of empa:nfment is proposed, at~levatiWl 
3.~37-5?, and ,bottom ,of po,ndjs PI;Opos~d at elevatiolf 3326.5: .' Stage/storage/djs.9h~I;g,~ 
data for the pond is given below. . ";, ;" " ",e:, ' .. 

STAGE/SrORAQEIOISCHARGE DATA :-ELEMENT,201 
, ' . . ..~ '. . " .,., , , 

riIs,CiIAR(jE 
" 

',' ,- '.,ELEY. ,·.STORAQE 
" . .~, 

"' ',,,,~' , ,,"., -" 

(AC-FT) (Cl'S) 
" 

3326.5 0.0 0 "I" " 
',' 

3328 0.8 g 
3330 2.8 19 
3332 5.1 24 
3334 7.5 29 
3336 10.5 32 
3338 14.0 35 

Runoff from propertY 'south of pond is to be directed to the Element 201 pond when the 
property is developed. The sub-basin boundaries reflect this requ,irement. 
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Element 202 

Element 202 is an existing detention pond located at Texas Street west of Fifth Street. No 
improvements are necessary. 

The detention pond outlet consists of a poured concrete standpipe with 7" diameter 
orifices at elevation 3362.5 (pond bottom) and 3364.5. The standpipe acts as a secondary 
outlet with the top at elevation 3373.2. The standpipe is 5'4" x 5'5" inside dimension. 
Discharge from the standpipe is conveyed in a 42" RCP. 

Peak inflow is 181 cfs, peak outflow is 70 cfs, and required storage is 12.6 acre-feet. Top 
of pool is at approximate elevation 3374.2, top of embankment is at approximate elevation 
3375 and bottom of pond is at approximate elevation 3362.5. Stage/storage/discharge 
data for the pond is given below. . 

STAGE/STORAGEIDISCHARGE DATA - ELEMENT 202 
ELEV. STORAGE DISCHARGE 

(AC-FT) (CFS) 
3362.5 0.0 0 
3364 0.2 1 
3366 1.1 4 
3368 2.8 5 
3370 5.2 6 
3372 8.3 7 

3373.2 10.2 7 
3374 12.3 60 
3475 14.5 150 

Element 203 

Element 203 is an existing detention pond located south of Fox Run Drive. No 
improvements are necessary. 

The detention pond outlet consists of a 24" diameter standpipe with 6" diameter orifices at 
elevations 3387.5 (pond bottom), 3390, and 3392. The standpipe acts as a secondary 
outlet with the top elevation at elevation 3398. The standpipe is connected to a 12" RCP 
discharge pipe. 

Peak inflow is 114 cfs, peak outflow is 11 cfs, and required storage is 2.8 acre-feet. Top 
of pool is at approximate elevation 3400, top of embankment is at approximate elevation 
3404 and bottom of pond is at approximate elevation 3387.5. Stage/storage/discharge 

~/ data for the pond is given below. 
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STAGE/STORAGEIDISCHARGE DATA - ELEMENT 203 
ELEV. STORAGE DISCHARGE 

'" ,,:., 
,', (AC-FT) (CFS) 

3387.5 0.0 0 
3390 0.1 2 
3392 0.4 3 
3394 0.7 6 

" 3396" 1.3 7 , 
3398 2.0 8 
3400 2.8 11 
3402 3.7 12 
3404 4.8 12 

,- - -
:. t, 

Element 300 

Element 300 is a proposed detention pond located west of Elm Avenue and upstream of 
an existing apartment complex. A 36" RCP culvert and embankment currently exist at the 
site although existing storage is minimal.' The "detention pond will be created by increasing; 
the storage area and lowering the pipe inlet. This pond is important in reducing the peak 
discharge reaching the Elm Avenue bridge. ' 

-' 

. The 36" RCP inlet should be lowered about one foot to elevation 3253. The storage area 
will be lowered and enlarged by grading to provide required storage. Depending upon. 
final street grades it may also be necessaqr to construct a small ,embankment along Elm 
Avenue to prevent overflow onto the street. Also, depending upon final design, it may be 
possible to leave the pipe at the current elevation and increase dam height. 

Peak inflow is 193 cfs, peak outflow is 70 crs, and required storage is 5.6 acre-feet. Top 
of pool is at approximate elevation 3258.5 and bottom of pond is at elevation 3253. 
Stage/storage/discharge data for the pond is given below. 

STAGE/STORAGEIDISCHARGE DATA - ELEMENT 300" 
ELEV. STORAGE DISCHARGE 

(AC-FT) (CFS) 
3253 0.0 0 
3254 0.2" 8 
3256 1.8 37 
3258 4.5 64 
3260 7.5 80 

I .•• ' ~ ~::; .... ~ , ;: 

, • : I 

Inlets and pipes will be required on Elm Avenue to convey flows to, the p()nd from Elm 
Avenue and the area east of Elm Avenue. 
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Element 301 

Element 301 is a proposed detention pond located just southwest of the future intersection 
of Minnesota Street and Fifth Street. The pond will be created by construction of the 
Fifth Street roadway embankment, grading of the storage pool, and installation of a 36" 
RCP outlet pipe. This pond creates a substantial flow reduction throughout the 
downstream basin. 

Peak inflow is 456 cfs, peak outflow is 144 cfs, and required storage is 21.5 acre-feet. 
Top of pool is at approximate elevation 3341 and bottom of pond is at elevation 3322. 
Stage/storage/discharge data for the pond is given below. 

STAGE/STORAGEIDISCHARGE DATA - ELEMENT 301 
ELEY. STORAGE DISCHARGE 

3322 
3325 
3330 
3335 
3340 
3342 

(AC-FT) (CFS) 
0.0 0 
0.5 35 
4.5 88 
10.5 117 
19.5 142 
24.5 148 

Grading for the storage pool will require removal of the "ridge" between the primary 
channel and a smaller channel to the south. The storage curve assumes an area for 
development will remain between future Minnesota Street and the detention pond. 
Preliminary grades for Fifth Street from the South Robbinsdale Infrastructure Study were 
used for pond design. 

Element 302 

Element 302 is a proposed detention pond near future Parkview Drive. The pond will be 
created by construction of an embankment, grading of the storage pool, and construction 
of a staged outlet system. Improvements to the Parkview Drive crossing downstream of 
the pond are also necessary. 

This pond creates a significant flow reduction throughout the downstream basin even 
though peak flow out of the pond is only slightly lower than peak flow in. This is because 
the pond meters sub-basin 30 flows prior to the arrival of peak flows from Detention Pond 
303. 
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Peak inflow is 503 cfs, peak outflow is 499 cfs, and required storage is 15.4 acre-feet. 
Top of pool is at approximate elevation 3296 and bottom of pond is at elevation 3288. 
The outlet system is staged and consists of a 24" RCP at elevation 3288 and a 60 foot 
long overflow weir at elevation 3294. . 

The embahkmehtWill likely be created by a combination of the. Parkview Drive roadway 
embartknient and a normal dam embankment across the channel. Other embanknierit 
alternatives, including realignment ofParkview Drive, can be investigated at final design. 

Stage/storage/discharge data for the pond is given below. 

STA.GE/STORAGEIDISCHARGEDATA - ELEMENT 302 , 
ELEV. STORAGE DISCHARGE 

3288 
3290 
3292 
3294 
3295 
3296 

(AC-FT) (CFS) 
0.0 0 
1.0 13 
4.0 25 
9.0 34 
12.0 220 
16.0 550 

It is recommended that the Parkview Drive crossing downstream of the dam be improved 
by installation of2 - 48." RCP culverts. The culverts will convey the.lO year flow of 208 
cfs under the roadway. The future roadway profile should be such that the 100 year flow 
of 500 cfs is then conveyed by a combination of the culverts and roadway overtopping in -
accordance with the RCDCM. 

In the event that th6: d~~mbankment is created entirely by the roadway etnbankment, it 
will be necessary. for the roadway profile to resemble a 60 foot long weir.. A design 
exception-Would 'be required as 10 year flow will overtop the-roadway .. A;p6ssibh~ 
alternate may be to use a different staging system to prevent 10 year roadway 
overtopping. 

Element 303 

Element 303 is ~ proposed detention pond at future Fifth Street. The pond wili be created 
by construction of the roadway embankment, construction of a small . secondary 
embankment to prevent flow splits, grading of the storage pool, and installation of outlet 
pIpes. 

Peak inflow is 677 cfs, peak outflow is 489cfs, and required storage is 19.3 acre-feet. 
Top of pool is at approximate elevation 3337.5 and bottom of pond is at elevation 3328. 
The outlet consists of2 - 60" RCP culverts under Fifth Street. 
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The embankment will be created by the Fifth Street roadway embankment. A small 
embankment along the south side of the storage pool is also required to prevent 
overtopping into the "Truck Bypass Drainage Basin. " 

Stage/storage/discharge data for the pond is given below. 

STAGE/STORAGEIDISCHARGE DATA - ELEMENT 303 
ELEV. 

3328 
3330 
3332 
3334 
3336 
3338 
3340 

STORAGE 
(AC-FT) 

0.0 
1.0 
4.5 
9.0 
14.5 
21.0 
28.0 

MISCELLANEOUS AREA Th1PROVEMENTS 

DISCHARGE 
(CFS) 

o 
60 
180 
320 
430 
510 
580 

Various drainage improvement projects are recommended in the study area in addition to 
those recommended in the computer modeled areas. Following are recommendations for 
known or easily identifiable problem areas. 

1. Centennial Street 

Flow on Centennial Street within sub-basin 4 exceeds RCDCM criteria. The 10 year flow 
is about 160 cfs and the 100 year flow is about 325 cfs. Flow capacity prior to curb 
overtop is only about 50 cfs and existing inlets and storm sewers along the street have 
capacity for an additional 50 cfs. 

It is recommended that additional inlets and storm sewer be added for 110 cfs (160 cfs 10 
yr. flow - 50 cfs inlets). It is necessary to intercept the entire 10 year flow to prevent curb 
overtopping at the sag near Centennial Park. 

A main line storm sewer is judged not necessary as various cross pipes drain from 
Centennial Street to the Element 5 Channel. The 24" RCP just east of Elm Street and the 
24" Rep at Redwood Street can have extra inlets added without exceeding pipe capacity. 

Larger pipes and additional inlets are recommended at the existing 18" RCP at Ivy Street 
and at the existing 15" RC pipe at Locust Street. It is recommended that both pipes be 
replaced with 30" RCP with capacity of about 50 cfs each. 
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It is also recommended that the overflow from Centennial Street at Centennial Park be., 
imp~oved to'111ow l65 efg' (325cfs 100 yr.fl6w - '160 cfs' pipe capacity above)to 
overtlow'through the park at a.' inaxi,mum depth of abo~t 1 foot,a.bove curb. this will' 
require lowering the sidewalk to an elevation at or below the cui-band general grading in 
the park. 

2. Highway 79 

Improved inlets on Highway 79 at the box culvert crossing are recommended. It is 
recommended that the existing grated inlets be replaced with curb opening inlets. 

" , 

3. Minnesota Street west ofParkview Drive ' 

i Storm sewer installation in conjunction ~th the future extensiorl or Minnesota Street is 
recommended. This'storm sewer is considered minor drainage and it is beyond the scope' 

• of the report to make size recommendations. Discussion is included in this report simply , 
'to recommend that the system discharge to the Element 21 channeL The sub:"basin ' 
boundaries reflect this recommendation. 

RECOMMENDATIONS 

f; Implementati6il' Schedule 

It was beyond the scope of the project to determine a complete detailed improvement 
schedule for the entire basin, however a generalized discussion of improvement. scheduling 
follows. "", ' 

¢ertainfloodingprobfems already~xist in the b~sin thereforelinplemeniatiOri' of the desig~ 
plan ' should ,_ begin. immediateI'Y. Simple :-ec~nomics. <dictate that : complete plaIi 
'implementatidil Will'iakemanyyears, thus prioritY'slioulclbe given-to projects th~t provide 
immediate benefit. Ii 'F ' 

Projects -that-cart 'be completed in'conjunctionwith stteetproject, utility projects, and 
subdivision -' develdpment should -b~ givenpri6rity. Trussuggestion is made since 
concurrent projects will be more economical than separate pr6jects. 

It is suggested"that improvements to detention pond Element· 301 be given the'highest 
prIority. Improvements toElem~nt 301, Will reduce existing condition flows to 
approxiriuitely II1atchthe flows tisedfor PEMAt1oddplrun'maps." 

-Bridge replacetnent in Element' 4 should be glvenhigh priorii)' l'topreverit possible 
ba.cKWater flooding.-
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Completion of Element 1 improvements between the railroad and Highway 79 are also 
suggested for priority due to potential flooding of structures near the channel bend. It 
should be noted that these structures are in a designated floodplain and purchase of flood 
insurance may be an alternative until the channel can be improved in conjunction with 
adjacent property development. 

The balance of the recommended improvements can be implemented on an as needed basis 
or in conjunction with adjacent property development. 

2. Final Design Recommendations 

As mentioned earlier it was beyond the scope of the project to provide final construction 
design plans and the recommendations given in the plan are conceptual in nature. It will 
be necessary to prepare final engineering plans for the improvements and the following 
recommendations are made for use during the final project design phase. 

1. All improvements should be designed in accordance with proper engineering standards 
and in accordance with the Rapid City Drainage Criteria Manual. 

2. Improvements should be designed in accordance with FEMA rules and regulations. 

/' '\ 3. If final detention pond curves are not practically identical to the plan recommended 
curves, it is necessary to perform a new computer analysis of the actual design to review 
basinwide impacts. 

4. During final design, the conceptual sections, sizes, grades, etc., recommended in the 
design plan shall be checked for applicability to actual project requirements. Final design 
should include flow carrying characteristics, constructability, economics, etc,. A new 
computer analysis using final design should be performed to review any basinwide 
impacts. 

5. Street crossings should be designed to also serve as drop structures wherever possible. 

6 .. HEC-2 should be used to calculate water surface profiles for all open channel designs. 
The water surface profiles should then be made a part of the subdivision plans. 

7. All topography and elevation data should be confirmed with field surveys prior to plan 
implementation or final design of recommended improvements. 

3. Additional Recommendations 

1 . The design plan should be adopted as part of the City's comprehensive plan. 

2. The design plan should be reviewed and updated on a regular basis as the basin 
develops. 
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TABLE 1 
SUMMARY OF DESIGN PLAN 

RECOMMENDED IMPROVEMENTS AND ESTIMATED COSTS 
ELEMENT RECO~NDED ESTlldATED 
NUMBER IMPROVEMENT ,COST 
1 Regrade aIld, imp~ove channel including trickle channel andgrop strucru,:es, $2?0,000 

:2 

3 

4 

5 

6 

7 

Regrade and improyechannel iflCl!1ding trickle channel arid drop Structures. 

. No iihprovements. 

Regrade and improve lower reach channel including trickle channel and 
drop structures. Replace bridge and regrade channel at Centennial Park. 

Construct storm inlets on Elm Avenue at bridge. 

No improvements. 

No improvements. 

; $150,00b·· 

N.C.' 

$130,000 

$25;000 

N.C. 

N.C. 

8 ' Improve channelbetween Parkview Drive and Maple Street including regrading, $165,000' 
trickle channel, and drop structures. Install 36'" RCP storm sewer on Parkview Drive' . '.' ,. 
and improveParkview Drive overflow. . .. .. 

9 

10 

11 

12 

20 

21 

22 

30 

3J .. ·· 

200 

201 

202 

203 

300 

301 

302 

303 

No improvements. 

Install 42" RCp'storm sewer. 

No improvements. 

Regrade portion of channel and line bottom with concrete. 

Regrade and improve channel including trickle channel and drop structureS. 
Imprbve Minnesota Street crossing with 3 - 66" RCP. 

Regrade and improve channel including trickle channel and drop structures. 
Improve Parkview Drive crossing With 2 - 42" RCP.· '. 

No improvements. 

Regrade and improve channel including trickle channel and drop structures. 
IIIlprove.Parkview Dtivecrossing with 2 -48"RCP •. 

,.';'l._ '.' " ,., 'c:.,' _ (" ,', " ". " 

Regrade and improve channel including trickle'channel and drop structures, 

. No improvements. 

Improve existing detention pond. Raise embankment and excavate pool to 
increase storage capacity. Install 21" RCP discharge pipe. 

No improvements. 

No improvements. 

Construct new detention pond; 36" R.ep discharge piIJe. 

Construct new detention pond. 36" RCP discharge pipe. 

Construct new detention pond. Staged di~charge with 24" RCP and 60' weir .. 

Construct new detention pond. 2.; 60"'RCP discharge pipes .. 

Miscellaneous Areas 
Install pipes and inlets along Centennial Street. 
Replace existing inlets on Highway 79. 

Recommended Improvements Sub~Total 
5% Contingency 
25% Engineering/ Administr~tion .. 

TOTAL COST OF RECOMMENDED DESIGN PLAN IMPROVEMENTS 

30 

N.C.' 

$50,000 

'N.C. 

. ;.' $25,000 

$130,000,5. 

$190;QOO 

Ref·, " 

$140,000 

$260,QOO;' 

N.C. 

$25,000<, 

N.C. 

N.C. 

$25,000 

$50,000 

$45,000 

$75,000 

$15,000 
$10,000 

$1,800,000 . 
$90,000 

$475,000 

$2;365,000 C 



TABLE 2 

SUM:MARY OF DESIGN PLAN 
PEAK SUB-BASIN FLOWS WITH FUTURE LAND USE CONDITIONS 

SUB-BASIN AREA 10YR 100YR 

NUMBER (SQ MI) (CFS) (CFS) 

1 0.172 295 512 

2 0.177 165 377 

3 0.058 70 138 

4 0.148 207 416 

5 0.053 89 169 

6 0.206 279 564 

7 0.074 110 229 

8 0.156 64 174 

.~ .... , 9 0.032 48 114 

'/ 10 0.085 96 193 

20 0.105 129 259 

21 0.152 117 283 

22 0.204 102 282 

30 0.125 136 286 

31 0.813 244 677 
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TABLE 3 - SUMMARY OF DESIGN PLAN 
HYDRAULIC ELEMENT PEAK FLOWS 

FUTURE LAND USE AND DESIGN PLAN HYDRAULIC CONDITIONS 

ELEMENT 10YR 100YR 
NUMBER " (CFS) (CFS) 

1* 490 1,231 
2* 514 1,178 
3* 21 61 
4* 505 1,104 -

Ii 5* 431 944 
6* 364 779 , 
7* 274 , 561 

, 8* 19 ',,- ~ 32 
9* ( , 6 -' 70 
10* 6 ;,' 70 
11* 6 11 

. 12* 40 70 
20* 308 658 
21* 89 144 

'·22* 73 236 
30* 206 498 
31* 201 483 

: J 
100 585 1,463 
101 616 . ,1,467 
102 565 1,247 
103 442 939 
104 280 568 
105 111 232 
106 68 181 
120 309 658 
121 141 285 
122 155 456 
130 220 503 
200 21 61 
201 19 32 
202 6 70 
203 6 11 
300 40 70 
301 91 144 
302 208 499 
303 207 489 

*ROUTED FLOWS ONLY, SEE APPENDIX A OR HYDRAULICS CHAPTER FOR EXPLANATION. 
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HYDROLOGY 

:METHODOLOGY 

Before any drainage design can be perfonned it is necessary to detennine runoff peaks and 
volumes from the various sub-basins. Numerous methods of making these detenninations 
are available varying from the simple rational method to very complex statistical methods. 

In accordance with the City of Rapid City Drainage Criteria Manual the method used for 
runoff determination in this design plan is a computerized version of the Colorado Urban 
Hydrograph Procedure (CUHPEIPC). This model allows the design plan to be easily 
updated should the conditions change from those assumed in this study. 

It should be noted that a runoft7routing analysis is only an approximation since stonns 
rarely follow ideal patterns and other factors such as ground cover, infiltration, and 
channel conditions may vary with time or from assumed conditions. The intent of a 
runoft7routing analysis is to provide a reasonably dependable and consistent approximation 
of rainfall-runoff characteristics. 

INPUT PARAMETERS 

1. Stonn Recurrence Interval and Rainfall 

In accordance with the City of Rapid City Drainage Criteria Manual, the design plan 
presented in this report is based on the 100 year one-hour stonn with fully developed land 
use conditions. The 100 year one-hour stonn used in Rapid City is 2.95 inches per hour. 
Note that the CUHPEIPC model transfers the one-hour rain to a two-hour design stonn 
hyetograph totaling 3.41 inches of precipitation for use in the CUHPEIPC runoff 
calculations. 

T en year flows were also calculated to help in evaluation of problems and proposed 
improvements. The 10 year one-hour stonn is 1.86 inches per hour. The 10 year two
hour design stonn hyetograph calculated by CUHPEIPC totals 2.15 inches of 
precipitation. 

2. Sub-basin Characteristics 

As previously mentioned the design plan is based on the anticipated future land use of the 
basin. 
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The CUHPEIPC program requires input of numerous parameters to represent sub-basin 
characteristics. The reader is referred lothe prbgraIll user's manual and the City of Rapid 
City Drainage Criteria Manual for a complete description of the input requirements. Input 
data was developed following guidelines in the manuals. Data sources included USGS 
topographic maps, 1 "=200' aerial photos with 2 foot and 10 foot contours, SCS'soil maps, 
field reconnaissance, engineering equations, and engineering judgment. Soils information 
is included as Figure 5. 

Future lartd use is discussed in the BASIN DESCRIPTION section of the report. If higher 
than assumed imperviousness results during future development it will be necessary to 
provide on site detention to reduce flows to the assumed imperviousness rate:' 

A' complete listing of all data tisecl for runoff analysis is inCluded on the CUHPEIPC 
printouts. 

SUR·BASIN FLOWS 

Peaksub~basinf1ows"with future ~land-,use'CQi1ditions fOf' b0th~the ~1O, year -andc-l-OO-year 
storms are given on Table 4. Peak sub-basin flows with eXisting land use conditions for 
both the 10 year and 100 year storms are given on Table 5. Hydrographs for future 100 
year flows are located in Appendix A and computer printouts of future land use 10 year 
and 100 year CUHPEIPC models are located in Appendix B. ' 

, , .' 

. , 
, ' 
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TABLE 4 

PEAK SUB-BASIN FLOWS 
WITH FUTURE LAND USE CONDITIONS 

SUB-BASIN AREA 10YR 100.YR 

NUMBER (SQ :MI) (CFS) (CFS) 

1 0.172 295 512 

2 0.177 165 377 

3 0.058 70 138 

4 0.148 207 416 

5 0.053 89 169 

6 0.206 279 564 

7 0.074 110 229 

8 0.156 64 174 

9 0.032 48 114 

10 0.085 96 193 

/ 
20 0.105 129 259 

i 
21 0.152 117 283 ~ 

22 0.204 102 282 

30 0.125 136 286 

31 0.813 244 677 
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TABLE.S 

PEAK SUB.;BASIN FLOWS 
EXISTiINGLAND USE CONDITIONS 

SUB-BASIN AREA 10YR . 100 YR 

NUMBER (SQMI) (CFS) (CFS) 

1 0.172 191 375 

2 0.177 87 233 

3 0.,058 , .'ao 138 

4 Q,148 :207; 416 

5 0:053 n 143 

6 0;206 '·i.251 521 

7 0·074 ;',96 216 

8 9J56 45 " 109 

9 0.032 i 44 94 

10 0.085 '55 147 

20 0.105 41. ' i157 , 

21 0.1.52 ", 3~; , ,149 

22 0,~04 sSe 226 

30 0)25 . 54 ",201 

31 0.813 124 475 
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HYDRAULICS 

1\.1ETHODOLOGY 

In order to use peak flows and sub-basin hydro graphs effectively and arrive at a realistic 
determination of time varied flows it is necessary to account for basin hydraulic 
characteristics. This process involves routing and combining hydro graphs. This is a key 
step in the design process as it is where various design options are proposed and 
basinwide results investigated. 

Numerous methods are available for performing these calculations ranging from simple 
hand approximations to complex computer modeling. In accordance with the City of 
Rapid City Drainage Criteria Manual the method used for the hydraulic routing is a 
computer model known as the Urban Drainage Storm Water Management Model 
(UDSWM2-PC). This model allows the design plan to be easily updated should 
conditions change from those assumed in the design. 

HYDRAULIC ROUTING NETWORK 

Prior to routing and calculating combined hydro graphs it is necessary to conceptually 
represent the drainage system as a system of interconnected hydraulic elements. Hydraulic 
properties of each element are then characterized by various parameters and flows routed 
through the elements. 

It should be noted that the drainage system subdivision could be taken to infinitesimal 
detail in theory; however, computation and manpower requirements become prohibitive. 
No established rule is available for this subdivision and it is primarily based on engineering 
needs and judgment. The hydraulic subdivision used in this design provides a sufficient 
number of elements for suitable modeling. The network allows for sub-basin inflow at 
sub-basin design points and provides hydraulic flow elements between tributary junctions, 
between design points, at numerous road crossings, at detention ponds, and at other 
locations judged necessary. 

As with sub-basin delineation the hydraulic routing system was established following 
major flow patterns and unaccounted for sub-basin transfer could occur. 

The schematic of the existing condition hydraulic system network is included as Figure 6 
at the end of this chapter. The Design Plan hydraulic network schematic is included as 
Figure 4 in DESIGN PLAN chapter. The hydraulic routing elements are also shown on 
the aerial photos. 
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INPUT PARAMETERS 

The UDSWM2-PC model requires input of numerous parameters to represent hydraulic 
element characteristics. The reader is referred to the program user's mapual.and the City 
of Rapid City Drainage Criteria Manual for a detailed explanation of input requirements 
and methods. 

l "., 

Input parameters were deterinined following guidelines in the program user's manual and 
the Drainage Criteria Manual. Data sources included aerial contour maps; as-built 
drawings, field reconnaissance, engineering equations, and engineerip.g jlldgtnent., ,. 

Input data used with the UDSWM2:-PC model is included on the computer pIjntout~.ip. th~ 
,appendices. An explanation of the various flow element types shown on the schematics' 
and methods. used for characterizing them follows. A description of each individual· 
element is included in the DESIGN PLAN part of the report. .. 

1. Direct' Sub-basin Inflow 

These are not hydraulic elements but rather denote inflow into the system from the various 
sub-basins. The computer model assumes that the· inflow enters the-hydraulk: n~twofk;at 
the sub-basin design point. It ignores the possibility.·that a portion of the sub-basin illflow 
may enter the adjacent hydraulic element above the sub-basin design point. Inflows used 
for these elements are the calculated hydrographs determined i,n the HYDROLOGY 
chapter of this report. . "'" .., .. . ... .' '" . ..... 

" ' 

2. Detention Pond Elements 

,.", , < '., _ ' • 1.) ,l ... : " ' '. -.. ', \ ~"" • ....;;. ,< " , • t, ~: , 'J.:, . ;, 

This element type allows the program to.account f,Or effects pf stQrageat detention ponds. 
The flow caiculated by the program for the referenced . element is ,the ,Outflow. The, inflow 
to these elements is provided :by <?ther,types ofrou#ng elements as sho):Yll opthe toutjpg 
schematic .. ' . '.' .' , . '. , .'. , . ,h." .. 

, " .i.' :: . , . ,. '.~', " 

Input required for detention pond elements consists of ~. storage versus discharge data s~t. 
Storage data was deterrillned from aerial contour maps, City ,O(Rapid City topo'graphi~ 
surveys, and as-built engineering drawings. Design plan storage curves' for expanded 
ponds ,or new ponds were developed using engineering judgmen,t "nd were checked for 
'reasonableness against existing grourid 'contours. . ' . ' . . .. 

, •• ' J • 

Discharge curves were developed using ~ulvert discharge curves and standard engineering 
equatibIls for orifices and weirs.. Discharge cunres assumeunobstructed Aow conditi,Ons. 

" :. . .. .: I). _t I .,' .' , ' .J, • 

- ", • '! " < 

" '" " . • " .' ,," \.": ' 7.',. • . " , l~ ': : .. ' , ' :" r: '" I 

Certain culverts and ~6aacrossliigs ,J.,ere nof modeled as detention poiidelement~, rat}ler 
they were assumed simply to be a portion of the adjacent routing element. Modeling 
limitations, insignificant backwater or storage effects, minor flow lengths, and/or 
overtopping characteristics warranted this assumption. 
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3. Direct Flow Elements 

Direct flow elements are not true hydraulic conveyance elements, rather they serve to 
provide summarized hydro graphs. They are included in this study to summarize upstream 
flows and to provide inflow hydrographs for other elements. 

4. Flow Conveyance Elements 

These elements are trapezoidal open channels, stonn sewer pipes, or combinations thereof. 
Flow conveyance elements may have overflow sections. 

Overflow conveyance elements are used at various locations. Overflow elements are the 
same as pipe or channel elements except that an additional trapezoidal channel is specified 
to accept flows exceeding the capacity of the initial channel section or pipe. Bottom width 
of the overflow section does not include the top width of the initial section and therefore 
may be zero. Depth data required by the program is depth of initial channel and combined 
depth of the initial channel and overflow section. 

Input parameters consist of slope, roughness, and section geometry. Slopes were 
detennined from aerial contour maps, as-built plans, or in the case of new facilities, in 

,/ \ accordance with the proposed design. Unless otherwise noted, a maximum slope of 0.005 
\, ) ftlft was assumed for the slope for proposed new channels. This assumption follows 

Section 7.5.2 of the RCDCM which states "Grass lined channels will normally have slopes 
of 0.2 percent to 0.5 percent. Where the natural topography is steeper than desirable, 
drop structures should be utilized to maintain design velocities." 

Roughness coefficients were selected to represent conditions as they exist in the field or 
assumed design coefficients for new facilities. Roughness coefficients were then increased 
by 25% for use in UDSWM2 flow routing in accordance with the program user's manual. 
Unobstructed flow was assumed in all UDSWM2 elements unless otherwise reflected in 
the n value. 

During input preparation it was assumed that channels would essentially remain in existing 
condition unless changed specifically by the design plan. Natural channels change shapes 
and slopes infinitely through the elements thus it is necessary to approximate a natural 
channel as a trapezoid and assume it as typical throughout the length of the element. 

It should be noted that the program routes only flows entering the upstream end of the 
open channel or pipe and ignores the possibility that any adiacent sub-basin flow may be 
entering. Due to this program limitation the user should exercise caution when using 
channel or pipe peak flows and hydro graphs for design. Flows for design should be 
increased appropriately using engineering iudgment to reflect incoming sub-basin flows. 
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Additionally the user sheuld net use cenveyance element flew depths since flews are 
calculated as nermal depth and effects ,Of backwater, changing sectiens., etc., , are net 
acceunted fer. The UDSWM2 calculatiens de net provide a fleed beundary analysis . 

5.' Flew Element Numbers 
. "~' :., 

Each hydraulic element is identified with a unique number: Element numbers are 
separated inte a set ,Of ranges fer specific identificatien ,Of types. Numbers 1-99 are used 
te represent channel ,Or pipe flew elements, 100 series numbers represent direct flew 
elements, 200 series ~umbers represent detentien pends, and 300 series numbers repre1)ent 
recemmended new design plan faci~~~~es. . " , . 

HYDRAULIC ELEMENT FLOW'S 
I': 

1 .'.! 

,. ~ ; ,. e , , " , "", ('" 

Reuted flews were calculated at 'all elements, using metheds and parameters presented 
abeve. Flews were calculated fer both the 10 year and 100 year sterms.!" 

,I,) • 

Flews were first calculated using CuHPEIPC with existingcenditieri land use and 
UDSWM2-PC with hydrauliccenditions as they exist teday~ . Flews were then calculated 
with future land use and existing hydraulic cenditiens. This sec end scenariorepresertts 
what weuld happen in the basin if cemplete land develepment ,Occurs with ne. sternlwater 
management improvements. . These twe scen~ries provide the basis ferpr~blerri 
identificatienand as a starting peint for deSIgn plamling.' , ' "'" 

The design process then c.onsisted ,,Of numereus flew calculatien$ usiIlg fully " dey~lQPed 
'". ':. ,,_" .,' -.! .', ' .• ,; > _,.' ,I .• ' _, .• J _1 ", . ""' ) .;) \.: ~ -, "\,o ,. " ,',., •. , . . ~' !l, ". \ 't. ; ,; :-

land use cenditiens and UDSWM2-PC routing efvarieus design propesals. The result is 
t~e SOUTH ROBBINSDALE DRAINAGE BASIN, DESIGN PLAN as presented ip the 
DESIGN PLAN sectien ,Of this repert. " '. ) " 

c' ~ c~ 

l?eak 10 year~d 100 year flewsfer,existidg la~d use and e}Qsting 4ydra'-1li~'~<?~ditiens .ru:~ 
• ' , ' '~ '(', , , ,. . "'. ' ...:-, .' 1 .• , "-,,,.'., ',," v.,'" " . ,I '. ".,.. .:., ' j .,.! .;" ".' ~. '". C",' . , ., .' '- , J. ',.' , ; _, t.,)' • '. ,'.,"j , 
given on Table 6. Peak 100 year sterm flews fer (1) eXIstmg land use and e'P~tII:lg 
hydraulic cenditiens, (2) fully develeped land use cenditiens with existinghydraufic 
penditions, and (3) design planconditi.ons are given en rable 7. Peak 10 year and lOQ 

year flows fer design plan cenditions are' given' on Table 8.' Design plan flews ate also 
~ven in the DESIGN PLAN chapter ,Of this repert. 

Hydregraphs fer ·direct flew elements and detentien pends are given in AppendIx' A: 
UDSWM2~PC print 'outs fer recemmended Design Plan hydrauliccqnditions are givell in 
Appendix B. UDSWM2-PC printeuts fer' existing land US~JIIld existing hydr~ulic 
¢enditions are givenin Appendix C and print6uts fe~existing.hygraulic cenditiensw,i~h 
future land use are given in Appendix D. ' .', . ',. e ., 

>' .,. 
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FLOODPLAIN 

FEMA prepared detailed floodmaps for a portion of the study area in 1981. The 
floodplain maps were revised in 1990 based on an analysis completed by the City of Rapid 
City. The City analysis incorporated the effects of detention facilities and channel work 
and resulted in a revised floodmap between Highway 79 and the upstream limit. Copies of 
the FEMA floodplain maps (panels 9 and 10, Sept 1990) are included in the pocket at the 
rear ofthis report binder. 

Flows calculated by FEMA and the City of Rapid City were compared to the existing 
condition flows determined in this South Robbinsdale DBDP study. Flows for certain 
common locations between studies are given on Table 9. Note that existing condition 
DBDP flows are higher than those calculated by FEMA and the City of Rapid City. 
Primary reasons for the higher flows are: 

(1) FEMA discharges (1981) were taken from regional discharge curves. These 
discharge curv.es are based on data from several gaging stations located in 
undeveloped basins in and around the Black Hills. It is expected that flows from 
even a partially urbanized South Robbinsdale Basin would be higher than those 
from the regional curves. 

(2) City of Rapid City runoff calculations for the 1990 revision used a one-hour 
-rainfall of 2.7 inches per hour which was the City of Rapid City modeling criteria 
at that time. The South Robbinsdale Drainage Basin Design Plan calculations use 
a higher rainfall of 2.95 inches per hour which is the design rainfall now specified 
by the RCDCM. 

(3) Additional subdivision development has occurred in the basin since the City 
calculations were made. 

It was beyond the scope of work to establish floodplain boundaries. In order to minimize 
the need for future map revisions, a goal for the DBDP was for future flows to be less 
than or equal to the FEMA flows. Except at the basin discharge point, Highway 79, and 
immediately downstream ofParkview Drive this goal has generally been rilet (see Table 9) 
and it is judged that existing floodplain maps will be adequate. It appears that channels 
have not significantly changed since the floodmaps were prepared and it was therefore 
assumed the existing maps will be accurate for flows that generally match the flows used 
for the floodmap preparation. It should be noted that the existing floodplain map was not 
checked for accuracy. 
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Flows near Highway 79 and at the basin discharge are slightly higher than FEMA 
floodmapping flows; however, major channel reconstruction is recommended in this area. 
(Elements 1, 2, and a portion,.of 4) and revised flood maps can be prepared at time of 
channel reconstruCtion. Furthermore, it IS judged that a map revision is not warranted in 
the event the channels are not improved since DBDP flows are only slightly above FEMA 
flows. It is also likely that DBDP flows will be reduced somewhat if channels are not 
improved due to channel storage created by broad floodplains and high n values. 

An additional location where future flows will be slightly higher than FEMA flows is at the 
channel just downstream of P~k:view Drive (Element 7). Proposed flows are 561 cfs 
while the FEMA flow is '459 cfs. It IS our opinion that the FEMA maps do not require 
revision at this location since (1) the normal depth variation between thetwo flows is less 
than 4" (2.73' vs 2.44' ), (2) total depth of the channel upon completion of channel repairs 
will be about 5' <providing in excess of 2 feet of freeboard, (3) top width ~f the water: 
surface from normal depth calculations will be about 41.4 feet wide (561 cfs) compared to 
about 39.7 feet (459 cfs) , and (4) the FEMA floodplain, an approximate Zone A map, is 
drawn about 80 feet wide or twice the required width. 
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TABLE 6 
HYDRAULIC ELEMENT PEAK FLOWS 

/ EXISTING LAND USE & EXISTING HYDRAULICS CONDITIONS 

ELEMENT 10YR 100YR 
NUMBER (CFS) (CFS) 

1* 430 1,453 
2* 438 1,421 
3* 21 61 
4* 424 1,359 
5* 355 1,241 
6* 290 1,112 
7* 249 521 
8* 18 39 
9* 6 53 
10* 6 53 
11* 6 10 
12* 45 134 
20* 221 917 
21 * 69 314 
22* 42 192 
30* 136 533 

\ 31* 120 460 
) 100 499 1,587 

101 510 1,604 
102 476 1,381 
103 361 1,240 
104 252 524 
105 96 216 
106 49 146 
120 222 920 
121 88 407 
122 74 331 
130 138 535 
200 21 41 
201 19 37 
202 6 53 
203 6 10 

*ROUTED FLOWS ONLY, SEE APPENDIX A OR HYDRAULICS CHAPTER FOR EXPLANATION. 
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TABLE 7 

HYDRAULIC ELEMENT PEAK FLOWS - 100 YEAR STORM 

ELEMENT (1) EXISTING (2) FULLY DEVELOPED (3) pESIGN , 
NUMBER CONDITIONS LAND USE & EXISTING ,PLAN 

(CFS) HYDRAULICS (CFS) (CFS) 
". 

1* 1,453 1,925 1,231 
2~ 1,421 1,951 1,178 
3~ 61 61 61 
4*, 1,359 1,898 1,164 
5* 1,241 1,737 944 
6* 1,112 1,557 779 
7* 521 562 561 
8* 39 72 32 
9* 53 70 70 
10* 53 70 70 
11* 10 11 11 
12* 134 177 70 
20* ."" 917 1,315 658 
21* 314 426 144 
22* 192 236 236 
30* 533 778 498 
31* 460 658 483 
100 1,587 2,076 1,463 
101 1,604 2,172 1,467 
102 1,381 1,934 1,247 
103 1,240 1,737 939 
104 524 568 568 
105 216 231 232 
106 146 181 181 
12Q, 920 1,313 658 
121 407 584 285 
142:, 331 456 456 
130 535 785 503 
200 61 61 61 
201 37 76 32 
202 53 70 70 
203 10 11 11 
300 N.A. N.A. 70 
301 N.A. N.A. 144 
302 N.A N.A. 499 
303 N.A N.A. 489 

*ROUTED FLOWS ONLY, SEE APPENDIX A OR HYDRAULICS CHAPTER FOR EXPLANATION. 
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TABLE 8 - SUMMARY OF DESIGN PLAN 

HYDRAULIC ELEMENT PEAK FLOWS 
./ FUTURE LAND USE AND DESIGN PLAN HYDRAULIC CONDITIONS 

ELEMENT 10YR 100YR 
NUMBER (CFS) (CFS) 

1* 489 1,231 
2* 518 1,178 
3* 21 61 
4* 505 1,164 
5* 431 944 
6* 364 779 
7* 274 561 
8* 19 32 
9* 6 70 
10* 6 70 
11* 6 11 
12* 40 70 
20* 308 658 
21* 89 144 
22* 73 236 
30* 206 498 

'i 31* 201 483 
I 

/ 100 585 1,463 
101 621 1,467 
102 565 1,247 
103 442 939 
104 280 568 
105 111 232 
106 68 181 
120 309 658 
121 141 285 
122 155 456 
130 220 503 
200 21 61 
201 19 32 
202 6 70 
203 6 11 
300 40 70 
301 91 144 
302 208 499 
303 207 489 

*ROUTED FLOWS ONLY, SEE APPENDIX A OR HYDRAULICS CHAPTER FOR EXPLANATION. 
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LOCATION 

Basin Disc.ilarge 
(Element 1(0) 

HighwaY'l9 
(ElementlOl) 

Elm Street 
(Element 1(3) 

Channel Upstream 
Of Elm Ave. 
(Element,6) 

Channel DoWnstream 
ofParkvi~w Dr. 
(Element}) , 

Minnesota ,Street 
(Element 120) 

TABLE 9 

FEMA -DBDP FL,OW co:MP ARisON 

100 YEAR FLOWS AT CERTAIN COMMON 
MODELING LOCATIONS BETWEEN STUDIES ., 

1981 FEMA 1990 eITY S. ROBE. DBDP 
OF RAPID CITY Existing Conditions 

1,390 efs N.A. ' 1,587 cfs 
,-;, 

N.A. 1,39i'cfs 1,604 cfs 
(:1 

N.A. 1,036 efs 1,240 efs 

N.A. 936 cfs 1,112 efs 

N.A. 459cfs 521 efs 

N.A. 722:cfs 920 efs 

... 
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S. ROBB. DBDP 
Design Plan Conditions 

1,463 cfs 

1,467 cfs 

939 cfs 

779 cfs ; 

561 cfs . 

658 cfs· 
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APPENDIXA' 

DESIGN PLAN HYDROGRAPHS 

This appendix contains design plan hydrographs for sub-basins, direct flow elements and 
detention ponds. The hydro graphs are for design plan conditions which are future land 
use and design plan hydraulic conditions. The hydrographs are in numerical order. 

CAUTION STATEMENT 

The user is advised to use caution when using flow conveyance element (channels 
and pipes) peak flows and hydrographs given in this report. The UDSWM2-PC 
model assumes that all adjacent sub-basin flow enters the flow conveyance element 
at the sub-basin design point or the downstream end of the element. The flow 
conveyance element is simply routing the upstream incoming flow and ignoring the 
possibility that additional flow may be entering from the adjacent sub-basin. Due to 
this model limitation flow used for channel or pipe design should be increased 
appropriately using engineering judgment to reflect incoming sub-basin flow. 
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APPENDIXB 

DESIGN PLAN COMPUTER PRINTOUTS 

This appendix contains complete design plan computer printouts. Design plan printouts 
are for future land use and recommended design plan hydraulic conditions. Printouts for 
both the CUHPEIPC and UDSWM2 models are included. 10 year and 100 year runs are 
included. 

Note: Computer printouts are dated Dec. 1993 rather than Dec. 1994 due to time lag 
between dates affinal analysis (Dec. 1993) and City approval (Dec. 1994). 



APPENDIX B - CUHPEIPC - 10 YR 

FULLY DEVELOPED LAND USE CONDITIONS 



\2 ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. 
01 10 YR 10 1.86 

\70 1 15.0 01 01 BASIN 11 FUTURE CONDITIONS 

DEC 1993 
0.000.000.000.00 

.172 1.06 0.59 88.0 .012 .40.10 3.0.0018.5 0 
\70 1 15.0 02 02 BASIN 12 FUTURE CONDITIONS 

.177 0.76 0.34 38.0 .016 .50.10 3.0.0018 .5 0 
\71 1 15.0 03 03 BASIN 13 FUTURE CONDITIONS 

.058 0.44 0.22 43.0 .028 23.0 .35 .06 3.0.0018.5 0 
\70 1 15.0 04 04 BASIN 14 FUTURE CONDITIONS 

.148 0.55 0.2138.0 .017 .35 .06 3.0.0018.5 0 
\71 1 15.0 05 05 BASIN 15 FUTURE CONDITIONS 

.053 0.42 0.24 52.0 .012 15.0 .35 .08 3.0.0018.5 0 
\70 1 15.0 06 06 BASIN 16 FUTURE CONDITIONS 

.206 0.68 0.28 40.0 .023 .37 .07 3.0.0018.5 0 
\71 1 15.0 07 07 BASIN 17 FUTURE CONDITIONS 

.074 0.46 0.17 36.0 .055 14.0 .37 .06 3.5.0018.5 0 
\70 1 15.0 08 08 BASIN #8 FUTURE CONDITIONS 

.156 1.12 0.52 18.0 .054 .50 .06 3.2.0018.5 0 
\71 1 15.0 09 09 BASIN 19 FUTURE CONDITIONS 

.032 0.28 0.12 20.0 .060 9.0 .40 .06 3.0.0018.5 0 
\71 1 15.0 10 10 BASIN #10 FUTURE CONDITIONS 

.085 0.510.2140.0 .02125.0 .35 .06 3.0.0018.5 0 
\71 1 15.0 20 20 BASIN #20 FUTURE CONDITIONS 

.105 0.59 0.30 53.0 .010 25.0 .40 .10 3.3.0018.5 0 
\70 1 15.0 21 21 BASIN 121 FUTURE CONDITIONS 

.152 0.80 0.37 30.0 .036 .50 .08 3.2.0018.5 0 
\70 1 15.0 22 22 BASIN 122 FUTURE CONDITIONS 

.204 0.79 0.38 15.0 .060 .50 .08 3.3.0018.5 0 
\71 1 15.0 30 30 BASIN #30 FUTURE CONDITIONS 

.125 0.510.24 39.0 .015 25.0 .40 .10 3.1.0018.5 0 
\70 1 15.0 31 31 BASIN 131 FUTURE CONDITIONS 

.813 2.10 1.18 20.0 .036 .50 .08 3.4.0018.5 0 
E 

DO 
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1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS .' .] 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC~(jEC 1993 

BASIN ID: 01 -- BASIN COf+IENT: BASIN 11 FUTURE CONomONS 

AT'TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) ., (PeT) (FT /FT) ~IN) 

.17 1.06 .59 88.00 .0120 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RAtE OF RUNOFF) 

.075 .632 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RuNOFF 
(MIN) (CFS/SQMI) " (CFS) (AF) 

12.89 2333.71 c' 401::40 9.17 

WIDTH AT SO = 13. MIN. WIDTH AT 75... 7.MIN.K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .10 IN. 

5.00 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH • HYDROGRAPH • HYDROGRAPH • 

• • 
• • 

O. O. • 25. 142. • SO. 14. • 
5. 67. • 30. 90. * 55. 9. * 

10. 309. * 35. 57. * 60. O. • 
15. 365. * 40. 36. * O. O. * 
20. 227. * 45. 23. * O. O. • 

1 BASIN ID: 01 -- BASIN COf+IENT: BASIN #1 FUTURE CONDmONS 

*.*. STORM NO. = 1 **** DATE OR RETURN PERIOD = 10 YR 

INCREMENT TOTAL STORM • INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH • TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) • (MIN.) (IN) PRECIP (CFS) 
• 
* 

O. .00 • 000 O • • 80. .05 .039 71. 
5. .04 • 000 O . * 85. .04 . 030 65 • 

10. .07 • 005 O . * 90. .04 .030 57. 
15. .15 • 128 10 . • 95. .04 .030 SO. 
20. • 28 • 233 57 . • 100 • .04 .030 46. 
25. .47 .421 148. • 105. .04 . 030 44 . 
30. .22 • 207 259 . • 110. .04 . 030 42 • 
35. .10 • 094 295 . * 115. .03 . 026 41 . 
40. .08 .071 250. • 120. .02 . 020 39 • 
45. .07 • 062 196 • * 125. .00 . 000 34 • 
SO. .06 .052 155. * 130. .00 • 000 24 . 
55. .06 • 052 126 . * 135. .00 .000 15. 
60. .06 • 052 105 • • 140. .00 • 000 9 • 
65. .06 .052 92. • 145. .00 .000 6. 
70. .06 • 052 83 • • 150. .00 .000 3. 
75. .06 • 052 77 . • 155. .00 • 000 2 . 

TOTAL PRECIP. '" 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = 1. 795 INCHES 
VOLUME OF EXCESS PRECIP = 16. ACRE-FEET 
PEAK Q = 295. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.00 INjHR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .10 IN. 

8-2 

• 
* • 
• 
• 
• 
• 
* • 
• 
• 
• 
* • 
* 
* • 
• 
• 
* • 



\ 
I 

\ 

~ 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 02 -- BASIN CO!+IENT: BASIN 12 FUTURE CONDmONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PeT) (FT 1FT) (MIN) 

.18 .76 .34 38.00 .0160 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .380 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

10.45 1836.31 325.03 9.44 

WIDTH AT SO = 16. MIN. WIDTH AT 75 = 8. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. IMPERVIOUS RET. = .10 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH ., HYDROGRAPH ., HYDROGRAPH ., 

., 
* ., ., 

O. O. ., 25. 127. ., 50. 26. ., 
5. 175. ., 30. 92. ., 55. 19. ., 

10. 324. ., 35 • 67. ., 60. 14 . * 
15. 248. ., 40 . 49. ., 65. 10. ., 
20. 177. ., 45. 36. ., 70 . O. * 

1 BASIN ID: 02 -- BASIN CO!+IENT: BASIN 12 FUTURE CONDmONS 

.,*** STORM NO. = 1 **** DATE OR RETURN PERIOD = 10 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) ., (MIN.) (IN) PRECIP (CFS) 
* 
* 

D. . 00 . 000 o . * 80 . .05 .020 51. 
5. .04 . 000 o . * 85. .04 . 013 43 . 

10. . 07 . 002 o . * 90 . .04 . 013 34 . 
15. .15 • 055 10 • * 95. .04 . 013 28 . 
20. .28 • 101 36 . * 100. .04 • 013 25 . 
25. .47 .272 94. * 105. .04 . 013 22 . 
30. .22 . 186 156 • * 110. .04 . 013 21 . 
35. .10 • 072 165 • * 115. .03 • 011 20 . 
40. .08 . 050 145. * 120 • .02 • 009 18 . 
45. .07 • 042 122 • * 125. .00 . 000 15 . 
SO. .06 .032 103. * 130. .00 . 000 10 . 
55. .06 . 032 87 . * 135. .00 • 000 7 • 
60. .06 • 032 75. * 140 . .00 .000 5. 
65. .06 .032 67. * 145. .00 . 000 4 . 
70. .06 .032 61. * 150. .00 .000 2. 
75. .06 .033 57. * 155. .00 • 000 2 . 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = 1.091 INCHES 
VOLUME OF EXCESS PRECIP = 10. ACRE-FEET 
PEAK Q = 165. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX.IMP.RET.= .10 IN. 
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U.D.F.C.D. CUHP RUNOFF ANALYsIS EXECUTED ON DATE' 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS '7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMGINC. ',DEC' 1993 

BASIN 10: 03 -- BASIN COfo'MENT: BAsIN' i3 FuiiJREcoNDmONS 

AREA OF'BASIN LENGTH OF BASIN DIST TO CENTRotD~ IMPERVIOUS AREA SLOPE uNIt DuRAtioN 
(SQMI) (0) , , , (MI) (PeT) (FT/FT) (MIN)" 

.06 '.44 .22 43.00 .0280 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE of RUNOFF) 

.092 .362 

CALCULATED UNIT HYDROGRApH 

TIME TO PEAK TIME OI=;CONCENiAAfioN.i PWRATE OF'RUNOFF ,UNIT iiVOROGRAPH PEAK' VOUJME'OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AI') 

9.48 23.00 .;,,;. " 115.65 

'1 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRAtiON PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 6.73) 

, . 

WIDTH AT 50 = 15. MIN. WIDTH AT 75 = 8. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. MAX. PERVIOUS RET. = '.35 IN. 
INFILTRATION = 3.00 IN. Jill!:. DECAY = .00180/SECOND FNINFL = .50IN./HR. 

TIME UNIT . -:; TIME UNIt TiME UNIT ' " 
;.," 

HYDROGRAPH * " HYDROGRApH * HYDROGRAPH * '"' * . .': *' 
* * 

O. O. * 20. 55. * 40. 16. * 
5. 72. * 25. 40. * 45. 11. * 

10. US. * 30. 29; :C~ if .. 50';' 8. * 
15. 80. * 35. 21, * 55. O. * 

BASIN 10: 03 -- BASIN COMMENT: BASIN #3 FUTURE CONDITIONS 

**** STORM NO; = 1 **** 

INCREMENT TOTAL STORM " * INCREMENT TOTAL' STORM'" * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PREcIP (CFS); * (MIN.) (IN) PREcIP (CFS) * 
.~C'i * * 

* ,,:' . * 
O. .00 .000' 0; * 70. .06 • 034- 21:' * 
5. .04' .000 0:' * 75. .06 .034 18;' * 

10. .07 ' .019 1." * .' 80. .05' .022 15. * 
15. • 15 .062 . 7,', * 85. .04: .014 13. * " 

" 
20. .28 .114 17. * :: 90. • 04 .014 11 • * 
25. .47 .371 46. * 95. .04 .014 9 .' * 
30. • 22' .189 70. * 100 • .04 .014 J 8. * 
35. .10, .075 66. * 105. .04 .014 8. * 
40. .08' .052 55. * ilO. .04 , .014 7. * 
45. .07 .044 45.- * , ,115. .03 .013 7. * 
50. .06' .034 38., * ;',120. .02 .010 6." * 
55. .06 .034 32. * 125. .00 .000 5. * 
60. .06 .034 27. * 130. .00 .000 3. * 
65. .06 ' .034 24. '* 1.35. .• 00 :.000 2. * 

TOTAL PRECIP. 2.15 (1-HOORRAIN= 1.86) EXECESS PRECIP.~ = 1.:262 INCHES 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET ' 
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1 

PEAK Q = 70. CFS 
INFILT.= 3.00 IN/HR 
MAX.PERV.RET.- .35 IN. 

TIME OF PEAK = 30. MIN. 
DECAY = .00180 FNINF = .50IN/HR 

MAX.IMP.RET.- .06 IN. 

RATIONAL FORMULA C ~ .59 
I - 3.4 INCHESjHOUR 
A = 37.l ACRES 
Q = 74. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 04 -- BASIN COf+1ENT: BASIN 14 FUTURE CONDmONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.15 .55 .2l 38.00 .Ol70 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .370 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

7.83 2669.73 395.12 7.89 

WIDTH AT 50 = 11. MIN. WIDTH AT 75 = 6. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .06 IN. 

5.00 

MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 20. 125. * 40. 19. * 
5. 28l. * 25. 78. * 45. 12. * 

lO. 346. * 30. 49. * 50. 8. * 
15. 20l. * 35. 3l. * 55. O. * 

1 BASIN ID: 04 -- BASIN COf+1ENT: BASIN 14 FUTURE CONDmONS 

,o*** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* 

O. .00 . 000 O • * 70. .06 • 032 43 . 
5. .04 . 000 O • * 75. .06 • 033 40 . 

lO. .07 . 017 5 • * 80. .05 • 020 34 . 
l5. .15 . 055 21 • * 85. .04 • 013 28 • 
20. .28 .lOl 5l. * 90. .04 .013 22. 
25. .47 .365 15l. * 95. .04 . 013 19 • 
30. .22 • 186 207 • * 100. .04 • 013 18 . 
35. .lO . 072 176 • * 105. .04 .013 16. 
40. .08 . 050 133 • * 110. .04 • 013 16 . 
45. .07 .042 lO3. * 115. .03 • 011 15 . 
so. • 06 • 032 80 • * 120 • .02 .009 13. 
55. .06 . 032 64 . * 125. .00 .000 9. 
60. .06 .032 54. * 130. .00 .000 6. 
65. .06 • 032 47. * 135 . .00 • 000 3 . 
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TOTAL PRECIP. - 2.15 (l-HOUR RAIN '"' 1.86) EXECESS PRECIP. - 1.199 INCHES" 
VOLUME OF EXCESS PRECIP = "9. ACRE':FEET 
PEAK Q: 207. CFS TIME OF PEAK = 30. MIN. 
INFILT.- 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

1 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC., DEC 1993 

BASIN ID: 05 -- BASIN COI+IENT: BASIN #5 FUTURE CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.42 52.00 '.0120 5;00 

COEFFICIENT COEFF*~IENT 
(REFLECTINCi'TIME TO PEAK)' (RELATED TO PEAK RATE OF RUNOFF) 

.08} .412 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

7.06 15:00 183.83 , 2.'83 

*** NOTE THE TIME TQPEAKIS, CALCULATED, BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 7.53) 

WIDTH AT SO = 9. MIN. WIDTH AT 75 = 4. MIN. K50 = .35 K75 '" .~5 

RAINFALL 'LOSSES INPui W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .08 IN. MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 15. 69. * 30. 11. * 
* ia. ' , '38;,,1 * 

.. 

" 5. 136. 35; .. O • 
10. 131. * 25. 21. * O. o. * 

BASIN ID: 05 -- BASIN COI+IENT: BASIN #5 FUTURE CONDITIONS 
~ ,-:j , -; 

**** STORM NO, = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT 
.. 

'TOTAL STORM * INCREMENT TOTAL STORM : * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) * 
* * 
* * 

O. • 00 • 000 O • * " 65 • .06 .038 16 • * 
5. • 04 • 000 O. * 70 • .06 .038 15; * 

10. • 07 • 013 2 • * 75 • .06,' .03!! 15; * 
15. • 15 .075 12 • * 80. .05 .025 14 • * 
20. • 28 • 138 ' 30 • * 85 • • 04 .017 11 • * 
25. • 47 .382 76. * 90 • .04 • 017 9; * 
30. • 22 .192 89 • * 95. .04 .017 8 • * 
35. • 10 • 078 69 • * 100. .04"", .017 7.' , * 
40. .08 • 056 49 • * 105. .04; • 017 7 • * 
45. • 07 • 048 36 • * no . .04 .017 7 • * 
SO. • 06 .037 26. * 115 • • 03' • 016;' 7 • * 
55. .06 • 038 19 • * 120. • 02 .012 6 • * 
60. .06 • 038 17 • * 125. .00 • 000 4 • * 
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TOTAL PRECIP. - 2.15 (1-HOUR RAIN ~ 1.86) EXECESS PRECIP. '" 1.367 INCHES 
VOLUME OF EXCESS PRECIP - 4. ACRE-FEET 
PEAK Q - 89. CFS TIME OF PEAK - 30. MIN. 
INFILT.= 3.00 IN/HR DECAY", .00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .08 IN. 

RATIONAL FORMULA C = .64 
I '" 4.2 INCHES/HOUR 
A - 33.9 ACRES 
Q = 91. CFS 

1 U.D. F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 06 -- BASIN COfo'MENT: BASIN #6 FUTURE CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PeT) (FT /m (MIN) 

.21 .68 .28 40.00 .0230 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.093 .412 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

8.74 2535.26 522.26 10.99 

WIDTH AT 50 = 12. MIN. WIDTH AT 75 '" 6. MIN. K50 = .35 K75 '" .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .07 IN. 

5.00 

MAX. PERVIOUS RET. = .37 IN. 
INFILTRATION", 3.00 IN./HR. DECAY", .00lBO/SECOND FNINFL", .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH .. HYDROGRAPH .. HYDROGRAPH .. .. .. .. .. 

O. O. * 25. 119. * 50. 12. * 
5. 298. * 30. 75. * 55. 8. * 

10. 501. .. 35. 47. .. 60. O . * 
15. 304. .. 40. 30. .. O. O . * 
20. lB8. .. 45. 19. * o. o. .. 

BASIN 10: 06 -- BASIN COfo'MENT: BASIN #6 FUTURE CONDmONS 

**** STORM NO. '" 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM .. INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH .. TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) .. (MIN.) (IN) PRECIP (CFS) . 
* 
* 

O. .00 .000 O. .. 75. .06 .033 59. 
5. . 04 . 000 O . .. 80 . . 05 .021 52 • 

10. .07 .014 4. .. 85. .04 • 013 42 • 
15. .15 .058 24. .. 90. .04 . 013 34 . 
20. .28 .106 65. .. 95. .04 . 013 29 . 
25. .47 .355 179. .. 100. .04 • 013 26 . 
30. . 22 • lB7 279 . .. 105 . .04 .013 24. 
35. .10 . 073 252. .. 110. • 04 .013 23 • 
40. .08 .051 193. .. 115. .03 • 012 22 . 
45. .07 • 043 149 . .. 120. . 02 .009 20 . 
50. . 06 . 033 117. .. 125 . . 00 .000 15 . 
55. .06 .033 93. .. 130. .00 .000 9. 
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1 

1 

60. 
65. 
70. 

• 06 
.06 
.06 

.• 033 
.033 
.033 

78. * 
69." * 
63. '* 

135 • 
140. 
145. 

.00 

.00 

.00 

.QOO 
•. 000 

, .000 

6. 
4. 
2. 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1;86) 
VOLUME OF EXCESS PRECIP = 13. ACRE-FEET 

ExicESS PRECIP. = 1.20S INCHES 

PEAK Q '" 279. CFS TIME OF PEAK =- 30. MIN. , 
INFILT.=- 3.00 IN/HR DECAY - .00180 FNINF ~ 
MAX.PERV.RET.- .37 IN. MAX.IMP.RET.- .07 IN. 

.50 IN/H~ ; 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE. 

CUHPE/PC VERSION MODIFIED IN JANUARY 19S5 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN, , FMC INC. DEC 1993 

BASIN ID: 07 -- BASIN Cot+IENT: BASIN 17 FUTURECOND.ITIONS 
<,J' 

* 
it 

* 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI)", , " ,(MI) (MI) u' (PeT) (FT/FT) (MIN) 

.07 .46 , .17 36.00 .0550 , . 5.00 

COEFFICIENT COEFFICIENT. 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK. RATE OF. RUNOFF) . 

.095 • 316 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH. PEAK VOLUME OF RUNOFF 
(MIN) . (MIN) (CFS/SQMI) (CFS) , (AF) .' 

5.97 14.00 .. 3496 •. 13 .. __ 258.71 ... '_ 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON. THE TIME OF CqNCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD CTP= 5:87) 

WIDTH AT 50 ~ 9. MIN. WIDTH AT 75 '" 4. MIN. 'K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .37 IN. 
INFILTRATION = 3.50 I,N./HR •. 

MAX. IMPERVIOUS RET. 
DECAY = .00180/SE~9ND 

.06 IN. 
FNINFL = .50 IN.I,HR. 

TIME UNIT 
HYDROGRAPH * 

TIME UNIT, 
HYDROGRAPH * 

TIME UNIt";- •. 

*" 
* 

O. O. * 15. 85. 
5. 245. * 20. 46. 

lD. 161. * 25. , .25. 
BASIN ID: 07 -- BASIN COMMENT: 

* 
~: 30. 

* 35. 

* O. 

HYDROGRAPH *' 
.( 

13. * 
O. * 

. ' : .,9. * 
BASIN 17 FUTURE CONDITIONS 

**** STORM NO. = .1 **** DATE OR RETURN PERIOD = lDYR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PREcip (CFS) * (MIN.) . (IN)' PRECIP (CFS) * 
* * 
* * 

O. .00 ·090 O. * 65. • 06 .032 19 • * 
5. • 04 • 000 O • * 70 • .06 : .032 18 • * 

10. .07 .016 4." * . 75. • 06\ .032 18 • * 
15. • 15 • 052 15 •. * SO. .05 • 0l9 15 • * 
20. .2S • 095 33.< * 85 • .04 • 012 U . * 
25. .47: .336 lD3.! * 90. .04' • 012 9 . * 
30. .22 .184 UQ; * 95. .04 .oil S~ * , 
35. .lD • 071 8i • * 100. .04 • 012 7 • * 
40. .08 .049 58 •. * "105. • 04 .012 7 • * 
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1 

45. .07 . 041 42. • 110 • .04 
50. • 06 • 031 31 • • ll5 • .03 
55. .06 • 031 23. • 120 . .02 
60. .06 • 031 1.9. • 125 • .00 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. 
VOLUME OF EXCESS PRECIP = 5. ACRE-FEET 
PEAK Q = 110. CFS TIME OF PEAK '" 30. MIN. 
INFILT.= 3.50 IN/HR DECAY = .00180 FNINF '" .50 IN/HR 
MAX.PERV.RET.", .37 IN. MAX. IMP. RET.'" .06 IN . 

RATIONAL FORMULA C '" • 53 
1= 4.4 INCHES/HOUR 
A= 47.4 ACRES 
Q= 1lO. CFS 

U.D. F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1.985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1.993 

BASIN 10: 08 -- BASIN COI+IENT: BASIN #8 FUTURE CONDITIONS 

.012 7. • 

.Oll 7. • 

.008 6. ., 

.000 3. • 

= 1.144 INCHES 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(S~I) (MI) (MI) (PCT) (FT /FT) (MIN) 

.16 1.12 .52 18.00 .0540 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.1l3 .234 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/~I) (CFS) (AF) 

13 .05 853.14 133.09 8.32 

WIDTH AT SO '" 35. MIN. WIDTH AT 75 = 18. MIN. K50 = .22 K7S = .30 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.20 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH • HYDROGRAPH ., HYDROGRAPH ... 

... ... 

... ... 
O. O. ., 45. 59 . ., 90. 1.9 . ... 
5. 63. ., 50. 52 • • 95. 17. • 

1.0. 124. ... 55. 46 . • 1.00. 15. ... 
15. 130. ., 60. 4l.. " 1.05. 13. " 20. llO. ., 65. 36 . ... 1lO . 12. ... 
25. 98. " 70. 32. " ll5. 1.0. ... 
30. 90. " 75. 28. • 120. 9. ... 
35. 79. • 80. 25 • " 125. 8. ... 
40. 67. ., 85. 22 . ... 130. O . ... 

BASIN 10: 08 -- BASIN COI+IENT: BASIN #8 FUTURE CONDITIONS 

.,,** STORM NO. '" 1 **** DATE OR RETURN PERIOD '" l.OYR 

INCREMENT TOTAl STORM • INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH ... TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) • (MIN.) (IN) PRECIP (CFS) 
... 
... 

O. . 00 .000 O. ... 95 . .04 .006 33. 
5. . 04 .000 O . • 1.00. .04 .006 30. 

1.0. . 07 .008 O . * 105. • 04 .006 28 . 
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1 

15. .15 .026 3::' * 'ilO. .04 .006 
20. .28, .048 7. * ill. .03 .005 
25. • 47 .2io 23 . * 120. .02 .004 
30. .22,' .178 ' 47. * 125. .00 .000 
35. .10 .064 62. * 130. .00 .000 
40. .08 . 042 64. * 135 • .00 .000 
45. /07 '034 63. * 140. .00 .000 
50. .06 . 024 61. * 145 • .00 .000 
55. .06 • 024 58 • * 150. .00 .000 
60. .06 • 024 .54. *, 155 • .00 .000 
65. .06 .025 51. * 160, .00 .000 
70. .06 • 025 49. * 165 • .00 .000 
75. .06 .025 46. * 170. .00 • 000 
80. .05 .012 44. * 175, .00 .000 
85. .04 .006 40. * 180. .00 .000 
90. .04 . 006 37 • * 185. .00 .000 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = .813 
VOLUME OF EXCESS PRECIP = 7. ACRE-FEET 
PEAK Q ~ 64. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.20 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.3 .50 IN. MAX.IMP.RET.'" .06 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 ~ I' -' :<..: 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMG INC. DEC 1993 

BASIN 10: 09 -- BASIN CO!+IENT: BASIN #9 FUTURE CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE 
(SQMI) (MI) (MI)- (PCT) (FT/m 

.03 .12 20~00 .0600 

COEFFICIENT 

.28 

COEFFIcIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.110 .191 

CALCULATED UNIT HYoROGRAPH 

25. * 
23. * 
21. * 
19. * 
17. * 
15. * 
13. * 
11. * 
8. * 
6. * 
5. * 
4. * 
3 • *' 
3. * 
2. * 
2. * 

INCHES 

,~ " 

UNIT DURATION 
(MIN) 

5.00 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYoROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

3.91 9.00 5204.05 166.53 1.71 

*** NOTE THE TIME TO PEAK IS CALCULATED BASEQ ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACINC'THE ONE. COMPUTED BY. tUHPD ~(TP= 5.05) c , 

WIDTH AT 50 = 6. MIN. WIDTH AT 75 = 3. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN ,DATA 

MAX. PERVIOUS RET. = .40 IN: MAX. IMPERVIOUS RET. = .06 IN. 
INFILTRATION = 3.00 IN./HR~ DECAY = ,00180/SECOND FNINFL = .50 IN./HR. 

TIME 

O. 
5. 

UNIT 
HYDROGRAPH * 

* 
* o. * 

147. * 
BASIN 10: 09 

TIME 

10. 
15. 

, UNIT 
HYDROGRAPH * 

* *, 
56. * 
24. * 

TIME 

20. 
25. 

UNIT 
HYDROGRAPH * 

10. * 
O. * -- BASIN C<lI+iEN'T: BASIN #9 FUTURE CONDITIONS 

;."j 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 10 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 
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( \ 
\ ) 

,J 

1 

1 

(MIN.) (IN) PRECIP (CFS) * (MIN.) aN) PRECIP (CFS) * 
* * 
* * 

O. .00 .000 O. * 60. .06 • 025 6 • * 
5. .04 .000 O. * 65. .06 .025 6. * 

10. .07 .009 1. * 70. .06 .025 6. * 
15. .15 .029 5. * 75. .06 . 026 6 • * 
20. .28 .053 10. * 80. .05 .013 4. * 
25. .47 .303 48. * 85. .04 .007 3. * 
30. .22 .179 45. * 90. .04 .007 2. * 
35. • 10 .065 27. * 95 • .04 .007 2. * 
40. • 08 .043 17. * 100 • .04 .007 2. * 
45. .07 .035 11. * 105. .04 .007 2. * 
SO. .06 .025 7. * 110. .04 .007 2. * 
55. .06 .025 6. * 115. .03 .006 1. * 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = .930 INCHES 
VOLUME OF EXCESS PRECIP .. 2. ACRE-FEET 
PEAK Q = 48. CFS TIME OF PEAK = 25. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C .. .43 
I - 5.2 INCHES/HOUR 
A = 20.5 ACRES 
Q = 46. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 10 -- BASIN COfo'MENT: BASIN #10 FUTURE CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.09 .51 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

.093 

.21 40.00 .0210 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOFF) 

.361 

CALCULATED UNIT HYDROGRAPH 

5.00 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

9.79 25.00 1899.81 161.48 4.53 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 7.34) 

WIDTH AT 50 = 16. MIN. WIDTH AT 75 = 8. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET .... 06 IN. MAX. PERVIOUS RET. - .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH '" HYDROGRAPH '" 

'" '" 
'" '" O. O. '" 25. 60. * 50. 13. '" 5. 99. '" 30. 44. '" 55. 9. * 

10. 161. '" 35. 32. '" 60. O. * 
15. 116. '" 40. 24. '" O. O. * 
20. 81. '" 45. 17. '" O. O. * 

BASIN 10: 10 -- BASIN COfo'MENT: BASIN #10 FUTURE CONDITIONS 
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**** STORM NO. = 1. **** DATE OR RE:ruRN PERIO!> = lOYR 

1 

INCREMENT TOTAL STORM 
'. 

* INCREMENT TOTAL STORM * : 

TIME TIME RAINFALL EXCESS HYDROGRAPH * RAINFALL EXCESS . HYDROGRApil * 
(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) * 

* * 
* * 

O. .00 • 000 O. * 75 • .06, .033 28. ' * 
5. .04 • 009 O. * !l0 . .05 • 021 23 • * 

10. .07 .017 2 •. , * 85. .04· . 013 19 . * 
15. .15 • 058 9. * 90 . • 04 .013 15 . * 
20. .28 • 106 22. * 95 . .04 . 013 13 . * 
25. .47 • 367 61. * 100 . .04 . 013 12 . * 
30. .22 • 187 96. * 105 . .04 .013 11. * 
35. .10 .073 93. * 110. • 04 .013 10 . * 
40. .08 • 051 78 • * 115. ,03 .au 10. * 
45. . 07 .043 65., * 120 • • 02 .009 9 • * 
50. . 06 • 033 54. * 125 . .00 .000 7 • * 
55. .06 • 033 46 • * 130. :00 .060 5. * 
60. • 06 .033 40. * 135 • .00 .000, 3, * 
65. .06 • 033 35. * 140 • .00 • 000; i . * 
70. . 06 .033 31. * 145 • .00 . 000 2 • * 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN '" 1.s'6)1 EXECESS PRECIP. E 1.224 INCHES 
VOLUME OF EXCESS PRECIP = 6. ACRE-FEET 
PEAK Q = 96. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .57 
I = 3.2 INCHES/HOUR 
A = 54.4 ACRES 
Q = '100. CFS 

U.D. F.C.D. CUHP RUN,OFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMG INC. DEC 1993 

BASIN 10: 20 -- BASIN CQIo'MENT: BASIN 120 FUTURE CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREAsLbPE UNIT DURATION 
(SQMI)(MI) (1:11) (PeT) (FT /F.D" (MIN) 

.10 .59 .30 53.00 .0100 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.087 .462 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) , (CFS/SQMI) (CFS) (AF) 

10.95 25.00 2100.68 220.57 5.60 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 9.35) 

WIDTH AT 50 = 14. M~N. WIDTH AT 75 = 7. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.30 IN./HR. 

MAX. IMPERVIOUS RET.;" .10 IN. 
DECAY = .00180/SECOND FNINFL = .50IN./HR. 
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TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 25. 78. * 50. 12. * 
5. 83. * 30. 54. * 55. 9. * 

10. 217. * 35. 37. * 60. O. * 
15. 166. * 40. 26. * O. O. * 
20. 113. * 45. 18. * O. O. * 

1 BASIN 10: 20 -- BASIN COI+1ENT: BASIN 120 FUTURE CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 10 YR 

INCREMENT TOTAl STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) * 
* * 
* * 

O. .00 • 000 O. * 75 • .06 . 038 37 . * 
5. . 04 . 000 O • * 80 . .05 . 026 32 . * 

10. .07 • 003 O. * 85 • . 04 .018 27 . * 
15. • 15 . 077 7 • * 90 . . 04 .018 23 . * 
20. .28 . 140 29. * 95 . .04 . 018 20 • * 
25. • 47 • 354 73 . * 100 . .04 .018 18. * 
30. .22 .192 125. * 105. .04 . 018 17 • * 
35. .10 • 079 129. * 110 • .04 • 018 16 . * 
40. .08 • 056 109. * US . • 03 .016 15 . * 
45. .07 .048 89. * 120. • 02 .012 14 • * 
SO. .06 . 038 73. * 125 • • 00 .000 12 . * 
55. .06 • 038 60. * 130 . • 00 .000 8 . * 
60. .06 .038 52. * 135. • 00 .000 S . * 
65. .06 • 038 45. * 140 . . 00 .000 4 • * 
70. .06 .038 41. * 145. . 00 .000 2 • * 

TOTAL PRECIP. 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. =1.339 INCHES 
VOLUME OF EXCESS PRECIP a 7. ACRE-FEET 
PEAK Q ~ 129. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .62 
I = 3.2 INCHES/HOUR 
A = 67.2 ACRES 
Q = 135. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN 10: 21 -- BASIN COI+1ENT: BASIN #21 FUTURE CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.15 .80 .37 30.00 .0360 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.099 .300 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (Af) 

9.89 1560.82 237.24 8.U 

WIDTH AT 50 = 19. MIN. WIDTH AT 75 = 10. MIN. K50 = .31 K75 = .42 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .08 IN. MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.20 IN./HR. DECAY = .OO180/SECOND FNINFL = .50 IN./HR. 
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TIME UNIT TIME 
HYDROGRAPH • 

• 
• 

O. O. • 30. 
5. 157. • 35. 

10. 237. • 40. 
15. 188. • 45. 
20. 144. • SO. 
25. 108. • 55. 

1 BASIN 10: 21 -- BASIN 

UNIT • . 
HYDROGRAPH • 

• 
• 

84. ' ... 
65. • 
SO. • 

, 39. • 
30. • 
23. • 

C<»f.lENT : BASIN 

TIME 

60. 
6"5'; 
70. 
75. 
SO. 

. ,: 

O. 

UNIT 
HYDROGRAPH ." 

", " ,18. • 
14. • 
11. • 
.$. • , .. 
O. • 
O. • 

#21.FUTURE CONDITIONS 

•• ** STORM NO. = 1 **** . DATE OR RETURN PERIOD = lOYR 

1 

TOTAL 
.. 

INCREMENT INCREMENT STORM,'" . • TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH • 'TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) , • (,MIN.) , (IN) PRECIP' (CFS) 
• 
• 

O. .00 .000 0, • SO. .05 : .017 43. 
., 

5. .04 .000 0:. • SS. .04 • 010 37 . 
10. .07" .007 1;; , • , 90. .04 .0lD 31. 
15. .15 .043 9: ' • . \.95. .04 . 0lD 26 • 
20. .2S • 080 24 • • 100. .04 • 0lD 21 • 
25. • 41 .244 66, • 105 . .04 .0lD 18. 
30. • 22 .183 109. • llD . .04 .oia 16. 
35. .lD .069 117. • ',115. .03 .009 15. 
40. • 08, .047 106; • 120 . .02 .007 13. 
45. • 01 ' .039 93. • '125. .00 • 000 11 • 
50. • 06 .029 80 • • 130. .00 • 000 8 • 
55. .06 .029 70. • 135. ,00 • 000 6 • 
60. .06 .029 62. • 140. .00 .000 5. 
65. .06 .029 56. • 145; ,00 • 000 3 • 
70. .06 .029 51. • 150. .00 • 000 ' 2 • 
75. .06 • 029 48. ,,; 155 . .00 • 000 2 • 

TOTAL PRECIP. 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = .979 INCHES 
VOLUME OF EXCESS PRECIP = 8. ACRE-FEET 
PEAK Q = 117. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.20 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX.IMP.RET.= .08 IN. 

U.D. F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THI~ BASIN, IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN 10: 22 -- BASIN <;:<»f.lENT: BASIN #22 FUTURE CONDITI9NS .. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
" • 
• 
• '. 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI)(MI~ (MI) (PCT) eFT 1FT) (MIN) 

.20 .79 .38 15.00 .0600 5.00 
" COEFFICIENT COEFFICIENT 

(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.118 , .234 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS). (AF) 

10.28 236.15 r~ : 

WIDTH AT 50 = 26. MIN. WIDTH AT 75 = 13. MIN. KSO = .24. K?5 = .32 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. PERVIOUSR~T. = .50 IN. MAX. IMPERVIOUS RET. .OSIN. 
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INFILTRATION = 3.30 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH '* HYDROGRAPH '* HYDROGRAPH * 

'* '* 
'* * 

O. O. '* 40. 82. .. 80. 19 . * 
5. 150. .. 45. 69 • .. 85. 16. '* 

10. 236. .. SO • 57. * 90. 13. .. 
15. 203. .. 55. 48 . .. 95. 11 . * 
20. 174. .. 60. 40. * 100. 9. .. 
25. 146. * 65. 33. * 105. 8. * 
30. llS. * 70. 28. * 110. O. '* 
35. 99. '* 75. 23. * O. O. * 

1 BASIN ID: 22 -- BASIN Cot+lENT: BASIN #22 FUTURE CONDITIONS 

***'* STORM NO. - 1 **** DATI; OR RETURN PERIOD a lOYR 

1 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH .. TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) .. (MIN.) (IN) PRECIP (CFS) 
* .. 

O. • 00 .000 o. .. 85 . • 04 .005 45 . 
5. . 04 .000 O. .. 90 • . 04 .005 39 . 

10. . 07 . 004 1. .. 95 . .04 .005 34. 
15. .15 • 022 4 . .. 100. .04 .005 30 . 
20. • 28 . 040 12. .. 105 . .04 .005 26. 
25. .47 . 198 44 . .. 110. .04 . 005 23 • 
30. .22 . 176 86. .. 115. .03 .005 21. 
35. • 10 . 062 102. .. 120 . .02 . 003 18 • 
40. . 08 . 041 100 . .. 125 . .00 .000 15 • 
45. .07 . 033 94. .. 130. .00 • 000 11 • 
50. . 06 . 022 85 • .. 135 • .00 • 000 8 . 
55. • 06 • 023 77 . .. 140. .00 • 000 7 • 
60. • 06 . 023 70 . .. 145 • .00 .000 5. 
65. . 06 • 023 65 • .. 150 • .00 .000 4. 
70. . 06 .024 60. .. 155 . .00 . 000 3 . 
75. . 06 . 024 57 . .. 160 . .00 • 000 3 . 
80. . 05 . 011 52 . .. 165 . .00 .000 2. 

TOTAL PRECIP. 2.lS (l-HOUR RAIN = 1.86) EXECESS PRECIP. = .763 INCHES 
VOLUME OF EXCESS PRECIP = 8. ACRE-FEET 
PEAK Q = 102. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX.IMP.RET.= .08 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN ID: 30 -- BASIN Cot+lENT: BASIN #30 FUTURE CONDITIONS 

.. 
* 
* .. 
'* 
* .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.13 .51 .24 39.00 .0lSO 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .371 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

9.65 25.00 1994.80 249.35 6.67 
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*** NOTE : THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP~ S .12) 

WIDTH AT 50 ~ 15. M~~., WIDTH AT 75 .. C S. MIN. K50 2 .35 K7f ... 45 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. PERVIOUS RET. = '.40 IN. 
INFILTRATION = 3.10 IN./HR. 

MAX. IMPERVIOUS, RET:'''' .10 IN. , 
DECAY", .00180/SECOND FNINFL;;'. 5Q)N./~R. 

TIME UNIT 
. ",-

TIME UNIT 
I'·" 

TIME UNIT 
HYDROGRAPH * " HYDROGJ!.APH * HYDROGRAPH * 

* * 
* * 

O. O. * 25. S5 •. * 50. 15 .• * 
5. 14S. * 30. 61. *. 55. " .en; * 

10. 249. * 35. 43. * 60. S. * 
15. 175. * 40. 31. * 65. .0. ,:~ 

20. 120; * 45.,. 22. * O. o. * 
BASIN tD: 30 BASIN COMMENT : BASIN #30 ,FUTURLCONDITIONS 

~ c ~;,. 

, l 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 10 ,YR 

1 

;'j 

INCREMENT TOTAl STORM * INCREMENT TOTAL ", STORM, * 
TIME RAINFALL EXCESS HYDROGRAPH * ':TIME RAINFALL EXCESS • HYDROGRAPH * 

(MIN.) ',' (IN) PRECIP (CFS) * (MIN.) , (IN) PRECIP (CFS) , * 
* * 
* * o. • 00 .060 o . * 75. .06 • 033 40 • * 

5. .04 .000 O. * SO • .05' • 020 35 • ... 
10. • 07 • 002 O • * ,85. • 04 .013 28 • * 
15. • 15 .057 9 • * 90. .04 • 013 22 • * 
20. • 28' .103 30 • * ',95. • 04 .013 19 • * 
25. .47' • 333 85 • * 100. .04 .013 17:. " * 
30. .22 .187 136. , * 105. .04 .013 16."n,. * 
35. .10' • 073 133 • * 110. .04 • 013 15 • * 
40. • 08 .051 111 . * 115. .03 .012 14.: * 
45. .07 • 043 91 • * '120. .02 .009 D."" * 
50. .06 .032 75. * 125. .00 • 000 10 • * 
55. .06 • 032 63 • * 130. .00 • POO ,7 • * 
60. • 06 .033 .- 54'. ' ." 135,. .00 . oWL , .5 . ,* 
65. .06 • 033 48 • * 140. .00 • 000 3 • 
70. .06 .033 ,.43' * 14,5. .00 .000 , 2. 

TOTAL PRECIP.2 .15 (l-HOUR RAIN = 1.86) 
VOLUME OF EXCESS PRECIP = 8. ACRE-FEET 

EXECESS'PRECIP; '" 1.163 INCHES 

PEAK Q = 136. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.10 IN/HR DECAY = .00180 FNIN~ = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .54' 
I = 3.2 INCHES/HOUR 
A = 80.0 Ac:RES, 
Q = 140. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE, AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUAR·Y 1985 

PRINT OPTIOI-fNUMBER SELECTED FOR THIS' BAsIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMGINC. DEC ,1993 , 

BASIN ID: 31 -- BASIN COMMENT: BAsIN #31 FUTURE CONDITIONS 

* 
* 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUSAAEA' SlOPE UNIT DURATION 
(S~I) (MI) (MI),: ("9], (FT 1FT) (MIN) , 

.81 2.10 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

1.18' 20.00 .0360 5.00 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOFF) 
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'" 
) 

1 

.110 .310 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

25.24 524.13 426.11 43.36 

WIDTH AT SO = 57. MIN. WIDTH AT 75 = 30. MIN. KSO = .26 K7S = .36 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .08 IN. MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.40 IN./HR. DECAY = .OOlSO/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH .. HYDROGRAPH .. HYDROGRAPH .. .. .. . .. .. 

O. O. .. 90 • 144. .. lSO. 30 . .. 
S. 75. .. 95. 132. .. lS5 . 28. .. 

10. 210. .. 100 • 121. .. 190 . 26. .. 
15. 330. .. 105 • 111. .. 195 . 23. .. 
20. 404. .. 110 • 102. .. 200. 2l. .. 
25. 426. .. 115. 93. .. 205 • 20. .. 
30. 413. .. 120 • 86. .. 210 • lS. .. 
35. 379. .. 125 • 79. .. 215. 17 • .. 
40. 342. .. 130. 72. .. 220 . 15. .. 
45. 316. .. 135. 66. .. 225 • 14. .. 
SO. 293. .. 140. 6l. .. 230 . 13. .. 
55. 270. .. 145 • 56. .. 235 . 12. .. 
60. 247. .. 150. 5l. .. 240 . 11. .. 
65. 224. .. 155. 47. .. 245 . 10. .. 
70. 203. .. 160 • 43. .. 250. 9. .. 
75. lS7. .. 165. 39. .. 255 • 8. .. 
80. 17l. .. 170. 36. .. 260 • 8. .. 
85. 157. .. 175. 33. .. 265. O • .. 

BASIN 10: 31 BASIN COI+lENT: BASIN #31 FUTURE CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM .. INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH .. TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PREGP (CFS) 1< (MIN.) (IN) PRECIP (CFS) .. .. 
O. .00 . 000 O . .. 160. .00 . 000 72 . 
5. .04 . 000 O . .. 165. • 00 • 000 66 . 

10. .07 . 005 O . .. 170. .00 . 000 60 . 
15. .15 • 029 3 . .. 175. .00 . 000 55 • 
20. .28 . 053 12 . .. lSO. .00 .000 5l. 
25. . 47 .209 38. .. lSS . .00 . 000 46 • 
30. . 22 .178 89. .. 190 . .00 . 000 43 . 
35. • 10 .064 147 • .. 195. .00 • 000 39 . 
40. • 08 .042 196 . .. 200. .00 • 000 36 • 
45. .07 • 035 228 • .. 205. .00 .000 33. 
SO. • 06 .024 243. .. 210 • .00 . 000 30 • 
55. • 06 . 025 244 . .. 215 • .00 . 000 28 • 
60. . 06 .025 239 • .. 220. .00 . 000 25 • 
65. . 06 . 025 233 • .. 225 . .00 • 000 23 • 
70. . 06 . 025 228 . .. 230 • .00 .000 2l. 
75. .06 • 026 224 . .. 235. .00 • 000 20 . 
80. . 05 . 013 2lS . .. 240 . .00 . 000 lS • 
85. .04 . 007 209 . .. 245. . 00 • 000 16 • 
90. .04 . 007 199 . .. 250. . 00 • 000 15 . 
95. .04 • 007 lS8 • .. 255 . .00 • 000 14 . 

100. .04 • 007 176. .. 260. .00 . 000 13 . 
105. .04 . 007 165. .. 265. .00 .000 12. 
110. • 04 .007 155 • 1< 270. .00 . 000 11 • 
115. .03 . 006 146. .. 275. .00 • 000 10 • 
120. .02 • 005 137 • .. 280. .00 • 000 8 . 
125. . 00 • 000 128 • .. 285. .00 • 000 6 • 
130. .00 • 000 ill . .. 290. .00 . 000 4 • 
135. . 00 • 000 110 . .. 295. .00 .000 4 • 
140. • 00 • 000 101 . .. 300. .00 • 000 3 • 
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145. 
150. 
155. 

.00 

.00 

.00 

• 000 
• 000 
• 000 

93. 
85. 
78. 

'" 
'" 
'" 

305. 
310. 
315. 

.00 

.00 

.00 

.000 

.000 

.000 

3 • 
2 . 
2 . 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1.86)'; . EXECESS PRECIP. = .829 INCHES 
VOLUME OF EXCESS PRECIP = 36. ACRE-FEET 
PEAK Q.. 244. CFS TIME OF PEAK = 55. MIN'. 
INFILT.- 3.40 IN/HR DECAY - .00180 FNINF- .5~ IN/HR 
MAX.PERV.RET.- .50 'IN. MAX: IMP. RET ... ;08 IN; 

'" 
'" 
'" 

1 U.D. F.C.D. CUHPD RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

o 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 TO WUrE OUTPUT FILE OF STORM HYDROGRAPHS FOR SUBSEQUENT 
USE WITH MULTI-PLAN RIVER ROUTING ROUTINES OF HEC-; 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

NO HYDROGRAPH VALUES WERE WRITTEN TO AN OUTPUTFILE FOR THIS RUN OF CUHPD. 
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\2 ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. 
01100 YR 100 2.95 

\70 1 15.0 0101 BASIN #1 FUTURE CONDITIONS 

DEC 1993 
0.000.000.000.00 

.172 1.06 0.59 88.0 .012 .40.10 3.0.0018.5 0 
\70 115.0 02 02 BASIN #2 FUTURE CONDITIONS 

.177 0.76 0.34 38.0 .016 .50.10 3.0.0018.5 0 
\71 1 15.0 03 03 BASIN #3 FUTURE CONDITIONS 

.058 0.44 0.22 43.0 .028 23.0 .35 .06 3.0.0018.5 0 
\70 1 15.0 04 04 BASIN 14 FUTURE CONDITIONS 

.148 0.55 0.21·38.0 .017 .35 .06 3.0.0018.5 0 
\71 1 15.0 05 05 BASIN #5 FUTURE CONDITIONS 

.053 0.42 0.24 52.0 .012 15.0 .35 .08 3.0.0018.5 0 
\70 1 15.0 06 06 BASIN #6 FUTURE CONDITIONS 

.206 0.68 0.28 40.0 .023 .37 .07 3.0.0018.5 0 
\71 1 15.0 07 07 BASIN #7 FUTURE CONDITIONS 

.07+ 0.46 0.17 36.0 .055 14.0 .37 .06 3.5.0018.5 0 
\70 1 15.0 08 08 BASIN #8 FUTURE CONDITIONS 

.156 1.12 0.52 18.0 .054 .50 .06 3.2.0018.5 0 
\71 1 15.0 09 09 BASIN #9 FUTURE CONDITIONS 

.032 0.28 0.12 20.0 .060 9.0 .40 .06 3.0.0018.5 0 
\71 1 15.0 10 10 BASIN #10 FUTURE CONDITIONS 

.085 0.510.21 +0.0 .02125.0 .35 .06 3.0.0018.5 0 
\71 1 15.0 20 20 BASIN #20 FUTURE CONDITIONS 

.105 0.59 0.30 53.0 .010 25.0 .40 .10 3.3.0018.5 0 
\70 1 15.0 21 21 BASIN #21 FUTURE CONDITIONS 

.152 0.80 0.37 30.0 .036 .50 .08 3.2.0018.5 0 
\70 1 15.0 22 22 BASIN #22 FUTURE CONDITIONS 

.204 0.79 0.38 15.0 .060 .50 .08 3.3.0018.5 0 
\71 1 15.0 30 30 BASIN #30 FUTURE CONDITIONS 

.125 0.510.24 39.0 .015 25.0 .40 .10 3.1.0018.5 0 
\70 1 15.0 31 31 BASIN #31 FUTURE CONDITIONS 

.813 2.10 1.18 20.0 .036 .50 .08 3.4.0018.5 0 
E 

00 
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U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECuTED OHDATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 01 -- BASIN COI+lENT: BASIN #1 FUTURE CONDITIONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURAtiON 
(SQMI) (0) (MI)(PCT) (FT /FT)(MIN) . 

.17 1.06 • 59 88.00 .0120 

COEFFICIENT ' COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNoFF) , 

.075 .632 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP pEAK· VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) , (AF) 

12.89 2333.71 401.40 9.17 

WIDTH AT SO = 13. MIN. WIDTH AT 75 = 7. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .10 IN. 

5.00 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 25. 142. * 50. 14. * 
5. 67. * 30. 90. * 55. 9. * 

10. 309. * 35. 57. * 60. O. * 
15. 365. * 40. 36. * O. O. * 
20. 227. * 45. 23. * O. O. * 

BASIN ID: 01 -- BASIN Cot+lENT: BASIN #1 FUTURE CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) * 
* * 
* * 

O. • 00 .000 O • * 80. .04 . 030 117 • * 
S. • 03 .000 O • * 85. .04 • 030 88 • * 

10. .09 . 015 1- * 90 . .04 • 030 68 • * 
15. • 14 • 113 12 • * 95 • .04 • 030 56 • * 
20. • 24 .197 54 . * 100. .04 • 030 49 • * 
25. • 41 .364 130 • * 105. .04 • 030 45 • * 
30. • 74 .699 259 . * 110. . 04 .030 43 • * 
35. • 41 .389 437 • * 115. .04 • 030 41 • * 
40. • 24 .220 512 . * 120. .04 • 030 40 • * 
45. • 18 • 170 457 • * 125 • .00 . 000 38 . * 
50. • 15 • 136 378 . * 130 • .00 . 000 28 • * 
55. .12 • 108 310. * 135 • .00 . 000 18 • * 
60. • 12 .108 254 . * 140. .00 • 000 11 • * 
65. • 12 • 108 214 • * 145 • .00 • 000 7 . * 
70. • 06 • 051 184 • * 150 . .00 .000 4. * 
75. • 06 • 051 150 • * 155 • .00 • 000 2 • * 

TOTAL PRECIP. 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.996 INCHES 
VOLUME OF EXCESS PRECIP = 27. ACRE-FEET 
PEAK Q = 512. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .10 IN. 
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APPENDIX B - CUHPEIPC - 100 YR 

FULLY DEVELOPED LAND USE CONDITIONS 



1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 02 -- BASIN COI+iENT: BASIN #2 FUTURE CONDmONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PCT) (FT /m (MIN) 

.18 .76 .34 38.00 .0160 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .380 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

10.45 1836.31 325~03 9.44 

WIDTH AT SO = 16. MIN. WIDTH AT 75 = 8. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .10 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = . 00 180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH 11' HYDROGRAPH 11' HYDROGRAPH 11' 

* 11' 

11' * 
O. O. 11' 25. 127. * 50. 26. 11' 

5. 175. '* 30. 92. '* 55. 19. '* 
10. 324. 11' 35. 67. * 60. 14. 11' 

15. 248. 11' 40. 49. * 65. 10. 11' 

20. 177. * 45. 36. 11' 70. O. 11' 

BASIN ID: 02 -- BASIN COI+iENT: BASIN #2 FUTURE CONDmONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH 11' TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) aN) PRECIP (CFS) 
* 
11' 

O. . 00 . 000 O . * 80 . .04 . 013 105 . 
5. .03 .000 O. * 85. • 04 .013 81 . 

10. .09 .006 1- * 90. .04 . 013 62 . 
15. .14 .049 11. * 95. .04 . 013 45 . 
20. . 24 . 085 32 . * 100 . .04 . 013 35 • 
25. .41 . 184 73 . * 105. .04 . 013 29 • 
30. .74 . 691 211 . 11' 110. .04 • 013 25 . 
35. .41 • 375 357 • * 11S. .04 . 013 22 . 
40. . 24 . 203 377 • * 120 . .04 . 013 20 • 
45. • 18 . 152 343 • * 125 • .00 . 000 17 . 
SO. • 15 .118 300. * 130 • .00 .000 12. 
55. .12 • 089 257 • * 135. .00 .000 8. 
60. • 12 .090 221. * 140 • .00 . 000 6 • 
65. . 12 .090 195 • * 145. .00 . 000 4 • 
70. .06 • 032 166 . * 150. .00 • 000 3 • 
75. .06 . 032 133 . 11' 155. .00 .000 2. 

TOTAL PREap. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PREap. = 2.313 INCHES 
VOLUME OF EXCESS PREap = 22. ACRE-FEET 
PEAK Q = 377. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX.IMP.RET.= .10 IN. 
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U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC; INC." DEC 1993 

BASIN ID: 03 -- BASIN COMMENT: BASIN '#3 FUTURE CONDITIONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) '(PCT) eFT /FT) (MIN) 

.06 .44 .22 , 43.00 .0280 5.00 

COEFFICIENT , COEFFICIENT, ,,' 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.092 .362 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNO'FF "UNIT HvDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

9.48 23.00 115.65 
'" .. 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 6.73) 

WIDTH AT SO - 15. MIN. WIDTH AT 75 - 8. MIN. K50 - .35 K75 - .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. =' .06 IN. MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * o. O. * 20. 55. * 40. 16. * 

5. 72. * 25. 40. 45. 11. * 
10. 115. * 30. 29. * "50. u 8. * 
15. 80. * 35. 21. * 55. O. * 

BASIN ID: 03 BASIN COI+IENT: BASIN #3 FUTURE CONDITIONS 

**** STORM NO. -, = 1 **** 'DATE OR RETURN PERIOD'= 100';r'R 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCES,S HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRApH * 

(MIN.) " (IN) PRECIP (CFS):' * ' (MIN.) (IN) PRECIP (CFS) * 
* " * 
* * o. . 00 .000 0; * 70 . .06 .034 55. * 

5. . 03 • 000 O • * 75 . .06 • 034 42 . * 
10. • 09 • 024 2 • * 80 . .04 .014 29 . * 
15. . 14 .055 7. * 85 . .04 • 014 21.' , * 
20. • 24 .096 15 • * 90. .04 .014 16. * 
25. • 41 • 286 37 . * 95 . .04 .014 12 • * 
30. • 74 • 692 94; * ~O . .04 .014 10. , * 
35. .43: • 377 138 . * 105. .04 .014 9. * 
40. .24 ' • 205 135 . * Uo. .04 . 014 8 • * 
45. .18 .154 119~ * 115. . 04 .014 7 • * 
50. . 15 .120 103. * :120 . .04 • 014 7 . * 
55. .12 .091 88. * 125. .00 • 000 5 . * 
60. . 12 .0~1 75. * 130 . .00 .000 4. * 
65. . 12 .092 66 . * 135. .00 . 000 3 . * 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.482 INCHES 
VOLUME OF EXCESS PRECIP = 8. ACRE"'FEET 
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PEAK Q - 138. CFS 
INFILT.= 3.00 IN/HR 
MAX.PERV.RET.- .35 IN. 

TIME OF PEAK - 35. MIN. 
DECAY = .00180 FNINF = .50 IN/HR 

MAX.IMP.RET.- .06 IN. 

RATIONAL FORMULA C - .73 
I ~ 5.4 INCHES/HOUR 
A - 37.1 ACRES 
Q - 145. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMC INC. DEC 1993 

BASIN ID: 04 -- BASIN C<M-1ENT: BASIN #4 FUTURE CONDmONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.15 .55 .21 38.00 .0170 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .370 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) CAF) 

7.83 2669.73 395.12 7.89 

WIDTH AT 50 = 11. MIN. WIDTH AT 75 = 6. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. 

5.00 

MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION - 3.00 IN./HR. DECAY = .00180/SECOND FNINFL. .50 IN./HR. 

TIME 

O. 
5. 

10. 
15. 

UNIT 
HYDROGRAPH " 

O. 
28l. 
346. 
20l. 

BASIN 10: 

" 
" 
" 
" 
" 
* 
04 

TIME 

20. 
25. 
30. 
35. 

UNIT 
HYDROGRAPH " 

125. 
78. 
49. 
3l. 

" 
" 
" 
" 
* 
* 

TIME 

40. 
45. 
50. 
55. 

UNIT 
HYDROGRAPH " 

19. " 12. " 8. " O. " -- BASIN C<M-1ENT: BASIN #4 FUTURE CONDmONS 

"""" STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM " INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH " TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) " (MIN.) (IN) PRECIP (CFS) 
* 
" O. . 00 .000 O. " 75 . . 06 .032 80 . 

5. . 03 • 000 O • " 80 . .04 .013 56. 
10. . 09 • 021 6 . .. 85 . .04 .013 38 . 
15. . 14 • 049 21 • " 90 . .04 .013 29. 
20. .24 .085 45. .. 95. .04 . 013 23 . 
25. • 41 • 277 120 . " 100 . • 04 .013 19 . 
30. .74 • 691 315 . " 105. .04 • 013 17 . 
35. . 41 .375 416. .. 110 • .04 .013 16 . 
40. .24 • 203 370 . .. ill. .04 .013 15 • 
45. .18 .152 303. .. 120. .04 • 013 15 . 
50. . 15 • 118 245 . " 125 . .00 • 000 11 . 
55. .12 • 089 196 . .. 130. .00 . 000 7 . 
60. .12 .090 16l. .. 135. .00 .000 4. 
65. .12 • 090 140 • .. 140. .00 • 000 3 • 
70. .06 .032 110. .. 145 . .00 .000 2. 
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TOTAL PRECIP. = 3.41 (l-HOUR RAINs 2.95) : EXECESS PREcIP. '= 2.420 INCHES,' 
VOLUME OF EXCESS PRECIP = 19. ACRE-FEET-
PEAK Q = 416. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF - ,50 IN;HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN; 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

1 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMG INC. DEC'l.9!H 

BASIN ID: 05 -- BASIN CCMlENT: BASIN #5 FUTURE CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO 'CENTROID IMPERVIOUS AREA S'LOPE UNITbURATION " 1 

(SQMI) (MI) , (MI) (PCT) (FT /~ (MIN) , 

.05 .24 52.00 .0120 5.00 

"". {l COEFFtOENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.087 
J,Of .412' 

CALCULATED UNITHYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF '(lNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AE) 

" 

7.06 15.00 ' 3468.44 183.83 ' 

*** NOTE THE TIME TO' PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY 'THE 'USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP=7.53) 

WIDTH AT 50 = 9. MIN. WIDTH AT 75 ,. "4. MIN. K50 = .35 K75';'; .45 
, " ": 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .08 IN. MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. , 

TIME UNIT 
HYDROGRAPH * ',:': 

* 
* 

O. O. * 
5. 136. * 

10. 131. * 
BASIN ID: 05 

TIME TIME UNIT . UNIT 
HYDROGRAPH * 

* 
* 

HYDROGRAPH *' 

15;" , " 69; , 
20. 38. 
25. ",2],. 

-- BASIN CCMlENT: 

. * 30~ . " 11. 
* 35. O. 
~, '" r 0 1,,,,,." , , , ,,0. 

BASIN #5'FUTURE'CONDITIONS 

* 
* .: ,~. ~; 

**** STORM NO. = i J**** DATE OR, RETURN PEI!.IOD = 100YR, 

, , 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) " * (MIN.) (IN) PRECIP (CFS) * 
* * 
* * o. • 00 .000 o . * 65. .12 .095 42 • * 

5. • 03 • 060 O • * 70. .06 • 037 32 • * ' , 

10. • 09 .01.9 3; * 75 • • 06 .037 23 • * 
15. .14 .067 ' 12;" * SO. .04 .017 " 16. * 
20. • 24 .117 26; * S5 • .04 .017 12 • * 
25. .41: • 303 62. * 90. .04" .017 9; * 
30. .74 .693 145; * 95. .04' .017" S • * 
35. .41 • 379 169;' * ioo . • 04 . oi7 7 • * 
40. .24 • 20S 141. * iD5 • .04 ' .017 7. * 
45. .18 .157 109'; * rio. .04 .017 7: * 
50. • 15 • :123 S4 • * lis . .04 .017 7. * 
55. .12 • 095 63: * lio . .04 .017 7; * 
60. .12 .095 4S. * 125. .00 • 000 5 • * 
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TOTAL PRECIP. z 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.582 INCHES 
VOLUME OF EXCESS PRECIP - 7. ACRE-FEET 
PEAK Q = 169. CFS TIME OF PEAK - 35. MIN. 
INFILT.= 3.00 IN/HR DECAY z .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .08 IN. 

RATIONAL FORMULA C - .76 
I - 6.7 INCHES/HOUR 
A = 33.9 ACRES 
Q s 172. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 06 -- BASIN COI+IENT: BASIN fI6 FUTURE CONDmONS 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.21 .68 .28 40.00 .0230 

COEFFICIENT COEFFICIENT 
. (REFLEmNG TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.093 .412 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

8.74 2535.26 522.26 10.99 

WIDTH AT 50 - 12. MIN. WIDTH AT 75 = 6. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .07 IN. 

5.00 

MAX. PERVIOUS RET. = .37 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH ... HYDROGRAPH ... HYDROGRAPH ... 

... ... 

... ... 
O. O. ... 25 . 1l9. ... SO. 12 • ... 
5. 298. ... 30 • 75. ... 55. 8. ... 

10. SOL ... 35 • 47. ... 60. O . * 
15. 304. * 40. 30. * O. O. * 
20. 188. * 45. 19. * O. O. * 

BASIN ID: 06 -- BASIN COI+IENT: BASIN #6 FUTURE CONDmONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM ... INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH ... TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) ... (MIN.) aN) PRECIP (CFS) 
... 
... 

O. • 00 • 000 O . ... 75 . .06 • 033 121 . 
5. • 03 .000 O. ... 80 • .04 . 013 89 • 

10. . 09 • 018 5 . ... 85 . .04 • 013 60 . 
15. .14 .052 24. ... 90 • • 04 .013 44 • 
20. .24 .090 58. ... 95. .04 . 013 35 • 
25. . 41 .268 144. ... 100 • .04 • 013 29 . 
30. . 74 • 691 380 • ... 105. .04 .013 26 . 
35. . 41 • 376 564. ... 110 . .04 . 013 24 • 
40. . 24 • 204 526 . ... 115. .04 • 013 23 • 
45. .18 .153 434. ... 120. .04 • 013 22 • 
SO. .15 . 1l9 353 . ... 125. .00 • 000 18 • 
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55. • 12 .090 284 • * 130. .00 .000 11. * 
60. • 12 .090 2,33, • * 135. .00" .000 7. * 
65. .12 '.090 201. * 140. :00 ,.000 4., *" 
70. • 06 .033 163 • * 145. -.00 ' .000 ' 3. * I' 

TOTAL PRECIP. 3.41 (l-HOUR RAIN = 2.95)' EXECESS PRECIP. = 2.429 INCHES 
VOLUME OF EXCESS PRECIP = 27. ACRE-FEET 
PEAK Q = 564. CFS TIME OF PEAK = 35. MIN. 
INFILT.z 3.00 IN/HR DECAY = .00180 FNINF ,,; .50 IN/~R 
MAX.PERV.RET.- .37 IN. MAX.IMP.RET.~ .07 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS 
I,,', 

EXECUTED ON-DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS ,7 ,"', 
ROBBINSDALE DRAINAGE BASIN DESIGN p~, FMGINC. D~C 1993 ' " ", 

BASIN 10: 07 -- BASIN COI-'MENT: BASIN #7 ,FUTURE COND~ONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID ; IMPERVIOUS AREA, SLOPE UNIT DURATION 
(SQMI) ,(MI) (MI) (peT)" , (Fr/FT) (MIN)" , \ 

.07 , ,.~6 

COEFFICIENT 
(REFLECTING TIMp TO ~~) 

.095 

;".V 36.00 .g~50 

COEFFICIENT 
(RELATED TO, PEAK, RArE ,Of, RUNOFF) 

.316 

CALCULATED UNIT HYDROGRAPH 

5.00 

" ! 

TIME TO PEAK TIME Of', ,CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) , (CFS/SQMI) - (CFS; , (AF) 

5.97 14.00 3496,13 258.71 3 .. 95 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONcENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 5.87) , , " , 

j'" I 

WIDTH AT 50"; 9. MIN. wIDTH AT 75 = 4'. MIN. K50"'; .35 K75;;'.45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .37 IN. , 
INFILTRATION = 3.50 IN. /~,R. 

MAX. IMP;ERVIOUS RET. = .06 IN. 
DECAY = .00180/SEC~ND FNINFl;' .50IN./HR. 

, 
TIME UNIT TIME UNIT TIME UNIT, 

HYDROGRAPH * HYDROG~PH * HYDROGRAPH * 
* * 

"l,"" 

* * 
O. O. * 15. 85." *"" 30. 13. * 
5. 245. * 20. 46. * 35. O. * 

10. 161- * 25. • 2~. * :" O. ,,';' O. * 
BASIN 10: 07 -- BASIN COI-'MENT: BASIN '17 FUTURE'CONOIrrONS 

**** STORM NO., = 1 **** DATE OR RETURN PEgIOD = 100"YR 

INCREMENT TOTAL STORM * I~CREMENT TOTAL STORM * 
TIME RAINFA~L EXCESS HYDROGRAPH * TIME ~NFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP, (CFS) * ,(MIN.) (IN) PREcIP (CFS) * 
* * 
* * 

O. • 00 .000 0., * ,65 • .12 "" .089 _ 55. * 
5. .03 

, 
.060 o. * 

~ (' 

70. .06'" .031, 39.- * 
10. • 09 .020' 5'. * 75 • .06;": .031 28. ' * 
15. .14 .046 15. * 80. • 04 .012 18 • * 
20. .24 .081 29~' * 85. • 04 .012 ' 12 • * 
25. .41 • 247 78 • * 90. .04 " • 012 9 • * 
30. .74 • 689 218' • * 95. .04 .012 ; 8. , * 
35. .41 • 374- 229 • * 100. .04 .012 7. ' * 
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40. .24 • 202 182 . '* !D5. .04 
45. .18 .151 140. '* llD. .04 
50. .15 .117 !D8. '* 115. .04 
55. .12 .089 81. '* 120. .04 
60. .12 • 089 63 . '* 125. .00 

TOTAL PRECIP. - 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. 
VOLUME OF EXCESS PRECIP = 9. ACRE-FEET 
PEAK Q = 229. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.50 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .37 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .69 
I = 6.9 INCHES/HOUR 
A = 47.4 ACRES 
Q = 227. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN ID: 08 -- BASIN COI+IENT: BASIN #8 RfTURE CONDmONS 

.012 7. ., 

.012 7. '* 

.012 7. '* 

.<112 7. '* 

.000 4. '* 

= 2.366 INCHES 

AT TIME 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.16 1.12 .52 18.00 .0540 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.l13 .234 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) CAF) 

13.05 853.14 133.09 8.32 

WIDTH AT 50 = 35. MIN. WIDTH AT 75 = 18. MIN. K50 = .22 K75 = .30 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.20 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH '* HYDROGRAPH '* HYDROGRAPH '* 

'* 
., 

'* '* 
O. O. ., 45. 59 . ., 90. 'iii 19 . '* 
5. 63. ., 50. 52 . '* 95. 17. '* 

!D. 124. '* 55. 46. '* !DO. 15. '* 
15. 130. '* 60. 41. '* !D5. 13. '* 
20. 110. '* 65. 36. '* llD. 12. '* 
25. 98. '* 70. 32. '* 115. !D. '* 
30. 90. '* 75. 28. '* 120. 9. '* 
35. 79. '* 80. 25. '* 125. 8. '* 
40. 67. '* 85. 22. '* 130. O. '* 

BASIN ID: 08 -- BASIN COI+IENT: BASIN #8 FUTURE CONDmONS 

'*'*'** STORM NO. = 1 *,**"k DATE OR RETURN PERIOD = !DO YR 

INCREMENT TOTAL STORM ., INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH '* TIME RAINFAlL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) '* (MIN.) (IN) PRECIP (CFS) 
'* ., 

O. .00 .000 O. '* 95. .04 • 006 85 . 
5. .03 .000 o. '* !DO. .04 . 006 75 • 
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.006 10. . 09 , .010 . 1 .. 105. .04' 67. * 
15. .14 .' .023 3. * 110. .04 .006 60. * 
20. .24 . .040 7. * 115. .04 .006 54. * 
25. .41' .110 16. * 120. .04 .006 49. ' * 
30. .74 .687 66 .. * . 125. .00 .000 44. * 
35. .41 .370 130. * 130. .00 .000 39. * 
40. • 24 .196 .167 • * 135. .00 .000 34. * 
45. .is .145 174: .. * 1.f0. .00 .000 30. * 
SO. .15 .111 174. * 145. • 00 .000 . 2.6. * 55. .12 .082 171. '!' 150. .00 .000 22. * 
60. .12 • 082 164 • * 155. .00 .000 15. * 65. .12 .083 156. * 160. .00 .000 10. * 
70. .06 .024 146. * 165. .00 .000 8. * 75. .06 .024 133. * 170. .00 .000 6. * 
80. • 04 .006 119. * 175 • .00 .000 4. * 
85. • 04 .006 107 . * 180. .60 .000 3. * 
90. .04 .006 95. * 185 ... • 00 .000 2 . * 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.04l INCHES 
VOLUME OF EXCESS PRECIP = 17. ACRE-FEET 
PEAK Q = 174. CFS TIME OF PEAK = 45. MIN. 
INFILT.= 3.20 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX.IMP.RET.= .06 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN ID: 09 -- BASIN COf.t.IENT: BASIN #9 FUTURE CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT/m (MIN) 

.03 .28 .12 20.00 .0600 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.110.191 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

3.91 9.00 5204.05 166.53 1.71 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE UME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE CQM~!JTED BY CUHPD (TP= ,5.05) 

WIDTH AT SO = 6. MIN. WIDTH AT 75 ,,:, . 3. MIN. K~O = .35 K75 = .45 

RAINFALL LossEs INPiir w/ BASINoATA 

MAX. IMPERVIOUS RET; = .06 IN. MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNiT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 10. 56. * 20. 10. * 
5. 147. * 15. . 24. * 25. O. * BASIN ID: 09 -- BASIN tOf.t.lENT: . BAS.IN #9 FUTURE CONDmONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
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TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROCRAPH * 
(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) * 

* * 
* * 

O. .00 • 000 O • * 60. • 12 .083 21 . * 
5. .03 .000 O. * 65. .12 . 083 20 • * 

10. .09 . 011 2 • * 70. .06 • 025 11 • * 
15. .14 . 026 4 • * 75. .06 .025 8. * 
20. .24 . 045 8 • * 80. .04 .007 4. * 
25. .41 . 203 33 . * 85. • 04 .007 2 • * 
30. .74 . 688 114 • * 90. .04 • 007 2 . * 
35. .41 . 371 98 • * 95. .04 . 007 2 . * 
40. .24 . 197 68 • * 100. . 04 .007 2 • * 
45. .18 . 146 49 . * 105. • 04 .007 2 . * 
50. .15 .112 33. * 110. .04 • 007 2 . * 
55. .12 . 083 24 • * 115. .04 • 007 2 . * 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.159 INCHES 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET 
PEAK Q = 114. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .63 
I = 8.3 INCHES/HOUR 
A = 20.5 ACRES 
Q = 108. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 10 -- BASIN CCH1ENT: BASIN #10 FUTURE CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.09 .51 .21 40.00 .0210 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.093 .361 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROCRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

9.79 25.00 1899.81 161.48 4.53 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 7.34) 

WIDTH AT 50 = 16. MIN. WIDTH AT 75 = 8. MIN. K50 = .35 K7S = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECONDFNINFL = .50IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 25. 60. * 50. 13. * 
5. 99. * 30. 44. * 55. 9. * 

10. 16l. * 35. 32. * 60. O. * 
15. 116. * 40. 24. * O. O. * 
20. 8l. * 45. 17. * O. O. * 
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1 BASIN 10: 10 -- BASIN'Cd!+!ENT: BAsIN #10 furURE CONDITIONS 

**** STORM NO.>,: 1 **** DATE OR RETURN PERIOD = 100 YR 

1 

--

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM' * 
TIME RAINFALL EXCESS HYDROGRAPH' * TIME ~NFALL EXCESS HYDROGRAPH * 

(MIN.) (IN)' PRECIP (CFS) * (MIN.) . (IN) .' PRECIP (CFS) * 
* * 
* * 

O. .00 • 000 O • * ,75. .06 • 033 65 • * 
5. .03 . 000 O. * 80 . .04' .013 50. * 

10. .09 • 022 2 . * 85. .04 .013 34. * 
15. .14 • 052 9 • * ' 90. .04 .013 25. * 
20. .24 • 090 20 • * 95. .04 • 013 19 • * 
25. .41 • 280 50 • * 100. .04 • 013 15 • * 
30. .74 • 691 129 • * 105. .04 . 013 13 • * 
35. . 41 • 376 193 • * 110 • .04 .013 11. * 
40. .24 • 204 192. * 115 . .04 • 013 10 • * 
45. .18 • 153 17l. * 120 • .04 .013 9. * 
50. .15 • 119 149. .. 125. .00 • 000 8 • * 
55. .12 • 090 128 . * 130. .00 . 000 5 • * 
60. .12 • 090 110 • * 135. .00 • 000 4 • * 
65. .12 . 090 97 . * 140. .00 .000 3. * 
70. .06 .033 82. * 145. .00 .000 2. * 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.445 INCHES 
VOLUME OF EXCESS PRECIP = 11. ACRE-FEET 
PEAK Q = 193. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF,= .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .72 ' 
I = 5.1 INCHES/HOUR 
A = _H3

i
_ACRES __ . _____ ._ 

Q = 200. CFS 
U. D. F. C. D. CUHP RUNO,FF ANALYSIS EXECUTED ON DATE ,AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 20 -- BASIN Cot-'MENT: BASIN #20 FUTURE CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) :.eMI) (MI) (PCT) (FT/FT) (MIN) 

.10 .59 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

.087 

.30 53.00 .0100 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOFF) 

.462 

CALCULATED UNIT HYDROGRAPH 

5.00 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE. OF. RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI)' (CFS) , (AF) 

10.95 25.00 2100.68 220.57 5.60 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER. 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 9.35) 

WIDTH AT 50= 14. MIN. WIDTH AT 75 = 7. MIN. K,50=.35 K75=.45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.30 IN./HR. 

MAX. IMPERVIOUS RET. = .10 IN. 
DECAY '= ' .00180/SECoND FNINFL = .50 IN./HR. 
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TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 25. 78. * SO. 12. * 
5. 83. * 30. 54. * 55. 9. * 

10. 217. * 35. 37. * 60. O. * 
15. 166. * 40. 26. * O. O. * 
20. lli. * 45. 18. * O. O. * 

1 BASIN 10: 20 -- BASIN COI+lENT: BASIN '20 FUTURE CONDITIONS 

**** STORM NO. a 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN.) aN) PRECIP (CFS) * 
* * 
* * 

O. . 00 .000 O. * 75 • .06 .038 81. * 
5. . 03 . 000 O • * 80 • .04 .018 62. * 

10. .09 • 009 l. * 85 • .04 .018 44 • * 
15. • 14 • 068 8. * 90 . .04 . 018 33 • * 
20. . 24 • 119 26 . * 95 • .04 . 018 26 • * 
25. . 41 .275 6l. * 100 . .04 .018 22. * 
30. . 74 . 693 145 • * 105 . .04 .018 19. * 
35. .41 . 379 246 . * 110. .04 .018 17. * 
40. . 24 .208 259. * US . .04 • 018 16 • * 
45. .18 . 157 230 . * 120. .04 . 018 15 • * 
50. . 15 • 123 197 . * 125 . .00 • 000 13 . * 
55. .12 .095 166. * 130. .00 .000 9. * 
60. . 12 . 095 139 • * 135 . .00 . 000 6 . * 
65. . 12 .095 121. * 140 . .00 .000 4. * 
70. .06 . 038 103 . * 145. .00 .000 3. * 

TOTAL PRECIP. 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.554 INCHES 
VOLUME OF EXCESS PRECIP = 14. ACRE-FEET 
PEAK Q = 259. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .75 
I = 5.1 INCHES/HOUR 
A = 67.2 ACRES 
Q = 258. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN ID: 21 -- BASIN COI+lENT: BASIN'21 FUTURE CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.15 .80 .37 30.00 .0360 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.099 .300 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

9.89 1560.82 237.24 8.U 

WIDTH AT 50 = 19. MIN. WIDTH AT 75 = 10. MIN. K50 = .31 K75 = .42 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .50 IN. MAX. IMPERVIOUS RET. = .08 IN. 
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INFILTRATION = 3.20 IN./HR. DECAY ~;.OOlBO/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT, • Tl~E UNIT 
,,'u 

HYDROGRAPH .. " 

HYDROGRAPH .. HYDROGRAPH .. .. .. .. .. 
O. O. .. 3(i; 84. .. 6P. l,.{ .. 
5. 157. .. 35. 65: .' .. 65. 14 • .. "" 

I _, 

10. 237. .. 40. 50. .. 70. ll • .. 
15. lB8. .. 45. 39 • ~. ~ ,75 •. , 8, .. 
20. 144. .. 50. 30 • .. 80,' 0; .. 
25. 108. .. 55. 23. .. O. O • .. 

1 BASIN ID: 21 -- BASIN COI+lENT: BASIN 121 ,FUTURE CONDITIONS, 

........ STORM NO •.... = l' *-*** DATE OR RETURN PERIOD = 100 .Yit 

INCREMENT 
;: , 

TOTAL STORM. .. INCREMENT TOTAL STORM .. 
TIME RAINFALL EXCESS HYDROGRA.~H' .. TIME RAINFALL. EXCES,S HYDROGRAP~ .. 

(MIN.) : (IN)' PREcIP (CFS) .. .q-;IN.) , (IN), PRECIP (CFS) .. .. .. .. .. 
O. .00 I .000 0: .. 80. .04 .010 97., .. 
5. • 03, • 000 0." . .. 85. .04 .010 78.: .. 

10. • 09 .Oll 2;' .. 90. .04:" .010 63 • .. 
15. • 14 .039 9 • .. 95. .04 .010 51- .. 
20. .24 .067 22: .. 100. .04 .010 41 . .. 
25. . 41 .151 49: .. 105. .04 .010 30. .. 
30. • 74 • 689 164 • .. 110. .04 .010 24 • .. 
35. . 41 .373 265 • .. 'lis. .04 .010 20 • .. 
40. • 24' , • 201 283 • .. 120 • .O~ .010 17. .. 
45. .lB . .149 265. .. 125. 

" 
.00 .000 14 • .. 

SO. • 15 .ll5 239 • .. 130. .00 .000 10 • .. 
55. .12 • 087 2ll. .. 135. .00 .000 7 • .. 
60. .12 • 087 lB7 • .. 140. .00 .000 5 • .. 
65. • 12 • 087 168 • .. 145. .00 .000 4 • .. 
70. • 06 .029 lt5 • .. 150. .00 I .000 3 • .. 
75. .06 .029 120. 

,. ,. .~.:... 
155. .00 '.000 2. .. 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EX,ECESS PRECIP. = 2.204 INCHES 
VOLUME OF EXCESS PRECIP = lB. ACRE-FEET 
PEAK Q = 283. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.20 IN/ilK" DECAY = .00lBO FNINF. = • 5O l:,N/HR 
MAX. PERV.RET.= .50 IN. MAX.IMP.RET.= .08 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE .,' AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 
'", " fl 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 22 -- BASIN COI+lENT: ,BASIN 122 FUTURE CONDITIONS 

AREA OF BASIN' LENGTH ClFBASIN DIST'TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION' ' 
(SQMI) ~I), ' (MI) (PeT) (FT /FT) (MIN) 

.20 .79 .38 15.00 .0600 5.00 

COEFFICIENT COEFFICIENT 
(REFLEmNG TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.1ll! .234 

CALCULATED UNIT HYDROG~PH 

TIME TO PEAK PEAK RATE OF RUNClFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS~ (AF) I,,; " 

10.28 1157.60 236.15 10.88 

WIDTH AT 50 = 26. MIN. WIDTH AT 75 = 13. MIN. K50= .24 K75 = .32 

RAINFALL LOSSES INPUT W/ B,A,SIN. DA!:~,: 

8-32 



(, 

) 

MAX. PERVIOUS RET. = .50 IN. MAX. IMPERVIOUS RET. = .08 IN. 
INFILTRATION = 3.30 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROCRAPH * HYDROCRAPH * HYDROCRAPH * 

* * 
* * 

O. o. * 40. 82. * 80. 19. * 
5. 150. * 45. 69. * 85. 16. * 

10. 236. * SO. 57. * 90. 13. * 
15. 203. * 55. 48. * 95. 11. * 
20. 174. * 60. 40. * 100. 9. * 
25. 146. * 65. 33. * 105. 8. * 
30. llS. * 70. 28. * 110. O. * 
35. 99. * 75. 23. * O. O. * 

1 BASIN ID: 22 -- BASIN COf+IENT: BASIN #22 FUTURE CONDITIONS 

••• * STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

1 

INCREMENT TOTAL STORM • INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROCRAPH • TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) • (MIN.) (IN) PRECIP 
• 
• 

o. . 00 • 000 o . • 85 • .04 
5. . 03 • 000 O . • 90 . .04 

10. . 09 .005 1. • 95 . .04 
15. . 14 .019 4. • 100 • .04 
20. . 24 .034 11. • 105 • .04 
25. . 41 • 096 27 . • 110 • .04 
30. . 74 • 686 137 . • 115 . .04 
35. .41 • 369 246 . • 120. .04 
40. . 24 . 195 280 . * 125 . • 00 
45. . 18 • 144 282 . • 130 . .00 
SO. . 15 .110 271. .. 135 . .00 
55. . 12 . 081 250 . * 140. .00 
60. . 12 • 081 230 . • 145 • .00 
65. . 12 . 081 214 . * 150. .00 
70. .06 . 023 191 • • 155. .00 
75. . 06 . 023 166 . • 160 • .00 
80. . 04 . 005 142 . .. 165 • .00 

TOTAL PRECIP. 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. 
VOLUME OF EXCESS PRECIP = 22. ACRE-FEET 
PEAK Q = 282. CFS TIME OF PEAK = 45. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX.IMP.RET.= .08 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 30 -- BASIN COf+IENT: BASIN #30 FUTURE CONDITIONS 

.005 

.005 

.005 

. 005 

. 005 

. 005 

. 005 

. 005 

.000 

. 000 

.000 
• 000 
.000 
• 000 
• 000 
• 000 
. 000 

= 1.994 

AT TIME 

(CFS) 

120. 
101. 
86. 
73 • 
62 . 
53 . 
46 . 
39 . 
33 . 
27 . 
18 . 
13 . 
9 . 
7 . 
5 . 
4 . 
3 . 

INCHES 

• 
* • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. .. .. .. 
* • 
* • 
• 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.13 .51 .24 39.00 .0150 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .371 

CALCULATED UNIT HYDROCRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

9.65 25.00 1994.80 249.35 6.67 
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*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 8.12) 

WIDTH AT SO = 15. MIN. WIDTH ,AT 75 ~rL:: 8. M~N. ,:J(SO :S .35 K7S ~:::- .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. ='.40 IN'. 
INFILTRATION = 3.10 IN./HR. 

TIME 

O. 
5. 

10. 
15. 
20. 

UNIT 
HYDROGRAPH * 

* 
* 

O. * 
148. * 
249. * 
175, * " 

120. * 

TIME 

25. 
30. 
35. 

,40. 
45. 

MAX. IMPERVIOU~ RET. ;;, .10 IN., 
DECAY,,; • 0018~/SECOND FNINFL = .50, IN. /,~R.; 

UNIT, TIME 
IlYDROGRApH ,* * .,. 

* 
,85., * 50. 

'61. * 55. 
43. * 60. 
31. * 65. 
22. * 

UNrr 
HYDRPGRAPH * 

15. * 
. 11'. * 

8. * 
, O. * . ~ -Ii 

0;" 0." 
BAS:i:N ID: 30 -- BASIN COI+lENT: BASIN 130 .. FUTURE CONDITIONS 

, \"~ ",. / 

**** STORM NO~ = 1 **** DATE OR RETURN PERI,OD = 100;YR 

1 

"" 

INCREMENT TOTAl. 
TIME ~NFALL EXCESS 

(MIN.) (IN) PRECIP 

STORM * 
HYDROGRAPH * 

(CFS) * 

INCREMENT 
TIME RAINFALL 

<:MIN. ) ,. (IN) 

TOTAL' STORM, * 
EXCESS HYDROGRAPH * 
PRECI~ (CFS) * 

O. .00" .000' 
5. • 03 .000 

10. • 09 .007 
15. • 14' .050 
20. • 24 .087 
25. • 41, .246 
30. .74 .691. 
35. • 41, • 376 . 
40. .24 .204 
45. .18 .153 
50. .15 .118 
55. ·l?r . .p~O 
60. .12 .090 
65. .12 .090 
70. .06 .032 

* 
* 0:" ., 

o. * 
1. * 
9: * 

27: * 
68. * 

185. * 
286. * 
285. * 
250: ,;, * 
215. * 

,.182. * 
155'. * 
136. * 
m. * 

75. 
80 • 
8.5 • 

., 90 • 
95 • 

100 . 
105. 
110 • 

.115. 
, 120. 
125. 

~t 
. 140, 
145. 

.06 L
' ••. 

.04. 

.04 

.04 

.04 

.04' 
• 04 .. 
.04 
.04 
.04 
. 00 
,.oq 
.00 
,.,00 
.00 

• 032 
• 013 
.0:8 
.013 
.013 
.0:8 
.013 .. 
.013 
.013 
• 013 
.000 
• 000 
. 000' 
.000 
,.000 

TOTAL PRECIP. =3.41 (l-HOUR RAIN = 2.95) EXECESS PREefP;:J=, 2.384 
VOLUME OF EXCESS PRECIP = 16. ACRE-FEET, ", . 
PEAK Q = 286. CFS TIME OF PEAK = 35. MIN. L'O~~ , 

INFILT.= 3.10 IN/HR DECAY = .00180 F~INF,,= .. _.50 W/HR, 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .W IN.' "., ,," 

RATIONAL FORMULA C = .70' 
I = 5.1 INCHES/HOUR 
A = 80,0 ACRES 
Q = 287;CFS 

U.D.F.C.D, CUHP RUNOFF ANA~YSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY' 1985 

PRINT OPTION NUMBER SEEEcTED FOR THIS BAsIN IS 7 . ::. 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN" FMGINC. . DEC. 1993 

BASIN ID: 31 -- BASIN COI+lENT: BASIN 131 FUTURE CONDITIONS 

* 
* 

89 • * 
69 • * 
51" * 
36; , * 
27. * 
22~: ;' * 
19~ . * 
16 • * 
15: * , 
14 • * 
11 . * 

8 • * ",:; . 
5. * 
.4 • ..* 
2., * 

,0 

INCH'ES 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOlis':AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT/FT) (MIN) 

.81 2.10 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

. . . 

1.18 20.00 • 0360 5.00 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOFF) 
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**** 

.llO .310 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

25.24 524.13 426.11 43.36 

WIDTH AT 50 = 57. MIN. WIDTH AT 75 = 30. MIN. K50 = .26 K75 = .36 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. - .08 IN. MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION - 3.40 IN./HR. DECAY = .00180/SECOND FNINFL - .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH " HYDROGRAPH " HYDROGRAPH " 

" " 
" " 

O. O. " 90. 144. " 180. 30. " 5. 75. " 95. 132. " 185. 28. " 
10. 210. " 100. 121. " 190. 26. " 
15. 330. " 105. 111. " 195. 23. " 
20. 404. " 110. 102. " 200. 21. " 
25. 426. " 115. 93. " 205. 20. " 
30. 413. " 120. 86. " 210. 18. " 35. 379. " 125. 79. " 215. 17. " 40. 342. " 130. 72. " 220. 15. " 
45. 316. " 135. 66. " 225. 14. " 50. 293. " 140. 61. .. 230 . 13. " 
55. 270. .. 145. 56. .. 235 • 12. * 
60. 247. * 150. 51. * 240. 11. " 
65. 224. " 155. 47. " 245. 10. * 
70. 203. " 160. 43. * 250. 9. " 
75. 187. " 165. 39. * 255. 8. * 
80. 171. " 170. 36. * 260. 8. " 85. 157. * 175. 33. * 265. O. * 

BASIN ID: 31 -- BASIN COI+lENT: BASIN #31 FUTURE CONDITIONS 

STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAl STORM " INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH " TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* 

O. .00 . 000 O. " 160 . .00 .000 170. 
5. . 03 . 000 O . * 165 . .00 • 000 156 • 

10. . 09 .007 1. " 170 • .00 • 000 143 • 
15. . 14 .026 3. * 175 • .00 • 000 131 • 
20. .24 . 045 11. " 180 . .00 . 000 120 • 
25. .41 . llO 29. .. 185 . .00 . 000 llO • 
30. .74 . 687 103. " 190 . .00 . 000 101 • 
35. .41 . 370 240. " 195 . .00 .000 93. 
40. . 24 . 197 396. .. 200 . .00 . 000 85 • 
45. . 18 • 146 529 . * 205 • .00 .000 78. 
50. . 15 . 112 619 . * 210 • .00 .000 71. 
55. .12 . 083 665. * 215 • .00 .000 66. 
60. .12 • 083 677. * 220 . .00 • 000 60 • 
65. • 12 • 083 671 • * 225 • .00 • 000 55 . 
70. . 06 • 025 659 . .. 230 • .00 .000 51. 
75. .06 • 025 638. * 235 • .00 .000 46. 
80. . 04 • 007 609 . .. 240 • .00 • 000 43 . 
85. . 04 .007 573. .. 245 • .00 • 000 39 • 
90. .04 • 007 532. * 250 . .00 .000 36. 
95. . 04 . 007 491 • " 255 • .00 .000 33. 

100. . 04 • 007 453 • * 260 • .00 .000 30. 
105. . 04 • 007 418 . * 265 • .00 .000 28. 
llO. .04 .007 387. .. 270. • 00 . 000 25 • 
115. . 04 • 007 358 . * 275 • .00 .000 23. 
120. .04 • 007 332. .. 280 . .00 . 000 21 • 
125. . 00 .000 307. " 285 . .00 . 000 18 • 
130. .00 . 000 283. " 290 • .00 .000 12. 
135. .00 • 000 261. .. 295 . .00 • 000 S . 
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140. 
145. 
150. 
155. 

.00 

.00 

.00 
• 00 

.000 

.000 

.000 

.000 

240. 
220. 
202. 
185. 

* *. 

* 
* 

300. 
305. 

.310 •. 
315'; 

• 00 
• 00 
.00 

'··;00 

.000 

.000· 
. • 000 
, .000 

6 . 
5 • 
4 . 
3 . 

TOTAL PRECIP. '" 3.41 (1-HOUR RAIN = 2.95)·· EXECESS PRECIP.= 2.058 INCHES 
VOLUME OF EXCESS PRECIP = 89. ACRE-FEET 
PEAK Q = 677. CFS TIME OF PEAK = 60. MIN. 
INFILT.= 3.40 IN/HR DECAY =.00180. FNINF = .50 IN/HR 
MAX. PERV .RET.= .50 IN·. ' MAX:IMP.RET;=.08 IN;' 

1 U.D.F.C.D. CUHPD RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

* 
* 
* 
* 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 TO WRITE OUTPUT FILE OF STORM HYDROGRAPHS FOR SUBS~QUENT 
USE WITH MULTI-PLAN .RIVER ROUTING. ROUTINES OF HEC-1 . . . 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

NO HYDROGRAPH VALUES WERE WRITTEN TO AN OUTPUTFILE FOR THIS RUN OF CUHPD. 
o 

,'i 

t·. 
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APPENDIXB - UDSWM2 -10 YR 

DESIGN PLAN CONDITIONS 

CAUTION STATEMENT 

The user is advised to use caution when using flow conveyance element (channels 
and pipes) peak flows and hydrographs given in this report. The UDSWM2-PC 
model assumes that all adjacent sub-basin flow enters the flow conveyance element 
at the sub-basin design point or the downstream end of the element. The flow 
conveyance element is simply routing the upstream incoming flow and ignoring the 
possibility that additional flow may be entering from the adjacent sub-basin. Due to 
this model limitation flow used for channel or pipe design should be increased 
appropriately using engineering judgment to reflect incoming sub-basin flow. 



2 1 1 2 
3 4 

WATERSHED 1 
ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 10 YR STORM 

SO o 0 5.0 1 
01 100 
02 101 
03 200 
04 102 
OS 103 
06 104 
07 105 
08 106 
09 203 
10 300 
20 121 
21 122 
22 22 
30 130 
31 303 

0 203 11 9 2 0.1 1. .01 .016 .1 
0 0 .1 2. .4 3. .7 6. 

1.3 7 2 8 2.8 11 3.7 12 
4.8 12 

0 11 106 1 20.0 1100 .024 10. 10. .075 10.0 
0 106 202 3 1. 
0 202 10 9 2 0.1 1. .01 .016 .1 

0 0 .2 1.0 1.1 4.0 2.8 5.0 
5.2 6.0 8.3 7.0 10.2 7.0 12.3 60. 

14.5 150.0 
0 10 9 2 3.5 300 . 0l9 o . O. .016 3.5 
0 9 105 2 3.5 700 .030 .016 3.5 
0 105 201 3 1. 
0 201 8 7 2 0.1 1. .1 .016 .1 

0 0 0.8 8. 2.8 19 5.1 24 
7.5 29 10.5 32 14.0 35 

0 8 104 1 20.0 2800 .017 5. 5. .050 10.0 
0 104 7 3 1. 
0 7 6 1 25.0 200 .0100 3. 3. .050 10.0 

,/ '\ 0 6 103 1 30.0 1350 .0085 3. 3. .050 10.0 
I 0 300 12 5 2 0.1 1. 

'- -- J 0 0 .2 8. 1.8 37. 4.5 64 
7.5 80 

0 12 103 1 4.0 1300 . 01 4. 4 • .025 5.0 
0 103 5 3 1. 
0 5 102 1 20.0 1000 .008 4. 4. .050 10.0 
0 102 4 3 1. 
0 4 2 1 25.0 2300 • 0085 4. 4 . .050 10.0 
0 200 3 4 2 0.1 1. 

0 0 1.2 14 2.8 28 4.8 85 
0 3 2 1 3.0 350 .020 3. 3. .050 5.0 
0 2 101 1 35.0 800 .005 5. 5. .063 10.0 
0 101 1 3 1. 
0 1 100 1 35.0 3200 .005 5. 5. .063 10.0 
0 100 99 3 1. 
0 22 122 1 20.0 3750 . 031 5. 5 . .075 10.0 
0 122 301 3 1. 
0 301 21 6 2 0.1 1. 

O. o. .5 35 4.5 88 10.5 117 
19.5 142. 24.5 148 

0 21 121 1 15.0 2600 .005 4. 4. .050 5.0 
0 121 120 3 1. 
0 120 20 3 1. 
0 20 6 1 30.0 700 .005 4. 4. .050 5.0 
0 303 31 7 2 0.1 1. 

0 0 1 60 4.5 180 9.0 320 
14.5 430 21.0 510 28.0 580 

0 31 130 1 20.0 2800 .005 4. 4. .050 10.0 
0 130 302 3 1. 
0 302 30 6 2 0.1 1. 

0 0 1. 13. 4.0 25 9.0 34 
12.0 220 16. 550. 

0 30 120 1 20. 1500 .005 4. 4. .050 10.0 

0 
36 
1 2 3 4 5 6 7 8 9 10 11 12 20 21 22 30 

-\ 31 100 101 102 103 104 105 106 120 121 122 130 200 201 202 203 
300 301 302 303 

"'-------/ 
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ENVIRONMENTAL PROTECTION AGENCY - STORM WATER MANAGEMENT MOOEL - VERSION PC.1 

DEVELOPED BY 

UPDATED BY 

METCALF + EDDY, INC. 

UNIVERSITY OF FLORIDA 

WATER RESOURCES ENGINEEERS, INC. (SEPTEMBER 1970) 

UNIVERSITY OF FLORIDA (JUNE 1973) 

HYDROLOGIC ENGINEERING CENTER, CORPS OF ENGINEERS 

MISSOURI RIVER DIVISION, CORPS OF ENGINEERS (SEPTEMBER 1974) 

BOYlE ENGINEERING CORPORATION (MARCH 19B5, JULY 1985) 
OTAPE OR DISK ASSIGNMENTS 

JIN(l) JIN(2) JIN(3) JIN(4) JIN(5) JIN(6) JIN(7) JIN(8) JIN(9) JIN(10) 
2 1 0 0 0 0 0 0 0 0 

JOUT(l) JOUT(2) JOUT(3) JOUT(4) JOUT(5) JOUT(6) JOUT(7) JOUT(8) JOUT(9) JOUT(10) 
1 2 0 0 0 0 0 0 0 0 

NSCRAT(l) NSCRAT(2) NSCRAT(3) NSCRAT(4) NSCRAT(5) 
3 4 0 0 0 

1 

WATERSHED PROGRAM CALLED 

••• ENTRY MADE TO RUNOFF MODEL ••• 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 10 YR STORM 

ONUMBER OF TIME STEPS 50 
OINTEGRATION TIME INTERVAL (MINUTES), 5.00 

25.0 PERCENT OF IMPERVIOUS AREA HAS ZERO DETENTION DEPTH 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 10 YR STORM 

HYDROGRAPHS FROM CUHPE/PC ARE LISTED FOR THE FOLLC'oaNG 15 SUBCA TCHMENTS 

TIME(HR/MIN) 1 2 3 4 5 6 7 8 9 
20 21 22 30 31 

0 O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. O. 

0 5. O. O. O. O. O. O. O. O. O. 
O. O. O. O. O. 

0 10. O. O. 1. 5. 2. 4. 4. O. 1. 
O. 1. 1. O. O. 

0 15. 10. 10. 7. 21. 12. 24. 15. 3. 5. 
7. 9. 4. 9. 3. 

0 20. 57. 36. 17. 5l. 30. 65. 33. 7. 10. 
29. 24. 12. 30. 12. 

0 25. 148. 94. 46. 151. 76. 179. 103. 23. 48. 
73. 66. 44. 85. 38. 

0 30. 259. 156. 70. 207. 89. 279. 110. 47. 45. 
125. 109. 86. 136. 89. 

0 35. 295. 165. 66. 176. 69. 252. 81. 62. 27. 
129. 117. 102. 133. 147. 

0 40. 250. 145. 55. 133. 49. 193. 58. 64. 17. 
109. 106. 100. l1l. 196. 

0 45. 196. 122. 45. 103. 36. 149. 42. 63. 11. 
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10 

O. 

O. 

2. 

9. 

22. 

61. 

96. 

93. 

78. 

65. 



o SO. 

o 55. 

1 O. 

1 5. 

1 10. 

1 15. 

1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 SO. 

1 55. 

2 O. 

2 5. 

2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

2 SO. 

2 55. 

3 O. 

3 5. 

3 10. 

3 15. 

3 20. 

B9. 

155. 
73. 

126. 
60. 

105. 
52. 

92. 
45. 

B3. 
41. 

77. 
37. 

7l. 
32. 

65. 
27. 

57. 
23 •. 

so. 
20 •. 

46. 
lB. 

44. 
17. 

42. 
16. 

41. 
15. 

39. 
14. 

34. 
12. 

24. 
B. 

15. 
5. 

9. 
4. 

6. 
2. 

3. 
2. 

2. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

93. 

103. 
BO. 

B7. 
70. 

75. 
62. 

67. 
56. 

61. 
51. 

57. 
4B. 

51. 
43. 

43. 
37. 

1:,-

34. 
31. 

2B. 
26. 

25. 
21. 

22. 
lB. 

21. 
16. 

20. 
15. 

lB. 
13. 

15. 
11. 

10. 
S. 

7. 
6. 

5. 
5. 

4. 
3. 

2. 
2. 

2. 
2. 

O. 
O. 

O. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
o. 
O. 
o. 

o. 
O. 

94. 

3B. 
S5. 

" 32; 
77. 

27. 
70. 

24 •. 
65 •. 

21. 
60. 

iB. 
57. 

15. 
52. 

13. 
45. 

11. 
39. 

9. 
34. 

B. 
30. 

S. 
26. 

7. 
23. 

7. 
21. 

6. 
lS. 

5. 
15. 

3. 
11. 

2. 
S. 

2. 
7. 

O. 
5. 

O. 
4. 

O. 
3. 

O. 
3. 

O. 
2. 

O. 
2. 

O. 
O. 

o. 
o. 

O. 
O. 

O. 
O. 

O. 
o. 

O. 
O. 

91. 22S. 

BO. 26. 117. 31. 61. 7. 54. 
75. 243. 

':.' 64. '19. 93. 5S. 6. '46. 
63. 244. 

54. 17. 19. 54. 
54. 239. 

.47,. 16. 
4B. "233: 

19~ 51. 6. 35. 

43. , . .a5. 
43. . 22S. ' 

63. 49. 6. 31. 

40. . 15. 59. 
40. 224. 

ls. 46. 6. 2S. 

34. 14. 52. 
• 35. 218. 

15. ,44. 4. 23 • 

2S. 11. 42. 11. 40. 3. 19. 
2S.. 209. 

22. 9. 34. 9. 37. 2. 15. 
. 22., \; 199. 

19. B. 29. S. 33. 2. 13. 
19. lSB. 

lS. 7. 26. 7. 30. 2. 12. 
17. 176. 

16. 7. 24. 7. 2B. 2. 11. 
16. 165. 

16. 7. 23. 7. 25. 2. 10. 
15. 155. 

15. 7. 22. 7. 23. 1. 10. 
14. 146. 

13. 6. 20. 6. 21. o. 9. 
13. 137. 

9. 4; 15. 3. 19. . O. 7. 
10. 12S. 

6. 2. 
7. 119. 

9. 2. 17.;, O. 5., 

3. O. 0'; is. O. 3. 
5. 110. 

2. ,0. O. 13. O. 2. 
3. 101. 

o. O. 2. O. 11. O. 2. 
2. 93. 

O. 0." 0". , O. , O. O. 
1. S5. 

o. o. O. O. 6. O. O. 
O. 7S. 

O. o. O. O. 5. O. o. 
O. 72. 

O. o. O. O. 4. O. O. 
O. 66. 

O. O. O. O. 3. O. O. 
O. 60. 

o. o. O. O. 3. O. O. 
O. 55. 

O. O. O. O. 2. O. O. 
O. 51. 

O. O. O. O. 2. O. O. 
O. 46. 

O. O. O. O. O. O. O. 
O. 43. 

O. o. O. O. O. O. o. 
O. 39. 

O. O. O. O. '" O. O. O. 
O. 36. 
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3 25. O. O. O. O. O. O. O. o. O. O. 
o. o. O. O. 33. 

,~-
3 30. O. O. o. o. o. o. o. o. o. o. 

:1 
o. o. o. O. 30. 

3 35. O. O. o. o. o. o. o. o. o. o. 
o. o. o. O. 28. 

3 40. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 25. 

3 45. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 23. 

3 50. O. O. O. o. O. O. o. O. O. O. 
O. o. O. O. 21. 

3 55. O. O. o. o. O. O. o. o. o. o. 
O. O. O. O. 20. 

4 O. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 18. 

4 ~. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 16. 

4 10. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 15. 

1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 10 YR STORM 

WIDTH INVERT SIDE SLOPES OVERBANK/SURCHARGE 
CUTTER GUTTER NDP NP OR DIAM LENGTH SLOPE HORIZ TO VERT MANNING DEPTH JK 
NUMBER CONNECTION (FT) (FT) (FT/FT) L R N (FT) 

203 11 9 2 PIPE .1 1. .0100 .0 .0 .016 .10 0 
RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 

.0 .0 .1 2.0 .4 3.0 .7 6.0 1.3 7.0 2.0 8.0 
2.8 11.0 3.7 12.0 4.8 12.0 

11 106 0 1 CHANNEL 20.0 1100. .0240 10.0 10.0 .075 10.00 0 
106 202 0 3 .0 1. .0010 .0 .0 .001 10.00 0 

"\ 202 10 9 2 PIPE .1 1. .0100 .0 .0 .016 .10 0 
RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 

~ .0 .0 .2 1.0 1.1 4.0 2.8 5.0 5.2 6.0 8.3 7.0 
10.2 7.0 12.3 60.0 14.5 150.0 

10 9 0 2 PIPE 3.5 300. .0190 .0 .0 .016 3.50 0 
9 105 0 2 PIPE 3.5 700. .0300 .0 .0 .016 3.50 0 

105 201 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
201 8 7 2 PIPE .1 1. .1000 .0 .0 .016 .10 0 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 .8 8.0 2.8 19.0 5.1 24.0 7.5 29.0 10.5 32.0 

14.0 35.0 
8 104 0 1 CHANNEL 20.0 2800. .0170 5.0 5.0 .050 10.00 0 

104 7 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
7 6 0 1 CHANNEL 25.0 200. .0100 3.0 3.0 .050 10.00 0 
6 103 0 1 CHANNEL 30.0 1350. .0085 3.0 3.0 .050 10.00 a 

300 12 5 2 PIPE .1 1. .0010 .0 .0 .001 .10 a 
RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 

.0 .0 .2 8.0 1.8 37.0 4.5 64.0 7.5 80.0 
12 103 0 1 CHANNEL 4.0 1300. .0100 4.0 4.0 .025 5.00 a 

103 5 a 3 .0 1. .0010 .0 .0 .001 10.00 a 
5 102 a 1 CHANNEL 20.0 1000. .0080 4.0 4.0 .050 10.00 a 

102 4 0 3 .0 1. .0010 .0 .0 .001 10.00 a 
4 2 0 1 CHANNEL 25.0 2300. .0085 4.0 4.0 .050 10.00 a 

200 3 4 2 PIPE .1 1. .0010 .0 .0 .001 .10 a 
RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 

.0 .0 1.2 14.0 2.8 28.0 4.8 85.0 
3 2 0 1 CHANNEL 3.0 350. .0200 3.0 3.0 .050 5.00 0 
2 101 0 1 CHANNEL 35.0 800. .0050 5.0 5.0 .063 10.00 0 

101 1 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
1 100 0 1 CHANNEL 35.0 3200. .0050 5.0 5.0 .063 10.00 0 

100 99 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
22 122 a 1 CHANNEL 20.0 3750. .0310 5.0 5.0 .075 10.00 0 

122 301 0 3 .0 1. .0010 .0 .0 .001 10.00 a 
301 21 6 2 PIPE .1 1. .0010 .0 .0 .001 .10 0 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 .5 35.0 4.5 88.0 10.5 117.0 19.5 142.0 24.5 148.0 

21 121 0 1 CHANNEL 15.0 2600. .0050 4.0 4.0 .050 5.00 0 
121 120 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
120 20 0 3 .0 1. .0010 .0 .0 .001 10.00 0 

20 6 0 1 CHANNEL 30.0 700. .0050 4.0 4.0 .050 5.00 0 
303 31 7 2 PIPE .1 1. .0010 .0 .0 .00l. .10 0 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 1.0 60.0 4.5 180.0 9.0 320.0 14.5 430.0 21.0 510.0 

28.0 580.0 
31 130 0 1 CHANNEL 20.0 2800. .0050 4.0 4.0 .050 10.00 0 

--\ 130 302 0 3 • 0 l. • .0010 .0 .0 .001 10.00 0 
302 30 6 2 PIPE .1 1. .0010 .0 .0 .001 .10 0 
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RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 1.0 13.0 4.0 25.0 

30 pO ,0 1 CHANNEL 20.0 1500. 
OTOTAL NUMBER' 'OF GUTTERS/PIPES. 36 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 10 YR STORM 

ARRANGEMENT OF SUBCATCHMENTS AND GUTTERS/piPES 

1 

GUTTER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

20 

21 

22 

30 

31 

100 

101 

102 

103 

104 

105 

106 

120 

121 

122 

130 

200 

201 

202 

203 

300 

301 

302 

303 

TRIBUTARY GUTTER/PIPE 

101 

4 

200 

a 

3 

o 

102 0 

103 '0 

7 20 

104 0 

201 0 

10 0 

202 0 

203 0 

300 .6 

120 "0 

301 "'0 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

9 
o 
o 

o o 

302 o 0 

303 o 0 

l' 0 

2 0 

5 0 

6 12 

8 a 

9 o 

II o 

121. ,30 

21 o 

o 

o 

o 

o 

o 

o 

o 

o 

22 0 0 

31 ,0 0 

000 

105 0 0 

106 0 i,O 

000 

o ,0 0 

122 0 0 

130'0 0 

000 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o 
a o 

o o 

o 0 

o '0 

o a 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o a 

o a 

o ,,0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 
o 

o 

a 

o 
o 

o 

o 

o 

o 

o 

a 

o 00 

a 

6 

o 

o 

o 

o 

o o 

o a o o 0 

o o o 0:,0 

o 0' a a 

o o a 
o 0 o 

o 

o a 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

6 

o 

o 

ci 

a 

o 

o 

o 

0, a o 

o o a 

o o o 

o o "0 

o '0" 0 b 

000 0 0 6 

a U 0 0 0 6 

o 0 0 d' a 6 

a 0 0 0 0 0 

o O· 0 0 0 0 

o a 0 0 0 a 

o 0 0 0 a 0 

o a 0 00 '0 

o 0 0 GO· 6 

o 0 0 0 a 0 

6 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

o 

0, 

o 

o 

a ~: 

o 

o 

6 

o 

o 

o 

o 

a 

o 

o 

d 

o 

o 

a 

o 

o 

o 

o 
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9.0 34.0 12.0 220.0 
.0050 4.0, 4.0 .050 

TRIBUTARY SUBA~EA 

o 0 

a . 0 

o 

o 

o 

o 

o 

o 

o 

o '0 

o . 0 

o o 

o 0 

o 0 

a ,0 

o 

o 

o 

o 

o 

o 

o o 0 o 
o 

o 

o 

o 

o 

o 

o 

a 

o 

o o o 0 

o 

o 

o 0 

o '0 

o 

o 
a o 0 o 

o 
o 

o 

o 0 o 

o 0 o 

o 0 a 

a 

o 

22 o ,0, 0 

o 

o 
1 

2 

4 

6 

7 

8 

d 

20 

o 

o 

o 

a 

a 

o 
a 

o 

o 

o 

o 

21 0 

30 0 

3 6 

o 0 

o 0 

9 0 

10 0 

o 0 

o 0 

31 0 

o 

o 

o 

6 

o 

o 
o 

b 

a 0 
" o ,0 

, 

0:0 

6' 0 

a o 

o 

o 

o 

o 

o 

o 

o 

o 

6 

a 

o 0 0 

o '0 0 

6 00 

o 0 0 

o il a 

000 

o "0 0 

000 

o 0 0 

a ,0 0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

a 

o 

b a 

o a 

0" 0 

o 6 

o 0 

o 0 

o 0 

o 

a 

o 

6 

a 

o 

o 

o 

o 

b 

o 
a 

b 

o 

o 

a 

a 

o 

a 

a 

a 

a 

o 

a 

o 

o 

b 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o a 

o 0 

d 0 

16.0 550.0 
10.00 0 

o 

a 

o 

a 

o 
a 

o 

o 

a 

a 

o 

a 

D.A. CAe) 

o 1528.3 

a 1415.0 

o 37.1 

a 1377.9 

o 1283.2 

a 1194.9 

o a a 299.5 

a a ,', 0 167.7 

0, 0 a 120.3 

a 0 0 120.3 

o a 0 20.5 

o a a 54.4 

o b a 895.4 

a 

a 

o 

o 

o a 

a '0 

o 

a 

a 

a 

a 

a 

o 
a 

a 

a 

a 

a 

a 

a 

a 

o 

o 

o 
o 0 

a 0 

a 0 

a a 

a 'a 

a a 

o 0 

a 0 

o 0 

a 0 

o 227.8 

a 130.6 

a 600.3 

o 520.3 

o 1638.4 

a 1528.3 

a l377.9 

a 1283.2 

o 299.5 

a 167.7 

o 120.3 

a 895.4 

o 295.0 

o 227.8 

o 600.3 

a 37.1 

o 167.7 

a 120.3 

o 20.5 

a 54.4 

a 227.8 

a 600.3 

a 520.3 



HYOROCRAPHS ARE LISTED FOR THE FOLLCMING 36 CONVEYANCE ELEMENTS 

THE UPPER NUMBER IS DISCHARGE IN CFS 
THE LOWER NUMBER IS ONE OF THE FOLLCMING CASES: 

( ) DENOTES DEPTH ABOVE INVERT IN FEET 
(5) DENOTES STORAGE IN AC-FT FOR DETENSION DAM. DISCHARGE INCLUDES SPILLWAY OUTFLOW. 
(I) DENOTES GUTTER INFLOW IN CFS FROM SPECIFIED INFLOW HYOROCRAPH 
(D) DENOTES DISCHARGE IN CFS DIVERTED FROM THIS GUTTER 
(0) DENOTES STORAGE IN AC- FT FOR SURCHARGED GUTTER 

TIME(HRjMIN) 1 2 
12 

104 
203 

3 
20 

105 
300 

4 
21 

106 
301 

5 
22 

120 
302 

6 
30 

121 
303 

7 
31 

122 

8 
100 
130 

9 
101 
200 

10 
102 
201 

o 5. 

o 10. 

o 15. 

o 20. 

o 25. 

o 30. 

o 35. 

11 
103 
202 

o. 
.O( ) 

O. 
.O( ) 

O. 
.O( ) 

O. 
.0(5) 

O. 
.O( ) 

O. 
.oe ) 

2. 
.O( ) 

O. 
.0(5) 

O. 
.O( ) 

O. O. 
.O( ) .O( ) 

o. o. 
• O( ) .oe ) 

o. o. 
.O( ) .O( ) 

O. o. 
• 0(5) .0eS) 

o. O. 
.O( ) .O( ) 

O. o. 
.O( ) .O( ) 

4. 4. 
.oe ) .oe ) 

o. 
.0eS) 

o. 
• 0eS) 

o. o. 
.O( ) .1( ) 

o. o. o. o. o. 
.O( ) • oe ) .oe ) .oe ) .O( ) 

o. o. o. o. o. 
.O( ) .O( ) .oe ) .O( ) .O( ) 

o. o. o. o. o. 
• O( ) .oe ) .O( ) .O( ) .O( ) 

o . 
.O(S) 

o. 
.O( ) 

O. o. 
.0(5) .O(S) 

o. o. lo 
• O( ) .O( ) .l( ) 

o. o. o. o. 
.O( ) .O( ) .O( ) .O( ) 

o. o. o. lo 
• oe ) .O( ) .oe ) .oe ) 

o. 
.0(5) 

1. 
.1( ) 

O. O • 
.0(5) .0eS) 

1. 1. 16. 
.l( ) .l( ) .4( ) 

o. 
.O( ) 

O. 
• O( ) 

o. 
.O( ) 

o. 
.O( ) 

O. 
.oe ) 

O. 
.O( ) 

O. 
.0(5) 

O • 
.oe ) 

O • 
.oe ) 

O • 
.0(5) 

o. 
.O( ) 

o . 
.O( ) 

O . 
.O( ) 

o • 
.0(5) 

o. 
.O( ) 

5. 
.oe ) 

o. 
.0(5) 

o. 
.O( ) 

o. o. o. O • o. O. o. 10. 10. 23. 
• O( ) .O( ) .l( ) .oe ) .O( ) .oe ) .oe ) .oe ) .oe ) .oe ) 

13. 24. 15. 3. 7. 7. 9. 9. o. 1. 
.O( ) .O( ) .oe ) .oe ) .O( ) .oe ) .oe ) .oe ) .0eS) .1eS) 

o. 
.0eS) 

1. 
.1e ) 

o. 
.0(5) 

o. 
.1( ) 

1. 
.0(5) 

1. 
.2( ) 

2. 
.0eS) 

o. 1. 
.0(5) .O(S) 

8. 12. 11. 56. 
.3e ) .4( ) .3e ) .S( ) 

o. O. O • 
.oe ) • 1( ) .l( ) 

O. 1. 6. o. o. o. o. 58. 36. 62. 
.oe) .2() .3() .oe ) .O( ) .oe ) .O( ) .O( ) .O( ) .O( ) 

42. 65. 33. 7. 29. 29. 25. 30. 1. 2. 
.oe ) .oc ) .O( ) .oe ) .O( ) .oe ) .oe ) .oe ) .1(5) .2(5) 

o . 
• oes) 

6. 
.2( ) 

lo 
.l(5) 

8. 
.3e ) 

5. 
.1eS) 

8. 
.1(5) 

2. 3. 
.2(5) .O(S) 

2. 46. 64. 68. 159. 
.3( ) .8e ) 1.1( ) .9( ) lo5( ) 

o. o. lo 
.oe ) .l( ) .2e ) 

O. 5. 33. 1. 3. o. O. 154. 102. 215 • 
• oe) .3e) .7e) .2e) .l() .1e) .oe) .oe) .oe) .oe) 

149. 179. 103. 24. 75. 74. 69. 85. 4. 7 • 
• oe ) .oe ) .O( ) .oe ) .OC ) .O( ) .oe ) .O( ) .3(5) .7(5) 

1. 
.1(5) 

3. 11. 23. 
.3(5) .4eS) .3(5) 

7. 11. 
.5(5) .2eS) 

25. 58. 6. 157. 196. 209. 274. 
.6e ) 1.Oe ) .6( ) 1.6( ) 2.0( ) 1.7e ) 2.1e ) 

1. 1. 1. 
.le ) ,2e ) .3e ) 

1. 11. 86. 5. 12. 2. 2. 283. 213. 403 • 
• 1e ) .6e ) lo2e ) .3e ) .3e ) .1e ) .l( ) .oe ) .oe ) .oe ) 

309. 280. 111. 48. 132. l30. 121. 137. 8. 11 . 
• O( ) .oe ) .oe ) .O( ) .O( ) .O( ) .O( ) .O( ) .7(5) 1.3(5) 

2. 
.4(5) 

4. 19. 39. 14. 29. 
.5eS) .8(5) .8(S) 1.2eS) .5eS) 

72. 188. 11. 316. 352. 340. 263. 
lo1( ) 1.ge ) .se ) 2.3e ) 2.7( ) 2.2e ) 2.0( ) 

3. 2. 3. 
.1( ) .3( ) .4( ) 

2. 20. l31. 12. 30. 5. 7. 367. 354. 528 • 
• 1( ) .7e ) lo5( ) .S( ) .6( ) .3( ) .3( ) .oe) .O( ) .O( ) 

429. 254. 84. 64. 146. 141. 147. 140. 12. 14. 
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o 40. 

o 45. 

o 50. 

o 55. 

1 O. 

1 5. 

1 10. 

1 15. 

.O( ) 

3. 
.8(5) 

.O( ) .O( ) .O( ) .O( j 

6. 28. 47. 17. 59. 
.8(5) 1.3(5) 1.4(5) 2.1(5) 1.0(5) 

.OC> 

154. 355. 15. ' 447 • ,4~l,. 364. 203'. , 
i.7( ) 2.7( ) ,·Il() , 2.8() 3.0( ) 2.3( ) 1.8( ) 

.O( ) 1.1(5) i.9(S) 

5. 4. 4. 
.2( ) .4< ) .4( ) 

3. 29. 141. 2i.., 48, 8., 19,.,. 404. ,500. 565 • 
• 2( ) .9( ) 1.5( ) .7( ) ';S( ) .4( ) .6( ) .O( ) .O( ) .O( ) 

442. 198. 61. 68. 138. 130. 154. 129. 16. 16 • 
• O( ) .O( ) .O( ) .O( ). .O( 5 .O( ) .O( } . .0(:>' 1.4(5). 2.3(5) 

4. 6. 34. 56. 20. ' 83. 
1.2(5) .9(5) 1.7(5) 2.1(5) 2.9(5) 1.7(SL 

262. 474. 17. 505. 421. 329. 162. 
2.3( ) 3.1( ) 1.0( ),~ 3.0() 3.0(), 2.2() 1.5( ) 

7. 
.2( ) 

4. 4. 
.4(), .5() 

4. 35. 136. 31. 62. 12. 37. 457. 596. 524 • 
• 2( ) 1.0e ), 1.5( ),j .9( )., .9( ),0 .5( ) .9() .O( ).() .O( ) .O( ) 

399. 157. 46. 67: 132. 120. 155. 128. 18. 18 • 
• O( ) .O( ) .O( ) .O( ). .O( L .O( :>. .O( l .O( l 1.6(5), 2.6(5) 

4. 
1.6(5) 

l ,_ ~ ,~ 

6. 38. 65. 23. 110. 
.9(5) 1.9(5) 2.7(5). 3.6(5) 2.5(5) 

t,:. 

365. 514. 19. 496. 379. 289. 130. 10. 4. 4. 
2.7( ) 3.3( ) 1.0() 2.9( ).' 2.8( )c, 2.0() 1.4( ), .3(),· .4( ) .5( ) 

5. 38. 132: 41.' 70. 16. 60: 520. 616. 458 • 
• 2( ) 1.0( L 1.5()! 1.1( ), .9( ) .6( ) 1.2( ) .O( ) .O( ) .O( ) 

354. 126. 35. 66: 130. 114. 150. 135. 19. 19 • 
• O( ) .O( ) .O( ) .O( ) , .O( ) .O( ) .O( ) .O( ) 1.8(5) 2.7(5) 

5. 6. 39. 72. 26. 137. 
2.0(5) .9(5) 2.0(5) 3.3(5), 4.3(5) 3.2(5)' 

440;' 498. 20. 457. 33S. 259. lOS. 12. 5. 5. 
3.0( ) 3.2( )." 1.0( )" 2.8( );. 2.7( ),' 1.9(). 1.2(). .3( ) .4( ),' .5( ) 

6. 40. 131. 51. 73. 20. 86. 566. 585. 402 • 
• 2( ) , 1.0e) 1.5( ) 1.2()· 1.0() .6( ) lA( ) .O( :>. .O( ), ; .O() 

317. 105: 27. 63. 131. 111: 143: 14S. 20. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) . .O( ) .O( :>. 1.9(5) 2.S(S) 

5. 
2.5(5) 

6. 40. 79. 27. 159. 
.9(5) 2.1(5) 3.S(5) 5.1(5). 3.9(5) 

480. 460. 20. 413. 309. 238. 94. 14. 
3.2(). 3.1( ) 1.0( ) 2.7( ) 2.5() 1.8() 1.1( ). , .4( ) 

5. 5. 
.4( ) .5( ) 

6. 40. 133. 60. 73. 23. ll2. 585. 535. 362 . 
• 2( ) 1.l( ) 1.5( ) L4( ) LO( ) .7( ) 1.7( ) .O( ) .O( ) .O( ) 

295. 92. 24. 60. 134. ll2. 135. 166. 21. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( } .O( ) .O( ) .O( ).' 1.9(5) 2.9(5) 

5. 6. 40. 84. 29~ 177. 
2.8(5) .9(5)- 2.1(5) 4.2(5), 6.0(5) 4.4(5), 

490. 421'. 21. 377. 291. 227. 
3.2( ) 3.0( }. 1.0() 2.5(), 2.5() 1.8( ); 

85; 
1.1( ) 

15. 5. 5. 
.4( ), .5( ) .5( ) 

6. 40. 136. 68. 72. 25. 136. 583'. 488. 338 • 
• 2( ). 1.1() 1.5() 1.4( ) . 1.0(), .7( ) 1.8( ) .O( ). , .O( ) .O( ) 

283. 84. 24. 57. 139. ll4. 128. 183. 21. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ), .O( ) 2.0(5) 2.9(5) 

5. 6. 40. 88. 30. 189. 
3.2(5). .9(S) 2.1(5} 4.5(5) 7.0(5) 4.8(5) 

484. 390. 21. 351. 282. 223. 80. 16. 5. 5. 
3.2( l 2.8( ,) 1.1(). 2.4() 2.4( ) 1.8( " 1.0( ) .4( ) .5() .5() 

6. 40: 141. 75. 69. 28. 155. 567. 451. 325 • 
• 2e ) 1.l( ) 1.5e ) 1.5e). .9( ) .8e ) 2.0e ) .oe ) .oe ) .O( ) 

278. 80. 24. 55. 143. ll5. 120. 199. 21. 19 . 
• O( ) .oe ) .O( ) .oe ) .O( )., .O(). .O( ) , .O( ) 2.0(5) 2.9(5) 

5. 
3.6(5) 

6. 40. 89. 32. 197. 
.9(5) 2.1(5) 4.7(~)' 8.1(5), 5.0(5) 

468. 368. 21. 334.' '278. 222. 77. 17. 
3.1( ) 2.7( ) 1.1( ) 2.4() 2.4( ) 1.8e ) 1.0( ) .4( ) 

6. 
.2( ) 

39. 
1.0( ) 

146. 
1.6( ). 

80. 66. ' 
1.60, .90 

33. 17i. 546. 
.8( ) 2.1( ) .O( ) 
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5. 
.5e ) 

424. 
.O( ) 

5. 
.5() 

317. 
.O( ) 



1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 50. 

1 55. 

277. 76. 24. 53. 150. 117. 114. 211. 21. 19 • 
. O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .OC ) 2.0(S) 3.0(S) 

5. 
3.9(5) 

6. 39. 90. 49. 202. 
.9(5) 2.0(5) 4.9(5) 9.2(5) 5.2(5) 

450. 352. 21. 323. 277. 225. 71. 18. 
3.1( ) 2.7( ) 1.0( ) 2.3( ) 2.4( ) 1.8( ) 1.0( ) .4( ) 

6. 6. 
.5() .S() 

6. 39. 158. 83. 62. 53. 183. 522. 403. 311 • 
• 2( ) 1.0( ) 1.6( ) 1.6( ) .9( ) 1.1( ) 2.2( ) .O( ) .O( ) .O( ) 

277. 69. 21. SO. 168. 116. 105. 218. 21. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.9(5) 3.0(5) 

6. 
4.2(S) 

6. 38. 91. 107. 206. 
.9(5) 1.9(5) 5.1(5) 10.2(S) 5.3(5) 

432. 342. 20. 316. 279. 234. 62. 18. 
3.0( ) 2.6( ) 1.0( ) 2.3( ) 2.4( ) 1.8( ) .9( ) .4( ) 

6. 6. 
.5() .5() 

6. 38. 183. 86. 58. 89. 192. 497. 385. 307 • 
• 2( ) 1.0( ) 1.8( ) 1.6( ) .9( ) 1.s( ) 2.2( ) .O( ) .O( ) .O( ) 

282. 60. 17. 47. 202. 113. 95. 220. 20. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.9(S) 3.0(5) 

6. 
4.5(S) 

6. 37. 91. 147. 207. 
.9(S) 1.8(S) 5.1(5) 10.8(5) 5.4(S) 

414. 335. 20. 312. 289. 252. 53. 19. 
2.9( ) 2.6( ) 1.0( ) 2.3( ) 2.4( ) 1.9( ) .8( ) .4( ) 

6. 6. 
.5() .5() 

6. 36. 217. 88. 54. 126. 197. 471. 369. 311 . 
• 2( ) 1.0( ) 2.0() '1.7() .8( ) 1.8( ) 2.3( ) .O( ) .O( ) .O( ) 

297. 52. 15. 43. 237. 111. 85. 220. 20. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.8(S) 2.9(S) 

6. 
4.8(S) 

6. 35. 91. 172. 207. 
.9(5) 1.7(5) 5.1(5) 11.2(5) 5.4(S) 

399. 334. 19. 316. 307. 277. 48. 19. 
2.9( ) 2.6( ) 1.0( ) 2.3( ) 2.5( ) 2.0( ) .8( ) .4( ) 

6. 6. 
.5( ) .5( ) 

6. 34. 250. 89. 49. 157. 200. 449. 362. 326 • 
• 2( ) 1.0( ) 2.1( ) 1.7( ) .8( ) 2.0( ) 2.3( ) .O( ) .O( ) .O( ) 

319. 48. 14. 39. 266. 109. 75. 220. 19. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.8(5) 2.9(S) 

6. 
5.0(5) 

6. 32. 91. 189. 204. 
.8(5) 1.5(S) 5.0(5) 11.5(5) 5.3(5) 

387. 339. 19. 327. 329. 303. 45. 19. 
2.8( ) 2.6( ) 1.0( ) 2.3( ) 2.6( ) 2.1( ) .7( ) .4( ) 

6. 6. 
.5() .S() 

6. 32. 275. 89. 44. 178. 201. 433. 364. 346 • 
• 2( ) .9( ) 2.3( ) 1.7( ) .7( ) 2.1( ) 2.3( ) .O( ) .O( ) .O( ) 

342. 45. 13. 36. 286. 107. 66. 218. 19. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.7(5) 2.9(5) 

6. 6. 30. 90. 200. 200. 
5.2(S) .8(S) 1.4(S) 4.9(S) 11.7(S) 5.1(S) 

381. 351. 18. 343. 349. 323. 44. 19. 6. 6. 
2.8( ) 2.7( ) 1.0( ) 2.4( ) 2.7( ) 2.2( ) .7( ) .4( ) .5() .6() 

6. 29. 292. 89. 40. 193. 200. 425. 374. 366 • 
• 2( ) .9( ) 2.3( ) 1.7( ) .7( ) 2.2( ) 2.3( ) .O( ) .O( ) .O( ) 

360. 43. 13. 34. 299. 106. 58. 215. 18. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.6(5) 2.8(S) 

6. 
5.4(5) 

6. 28. 89. 206. 194. 
.8(5) 1.3(5) 4.7(5) 11.8(5) 5.0(S) 

381. 367. 18. 360. 365. 337. 42. 19. 
2.8( ) 2.7( ) 1.0( ) 2.5( ) 2.8( ) 2.2( ) .7( ) .4( ) 

6. 6. 
.5() .6() 

6. 27. 303. 89. 36. 201. 196. 423. 387. 380 • 
• 2( ) .9( ) 2.4( ) 1.7C ) .SC ) 2.3( ) 2.3C ) .O( ) .OC ) .O( ) 

372. 42. 13. 31. 306. 105. 52. 211. 17. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.6(5) 2.8(5) 

6. 
5.6(5) 

6. 26. 88. 208. 188 • 
• 8(5) 1.2(5) 4.5(5) 11.8(5) 4.7(5) 

385. 381. 17. 374. 374. 345. 41. 19. 
2.8( ) 2.8( ) .9( ) 2.5( ) 2.8( ) 2.3( ) .7( ) .4( ) 

6. 6. 
.5( ) .S( ) 

6. 25. 308. 88. 32. 205. 192. 426. 401. 389 • 
. 2( ) .8( ) 2.4( ) 1.7( ) .6( ) 2.3( ) 2.2( ) .O( ) .O( ) .OC ) 
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2 O. 

2 S. 

2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

377. 41. 13. 29; 309.; 103. 47: 206. 17. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) ", .O() 1.5(5) 2.S(S) 

6. 
S.S(S) 

6. 24. SS. 20S. lS0. 
.7(5) 1.1(5) 4.2(5) U.S(S) 4.5(5) 

392. 393, 16. 3S3. 377. 347;, 39:' 19;' 
2.S( ) 2.S( ) .9( ) 2.5( ) 2.S( ) 2.3( ) .7( ), .4( ) 

6. 6. 
.S( ) .6( ) 

6. 
.2( ) 

24. 30S. 
2.4( ) 

S6. 29. 206. 
2.3( ) 

lS6. 
2.2( ) 

431; 411: 390. 
.S( ) 1.6( ), .6( ) .O( ), .O( ) , .O( ) 

",.". 

16. 19 • 377. 
.O( ) 

39. 12. 27. 307. 100 .. 43. 199. 
.O( ) .O( ) .O( ) .O( ) • O( ) .O( ) .O( ) 1.4(5) 2.7(5) 

6. 6. 22. Sl. 206. 172. 
5.9(5) .7(5) 1.0(5) 4.0(5) U.S(S) 4.3(5) 

39S; 399. 16. 3SS;' 374. 344. 35. 19. 
2.9( ) 2.9( ) .9( ) 2.6( ) 2.S( ) 2.3( ) .6( ) .4( ) 

6. 
.5( ) 

6. 
.6( ) 

6. 22; '304. S4, 26. 205, 179. 432; 413.' 3S3 • 
• 2( ) .S( ) 2.4( ) 1.6( ) .5( ) 2.3( ) 2.2( ) .O( ) .O( ) .O( ) 

370,' 34. 10. 25. 301. 96. 37. lS9. 16. 18 • 
• O( ) .O( ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) 1.4(5) 2.7(5) 

6. S. 21. 7S. 202; " 164; 
6.1(5) .6(5) .9(5) 3.7(5) U.7eS) 4.0(5) 

402. 39S; 15. 3S0, 364. 334, 29; 19. 6. 
2.9( ) 2.9( ) .9( ) 2.S( ) 2.Se ) 2.2( ) .6( ) .4( ) .S( ) 

6. 
.6( ) 

6. 20. 296. Sl, 23:' 201. 172. 427; 40S; 369 • 
• 2( ) .S( ) 2.3( ) 1.6( ) .se ) 2.3( ) 2.1( ) .O( ) .O( ) .O( ) 

356. 2S. S. 23~ 290, S9, 32. 179. 15; lS • 
• O( ) .O( ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) 1.3(5) 2.6(5) 

6. S. 19. 74. 196, ' 155, 
6.2(5) .6(5) .S(S) 3.4(5) U.6eS) 3.S(S) 

403: 390; ,- 14." 369: 34S: 320; --' 25: lS, - - - 6: 
2.9( ) 2.S( ) .9( ) 2.S( ) 2.7( ) 2.2( ) .S( ) .4( ) .S( ) 

6. 
.6( ) 

S. lS. 2SS. 7S, 20" 196. 165'. 41S. 39S. 352 • 
• 2( ) .7( ) 2.3(), 1.6() .S( ) 2.3( ) 2.1( ) .O( ) .O( ) .O( ) 

339. 24. 6. 20, 279. S4. 27. 169. 14. 17. .0c ) .OC ) .O( ) .O( ) .O( ) .O( ) .O( ) .OC ) 1.2(S) 2.S(S) 

6. 
6.3(5) 

S. 17. 70. ' 18S. 147. 
.6(5) .7(5) 3.1(5) U.S(S) 3.5(5) 

399. 37S. 14.', 354. 332. 306. 22,. lS. 
2.9( ) 2.S( ) .S( ) 2.4( ) 2.6e ) 2.1e ) .S( ) .4( ) 

6. 6. 
.5( ) .6( ) 

S. 17. 273. 75., 1S. 1S9. 157. 40S. 3S3. 334 • 
• 2e ) .7( ) 2.2( ) 1.S( ) .4e ) 2.2( ) 2.0( ) .O( ) .O( ) .oe ) 

323. 22. 6. 1S. 267. 7S. 22. 160~ 13. 17. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.1(5) 2.4(5) 

6. 4. 1S. 66. ' 1S0. ' 13S. 
6.4(5) .5(5) .6(5) 2.S(S) U.4(S) 3.3(5) 

391. 362. 13. 33S. 316; 292. 20. lS,. 6. 6. 
2.S( ) 2.7( ) .S( ) 2.4( ) 2.6( ) 2.0( ) .S( ) .4( ) .S( ) .6( ) 

S. 15. 261. 71: 15. lSl. 149. 397'. 365, 316 • 
• 2( ) .7( ) 2.2( ) l.S( ) .4( ) 2.2( ) 1.9() .O( ) .O( ) .O( ) 

307. 20. 6. 16. 2SS. 74. 19'. 151. 12. 17 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.0(5) 2.4(5) 

6. 
6.5(5) 

4. 14. 62. 171. 129. 
.5(5) .5(5) 2.5(5) 11.2(5) 3.0(5) 

3S0. 345. 12. 322. 301. 27S. lS. 17,. 
2.S( ) 2.6( ) .S( ) 2.3( ) 2.S( ) 2.0( ) .4( ) .4( ) 

6. 6. 
.S( ) .6( ) 

S. 14. 249. 6S. 13. 173. 140. 3S3. 347. 301 • 
• 2( ) .6( ) 2.1( ) 1.4( ) .4( ) 2.1( ) 1.9( ) .O( ) .O( ) .O( ) 

291. 17. 6. 13. 242. 69. 16. 142. 11. 16 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ), 1.0(5) 2.3(5) 

6. 
6.5(5) 

4. 12. SS.' 162. 121. 
.5(5) .4(5) 2.2(5) U.1(S) 2.S(S) 

367. 32S. U.' 306. 2SS. 263. 17. 17. 
2.7( ) 2.6( ) .S( ) 2.3( ) 2.4( ) 1.9( ) .4( ) .4( ) 

4. 12. 235. 64~ U. 164. 132'. 369. 
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6. 6. 
.S( ) .6( ) 

330. 2SS. 



2 40. 

2 45. 

2 50. 

2 55. 

/ ) 

3 o. 

3 5. 

3 10. 

3 15. 

.2( ) .6( ) 2.1( ) 1.4( ) .3( ) 2.1( ) 1.8( ) .O( ) .O( ) .O( ) 

276. 17. 6. 10. 228. 64. 13. 132. 10. 16. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .9(5) 2.2(5) 

6. 
6.5(5) 

4. 11. 54. 154. 113. 
.5(5) .4(5) 1.9(5) 10.9(5) 2.5(5) 

353. 312. 10. 290. 270. 250. 17. 17. 
2.7( ) 2.5( ) .7( ) 2.2( ) 2.4( ) 1.9( ) .4( ) .4( ) 

6. 6. 
.5( ) .6( ) 

4. 11. 223. 60. 10. 156. 124. 353. 312. 270 • 
• 2( ) .5( ) 2.0( ) 1.4( ) .3( ) 2.0( ) 1.S( ) .O( ) .O( ) .O( ) 

261. 17. 6. 9. 21S. 60. 10. 124. 10. 16 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .8(5) 2.2(5) 

6. 
6.6(5) 

3. 10. 50. 145. 105. 
.4(5) .3(5) 1.7(5) 10.8(5) 2.3(5) 

33S. 296. 9. 275. 255. 237. 16. 16. 
2.6( ) 2.4( ) .7( ) 2.1( ) 2.3( ) 1.S( ) .4( ) .4( ) 

6. 6. 
.5( ) .6( ) 

4. 10. 210. 57. 9. 147. 117. 338. 296. 255 • 
• 2( ) • .5( ) 1.9( ) 1.3( ) .3( ) 1.9( ) 1.7( ) .O( ) .O( ) .O( ) 

247. 16. 6. S. 204. 57. 9. 117. 9. 15 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .8(5) 2.1(5) 

6. 
6.6(5) 

3. 
• 4(5) 

322. 280. 
2.6( ) 2.4( ) 

8. 47. 136. 97 • 
.2(5) 1.4(5) 10.6(5) 2.1(5) 

8. 261. 241. 225. 16. 16. 
. 7() . 2.1( ) 2.2( ) 1.8( ) .4( ) .4( ) 

6 . 6. 
.5( ) .6( ) 

4. 8. 199. 53. 8. 139. 109. 322. 280. 241 • 
• 2( ) .5( ) 1.9( ) 1.3( ) .3( ) 1.9( ) 1.6( ) .O( ) .O( ) .O( ) 

233. 16. 6. 7. 192. 53. 8. 109. 8. 15 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .7(5) 2.1(5) 

6. 
6.6(5) 

3. 
.4(5) 

308. 266. 
2.5( ) 2.3( ) 

7. 43. 128. 90. 
.2(5) 1.1(5) 10.5(5) 1.9(5) 

S. 247. 22S. 213. 16. 16. 
.6( ) 2.0( ) 2.2( ) 1.7( ) .4( ) .4( ) 

6. 6. 
.5( ) .6( ) 

3. 7. 187. so. 6. 130. 102. 308. 266. 228. 
.2( ) .4( ) 1.8( ) 1.2( ) .2( ) 1.8( ) 1.6( ) .O( ) .O( ) .O( ) 

219. 16. 6. 6. lS0. SO. 6. 102. S. 15. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .S(5) 2.0(5) 

6. 
6.6(5) 

3. 
.4(5) 

293. 251. 
2.4( ) 2.2( ) 

5. 40. 120. 83. 
.1(5) .9(5) 10.4(5) 1.7(5) 

7. 234. 215. 201. 15. 15. 
.6( ) 1.9( ) 2.1( ) 1.7( ) .4( ) .4( ) 

6. 6. 
.5( ) .6( ) 

3. 5. 176. 47. 5. 123. 95. 293. 251. 215 • 
• 2( ) .4( ) 1.S( ) 1.2( ) .2( ) 1.7( ) loSe) .O( ) .O( ) .O( ) 

206. 15. 6. s. 169. 47. S. 95. 7. 14 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .6(5) 1.9(5) 

6. 
6.6(5) 

3. 
• 4(5) 

279. 23S. 
2.4( ) 2.2( ) 

4. 37. 112. 77 • 
.1(5) .7(5) 10.3(5) 1.5(5) 

7. 221. 202. 190. 15. 15. 
.6( ) 1.9( ) 2.0( ) 1.6( ) .4( ) .4( ) 

6. 6. 
.5( ) .6( ) 

3. 4. 165. 43. 5. 115. SS. 279. 23S. 202 • 
• 2( ) .3( ) 1.7( ) 1.1( ) .2( ) 1.7( ) 1.5( ) .O( ) .O( ) .O( ) 

194. 15. 6. S. 158. 43. S. 88. 6. 14 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .6(5) 1.9(5) 

6. 
6.6(5) 

3. 
.3(5) 

265. 224. 
2.3( ) 2.1( ) 

3. 33. 105. 71. 
.1(5) .5(5) 10.1(5) 1.3(5) 

6. 20S. 190. 178. 15. 15. 6. 6. 
.S( ) 1.8( ) 2.0( ) 1.5( ) .4( ) .4( ) .5( ) .6( ) 

3. 3. 154. 39. 4. 108. 82. 265. 224. 190 • 
• 2( ) .3( ) 1.6( ) 1.1( ) .2( ) 1.6( ) 1.4( ) .O( ) .O( ) .O( ) 

182. 15. 6. 3. 147. 39. 4. 82. 6. 14 • 
. O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .5(5) 1.8(5) 

6. 
6.6(5) 

3. 
• 3(5) 

2S1. 211. 
2.2( ) 2.0( ) 

2. 22. 98. 65 • 
.1(5) .3(5) 10.0(5) 1.2(5) 

6. 196. 178. 167. 14. 1.4. 6. 6. 
.S( ) 1.S( ) 1.9( ) 1.S( ) .4( ) .4( ) .S( ) .6( ) 
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3 20. 

3 25~ 

3 30. 

3 35. 

3 40. 

3 45. 

3 56. 

3 55. 

3. 3. 142. 33. 4. 101. 76." 251. 211. 178 • 
• 2( ) .3( ) 1.6( ) 1.0( ) .2C ) 1.6( ) 1.3( ) .OC ) .O( ) .O( ) 

169. 14. 6.' 3. 134. 33. 4.' . 76. 5. 13 • 
• O( ) .O( ) .O( ) .O( ) .O( ) " .O( ) .O( ) .O( ) .5(S) 1.8(S) 

6. 3. 2. 15. 91. 60. 
6.5(S) . .3(S) .0(5) , .2(5).9.9(5),.1.0(5) 

238. 199. 5. 184: 165. 155. 14. 14. i' 6. 6. 
2.2( ), 2.0() .5( ) . 1.7() 1.8C ) 1.4( ) .4( ) . .4( ) .5( ) .6( ) 

3. 2. 130. 28.' 3. 94. 70.' ' . 238. 199. 165. 
.2( ) .2( ) 1.5( ) .9( ) .2( ) 1.5( ) 1.3( ) .O( ) .O( ) .D( ) 

157.' 14. 
.O( ) .O( ) 

6. 
6.5(5) 

3. 
.3(5) 

225. 187. 
2.1( ) 1.9( ) 

6.' 3. 122. 28.' 3. 70. 
.O( ) .O( ) .O( ). .O( ) ,. .O() .O( ) 

1. 10. 85. 52. 
.0(5) .1(S) 9.8(5) . .9(5) 

5. 172; 153. 143. 14. 14. 
.5( ) 1.6( ) 1.7( ) 1.4( ) .4( ) .3( ) 

5. 13. 
.4(5) 1.7(5) 

6. 6 . 
• S( ) .6( ) 

3. 2. 118. 23. 3. 88. 64. 225. 187. 153. 
.2( ) .2() .. 1.4( ) .8( ) .1( ) 1.S( ) 1.2( ) .O( ) .O( ) .O( ) 

145. 14. 
.O( ) .O( ) 

6. 
6.S(S) 

3. 
.3(5) 

213. 174. 
2.0( ) 1.8( ) 

6. 3. lll. 23. 3. . 64. 
.O( ) .O( ),' .O() .O( ) .O( ) .O( ) 

1. 7. ' 79.' 46. 
.0(5) .1(S) 9.7(S) .8(5) 

4. 160. 141. 132. 14. 14. 
• S( ) 1.6( ) 1.7( ) 1.3( ) .4( ) .3( ) 

5. 13. 
.4(5) 1.7(S) 

6. 6 • 
.S( ) .6( ) 

3. l.' 108. 19.' 2.' 82. 58. 213. 174. 141. 
.1( ) .2( ) ,.w. 1.3( ) .7( ) .1( ), .• 1.4( ) 1.2( ) .O( ) .O( ) , .O( ) 

1330" 14. 
.O( ) .O( ) 

6. 
6.5(S) 

2. 
.2(5) 

201. 163. 
2.0( ) 1.7( ) 

6. 3. 101. 19; 2. 58.'" 4.' 13. 
.O( ) .O( ) .O( ) .O( ) .O( ) , .O( ) .4(S) 1.6(S) 

1. 6;' 73. • 41. 
.0(5). .1(S) 9.6(S) .7(S) 

4. 149. '. 130; . 121. 13. 13. 6. 6. 
.5( ) 1.5() 1.6( ) 1.2( ), .4( ) .3() .S( ) . .6( ) 

3. 1. 98. 16. 2. 76. 53. 201. 163. 130 • 
• 1( ) .1( ) 1.3( ) .6( ) .1( ) 1.3( ) 1.1( ) .O( ) .O( ) .O( ) 

122. 13. 6. 3. 92. 16. 2. 53. 4. 12 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .3(S) 1.6(S) 

6. 
6.4(5) 

2. 1. 4. 67~ 37; 
• 2(5). .0(5) .1(S) 9.5(5) .6(5) . 

189. 151. 4. 138. 120. 112. 13. 13. 
1.9( ) 1.7( ) .4( ) ,!,' 1.4() 1. 5( ), 1.2() .4( ) .3( ) 

6. 6. 
.S( ) .6( ) 

3. 1. 89. 13. 2. 70. 48. 189. 151. 120 • 
• 1( ), .1( ) 1.2( ), .6( ) .1( ) 1.3( ) 1.0( ) .O( ) .O( ) .O( ) 

113. 13: 6. 3; 83. 13; 2. 48. 4. 12 • 
• O( ) .O( ) .O( ) .O( ).. .O( ) .O( ) .O( ) , .O( ) .3(5) 1.6(5) 

6. 
6.4(5) 

2. 
.2(5) 

177. 140; 
1.8( ) 1.6( ) 

O. 
.0(5) 

3, •.... , 61, 

.0(5) 9.4(5) 
33; " .. 

.6(5) 

4. 127, 1ll:, 103. 13. 13. 6. 
.4( ) 1.4( ) 1.5(). 1.1() .3( ) , .3( ) .SC ) 

6. 
.6( ) 

2. 1; 81. 11. 2. 64C 44; 177.' 140. 111 • 
• 1( ) .1e ) 1.le ) .SC ) .1( ) 1.2e ) 1.0e ) .O( ) .Oe ) .OC ) 

104. 13. 6. 2. 76. 11. 2. 44. 3. 12 • 
• O( ) .O( ) .OC ) .O( ) . .O( ) .O( ) .O( ) .O( ) .3(5) 1.5(5) 

6. 2. O. 3. 56'. 30. 
6.4(5) .2(5) .0(5) .0(5) 9.3(5) .5(5) 

166. 130. 3. 118. 102. 95. 13: 13. 6. 6. 
1.8( ) 1.S( ) .4( ) 1.3( ) 1.4( ) 1.1( ) .3( ) .3( ) .5( ) .6( ) 

2. 1. 74. 10, 2, 59. 40; 166. 130. 102. 
.1( ) .1( ) 1.1( ) .5( ) .1( ) 1.2( ) .9( ) .O( ) .O( ) .O( ) 

95." 13;· 6. 
.O( ) .O( ) .O( ) 

6. 
6.3(5) 

2. O. 
.2(S) .O(S) 

2. 69'. 10, 2. 40. 
.O( ) .O( ) .Oe ) .O( ) .O( ) 

2. 51. 28, 
.0(5) 9.3(S) . .S(S) 

156. 120. 3. 109. 94,. 87. 12, 12. 
1.7( ) 1.S( ) .4( ) 1.3( ) 1.3( ) 1.0( ) .3( ) .3( ) 
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3; 12. 
.3(5) 1.5(S) 

6. 6 • 
• S( ) .6( ) 



2. O. 67. 8. 1. 54. 37. 156. 120. 94. 
.1( ) .1( ) LO( ) .4( ) .1( ) 1.1( ) .9( ) .O( ) .O( ) .O( ) 

,--
SS. 12. 6. 2. 62. 8. 1. 37. 3 • 12. 

.O( ) .O( ) .O( ) .O( ) .O( ) • O( ) .O( ) .O( ) .2(5) 1. S(S) 

6. 2. O. 2. 46. 25. 
6.3(S) .2(S) .0(5) .0(5) 9.2(5) .4(S) 

4 O. 146. 112. 3. 101. 87. 81. 12. 12. 6. 6. 
L6( ) 1.4( ) .4( ) L2( ) 1.3( ) 1.0( ) .3( ) .3( ) .S( ) .6( ) 

2. O. 61. 7. 1. 50. 33. 146. 112. S7. 
.1( ) .1( ) LOe ) .4( ) .1( ) 1.1( ) .S( ) .O( ) .OC ) .OC ) 

S1. 12. 6. 2. 57. 7. 1. 33. 3. 11 • 
.O( ) .OC ) .OC ) .OC ) .OC ) • OC ) .OC ) .OC ) .2CS) 1.4CS) 

6. 2. O. 2. 42. 23. 
6.3(S) .1CS) .OCS) .0(5) 9.1CS) .4CS) 

4 S. 136. 104. 3. 93. SO. 75. 12. 12. 6. 6. 
1.6( ) 1.4C ) .4( ) 1.2( ) 1.2( ) .9( ) .3C ) .3C ) .SC ) .6C ) 

2. O. 56. 6. 1. 46. 31. 136. 104. SO. 
.1( ) .1( ) .9( ) .4C ) .1( ) 1.0( ) .SC ) .O( ) .O( ) .O( ) 

75. 12. 6. 2. 52. 6. 1. 31. 2. 11. 
.O( ) .OC ) .O( ) .O( ) .O( ) .O( ) .O( ) .OC ) .2(5) 1.4(5) 

6. 2. O. 2. 39. 21. 
6.3(5) .1(5) .0(5) .0(5) 9.1(5) .3(5) 

4 10. 127. 96. 2. S7. 74. 69. 12. 12. 6. 6. 
1.SC ) 1.3C ) .3( ) 1.1( ) 1.2( ) .9( ) .3C ) .3( ) .S( ) .6C) 

2. O. 51. S. 1. 42. 2S. 127. 96. 74. 
.1C ) .1( ) .9( ) .3( ) .1( ) 1.0( ) .SC ) .O( ) .OC ) .OC ) 

69. 12. 6. 2. 47. S. 1. 2S. 2. 11. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .2(5) 1.3(5) 

6. 2. O. 1. 35. 19. 
6.2(5) .1(5) .0(5) .0(5) 9.0(S) .3(5) 

1 

) 
ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 10 YR STORM 

... PEAK FLCIooIS, STAGES AND STORAGES OF GUTTERS AND DETENSION DAMS ... 

CONVEYANCE PEAK STAGE STORAGE TIME 
ELEMENT (CFS) (FT) CAC-FT) CHR/MIN) 

203 6. .1 .9 0 55. 
11 6. .2 1 25. 

106 6S. (DIRECT FLCI.() 0 40. 
202 6. .1 6.6 2 50. 
303 207. .1 5.4 1 25. 

22 73. 1.0 1 O. 
10 6. .6 2 55. 
31 201. 2.3 1 40. 

122 155. (DIRECT FLCI.() 0 45. 
9 6. .5 2 55. 

130 220. (DIRECT FLCI.() 1 30. 
301 91. .1 5.1 1 25. 
105 111. (DIRECT FLCI.() 0 30. 
302 20S. .1 1l.S 1 55. 

21 S9. 1.7 1 45. 
201 19. .1 3.0 1 20. 

30 206. 2.3 2 O. 
121 141. CDIRECT FLCI.() 0 35. 

S 19. .4 1 50. 
120 309. (DIRECT FLCI.() 1 55. 
104 2S0. (DIRECT FLCI.() 0 30. 
300 40. .1 2.1 1 O. 

20 30S. 2.4 2 O. 
7 274. 2.1 0 30. 

12 40. 1.1 1 5. 
6 364. 2.3 0 40. 

103 442. CDIRECT FLCI.() 0 40. 
5 431. 3.0 0 40. 

200 21. .1 2.0 1 10. 
102 565. (DIRECT FLCI.() 0 40. 

3 21. 1.1 1 10. 
4 505. 3.0 0 45. 
2 514. 3.3 0 50. 

101 616. (DIRECT FLCI.() 0 SO. 
1 490. 3.2 1 S. 

100 585. (DIRECT FLCI.() 1 O. 
'~/ 
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99 585. (DIRECT FLC/;/) 1 O. 
1 

ENDPROGRAM PROGRAM CALLED 

D 
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APPENDIX B - UDSWM2 - 100 YR 

DESIGN PLAN CONDITIONS 

CAUTION STATEMENT 

The user is advised to use caution when using flow conveyance element (channels 
and pipes) peak flows and hydrographs given in this report. The UDSWM2-PC 
model assumes that all adjacent sub-basin flow enters the flow conveyance element 
at the sub-basin design point or the downstream end of the element. The flow 
conveyance element is simply routing the upstream incoming flow and ignoring the 
possibility that additional flow may be entering from the adjacent sub-basin. Due to 
this model limitation flow used for channel or pipe design should be increased 

. / '" appropriately using engineering judgment to reflect incoming sub-basin flow. 
:" ) 



2 1 1 2 
3 4 

WATERSHED 1 
ROBBINSDALE DRAINACE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOCIC AND DESICN PLAN HYDRAULIC CONDITIONS 100 YR STORM 

50 00 5.0 1 
01 100 
02 101 
03 200 
04 102 
05 103 
06 104 
07 105 
08 106 
09 203 
10 300 
20 121 
21 122 
22 22 
30 130 
31 303 

0 203 11 9 2 0.1 1. .01 .016 .1 
0 0 • 1 2 • • 4 3 . .7 6. 

1.3 7 2 8 2.8 11 3.7 12 
4.8 12 

0 11 106 1 20.0 1100 .024 10. 10. .075 10.0 
0 106 202 3 1. 
0 202 10 9 2 0.1 1. .01 .016 .1 

0 0 .2 1.0 1.1 4.0 2.8 5.0 
5.2 6.0 8.3 7.0 10.2 7.0 12.3 60. 

14.5 150.0 
0 10 9 2 3.5 300 .019 O. O. .016 3.5 
0 9 105 2 3.5 700 .030 .016 3.5 
0 105 201 3 1. 
0 201 8 7 2 0.1 1. .1 .016 .1 

0 0 0.8 8. 2.8 19 5.1 24 
7.5 29 10.5 32 14.0 35 

0 8 104 1 20.0 2800 .017 5. 5. .050 10.0 
0 104 7 3 1. 
0 7 6 1 25.0 200 .0100 3. 3. .050 10.0 
0 6 103 1 30.0 1350 .0085 3. 3. .050 10.0 
0 300 12 5 2 0.1 1. 

0 0 .2 8. 1.8 37. 4.5 64 
7.5 80 

0 12 103 1 4.0 1300 .01 4. 4. .025 5.0 
0 103 5 3 1. 
0 5 102 1 20.0 1000 .008 4. 4. .050 10.0 

- " 0 102 4 3 1. 
'I 0 4 2 1 25.0 2300 .0085 4. 4. .050 10.0 

"- /' 0 200 3 4 2 0.1 1. 
0 0 1.2 14 2.8 28 4.8 85 

0 3 2 1 3.0 350 .020 3. 3. .050 5.0 
0 2 101 1 35.0 800 .005 5. 5. .063 10.0 
0 101 1 3 1. 
0 1 100 1 35.0 3200 .005 5. 5. .063 10.0 
0 100 99 3 1. 
0 22 122 1 20.0 3750 .031 5. 5. .075 10.0 
0 122 301 3 1. 
0 301 21 6 2 0.1 1. 

O. O. .5 35 4.5 88 10.5 117 
19.5 142. 24.5 148 

0 21 121 1 15.0 2600 .005 4. 4. .050 5.0 
0 121 120 3 1. 
0 120 20 3 1. 
0 20 6 1 30.0 700 .005 4. 4. .050 5.0 
0 303 31 7 2 0.1 1. 

0 0 1 60 4.5 180 9.0 320 
14.5 430 21.0 510 28.0 580 

0 31 130 1 20.0 2800 .005 4. 4. .050 10.0 
0 130 302 3 1. 
0 302 30 6 2 0.1 1. 

0 0 1. 13. 4.0 25 9.0 34 
12.0 220 16. 550. 

0 30 120 1 20. 1500 .005 4. 4. .050 10.0 

0 
36 

1 2 3 4 5 Ii 7 8 9 10 11 12 20 21 22 30 
31 100 101 102 103 104 105 106 120 121 122 130 200 201 202 203 

300 301 302 303 
ENDPROCRAMDD 
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1 

ENVIRONMENTAL PROTEcrION AGENCY' - STORM WATER MANAGEMENT MODEL - VERSION PC.1 

DEVELOPED BY METCALF + EDDY, INC. 

UNIVERSITY OF FLORIDA 

WATER RESOURCES ENGINEEERS, INC. (SEPTEMBER 1970) 

UPDATED BY UNIVERSITY OF FLORIDA (JUNE 1973) 

HYDROLOGIC ENGINEERING CENTER, CORPS OF ENGINEERS 

MISSOURI RIVER DIVISION, CORPS OF ENGINEERS (SEPTEMBER 1974) 

BOYLE ENGINEERING CORPORATION (MARCH 1985, JULY 1985) 
OTAPE OR DISK ASSIGNMENTS 

JIN(l) 
2 

JIN(2) 
1 

JIN(3) 
o 

JIN(4) 
o 

JIN(5) 
o 

JIN(6), JIN(7) 
o .. 0'· 

JIN(8) 
'0 

JIN(9) ,3IN(10) 
'0 0 

JOUT(l) 
1 

JOUT(2) 
2 

JOUT(3) 
o 

JOUT(4), lOUT(5). 'lOUT(6) 
o (0 0 

JOUTm Jourm. 'JOUT(9) jOUT(10) 
o 0 "";: 0 0 

1 

NSCRAT(l) 
3 

WATERSHED PROGRAM CALLED 

••• ENTRY MADE TO RUNOFF MODEL ••• 

NSCRAT(2) . 
4 ' 

NSCRAT(3) 
. 0 . 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER i993' 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC .. CONDITIONS 100 YR STORM 

ONUMBER OF TIME STEPS SO 
OINTEGRATION TIME INTERVAL (MINUTES), 5;00 

25.0 PERCENT OF IMPERVIOUS AREA HAS ZERO DetENTION DEPTH 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC, DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 100 YR STORM 

HYDROGRAPHS FROM CUHPE/PC ARE LISTED FOR THE FOLLOWING 15 SUBCATCHMENTS 

TIME(HR/MIN) 

o O. 

o 5. 

o 10. 

o 15. 

o 20. 

o 25. 

o 30. 

o 35. 

o 40. 

o 45. 

1 
20 

O. 
o. 

O. 
O. 

1. 
1. 

12. 
8. 

54. 
26. 

130. 
61. 

259. 
145. 

437. 
246. 

512. 
259. 

457. 

2 
21 

O. 
O. 

O. 
O. 

1. 
2. 

11. 
9. 

32. 
22. 

73. 
49. 

211. 
164. 

357. 
265. 

377. 
283. 

343. 

3 
22 

o. 
O. 

o. 
o. 

2. 
1. 

7. 
4. 

15. 
11. 

37. 
27. 

94. 
137. 

138. 
246. 

135. 
280. 

119. 

4 
30 

o. 
Q. 

o. 
o. 

6. 
i. 

21. 
9. 

45. 
27. 

120. 
68. 

315. 
185. 

416. 
286. 

370. 
285. 

303. 

5 
.• "31 

o. 
O. 

O. 
o. 
3. 
1. 

12. 
3. 

26, 
11. 

62. 
29. 

145. 
103. 

169. 
240. 

141. 
396. 

109. 

6 

o. 

O. 

5. 

25. 

58. 

144. 

380. 

564. 

526. 

434. 

8-52 

NSCllAT(4) 
"0 . 

7 

o. 

o. 

5. 

15. 

29. 

78. 

218. 

229. 

182. 

140. 

8 

o. 

o. 

1 •. 

3. 

7. 

16. 

66. 

130. 

167. 

174. 

• NSCRAT(5) , 
o 

9 

o. 

O. 

2. 

4. 

8. 

33. 

114. 

98. 

68. 

49. 

10 

o. 

O. 

2. 

9. 

20. 

SO. 

129. 

193. 

192. 

171. 



o SO. 

o 55. 

1 O. 

1 S. 

1 10. 

1 15. 

1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 SO. 

1 55. 

2 O. 

2 S. 

2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

2 SO. 

2 55. 

3 O. 

3 S. 

3 10. 

3 15. 

3 20. 

230. 

378. 
197. 

310. 
166. 

254. 
139. 

214. 
121. 

184. 
103. 

150. 
81. 

117. 
62. 

88. 
44. 

68. 
33. 

56. 
26. 

49. 
22. 

45. 
19. 

43. 
17. 

41. 
16. 

40. 
15. 

38. 
13. 

28. 
9. 

18. 
6. 

11. 
4. 

7. 
3. 

4. 
2. 

2. 
o. 

o. 
O. 

o. 
O. 

O. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

265. 

300. 
239. 

257. 
211. 

221. 
187. 

195. 
168. 

166. 
145. 

133. 
120. 

105. 
97. 

81. 
78. 

62. 
63. 

45. 
51. 

35. 
41. 

29. 
30. 

25. 
24. 

22. 
20. 

20. 
17. 

17. 
14. 

12. 
10. 

8. 
7. 

6. 
5. 

4. 
4. 

3. 
3. 

2. 
2. 

O. 
1. 

O. 
O. 

o. 
O. 

O. 
o. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

282. 

103. 
271. 

88. 
250. 

75. 
230. 

66. 
214. 

55. 
191. 

42. 
166. 

29. 
142. 

21. 
120. 

16. 
101. 

12. 
86. 

10. 
73. 

9. 
62. 

8. 
53. 

7. 
46. 

7. 
39. 

5. 
33. 

4. 
27. 

3. 
18. 

2. 
13. 

o. 
9. 

O. 
7. 

o. 
5. 

o. 
4. 

o. 
3. 

O. 
2. 

o. 
o. 
o. 
o. 

O. 
o. 

O. 
o. 

o. 
o. 

o. 
o. 

250. 

245. 
215. 

196. 
182. 

161. 
155. 

140. 
136. 

110. 
113. 

80. 
89. 

56. 
69. 

38. 
51. 

29. 
36. 

23. 
27. 

19. 
22. 

17. 
19. 

16. 
16. 

15. 
15. 

15. 
14. 

11. 
11. 

7. 
8. 

4. 
5. 

3. 
4. 

2. 
2. 

o. 
2. 

o. 
o. 

o. 
O. 

o. 
o. 
O. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
o. 

529. 

84. 
619. 

63. 
665. 

48. 
677. 

42. 
671. 

32. 
659. 

23. 
638. 

16. 
609. 

12. 
573. 

9. 
532. 

8. 
491. 

7. 
453. 

7. 
418. 

7. 
387. 

7. 
358. 

7. 
332. 

S. 
307. 

2. 
283. 

O. 
261. 

o. 
240. 

o. 
220. 

o. 
202. 

O. 
185. 

o. 
170. 

O. 
156. 

O. 
143. 

o. 
131. 

O. 
120. 

O. 
110. 

O. 
101. 

O. 
93. 

o. 
85. 

353. 108. 174. 33. 149. 

284. 81. 171. 24. 128. 

233. 63. 164. 21. 110. 

201. 55. 156. 20. 97. 

163. 39. 146. 11. 82. 

121. 28. 133. 8. 65. 

89. 18. 119. 4. 50. 

60. 12. 107. 2. 34. 

44. 9. 95. 2. 25. 

35. 8. 85. 2. 19. 

29. 7. 75. 2. 15. 

26. 7. 67. 2. 13. 

24. 7. 60. 2. 11. 

23. 7. 54. 2. 10. 

22. 7. 49. 2. 9. 

18. 4. 44. o. 8. 

11. 2. 39. o. 5. 

7. o. 34. o. 4. 

4. o. 30. o. 3. 

3. o. 26. o. 2. 

2. o. 22. o. o. 

o. o. 15. o. o. 

o. o. 10. o. o. 

o. o. 8. o. o. 

o. o. 6. o. o. 

O. o. 4. o. o. 

O. o. 3. o. O. 

o. o. 2. o. o. 

o. o. o. o. o. 

o. o. O. o. o. 

O. o. O. o. o. 
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3 25. 

3 30. 

3 35. 

3 40. 

3 45. 

3 50. 

3 55. 

4 O. 

4 5. 

4 10. 

1 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
o. 

O. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
o. 

o. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
78. 

O. 
,71. 

O. 
,,66. 

O. 
60. 

O. 
55. 

O. 
51. 

o. 
,46. 

O. 
43. 

O. 
39. 

O. 
36. 

O. O. 

O. O. 

O. O. 

O. O. 

O. O. 

o. O. 

o. O. 

o. O. 

o. O. 

o. O. 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DECEMBER 1993 
FUTURE HYDROl.,OGIC AND DESIGN PLAN, HYDRAULI!= CONDITIONS 100 YR STORM 

GUTrER 
NUMBER 

203 

11 
106 
202 

10 
9 

105 
201 

8 
104 

7 
6 

300 

12 
103 

5 
102 

4 
200 

3 
2 

101 
1 

100 
22 

122 
301 

21 
121 
120 

20 
303 

31 
130 
302 

GUTrER 
CONNECTION 

11 

106 
202 

10 

9 
105 
201 

B 

104 
7 
6 

103 
12 

103 
5 

102 
4 
2 
3 

2 
101 

1 
100 

99 
122 
301 

21 

121 
120 

20 
6 

31 

130 
302 

30 

NDP NP 
WIDTH 
OR DIAM 

CFT) 

INVERT 
LENGTH SLOPE 

CFT) CFT/FT) 

9 2 PIPE .1 1. 
RESERVOIR STORAGE IN ACRE-FEET VS ,SPILLWAY OUTFLOW 

.0 .0 .1 2;0 ' .4 3.0 
2.8 11.0 3.7 12.0 4.8 12.0 
o 1 CHANNEL 20.0 1100. 
o 3 .0 1. 
9 2 PIPE .1 ' 1. 

RESERVOIR STORAGE IN ACRE-FEET VS, SPILLWAY OUTFLOW 
.0 .0 .2 1:0 1:1 4.0' 

10.2 7.0 12.3 60.0 14'.5 150.0 
o 2 PIPE 3.5 300. 
o 2 PIPE 3;'5 700. 
o 3 :0 1. 

, 7 " 2 ,PIPE" .1 1. 
RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 

.0 .0 .8 8.0 2.8 19.0 
14.0 35.0 

o 1 CHANNEL" 20.0 2800; 
a 3.0 1. 
o 1 CHANNEL 25.0 200. 
o 1 CHANNEL' 30.'0 1350; 
5 2 PIPE .1 1; 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 .2 8.0 1:;8 37.0 
o 1 CHANNEL 4.'0 1300. 
o 3 .0 1. 
o 1 CHANNEL 20.0 1000. 
o 3 .0 1. 
o 1 CHANNEL 25.0 2300. 
4 2 PIPE .1 'i: 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 1.2 14.0 2.8 28.0 
o 1 CHANNEL 3.0 350'. 
o 1 CHANNEL 35'.0 800. 
o 3 .0 1. 
o 1 CHANNEL 35.:0 , 3200. 
o 3,'0 i~ 
o 1 CHANNEL 20.0 3750. 
o 3 ';9 1. 
6 2 PIPE .J; 1: 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 .5 35.0 4.5 88.0 
o 1 CHANNEL 15.0 2600. 
a 3 .0 1. 
a 3 .01. 
o 1 CHANNEL 30.0 700. 
7 2 PIPE .1 1. 

RESERVOIR stORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 1.0 60.0 4.5 1BO.0 

2B.0 SBO.O 
a 1 CHANNEL 
a 3 
6 2 PIPE 

20.0 
• 0 
. 1 

2B06. 
1 . 
1 • 
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.0100' 

.7 

•0240 
.0010 
.0100 

2.8 

.0190 

.0300, 

.0010 

.1000 

5.1 

.017() 

.0010 

.0100 

.OOBS 

.0010 

4.5; 
.0100 
.0010 
.OOBO 
.0010 
.OOBS 
.0010 

4.B 
.0200 
.0050 
.0010 
.0050 
.0010 
.0310 
.0010 
.0010 

10.5 
.0050 
.0010 
.0010 
.0050 
•0010 
9.0 

.0050 

.0010 

.0010 

O. O. 

O. O. 

O. O. 

O. O. 

O. O. 

O. O. 

O. O. 

o. O. 

o. O. 

O. O. 

SIDE SLOPES 
HORIZ TO VERT 

L R 

.0 .0 

6.0 1.3 

10.0 10.0 
.0' .0 
.0" .0 

5.0 

.0, 

.0 

.0 

.0 

24.0 

5.0' 
.0 

3.0 
3.0 

.0 

64.0 
4.0' 

.0, 
4.0, 

.0 
4.0 

.0 

85.0 
3.0' 
5.0 
.0 

5.0 
.0 

5.0 
.0 ' 
.0 

117.0 
4.0 

.0 

.0 
4.0 

.0 

320.0 

4.0 
.0 
.0 

5.2 

.0 

.0 

.0 

.0 

7.5 

5.0 
.0 

3.0 
3.0 

.0 

7.5 
4.0 

.0 
4.0 

.0 
4.0 

.0 

3.0 
5.0 
.0 

5.0 
.0 

5.0 
.0 
.0 

19.5 
4.0 

.0 

.0 
4.0 

.0 

14.5 

4.0 
.0 
.0 

O. 

O. 

O. 

o. 

o. 

O. 

o. 

O. 

,l; 
O. 

o. 

OVERBANK/SURCHARGE 
MANNING DEPTH JK 

N ,CFT) 

.016 

7.0 

.075 

.001 

.016 

, 6.0 

.016 

.016 

.001 

.016 

29.0 

.050 

.001 

.050 

.050 

.001 

,:., 80.0 
.025 
.001 
.050 
.001 
.050 
.001 

.050 

.063 

.001 

.063 

.001 

.075 

.001 

.001 

142.0 
.050 
.001 
.001 
.050 
.001 

430.0 

.050 

.001 

.001 

.10 

2.0 8.0 

10.00 
10.00 

.10 

8.'3 7.0 

,3.50 
3.50 

10.00 
.10 

10.5 32.0 

10.00 
10.00 
10.00 
io.oo 

.10 

5.00 
10.00 
io.oo 
10.00 
10.00 

.10 

5.00 
10.00 
10.00 
io.oo 
10.00 
10.00 
io.oo 

.10 

24.5 148.0 
5.00 

10.00 
io.oo 
5.00 

.10 

21.0 510.0 

10.00 
10.00 

.10 

o 

o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 



RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFL~ 
.0 .0 1.0 13.0 4.0 25.0 

30 120 0 1 CHANNa 20.0 1500. 
OTOTAL NUMBER OF GUTTERS/PIPES, 35 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 100 YR STORM 

ARRANCEMENT OF SUBCATCHMENTS AND GUTTERS/PIPES 

1 

GUTTER 

1 

3 

4 

5 

7 

8 

9 

10 

II 

12 

20 

21 

22 

30 

31 

100 

101 

102 

103 

104 

105 

105 

120 

121 

U2 

130 

200 

201 

202 

203 

300 

301 

302 

303 

TRIBUTARY GUTTER/PIPE 

101 

4 

200 

102 

103 

o 

3 

o 

o 

o 
7 20 

104 

201 

10 

202 

203 

300 

120 

301 

o 

302 

303 

1 

2 

5 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

5 12 

8 0 

9 0 

II 0 

121 30 

21 0 

22 0 

31 0 

o 0 

105 0 

105 0 

o 0 

o 0 

122 0 

130 0 

o 0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 
o 

o 

o 

o 
o 

o 

o 

o 

o 

o 
o 

o 

o 

o 0 o 

o o 0 

o 0 o 

o 

o 

o· 0 

o 0 

o 0 o 

o 0 

a 0 

o 
o 

o 

o 

o 0 

o 0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 
o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDmONS 100 YR STORM 
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9.0 34.0 U.O 220.0 
.0050 4.0 4.0 .050 

TRIBUTARY SUBAREA 

o 
o 

o 
o 

o 

o 

o 

o 

o .0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

22 

o 
o 
1 

2 

4 

5 

7 

8 

o 

20 

21 

30 

3 

o 

o 

9 

10 

o 

o 

31 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 
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o 

o 
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o 
o 
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o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

15.0 550.0 
10.00 0 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 
o 

o 

o 

o 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

D.A. CAC) 

o 1528.3 

o 1415.0 

o 37.1 

o 1377.9 

o 1283.2 

o ll94.9 

o 299.5 

o 167.7 

o 120.3 

o 120.3 

o 20.5 

o 54.4 

o 895.4 

o 227.8 

o 130.6 

o 600.3 

o 520.3 

o 1638.4 

o 1528.3 

o 1377.9 

o 1283.2 

o 299.5 

o 167.7 

o 120.3 

o 895.4 

o 295.0 

o 227.8 

o 600.3 

o 37.1 

o 167.7 

o 120.3 

o 20.5 

o 54.4 

o 227.8 

o 600.3 

o 520.3 



HYOROCRAPHS ARE LISTED FOR THE FOLL~NC 36 CONVEYANCE ELEMENTS 

THE UPPER NUMBER IS DISCHARGE IN CFS " 
THE LCI.oIER NUMBER IS ONE OF THE FOLL~NG CASES: 

( ) DENOTES DEPTH ABOVE INVERT IN FEET 
(5) DENOTES STORAGE IN AC-FT FOR DETENSION DAM. DISCHARGE INCLUDES SPILLWAY OUTFLCI.oI. 
(I) DENOTES CUTTER INFLCI.oI IN CFS FROM SPECIFIED INFLCIoO' HYDROCRApH' eo . 

(D) DENOTES DISCHARGE IN CFS DIVERTED FROM THIS GuTTER 
(0) DENOTES STORAGE IN AC-FT FOR SURCHARGED CUTTER 

TIME(HR/MIN) 1 2 
12 

104 
'203. 

3 
20 

105 
300. 

4 
21 

106 
301 

5 
22 

120 
302 

6 
30 

121 
303 

7 
31-

122 

B 
'100 

130 

9 
101 
200 

10 
102 
201 

o 5. 

o 10. 

o 20. 

o 25.: 

o 30. 

o 35. 

11 
103 
202 

O. 
.O( ) 

O. 
.0,) 

"0. 
.O( ) 

O. 
., .0(5) 

O. .0. 0.0. O. O. '0. o. 
.O( ) .O( ) .O( ) .oe ) .O( ) .O( ) .• O( ) .O( ) 

O. O. o. o. o. 
.O( ) .O( ) .O( ) .O() .OC) 

O. o. o. o. o. 
.O( ) .O( ) .O( ) .O( ) .O( ) 

O. O. O. o. O. 
.O(S) .0(5) .0(5) .• 0eS) .0(5) 

O. 
.OC) 

o. 
.O( ) 

O. o. 
• O( ) .OC ) 

O. '0. 
.O( ) .0(5) 

o. 
.O( ) 

O • 
.O( ) 

O. 
.O(S) 

O. '·0. O. 0.·0. '10. 2.'0. O. O. 
.OC ) .OC ) .O( ) .O( ) .OC ) .O( ) .1( ) .O() .O( ) .O( ) 

O. o. o. o. o. o. 
.O( .) .O() .O( ') .O( ) " .O( ) .OC) 

3. ·5. 5. 1. ,1. 1. 
.O( ) .OC ) .O( ) .O( ) .oe ) .O( ) 

o. 
.0(5) 

o. 
.0(5) 

O. o. o. 
.O(S) .O(S) .0eS) 

O. 
.0(5) 

O. 1. 1. 
.OC) , .on ... O( ) 

2. 1. O. 
.O( ) .O( ) .0(5) 

o. O. cO. 1. 2. .1. 17. '0. O. 
.O( ) .O( ) .1( ) .l( ) • 1( ) .l( ) .4( ) .O( ) .O( ) 

6. 
.O( ) 

O. 
.0(5) 

o . 
.1( ) 

O. O. 1. O. O. O. O. 12. 11. 23 • 
• O( ) .1( ) .l( ) .O( ) .oe ) .oe ) .OC) .oe '.) .O( ) .O( ) 

13. 25. 15. 3. B. ·.8. 9. '9. O. 1 • 
• O( ) .O() .00 .O( ) .OC ) .O( ) .O( ) .O( ) .0(5) .1(5) 

o. 
.0(5) 

1. 
.l( ) 

o. 
.0(5) 

o. 
.l( ) 

2. 
.0eS) 

1. 
.2( ) 

O. 1. 6. 
.O( ) .2( ) .2( ) 

38. 58. 29. 
.O( ) .O( ) .O( ) 

o. 
.0(5) 

1. 
.1(5) 

5. 
.1(5) 

2. 
.0(5) 

1. 
.O(5) 

1. 
.O(S) 

7. 11. 11. 51. ·0. 
.3() .4() .3() .8() .O() 

o. o. 
.1( ) .1( ) 

O. o. o. O. 55. 33. 56. 
.O( ) .OC ) .O( ) .OC ) .O( ) .oe) .O( ) 

7. 26. 26. 22. 27. 1. 2. 
.O( ) .OC) .O( ) .O( ) .O( ) .1(5) .2(5) 

7. 2. 3. 
.1(5) .2(5) .0(5) 

4. 6. 2. 37. 53. ,. 56. 128. ' O. O. o. 
.2( ) .3( ) .3( ) .7( ) 1.0( ) .8( ) 1.3( ) .O( ) .l( ) .2( ) 

O. 4. 28. 1. 2. O. O. 135. 79. 173 • 
• O( ) .3D .6( ) .1e ) .l( ) .1( ) .oe ) .O( ) .oe ) .O( ) 

123. 144.79. 16. 62. 62. 50. 68. 3. 6 • 
• O( ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) .O( ) .3(5) .6(5) 

1. 
.1(5) 

2. 10. 19. 6. 
.4(5) 

9. 
.1(5) .2(5) .3(5) .3(5) 

25.56. 6. 168. 208. 216. 347. ·.1. 
.6( ) .9( ) .6e ) 1.6( ) 2.1( ) 1.7( ) 2.4( ) .le ) 

1. 1. 
.2C) .3e ) 

1. 11. 87. 5. 14. 2. 2. 284. 267. 523 • 
• 1e ) .5( ) 1.2( ) .3( ) .4( ) .1(.) .le) .OC) .O( ) .O( ) 

372. 381. 219. 66. 152. 150. 177. 187. 8. 12 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .7(5) 1.5(5) 

2. 
.4(5) 

6. 19. 40. 14. 28. 
.7(5) .8(5) .8(5) 1.3(5) .5(5) 

107. 255. 13. 475. 525. 526. 561. 
1.4( ) 2.2( ) .8( ) 2.9( ) 3.3( ) 2.9( ) 3.1( ) 

' .. 

3. 3. 4 • 
• 1( ) .3( ) .4( ) 

2. 23. 194. 13. 58. 5. 8. 544.612. 940 • 
• l( ) .8( ) 1.9( ) .6( ) .8e ) .3( ) .4( ) .O( ) .OC ) .O( ) 

719. 568. 232. 133. 264. 259. 323. 293. 16. 19. 
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o 40. 

o 45. 

o SO. 

o 55. 

/ 

1 O. 

1 5. 

1 10. 

1 15. 

.O( ) 

4. 
1.1(5) 

.O( ) .O( ) .O( ) .O( ) .O( ) 

7. 36. 58. 20. 71. 
1.4(5) 1.7(5) 2.2(5) 2.8(5) 1.3(5) 

.O( ) 

294. 625. 21. 851. 836. 761. 542. 
2.4( ) 3.6( ) 1.1( ) 3.9( ) 4.2( ) 3.5( ) 3.0( ) 

.O( ) 1.4(5) 3.0(5) 

6. 5. 5. 
.2( ) .4( ) .5( ) 

4. 38. 277. 26. 123. 10. 25. 806. 1001. 1206 • 
• 2( ) 1.0( ) 2.3( ) .9( ) 1.3( ) .4( ) .7( ) .O( ) .O( ) .O( ) 

939. 532. 187. 171. 295. 285. 406. 310. 23. 22 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.2(5) 4.3(5) 

5. 
2.1(5) 

S. 47. S5. 26. 123. 
1.9(5) 2.S(5) 4.3(5) 4.7(5) 2.8(5) 

575. 984. 29. 1104. 944. 779. 451. 10. 
3.5( ) 4.6( ) 1.2( ) 4.4( ) 4.S( ) 3.6( ) 2.7( ) .3( ) 

5. 5. 
.4( ) .5( ) 

6. 49. 292. 44. 180. 16. 59. 1031. 1327. 1247 • 
• 2( ) 1.2( ) 2.3( ) 1.1( ) 1.6( ) .5( ) 1.2C ) .OC ) .OC ) .OC ) 

937. 444. 145. 180. 289. 274. 445. 309. 31. 24 • 
• OC ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.9(5) 5.2(5) 

5. 
3.3(5) 

9. 56. 98. 30. 193. 
2.2(5) 3.7(5) 6.6(5) 6.6(5) 4.9(5) 

872. 1167. 41. 1164. 890. 708. 375. 14. 
4.3( ) 5.0( ) 1.S( ) 4.6( ) 4.4( ) 3.4( ) 2.5( ) .4( ) 

6. 6. 
.5C) .5() 

7. 58. 2S5. 62. 217. 21. 111. 1250. 1467. 1135 • 
• 3( ) 1.3( ) 2.3( ) 1.4( ) 1.S( ) .6( ) 1.7( ) .OC ) .OC ) .O( ) 

849. 367. ll3. 181. 280. 258. 456. 327. 45. 26 • 
• OC ) .O( ) .O( ) .OC ) .O( ) .O( ) .O( ) .O( ) 3.4(5) 6.0(5) 

6. 10. 63. 109. 33. 267. 
4.5(5) 2.4(5) 4.4(5) 8.9(5) S.6(5) 7.3(5) 

1096. 1178. 53. 1096. 801. 633. 308. 17. 
4.9( ) 5.1( ) 1.6( ) 4.4( ) 4.1( ) 3.2( ) 2.2( ) .4( ) 

6. 6. 
.S() / .6() 

8. 64. 284. 78. 234. 44. 177. 1406. 1435. 997 • 
. 3( ) 1.3( ) 2.3( ) 1.6( ) 1.8( ) 1.0( ) 2.1( ) .O( ) .O( ) .O( ) 

760. 302. 87. 179. 288. 244. 445. 359. 54. 27 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .Oc ) .O( ) .OC ) 3.7(5) 6.5(5) 

6. 10. 66. 119. 123. 333. 
5.7(5) 2.6(5) 4.9(5) 11.3(5) 10.4(5) 9.7(5) 

1209. 1100. 58. 992. 728. 587. 258. 20. 6. 7. 
5.1( ) 4.9( ) 1.7( ) 4.2( ) 4.0( ) 3.0( ) 2.0( ) .4( ) .5( ) .6( ) 

9. 67. 313. 93. 236. 105. 244. 1463. 1321. 890 • 
. 3( ) 1.3( ) 2.4( ) 1.7( ) 1.9( ) 1.6( ) 2.5( ) .O( ) .O( ) .O( ) 

702. 253. 69. 173. 337. 232. 423. 399. 59. 28 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .Oc ) .O( ) .O( ) 3.9(5) 6.8(5) 

7. 10. 68. 125. 213. 377. 
6.8(5) 2.7(5) 5.2(5) 13.4(5) 11.9(5) 11.8(5) 

1231. 1010. 61. 906. 699. 587. 225. 23. 7. 7. 
5.2( ) 4.7( ) 1.7( ) 4.0( ) 3.9( ) 3.0( ) 1.9( ) .5( ) .5( ) .6( ) 

10. 68. 378. 105. 231. 191. 304. 1444. 1204. 838 • 
. 3( ) 1.4( ) 2.7( ) 1.S( ) 1.8C ) 2.2C ) 2.9C ) .OC ) .OC ) .Oc ) 

698. 223. 62. 166. 417. 226. 398. 440. 61. 28 • 
• OC ) .OC ) .O( ) .Oc ) .O( ) .O( ) .O( ) .O( ) 4.0(5) 7.1(5) 

7. 11. 69. 131. 303. 415. 
7.9(5) 2.7(5) 5.5(5) 15.3(5) 13.0(5) 13.8(5) 

1201. 943. 61. 856. 712. 624. 193. 24. 7. 7. 
5.1( ) 4.5( ) 1.7C ) 3.9C ) 3.9( ) 3.1C ) 1.7( ) .5( ) ;5C ) .6C ) 

10. 69. 461. 115. 219. 281. 355. 1385. 1109. 822 • 
• 3( ) 1.4( ) 3.0( ) 1.9( ) 1.S( ) 2.7( ) 3.1( ) .O( ) .O( ) .O( ) 

726. 187. 45. 156. 498. 217. 364. 469. 61. 29 • 
• OC ) .OC ) .OC ) .O( ) .OC ) .O( ) .OC ) .O( ) 4.0(5) 7.3(5) 

7. 11. 70. 135. 370. 441. 
9.0(5) 2.S(5) 5.6(5) 17.1CS) 13.8(5) 15.4(5) 

1150. 906. 59. 834. 743. 664. 152. 26. 7. 7. 
5.0( ) 4.4( ) 1.7( ) 3.8( ) 4.0( ) 3.3( ) 1.5( ) .5( ) .5( ) .6( ) 

10. 70. 532. 123. 204. 354. 395. 1300. 1039. 823 • 
• 3( ) 1.4( ) 3.2( ) 2.0( ) 1.7C) 3.1( ) 3.3( ) .O( ) .O() .O( ) 
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1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 50. 

1 55. 

758. ' 147. 35. 143:- ),' 558. 204. 
.O( ) .O( ) .O( ) • O( ). .O() .O( ) 

7. 11. 70. 139: 417. 458. 
10.0(5) 2.7(5).; 5.6(5). ,,18.5(5), 14.4(5) ).6.8(5),' 

! 
323. 485. 

.O( ) , .O( ) 
59.-
3.9(5) 

29 • 
7.3(5) 

1097. 888. 56. 827. 768. " 690. 119. 27. 
".\ 

17. 20. 
. 4.9( ) 4.4( ), 1.7( )'0 3.8( ).r: 4.1() 3.3() , 1.3() , .5( ) .8( ) 1.0( ) 

11. 
, , 
, ~. ~ 

70. 582. 129. 823. 185. 407: 425. 1214. 993. 
.3( ) 1.4( ), , 3.4( L I' 2.0( ) 1.6(), . 3.3() ." 3.4( ) .O( ), '", .OC) .O( ) 

~ .; '> 

776. 115. 
.O( ) .O( ) 

, , 

35.'" 130. 599. 191. 282. 494. 
.O( ) .O( ) .OC ) .O( ) .O( ) " .O() 

55. 29. 
3.7(5) 7.4(5) 

23. 11. 70. 142. 449. 471. 
10.8(5) 2.7(5) 5.5(5) 19.6(5) 14.8(5) 17.9(5) 

1049. 878. 51. 823. 780. ' 701; 92. 27. 36. 39. 
. 4.8( ) 4.4( ) 1.6( ) 3.8( ) 4.1() , 3.4( ) 1.1( ) .5( ) 1.2(). 1.4() 

t 

11. 69. 612. 134.' 165. 443. 448. 1137. 959.' 818 • 
• 3( ) 1.4( ) 3.5( L 2.1() 1.5() ,3.5(), 3.5( ) .O( ),: .O() .O( ) 

, 782. 88. 49. 117. 621. 178; 243. 499. 49. 29 • 
• O( ) .O( ) .O( ) .O( ) .O( I"~ .O(). .O( I"~ .O() 3.6(5) 7.5(5) 

39. 10. 69. 143: . 470. 481: 
11.5(5) 2.7(5)., ': 5.4(5)20.4(5) 15.0(5) ,18.6(SL 

v 
1008. 

4.7( ). 
868. 45. 817. 782: 704:' , 74. 

1.0( ) 
28. 48.' ~. 

4.3(). ~",.1.5( ),' ; 3.8( ) 4.1( ), , , 3.4( ) .5( I"~ 1.4( ),., 1.6() 

10. 68. 630: 138: 145. 466; 464. . 1076. 930. 810. 
.3( ) 1.4( ), 3.5() , 2.1( ) 1.4( ) 3.6( ), 3.5(). .O( ) .O( ) , .O() 

781. 72; 58: 105. 636. 170. 208. 500. 44. 29. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 3.4(5) 7.6(5) 

50. 10. 67. 144. . 483.' 487. 
<,;, 

11.9(5) 2.6(5) 5.1(5) 21.0(5) 15.2(5) 19.1(5) 

972:' 856. 40. 810:',' 780: 705. 65.' 28. 57. 58. 
4.6( ),' 4.3() 1.4( ) 3.8( ). 4.1(). 3.4() .9( ) .5( ) 1.5() 1.8( ) 

10. 66. 643. 140. 127. 481. 474:' 1029. 901. 803 • 
• 3( ) 1.3( ). 3.6() " 2.1( ) 1.3() , 3.6( ) 3.6( ) .O( ) .O( ) .O( ) 

780. ' 63. 65. 95. 647. 166. 178. 502; 39. 29 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ), .O() .O( ) 3.2(5); 7.9(5) 

58. 10. 66. 144. 491'. ' 489. 
12.2(5) 2.5(5), 4.8(5) 21.3(5)15.3(5) 19.3(5) 

941. .' 845: 35. 804. 780. 708. 59. 29: 64. 65. 
4.5() ,4.3() 1.3( ), 3.8() 4.1() 3.4( ) .9( ) .5( ) 1.7( ) 1.9( ) 

10. 6S. 650. 142. 111. 490. 480. 990. 880. 799 • 
• 3( ) 1.3( ) 3.6( ), 2.1() 1.2(); 3.6()" 3.6( ) .O( ), .O( ) .O( ) 

780: 58. 71. 86. 653. 163. 152. 503. 34. 30 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 3.0(5) 8.1(5) 

65. 10. 64. 144:' 496. 487. 
12.4(5) 2.5(5); 4.5(5) 21.5(5) 15.3(5) 19.2(5) 

915. 835. 30. 800. 779. 710. 56. 29. 69. 70. 
4.4C ) 4.2( )" . 1.3( ) 3.8( ) 4.1( ) 3.4( ) .8( ) .5( ) 1.7( ) 2.0( ) 

10. 62. 655. 143. 96. 495. 483. 960. 864. 797 • 
• 3( ), 1.3() " 3.6(). 2.1(), 1.1( ) 3.7(). 3.6(). .O( ) .O( ); .O( ) 

779. 55. 76. 77. 656. . 161. 127. 501. 29. 30 • 
• OC ) .O( ) .OC ) .O( ). .O( ) .OC ) .OC ). .O( ) 2.8(5) 8.4(5) 

69. 10. 60. 144. 499. 483. 
12.5(5) 2.4(5) 4.1(5), 21.4(5) 15.4C~) 18.8(5) 

893'. 828. 28. 
4.4( ) 4.2()" 1.2( ) 

10. 59. 65!. 
.3C ) 1.3C ) 3.6( ) 

777. 53. 77. 
.OC ) .O( ) .O( ) 

797. 778. 711. 54. 
3.8() . .' 4.1C" 3.4() .8( ). 

29. 
.5( ). 

70. 
1.7C ) 

70. 
2.0( ) 

143. 84. 498. 481. 936. 852. 794. 
2.2( ) 1.1( ) 3.7( ) 3.6( ) .O( ) .O( ) .OC ) 

70'. 658. 160'. 108. 498. 27. 30. 
.O( ), .O( ) .O( ) .O( ) .O( ) 2.7(5) 8.7(5) 

70. 
12.6(S) 

9. 57. 144. 499. 477. 
2.4(5) 3.8(S) 21.2(5), lS.4(S) 18.3(S} 

876. 822. 26. 794. 775. 71i. 53. 30. 70. 70. 
4.3( ) 4.2( ) 1.2U 3.8( ) 4.1( ) 3.4( ) .8( ) .5(): 1.7() 2.0( ) 

10. 56. 658. 143. 73. 498. 477. 917. 844. 790 • 
• 3( ) 1.2( ) 3.6( ) 2.2C ) 1.0C ) 3.7( ) 3.6( ) .OC ) .O( ) .O( ) 
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\. 

2 O. 

2 5. 

774. 52. 77. 64. 657. 159. 93. 492. 26. 31 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.6(5) 9.1(5) 

70. 
12.5(5) 

9. 54. 144. 497. 468. 
2.3(5) 3.5(5) 20.9(5) 15.4(5) 17.6(5) 

863. 818. 25. 790. 771. 709. 52. 30. 68. 67. 
4.3( ) 4.2( ) 1.2( ) 3.7( ) 4.1( ) 3.4( ) .8( ) .6( ) 1.7( ) 2.0( ) 

9. 53. 656. 144. 64. 496. 471. 903. 838. 786 • 
. 3( ) 1.2( ) 3.6( ) 2.2( ) .9( ) 3.7( ) 3.6( ) .O( ) .O( ) .O( ) 

769. 52. 75. 58. 655. 158. 81. 485. 25. 31. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.4(5) 9.4(5) 

67. 
12.5(5) 

9. 51. 143. 493. 458. 
2.3(5) 3.2(5) 20.6(5) 15.3(5) 16.8(5) 

852. 812. 24. 784. 764. 704. 49. 30. 65. 65. 
4.3( ) 4.2( ) 1.1( ) 3.7( ) 4.0( ) 3.4( ) .8( ) .6( ) 1.7( ) 1.9( ) 

9. 50. 651. 143. 56. 492. 463. 890. 828. 775 • 
• 3( ) 1.2( ) 3.6( ) 2.2( ) .8( ) 3.7( ) 3.5( ) .O( ) .O( ) .O( ) 

759. 48. 69. 53. 649. 156. 70. 474. 24. 31 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.3(5) 9.7(5) 

64. 
12.4(5) 

9. 48. 143. 487. 447. 
2.2(5) 2.9(5) 20.1(5) 15.2(S) 15.9(5) 

10. 840. 802. 23. 772. 751. 694. 43. 31. 62. 61. 
4.3( ) 4.2( ) 1.1( ) 3.7( ) 4.0( ) 3.3( ) .7( ) .6( ) 1.6( ) 1.8( ) 

9. 47. 642. 143. 49. 486. 453. 869. 814. 757 • 
• 3( ) 1.1( ) 3.6( ) 2.2( ) .8( ) 3.6( ) 3.5( ) .O( ) .O( ) .O( ) 

743. 41. 64. 48. 638. 152. 59. 461. 23. 31 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.2(5) 9.9(5) 

61. 
12.3(5) 

9. 45. 142. 478. 435. 
2.2(5) 2.6(S) 19.6(S) 15.1(5) 14.9(5) 

15. 827. 787. 22. 756. 733. 678. 38. 31. 58. 58. 

2 20. 

2 25. 

2 30. 

2 35. 

4.2( ) 4.1( ) 1.1( ) 3.7( ) 4.0( ) 3.3( ) .7( ) .6( ) 1.6( ) 1.8( ) 

9. 45. 630. 142. 42. 477. 441. 845. 795. 737 • 
• 3( ) 1.1( ) 3.5( ) 2.1( ) .7( ) 3.6( ) 3.5( ) .O( ) .O( ) .O( ) 

723. 38. 58. 43. 625. 149. 49. 446. 22. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.1(5) 10.1(5) 

58. 
12.2(5) 

8. 43. 141. 467. 416. 
2.1(5) 2.4(5) 19.0(5) 15.0(5) 13.8(5) 

811. 769. 21. 737. 713. 662. 36. 31. 56. 55. 
4.2( ) 4.1( ) 1.0( ) 3.6( ) 3.9( ) 3.3( ) .6( ) .6( ) 1.5( ) 1.7( ) 

9. 42. 617. 141. 35. 466. 425. 822. 774. 715 • 
• 3( ) 1.1( ) 3.5( ) 2.1( ) .6( ) 3.6( ) 3.4( ) .O( ) .O( ) .O( ) 

704. 35. 56. 38. 611. 145. 40. 429. 20. 32 . 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.9(5) 10.3(5) 

55. 
12.1(5) 

8. 40. 139. 454. 395. 
2.0(5) 2.1(5) 18.3(5) 14.8(S) 12.7(5) 

793. 748. 20. 717. 694. 646. 34. 31. 53. 52. 
4.1( ) 4.0( ) 1.0( ) 3.6( ) 3.9( ) 3.2( ) .6( ) .6( ) 1.5( ) 1.7( ) 

8. 39. 602. 140. 29. 452. 408. 800. 752. 696 • 
• 3( ) 1.0( ) 3.5( ) 2.1( ) .6( ) 3.5( ) 3.3( ) .O( ) .O( ) .O( ) 

685. 34. 53. 34. 595. 143. 33. 410. 19. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.8(5) 10.4(5) 

52. 
12.0(5) 

8. 38. 137. 439. 374. 
2.0(5) 1.9(5) 17.6(5) 14.7(S) 11.7(5) 

774. 727. 18. 697. 675. 629. 33. 32. 50. 49. 
4.1( ) 3.9( ) 1.0( ) 3.5( ) 3.8( ) 3.2( ) .6( ) .6( ) 1.4( ) 1.6( ) 

8. 36. 585. 138. 24. 437. 389. 778. 730. 675 • 
• 3( ) 1.0( ) 3.4( ) 2.1( ) .5( ) 3.4( ) 3.2( ) .O( ) .O( ) .O( ) 

665. 33. 50. 30. 577. 140. 27. 390. 18. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.7(5) 10.6(5) 

49. 
11.9(5) 

8. 34. 135. 422. 353. 
1.9(5) 1.6(5) 16.9(5) 14.4(S) 10.6(5) 

754. 706. 17. 676. 654. 610. 32. 32. 46. 46. 
4.0( ) 3.9( ) 1.0( ) 3.4( ) 3.7( ) 3.1( ) .6( ) .6( ) 1.4( ) 1.6( ) 

8. 33. 566. 137. 20. 420. 369. 756. 708. 654. 
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2 4Q. 

2 45. 

2 50. 

2 5~. 

3 O. 

3 5. 

3 10. 

3 15. 

.3( ) 1.0( ) 3.3( ) 2.1( ) .5( ) 
, ,'i 

3.4( ) 3.2( ) .O( ) .O( ) .O( ) 

643; 32; 46..' 23; 557. 137. 22, 369. 17. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.6(5) 10.7(5) 

45. 
11.7(5) 

B. 30. 133~ 403. 332. 
1.9(5) 1.4(5) 16.1(5) 14.2(5) 9.6(5) 

733. '" 684. 16. 655; 630. 590. 32. 32. 42. 42. 
4.0( ) 3.8e ) .9( ) 3.4e ) 3.7e ) 3.0( ) .6e ) .6e ) 1.'3e ) 1.5( ) 

8; 29., 545. 135. 17. 402. 348. 733. 684. 630 • 
• 3( ) .9( ) 3.3( ) 2.1( ) .4( ) 3.3( ) 3.1( ) .O( ) .O( ) .O( ) 

619;, 32, ,,42, lB; 537. 135, 18, 348. 16. 32 • 
• O( ) .Oc ) .O( ) .O( ) .O( ) .Oe ) .O( ) .O( ) 1.4(5) 10.8(5) 

41. 
11.6(5) 

8. 26. 130. 383. 30B. 
1.8(5) 1.2(5) 15.3(5) 14.0(5) 8.6(5) 

711. 661. 15. 632. 607. 569; 32. 32. 38. 38. 
3.9( ) 3.8( ) .9( ) 3.3( ) 3.6( ) 3.0( ) .6( ) .6( ) 1.2( ) 1.4( ) 

8. 26. 525. C 133. 14. 383. 326. 711. 661.' 607 • 
• 3( ) .B( ) 3.2( ) 2.1( ) .4( ) 3.2( ) 3.0( ) .O( ) .O( ) .O( ) 

595; 32. 38., 16; 515. 133. 14. 326.' 15. 32 • 
• O( ) .O( ) .Oe ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.3(S) 10.8(S) 

38. 
11.4(5) 

8. 23. 128. 363., 280. 
1.B(S) 1.0(5) 14.6(5) 13.7(5) 7.7(5) 

,.c" 
689. 637. 15. 609. 583. 549., 32. 32., 35., 34. 

3.8( ) 3.7( ) .9( ) 3.3( ) 3.5( ) 2.9( ) .6( ) .6( ) 1.2( ) 1.3( ) 

8. .., 23. 503. 131. 12; 362. 302. 689. 637. 583 • 
• 3( ) .8( ) 3.1( ) 2.1( ) .3( ) 3.1( ) 2.B( ) .O( ) .O( ) .O( ) 

571. 32., 35; 14. 493: 131. 12; 302. 14. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.2(5) 10.8(5) 

34. 
11.3(5) 

8. 20. 126, 341., 255. 
1.7(5) .9(5) 13.8(5) ,,13.5(5) 6.geS) 

666., 613. 14., 585. 559. 527. 32. 32. 31. 31. 
3.B( ) 3.6( ) .9( ) 3.2( ) 3.5( ) 2.9( ) .6( ) .6e ) 1.le ) 1.2e ) 

8; '. 20. 480. 129. 10. 341. 278. 666. 613. 559 • 
• 3( ) .7( ) 3.1( ) 2.0( ) .3( ) 3.0( ) 2.7( ) .O( ) .O( ) .O( ) 

547.,".,,; 32. 31. 12; 470. 129. 10. 278. 13. 32 • 
• O( ) .O( ) .O( ) .O( ) .Oe ) .O( ) .O( ) .O( ) 1.1(5) 10.8(5) 

30. 
11.1(5) 

8. lB. 124. 319. 232. 
1. 7(5) .B(S) 13.0(5) 13.2(5) 6.2(5) 

643. 589. 13. 561. 534. 504. 32. 32. 28. 28. 
3.7e) 3.5( ) .8e) 3.1( ) 3.4( ) 2.8( ) .6( ) .6( ) 1.1e) 1.2( ) 

8. " 18. ,456. 127. 8. 319. 256. 643; 589., 534 • 
• 3( ) .7( ) 3.0( ) 2:0( ) .3( ) 2:9( ) 2.6( ) .O( ) .O( ) .O( ) 

521. 32. 28. 11. 445; 127. 
:O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 

27. 
11.0(5) 

7. 16. 122, 296. 211;,' 
1.6(5) .6(5) 12.2(5) 12.9(5) 5:5(5) 

8. 256. 12. 32. 
.O( ) .O( ) 1.0(5) 10.8(5) 

619. 564. 12., 537. 509. 480. 32. 32. 25. 25. 
3.6( ) 3:4( ) .8( ) 3.1( ) 3.3( ) 2.7( ) .6( ) .6( ) 1.0( ) 1.1( ) 

B. 16; 432. 124. 7. 297. 235. 619. 564, 509 • 
• 3( ) .7( ) 2.9( ) 2.0( ) .2( ) 2.8( ) 2.5( ) .O( ) .O( ) .O( ) 

496. 32. 25. 10. 421. 124. 7. 235. 11. 32 • 
• O( ) .O( ) .O( ) .O( ) .Oe ) .Oe ) .O( ) .O( ) 1.0(5) 10.8(5) 

25. 
10.9(5) 

7. 14. 120; 274. 193; 
1.6(5) .5(5) 11.4(5) 12.6(5) 4.9(5) 

596. 539. 11. 512. 484. 456. 32. 32. 23. 22. 
3.6( ) 3.4( ) .8( ) 3.0( ) 3.2( ) 2.6( ) .6( ) .6( ) .9( ) 1.1( ) 

7. 14. 408. 122. 6. 275. 216. 596. 539. 484 • 
• 3( ) .6( ) 2.8( ) 2.0( ) .2( ) 2.7( ) 2.4( ) .O( ) .O( ) .O( ) 

470." 32. 23. 7,., 397. , 122. 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 

22. 
10.8(S) 

7. 12. 117. 252. 176. 
1.5(5) .4(5) 10.7(5) 12.4(5) 4.4(5) 

6. 216, 10. 32 • 
.O( ) .O( ) .9(S) 10.7(S) 

571. 513. 10'. 488. 458. 433. 32. 32. 20. 20. 
3.5( ) 3.3( ) .7( ) 2.9( ) 3.1( ) 2.6( ) .6e) .6e ) .ge ) 1.0e ) 
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3 20. 

3 25. 

3 30. 

3 35. 

3 40. 

45. 

3 SO. 

3 55. 

7. 12. 385. 120. 5. 254. 197. 57l. 513. 458. 
.3( ) .6( ) 2.7( ) 2.0( ) .2( ) 2.6( ) 2.3( ) .O( ) .O( ) .O( ) 

445. 32. 20. 7. 374. 120. 5. 197. 10. 32. 
.O() .O() .O() .O( ) .O( ) .O( ) .O( ) .O( ) .8(5) 10.7(5) 

20. 
10.7(5) 

7. 11. 114. 232. 159. 
1.5(5) .4(5) 9.9(5) 12.1(S) 3.9(5) 

547. 488. 9. 463. 434. 410. 32. 32. lB. 18. 
3.4( ) 3.2( ) .7( ) 2.B( ) 3.0() 2.S( ) .6( ) .6( ) .BC) .9( ) 

7. 11. 363. 117. 4. 235. 181. 547. 488. 434 • 
• 3( ) .5( ) 2.6( ) L9C ) .2( ) 2.5( ) 2.2C ) .O( ) .O( ) .O( ) 

421. 32. lB. 7. 352. 117. 4. lBl. 9. 32 • 
• O( ) .OC ) .O( ) .OC ) .O( ) .O( ) .OC ) .OC ) .BCS) 10.6(5) 

lB. 
10.6(5) 

7. 10. 111. 214. 144. 
1.4CS) .3(5) 9.2(5) 11.9(S) 3.5(5) 

523. 463. 8. 439. 411. 389. 32. 32. 17. 16. 
3.3( ) 3.1( ) .7( ) 2.7( ) 2.9( ) 2.4C ) .6( ) .6( ) .8( ) .9( ) 

7. 10. 342. 114. 4. 2lB. 165. 523. 463. 411 • 
• 3( ) .5( ) 2.5( ) L9( ) .2C) 2.4( ) 2.1C ) .O( ) .OC ) .OC ) 

39B. 32. 17. 7. 332. 114. 4. 165. B. 32 • 
• OC ) .OC ) .OC ) .OC ) .O( ) .O( ) .OC ) .O( ) .7CS) 10.5CS) 

16. 
10.6(5) 

7. 
1.4(5) 

499. 439. 
3.2( ) 3.0( ) 

9. 107. 200. 131. 
.2CS) 8.4CS) 11.7(S) 3.1CS) 

B. 416. 389. 36S. 32. 32. 15. 15. 
.6C) . 2.7( ) 2.9( ) 2.3( ) .6( ) .6( ) .8( ) .9( ) 

7. 8. 323. 111. 3. 202. 151. 499. 439. 389 • 
• 3( ) .5( ) 2.5( ) L9( ) .2( ) 2.3( ) 2.0( ) .O( ) .O( ) .O( ) 

377. 32. 15. 7. 314. lll. 3. 151. 8. 32 . 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .6(5) 10.4(5) 

15. 
10.5(5) 

7. 
1.3CS) 

475. 416. 
3.1( ) 2.9( ) 

7. 104. lS5. 119. 
.2(5) 7.7(5) U.4(S) 2.7(5) 

7. 394. 36S. 350. 32. 32. 14. 14. 
.6( ) 2.6( ) 2.8( ) 2.3( ) .6( ) .6( ) .7( ) .8( ) 

7. 7. 305. 108. 3. 188. 138. 475. 416. 368. 
.3( ) .4( ) 2.4( ) 1.9( ) .1( ) 2.2( ) 1.9( ) .O( ) .O( ) .O( ) 

357. 32. 14. 7. 296. 108. 3. 13S. 7. 32. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O() .O() .6(5) 10.2(5) 

13. 7. 5. 100. 17l. lOS. 
10.5(5) 1.3(5) .1(5) 7.1(5) 11.2(5) 2.4(5) 

452. 394. 7. 374. 34S. 332. 32. 32. 13. 13. 
3.1( ) 2.8( ) .6C) 2.5( ) 2.7() 2.2( ) .6( ) .6( ) .7( ) .8( ) 

7. 6. 2S7. 105. 3. 174. 126. 452. 394. 348 • 
• 3( ) .4( ) 2.3( ) L8( ) .1( ) 2.1( ) 1.8C ) .O( ) .O( ) .O( ) 

337. 32. 13. 7. 27S. 105. 3. 126. 6. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .5(5) 10.1(5) 

12. 
10.4(5) 

7. 
1.2(5) 

430. 374. 
3.0( ) 2.8( ) 

4. 97. 157. 99 • 
• 1(5) 6.4(5) 11.0(5) 2.1(5) 

6. 354. 330. 315. 32. 32. 12. 12. 
.6( ) 2.4( ) 2.6( ) 2.1( ) .6( ) .6( ) .7( ) .8( ) 

7. 4. 270. 102. 2. 160. 116. 430. 374. 330 • 
• 3( ) .3( ) 2.2( ) 1.S( ) .1( ) 2.0( ) 1.7C ) .oe ) .O( ) .oe ) 

319. 32. 12. 7. 262. 102. 2. 116. 6. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .5(5) 10.0(5) 

12. 
10.4(5) 

7. 
1.2(5) 

409. 354. 
2.9( ) 2.7( ) 

3. 94. 144. 90. 
.1(5) 5.7(5) 10.8(5) 1.9(5) 

6. 335. 312. 298. 32. 32. 11. 11. 
.S( ) 2.4( ) 2.6( ) 2.1( ) .6( ) .6( ) .7( ) .7( ) 

7. 3. 254. 98. 2. 148. 106. 409. 354. 312 • 
• 3( ) .3( ) 2.2( ) 1.8e ) .1( ) 1.9( ) 1.6( ) .O( ) .O( ) .O( ) 

302. 32. 11. 7. 246. 98. 2. 106. 5. 31 • 
. oe ) .oe ) .oc ) .oe ) .oe ) .oe ) .oe ) .oe ) .5eS) 9.S(S) 

11. 
10.4(5) 

7. 
1.1(5) 

388. 335. 
2.S( ) 2.6( ) 

2. 91. 133. 82. 
.1(5) 5.1(5) 10.6(5) 1.6(5) 

5. 31S. 295. 283. 32. 32. 10. 10. 
.S( ) 2.3( ) 2.5( ) 2.0( ) .6( ) .6( ) .6( ) .7( ) 
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, 

7. 3. 239. 95. 2. 136. 97. 388. 335. 295. 
.3( ) .3( ) 2.1( )" 1.7( ) .1( ) 1.9( ) 1.5( ) .O( ) .OC ) .O( ) 

285. 32. 10. 7. 232. 95. 2. 97. 5. 31 • 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) • O( ) • O( ) . .4(5) ': 9.7(5) 

10. 7. 2. 88. 122. 75. 
10.3(5) 1.1(S~ .0(5) 4.5(5) 10.4(5) 1.4(5) 

4 O. 369. 318. 5. 301. 279. 268. 31. 31. 10. 10 • 
2.7( ) 2.5( ) .5( ) 2.2( ) 2.4( ~" 2.0( ) • 6( ) .6( ) .6( ) .7( ) 

7. 2. 225. 92. 2. 125. 89. 369. 318. 279 • 
.3( ) .2( ) 2.0( ) 1.7( ) .1( ) 1.8( ) 1.5( ) • O( ) .O( ) .O( ) 

270. 31. 10. 7. 217. 92. 2. 89. 5. 31 • 
.O( ) .O( ) .O( ) • O( ). .O( ) . .O( ) .O( ) • O( ) .4(5) 9.6(5) 

10. 7. 1. 81. 112. 69. 
10.3(5) 1.0(5) .0(5) 4.0(5) 10.3(5) 1.2(5) 

4 S. 350. 301. 4. 285. 264. 253. 31.' 31.' 9. 9 • 
2.7( ) 2.5( ) .5( ) 2.2( ) 2.3( ) 1.9( ) .6( ) • 6( ) .6( ) .7( ) 

7. 2. 210. 87. 2. 115. 82. 350. 301. 264. 
.3( ) .2() 1.9( ) 1.7( ~ .1( ), 1.7( ~ 1.4( ) .O( ) .O( ) .O( ) 

255. 31; 9. 7. 202. 87. 2. 82. 4. 31 • 
.O( ) .O( ) .O( ) .O( ). .O( ) .O( ) .O( ) • O( ) .4(5). 9.4(5) 

9. 6. 1. 74. 102. 63: 
10.3(S) . 1.0(S~ , .O(S) 3.4(S) 10.1(S) 1.1(5) 

4 10. 333. 285. 4; 270. 249. 239: 31. 31,' 9. 9 • 
2.6( ) 2.4( ) .S( ) 2.1( ) 2.3( ) 1.8( ) .6( ) • 6( ) .6( ), .7( ) 

7. 1. 196. 82. 1. 106. 75. 333. 285. 249. 
.3( ) .2( ) 1.9( ) 1.6( ) .l( ) 1.6( ~ . 1.3( ) .O( ) .O( ) .O( ) 

240. 31: 9. 7. 188. 82: 1: 75. 4: 31. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .3(5) 9.3(5) 

9. 6. 1 • 68~ . 94~' . 56:' . 
10.3(5) : • 9(5) .0(5) 3.0(5) 10.0(5) .9(5) 

1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC: DECEMBER 1993 
FUTURE HYDROLOGIC AND DESIGN PLAN HYDRAULIC CONDITIONS 100 YR STORM 

••• PEAK FLOWS, STAGES AND STORAGES OF GUTTERS AND,DETENSION DAMS •• ~ 

CONVEYANCE PEAK STAGE STORAGE TIME 
ELEMENT (CFS) (FT) CAC-FT) (HR/MIN) 

203 11. .1 2.8 1 10. 
11 11. .3 1 25. 

106 181. (DIRECT FLCM) 0 SO; 
202 70. .1 12.6 1 50. 
303 " 489. .1 19.3 1 35. 

22 236. 1.9 ' 1 O. 
10 70. 2.0 1 50. 
31 483. 3.6 1 45. 

122 456. (DIRECT FLCM) 0 50; 
9 70. 1.7 1 50. 

130 503. (DIRECT FLCM) 1 40. 
301 144. .1 21.S' 1 40. 
105 232. (DIRE9" FLCM) 0 35. 
302 499. .1 15.4 1 50. 

21. 144. 2.2 2 0; 
201 32. .1 10.8 2 55. 

30 498. 3.7 1 55. 
121 285. (DIRECT FLCM) a 40. 

8 32. .6 3 5. 
120 658. (DIRECT FLOW) 1 50. 
104 568. (DIRECT FLCM) 0 35. 
300 70. .1 5.6 1 15. 

20 658. 3.6 1 55. 
7 561. 3.1 a 35. 

12 70. 1.4 1 15. 
6 779. 3,.6 a 45. 

103 939. (DIRECT FLCM) a 40. 
5 944. 4.5 a 45. 

200 61. .1 4.0 1 '5; 
102 1247. (DIRECT FLCM) a 45. 

3 61. 1.7 1 10. 
4 1164. 4.6 a 50. 
2 1178. 5.1 0 55. 

101 1467. (DIRECT FLCM) a 50. 
1 1231. 5 .• 2 1 5. 

100 1463. (DIRECT FLCM) 1 O. 
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99 1463. (DIRECT FLew) 1 O. 
1 

ENDPROGRAM PROGRAM CALLED 

o 
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APPENDIXC 

EXISTING CONDITION COMPUTER PRINTOUTS 

This appendix contains complete existing condition computer printouts. Existing 
condition printouts are for existing land use and existing design plan hydraulic conditions. 
Printouts for both the CUHPEIPC and UDSW112 models are included. 10 year and 100 
year runs are included. 

Note: Computer printouts are dated Dec. 1993 rather than Dec. 1994 due to time lag 
between dates offinal analysis (Dec. 1993) and City approval (Dec. 1994). 



APPENDIX C - CUHPEIPC - 10 YR 

EXISTING LAND USE CONDITIONS 



\2 ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. 
O~ 10 YR 10 ~.86 

\70 1 ~5.0 O~ O~ BASIN #~ EXISTING CONDITIONS 

DEC 1993 
0.000.000.000.00 

.~72 1.06 0.59 55.0 .O~ .40.10 3.0.0018.5 0 
\70 1 15.0 02 02 BASIN #2 EXISTING CONDITIONS 
.~77 0.76 0.34 18.0 .024 .50.10 3.0.0018.5 0 

\7~ ~ 15.0 03 03 BASIN #3 EXISTING CONDITIONS 
.058 0.44 0.22 43.0 .028 23.0 .35 .06 3.0.0018.5 0 

\70 1 15.0 04 04 BASIN #4 EXISTING CONDITIONS 
.~48 0.55 0.2~ 38.0 .0~7 .35 .06 3.0.0018.5 0 

\7~ 1 ~5.0 05 05 BASIN #5 EXISTING CONDITIONS 
.053 0.42 0.24 47.0 .O~ 20.0 .35 .08 3.0.0018.5 0 

\70 1 ~5.0 06 06 BASIN #6 EXISTING CONDITIONS 
.206 0.68 0.28 35.0 .028 .37 .07 3.0.0018.5 0 

\7~ 1 ~5.0 07 07 BASIN #7 EXISTING CONDITIONS 
.074 0.46 0.17 20.0 .055 ~4.0 .37 .06 3.5.0018.5 0 

\70 1 15.0 08 08 BASIN #8 EXISTING CONDITIONS 
.~56 ~.~ 0.52 07.0 .054 .50 .06 3.2.0018.5 0 

\7~ 1 15.0 09 09 BASIN #9 EXISTING CONDITIONS 
.032 0.28 O.~ ~5.0 .060 9.0 .40 .06 3.0.0018.5 0 

\7~ 1 15.0 10 10 BASIN 10 EXISTING CONDITIONS 
.085 0.51 0.2~ 02.0 .02~ 30.0 .40 0.6 3.0.0018.5 0 

\7~ 1 ~5.0 20 20 BASIN #20 EXISTING CONDITIONS 
.105 0.590.3001.0 .023 32.0 .60 .. 10 3.3.0018.5 0 

\70 ~ ~5.0 2~ 2~ BASIN #2~ EXISTING CONDITIONS 
.152 0.80 0.37 o~.o .036 .60.10 3.2.0018.5 0 

\70 1 ~5.0 22 22 BASIN #22 EXISTING CONDITIONS 
.204 0.79 0.38 o~.o .060 .60.10 3.3.0018.5 0 

\7~ ~ 15.0 30 30 BASIN #30 EXISTING CONDITIONS 
.~5 0.510.2401.0 .025 30.0 .60 .10 3.1.0018.5 0 

\70 ~ ~5.0 3~ 3~ BASIN #3~ EXISTING CONDITIONS 
.8~ 2.10 ~.18 04.0 .036 .60.10 3.4.0018.5 0 

E 

DO 
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1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN" PLAN FMc INC. 

AT TIME 

DEC 1993 

BASIN ID: 01 -- BASIN Cot+lENT: BASIN #l EXISTING CONDITIONS " .. 
AREA OF BASIN LENGTH OF BASIN DIST TO. CENTROID IMPERvtOUS AREA SLOPE UNIT DURATION 

(SQMI) (0) (MI)' (PCT) " eFT /FT) (MIN) 

1 

.17 1.06 .59 55.00 .0120 

COEFFIaENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.086 .510 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT, HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS)' (AF) 

14.40 1645.82 283.08 9.17 

WIDTH AT 50 a 18. MIN. WIDTH AT 75 a·' 9. MIN.K50 - .35 K75 a '.45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .10 IN. 

5.00 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH "* HYDROGRAPH "* HYDROGRAPH "* 

"* "* 
"* "* 

O. O. "* 30. 113. "* 60. 19. "* 
5. 65. "* 35. 84. * 65. 14. "* 

10. 207. * 40. 62. "* 70. 10. "* 
15. 282. * 45. 46. "* 75. 8. "* 
20. 208. "* 50. 34. "* 80. O. * 
25. 155. "* 55. 25. "* O. O. "* 

BASIN ID: 01 -- BASIN Cot+lENT: BASIN #1 EXISTING CONDITIONS 

"*"**"* STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM "* INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH "* TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) "* (MIN.) (IN) PRECIP (CFS) 
"* 
"* 

O. .00 .000 o. "* 85. .04 • 018 59 . 
5. .04 • 000 O. "* 90 • .04 .018 51. 

10. .07 • 003 O. * 95 . .04 • 018 43 . 
15. .15 • 080 6. "* 100 . .04 • 018 36 . 
20. • 28 .146 27. "* 105 • .04 . 018 32 • 
25. .47 • 363 77 . * 110. .04 . 018 30 • 
30. .22 • 194 146. * 115 • .03 . 017 28 • 
35. .10 • 080 191. "* 120 • .02 • 013 26 . 
40. .08 • 057 182. "* 125 • • 00 .000 24 • 
45. .07 • 049 157. "* 130 . • 00 .000 19 . 
50. .06 • 039 134. "* 135 . . 00 .000 14 . 
H. .06 • 039 114. * 140 • .00 • 000 10 . 
60. .06 . 039 98. * 145 • .00 • 000 7 . 
65. . 06 • 039 86 • * 150 . . 00 .000 5 . 
70. .06 • 039 78. "* 155 . .00 • 000 4 • 
75. .06 • 039 71. "* 160 . . 00 .000 3 . 
80. .05 • 026 66. "* 165 . .00 . 000 2 • 

TOTAL PREap. .. 2.15 (l-HOUR RAIN = 1.86) EXECESS PREap. = 1.372 INCHES 
VOLUME OF EXCESS PREap = 13. ACRE-FEET 
PEAK Q = 191. CFS TIME OF PEAK = 35. MIN. 
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" 
'-----/ 

INFILT.- 3.00 IN/HR DECAY - .00180 FNINF m .50 IN/HR 
MAX.PERV.RET.- .40 IN. MAX.IMP.RET.- .10 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 02 -- BASIN COMMENT: BASIN 12 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.18 .76 .34 18.00 .0240 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.113 .239 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

11.18 1057.13 187.11 9.44 

WIDTH AT 50 = 28. MIN. WIDTH AT 75 = 15. MIN. K50 = .24 K75 = .32 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .10 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 40. 74. * 80. 20. * 
5. 108. * 45. 63. * 85. 17. * 

10. 185. * 50. 54. * 90. 15. * 
15. 170. * 55. 46. * 95. 13. * 
20. 141. * 60. 39. * 100. 11. * 
25. 125. * 65. 33. * 105. 9. * 
30. 105. * 70. 28. * 110. 8. * 
35. 87. * 75. 24. * ill. O. * 

BASIN ID: 02 -- BASIN COMMENT: BASIN 12 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* 

O. . 00 • 000 O . * 90 • .04 .006 38. 
5. . 04 . 000 O . * 95 • .04 • 006 34 • 

10. . 07 .001 O. * 100 . .04 • 006 30 . 
15. . 15 . 026 3 • * 105 . .04 .006 27. 
20. .28 . 048 10 . * 110. .04 .006 24. 
25. . 47 • 217 37 • * ill . .03 . 005 22 . 
30. . 22 .178 71. * 120 . .02 . 004 19 • 
35. .10 . 064 87 . * 125. .00 .000 17. 
40. .08 . 042 86 . * 130. .00 .000 14. 
45. .07 . 034 82. * 135 . .00 • 000 11 . 
50. .06 . 024 76. * 140 • .00 .000 8. 
55. . 06 • 024 70 . * 145 . .00 . 000 6 . 
60. . 06 • 024 64 • * 150 . .00 .000 5. 
65. .06 • 025 60. * 155 • .00 .000 4. 
70. .06 • 025 56 . * 160. .00 .000 3. 
75. . 06 • 025 53 • * 165 • .00 .000 3. 
80. .05 • 012 49. * 170 • .00 . 000 2 • 
85. • 04 . 006 44 . * 175 . .00 • 000 2 • 
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TOTAL PRECIP. a 2.15 (l-HOUR RAIN 8 1. 86) ExECESS PRECIP. = .815 INCHES 
VOLUME OF EXCESS PRECIP = 8. ACRE-FEET 
PEAK Q = 87. CFS TIME OF PEAK = 35. MIN. 
INFILT.~ 3.00 IN/HR DECAY ~ .00180 FNINF =.50 IN/HR 
MAX.PERV.RET.- .50 IN. MAX.IMP.RET.= .10 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME. 

1 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS' 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 
i . 

BASIN ID: 03 -- BASIN COf.'MENT: BASIN #3 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCb (FT /FT)" . (MIN) 

.06 .44 .22 43.00 .0280 . 5.00 

COEFFICIENT " COEFFIcIENT 
(REFLECTING TIME TO PEAK) (RELATED TO P~ RATE OF RUNOFF) 

.092 .362 

CALCULATED UNIT HYDROGAAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF ; UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/S~I) (CFS) (AF) 

9.48 23.00 1993.90 115.65 3.09 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 6.73) 

WIDTH AT SO = 15. MIN. WIDTH At 75 = 8. MIN. '1(50 = .35 K75 = .45 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. 

MAX. IMPERVIOUS. RET. = .06 IN. 
DECAY = .00180/SECOND FNINFL= .SO·.·IN./HIL 

TIME 

O. 
S. 

10. 
15. 

UNIT 
HYDROGRAPH *' 

O. 
72. 

115. 
80. 

BASIN ID: 

* 
* 
* 
* 
* 
* 
03 

TIME 

20. 
25. 
30. 

, . 
UNIT 

'HYDROGRAPH * 

55. 
40. 
29. 

* 
* *. 
* 
* 

35. 21. * 

TIME 

40. 
45. 
SO. 
55. 

UNIT 
HYDROGRAPH *. , 

16; * 
11. * 
8. * 
O. * -- BASIN COf.'MENT: BASIN #3 EXISTING, CONDITIONS 

" 
**** STORM NO. = 1 *it** DATE OR~ETURN PERIOD = lOYR 

INCREMENT TOTAL: STORM' ' * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * 'TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN.) .• (IN)' PRECIP (CFS) * 
* * 
* * 

O. .00 • 000 O • * 70. .06 .034 21. * 
5. .04 • 000 O • * 75. • 06 .034 18 • * 

10. .07 . 019 1 •. * 80. .05' '" • 022 15 • * 
15. .15 .062 7. * 85. .04. • 014 13 . * 
20. .28 .114 17. * gO. .04" ' • 014 11 • * 
25. . 47 .37;1> . 46 • * 95. • 04 .014 9 . * 
30. .22 • 189 70. * 100 . .04 • 014 8 . * 
35. .10 . 075 66 . * 105. . 04 .Oi4 8 . * 
40. .08 • 052 55 • * 'lio. .04 • 014 7 • * 
45. .07 • 044 45 • * lis. .03 .013 7. * 
50. • 06 . . 034 38 • * 120. .02 . .010 6.- * 
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55. .06 . 034 32. ... 125 . .00 .000 5. ... 
60. .06 . 034 27 • * 130. .00 .000 3. ... 
65. .06 . 034 24. ... 135 • .00 .000 2. ... 

TOTAL PRECIP. ~ 2.15 (l-HOUR RAIN ~ 1.86) EXECESS PRECIP. '" 1.262 INCHES 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET 
PEAK Q = 70. CFS TIME OF PEAK = 30. MIN. 
INFILT.", 3.00 IN/HR DECAY", .00180 FNINF - .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C '" .59 
I '" 3.4 INCHES/HOUR 
A = 37.1 ACRES 
Q '" 74. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 04 -- BASIN COMMENT: BASIN #4 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.15 .55 .21 38.00 .0170 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .370 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

7.83 2669.73 395.12 7.89 

WIDTH AT 50 = 11. MIN. WIDTH AT 75 = 6. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .06 IN. 

5.00 

MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL '" .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH ... HYDROGRAPH ... HYDROGRAPH ... 

... ... 

... ... 
O. O. ... 20. 125. • 40 • 19. * 
5. 28l. ... 25. 78. • 45 . 12. * 

lD. 346. ... 30. 49. * 50. 8. ... 
15. 20l. ... 35. 3l. ... 55 • O. ... 

BASIN ID: 04 -- BASIN COMMENT: BASIN #4 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH ... TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* • 

O. . 00 .000 O. ... 70 . .06 .032 43. 
5. . 04 • 000 O . ... 75 . .06 .033 40. 

10. • 07 .017 5. * 80 . .05 .020 34. 
15. • 15 • 055 21. • 85 . .04 .013 28. 
20. . 28 . lD1 51. ... 90 • .04 .013 22. 
25. . 47 . 365 151. ... 95 • .04 .013 19. 
30. . 22 .186 207 . ... 100. .04 • 013 18 . 
35. .lD . 072 176. ... 105. .04 • 013 16 . 
40 . . 08 . 050 133 . ... 110 • .04 .013 16. 
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1 

45. .07 • 042 103. 
, 

* 'US . .03';" .Oll 15. 
50. .06-' • 032 80. , * 120 • .02 .009 13. ' .' ~ 

55. .06 .03i 64. * ' US. .00 .000 9. 
60. .06 .032 54. * 130. .00 .000 6. 
65. .0.6. e ~.o32 47· * 135. .00 .000, 3, 

'-" . 

TOTAL PRECIP. - 2.15 (l-HOUR .RAIN,.", 1;86) 
VOLUME OF EXCESS PRECIP =9: ACRE-FEET 

EXECESS PREO:P. '" 1. 199 INcHES' 
I I,' ,I '. 

PEAK Q = 207. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 
!:; :': 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC., .DEC 1993 

BASIN 10: 05 -- BASIN COMMENT:' 'BASIN #5 EXISTING CONOrrIONS 

* 
* 
* 
* 
* 

I c t , 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (0)' (MI) (PCi) (FT /m (MIN) 

, " COEFf':ICIENT .', " COEFFICIENT '. , 
'(REFLECTING'TIME TO PEAK) • ,(RELATED TO PEAK RATE OF RUNOFF) 

.090 .• 383 

CALCULATED UNIT ,HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

8.74 i358.31 2,83,. ' 
"~-, . 

I'J.' 

*** NOTE THE TIME TQPEAK .I.S, CALCULATEP BASED ON. THE lIME, OFC9NCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED 'BY tUHPDCTP;" 7.67) c" ;;' .. " . , 

WIDTH AT 50 = 13. MIN. WIDTH AT 75 = 7. MIN. K50 = .35. K75,= .45 

RAINFALL LOSSES INPuT wI BASIN (DATA' 

MAX. PERVIOUS RET. '" .35 IN. 
INFILTRATION = 3.00 IN./HR. 

TIME 

O. 
5. 

10. 
15. 

UNIT 
HYDROGRAPH * 'I, 

*";, 
*'" 

O. * 
78. •• 

121. * 
76. * 

TIME 

20. 
25. 
30. 
35. 

MAX. IMPERVIOUS RET. = .OS IN. 
DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

, '.: 
UNIT 

HYDROGRAPH *" 

* 
50. * 
34. ' * ",', 
23. * 

,16. * 

40. 
45; 

O. 
O. 

, .;, 
UNIT , 

HYDROGRAPH *' 

11. * 
O. *<) 
O. * o. * 

BASIN 10: 05 -- BASIN COMMENT: BASIN '5 EXISTING CONDITIONS 

**** STORM NO. = ]; ';;.fi** DATE OR RETuRN PERIOD = lOYR 
:j;. 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME ~NFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PREcIP (CFS) * (MIN.) (IN) PRECtp (CFS) * 
~. I * * 

* \"'. * 
O. .00 .006 0, * 70. .06 .036 16; '.' * 
5. .04 .006 O. * 75. .06 .036 15. * 

10. • 07 .oli' 1. * 'SO • .05 .023 14. * 
15. .15 .06S! 7. * 85. .04 .oi~ 12. * 
20. .28 .125 19. * 90. .04 .016' 10, * 
25. • 47 .376 ' 50; * " 95 • .04 .016" 8. * 
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30. .22 • 190 73. * 100 • .04 .016 8. * 
35. .10 • 076 66. * 105 . .04 .016 7. * 
40. .08 .054 53. * llD. .04 .016 7. * 
45. .07 .046 42. * U5. .03 .014 6. * 
50. .06 • 035 34. * 120 . .02 .011 6. * 
55. .06 .036 27. * 125. .00 .000 4. * 
60. .06 • 036 23. * 130 • .00 .000 3. * 
65. .06 .036 18. * 135. .00 .000 2. * 

TOTAL PRECIP. 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = 1.304 INCHES 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET 
PEAK Q = 73. CFS TIME OF PEAK = 30. MIN. 
INFILT.z 3.00 IN/HR DECAY", .00180 FNINF '" .50 IN/HR 
MAX.PERV.RET.", .35 IN. MAX.IMP.RET.: .08 IN. 

RATIONAL FORMULA C ~ .61 
I z 3.7 INCHES/HOUR 
A = 33.9 ACRES 
Q = 75. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 06 -- BASIN COI+1ENT: BASIN #6 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.21 .68 .28 35.00 .0280 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.096 .358 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

8.61 2250.25 463.55 10.99 

WIDTH AT 50 = 13. MIN. WIDTH AT 75 = 7. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .07 IN. 

5.00 

MAX. PERVIOUS RET. = .37 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
• • 

O. O. • 25. 125. • 50. 17. * 
5. 313. * 30. 84. * 55. 11. • 

10. 446. • 35. 56. • 60. 8. • 
15. 286. • 40. 38. • 65. O. • 
20. 187. * 45. 25. • O. O. * 

BASIN ID: 06 -- BASIN COI+1ENT: BASIN #6 EXISTING CONDITIONS 

•••• STORM NO. = 1 **** DATE OR RETURN PERIOD = lDYR 

INCREMENT TOTAL STORM • INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH • TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) • (MIN.) (IN) PRECIP (CFS) 
* • 

O. .00 • 000 O . • 75. .06 .031 59. 
S. .04 .000 O. • SO. .05 • 019 52 . 

10. .07 . 012 4 . • 85. .04 • 012 40 . 
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15. .15 • 051 21. ' * 90 . .04 .012 
20. .28 • 093 55. * 95. .04 .012 
25. .47 • 348 167. * 100 . .04 .012 
30. .22 .185 251. : * 105. .04 .012 
35. • 10 .071 229. * 110 • .04' .012 
40. .08 • 049 182. * 115 . .03 .011 
45. .07 .041 144 .. * 120. .02 .008 
50. .06 .03i 115. * 125. .00' .000' 
55. .06 . 031 93 • * 130. .00 .000 
60. .06 • 031 79. * 135 .. .00 .000 
65. .06' .o3i ,. 70. * 140· .00 .000 
70. .06 .031 63. * 145. .00 .000 

TOTAL PRECIP. - 2.15 (l-HOUR RAIN = 1.86) EXECESS PREap. = 1.144 
VOLUME OF EXCESS PRECIP = 13. ACRE-FEET 
PEAK Q = 251. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .37 IN. MAX.IMP.RET.= .07 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEc:; 1993 

AT TIME 

BASIN 10: 07 -- BASIN ,COI+IENT: BASIN #7 EXISTING CONDmONS 

32. * 
27 . * 
24. * 
22. * 
21. * 
20. * 
18. * 
14. '. * 
9. * 
6. * 
4. * 
2. * 

INCHES 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT 1m (MIN)' 

.07 .46 .17 20.00 .0550 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK)' (RELATED TO. PEAK RATE OF RUNOFF) 

.110 .217 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) .. .. (CFS/SQMI) . .. . . (CFS) (AF) 

4.81 14.00 3596.16 266.12 3.95 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD CTP;' 6. h) ',' .'1 " 

WIDTH AT SO = 8. MIN; wiDTH AT 75 = 4. MIN. KSO = ,35 K75 = .47 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .37 IN. 
INFILTRATION = 3.50 IN./HR. 

MAX. IMPERVIOUS RET. = .06 IN. 
.9ECAY = .00lBO/SECOND FNINFL = . SO IN. /HR. 

TIME UNIT 
HYDROGRAPH * 

* 
* 

O. O. * 
5. 266. * 

10. 139. * 
BASIN ID: 07 

TIME UNIT 
HYDROGRAPH * 

TIME UNIT 
HYDROGRAPH * 

15. 76. 
20. 42. 
25. 24. 

-- BASIN COI+IENT: 

* 
* 
* 30. ' 13. * 
* 35. O. * 
* O. O. * 

BAsIN #7 EXISTING CONDmONS 

**** STORM NO. = 1 **** DATE OR RETuRN· PERIOD = 10 YR 

INCREMENT 
TIME RAINFALL 

(MIN.) . (IN) 

TOTAL STORM * 
EXCESS HYDROGRAPH * 
PREap (CFS) * 

* 
* 

INCREMENT 
TIME RAINFALL 

(MIN.) (IN) 
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, , 
'----'/ 

O. .00 .000 O. * 65. .06 • 025 15 • * 
5. .04 .000 O. * 70. .06 • 025 14 . * 

10. .07 .009 2. * 75. .06 . 026 14 . * 
15. .15 .029 9. * 80. .05 .013 11. * 
20. .28 .053 19. * 85. .04 .007 7. * 
25. .47 .310 92. * 90. .04 .007 6. * 
30. .22 .177 96. * 95. .04 .007 5. * 
35. .10 .064 68. * 100. .04 .007 4. * 
40. .08 .042 48. * 105. .04 .007 4. * 
45. .07 .035 35. * 110. .04 .007 4. * 50. .06 .024 25. * 115. .03 .006 4. ." 

55. .06 .025 18. * 120. .02 .005 3. * 
60. .06 .025 15. * 125. .00 .000 2. * 

TOTAL PRECIP. - 2.15 (l-HOUR RAIN - 1.86) EXECESS PRECIP. - .933 INCHES 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET 
PEAK Q = 96. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.50 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .37 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .43 
I = 4.4 INCHES/HOUR 
A = 47.4 ACRES 
Q = 89. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 08 -- BASIN CCHlENT: BASIN #8 EXISTING CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.16 1.12 .52 7.00 .0540 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.137 .ll8 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

15.28 684.32 106.75 8.32 

WIDTH AT 50 = 44. MIN. WIDTH AT 75 = 23. MIN. KSO = .21 K75 = .28 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .06 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION = 3.20 IN./HR. DECAY = .00lBO/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 55. 49. * 110. 17. * 
5. 40. * 60. H. * 115. 16. * 

10. 90. * 65. 40. * 120. 14. * 
15. 107. * 70. 36. * 125. 13. * 
20. 98. * 75. 33. * 130. 12. ." 

25. 83. * 80. 30. * 135. 11. * 
30. 77. ." 85. 27 • * 140. 10. * 
35. 75. ." 90. 25. ." 145. 9. ." 

40. 68. * 95. 23. * 150. 8. ." 

45. 61. ." 100. 21. * 155. O. * 
50. 53. ." 105. 19 • ." O. O. ." 

BASIN 10: 08 -- BASIN CCHlENT: BASIN #8 EXISTING CONDITIONS 
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**** STORM NO." a 1 **** DATE OR ~ETuRN PERlbD - lOYR 

1 

INCREMENT" TOTAL' STORM * INCREMENT" TOTAL STORM 
, 

* 
TIME RAINFALL EXCESS HYDROGRAPH ... TIME ~NFAL!- EXCESS HYDROGRAPH ' * 

(MIN.) : (IN)" PRECIP (CFS) ... (MIN.) ",(IN) , PRECIP (CFS) ... 
~< I" 

* ~ < * 
* * o. .00 . oop o . * '100. .04 .002 26.: * 

S. .04 . 000 O . ',' * 105. .04 .002 24. * 10. .07 • 003 O • ... l.1O • .04 • 002 22 . * 
15. • lS , . 010, 1 . * lis . .03 .002 20., * 20. .28" , . 019 2. * "120 • .02" .002 19. * 
25. .47 • 179 10 • * 125. .00 .000 17. * 30. .22 • 173 26 . ... 130 • • ()O .000 . 16. * 
35. • 10 ;059 40. * 135. .00 .POO 14 . * 
40. .08 . 037 45 . * 140. .00 .000 13: * 
45. .07 • 030 45 . ... 145 . .00 .000 12. * SO. • 06 .019 44 . * 'lSO. .60 .000 11 . '* 55. .06 • 020 43 • * lSS. .00 . 000 10. ... 
60. . 06 .020 42 • * 160. .00 .000 9. * 
65. .06 • 020 41 . * 165. .00 .000 8. *' 
70. .06 • 020 39 . * 170. .00 • 000 7 . * 
75. .06 • 020 37 . * 175. .00 .000 "' S. * 
80. .05 • 008 36 . ... 180 • :00 .POO " 

<) 
3. * 

85. • 04 .002 34 . * ' 185. .00 ':000 ' 3. * 
~'c , 

90. .04 .002 31. * 190. .00 .000 .2. * 
95. .04 .002 28. * 195. .00 .000 2. *' 

~ '. ; :.~ 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1,86) EXECESS PRECIP. .655 INCHES, 
VOLUME OF EXCESS PRECIP = 5.' ' ACRE-FEET 
PEAK Q = 45. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.20 IN/HR DECAY = .00180 FNINF= .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX. IMP. RET.= .06 IN. ,I'. 

U.D.F.C.D. ~HP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BAS:I;N DESIGN PLAN FMG .INC. ' DEC 1993 

BASIN 10: 09 -- BASIN CClt+lENT: BASIN #9 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS' AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) , (PCT) (FT /FT) (MIN) 

.03 .28 .12 15.00 .0600 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIM~ TO PEAK) (RELATED TO pEAK RATE OF RUNOFF) 

.118 .178 
", 

CALCULATED UNIT, HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

3.87 9.00 4990.38 159.69 1.71 

*** NOTE THE TIME TO pEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING,THE ONE COMPUTED BY CUHPD (TP= 5.22) , 

WIDTH AT SO = 6. MIN. WIDTH AT 75 '" 3. MIN. K50 = .35 K7S= .45 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. PERVIOUS RET. =, .40 IN. 
INFILTRATION = 3.00 IN./HR. 

TIME UNIT 
HYDROGRAPH * 

TIME 

MAX. IMPERVIOUS RET. .06 IN. 
DECAY,. .00180/SECONP FNINFL,= .S~ IN./HR.. 

UNIT 
HYDROGRAPH ... 

TIME 

C-10 

UNIT 
HYDROGRAPH ... 



* * 
* * 

O. O. * 10. 56. * 20. U. * 
5. 141. * 15. 25. * 25. O. * 

1 BASIN 10: 09 -- BASIN COf.'Io1ENT: BASIN #9 EXISTING CONDmONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

1 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN.) aN) PRECIP (CFS) * 
* * 
* * 

O. .00 .000 O. * 45. .07 .033 U . * 
5. . 04 .000 O. * 50. .06 .023 7 . * 

10. . 07 .007 1. * 55. .06 .023 6 • * 
15. • 15 .022 3. * 60. .06 .023 6 • * 
20. . 28 .040 7. * 65. .06 .023 5. * 
25. .47 .294 44. * 70. .06 .024 5 • * 
30. . 22 .177 43. * 75. .06 .024 5 . * 
35. . 10 .063 27. * 80. .05 .OU 4 • * 
40. . 08 .041 17. * 85. .04 .005 2. * 

TOTAL PRECIP. - 2.15 (l-HOUR RAIN - 1.86) EXECESS PRECIP. - .864 INCHES 
VOLUME OF EXCESS PRECIP z 1. ACRE-FEET 
PEAK Q = 44. CFS TIME OF PEAK = 25. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .40 
I = 5.2 INCHES/HOUR 
A = 20.5 ACRES 
Q = 43. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 10 -- BASIN COfo'MENT: BASIN 10 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /m (MIN) 

.09 .51 .21 2.00 .0210 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.156 .231 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

8.14 30.00 1570.61 133.50 4.53 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 10.57) 

WIDTH AT 50 = 19. MIN. WIDTH AT 75 = 10. MIN. K50 = .26 K75 = .35 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.00 !N./HR. 

TIME UNIT TIME 

MAX. IMPERVIOUS RET. 8 .60 IN. 
DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

UNIT TIME UNIT 

C-11 



1 

**** 

1 

HYDROGRAPH • HYDROGRAPH • HYDROGRAPH • 
• • 
• • 

o. o. • 25::, 59, 
'I. • 50.c

, 18. • 
,1-.) 46. '. '\ 

,-
,~. * t :" 5. 107. . ' , 30; :, .. 55.- 14. 

10. 128. • 35. 37. • 60. 11. • 
15. 98. • 40. 29. • 65." ", 9." • 
20. 77. * 45. '23 •. ; ~*., 70;'" , ~,; :. " O. • 1 

BASIN 10: 10 -- BASIN COf+1ENT: BASIN 10 EXISTING CONDITIONS 

STORM NO. = 1 **** ,; DATE OR RETURN PERIOD = lOYR 
\' C! 

INCREMENT TOTAL STORM • INCREMENT TOTAL STORM • 
TIME RAINFALL EXCESS HYDROGRAPH • 'TIME RAINFALL EXCESS HYDROGRAPH • 

(MIN.) (IN) PRECIP (CFS) • (MIN.) (IN) PRECIP (CFS) • 
• • 
• • 

O. . 00 .000 O • • fiO. .06 .018 27. • 
5. .04 .000, O. i • '65. .06 .018 24 . • 

10. .07 • 000 O • • 70. .06 • 018 22. . . 
15. .15 .000 O. • 75. .06 • 01:9' .. 
20. .28 • 000 0.' ,,, • 80 • 

-:, 
.05 \} 

20. 
.OOS>', 17. ,:C '. 25. .47 • 270 29 • • 85. .04 .001 14. • 

30. .22 • 172 53 . • 90. .04 .001 9. • 
35. .10' <057 55. * .,j , , 

9S~ .-04' . ooi' 6 . .'.". 40. • 08 .036 49. • 
" 

100i .04:' .001 - 4;' .'.:* . 

45. .07 .028 ~2., ' • 105. .04 .001 3-. • 
50. .06 .017 36; * 110.- .04 • 001 2 • • 
55. • 06 .018 31 . • US; ',03 .001 2. ".* 

TOTAL PRECIP. 2 2.15 (l-HOUR RAIN = 1.86) 
VOLUME OF EXCESS PRECIP = 3. ACRE-FEET 

EXECESS PRECrP. = ;682 INCHES 
II 0:. i 

PEAK Q = 55. CFS TIME OF PEAK = 35. ,MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF'= 'diPIN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .60 IN. 

RATIONAL FORMULA C = .32 
I = 2.9 INCHES/HOUR 
A = 54.4 ACRES 
Q = 50. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OmON NtJMB-ER,~mEdED_ FORTHI-5 BASIN IS f' 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN 10: 20 -- BASIN COf+1ENT: BASIN 120 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (M!) (PCT) (Film (MIN) 

.10 

,\ 

.59 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

.159-

.30 1.00 ' 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOj:F.> 

",244 

CALCULATED UNIT HYDROGRAPH 

5.00 

TIMEtb pEAK-TIME OF CONCENTRATION pEAK RATE OF RUNOFF UNITHYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI)' " (CFS) (AF) 

8.63 32.00 153~.03 160.76 5.60 

t· ... "' 

.** NOTE THE TIME TO PEAK IS CALCULATED BASED, ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE CoMPUTED BY CliHPD (tP;';"U. m:H; , .,: 'c' ; 

WIDTH AT 50 = 20. MIN. WIDTH AT 75 = 10. MIN. KSO = .26 K7S = .36 

RAINFALL LOSSES INPUT W/ BASIN DATA 

C-12 
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MAX. PERVIOUS RET. - .60 IN. 
INFILTRATION = 3.30 IN./HR. 

TIME UNIT TIME 
HYDROGRAPH * 

* 
* 

O. O. * 30. 
5. 121. * 35. 

10. 157. * 40. 
15. 121. * 45. 
20. 96. * SO. 
25. 73. ... 55. 

MAX. IMPERVIOUS RET. - .10 IN. 
DECAY = .00lBO/SECOND FNINFL = .50IN./HR. 

UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * 

* 
* 

58. * 60. 14. * 
45. * 65. 11. * 
36. * 70. 9. * 
28. * 75. O. * 
22. * O. O. * 
lB . ... O. O. * 

BASIN 10: 20 -- BASIN COI+lENT: BASIN '20 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 10 YR 

INCREMENT TOTAL STORM ... INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) aN) PRECIP (CFS) ... (MIN.) (IN) PRECIP (CFS) 
* ... 

O. .00 . 000 O. * 60 • .06 • 0lB 25 . 
5. .04 • 000 O. ... 65 . .06 . 0lB 23 . 

10. . 07 • 000 O . * 70 • .06 .0lB 21. 
15. . 15 . 001 O . ... 75 . .06 • 0lB 20 . 
20. .28 . 003 1. * 80 • . 05 .005 lB . 
25. .47 . 059 8. ... 85 • • 04 .000 14 • 
30. .22 . 170 30. * 90 • .04 . 000 11 . 
35. .10 . 056 41. * 95 . .04 .000 8. 
40. .08 . 035 40. ... 100 • .04 • 000 5 . 
45. . 07 .027 36. ... 105 . .04 • 000 4 . 
50. .06 • 017 32. ... 110 • .04 . 000 3 . 
55. .06 . 017 28. ... 115 . .03 • 000 2 . 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN '" 1.86) EXECESS PRECIP. = .465 INCHES 
VOLUME OF EXCESS PRECIP = 3. ACRE-FEET 
PEAK Q ~ 41. CFS TIME OF PEAK '" 35. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.= .60 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .22 
I = 2.8 INCHES/HOUR 
A = 67.2 ACRES 
Q = 41. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 21 -- BASIN COMMENT: BASIN 121 EXISTING CONDITIONS 

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

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(S~I) (MI) (MI) (PeT) (FT /FT) (MIN) 

.15 .80 .37 1.00 .0360 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.159 .258 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/S~I) (CFS) (AF) 

14.33 838.07 127.39 8.11 

WIDTH AT 50 = 36. MIN. WIDTH AT 75 = 19. MIN. K50 = .24 K75 = .33 

C-13 
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RAINFALL LOSSES INPUT WI' BASIN DATA 

MAX. PERVIOUS RET. = .60 IN. 
INFILTRATION ~ 3.20 IN./HR. 

TIME UNIT TIME 
HYDROGRAPH * 

* 
* 

O. o. * 45~' 
5. 53. * 50~ 

10. 112. * 55'. 
15. 127. * 60. 
20. ll. *' 65. 
25. 97. * 70. 
30. 89. * 75. 
35. 78. * 80. 
40. 67. * 85. 

MAX. IMPERVIOUS RET. = .10 IN. 
DECAY - .00lBO/SECOND FNINFL ~ .50 IN./HR. 

UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * 

* 
* 

58. * 90.: 19. * 52, * 95. 17. * 
46. * 100. 15. * 
40. * 105. 13. * 
36. * 110. 12. *' , 
31. * 115. 10. * 
28. * 120. ~. * '. 
25. '* 125. 8. * 
22. * 130. O. * 

BASIN 10: 21 -- BASIN COf+!ENT: BASIN 121 EXISTING CONDITIONS 

.i. 

**** STORM NO. = l: ; **** DATE OR RETURN PERIOD ~ lOYR 

INCREMENT TOTAL STORM * INCREMENT TOTAL' STORM 
TIME RAINFALL· EXCESS . HYDROGRAPH * "TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) 
, 

PRECIP (CFS) * (MIN.) '(IN) PRECIP (CFS) 
* 
* 

O. • 00 . 000 O • * 85 . .04 . 000 26 . 
I, 

5. .04 • 000 O • * ' 90. .04 • 000 23 • 
10. • 07 . 000 o . * 95 • .04 • 000 20 . .' 15. .15 . 001 O. * 100 • .04 . 000 lB . 
20. • 28 .003 O. * 105 • .04 . 000 16 • 
25. .47 . 063 4. * no . . 04 .000 14 • 
30. • 22 .170 17 . * 115. .03 . 000 12 . 
35. .10 . 056 31. * 120 . .02 . 000 11 • 
40. .08 • 035 37. * 125 . • 00 .000 10 • 
45. .07 '.027 38. * 130. .00 . 600 9 . 
50. . 06 • 017 37 . * 135 . .00 . 000 8 . 
55. . 06 .017 36 . * 140. .00' . 000 7 . 
60. .06 . 0lB '34. '*" 145 • .00 .000 6; , 
65. . 06 .0lB 32. * 150 . .00 . 000 5 . 
70. .06 . 0lB 31. * 155 . .00 . 000 3 • 
75. .06 . 0lB 30. * 160 . . 00 .000 2 • 
80. .05 . 005 28. * 165 . .00 . 000 2 . 

TOTAL PRECIP. 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = .470 INCHES 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET 
PEAK Q = 38. CFS TIME OF PEAK = 45. MIN. 
INFILT.= 3.20 IN/HR DECAY = .00lBO FNINF = .50 IN/HR 
MAX. PERV.RET.= .60 IN. MAX.IMP.RET.= .io tN. ,'~ 

1 U.D. F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS ~1' [, 

ROBBINSDALE 'DRAINAGE BASIN DESIGN PlAN ' FMG INC. DEC 1993 

BASIN 10: 22 --BASIN COf+!ENT: BASIN #22 EXISTING CONDITIONS': 

' * 
* 
* 
* 
* , * 

'* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
*' 
* 
*' 
* 
* 
* 

AREA OF BASIN LENGTH OF BASIN DIST TO cElinui:rD IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PeT)' (FT /FT) (MIN) 

.20 .38 1.00 .0600 

COEFFICIENT ' 

.79 

COEFFICIENT 
(REFLECTING TIME,TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.159 .270 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

C-14 
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13.04 983.45 200.62 10.88 

WIDTH AT 50 a 31. MIN. WIDTH AT 75 = 16. MIN. K50 = .26 K75 = .35 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET ••• 10 IN. MAX. PERVIOUS RET .•• 60 IN. 
INFILTRATION = 3.30 IN./HR. DECAY = .00lBO/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROCRAPH * HYDROCRAPH * HYDROCRAPH * 

* * 
* * 

O. O. * 45. 75. * 90. 19. * 
5. 95. * 50. 65. * 95. 16. * 

10. lB7. * 55. 55. * 100. 14. * 
15. 196. * 60. 48. * 105. 12. * 
20. 166. * 65. 41. * llD. 10. * 
25. 144. * 70. 35. * ll5. 9. * 
30. 124. * 75. 30. * 120. 7. * 
35. 103. * 80. 26. * 125. O. * 
40. 88. * 85. 22. * O. O. * 

BASIN ID: 22 -- BASIN COI+1ENT: BASIN #22 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

1 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROCRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* o. .00 . 000 O • * 85. .04 • 000 34 . 

5. .04 .000 O • * 90. .04 • 000 29 • 
10. .07 • 000 O . * 95. .04 • 000 25 • 
15. .15 . • 001 o. * 100 • .04 • 000 21 • 
20. .28 • 003 1. * 105. .04 • 000 lB • 
25. .47 . 059 6 • * 110. .04 . 000 16 • 
30. .22 .170 28. * 115. .03 • 000 14 • 
35. .10 • 056 49 . * 120. .02 . 000 12 . 
40. .08 • 035 . 58 . * 125. .00 . 000 10 • 
45. .07 . 027 57 . * 130. .00 . 000 9 . 
50. .06 . 017 55 . * 135. .00 . 000 7 . 
55. .06 .017 51. * 140. .00 . 000 6 . 
60. . 06 • 0lB 48 . * 145. .00 .000 5 . 
65. .06 . 0lB 45 . * 150. .00 . 000 3 . 
70. .06 • 0lB 43 . * 155. .00 .000 2. 
75. .06 • 0lB 41 . * 160. .00 . 000 2 • 
80. .05 • 005 38 . * 165. .00 .000 1. 

TOTAL PRECIP. 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. = .465 INCHES 
VOLUME OF EXCESS PRECIP = 5. ACRE-FEET 
PEAK Q = 58. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.z .60 IN. MAX.IMP.RET.- .10 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 30 -- BASIN COI+1ENT: BASIN #30 EXISTING CONDITIONS 

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

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.13 .51 .24 1.00 .0250 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.159 .251 

C-15 
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CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION. PEAK RATE OF RUNOFF UNITHYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI). (CFS) (AF) 

8.24 30.00 1676.58 209.57 6.67 

*** NOTE : THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 10.95) 

WIDTH AT 50 = 18. MIN. WIDTH AT 75 = 9. MIN. K50 = .28 K75 = .38 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. ,. .10 IN. MAX. PERVIOUS RET. ,. .60 IN. 
INFILTRATION = 3.10 IN./HR. DECAY = .00180/SECOND FNINFL = .50IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * .*:" "* 

* * 
O. O. * 30. 65. * 60. 13. * 
5. 165. * 35. 50. * 65. 10. * 

10. 201. * 40. 38. * 70. 8. * 
15. 150. * 45. 29. * 75. O. * 
20. 114. * 50. 22. * O. o. * 
25. 85. * 55. 17. * 0 •. o. * 

BASIN ID: 30 -- BASIN COMMENT: BASIN #30 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

1 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* o. .00 • 000 o. * 60 . .06 • 018 30 . 

5. . 04 . 000 o . * :65 . .06 • 018 27 . 
10. .07. . 000 o. * 70 . .06 .. . 018 25 • 
15. .15 . 001 o. * 75 . .06 . 018 23 . 
20. .2S .003 1. * SO. .05 • 005 20 . 
25. .47 • 067 12. * 85 • .04 • 000 16 . 
30. .22 .171 42. * 90. .04 • 000 12 • 
35. .10' • 056 54. * 95 . .04 . 000 . 9 . 
40. . os • 035 51. * " 100 • .04 • 000. 6 . 
45. .07 • 027 45. * 105 . .04 . 000 4 • 
50. .06 .017 39. * 110. .04 . 000 3 . 
55. .0.6 .018 34. .* US.' .03 . 000 2 • 

TOTAL PRECIP. 2.15 (l-HOUR RAIN = 1.86) EXECESS. PRECIP. = .475 INCHES 
VOLUME OF EXCESS PRECIP = 3. ACRE-.FEET 
PEAK Q = 54. CES TIME OF PEAK = 35. MIN. 
INFILT.= 3.10 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .60 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .22 
I = 2.9 INCHES/HOUR 
A = SO.O ACRES 
Q - 51. CFS 

U.D.F.C.D. CUHP RUNOFF ANAlYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS'BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

AT TIME 

BASIN ID: 31 -- BASIN COMMENT:· BASIN 131 EXISTING t;ONDITIONS 

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

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
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**** 

(SQMI) (MI) (MI) (PCT) (Fr/m 

.U 2.10 1.18 4.00 .0360 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.148 .309 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

33.02 388.79 316.09 43.36 

WIDTH AT 50 = 77. MIN. WIDTH AT 75 = 40. MIN. K50 = .26 K75 = .35 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .10 IN. 

(MIN) 

5.00 

MAX. PERVIOUS RET. = .60 IN. 
INFILTRATION ~ 3.40 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * o. O. * 115. 116. * 230. 27. * 

5. 36. * 120. 109. * 235. 26. * 
10. 107. * 125. 102. * 240. 24. * 
15. 186. * 130. 96. * 245. 23. * 
20. 249. * 135. 90. * 250. 21. * 
25. 293. * 140. 85. * 255. 20. * 
30. 313. * 145. 79. * 260. 19. * 
35. 315. * 150. 75. * 265. 17. * 
40. 304. * 155. 70. * 270. 16. * 
45. 285. * 160. 66. * 275. 15. * 
SO. 264. * 165. 62. * 280. 14. * 
55. 246. * 170. 58. * 285. 14. * 
60. 235. * 175. 54. * 290. 13. * 
65. 222. * 180. 51. * 295. 12. * 
70. 210. " 185. 48. " 300. 11. * 
75. 197. " 190. 45. " 305. 11. * 
80. 184. * 195. 42. * 310. 10. * 
85. 172. * 200. 40. * 315. 9. * 
90. 159. * 205. 37. " 320. 9. * 
95. 149. * 210. 35. " 325. 8. * 

100. 140. " 215. 33. * 330. 8. * 
105. 131. " 220. 31. * 335. O. * 
110. 123. * 225. 29. * O. O. * 

BASIN ID: 31 -- BASIN COI+lENT: BASIN #31 EXISTING CONDITIONS 

STORM NO. = 1 **** DATE OR RETURN PERIOD = lOYR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROCRAPH " TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 

" 
* o. • 00 .000 O . " 185. .00 • 000 39 • 

5. .04 • 000 O • " 190. .00 • 000 37 . 
10. . 07 .000 o. * 195 . • 00 .000 34 • 
15. . 15 .006 O. * 200 . .00 .000 32. 
20. .28 .011 1. * 205. • 00 .000 30 . 
25. . 47 . 067 S • * 210 . .00 .000 28. 
30. . 22 .171 17. * 215 . • 00 .000 27 • 
35. . 10 .057 37. * 220 . • 00 .000 25 • 
40. .08 .036 61. * 225. • 00 .000 24 . 
45. . 07 .028 83. " 230 . . 00 .000 22 • 
50. . 06 . 018 101 • * 235 • .00 .000 21. 
55. .06 • 019 113 • * 240. • 00 .000 19 • 
60. . 06 .019 120. * 245 . .00 . 000 18 • 
65. . 06 .019 123 • * 250. .00 .000 17. 
70. .06 . 019 124 • * 255. . 00 .000 16 . 
75. . 06 .019 123. * 260 . . 00 .000 15 . 
80. • 05 .006 123. " 265 • . 00 .000 14 . 
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1 

o 

85. 
90. 
95. 

100. 
105. 
llO. 
llS. 
120. 
125. 
130. 
135. 
140. 
145. 
150. 
155. 
160. 
165. 
170. 
175. 
180. 

• 04 
• 04 
','04 
• 04 
• 04 
• 04 
• 03 
.02 
.00 
• 00 
. 00 
.00 
.00 
• 00 
.00 
. 00 
• 00 
.00 
• 00 
.00 

,O(il' 
.001 
.001 
.001 
• 001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 " 
• 000 
.000 
.000 
.OOQ 
.000' 
.000 
.000 
.000 

122", 
119. 
ll5. 
1ll. 
105 . 

99. 
93. 
88. 
83. 
78. 
73. 
69. 

,0,65. 
61. 
'57. 
53. 
50. ' 
47. 
44. 
41. 

* 
* 
* 
* 

"* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

270. 
275. 
280. 
285 • 
290. 

"'295. ' 
300. 
305. 
310. 
315. 
320., 
325. 
330 • 
335 • 
340. 
345. 
350. 
355. 
360 • 
365. 

.00 

.00 

.00 

.00 

.00 

.06 ," 

.00 

.00 

.00 

.00 

.00 
:00 
.00 
.00 
.00 
.00 
~bo 
.00 
.00 
.00 

TOTAL PRECIP. = 2.15 (l-HOUR RAIN = 1.86) EXECESS PRECIP. 
VOLUME OF EXCESS PRECIP = 22. ACRE-FEET 
PEAK Q = 124. CFS TIME OF PEAK = 70. MIN. 
INFILT.= 3.40 IN/HR DECAY = .00180 FNINF = .50,IN/HR 
MAX.PERV.RET.= .60IN., ,MAX.IMP.RIT.= .1O:I~. 

U. D. F. C. D. CUHPD RUNOFF' ANALYSIS EXECUTED ON DATE ' , , 

.000 

.000 

.000 

.OQO 
;O()O 

13 • 
13 • 
12. 
ll. 
10 • 

'10 . 
9 . 
9. 
8. 
8 . 
7 . 
7. 
6. 
6. 
6. 
5 • 

'5 . 
4. 

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

* 
* 
* 

.000 

.000 

.000 

.000 

.ood 

.000 

.000 
;000 
.000 
.000 ' 
.000 
;000 
.000 
.000 
.000 

"2. ,c', * 
,2. * 

.505 INCHES 

AT TIME 

CUHPE/PC VERSION MODIFIED IN .JANUARY 1985 ,.TO WRITE OUTPUT, FILE OF STORM HYDROGRAPHS FOR SUBSEQUENT 
USE WITH MULTI-PLAN RIVER ROUTING ROUTINES OF HEC:'l 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN !'MG' INC. DEC 1993 

NO HYDROGRAPH VALUES WERE WRITrEN TO AN OUTPUTFILE FOR' 'tHIS RUN OF CUHPD. 

/.: 
•. -<: 
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\2 ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. 
01100 YR 100 2.95 

\70 115.0 0101 BASIN 11 EXISTING CONomONS 

DEC 1993 
0.000.000.000.00 

.172 1.060.59 55.0 .012 .40.10 3.0.00l! .5 0 
\70 1 15.0 02 02 BASIN #2 EXISTING CONomONS 

.177 0.76 0.34 l!.0 .024 .50.10 3.0.00l!.5 0 
\71 1 15.0 03 03 BASIN #3 EXISTING CONomONS 

.058 0.44 0.22 43.0 .028 23.0 .35 .06 3.0.00l!.5 0 
\70 1 15.0 04 04 BASIN #4 EXISTING CONomONS 

.148 0.55 0.2138.0 .017 .35 .06 3.0.00l!.5 0 
\71 1 15.0 05 05 BASIN #5 EXISTING CONomONS 

.053 0.42 0.24 47.0 .012 20.0 .35 .08 3.0.00l!.5 0 
\70 1 15.0 06 06 BASIN #6 EXISTING CONomONS 

.206 0.68 0.28 35.0 .028 .37 .07 3.0.00l!.5 0 
\71 1 15.0 07 07 BASIN #7 EXISTING CONomONS 

.074 0.46 0.17 20.0 .055 14.0 .37 .06 3.5.00l!.5 0 
\70 1 15.0 08 08 BASIN #8 EXISTING CONomONS 

.156 1.12 0.52 07.0 .054 .50 .06 3.2.00l!.5 0 
\71 1 15.0 09 09 BASIN #9 EXISTING CONomONS 

.032 0.28 0.12 15.0 .060 9.0 .40 .06 3.0.00l!.5 0 
\71 1 15.0 10 10 BASIN 10 EXISTING CONomONS 

.085 0.510.2102.0 .021 30.0 .40 0.6 3.0.00l!.5 0 
\71 1 15.0 20 20 BASIN #20 EXISTING CONomONS 

.105 0.59 0.30 01.0 .023 32.0 .60 .10 3.3.00l!.5 0 
\70 1 15.0 21 21 BASIN #21 EXISTING CONomONS 

.152 0.80 0.37 01.0 .036 .60.10 3.2.00l!.5 0 
\70 1 15.0 22 22 BASIN #22 EXISTING CONomONS 

.204 0.79 0.38 01.0 .060 .60.10 3.3.00l!.5 0 
\71 1 15.0 30 30 BASIN #30 EXISTING CONomONS 

.125 0.510.24 01.0 .025 30.0 .60 .10 3.1.00l!.5 0 
\70 1 15.0 31 31 BASIN #31 EXISTING CONomONS 

.813 2.10 1.l! 04.0 .036 .60.10 3.4.00l!.5 0 
E 

DO 

C-19 



1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. 

AT TIME 

DEC 1993 

BASIN 10: 01 -- BASIN Cot-'MENT: BAsIN #1 EXISTING CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.17 1.06 .59 55.00 . olio 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.086 .510 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNrTHYDRoGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

14.40 1645.82 283.08 9.17 

WIDTH AT 50 = 18. MIN. WIDTH AT 75 = 9. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .10 IN. 

5.00 

MAX. PERVIOUS RET. = .40 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 30. 113. * 60. 19. * 
5. 65. * 35. 84. * 65. 14. * 

10. 207. * 40. 62. * 70. 10. * 
15. 282. * 45. 46. * 75. 8. * 
20. 208. * 50. 34. * 80. O. * 
25. 155. * 55. 25. * O. O. * 

1 BASIN ID: 01 -- BASIN Cot-'MENT: BASIN #1 EXISTING CONDmONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) '" (MIN.) (IN) PRECIP (CFS) 
* 
* o. . 00 • 000 O • * 85 • .04 • 018 108 • 

5. . 03 • 000 O . * 90 . .04 • 018 86 • 
10. . 09 • 009 1 . * 95 • .04 • 018 70 • 
15. • 14 • 071 7 • '" 100 • .04 . 018 57 • 
20. . 24 .123 25. * 105 • .04 • 018 44 • 
25. • 41 • 286 66 • * 110 • .04 . 018 37 • 
30. • 74 • 694 155 • * 115 • .04 .018 33. 
35. . 41 • 380 287 • * 120 • .04 • 018 30 • 
40. • 24 • 209 375 • * 125 • .00 • 000 27 • 
45. • 18 • 158 370 • * 130 • .00 • 000 22 • 
50. • 15 • 124 334 • * 135 • .00 . 000 15 • 
55. • 12 • 096 293 • * 140 • .00 . 000 11 . 
60. • 12 • 096 254 • * 145 • .00 • 000 8 • 
65. • 12 • 096 222 • * 150 • .00 . 000 6 . 
70. . 06 • 039 194 • * 155 • .00 . 000 4 • 
75. . 06 .039 165. * 160 . .00 • 000 3 • 
80. . 04 • 018 134 . * 165 • .00 • 000 2 • 

TOTAL PRECIP. 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 2.586 INCHES 
VOLUME OF EXCESS PRECIP = 24. ACRE-FEET 
PEAK Q = 375. CFS TIME OF PEAK = 40. MIN. 

C-20 

* 
* 
* 
'" 
'" 
'" 
'" 
* 
'" 
* 
* 
'" 
* 
* 
* 
* 
'" 
* 
* 
* 
* 
* 



APPENDIX C - CUHPEIPC - 100 YR 

EXISTING LAND USE CONDITIONS 



-- -, 

.'-..., ....... / 
, 

INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.- .40 IN. MAX.IMP.RET.- .10 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMC INC. DEC 1993 

BASIN ID: 02 -- BASIN COMMENT: BASIN #2 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(S~I) (MI) (MI) (PCT) (FT /FT) (MIN) 

.18 .76 .34 18.00 .0240 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.113 .239 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/S~I) (CFS) (AF) 

11.18 1057.13 187.11 9.44 

WIDTH AT 50 = 28. MIN. WIDTH AT 75 = 15. MIN. K50 = .24 K75 = .32 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .10 IN. 

5.00 

MAX. PERVIOUS RET. = .50 IN. 
INFILTRATION - 3.00 IN./HR. DECAY - .00180/SECOND FNINFL - .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH ,. HYDROGRAPH ,. HYDROGRAPH ,. 

,. ,. 
,. ,. 

O. O. ,. 40. 74. ,. 80. 20. • 
5. 108. ,. 45. 63. • 85. 17. • 

10. 185. ,. 50. 54. • 90. 15. • 
15. 170. • 55. 46. • 95. 13. • 
20. 141. • 60. 39. • 100. 11. • 
25. 125. • 65. 33. • 105. 9. • 
30. 105. • 70. 28. • 110. 8. • 
35. 87. • 75. 24. • 115. O. • 

BASIN ID: 02 -- BASIN COMMENT: BASIN #2 EXISTING CONDITIONS 

••• * STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM • INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH ,. TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) • (MIN.) aN) PRECIP (CFS) ,. 
,. 

O. • 00 .000 O. ,. 90 • . 04 .006 97 • 
5. .03 .000 O. ,. 95. • 04 .006 84 . 

10. . 09 .003 O . ,. 100. . 04 .006 72 . 
15. . 14 . 023 3 . ,. 105 . . 04 .006 63 • 
20. • 24 .040 9 . ,. 110. .04 .006 55. 
25. .41 .116 24. ,. 115. . 04 .006 48 . 

·30. . 74 . 688 106 . * 120 . .04 .006 42. 
35. . 41 . 370 196 . • 125 . • 00 .000 36 . 
40. • 24 .197 231. ,. 130 • .00 .000 31. 
45. • 18 .145 233. • 135 • • 00 .000 25 . 
SO. . 15 .111 228. • 140 . . 00 .000 17 . 
55. • 12 .082 215. • 145 • • 00 .000 12 . 
60. • 12 .082 200. * 150 . • 00 .000 9 . 
65. .12 .083 187. • 155. .00 .000 7. 
70. . 06 .024 170. • 160 • .00 .000 5. 
75. • 06 .024 150. • 165 • . 00 .000 4 • 
80. . 04 .006 131. • 170 • • 00 .000 3 . 
85. . 04 .006 113. • 175 • • 00 .000 2 . 
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1 

1 

TOTAL PRECIP. - 3,.41 (i-HOUR RAIN "" 2.95) EXECESS PRECIP ... 2.044 INCHES 
VOLUME OF EXCESS PRECIP\- 19. ACRE-FEET ,f .. ' 

PEAK Q "" 233. CFS TIME OF PEAK.. 45. MIN. 
INFILT ... 3.00 IN/HR DECAY ... 00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.- .50 IN. MAX.IMP.RET.- .10 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON 'DATE' AT TIME 
CUHPE/PC VERSION MODIFIED IN JANUARY 198'5 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 
.. , ,eo. 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 , " 

BASIN 10: 03 -- BASIN CMlENT: BASIN #3 EXISTING CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (0) (PeT) (FT 1FT) (MIN) 

.06 .44 .22 43.00 .0280 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED 'TO PEAl< RATE OF RUNoFF) 

.092' " .362 

CALCULATED UNIT HYDROGRAPH . 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) .(MIN) .' (CFS/SQMI)' (CFS) " (AF) 

9.48 23.00 1993.90 115.65 3.09 

*** NOTE : THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD CTP= 6.73) 

WIDTH AT 50 "" 15. MIN. WIDTfI AT 75 = 8. MIN. K50 "" .35 K75 = .45 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. PERVIOUS RET. = '.35 IN: MAX. IMPERVIOUS RET. '= .06 IN. 
INFILTRATION = 3.00 IN./HR.- . DECAY = .00lBO/SECONO FNINFL = .50 IN./HR •.. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * .,. HYDROGRAPH *. HYDROGRAPH * 

* * 
* 

., 
O. O. * 20. 55. 

., 40 • 16. ., 
5. 72. * 25. :.,40; -/I . . ~5. 11 . ., 

10. 115. * 30. 29. 
., SO. 8. * 

15. 80. 
., 

35 • 21. 
., 55. O. 

., 
BASIN ID: 03 -,.: .. BASIN CMlENT: BASIN #3 EXISTING CONDITIONS 

1 .. _ •• 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD"" 100'YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH * 

(MIN.) , (IN)' PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) * ., 
* 

* 
., 

O. .00 .000 0; * 70. • 06 .034·· 55 • * 
5. • 03 • 000 O • ., 75. .06 .034: 42 • * 

10. .09 .024 2. * 80. • 04 .014 29 • * 
is. .14 • 055, ' 7 • * , .85. .04 .014 21,. * 
20. .24' • 096 15 •. * .. 90. .04,." .014 . 16. * 
25. .41 .286 37. ., ",95. .04, .014' 12,0 * 
30. .74 • 692 94 • * 100. .04 .014 10: * 
35. .41' .377. 138; * 105. • 04 .OU 9 • * 
40. .24 • 205 135 • * 110. .04 .014.( 8 \i * 
45. .lB • 154 119 • * 115. .04 .014 7. : * 
SO. .15 • 120 103' • * 120. .04 .014 ' 7. '0 * 
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." 
~j 

1 

55. 
60. 
65. 

.12 

.12 

. 12 

. 091 

. 091 

.092 

88. 
75. 
66. 

" 
" 
" 

125 • 
130 • 
135 • 

.00 

.00 

.00 

.000 

.000 

.000 

5. 
4. 
3. 

TOTAL PRECIP. - 3.41 (l-HOUR RAIN a 2.95) EXECESS PRECIP. - 2.482 INCHES 
VOLUME OF EXCESS PRECIP = 8. ACRE-FEET 
PEAK Q - 138. CFS TIME OF PEAK - 35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.- .35 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .73 
I = 5.4 INCHES/HOUR 
A = 37.1 ACRES 
Q = 145. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN 10: 04 -- BASIN COMMENT: BASIN #4 EXISTING CONDITIONS 

" 
" 
" 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 

1 

(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.15 .55 .. 21 38.00 .0170 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.094 .370 

CALCULATED UNIT HYOROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYOROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

7.83 2669.73 395.12 7.89 

WIDTH AT 50 = 11. MIN. WIDTH AT 75 = 6. MIN. K50 = .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. 

5.00 

MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYOROGRAPH " HYOROGRAPH " HYOROGRAPH " 

" " 
" " O. O. " 20. 125. " 40. 19. " 5. 28l. " 25. 78. " 45. 12. " 10. 346. " 30. 49. " 50. 8. " 15. 20l. * 35. 31. * 55. O. * 

BASIN 10: 04 -- BASIN COMMENT: BASIN #4 EXISTING CONDITIONS 

",,** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYOROGRAPH * TIME RAINFALL EXCESS HYOROGRAPH 

(MIN.) (IN) PRECIP (CFS) " (MIN.) (IN) PRECIP (CFS) 

" 
" O. .00 • 000 O • " 75. .06 . 032 80 • 

5. . 03 .000 O . " 80. .04 .013 56. 
10. . 09 .021 6 . " 85. .04 • 013 38 • 
15. .14 .049 21. " 90. .04 • 013 29 . 
20. . 24 .085 45 . " 95. .04 .013 23. 
25. . 41 .277 120 • " 100. .04 .013 19. 
30. • 74 .691 315 • " 105. .04 .013 17. 
35. .41 .375 416. " 110. .04 .013 16. 
40. • 24 .203 370 . " llS. .04 • 013 15 • 
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1 

1 

45. • 18 .152 303 • * 120. .04 .013 
50. .15 ( .118 245. * 125. .00 ': .000 
55. .12:, .089 196.' * ' 130. .00, .000 
60. .12'(' .090 161.' * 135. .00 ",: .000 
65. .12 • 090 140 . * 140. .00 .000 
70. .06 .032 110. * 145" ,.00 -" ,.000 

'Ie-'" 
, 

TOTAL PRECIP... 3.41 (l-HOUR RAIN.", 2.95) 
VOLUME OF EXCESS PRECIP '" "'19. ACRE-'F;£ET, 

EXEcESS PRECIP. = 2.420 

PEAK Q = 416. CFS TIME OF PEAK ='35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .35 IN. MAX.IMP.RET.= .06 IN. 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC., DEC 1993 

, ' 

AT TIME 

BASIN ID: 05 -- BASIN COI+IENT: "BASIN #5 EXISTING CONDITIONS 

15. * 
11. * 
7., * 
4. * 
3. * 
2. * 

INCHES 

AREA OF BASIN LENGTH OF BASI,.. DIST TO, CENTROID IMPE~VIOUS AREA SLC:>PE UNIT.JlURATIOt:/" 
(SQMI) (MI) (MI) " (peT) (FT /m (MIN) " 

.05 .24 47.00' ;0120 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.090 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUt-i0FF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) , (AF) 

8.74 20.00 , '124.99 2,.83 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED, BY THE USER, 
REPLACING THE ONE COMpllTED BY tUHPD (TP= 7.67)' 

WIDTH AT 50 = 13. MIN. WIDTH AT 75 = 7" MIN. KSO = .35 K7S= .,45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. = .35 IN. 
INFILTRATION = 3.00 IN./HR. 

TIME 

O. 
5. 

10. 
15. 

UNIT 
HYDROGRAPH * 

* * " 
O. * 

78. * 
121- * 
76. * 

TIME 

20. 
25. ; 
30. 
35. 

MAX. IMPERVIOUS RET. .08 IN. 
DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

UNIT • ',' TIME 
HYDROGRAPH * 

*' 
*' 

50. * 4(); 
34; * 45; 
23. * O. 
16. * O. 

UNIT 
HYDROGRAPH * 

11. *' 
O. .;, 

O. * 
O. * 

BASIN ID: 05 -- BASIN COI+IENT: BAsIN #5 EXISTING CONDITIONS 

**** STORM NO; = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT 
TIME RAINFALL 

(MIN.) (IN) 

O. .00 
5. • 03 

10. • 09 
15. .14 
20. .24' 

TOTAL STORM * 
EXCESS HYDROGRAPH * 
PREcrP (CFS) * 

* 
* 

.000' O~ * 

.000 O • * 

. 017 1 • * 

. 061 7; * 

.105' 17. * 

TIME 
(MIN.) 

70. 
75. 
80 . 
85 . 
90. 

INCREMENT TOTAL STORM * 
RAINFALL EXCESS HYDROGRAPH * 

(IN) PRECIP (CFS) * , r;. 
* 
* 

.06 .035 41- * .06 ' .035 29i" * 

.04 .016 22 * 

.04 .016 16 * 

.04, .016 12 * 
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25. .41 .294 41. .. 95. .04 .016 10. .. 
30. .74 .692 101. .. 100. .04 .016 8. .. 
35. .41 .378 143. .. 105. .04 .016 7. .. 
40. .24 .206 134. .. 110. .04 .016 7. .. 
45. • 18 .155 U4. .. 115 • .04 .016 6. .. 
50. .15 .121 95. .. 120. .04 .016 6. .. 
55. • 12 .093 78. .. 125 • .00 .000 5. .. 
60. • 12 .093 65. .. 130 • .00 .000 3. .. 
65. .12 .093 55. .. 135. .00 .000 2. .. 

TOTAL PRECIP ... 3.41 (l-HOUR RAIN .. 2.95) EXECESS PRECIP. = 2.522 INCHES 
VOLUME OF EXCESS PRECIP .. 7. ACRE-FEET 
PEAK Q '" 143. CFS TIME OF PEAK '" 35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET .... 35 IN. MAX.IMP.RET.= .08 IN. 

RATIONAL FORMULA C = .74 
I = 5.8 INCHES/HOUR 
A = 33.9 ACRES 
Q .. 145. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN ID: 06 -- BASIN COfo'MENT: BASIN #6 EXISTING CONDmONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PeT) (FT /FT) (MIN) 

.21 .68 .28 35.00 .0280 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.096 .358 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

8.61 2250.25 463.55 10.99 

WIDTH AT 50 '" 13. MIN. WIDTH AT 75 '" 7. MIN. K50 '" .35 K75 = .45 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .07 IN. 

5.00 

MAX. PERVIOUS RET. = .37 IN. 
INFILTRATION = 3.00 IN./HR: DECAY = .00180 /SECOND FNIN FL = • 50 IN. /HR . 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH .. HYDROGRAPH .. HYDROGRAPH * .. .. 

* * 
O. O. * 25. 125. .. 50. 17. * 
5. 313. .. 30. 84 . .. 55. U. .. 

10. 446. * 35. 56. .. 60. 8. .. 
15. 286. * 40. 38. .. 65. O. .. 
20. 187. * 45. 25. * O. O. * 

1 BASIN 10: 06 -- BASIN COI+1ENT: BASIN #6 EXISTING CONDmONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM .. INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) .. 
* 

O. .00 • 000 O. * 75 . .06 .031 127. 
5. .03 . 000 O. * 80. .04 .012 95 • 

C-2S 

.. 
* 
* 
* 
* 
* 
* 
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1 

10. .09 • 016 5 • * 85. .04 • 012 68 • * 
15. .14 .045 21. * 90. .04 .oli 48. * 
20. .24, " .078 49. * " 95. .04 .012 37. * 
25. .41, • 258 132. * ·100 • .04 .oli 30. ' * 
30. • 74 .691 364. * 105. .04 .012 26 • * 
35. .41", .375 521. * 110. " .04 .oli 23. * 
40. • 24 • • 202' 491. * US • .04 .012 21 • * 
45. ~"r .18. .151 J 416.' * liO. " .04 .012 20. ' * 
SO. • 15 .117 347. * liS. .00· .006 15 • * 
55. .12, .088 285. * 130. .00· .006 10.' * 
60. .12 .089 237. * 135. .00 • 000 6 • * 
65. .12 • 089 206 • * 140. .00 • 000 4 • * 
70. .06';, ' ~031 167. * 145. .DO • 000 <3 • ,* 

TOTAL PRECIP. 3.41 (l-HOURRAIN = 2.95) EXECESS PRECIP. = 2.367 INCHES 
VOLUME OF EXCESS PRECIP = 26. ACRE-FEET 
PEAK Q = 521. CFS TIME OF PEAK = 35. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .37 IN. MAX.IMP.RET.= .07 IN. 

U.~.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 ': ' ~ 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN ID: 07 -- BASIN COI+lENT: BASIN #7 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA sLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PC!) (FT /FT) (MIN) 

.07 .17 20.00 .0550 5.00 

COEFF!EEIENT ,,' " COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.110 • .217 

CALCULATED UNIT .HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

4.81 14.00' 3596.16 266~ 12 3.95 ' 

*** NOTE THE TIME TO PEAK IS CAlCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED, BY~ THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 6.41) 

I, ,~,< 

WIDTH AT 50 = 8. MIN. WIDTH AT 75 = '4. MIN. 'K50';;'.35 K75':' .47 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .06 IN. MAX. PERVIOUS RET. - .37 IN. 
INFILTRATION = 3.50 IN./HR. DECAY - .00180/SECOND FNINFL = .50 IN./HR. 

, " 

TIME UNIT " TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * o. O. * 15. 76. * 30. 13. * 

5. 266. * 20. 42. * 35. O. * 
10. 139. * 25. 24. * o. O. * 

BASIN ID: 07 -- BASIN COI+lENT: BASIN #7 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT 
TIME RAINFALL 

(MIN.) (IN) 

TOTAL STORM * 
EXCESS HYDROGRAPH * 
PRECIP (CFS) * 

* 

INCREMENT 
TIME RAINFALL 

(MIN.) (IN) 
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TOTAL STORM * 
EXCESS HYDROGRAPH * 
PRECIP (CFS) * 

* 



1 

1 

* o. .00 • 000 o . * 65. .12 
5. • 03 . 000 o . * 70 . .06 

10. . 09 . 011 3 . * 75 . .06 
15. .14 . 026 8 . * 80. .04 
20. • 24 . 045 16 . * 85 • .04 
2S. . 41 . 211 65 . * 90 . .04 
30. . 74 . 687 216 . * 9S • .04 
3S. .41 . 370 212 • * 100. .04 
40. .24 . 197 166 • * 105. .04 
45. • 18 . 146 129 • .. llO • .04 
SO. .15 . 1l2 99 . .. 115. .04 
Ss. . 12 . 083 7S. .. 120 • .04 
60. . 12 . 083 58 . .. 125 • .00 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. 
VOLUME OF EXCESS PRECIP ~ 9. ACRE-FEET 
PEAK Q = 216. CFS TIME OF PEAK = 30. MIN. 
INFILT.= 3.50 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .37 IN. MAX.IMP.RET.~ .06 IN. 

RATIONAL FORMULA C - .63 
1= 6.9 INCHES/HOUR 
A~ 47.4 ACRES 
Q- 207. CFS 

U.D.F.C.O. CUHP RUNOFF ANALYSIS EXECUTED ON DATE 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

.083 

.025 
• 025 
. 007 
• 007 
• 007 
.007 
.007 
.007 
.007 
.007 
.007 
.000 

= 2.162 

AT TIME 

BASIN 10: 08 -- BASIN COMMENT: BASIN 18 EXISTING CONDITIONS 

* 
51. * 
33. * 
23 . * 
14 • * 
9 . * 
6 • * 
4. * 
4. * 
4. .. 
4. .. 
4. * 
4. .. 
2. * 

INCHES 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (Per) (FT /FT) (MIN) 

.16 1.12 .S2 7.00 .OS40 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.137 .228 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

15.28 684.32 106.7S 8.32 

WIDTH AT SO = 44. MIN. WIDTH AT 7S = 23. MIN. K50 = .21 K7S = .28 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. .06 IN. 

5.00 

MAX. PERVIOUS RET. ~ .SO IN. 
INFILTRATION = 3.20 IN./HR. DECAY = . 00 180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH .. HYDROGRAPH * HYDROGRAPH .. 

* .. .. .. 
O. O. * SS. 49. .. 110. 17. * 
S. 40. * 60. 44. .. llS • 16. .. 

10. 90. * 6S. 40. * 120. 14. * 
lS. 107. * 70. 36. * 12S. 13. * 
20. 98. * 75. 33. * 130. 12. * 
25. 83. * 80. 30. * 13S. 11. * 
30. 77. * 85. 27. * 140. 10. * 
35. 7S. * 90. 25. * 145. 9. * 
40. 68. * 9S. 23. * 150. 8. * 
45.' 61. * 100. 21. * 15S. O. .. 
SO. S3. * 105. 19. .. o. o . .. 

BASIN ID: 08 -- BASIN COMMENT: BASIN 18 EXISTING CONDITIONS 
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•••• STORM NO .. : 1,., **** DATE OR RETURN PERIOD = 100 YR , . 

INCREMENT TOTAL STORM • INCREMENT TOTAL STORM '. TIME RAINFALL EXCESS HYDROGRAPH • TIME RAINFA(l EXCESS HYDROGRA~H' • 
(MIN.) . (IN)', PRECI~ (CFS) • (MIN.) (IN) PRECIP (CFS) • 

• ':. * • • 
o. .00: • 000 o . • 'lOS. .04 .ooi· 70. • 
5. .03 ;.' . 000 O. • llP . .04 .002 .. 63. • 

10. .,;:- . 09 . 004 O. ,., . • 115 • .04 .002 58. " • 
15. .14 .009 1. • "120. .04 .002 53. • ., 
20. .24 .016 2. • '125. .00 ' • 000 48 . • 
25. .41 .072 6. • 130. .00 .000 44. • 
30. • 74 • 685 37 • • 135 . .00 • 000 40 • • 
35. .41 .367 87,. • 140. .00 • 000 36 • • 
40. • 24 . 193 123 . • 145 . .00 • 000 33 . • 
45. . 18 .141 138. • 150 . .00 . . 000 30 . • 
50. .15 • lD7 138 . • 155. .00 .. 000 27. • 
55. .12 • 078 13.7 • * 160: .00 ~OOO 25. * 
60. .12 • 078 138 • • . 165. .00 • 000 23 • • 
65. .12 .079 135. • 170. .00 • 000 20 . • 
70. .06 • 020 130 • • 175. .00 • 000 18 . • 
75. .06 .020 121. • 180. .00 • 000 11 . • 
80. .04 • 002 111 . • 185. .00 • 000 " 8 . • 
85. • 04 • 002 lDl . • 190., .. ,00 . 000 

.. 
6 .. • 

90. . 04 .002 92. • 195 • .00 .000 4. • 
95. • 04 • 002 84 . • 200 . .00 • 000 3 .. • 

lDO. . 04 • 002 76 . • 205 . .00 • 000 2 . • 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 1.890 INCHES 
VOLUME OF EXCESS PRECIP = 16. ACRE-FEET 
PEAK Q = 138. CFS TIME OF PEAK = 50. MIN. 
INFILT.s 3.20 IN/HR DECAY = .00180 FNINF ~ .50 IN/HR 
MAX.PERV.RET.= .50 IN. MAX;IMP.RET.;" .06'IN. 

1 U.D.F.C.D .. ,CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION 'NUMBER SELECTED FOR THiS BASIN IS 7 

'ROBBINSDALE DRAINAGE BASIN DESIGN,PLAN FMG INC. 
.. ,,I' 

DEC 1993 

BASIN ID: 09 -- BASIN CCMoIENT: BASIN #9 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) " (MI) <,P0) (FT/FT) (MIN) 

.03 .28 

COEFFICIENT 
(REFLECTING J:r~~ ~Q~EAK). 

.118 

.12 15.00 .0600 

COEFFICIENT 
(~ELAT~D TO PEAK ~TE,N~, ~UNOFF) 

.178 

CALCULATED UNIT HYDROGRAPH 

5.00 

."' -

TIME TO PEAK TIME oF' CONCENTRATION pEAK RATE OF RUNOFF' UNiT HYDROGRAPHPEAK . VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

3.87 9.00 4990.38 159.69 1.71 

••• NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 5.22) 

WIDTH AT 50 = 6. MIN. WIDTH AT 75 = 3. MIN. K50 = .35 K75 = .45 

RAINFALL LOS~FS I~R~ W/ BASIN D~TA 

MAX. PERVIOUS RET. = ".40 IN. 
INFILTRATION = 3.00 IN./HR. 

MAX. IMPERVIOUS RET. = .06 IN. 
DECAY = .00180/SECOND FNINFL = .50 IN./HR. 
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TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 10. 56. * 20. ll.. * 
5. 141. * 15. 25. * 25. O. * 

1 BASIN 10: 09 -- BASIN COI+lENT: BASIN #9 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

1 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN. ) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP 
* 
* 

O. .00 . 000 O . * 45. .18 . 144 
5. .03 . 000 O • * 50. .15 .110 

10. . 09 .008 1 . * 55. • 12 .081 
15. .14 . 019 3 . * 60. .12 . 081 
20. .24 .034 6. * 65. .12 • 081 
25. .41 .191 29. '* 70. .06 . 023 
30. .74 . 687 109 • '* 75. .06 • 023 
35. .41 • 369 96 . '* 80. .04 • 005 
40. .24 .196 68. '* 85. .04 • 005 

TOTAL PRECIP. - 3.41 (l-HOUR RAIN - 2.95) EXECESS PRECIP. - 2.095 
VOLUME OF EXCESS PRECIP = 4. ACRE-FEET 
PEAK Q = 109. CFS TIME OF PEAK = 30. MIN. 
INFILT.- 3.00 IN/HR DECAY = .00180 FNINF - .50 IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .06 IN. 

RATIONAL FORMULA C = .61 
I = 8.3 INCHES/HOUR 
A = 20.5 ACRES 
Q = 104. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMC INC. DEC 1993 

BASIN 10: 10 -- BASIN CCJ.YMENT: BASIN 10 EXISTING CONDITIONS 

(CFS) 

48 • 
33. 
23 • 
20 • 
19 . 
ll. . 
8 . 
4 . 
2 . 

INCHES 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
'* 
* 
'* 
'* 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT /FT) (MIN) 

.09 .51 .21 2.00 .0210 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.156 .231 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

8.14 30.00 1570.61 133.50 4.53 

'**'* NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 10.57) 

WIDTH AT 50 = 19. MIN. WIDTH AT 75 = 10. MIN. K50 = .26 K75 = .35 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. - .40 IN. 
INFILTRATION = 3.00 IN./HR. 

MAX. IMPERVIOUS RET. = .60 IN. 
DECAY = .00180/SECOND FNINFL = .50 IN./HR. 
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TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 25., 59. * 56,. 18. * 
5. 107. * 30. 46. * 55. ;1..4. * , 

10. 128. * 35. 37. * 60. 11. * 
15. 98. * 40. 29. * 65. 9. * 
20. 77. * 45. 23.- * 70. 0" * 

1 BASIN ID: 10 -- BASIN COf.f.1ENT: BASIN 10 EXISTING CONDITIONS 

**** STORM NO. 2 1 **** DATE OR RETUR~ PERIOD = 100 YR 

1 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALh EXCESS HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * tr1IN.) (IN) PRECIP (CFS) * 
* * 
* * 

O. .00 • 000 O. * 65 • .12 .077 88. * 
5. .03 • 000, O. * ,70 • .06 .018 74. * 

10. .09 .000 O. * 75. .06 .018 61. * 
15. .14 .000 O. * " 80. .04 .ooi 48. * 
20. .24 • 000 0." * 85. .04 .001 38 • * 
25. .41 • 159 17. * 90 . .04 .001 29. * 
30. .74 • 685 93. * 95 . .04 .001 18. * 
35. .4,1 • 366 142 .• * 100 . . .04 .001 12. * 
40. .24 .191 H7. .. 105. .04 .001 8. * 
45. • 18 • 140 137 • * 110 • .04 .001 6. * 
50. .15 • 105 124. * U5 • .04 .001 4. * 
55. . 12 • 076 109 • * 120 . ,.04 .001 3. * 
60. .12 • 077 97. * 125 . .00 .000 i. * 

TOTAL PRECIP. 2 3.41 (l-HOUR RAIN = 2.95) EXEtESS, PRECIP. = 1'.'918 INCHES 
VOLUME OF EXCESS PRECIP = 9. ACRE-FEET 
PEAK Q = 147. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.00 IN/HR DECAY = .00180 FNINF = .50IN/HR 
MAX.PERV.RET.= .40 IN. MAX.IMP.RET.= .60 IN. 

RATIONAL FORMULA C = .56 
I = 4.6 INCHES/HOUR 
A = 54.4 ACRES 
Q 2 141. CFS 

U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR i1jIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 20 -- BASIN CQ/'f'lENT: BASIN 120 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) eMI)' (PCT) (FT/FT) (MIN) 

.10 .59 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

.159 

.30 1.06 ' .0230 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOFF) 

.244 

CALCULATED UNIT HYDROGRAPH 

5.00 

TIME T6 PEAK TIME OF CONCENTRATION PEAK RATE OF RUNOFF 'UNIT HYDROGRAPH PEAK VOLUME OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) (CFS) (AF) 

8.63 32.00 1531.03 160.76 5.60 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLA~ING THE ONE COMPUTED BY CUHPD (TP= 12.79) 

WIDTH AT 50 = 20. MIN. WIDTH AT 75 = 10. MIN. K50 = .26 K75 = .36 
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1 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. PERVIOUS RET. ~ .60 IN. 
INFILTRATION ~ 3.30 IN./HR. 

TIME UNIT TIME 
HYDROGRAPH * 

* 
* 

O. O. * 30. 
5. 121. * 35. 

10. 157. * 40. 
15. 121. * 45. 
20. 96. * 50. 
25. 73. '" 55. 

MAX. IMPERVIOUS RET. .10 IN. 
DECAY = .00lBO/SECOND FNINFL ~ .50 IN./HR. 

UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * 

* 
* 

58. * 60. 14. * 
45. '" 65. 11. * 
36. '" 70. 9. * 
28. * 75. O. * 
22. * O. O. * 
lB. '" O. O. * 

BASIN ID: 20 -- BASIN COf.'MENT: BASIN '20 EXISTING CONDITIONS 

*"'*'" STORM NO. - 1 **** DATE OR RETURN PERIOD ~ 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH * TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* 

O. .00 .000 O. * 65. • 12 .076 101 . 
5. . 03 . 000 O . * 70 . .06 . 0lB 86 . 

10. .09 . 000 O . * 75. . 06 .0lB 71 . 
15. . 14 .001 O. * 80 . . 04 .000 57 . 
20. . 24 . 002 O . * 85 . .04 . 000 44 . 
25. .41 . 004 1 . * 90. • 04 .000 35 . 
30. .74 . 628 77 . * 95. • 04 .000 28 . 
35. .41 • 365 144 • * 100. • 04 .000 lB . 
40. .24 .191 157. * 105. . 04 .000 11 • 
45. . lB .139 152. * 110 . • 04 .000 8 • 
50. .15 • 105 139 . * US. • 04 .000 5 . 
55. . 12 . 076 124 • '" 120 . .04 • 000 3 . 
60. .12 . 076 111 • * 125. • 00 .000 2 . 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 1.702 INCHES 
VOLUME OF EXCESS PRECIP = 10. ACRE-FEET 
PEAK Q = 157. CFS TIME OF PEAK = 40. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.= .60 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .50 
I ~ 4.4 INCHES/HOUR 
A = 67.2 ACRES 
Q = 149. CFS 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG INC. DEC 1993 

BASIN ID: 21 -- BASIN COf.'MENT: BASIN #21 EXISTING CONDITIONS 

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

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(S~I) (MI) (MI) (PeT) (FT /m (MIN) 

.15 .80 .37 1.00 .0360 5.00 

COEFFICIENT COEFFICIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.159 .258 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 
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14.33 838.07 127.39 8.11 

WIDTH AT SO = 36. MIN. WIDTH AT 75 = 19. MIN. KSO = .24 K7S = .33 

RAINFALL LOSSES INPUT W/ BASIN pATA 

MAX. IMPERVIOUS RET. = .10 IN. MAX. PERVIOUS RET. - .60 IN. 
INFILTRATION = 3.20 IN./HR. DECAY = .00lBO/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH * HYDROGRAPH * HYDROGRAPH * 

* * 
* * 

O. O. * 45. SS. * 90. 19~ * 
S. 53. * SO. 52. * 95. 17. * 

10. 112. * 55. 46. * 100. 15. * 
15. 127. * 60. 40; * 105. 13. * 
20. 113. * 65. .36; * 110. 12. * 
25. 97. * 70. 31. * llS. 10. * 
30. 89. * 75. 2S. * 120. 9. * 
35. 78. * SO. 25. * 125. 8. * 
40. 67. * 85. 22. * 130. O. * 

BASIN ID: " 21 -- BASIN COM'1ENT: BASIN #21 ~XISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

TIME 
(MIN.) 

O. 
S. 

10. 
15. 
20. 
25. 
30. 
35. 
40. 
45. 
SO. 
55. 
60. 
65. 
70. 
75. 
SO. 
SS. 

INCREMENT 
RAINFALL 

(IN) 

• 00 
• 03 
.09 
. 14 
• 24 
• 41 
.74 
• 41 
. 24 
.18 
,'15 
. 12 
. 12 
• 12 
• 06 
. 06 
. 04 
. 04 

TOTAL 
EXCESS 
PRECIP 

.00'0" 

.000 
• 000 
.001 
.002 
. 004 
• 633 
• 365 
. 191 
.139 
• 105 
.076 
.076 
.076 
.018 
• 01S 
• 000 
.000 

STORM 
HYDROGRAPH 

(CFS) 

O • 
O . 
O. 
O • 
O • 
1 . 

34.-
91 . 

132 . 
147. 
149. 
147 • 
142 . 
136 • 
127 • 
116 • 
104 • 

92 . 

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

'* 

* 
* 

* 
* 
* 
* 

TIME 
(MIN.) 

""90. 
95. 

100 . 
105. 
nO. 
llS . 
120 . 
125 • 
130 . 
135. 
140 . 
145" 
150. 
155. 
160. 
165 • 
170 • 
175. 

INCREMENT 
RAINFALL 

'. (IN) 

.04 

.04 

.04 

.04 

.04 

.04 

.04 " 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

i 

TOTAL 
EXCESS 
PRECIP 

.000 

.000 

.000 

.000 

.000 

.000 ., 

.000 

.oob 

.000 

.000 

.,000 

.000 

.000 

.000 

.000 

.000 

.000 

.000' 

STORM 
HYDROGRAPH 

(CFS) 

81. 
71. 
63. 
56. 
49. 
44. 
38. 
34. 
30. 
27. 
23. 
21. 
lB. 
12. 
s. 
S. 
4. 
3. 

TOTAL PRECIP. 3.41 (I-HOUR RAIN = 2.95) 'EXECESS PRECIP. = 1.707 INCHES 
VOLUME OF EXCESS PRECIP = 14. ACRE-FEET 
PEAK Q = 149. CFS TIME OF PEAK = SO. MIN. 
INFILT.= 3.20 IN/HR DECAY = .00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.- .60 IN. MAX.IMP.RET.- .10 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 19S5 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMG "INC. DEC 1.993 

BASIN ID: 22 -- BASIN COM'1ENT: BASIN #22 EXISTING CONDITIONS 

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

0 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA 'SLOPE UNIT DURATION 
(SQMI) (MI) (MI) , (Per)" ' " (FT /Ff) (MIN) 

.20 .79 .3S 1.00 .0600 5.00 

COEFFICIENT COEFFItIENT 
(REFLECTING TIME TO PEAK) (RELATED TO PEAK RATE OF RUNOFF) 

.159 .270 
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CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROCRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

13.04 983.45 200.62 10.88 

WIDTH AT 50 = 31. MIN. WIDTH AT 75 = 16. MIN. K50 = .26 K75 = .35 

RAINFALL LOSSES INPUT W/ BASIN DATA 

MAX. IMPERVIOUS RET. = .10 IN. MAX. PERVIOUS RET. = .60 IN. 
INFILTRATION = 3.30 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROCRAPH * HYDROGRAPH * HYDROCRAPH * 

* * 
* * 

O. O. * 45. 75. * 90. 19. * 
5. 95. * 50. 65. * 95. 16. * 

10. 187. * 55. 55. * 100. 14. * 
15. 196. * 60. 48. * 105. 12. * 
20. 166. * 65. 41. * 110. 10. * 
25. 144. * 70. 35. * 115. 9. * 
30. 124. * 75. 30. * 120. 7. * 
35. 103. * 80. 26. * 125. O. * 
40. 88. * 85. 22. * O. O. * 

BASIN 10: 22 -- BASIN COM'-IENT: BASIN #22 EXISTING CONDITIONS 

**** STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM * INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROCRAPH * TIME RAINFALL EXCESS HYDROCRAPH 

(MIN.) (IN) PRECIP (CFS) * (MIN.) (IN) PRECIP (CFS) 
* 
* 

O. . 00 . 000 O • * 90 . .04 • 000 100 . 
5. .03 . 000 O . * 95. .04 . 000 86 . 

10. . 09 • 000 O • * 100 . .04 . 000 74 . 
15. .14 . 001 O • * 105. .04 . 000 63 . 
20. . 24 • 002 O . * 110 . .04 . 000 54 . 
25. .41 .004 1. * US. .04 .000 46. 
30. . 74 • 628 61 . * 120 . .04 .000 40. 
35. . 41 .365 153. * 125 . .00 .000 34. 
40. . 24 . 191 211 • * 130 . .00 . 000 29 . 
45. . 18 • 139 226 . * 135 . .00 .000 25. 
50. . 15 . 105 225 . * 140 . .00 . 000 22 . 
55. . 12 • 076 217 . * 145 . .00 . 000 18 • 
60. . 12 .076 203 • * 150. .00 . 000 12 . 
65. • 12 .076 191. * 155 . .00 • 000 8 . 
70. • 06 • 018 175 . * 160 • .00 .000 5. 
75. . 06 • 018 156 • * 165 . .00 .000 4. 
80. . 04 . 000 136 . * 170 . .00 . 000 3 . 
85. .04 • 000 117 . * 175. .00 .000 2. 

TOTAL PRECIP. 3.41 (l-HOUR RAIN = 2.95) EXECESS PRECIP. = 1.702 INCHES 
VOLUME OF EXCESS PRECIP = 19. ACRE-FEET 
PEAK Q = 226. CFS TIME OF PEAK = 45. MIN. 
INFILT.= 3.30 IN/HR DECAY = .00180 FNINF = .50 IN/HR 
MAX.PERV.RET.= .60 IN. MAX.IMP.RET.= .10 IN. 

1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 

PRINT OPTION NUMBER SELECTED FOR THIS BASIN IS 7 

ROBBINSDALE DRAINAGE BASIN DESIGN PlAN FMC INC. DEC 1993 

BASIN ID: 30 -- BASIN COM'-IENT: BASIN #30 EXISTING CONDITIONS 

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

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT/Fr) (MIN) 
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.13 .51 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

.159 

.24 1.00 .0250 

COEFFICIENT ' 
(RELATED TO, PEAK, RATE OF RUNOFF) , 

:251 

CALCULATED UNIT HYDROGRAPH 

5.00 

TIME TO PEAK TIME OF 'CONCENTRAtiON PEAK RATE OF RUNOFF' " UNIT HYDROGRAPH ';PEAK VOLtJM~' OF RUNOFF 
(MIN) (MIN) (CFS/SQMI) .(CFS),', , (AF) 

8.24 30.00 1676.58 20,9.57 6.67 

*** NOTE THE TIME TO PEAK IS CALCULATED BASED ON THE TIME OF CONCENTRATION PROVIDED BY THE USER, 
REPLACING THE ONE COMPUTED BY CUHPD (TP= 10.95) . 

WIDTH AT 50 = lB. MIN. WIDTH AT 75 = 9. MIN. K50,,; .28 K75 = .38 

RAINFALL LOSSES IN~~ W/ BASIN DATA 

MAX. PERVIOUS RET. =.60 IN~ 
INFILTRATION = 3.10 IN./HR~ 

TIME 

O. 
5. 

10. 
15. 
20. 
25. 

UNIT 
HYDROGRAPH * 

O. 
165. 
201. 
150. 
114. 
'85. 

* 
* 
* 
* 
* 
* 
* 
* 

TIME 

30. 
35. 
40. 
45. 
50. 
55. 

MAX. IMPERVIOU~~, RET. ':=: .10 IN. ,: 
DECAY =I .00lBO/SECOND FNINFL;". 50,IN. /HR. 

UNIT 
HYDROGRAPH * 

* " 
* 

65 •. * 
50. '* 
38. * 
29. * 
22. * 
17. * 

TIME 

60. 
65. 
70. 
75 •. 
o. 
O. 

UNIT 
HYDROGRAPH * 

13. * 
10; * 

8. * o. * 
O. * 
O. * 

BASIN ID: 30 -- BASIN COf.'MENT: 'BASIN #30 EXISTING'CONDITIONS' 

**** STORM NO. 
, 

= 1 **** DATE OR RETURN PERIOI;> = 100YR 

INCREMENT. TOTAL STORM * INCREMENT TOTAL' STORM * 
TIME RAINFALL EXCESS HYDROGRAPH * 'TIME RAINFALL EXCESS; HYDROGRAPH * 

(MIN.) (IN) PRECIP (CFS) * (MIN. ) (IN) PRECIP (CFS) * 
* * 
* 

.. ' 
* 

O. .00 .000 O. * ' 65. .12 .076 119 • * 
5. .03 .000 O. * 70. .06 • 018 99. * 

10. .09 .000 0 •... * 
.' ~~: .06. .0lB 79., ,.' * 

15. .14 .001 0.'''' .. * .04' .000 62 •. ' * 
20. • 24 • Od2 1 ...... ' * 85 • .04 .000, 

. 
47. : * 

25. .41 .004' " 1.' * 90. .04' .000 36. ' * 
30. .74 • 63.7 107. * 95 • .04 .000 28. * 
35. .41 • 365 lB9, .... * 100. .04" .009 17.' * 
40. .24 • 191 201:;"' * 105 • .Oc .000 11." * 
45. .lB .139 lB9: * '110. .04 .000 8. * 
50. .15 • 105 170 • * 115. .04 .000 5. * 
55. .12 .07,6 149. * 120. •. 04 .000 3. * 
60. .12 • 076 132 • * 125. , .'00 .000 2. * 

TOTAL PRECIP. = 3.41 (l-HOUR RAIN =I 2.95) 
VOLUME OF EXCESSp,REClP = 11. ACRE-FEET .... 

EXECESS PRECI!>. = ,1.712 INCHES. 
I·v' 

PEAK Q = 201. CFS .' TIME OF PEAK = 40; MIN. 
INFILT.= 3.10 IN/HR DECAY = .00lBO FNINF = .50 IN/HR 
MAX.PERV.RET.= .60 IN. MAX.IMP.RET.= .10 IN. 

RATIONAL FORMULA C = .50 
I = 4.6 I~C!iES/HOUR 
A = 80.0 ACRES ,', 

, ., '.'- . 
J'"-' ,,!; ,"1 '. 

Q = 185. CFS 
1 U.D.F.C.D. CUHP RUNOFF ANALYSIS EXECUT~D ON.DATE AT TIME 

'. 

CUHPE/PC VERSION MODIFIED IN JANUAIW 1985. 

PRINT OPTION NUMBER SELEcTED FOR THIS BAsIN IS 7 

" C-34 
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ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DEC 1993 

BASIN 10: 31 -- BASIN COI+IENT: BASIN 131 EXISTING CONDITIONS 

AREA OF BASIN LENGTH OF BASIN DIST TO CENTROID IMPERVIOUS AREA SLOPE UNIT DURATION 
(SQMI) (MI) (MI) (PCT) (FT 1FT) (MIN) 

.81 2.10 

COEFFICIENT 
(REFLECTING TIME TO PEAK) 

.148 

1.18 4.00 .0360 

COEFFICIENT 
(RELATED TO PEAK RATE OF RUNOFF) 

.309 

CALCULATED UNIT HYDROGRAPH 

TIME TO PEAK PEAK RATE OF RUNOFF UNIT HYDROGRAP PEAK VOLUME OF RUNOFF 
(MIN) (CFS/SQMI) (CFS) (AF) 

33.02 388.79 316.09 43.36 

WIDTH AT 50 - 77. MIN. WIDTH AT 75 - 40. MIN. K50 - .26 K75 _ .35 

RAINFALL LOSSES INPUT WI BASIN DATA 

MAX. IMPERVIOUS RET. .10 IN. 

5.00 

MAX. PERVIOUS RET. = .60 IN. 
INFILTRATION = 3.40 IN./HR. DECAY = .00180/SECOND FNINFL = .50 IN./HR. 

TIME UNIT TIME UNIT TIME UNIT 
HYDROGRAPH .. HYDROGRAPH .. HYDROGRAPH .. ' .. .. .. .. 

O. O. .. US • U6. .. 230. 27 • .. 
5. 36. .. 120. 109 • .. 235. 26. .. 

10. 107. .. 125. 102 . .. 240. 24. .. 
15. 186. .. 130. 96 . .. 245. 23 • .. 
20. 249. .. 135. 90 • .. 250. 21 • .. 
25. 293. .. 140. 85 . .. 255. 20 • .. 
30. 313. .. 145. 79 . .. 260. 19 • * 
35. 315. .. 150. 75 . .. 265 • 17. * 
40. 304. .. 155. 70 . .. 270. 16. .. 
45. 285. .. 160. 66 • .. 275. 15. * 
50. 264. .. 165. 62 . .. 280. 14 . * 
55. 246. .. 170. 58 . * 285. 14. * 
60. 235. .. 175 . 54. * 290. 13. * 
65. 222. .. 180. 51. .. 295 . 12. .. 
70. 210. .. 185. 48 . .. 300. U. .. 
75. 197. .. 190. 45 . .. 305. U . * 
80. 184. .. 195. 42 . .. 310 . 10. * 
85. 172. .. 200. 40 . .. 315. 9. * 
90. 159. .. 205. 37 . .. 320 . 9. .. 
95. 149. .. 210. 35 . * 325. 8. * 

100. 140. * 215. 33. .. 330. 8. .. 
105. 131. .. 220. 31. .. 335. o . .. 
110. 123. .. 225. 29. .. O. O. .. 

1 BASIN 10: 31 BASIN COI+IENT: BASIN 131 EXISTING CONDITIONS 

........ STORM NO. = 1 **** DATE OR RETURN PERIOD = 100 YR 

INCREMENT TOTAL STORM .. INCREMENT TOTAL STORM 
TIME RAINFALL EXCESS HYDROGRAPH .. TIME RAINFALL EXCESS HYDROGRAPH 

(MIN.) (IN) PRECIP (CFS) .. (MIN.) (IN) PRECIP (CFS) .. .. 
O. . 00 • 000 O . .. 195 . .00 .000 U6. 
5. . 03 .000 o. .. 200 . • 00 .000 109 • 

10. . 09 .001 o . .. 205 . .00 .000 102. 
15. . 14 • 005 O. .. 210 . .00 .000 96 . 
20. .24 .009 1. .. 215. .00 .000 90. 
25. . 41 • 016 3 . .. 220 . .00 .000 84. 
30. . 74 • 626 27 • .. 225. .00 .000 79. 
35. . 41 • 365 87 • .. 230. .00 .000 74. 
40. .24 • 191 170. .. 235. .00 .000 70. 
45. • 18 • 140 258. .. 240 . .00 .000 66. 

C-35 

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



1 

o 

50. 
55. 
60. 
65. 
70. 
75. 
80. 
85. 
90. 
95. 

100. 
105. 
110. 
115. 
120. 
125. 
130. 
135. 
140. 
145. 
150. 
155. 
160. 
165. 
170. 
175. 
180. 
185. 
190. 

.15 

.12 

.12 

.12 

.06 

.06 

.04 

.()4 

.04 

.04 

.04 

.04 

.04 

.04 

.04 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.106 

.077 

.077 

.077 

.019 

.019 

.001 

.001 ' 

.001 
:001 
.001 
.001 
.001 
.001 ' 
.001 ' 
.000 
.000 
• 000 
.000 
.000 ' 
.000 
.000 
.000 
.000 
.00.0. 
.000 
.000 
.000 
.000 , 

I~ " 

338. * 
400. * 
442. * < 

466. * 
475. * 
47.1: ',. * 
459. * 
445; *:' 
428. * 
407. * 
385.. * 
363. * 
341. .'l' 

_ 3l9. " .~ ., 
299. * 
281. ": 
264. * 
247. * 
232. * 
218; * 
204. * 
192. * 
180. * 
169. * 
',159.,,, * ,. 
149. * 
140. * 
131. * 
123. *, 

245. 
250. 
25~;, 
260. 
265. 
279. " 
275. 
,2$0. " 
285. 
290. 
295. 
300. 
305. 
310. ,~.::,::' 
315. ' 
320. 
325. 
330 . 
335. 
340. 
34,S. 
350. 
3~5,.·I, 
360. 
,365. ", 
370. 
375. 
380. 
385. 

.00 

.00 

.PO 

.00 

.00 

.09 

.00 

.00",,': 
, .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.pO 
.00 
.00 
.00 
.00 

.000 

.000 

.000 

.000 

.000 

.000 
• 000 

t':,~, '",000' 
.000, 
.000 
.000 
.000 
:000 

, .000, 
• 000 
.000 
.000 

pOOO 
.000 
• 000 
.000. 
• 000 
.000,; 

"00,,., i';, 
.00 

.000 
,.000 
.000 

.00 

.00 
, .00 

.000, 

.000 
:()oO 

62. 
58. 
54; ',: 
51. 
48. 
4,h 
42 . 
40. 
37. 
35. 
33. 
31. 
29. 
,27. 
26 . 
24. 
22. 
21. 
20. 
19 . 
17. 
16 • 
15. 
10. 
6" 
5. 
3. 
2. 
2 " 

TOTAL PRECIP. - 3.41 (l-HOUR RAIN z 2.95) 
VOLUME OF EXCESS PRECIP = 75. ACRE-FEET 

EXECESS PRECIP. = 1.740 INCHES 

PEAK Q = 475. CFS TIME OF PEAK = 70. MIN. 
INFILT.= 3.40 IN/HR DECAY = .00180 FNINF = 
MAX. PERV.RET.= .60 II'l. ,~.IMP.RET.=.lO Iti, 

.50 IN/HR 

U.D.F.C.D. CUHPD RUNOFF ANALYSIS EXECUTED ON DATE AT TIME 

* 
* 
* 
* 
* 
* 
* 
'* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* *, , 
* 
* 
* 
* 
* 

'* 
* 
* 

CUHPE/PC VERSION MODIFIED IN JANUARY 1985 .. TO WRITE OUTPUT FILE OF STORM HYDROGRAP/iS FOR SUBSEQ{jENT 
USE WITH MULTI-PLAN RIVER ROlrrING ROUTINE.~ OF HEC-1 ' 

ROBBINSDALE DRAINAGE BASIN D'ESIGN PLAN FHG,-INC. DEC;1993 

NO HYDROGRAPH VALUES WERE WR,WEN TO AN Ol[rPUTFILE FOR, THIS RUN OF CUHPD. 

.\' 

,< 
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APPENDIX C - UDSWM2 - 10 YR 

EXISTING CONDITIONS 

CAUTION STATEMENT 

The user is advised to use caution when using flow conveyance element (channels 
and pipes) peak flows and hydrographs given in this report. The UDSWM2-PC 
model assumes that all adjacent sub-basin flow enters the flow conveyance element 
at the sub-basin design point or the downstream end of the element. The flow 
conveyance element is simply routing the upstream incoming flow and ignoring the 
possibility that additional flow may be entering from the adjacent sub-basin. Due to 
this model limitation flow used for channel or pipe design should be increased 
appropriately using engineering judgment to reflect incoming sub-basin flow. 



2 1 1 2 
3 4 

.~. 
WATERSHED 1 
ROBBINSDALE DRAINAGE BASIN DESIQI PlAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 10 YR STORM 

SO o 0 5.0 1 
01 100 
02 101 
03 200 
04 102 
OS 103 
06 104 
07 105 
OS 106 
09 203 
10 12 
20 121 
21 122 
22 22 
30 130 
31 31 

a 203 II 9 2 0.1 1. .01 .016 .1 
0 0 .1 2. .4 3. .7 6. 

1.3 7 2 S 2.S II 3.7 12 
4.S 12 

a II 106 1 20.0 llOO .024 10. 10. .075 10.0 
a 106 202 3 1. 
a 202 10 9 2 0.1 1. .01 .016 .1 

0 0 .2 1.0 1.1 4.0 2.8 5.0 
5.2 6.0 8.3 7.0 10.2 7.0 12.3 60. 

14.5 150.0 
0 10 9 2 3.5 300 • 019 o . o. .016 3.5 
a 9 105 1 5.0 700 • 033 3 • 3. .050 5.0 
0 105 201 3 1. 
0 201 8 6 2 0.1 1. .1 .016 .1 

0 0 0.5 6. 2.4 20 4.6 28 
7.1 36 S.4 190. 

0 S 104 1 20.0 2S00 .020 s. s. .050 10.0 
a 104 7 3 1. 
0 7 6 1 25.0 200 .0100 3. 3. .050 10.0 
a 6 103 1 30.0 1350 .0085 3. 3. .050 10.0 
a 12 103 1 2.0 1300 .01 4. 4. .063 5.0 
a 103 5 3 1. 
0 5 102 1 20.0 1000 .008 4. 4. .050 10.0 
0 102 4 3 1. 
0 4 2 1 20.0 2300 .010 s. s. .063 10.0 
0 200 3 4 2 0.1 1. 

0 0 1.2 14 2.8 28 4.8 85 
a 3 2 1 3.0 350 .020 3. 3. .050 5.0 
a 2 101 1 30.0 sao .016 3. 3. .OSS 10.0 
a 101 1 3 1. 
a 1 100 4 20.0 3700 .007 4. 4. .075 5.0 

50.0 3700 .007 20. 20. .063 10.0 
a 100 99 3 1. 
a 22 122 1 20.0 3750 .031 S. s. .075 10.0 
a 122 21 3 1. 
a 21 121 1 15.0 2600 .012 4. 4. .063 5.0 
0 121 120 3 1. 
a 120 20 3 1. 
a 20 6 1 30.0 700 .010 s. S. .050 5.0 
a 31 130 1 20.0 3100 .017 3. 3. • 063 10.0 . 
a 130 30 3 1. 
a 30 120 1 25. 1500 .010 3. 3. .050 10.0 

a 
32 

1 3 4 5 6 7 8 9 10 II 12 20 21 22 30 
31 100 101 102 103 104 105 106 120 121 122 130 200 201 202 203 

ENOPROGRAMDD 
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1 

ENVIRONMENTAL PROTECTION AGENCY - STORM WA1;ER MANAGEM;NT !'l!lpEI,. ~ VER~WIj~.l. 

DEVELOPED BY 

UPDATED BY 

METCALF + EDDY, INC. 

UNIVERSITY OF FLORIDA 

WATER RESOURCES ENGINEEERS, INC. (SEPTEMBER 1970) 

UNIVERSITY OF FLORIDA (JUNE 1973) 

HYDROLOGIC ENGINEERING CENTER, CORPS OF ENGINEERS 

MISSOURI RIVER DIVISION, CORPS OF ENGINEERS (SEPTEMBER 1974) 

BOYLE ENGINEERING CORPORATION (MARCH 1985, JULY 1985) 
OTAPE OR DISK ASSIGNMENTS 

• JIN(l) JIN(2) JIN(3) JIN(4) JIN(5) JIN(6) JIN(7) JIN(8) JIN(9) JIN(10) 
2 1 0 0 0 0 0 0 0 0 

JOUT(l) JOUT(2) JOUT(3) JOUT(4) JOUT(5) JOUT(6) JOut(7) JOUr(8) .JOUT(9) JOUT(lQ) 
1 2 0 0 0 0 0 .p 0 0 

NSCRAT(i) NSCRAT(3) 
u< 

NSCRAT(l) NSCRAT(4) NSCRAT(5) 
3 

4 ... 0" , o "". 0 
1 

WATERSHED PROGRAM CALLED 

••• ENTRY MADE TO RUNOFF MODEL ••• 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 10 YR STORM 

ONUMBER OF TIME STEPS SO 
OINTEGRATION TIME INTERVAL (MINUTES), 5.00 

125.0 PERCENT OF IMPERVIOUS AREA HAS ZERO DET.ENTION DEPTH 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC; INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 10 YR STORM 

HYDROGRAPHS FROM CUHPE/PC ARE LISTED FOR T~~.FOLLOWING 15 SUBCATCHM.ENTS 

TIME(HR/MIN) 1 2 3 4 :~ , 5 6, 7 8 9 
20 21 22 30 31 

0 O. o. o. o. o. o. o. o. o. o. 
o. O. o. o. o. 

0 5. O. O. O. O. O. O. O. o. O. 
o. O. O. O. o. 

0 10. O. O. 1. 5. 1. 4. 2. O. 1. 
O. O. O. O. O. 

0 15. 6. 3. 7. 2l. 7. 21. 9. 1. 3. 
O. O. O. O. O. 

0 20. 27. 10. 17. 5l. 19. 55. 19. 2. 7. 
1. O. l. 1. 1. 

0 25. 77. 37. 46. 151. SO. 167. 92. 10. 44. 
8. 4. 6. 12. 5. 

0 30. 146. 71. 70. 207. 73. 251. 96. 26. 43. 
30. 17. 28. 42. 17. 

0 35. 191. 87. 66. 176. 66. 229. 68. 40. 27. 
41. 31. 49. 54. 37. 

0 40. 182. 86. 55. 133. 53. 182. 48. 45. 17. 
40. 37. 58. 5l. 61. 

0 45. 157. 82. 45. 103. 42. 144. 35. 45. 11. 
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{'1 

1Q 

o. 

O. 

O. 

O. 

O. 

29. 

53. 

55. 

49. 

42. 



o 50. 

o 55. 

1 O. 

1 5. 

1 10. 

1 15. 

1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 50. 

1 55. 

2 O. 

2 5. 

2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

2 50. 

2 55. 

3 O. 

3 5. 

3 10. 

3 15. 

3 20. 

36. 

134. 
32. 

114. 
28. 

98. 
25. 

86. 
23. 

78. 
21. 

71. 
20. 

66. 
lB. 

59. 
14. 

51. 
11. 

43. 
8. 

36. 
5. 

32. 
4. 

30. 
3. 

28. 
2. 

26. 
2. 

24. 
O. 

19. 
O. 

14. 
O. 

10. 
O. 

7. 
O. 

5. 
O. 

4. 
O. 

3. 
O. 

2. 
O. 

O. 
O. 

o. 
O. 

O. 
o. 

o. 
O. 

O. 
o. 

o. 
o. 

o. 
o. 

38. 

76. 
37. 

70. 
36. 

64. 
34. 

60. 
32. 

56. 
31. 

53. 
30. 

49. 
28. 

44. 
25. 

38. 
23. 

34. 
20. 

30. 
lB. 

27. 
16. 

24. 
14. 

22. 
12. 

19. 
11. 

17. 
10. 

14. 
9. 

11. 
B. 

8. 
7. 

6. 
6. 

5. 
5. 

4. 
3. 

3. 
2. 

3. 
2. 

2. 
O. 

2. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

o. 
o. 

o. 
o. 

57. 

3B. 
55. 

32. 
51. 

27. 
48. 

24. 
45. 

21. 
43. 

18. 
41. 

15. 
38. 

13. 
34. 

11. 
29. 

9. 
25. 

8. 
21. 

8. 
18. 

7. 
16. 

7. 
14. 

6. 
12. 

5. 
10. 

3. 
9. 

2. 
7. 

2. 
6. 

O. 
5. 

O. 
3. 

O. 
2. 

O. 
2. 

O. 
1. 

O. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

45. 

BO. 
39. 

64. 
34. 

54. 
30. 

47. 
27. 

43. 
25. 

40. 
23. 

34. 
20. 

2B. 
16. 

22. 
12. 

19. 
9. 

18. 
6. 

16. 
4. 

16. 
3. 

15. 
2. 

13. 
2. 

9. 
O. 

6. 
O. 

3. 
O. 

2. 
O. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

o. 
o. 

O. 
O. 

O. 
O. 

B3. 

34. 
101. 

27. 
113. 

23. 
120. 

18. 
123. 

16. 
124. 

15. 
123. 

14. 
123. 

12. 
122. 

10. 
119. 

B. 
115. 

8. 
111. 

7. 
105. 

7. 
99. 

6. 
93. 

6. 
88. 

4. 
83. 

3. 
78. 

2. 
73. 

O. 
69. 

O. 
65. 

O. 
61. 

O. 
57. 

O. 
53. 

O. 
50. 

O. 
47. 

O. 
44. 

O. 
41. 

O. 
39. 

O. 
37. 

O. 
34. 

O. 
32. 

115. 25. 44. 7. 36. 

93. lB. 43. 6. 31. 

79. 15. 42. 6. 27. 

70. 15. 41. 5. 24. 

63. 14. 39. 5. 22. 

59. 14. 38. 5. 20. 

52. 11. 36. 4. 17. 

40. 7. 34. 2. 14. 

32. 6. 31. 2. 9. 

27. 5. 28. o. 5. 

24. 4. 26. o. 4. 

22. 4. 24. o. 3. 

21. 4. 22. o. 2. 

20. 4. 20. o. 2. 

18. 3. 19. o. 1. 

14. 2. 17. o. o. 

9. o. 16. o. o. 

6. O. 14. o. O. 

4. o. 13. o. o. 

2. o. 12. o. o. 

2. o. 11. o. o. 

o. o. 10. o. o. 

O. o. 9. o. o. 

o. o. 8. o. o. 

o. o. 7. o. o. 

o. o. 5. O. o. 

o. o. 3. o. o. 

o. o. 3. o. o. 

O. o. 2. o. o. 

o. o. 2. o. o. 

o. o. 1. o. o. 
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3 25. O. O. o. O. o. O. o. o. o. o. 
O. O. o. O. 30. 

3 30. O. O. o. O. O. O. O. O. O. O. 
O. O. O. O. 28. 

35. O. O. o. o. O. O. o. o. O. O. 
O. O. O. O. 27. 

3 40. O. O. O. o. O. O. O. O. O. O. 
O. O. O. O. 25. 

45. O. O. O. O. O. O. O. O. O. O. 
o. O. o. O. 24. 

3 50. O. O. O. O. O. O. O. O. O. O. 
O. ,,- O. O. O. 22. 

55. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 21. 

4 O. O. o. O. O. o. O. O. O. O. O. 
O. o. O. O. 19. 

4 5. O. O. O. O. O. O. O. O. O. O. 
O. O. Q. O. 18. 

4 10. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 17. 

1 

ROBBINSDALE pRAlNAGE BASIN DESIGN PLAN ,FMC INC. ,DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 10 YR STORM 

WIDTH INVERT SIDE SLOPES OVERBANK/SURCHARGE 
GUTTER GUTTER NDP NP OR DIAM LENGTH SLOPE HORIZ TO VERT MANNING DEPTH JK 
NUMBER CONNECTION (FT) (FT) (FT/FT) L R N (FT) 

203 11 9 2 PIPE .1 1. 
RESERVOIR STORAGE IN ACRE-FEET VS'SPILLWAY OUTFLa.I ' 

.0100 .0 .0 .016 .10 0 

.0 .0 .1 2.0 .'4 3.6' .7 6.0 1.3 7.0 2.0 8.0 
2.8 11.0 3.7 12.0 4.8 12.0 

11 106 0 1 CHANNEL 20.0 1100. .0240 10.0 10.0 .075 io.oo 0 
106 202 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
202 10 9 2 PIPE .1 1. .0100 .0, .0 .016 .10 0 

RESERVOIR STORAGE IN 'ACRE-FEET liS SPILLWAY OUTFLa.I 
.0 .0 .2 1.0 1.i 4.0 2.8 5.0 5.2 6.0 8.3 7.0 

10.2 7.0 12.3 60.0 14.5 150.0 
10 9 0 2 PIPE 3.5 300. .0190 .0 .0 .016 3.50 0 

9 lOS 0 1 CHANNEL 5;0 700; .0330 3.0 3.0 .050 5.00 a 
105 201 0 3 .0 1. .0010 .0 .0 .001 10.00 a 
201 8 6 2 PIPE .1 1; .1000 .0 .0 .016 .10 0 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLa.I 
.0 .0 .5 6.0 2.4 20.0 4.6 28.0 7.1 36.0 8.4 190.0 

8 104 a 1 CHANNEL 20.0 2800. .0200 5.0 5.0 .050 10.00 a 
104 7 0 3 .0 1. .0010 .0 .0 .001 10.00 0 

7 6 0 1 CHANNEL 25.0 200,. .0100 3.0 3.0 .050 10.00 0 
6 103 0 1 CHANNEl: 30.0 1350; .0085 3.0 3.0 .050 10.00 0 

12 103 0 1 CHANNEL 2.0 1300. .0100 4.0 4.0 .063 5.00 0 
103 5 0 3 .0 1. .0010 .0 .0 .001 10.00 0 

5 102 0 1 CHANNEL 20.0 1000. .OOSO 4.0': 4.0 .050 10.00 0 
102 4 0 3 .0 1. .0010 .0 .0 .001 10.00 0 

4 2 0 1 CHANNEL 20.0 2300. .0100 5.0 5.0 .063 10.00 0 
200 3 4 2 PIPE .'1 1. .0010 .0 .0 .001 .10 0 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLa.I 
.0 .0 1.2 14.0 2.S 2S.0, 4.S S5.0 

3 2 0 1 CHANNEl: ' 3.0 350. .0200 3.0' 3.0 .050 5.00 0 
2 101 0 1 CHANNEL 30;0 SOO. .0160 3.0 3.0 .OSS 10.00 0 

101 1 0 3 .0 1. .0010 .0 .0 .001 10.00 a 
1 100 a 4 CHANNEL 20.0 3700~ .ooio 4.0 4.0 .075 5.00 0 

OVERFLa.I 50.0 3700. .0070 20.0 20.0 .063 10.00 
100 99 a 3 .0 1. .0010 .0 .0 .001 ,10.00 a 

22 122 0 1 CHANNEL 20.0 3750~ .0310 5.0 5.0 .075 10.00 a 
122 21 0 3 ~O 1. .ooio .0 .0 .001 10.00 a 

21 121 a 1 CHANNEL 15.0 2600. .0120 4.0 4.0 .063 5.00 a 
121 120 a 3 • 0 'i . .ooio .0 .0 .001 - 10.00 a 
120 20 0 3 ;0' -i, .0010 .0 .0 .001 10.00 a 

20 6 a 1 CHANNEL 30.0 700. .0100 5.0 5.0 .050 5.00 a 
31 130 0 1 CHANNEL 20.0 3100. .0170 3.0 3.0 .063 10.00 a 

130 30 0 3 .0 1. .0010 .0 .0 .001 10.00 0 
30 120 0 1 CHANNEL 25.0 1500. .0100 3.0 3.0 .050 10.00 a 

OTOTAL NUMBER OF GUTTERS/PIPES, 32 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 10 YR STORM 

ARRANGEMENT OF SUBCATCHMENTS AND GUTTERS/PIPES 
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1 

.. ~' 

GUTTER 

1 

2 

4 

6 

7 

8 

9 

10 

11 

12 

20 

21 

22 

30 

31 

100 

101 

102 

103 

104 

105 

106 

120 

121 

122 

130 

200 

201 

202 

203 

TRIBUTARY GUTTER/PIPE 

101 

4 

200 

102 

103 

o 
3 

o 

o 

o 

7 20 

104 

201 

10 

202 

203 

o 

120 

122 

o 

130 

o 

1 

2 

S 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

6 12 

8 0 

9 0 

11 0 

121 30 

21 0 

22 0 

31 0 

o 0 

105 0 

106 0 

o 0 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 
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o 
o 
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o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

ROBBINSOALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 10 YR STORM 

HYDROGRAPHS ARE LISTED FOR THE FOLLMNG 32 CONVEYANCE ELEMENTS 

THE UPPER NUMBER IS DISCHARGE IN CFS 
THE Lo./ER NUMBER IS ONE OF THE FOLLMNG CASES: 

C ) DENOTES DEPTH ABOVE INVERT IN FEET 

TRIBUTARY SUBAREA 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

10 

o 

o 

22 

o 

31 

1 

2 

4 

6 

7 

8 

o 

20 

21 

30 

3 

o 

o 

9 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 
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o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 0 

o· 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

CS) DENOTES STORAGE IN AC-FT FOR DETENSION DAM. DISCHARGE INCLUDES SPILLWAY OUTFLo./. 
CI) DENOTES GUTTER INFLo./ IN CFS FROM SPECIFIED INFLo./ HYDROGRAPH 
CD) DENOTES DISCHARGE IN CFS DIVERTED FROM THIS GUTTER 
CO) DENOTES STORAGE IN AC-FT FOR SURCHARGED GUTTER 

TIMECHR/MIN) 1 2 
12 

104 
203 

3 
20 

105 

4 
21 

106 

S 
22 

120 

6 
30 

121 

o S. 

11 
103 
202 

O. 
.OC ) 

O. 
.OC ) 

o. o. 
.OC ) .OC ) 

O. O • 
.OC ) .OC ) 

o. O. O. 
.OC ) .OC ) .OC ) 

O. O. O. 
.OC ) .OC ) .OC ) 
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7 
31 

122 

o. 
.OC ) 

O. 
.OC ) 

8 
100 
130 

O. 
.OC ) 

O. 
.OC) 

9 
101 
200 

O. 
.OC ) 

O. 
.OC ) 

o 

o 

o 
o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 
o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

10 
102 
201 

o. 
.OC ) 

O. 
.OC ) 

o 

o 

o 

o 

o 
o 
o 

o 

o 

o 
o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

D.A. CAC) 

o 1528.3 

o 1415.0 

o 37.1 

o 1377.9 

o 1283.2 

o 1194.9 

o 299.5 

o 167.7 

o 120.3 

o 120.3 

o 20.5 

o 54.4 

o 895.4 

o 227.8 

o 130.6 

o 600.3 

o S20.3 

o 1638.4 

o 1528.3 

o 1377.9 

o 1283.2 

o 299.5 

o 167.7 

o 120.3 

o 895.4 

o 295.0 

o 227.8 

o 600.3 

o 37.1 

o 167.7 

o 120.3 

o 20.5 



" 0 15. 

o 20. 

o 25. 

o 30. 

o 35. 

o 40. 

o 45. 

O. O. O. 
.O( ) .0(·) .OC) 

O. O. " 
.O(S) .O(S) 

"0. O. O. 
c' .0Ce) .O( ) .O() 

O. O. O. , 
.O( ) .O( ) .O( ) 

1.' "4. '2. 
.OC) .0(,) .O() 

O. r. ;,0 • 
• O(S) .O(S) 

O. O. ' O. 
.j .0(.) .0(,) .1( ) 

o. 
.O( ) 

o. 
.O( ) 

o. o. O. o. 
.O( ) .O( ) .O( » .O( ) 

O. O. 1. O. 
.00 .0(;) .OC) .1( ) 

O. o. 
.0(5) ;0,(5) 

O. o. 
.O(,L .0(.) 

O. O. O. O. O. i.,O. 5., 
.O( ) .O( ) .On .O( ) .O( ) .O( ) .O( ) 

O. ' o. . o. "0. o. O. o. 
" 

.O( ) .O( ,) .O( ) .Oe.) .OC) .O(S) .0(5) 

1. 1. 1. 14. 
.1() '.1() .1( .) .4( ) 

O. 
.0C) 

O. o. 
.0c!) .O( ,) 

,0., ,0. I 0., 0.,,0. ,0. 0.,' 6. 3." 22. 
) .O( ) .O( ) .OC) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 

7. 21. 9. 1. O. O. O. O. O. 1 • 
• OC) .OC) .OC) .OC ) .00 .0(,) .O( ) .O( ), .0(5) .0(5) 

,,0. ,0., 
.• 0(5) , .O~S) 

O. 1. 7. 6. 8. 48. O. '0. O. 
C. .0(;) .1U 

1. 
.2(~ .3( ) .3() .2U ,; .8e.) .OC.) .OC) .1() 

O. :,; 
.0C) 

O. o. ,. 
.O( ) .0C) 

O. O. O. O. 27. 11. 56. 
.O( ) .Oc ) .O( ) .O( ) .O( ) '.OC ) .O( ) 

27. 55.19. 
.0(-) I' .O( ) 

2 • 1. . 1. O. 
.OC) 

1. 1. 2. 
.1(5) • OC) .O( ) .o~) .OU .O( .) , .l(5) 

. O. 1 • 
• 0(5) ".0(5) 

1. 8. 2. 36. 38. 48. 146. O. . o. o. 
f. .1() .30 .3( ) .8( ) .Be) .7U1.4(): .OC;) ".O( ,) .1( ), , 

,,0. 4. 1." O. ,0 •. , [+1. 0., 78. 45., 188. , 
.OC) .6( ) .1( ) .OC ) .on ... 1C) .O() .O() .O( ) .OC) , 

162. 167. 92. 10. 8.' 8. 4. 12. 
I', 

4. 6. 
.OC ) .O( ) .O( ) 

o. 
.1(S) 

2. 
.2(5) 

.O( ) .O( ) .O( ) .O( ) .O() (, .3(~) .s(5) 

8. 52. 6. 119. 136. 145. 249. 1. O. 1. 
.4( ) .9(.) .6C ) 1.6( ) 1.6(, )1.4(,) 2.0() .10 ,.OC ) .2(·) 

1. 19. 12. 
.1( ) 1.3( ) .3( ) 

237. 252. 96. 
• O() .O() .O( ) 

1., .4. ;', 
.2(5) .5(5) 

33. 160. 11. 
1.0( ) 1.7( ) .8( ) 

1. 1. 
.1( ) .1( ) 

27 • 38. 
.O( ) .O( ) 

7. 
'.2( ) 

31. 
.OC ) 

239. 267. 236. 
2.3( ) 2.3( ) 1.8( ) 

1. 154. 123. 343. 
.1( ) .O( ) .O( ) .O( ) 

18. 43. 8. 10. 
.O( ) .OC) .7(5)' 1.1(5), 

': 
237. , 2. 1. 2. 

1.9( ) .1( ) .1( ) .3( ) 

2. 36. 42. 
.1( ) 1.7( ) .6( ) 

4. 
.3( ) 

S. 24. 4. 224. 247." 443. , 
. ;2() ';;,~.K) .2< ~ . ' '.00, , ' io( ) .OCL 

338. 232. 69. 42. 69. 45. 36. 58. 12. 14 • 
. O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.1(5) 1.6(5) 

2. 6 . 
• 4(5) .7(5) 

85. 294. 15. 345. 343.264. 191.' 
1.6( ) 2.4( ) .9( ) 2.8( ) 2.7( ) i.9(.) , 1.7() 

3. 44. 75. 12. 14. 41., 12. 268. 380. 476 • 
• 2( ) 1.9( ).9( ) .5( ) .4( ) .7( ) .4( ) .O( ) .OC ) .O( ) 

361. 186. 50. 48. 93. 52. 51. 62. "16. 16. 
.O() .OC) .O( ) .0u .O( ) .O( ) .O( ) .O( ) 1.4(5) 1',9(5) 

6. ' , 
.8(5) , 

162. 391. 17. 407. 355. 263. 155. 
2.3( ) 2.~~, ) 1.0( ) 3.On no 1.9.() 1.5( ) 

7. 3. 4 . 
. 2() .2(,) .4( ) 

4. 45. 102. 24. 23. 55. 26. 320. 472. 457. 
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o 50. 

o 55. 

1 O. 

1 5. 

\ 

1 10. 

1 15. 

1 20. 

1 25. 

.2( ) 1.9( ) 1.D( ) .7( ) .5( ) .8( ) .6( ) .O( ) .O( ) .D( ) 

350. 152. 38. 49. ll5. 60. 61. 72. 18. 17 • 
• D( ) .D( ) .O( ) .O( ) .D( ) .O( ) .OC ) .OC ) 1.6(5) 2.1(5) 

4. 
1.0(5) 

6. 
.9(5) 

246. 434. 19. 424. 342. 257. 128. 10. 
2.9( ) 3.0( ) 1.0( ) 3.1( ) 2.7( ) 1.9( ) 1.3( ) .3( ) 

4. 4. 
.3( ) .S( ) 

5. 42. 124. 35. 30. 68. 45. 380. 510. 421 • 
• 2( ) 1.9( ) 1.2( ) .9( ) .6( ) .9( ) .8( ) .O( ) .O( ) .O( ) 

332. 125. 29. 48. 135. 67. 68. 84. 19. 18 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .OC ) 1.8(5) 2.2(5) 

4. 
1.3(5) 

6. 
.9(5) 

318. 438. 20. 414. 327. 254. 108. 12. 
3.3( ) 3.0( ) 1.0( ) 3.0( ) 2.6( ) 1.9( ) 1.2( ) .3( ) 

4. 4. 
.3( ) .5( ) 

5. 37. 146. 46. 36. 82. 66. 432. 508. 390 • 
• 2( ) 1.8( ) 1.3( ) 1.0( ) .6( ) 1.0( ) 1.0( ) .O( ) .O( ) .O( ) 

319. 105. 22. 48. 157. 74. 72. 99. 20. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.9(5) 2.2(5) 

4. 
1.6(5) 

6. 
.9(5) 

370. 425. 20. 397. 316. 257. 95. 14. 
3.6( ) 2.9( ) 1.D( ) 3.D( ) 2.6( ) 1.9( ) 1.1( ) .3( ) 

4. 4. 
.3( ) .S( ) 

6. 33. 167. 55. 40. 97. 84. 468. 490. 370 • 
. 2( ) 1.7( ) 1.4( ) 1.2( ) .7( ) 1.1( ) 1.2( ) .D( ) .O( ) .D( ) 

312. 93. 20. 48. 178. 80. 74. ll4. 21. 19 . 
• O( ) .D( ) .D( ) .D( ) .O( ) .O( ) .O( ) .O( ) 1.9(5) 2.2(5) 

4. 
1.9(5) 

6. 
.9(5) 

402. 409. 21. 381. 313. 265. 86. 15. 
3.7( ) 2.9( ) 1.D( ) 2.9( ) 2.6( ) 1.9( ) 1.1( ) .4( ) 

5. 5. 
.3( ) .5( ) 

6. 29. 187. 62. 41. lll. 98. 488. 469. 360. 
.2( ) 1.6( ) 1.5( ) 1.2( ) .7( ) 1.2( ) 1.3( ) .D( ) .O( ) .O( ) 

312. 85. 19. 46. 196. 85. 74. 125. 21. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.0(5) 2.2(5) 

5. 
2.2(5) 

6. 
.9(5) 

419. 396. 21. 369. 314. 276. 80. 16. 
3.8( ) 2.8( ) 1.1( ) 2.9( ) 2.6( ) 2.0( ) 1.D( ) .4( ) 

5. 5. 
.3( ) .5( ) 

6. 26. 204. 66. 42. 123. 108. 497. 452. 358 • 
• 2( ) 1.5( ) 1.5( ) 1.3( ) .7( ) 1.3( ) 1.3( ) .O( ) .D( ) .O( ) 

317. 80. 19. 45. 210. 87. 73. 133. 21. 19 • 
• D( ) .D( ) .O( ) .O( ) .O( ) .D( ) .O( ) .O( ) 2.0(5) 2.2(5) 

5. 
2.5(5) 

6. 
.9(5) 

427. 388. 21. 364. 320. 285. 76. 17. 
3.8( ) 2.8( ) 1.1( ) 2.8( ) 2.6( ) 2.0( ) 1.0( ) .4( ) 

5. 5. 
.3( ) .5( ) 

6. 23. 215. 68. 42. 131. 114. 499. 440. 359 . 
• 2( ) 1.5( ) 1.6( ) 1.3( ) .7( ) 1.4( ) 1.4( ) .D( ) .O( ) .O( ) 

323. 76. 19. 44. 219. 88. 72. 137. 21. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.0(5) 2.2(5) 

5. 
2.8(5) 

6. 
.9(5) 

430. 383. 21. 361. 324. 290. 71. 18. 
3.8( ) 2.8( ) 1.0( ) 2.8( ) 2.6( ) 2.0( ) .9( ) .4( ) 

5. 5. 
.3( ) .5( ) 

6. 21. 221. 69. 41. 135. 118. 496. 432. 358 • 
• 2( ) 1.4( ) 1.6( ) 1.3( ) .7( ) 1.4( ) 1.4( ) .O( ) .O( ) .O( ) 

325. 69. 16. 42. 222. 87. 70. 138. 21. 19 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.9(5) 2.2(5) 

5. 
3.0(5) 

6. 
.8(5) 

429. 380. 20. 357. 321. 287. 60. 18. 
3.8( ) 2.7( ) 1.0( ) 2.8( ) 2.6( ) 2.0( ) .9( ) .4( ) 
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1 30. 

1 35. 

1 40. 

1 45. 

1 50. 

1 55. 

6. 18. 220. 69. 40. 136. 119. 488. 423. 349. 
,2( ) 1.3( ) 1.6U 1:3() ,.7Q 1.;4q 1.4( ) 10( ) .OU .O( ) 

317:p() 58:00 13:0q ., 40: 0 ( ) 219,:0}i.] ( 83:00 '. 66;0(~' 135;0()" 2~;9(~)' 1~:2(S) 

5. 6. 
3.3(5) .8(5) 

426. 373. 20. ,.,349.. ·,?10. .'''.276. . ,.:-51. .' - 18. 
3.B(: t 2.1.() 1.00 2.B() 2.S() 2;0() .8( ) i4( ) 

67. 
1.3(, ) 

3B. 134. 120. 477.. .412. .. 332. 
.7( ) 1.4q 1;4() ..O~,): .Ou .O( ) 

301. "SO. ,. 11. 37. 212. 78. 61., 132. ., 20. .1B. 
',O( )' '.O~.J'" .OU .O( ) .' .O( )' .• oq .oq .00' 1:8(5) 2.2(5) 

5. 6. 
3.5(5) .8(5) 

46. 
.7e) 

18. 
.4.(), 

5. . 
,4e) 

5. , 
.5( ) 

6. 12. ·207., 64. 35., 131. 119. 462.. 396. . 313 • 
• 20 1.1C) 1.6(:)" 1.2( ) .6( ) l,.4G ) 1~4( ) ,:O,U.; iOC ) .O( ) 

·2B4. 45',·,10. ,. 34 •.. ·203. 72. 55. 12B •..• ··19.··1B • 
• O( ). ,.OC ~ ,.O,(j ,·.0(;,) .00 .on .OC ).OC) . liBC?) 2.1(5) 

5. 6. 
3.7(5) .7(5) 

409. 347. 19.., .320. 277 .251. c 43. '. 18. ,5. 5... 
3.Be ) 2.6C ). l.oe j 2.7.<;) 2.4( ) 1.9~ ) .7( ? ,.4C), .4( ), .5C ) 

6. 9. ..197. 60. " 32. 127. 117. 446. 377. .,,295 • 
• 2( ) 1.0( j 3,.5.( ) :J,.2(.) .6( .) P( ) 1:4(J.OCr..0C) .O( ) 

.267. 42. 10. 32. 192. 65. 50. 122. 19. 17. 
:~O( r' .OC? • Ok) .0C) . .O( )' .O( ) .oc ? .O( )' 1.7(Sj 2.0(5) 

5. 6. 
3.9(5) .7(5) 

397. 330., lB. 303. 261. . 23B. 40. lB. 
3.7() 2.5C.> l.O.() 2.6(.)' 2.3() 1.B( ) .7( ) ,.4( ) 

5. . .... 6. " 
,.4e) .5( ) 

6. 7. lB7. 56. ·29. 122.113. ,429., 357. .277 • 
• 2<; ).9() 1.5~) 1.2C) .6( ) 1.3e X" 1.4(! .O( ?. .00 .O( ) 

252. 40. 9. 30. .182. 60. ,45. 117. ,18. 17 • 
. PC) ,.0.( ).. .O( ) . .O( ).O( ).0,<; ) . .O( ) "o~ ) 1;6(5? 2.0(5) 

6. 6. 
4.1(5) .7(5) 

382. 313. 18. 2B7. 246. 225. 39. 17. 6. 6. 
3.6( ) 2.S( ) 1.0( ) 2.S(), 2.2( ) 1.8e ) .7( ) .4( ) .4( ) .S( ) 

26. 117. 109. 412. 337. 262. 
,.5( ) 1.3( ) 1.3( ) .O( ) .,O( ) .O( ) 

237. ,39. 9. 28.. 171. ,,54. . 40. 112. 17. 17. 
"p~ X' (.oC).op .O,C), ('% ).0.( ) '.0(:,), (.0(,) 1,.6(5) 1.9(5) 

6. 5. 
4.2(5) .6(5) 

366. ,297. 17. 271., 232. 213. 37. 17. 6. 6. 
3.S( ) 2.4.0 .9,e) t.s,p· 2.2.(), ,. t.n) .7,() .4,(), .4e) .5( ) 

6... 4. • 166. . 47. 24. 112. 104.395. 319. 247 • 
• 2()' '.' .7()·· t.4() \ t.l()' .S()' P,~) 1.3e) .0.( ) .O( ) .O( ) 

224. '. 37. 9.. 26. 161.· -, 49. 36. 106. 17. 16 • 
• OC j: .OC ) .OC)' .O~ ) .OC ) .0(; ).O( ) .O( ) le.S(5) 1.9(5) 

6. 5. 
4.4(5) .6(5) 

O. 350. • 281. 16.. .. 256. 219. 201.. 35. 17. 6. 6. 
3.S( ') 2.3C ) .9( ) f' 4C ) 2.1( ) 1.7\ ) .6C ) .4C) .4e ) .SC ) 

2 5. 

5. 
.2( ) 

99. 377.. c 301. 232. 
1.3() .00:' .OC ) .OC ) 

210. 35. 9." 24. 151. . 44. .' 32. 100. 16... 16. 
: ;~p .O() 'Ob)' \ .qp.q( ). .% ) ,.OC T .00 1.4(5)' 1.8(5) 

6. 5. 
4.5(5) .6(5) 

333. 
3.4(') 

j'~ " 

265. 
2.~<. ) 

16. 241. 205. 
.9C j 2.3() 2.0.( ~ 

188. . 
1.6(') '., }\," , 
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2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

5. 3. 145. 39. 19. 100. 93. 357. 282. 214 . 
. 2( ) .5( ) 1.3( ) .9( ) .4( ) 1.2( ) 1.2( ) .O( ) .O( ) .O( ) 

195. 30. 7. 22. 139. 39. 29. 93. 16. 16 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.4(5) 1.8(5) 

6. 
4.6(5) 

4. 
.5(5) 

316. 249. 15. 224. 189. 174. 26. 16. 6. 
3.3( ) 2.2( ) .9( ) 2.2( ) 2.0( ) 1.5( ) .5( ) .4( ) .4( ) 

6. 
.S( ) 

5. 2. 134. 35. 17. 94. 88. 335. 263. 195 • 
• 2( ) .4( ) 1.2( ) .9( ) .4( ) 1.1( ) 1.2( ) .O( ) .O( ) .O( ) 

178. 25. 6. 20. 130. 35. 26. 88. 15. 15 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.3(5) 1.7(5) 

6. 
4.8(5) 

4. 
.5(5) 

298. 231. 14. 207. 173. 160. 22. 16. 6. 
3.2( ) 2.1( ) .9( ) 2.1( ) 1.9( ) 1.4( ) .5( ) .4( ) .4( ) 

6. 
.S( ) 

4. 1. 125. 32. 15. 89. 84. 312. 242. 177 • 
• 2( ) .4( ) 1.2( ) .8( ) .4( ) 1.1( ) 1.2( ) .O( ) .O( ) .O( ) 

163. 21. 6. 19. 121. 32. 23. 84. 14. 15 . 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.2(5) 1.7(5) 

6. 
4.8(5) 

4. 
.5(5) 

280. 214. 14. 190. 158. 148. 20. 15. 
3.1( ) 2.0( ) .8( ) 2.0( ) 1.8( ) 1.4( ) .4( ) .4( ) 

6. 6. 
.4( ) .5( ) 

4. 1. 117. 29. 14. 84. 79. 290. 221. 161 • 
• 2( ) .3( ) 1.1( ) .8( ) .4( ) 1.1( ) 1.1( ) .O( ) .O( ) .O( ) 

149. 19. 6. 17. 113. 29. 20. 79. 13. 14 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.1(5) 1.6(5) 

6. 
4.9(5) 

4. 
.5(5) 

261. 196. 13. 174. 146. 137. 18. 15. 
3.0( ) 1.9( ) .8( ) 1.9( ) 1.7( ) 1.3( ) .4( ) .3( ) 

6. 6. 
.4( ) .5( ) 

4. 1. 110. 26. 12. 80. 75. 269. 203. 146. 
.2( ) .3( ) 1.1( ) .8( ) .3( ) 1.0( ) 1.1( ) .O( ) .O( ) .O( ) 

138. 17. 6. 16. 106. 26. 18. 75. 12. 14. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.0(5) 1.6(5) 

6. 
5.0(5) 

3. 
.4(5) 

243. 180. 12. 159. 135. 128. 16. 15. 
2.9( ) 1.8( ) .8( ) 1.9( ) 1.6( ) 1.3( ) .4( ) .3( ) 

6. 6 . 
• 4( ) .5( ) 

4. 1. 103. 23. 11. 76. 70. 248. 185. 135 • 
• 2( ) .2( ) 1.0e ) .7( ) .3e ) 1.0( ) 1.1e ) .O( ) .O( ) .oe ) 

128. 16. 6. 14. 99. 23. 15. 70. U. 13 • 
• oe ) .oe ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) 1.0(5) 1.5(5) 

6. 
5.1(5) 

3. 
.4(5) 

226. 166. 11. 147. 126. U9. 15. 14. 6. 
2.8( ) 1.7( ) .8e ) 1.8( ) 1.6e ) 1.2( ) .4( ) .3( ) .4( ) 

6. 
.S( ) 

3. o. 96. 21. 9. 71. 66. 230. 170. 126 • 
• 2( ) .2( ) 1.0( ) .7( ) .3e ) 1.0( ) 1.0( ) .O( ) .O( ) .O( ) 

120. 14. 6. 13. 92. 21. 12. 66. 10. 13 • 
• O( ) .O( ) .O( ) .O( ) .oc ) .O( ) .O( ) .O( ) .9(5) 1.4(S) 

6. 
5.1(S) 

3. 
.4(5) 

210. 154. 10. 137. U8. lU. 14. 14. 
2.7( ) 1.6( ) .7( ) 1.7( ) 1.5( ) 1.2( ) .4( ) .3( ) 

6. 6. 
.4( ) .5( ) 

3. O. 89. 18. 8. 67. 63. 213. 157. U8 • 
• 2( ) .2( ) 1.0( ) .6( ) .3( ) .9( ) 1.0( ) .O( ) .O( ) .O( ) 

111. 14. 6. 12. 86. lB. 10. 63. 10. 13 . 
• O( ) .O( ) .O( ) .O( ) .oc ) .O( ) .O( ) .O( ) .8(5) 1.4(S) 

6. 
5.2(5) 

195. 

3. 
.4(5) 

143. 9. 127. UO. 104. 14. 13. 6. 6. 
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2 50. 

2 55. 

O. 

5. 

10. 

2.6( ) 1.6( ) .7( ) 1.6( ) 1.4( ) 1.1( ) .4( ) .3( ) .4( ) .5( ) 

3. O. ',83. 16. 7. 64. 59. 197. 146. 110. 
;2( ') ,2(,) ,.9(.). :6( ,) .2(,) .9() .9( ),: .O( ) .O( .) .O( ) 

"104.:13 •• ,,6. 11. ",,80. 16. 9. 59. 
.0(,) .OC) .OC ) .OC) .aC) .ac ) .OC) ;:a() 

6. 
5.2(5) 

3. 
.3(5) 

181. 133. 
2;5( ) 1.5e) 

8. 119. '103. ' 97. 13. ',' 13. 
• 7( ) 1.6( ) 1.4()' 1.1() .4(.) .3( ) 

9. 12. 
,8(5) 1.4(5) 

6. 6 • 
.4( ) .5( ) 

3. ,,'. O. , 77. 14. 6.. " 60. 55. 181. 136. 103. 
'2C) .,2( ):9C): .5( ) .2{) .9( ) .9(.) .ac ) .ac ) .O( ) 

98. 13. 
.OC ) .O( ) 

6. 
5.2(5) 

3. 
.3(5) 

, 169. 125. 
2.4(:) 1.4( ) 

6. 10. 74. 14. 6. 55 • 
• O( ) .a( ) .a( ) .O( ) .OC') lO( ) 

8. 111. 96. 91. ',13. 13. 
;6:(') 1.5e) 1.3( ) 1.a( ) .3() .3( ) 

8. 12. 
.7(5) 1.3(5) 

6. 
.4( ) 

6. .(
.5( ) 

3. ',~ O. 72. 12. 5. 57. 52. 169. 126. 96 • 
• 2( ) .1(,) ;9C),.5(T '.2( ) .8e).9( ) .ac) lO() .O( ) 

, . 91. 13. 6. .ff; 8. 69. 12. 5. 52. 8. '12. 
;OC .), .0(,) .0(') .O( ) '.ac) .OC ) .OC ) ;OC ) .6'5) 1.3(5) 

6. 
5.2(5) 

3. 
.3(5) 

157. 117. 
2.3() 1,4( ) 

7. ,104. 90. 85. 13. 12. 
,,6:(,,) 1;5,()' 1,3() 1,0,( )', ';3( ) .3(.) 

6. 
.4(,) 

6. 
.5( ) 

3. O. ,67. 10. 4. 53. 49. 157. 117. 90 • 
• 2( ) .1( ) .8e )' A( ) .• 20:8( ).9( ) .OC) .O( ) .OC ) 

86. 12. 6." 6. ' 64. 10. 4. 49. 7. 11. 
.O( ) .OC) :O( ) .0(,) ·.ac) .0(·) .Oc) lO( ) .6(5) 1.2(5) 

6. 
5.3(5) 

3. 
.3(5) 

147. 109.. 
2.2( ) 1.3( ) 

7.", 98. . 85. 80. 12. 12. 6. " 6. 
,.6( ) 1.4n 1:2(). If.O( ) .3( ) .3( ) .4( )~ .5( ) 

3. 0.. 62. 9. 4. 50. 46. 147. 109. 85. 
;2C ) ,le) ,,8.C )' ,4,( )'.2( ) .8( ).8(:)' We) .0(.) .O( ) 

80. 12.. 6. .,: 5. 59. ..1. 9. 4. 46. 6.'11 • 
• O( ) .O( ) ,.qC) .O( ) ,a( ) A( ) ,0.( ) .,a( ) .6(5) 1.2(5) 

6. 
5.3(5) 

3. 
.3(5) 

137. 103. 
2.1,() 1.3() 

6. 92. 80. ,075... 12. 12. 6. , 6. 
.6() 1.4(. ) 1.2() t.g( ) .3( ) ;3~,,) .4(,)" .5( ) 

3. O. 58. 8. 3. 47. 44. 137. 103. 80 • 
. 2() .1( ) .8e ).4( ) \.2( ) .!t() .B( ) .OC ) .O( ) .O( ) 

75. 12. 6. 5. 55. 8. 3. 44. 6. .11 • 
• O( ).00 (.oei).O,o .0(.) .OC ) .OC) :OC) .5(5) 1.2(5) 

6. 
5.2(5) 

3. 
.3(5) 

15. 129. 96. ,,' 6. 86.. 75. ' , 71. . 12. .., 12. ,,6. 6. 
2,.0('.)' 1.2( ).5() 1.3() 1.2() .9(, ).3,D '.3( ) ;4C)" .5( ) 

20. 

3. 
.1( ) 

O. 54. 7. 3. 45. 41., ,129. 96. 75. 
.1( ) .7( ) .3( ) .1( ) .n) .Be ).O( ) .O( ) .O( ) 

71. 12. 
,.OC ) •• OC) 

6. 
5.2(5) 

2. 
.2(5) 

121. 91. 
2.0( ) 1.2( ) 

6. 4. 52. 7. 3. 41. 5. 11 • 
.a( ) .• a( ) .0(,) '.ac) . a( ):ac) :5(5) 1.1(5) 

5. 81. 71. 67. 11. 11. 6. 6. 
.5(,) J,.3( ) 1.1(: ) .9( ) .3( ) .3( ). .4( ) .5( ) 

3. O. 51.... 6. 3. 42. 39. 121. 91. 71 • 
• 1e) ,.1(,) .. 7(:) .3().1( ) .7( ) .7( ): .. aO.ac ) .a( ) 

67. 11. 6. 4. 48." 6. 3. 39. 5. 10 • 
• O( ) .ac ) .O( )·.OC ) .a( ) .O( ) .O( ) ,.O( ) .4(5) 1.1(5) 

6. 
5.2(5) 

2. 
.2(5) 
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3 25. 

3 30. 

3 35. 

3 40. 

3 45. 

3 50. 

3 55. 

4 O. 

113. 85. S. 77. 67. 63. 11. 11. 6. 6. 
1.9( ) 1.2( ) .s( ) 1.2( ) 1.1( ) .8( ) .3( ) .3( ) .4() .s() 

3. O. 48. 
. 1( ) .1( ) .7( ) 

63. 11. 6. 
• O( ) .O( ) .O( ) 

6. 
5.2(5) 

2. 
.2(5) 

5. 2. 40. 37. 113. 85. 67 • 
.3() .1() .7() .7() .O() .O() .O() 

3. 45. 5. 2. 37. 5. 10 • 
.O( ) .O( ) .O( ) .O( ) .O( ) .4(5) 1.1(5) 

107. 80. 4. 72. 63. 60. 11. 11. 6. 6 . 
1.S( ) 1.1( ) • 5( ) 1.2( ) 1.le ) .S( ) .3( ) .3( ) .4() .5() 

2. O. 45. 
• 1() .1() .6() 

60. 11. 6. 
• O( ) .O( ) .O( ) 

6. 
5.2(5) 

2. 
.2(5) 

5. 2. 3S. 34. 107. SO. 63 • 
.3() .1() .7() .7() .O() .O() .O() 

2. 43. 5. 2. 34. 4. 10 • 
.O( ) .O( ) .O( ) .O( ) .O( ) .4(5) 1.0(5) 

100. 76. 4. 68. 60. 56. 11. 11. 6. 6 . 
1.S( ) 1.1( ) • 5( ) 1.2( ) 1.0( ) .S( ) .3( ) .3( ) .4() :5() 

2. O. 42. 
• 1( ) .1( ) .6( ) 

57. 11. 6. 
.O( ) .O( ) .O( ) 

6. 
5.2(5) 

2. 
.2(5) 

4. 2. 36. 32. 100. 76. 60 • 
.3() .1() .6() .7() .O() .O() .O() 

2. 40. 4. 2. 32. 4. 10. 
.O( ) .O( ) .O( ) .O( ) .O( ) .3(5) 1.0(5) 

95. 72. 4. 65. 56. 53. 10. 10 • 6. 6. 
1.7( ) 1.0( ) • 4( ) 1.1( ) 1.0( ) .S( ) .3( ) .3( ) .4( ) .5( ) 

2. O. 39. 4. 2. 34. 31. 95. 72. 56 • 
• 1() .1() .6() .3() .1() .6() .6() .O() .O() .O() 

54. 10. S. 2. 3S. 4. 2. 31. 4. 10 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .3(5) 1.0(S) 

6. 
5.1(S) 

2. 
.2(5) 

89. 6S. 4. 61. 53. 51. 10. 10. 6 . 6. 
1.7C) 1.0( ) . 4( ) 1.1( ) 1.0C ) .7( ) .3( ) .3( ) .4( ) .5C ) 

2. O. 37 • 
.1( ) .1( ) .6( ) 

51. 10. 6 . 
• O( ) .O( ) .O( ) 

6. 
5.1(S) 

2. 
.1(5) 

4. 2. 32. 29. 89. 68. 53. 
• 2() .1() .6C) .6C) .O() .O() .O() 

2. 35. 4. 2. 29. 3. 9. 
.O( ) .O( ) .O( ) .O( ) .O( ) .3(5) 1.0(5) 

85. 64. 3. 58. 51. 4S. 10. 10. 6. 6. 
1.6( ) 1.0( ) .4( ) 1.1( ) .9( ) .7( ) .3( ) .3( ) .4( ) .5( ) 

2. o. 35 . 
.1( ) .1( ) .6( ) 

4S. 10. 6. 
.O( ) .O( ) .O( ) 

6. 
5.1(5) 

2. 
.1(5) 

3. 1. 30. 27. 85. 64. 51. 
• 2() .1() .S() .6() .O() .O() .O() 

2. 33. 3. 1. 27. 3. 9. 
.O( ) .O( ) .O( ) .O( ) .O( ) .3(5) .9(5) 

SO. 61. 3. 55. 48. 46. 10. 10. 6. 6. 
1.6( ) 1.0( ) .4( ) 1.0( ) .9( ) .7( ) .3( ) .3( ) .4( ) .5( ) 

2. O. 33 • 
.1( ) .1( ) .5( ) 

46. 10. 6. 
.O( ) .O( ) .O( ) 

6. 
5.1(5) 

2. 
.1(5) 

3. 1. 28. 26. 80. 61. 48. 
• 2() .1() .6() .6() .O() .O() .O() 

2. 31. 3. 1. 26. 3. 9. 
.O( ) .O( ) .O( ) .O( ) .O( ) .2(5) .9(5) 

76. 58. 3. ~. ~. ~. ~. ~. 6. 6. 
1.5( ) .9( ) .4( ) 1.0( ) .9( ) .7( ) .3( ) .3( ) .4( ) .5( ) 

2. O. 31 • 
.1() .O() .5() 

44. 10. 6. 
.O( ) .O( ) .O( ) 

6. 
5.0(5) 

2 • 
• 1(5) 

3. 1. 27. 24. 76. 58. 46. 
• 2() .1() .5() .6() .O() .O() .O() 

2. 29. 3. 1. 24. 3. 9. 
.O( ) .O( ) .O( ) .O( ) .O( ) .2(5) .9(5) 
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4 5. 72. 55. 3. ,-e 50. 44. 41. 
1.5(.) .9( ") A( ) 1;0() .9() ,.7( ) 

2. O. 29. 
"" 

2. 1. 25. 
.1(') .O() .5(- ) .2,( ) .1( > .5( ) 

41. 9. 6. 2. 28. 2. 
.OC) .OC) • DC) ;;O( ) AC) .OC) 

6. 2. 
5.0(5) .1(5) 

4 10. 68. 52. 2. 47. 42. 40. 
+.4,C) .9C ) .3( ) 1.0( ) • B( '); .6() 

2. O. 27. 2. 1. 24. 
.1C) .O( ) .5( ) .2() • 1( ) .50 

40. 9. 6. 2. 26. 2. 
,OC) .O( ) ,.00 .0(. ) .0C ) ,.OC) 

6. 1. 
5.0(5) .1(5) 

1 

**- PEAK FLOWS, STAGES AND STORAGES OF -GlirrERS AND DETENSIO;N' DAMS *** 

1 

CONVEYANCE PEAK 
ELEMENT (CFS) 

203 
i1 

106 
202 

10 
22 
,9 
31 

122 
105 
130 

21 
201 

30 
121 

,S 
120 
104 

20, 
7 

12 
6 

103 
5 

200 
102 

3 
4 
2 

101 
1, 

100 
99 

,,6., ' 
6. 

49. 
6.),~ 
6. 

42. 
f)., 

120. 
74. 
96. 

13S. 
69. 
19. 

136. 
8S. 
lS. 

222. 
252. 

m:' 
45. 

290. 
361. 
355. 
21., 

476; 
21. 

424. 
43S. 
510. 
430., 
499. " 
499. 

STAGE 
(FT) 

STORAGE TIME 
(AC-FT) (HR/MIN) 

".1. .9 
.2 

(DIRECT FLOW) 
.1 ' 5.3 
• 5 
.7 
• 4 

1.4 
(DIRECT FLOW) 
(DIRECT FLOW) 
(DIRECT FLOW) 
1.3 

.1 2.2 
1.4 
(DIRECT FLOW) 

.4 
(DIRECT FLOW) 
(DIRECT FLOW) 
1.6" 
2.0 
1.9 
2.0 
(DIRECT FLOW) 
2.7 

.1, _ 2.0 
(DIRECT FLOW) -
1.1 
3.1 
3.0 
(DIREg FLOW) 
3.S -
(DIRECT FLOW), 
(DIRECT FLOW) 

,0 50. 
1 25. 
o 45, 
3 ,0. 
3 '0 • 
1 10 • 
3 5. 
1 3'0. 
1 5. 
o 30. 
1 20. 
1 20. 
1 i5. 
1 25. 
1 15. 
1 3d. 
1 20. 
o 3D,. 
1 20. 
o 30. 
o 45. 
1 20. 
o 40. 
o 4~,. 
1 10. 
o 40. 
1 10, 
O~O. 
o 55. 
o 50. 
1 iii. 
1 i5. 
1 15. 

ENDPROGRAM PROGRAM CALLED 

o 
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9. 9. 6. 6. 
.3( ) .3( ) ,4( ) .5( ) 

23. 72. 55. 44. 
.5( ) .Oc) .OC) .O( ) 

1. 23. 
!-

2. 9. 
(.OC ) .O( ) .2CS) .9(5) 

9. 9. 6. 6 • 
.3( ) .3C ) ,4( ) .5( ) 

21. 6S. 52. 42 • 
.5( ) .• Oc ) .Oc ) .O( ) 

1. 21. 2. 9 . 
.O( ) • OC ) ,.2(5) .9(5) 



) 

APPENDIX C - UDSWM2 - 100 YR 

EXISTING CONDITIONS 

CAUTION STATEMENT 

The user is advised to use caution when using flow conveyance element (channels 
and pipes) peak flows and hydrographs given in this report. The UDSWM2-PC 
model assumes that all adjacent sub-basin flow enters the flow conveyance element 
at the sub-basin design point or the downstream end of the element. The flow 
conveyance element is simply routing the upstream incoming flow and ignoring the 
possibility that additional flow may be entering from the adjacent sub-basin. Due to 
this model limitation flow used for channel or pipe design should be increased 
appropriately using engineering judgment to reflect incoming sub-basin flow. 



2 1 1 2 
3 4 

WATERSHED 1 
ROBBINSDALE DRAINACE BASIN DESICN PLAN FMC INC. DECEMBER 1993 
EXISTINC HYDROLOCIC AND EXISTINC HYDRAULIC CONDITIONS 100 YR STORM 

50 00 5.0 1 
01 100 
02 101 
03 200 
04 102 
05 103 
06 104 
07 lOS 
OS 106 
09 203 
10 12 
20 121 
21 122 
22 22 
30 130 
31 31 

0 203 11 9 2 0.1 1. .01 .016 .1 
0 0 • 1 2. .4 3. .7 6 • 

1.3 7 2 S 2.S 11 3.7 U 
4.S 12 

0 11 106 1 20.0 1100 .024 10. 10. .075 10.0 
0 106 202 3 1. 
0 202 10 9 2 0.1 1. .01 .016 .1 

0 0 .2 1.0 1.1 4.0 2.S 5.0 
5.2 6.0 8.3 7.0 10.2 7.0 U.3 60. 

14.5 150.0 
0 10 9 2 3.5 300 .019 O. o. .016 3.5 
0 9 105 1 5.0 700 .033 3. 3. .050 5.0 
0 105 201 3 1. 
0 201 8 6 2 0.1 1. .1 .016 .1 

0 0 0.5 6. 2.4 20 4.6 28 
7.1 36 8.4 190. 

0 8 104 1 20.0 2800 .020 5. 5. .050 10.0 
0 104 7 3 1. 
0 7 6 1 25.0 200 .0100 3. 3. .050 10.0 
0 6 103 1 30.0 1350 .0085 3. 3. .050 10.0 
0 12 103 1 2.0 1300 .01 4. 4. .063 5.0 
0 103 5 3 1. 
0 5 102 1 20.0 1000 .008 4. 4. .050 10.0 
0 102 4 3 1. 
0 4 2 1 20.0 2300 .010 5. 5. .063 10.0 
0 200 3 4 2 0.1 1. 

0 0 1.2 14 2.8 28 4.8 85 
0 3 2 1 3.0 350 .020 3. 3. .050 5.0 
0 2 101 1 30.0 800 .016 3. 3. .088 10.0 
0 101 1 3 1. 
0 1 100 4 20.0 3700 .007 4. 4. .075 5.0 

50.0 3700 .007 20. 20. .063 10.0 
0 100 99 3 1. 
0 22 122 1 20.0 3750 .031 S. 5. .075 10.0 
0 122 21 3 1. 
0 21 121 1 15.0 2600 .012 4. 4. .063 5.0 
0 121 120 3 1. 
0 120 20 3 1. 
0 20 6 1 30.0 700 .010 S. s. .050 5.0 
0 31 130 1 20.0 3100 .017 3. 3. .063 10.0 
0 130 30 3 1. 
0 30 120 1 25. 1500 .010 3. 3. .050 10.0 

0 
32 

1 2 3 4 5 6 7 8 9 10 11 12 20 21 22 30 
31 100 101 102 103 104 105 106 120 121 U2 130 200 201 202 203 

ENDPROCRAMOO 
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1 

ENVIRONMENTAL PROTECTION AGENCY - STORM ~TER MANAGEMENT MODEL - VERSION PC.1 

DEVELOPED BY 

UPDATED BY 

METCALF + EDDY. INC. 

UNIVERSITY OF FLORIDA 

WATER RESOURCES ENGINEEERS. INC. (SEPTEMBER 1970) 

UNIVERSITY OF FLORIDA (JUNE 1973) 

HYDROLOGIC ENGINEERING CENTER. CORPS OF ENGINEERS 

MISSOURI RIVER DIVISION. CORPS OF ENGINEERS (SEPTEMBER 1974) 

BOYLE ENGINEERING CORPORATION (MARCH 1985 • JULY 1985) 
OTAPE OR DISK 'ASSIGNMENTS 

JIN(l) JIN(2) JIN(3) JIN(4) JIN(5) JIN(6) JIN(7) JIN(8) JIN(9) JIN(10) 
2 1 0 0 0 0 O. 0 0 0 

JOUT(l) JOUT(2) JOUT(3) JOUT(4) JOUT(5) JOUT(6) JOUT(7) JOUT(8) JOUT(9) JOUT(10) 
1 2 0 0 0 0 0 0 0 0 

NSCRAT(l) NSCRAT(2) NSCRAT(3) NSCRAT(4) NSCRAT(5) 
3 4 0 0 o . 

1 

WATERSHED PROGRAM CALLED 

••• ENTRY MADE TO RUNOFF MODEL ••• . , 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100YR STORM 

ONUMBER OF TIME STEPS 50 
OINTEGRATION TIME INTERVAL (MINUTES). 5.00 

25.0 PERCENT OF IMPERVIOUS AREA HAS ZERO DETENTION DEPTH 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

HYDROGRAPHS FROM CUHPE/PC ARE LISTED FOR THE FOLLOWING 15 SUBCATCHMENTS 

TIME(HR/MIN) 1 2 3 4 5 6 7 8 9 
20 21 22 30 31 

0 O. O. O. O. O. O. O. O. O. '0. 
O. O. O. o. O. 

0 5. O. O. O. O. O. O. O. O. O. 
O. O. o. o. O. 

0 10. 1. O. 2. 6. 1. 5. 3. O. 1. 
O. O. O. o. O. 

0 15. 7. 3. 7. 21. 7. 21. 8. 1. 3. 
O. O. o. O. O. 

0 20. 25. 9. 15. 45. 17. 49. 16. 2. 6. 
1. O. O. 1. 1. 

0 25. 66. 24. 37. 120. 41. 132. 65. 6. 29. 
1. 1. 1. 1. 3. 

0 30. 155. 106. 94. 315. 101. 364. 216. 37. 109. 
77. 34. 61. 107. 27. 

0 35. 287. 196. 138. 416. 143. 521. 212. 87. 96. 
144. 91. 153. 189. 87. 

0 40. 375. 231. 135. 370. 134. 491. 166. 123. 68. 
157. 132. 211. 20l. 170. 

0 45. 370. 233. 119. 303. 114. 416. 129. 138. 48. 
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L" 

-'! 

10 

00. 

O. 

O. 

O. 

O. 

17. 

93. 

142. 

147. 

137. 



o 50. 

o 55. 

1 O. 

1 5. 

1 10. 

1 15. 

1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 50. 

1 55. 

2 O. 

2 5. 

2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

2 50. 

2 55. 

3 O. 

3 5. 

3 10. 

3 15. 

3 20. 

152. 

334. 
139. 

293. 
124. 

254. 
111. 

222. 
101. 

194. 
86. 

165. 
71. 

134. 
57. 

108. 
44. 

86. 
35. 

70. 
28. 

57. 
18. 

44. 
11. 

37. 
8. 

33. 
5. 

30. 
3. 

27. 
2. 

22. 
O. 

15. 
O. 

11. 
O. 

8. 
O. 

6. 
O. 

4. 
O. 

3. 
O. 

2. 
O. 

1. 
O. 

O. 
o. 

o. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

o. 
o. 

147. 

228. 
149. 

215. 
147. 

200. 
142. 

187. 
136. 

170. 
127. 

150. 
116. 

131. 
104. 

113. 
92. 

97. 
81. 

84. 
71. 

72. 
63. 

63. 
56. 

55. 
49. 

48. 
44. 

42. 
39. 

36. 
34. 

31. 
30. 

25. 
27. 

17. 
23. 

12. 
21. 

9. 
18. 

7. 
12. 

5. 
8. 

4. 
5. 

3. 
4. 

2. 
3. 

O. 
2. 

o. 
O. 

O. 
o. 
o. 
O. 

o. 
o. 

226. 

103. 
225. 

88. 
217. 

75. 
203. 

66. 
191. 

55. 
175. 

42. 
156. 

29. 
136. 

21. 
117. 

16. 
100. 

12. 
86. 

10. 
74. 

9. 
63. 

8. 
54. 

7. 
46. 

7. 
40. 

5. 
34. 

4. 
29. 

3. 
25. 

2. 
22. 

O. 
18. 

O. 
12. 

O. 
8. 

O. 
5. 

O. 
4. 

O. 
3. 

O. 
2. 

O. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

189. 

245. 
170. 

196. 
149. 

161. 
132. 

140. 
119. 

110. 
99. 

80. 
79. 

56. 
62. 

38. 
47. 

29. 
36. 

23. 
28. 

19. 
17. 

17. 
11. 

16. 
8. 

15. 
5. 

15. 
3. 

11. 
2. 

7. 
O. 

4. 
O. 

3. 
O. 

2. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

O. 
o. 
O. 
O. 

o. 
o. 

258. 

95. 
338. 

78. 
400. 

65. 
442. 

55. 
466. 

41. 
475. 

29. 
471. 

22. 
459. 

16. 
445. 

12. 
428. 

10. 
407. 

8. 
385. 

7. 
363. 

7. 
341. 

6. 
319. 

6. 
299. 

5. 
281. 

3. 
264. 

2. 
247. 

O. 
232. 

O. 
218. 

O. 
204. 

O. 
192. 

O. 
180. 

O. 
169. 

O. 
159. 

O. 
149. 

O. 
140. 

O. 
131. 

O. 
123. 

O. 
116. 

O. 
109. 

347. 99. 138. 33. 124. 

285. 75. 137. 23. 109. 

237. 58. 138. 20. 97. 

206. 51. 135. 19. 88. 

167. 33. 130. 11. 74. 

127. 23. 121. 8. 61. 

95. 14. 111. 4. 48. 

68. 9. 101. 2. 38. 

48. 6. 92. o. 29. 

37. 4. 84. o. 18. 

30. 4. 76. o. 12. 

26. 4. 70. o. 8. 

23. 4. 63. o. 6. 

21. 4. 58. o. 4. 

20. 4. 53. o. 3. 

15. 2. 48. o. 1. 

10. o. 44. o. o. 

7. o. 40. o. o. 

4. o. 36. o. o. 

3. o. 33. o. o. 

2. o. 30. o. o. 

o. o. 27. o. o. 

o. o. 25. o. o. 

o. o. 23. o. o. 

o. o. 20. o. o. 

o. o. 18. o. o. 

o. o. 11. o. o. 

o. o. 8. o. o. 

o. o. 6. o. o. 

o. o. 4. o. o. 

o. o. 3. o. o. 
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3 25. O. O. o. o. O. :f~ o. O. 2. " O. O. 
O. O. O. O. 102. 

3 30. O. O. O. O. O. O. o. ,0. .0. O. 
o. O. O. O. 96. 

3 35. O. O. O. o. O. O. o. O. , O. O. 
O. O. O. O. 90. 

3 40. O. O. O. O. O. ' O. O. O. . O. O. 
O. O. O. O. 84. 

3 45. O. O. O. o. O. o. o. o. o. O. 
O. o. O. O. 79. 

3 SO. O. O. o. O. o. . ,. O. O. O. O. O. 
O. O. O. O. 74. 

3 55. O. O. O. o. o. o. O. O. O. o. 
O. O. O. O. 70. 

4 O. O. O. O. O. O. O. O. O. O. O. 
O. O. O. O. 66. 

4 5. O. O. o. O. o. O. .0. O. O. o. 
O. O. O. O. 62. 

4 10. O. O. O. O. O. O. o. O. O. O. 
o. O. O. O. 58. 

1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

WIDTH INVERT . SIDE SLbPES OVERBANK{SURCHARGE 
GUTTER GUTTER NDP NP OR DIAM LENGTH SLOPE HORIZ· TO VERT MANNING DEPTH JK 
NUMBER CONNECTION (FT) (FT) (FT{FT) L R N (FT) 

203 11 9 2 PIPE .1: 1. .0100 .0 .0 .016 .10 0 
RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 

.0 .0 .1 2;0 .4 3.0 .7 6.0 1.3 7.0 2.'0 8.0 
2.8 11.0 3.7 12.0 4.8 12.0 

11 106 a 1 CHANNEL 20.0 1100. .0240 10.0 10.0 .075 10.00 a 
lOS 202 a 3 .0 1. .0010 .0 .0 .001 10.00 a 
202 10 9 2 PIPE .1 1." .0100 .0 .0 .01S .10 a 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 ,.0 .2 1.0 L1 4.0 2.8 5.0 5.2 6.0 S.3 7.0 

10.2 7.0 12.3 60.0 14,5 150.0 
10 9 0 2 PIPE 3.5 300. .0190 .0 .0 .01S 3.50 a 

9 105 0 1 CHANNEL 5.0 700. .0330 3.0 3.0 .050 5.00 a 
105 201 0 3 .0 1. .0010 .0· .0 .001 10.00 a 
201 8 6 2 PIPE .1 1. .1000 .0 .0 .016 .10 a 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAYiOUTFLOW 
.0 .0 .5 S.O 2.4 20.0 4.6 2S.0 7.1 36.0 S.4 190.0 

S 104 0 1 CHANNEL 20.0 2S00. .0200 5.0 5.0 .050 10.00 0 
104 7 0 3 .0 1; .0010· .0 .0 .001 10.00 a 

7 6 0 1 CHANNEL 25.0 200. .0100 3.0 3.0 .050 10.00 0 
6 103 0 1 CHANNEL 30.0 1350. .0085 3.0 3.0 .050 10.00 0 

12 103 0 1 CHANNEL. 2.0 1300. .0100 4.0 4.0 .063 5.00 a 
103 5 a 3 .0 1. .0010' .0· .0 .001 10.00 0 

5 102 0 1 CHANNEL 20.0 1000. .OOSO 4.0 4.0 .050 10.00 a 
102 4 0 3 .0 1.· .0010 .0, .0 .001 10.00 0 

4 2 0 1 CHANNEL 20.0 2300. .0100 5.0 5.0 .OS3 10.00 a 
200 3 4 2 PIPE .1 1. .0010 .0 .0 .001 .10 a 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLOW 
.0 .0 1.2 14.0 2·.S 28.0 4.8 85.0 

3 2 0 1 CHANNEL 3.0 350. .0200 3.0 3.0 .050 5.00 0 
2 101 0 1 CHANNEL 30.0 800. .0160 3.0 3.0 .088 10.00 0 

101 1 a 3 .0. i 1. .0010 .0 .0 .001 10.00 0 
1 100 0 4 CHANNEL 20.0 3700. .0070 4.0 4.0 .075 5.00 0 

OVERFLOW 50.0 3700. .0070 20.0 20.0 .OS3 10.00 
100 99 0 3 .0' 1. .0010 .0 .0 .001 10.00 a 

22 122 a 1 CHANNEL 20.0 3750. .0310 5.0 5.0 .075 10.00 a 
122 21 0 3 .0 1. .0010 .0 .0 .001 10.00 a 

21 121 0 1 CHANNEL 15.0 2600. .0120 4.0 4.0 .063 5.00 a 
121 120 0 3 .0 1. .0010 .0 .0 .001 10.00 a 
120 20 0 3 .0 1. .0010 .0 .0 .001 10.00 0 

20 6 0 1 CHANNEL 30.0 700. .0100 5.0 5.0 .050 5.00 0 
31 130 0 1 CHANNEL 20.0 3100. .0170 3.0 3.0 .063 10.00 0 

130 30 0 3 .0 1-; .0010 .0 .0 .001 10.00 a 
30 120 0 1 CHANNEL 25.0 1500. .0100 3.0 3.0 .050 10.00 0 

OTOTAL NUMSER OF GUTTERS/PIPES, 32 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

ARRANGEMENT OF SUBCATCHMENTS AND GUTTERS/PIPES 

C-S2 
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ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

HYDROGRAPHS ARE LISTED FOR THE FOLLCWING 32 CONVEYANCE ELEMENTS 

THE UPPER NUMBER IS DISCHARGE IN CFS 
THE LOWER NUMBER IS ONE OF THE FOLLCWINC CASES: 

( ) DENOTES DEPTH ABOVE INVERT IN FEET 
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(S) DENOTES STORAGE IN AC-FT FOR DETENSION DAM. DISCHARGE INCLUDES SPILLWAY OUTFLOW. 
(I) DENOTES GUTTER INFLOW IN CFS FROM SPECIFIED INFLOW HYDROGRAPH 
(D) DENOTES DISCHARGE IN CFS DIVERTED FROM THIS CUTTER 
(0) DENOTES STORACE IN AC-FT FOR SURCHARGED GUTTER 
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D.A. CAC) 

o 1528.3 

o l4l5.0 

o 37.1 

o 1377.9 
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o 299.5 
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o 37.1 

o 167.7 

o l20.3 

o 20.5 
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6.3( ) 5.5( ) 1.7( ) 5.3( ) 5.0C ) 4.2C ) 1.4C ) .5C ) .4C ) .6( ) 

10. 63. 893. 297. 167. 529. 460. 1587. 1495. 1221. 
.3( ) 2.2C ) 3.5C ) 2.8( ) 1.5( ) 3.0C ) 3.0C ) .OC ) .OC ) .OC ) 
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.O( ) .O( :) .OC ) .O( ) .OC) ;O( ) .O( ) ;O() .4(5) 5.9(5) 

ll. 6. 
10.3(5) .9(5) 

4 10. 173. 142. 4. 134. <t22. 117. '33. 33. «< 10. '10. 
2:4( ) 1.6e) .5( ) 1.7( ) 1.5( ) 1~2( ) .6( ) .'6(j .5c) .7( ) 

6. O. 79. 4. 2, 73, 68. in. 142. 122. 
.2( j .O( ) .9( ) .2( ) .l() 1;0( ) 1.0( ) .O( )< .O( ) .O( ) 

ll7. 33. 10. 6. 76. 4. 2, 68. 4. 32. 
.O( :> .O( ) ;O( ) .OC ) .O( ) .O( :> .00 .O( )< .3(5) 5.S(S) 

10. 6. 
10.3(5) .8(5) 

1 
f., .. ,. 

ROBBINSDALE DRAINAGE BASiN DESIGN kAN 'fM(; INC. DECEMBER i993 
EXISTING HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

... PEAK FLCJ.oIS. STAGES AND STORAGES OF GUTTERS AND DETENSION DAMS ••• 

CONVEYANCE PEAK STAGE STORAGE TIME 
ELEMENT (CFS) (FT) (AC-FT) (HR/MIN) 

203 10. • 1 2.7 1 io • 
II 10. .3 1 25. 

106 146. (DIRECT FLCI.() 1 " 0; 
202 53. .1 12~0 2 '10. 

10 53. 1.7 2 10. 
22 <- 192. < 1.7" 1 «<5. 
9 53. 1.3 2 10. 

31 460. 3.0 1 20. 
122 331. (DIRECT FLCI.() 1 o. 
105 216. (DIRECT FLCI.() a 30. 
130 535. (DIRECT FLCI.() 1 10. 

21 314. 2.9 ,1 10. 
201 41. .1 7.1 2 50. 

30 533. 3.0 1 15. 
121 407. (DIRECT 'FLCI.() 1 5. 

8 39. .6 3 o. 
120 920. (DIRECT FLCI.() 1 10. 
104 524. (DIRECT FLCI.() a 35. 

20 917. 3.5 1 15. 
7 521. 3.0 0 35. 

12 134. 3.0 a 45. 
6 ll12. 4.3 1 10. 

103 1240. (DIRECT FLCI.() 1 10. 
5 1241. 5<.1 1 10. 

200 61. .1 4.0< 1 5. 
102 1381. (DIRECTFLCI.() 0 50. 

3 61. 1.7 1 10. 
4 1359. 5.4 1 5. 
2 1421. 5.6 1 10. 

101 1604. ~~;RECT FLfM), < 1 '5. 
1 1453. 1 2<0. 

100 1587. (DIRECT FLCI.() 1 20. 
99 1587. (DIRECT FLCI.() 1 20. 

1 

END PROGRAM PROGRAM CALLED 

o 
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APPENDIXD 

FUTURE LAND USE AND EXISTING HYDRAULIC CONDITIONS 

COMPUTER PRINTOUTS 

This appendix contains UDSWM2 computer printouts existing hydraulic conditions with 
fully developed future land use conditions. Only the 100 year run is included. 

Note: Computer printouts are dated Dec. 1993 rather than Dec. 1994 due to time lag 
between dates offinal analysis (Dec. 1993) and City approval (Dec. 1994). 

CAUTION STATEMENT 

The user is advised to use caution when using flow conveyance element (channels 
and pipes) peak flows and hydrographs given in this report. The UDSWM2-PC 
model assumes that all adjacent sub-basin flow enters the flow conveyance element 
at the sub-basin design point or the downstream end of the element. The flow 
conveyance element is simply routing the upstream incoming flow and ignoring the 
possibility that additional flow may be entering from the adjacent sub-basin. Due to 
this model limitation flow used for channel or pipe design should be increased 
appropriately using engineering judgment to reflect incoming sub-basin flow. 



2 1 1 2 
3 4 

WATERSHED 1 
ROBBINSDALE DRAlNACE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND EXISTINC HYDRAULIC CONDITIONS 100 YR STORM 

SO o 0 5.0 1 
01 100 
02 101 
03 200 
04 102 
OS 103 
06 104 
07 105 
08 106 
09 203 
10 12 
20 121 
21 122 
22 22 
30 130 
31 31 

0 203 11 9 2 0.1 1. .01 .016 .1 
0 0 • 1 2. .4 3. .7 6 • 

1.3 7 2 8 2.8 11 3.7 12 
4.8 12 

0 11 106 1 20.0 1100 .024 10. 10. .075 10.0 
0 106 202 3 1. 
0 202 10 9 2 0.1 1. .01 .016 .1 

0 0 .2 1.0 1.1 4.0 2.8 5.0 
5.2 6.0 8.3 7.0 10.2 7.0 U.3 60. 

14.5 150.0 
0 10 9 2 3.5 300 .019 o. o. .016 3.5 
0 9 105 1 5.0 700 .033 3. 3. .050 5.0 
0 105 201 3 1. 
0 201 8 6 2 0.1 1. .1 .016 .1 

0 0 0.5 6. 2.4 20 4.6 28 
7.1 36 8.4 190. 

0 8 104 1 20.0 2800 .020 5. 5. .050 10.0 
0 104 7 3 1. 
0 7 6 1 25.0 200 .0100 3. 3. .050 10.0 
0 6 103 1 30.0 1350 .0085 3. 3. .050 10.0 
0 12 103 1 2.0 1300 .01 4. 4. .063 5.0 
0 103 5 3 l. 
0 5 102 1 20.0 1000 .008 4. 4. .050 10.0 
0 102 4 3 1. 
0 4 2 1 20.0 2300 .010 S. S. .063 10.0 
0 200 3 4 2 0.1 1. 

0 0 1.2 14 2.8 28 4.S 85 
0 3 2 1 3.0 350 .020 3. 3. .050 5.0 
0 2 101 1 30.0 SOO .016 3. 3. .OS8 10.0 
0 101 1 3 1. 
0 1 100 4 20.0 3700 .007 4. 4 • .075 5.0 

50.0 3700 • 007 20. 20. .063 10.0 
0 100 99 3 1. 
0 22 122 1 20.0 3750 .031 5. 5. .075 10.0 
a 122 21 3 1. 
a 21 121 1 15.0 2600 .012 4. 4. .063 5.0 
a 121 120 3 1. 
0 120 20 3 l. 
0 20 6 1 30.0 700 .010 5. 5. .050 5.0 
0 31 130 1 20.0 3100 .017 3. 3. .063 10.0 
0 130 30 3 1. 
0 30 120 1 25. 1500 .010 3. 3. .050 10.0 

0 
32 

1 2 4 5 6 7 S 9 10 11 12 20 21 22 30 
31 100 101 102 103 104 105 106 UO 121 122 130 200 201 202 203 

ENDPROGRAMOO 
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1 

ENVIRONMENTAL PROTECTION AGENCY - STORM ~TER MANAGEMENT MODEL - VERSION PC.l 

DEVELOPED BY 

UPDATED BY 

METCALF + EDDY, INC. 

UNIVERSITY OF FLORIDA 

~TER RESOURCES ENGINEEERS, INC. (SEPTEMBER 1970) 

UNIVERSITY OF FLORIDA (JUNE 1973) 

HYDROLOGIC ENGINEERING CENTER, CORPS OF ENGINEERS 

MISSOURI RIVER DIVISION, CORPS OF ENGINEERS (SEPTEMBER 1974) 

BOYLE ENGINEERING CORPORATION (MARCH 1985, JULY 1985) 
OTAPE OR DISK ASSIGNMENTS 

JIN(l) JIN(2) JIN(3) JIN(4) JIN(5) JIN(6) JIN(7) JIN(8) JIN(9) JIN(10) 
2 1 0 0 0 0 0 ;0 0 0 

JOUT(l) JOUT(2) JOUT(3) JOUT(4) JOUT(5) JOUT(6) JOUT(7) JOUT(8) JOUT(9) J OUT (10) 
1 2 0 0 0 0 0 0 0 0 

NSCRAT(l) NSCRAT(2Y , NSCRAT(3) NSCRAT(4) NSCRATCi) 
3 4 0 0 o < ." 

1 

~TERSHED PROGRAM CALLED 

*** ENTRY MADE TO RUNOFF MODEL *** 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMc INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

ONUMBER OF TIME STEPS 50 
OINTEGRATION TIME INTERVAL (MINUTES), 5.00 

25.0 PERCENT OF IMPERVIOUS AREA HAS ZERO DETENTION DEPTH 
1 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

HYDROGRAPHS FROM CUHPE/PC ARE LISTED FOR THE FOLLOWING 15 SUBCATCHMENTS 

TIME(HR/MIN) 1 2 3 4 5 6 7 8 9 
20 21 22 30 31 

0 o. O. O. o. O. p. o. o. o. O. 
O. O. o. o. O. 

0 5. O. O. O. O. o. o. O. o. o. 
O. O. O. o. O. 

0 10. 1. 1. 2. 6. 3. 5. 5. l. 2. 
l. 2. 1. l. 1. 

0 15. 12. 11. 7. 21. 12. 25. 15. 3. 4. 
8. 9. 4. 9. 3. 

0 20. 54. 32. 15. 45. 26. 58. 29. 7. 8. 
26. 22. 11. 27. 11. 

0 25. 130. 73. 37. 120. 62. 144. 78. 16. 33. 
6l. 49. 27. 68. 29. 

0 30. 259. 211. 94. 315. 145. 380. 218. 66. 114. 
145. 164. 137. 185. 103. 

0 35. 437. 357. 138. 416. 169. 564. 229. 130. 98. 
246. 265. 246. 286. 240. 

0 40. 512. 377. 135. 370. 141. 526. 182. 167. 68. 
259. 283. 280. 285. 396. 

0 45. 457. 343. 119. 303. 109. 434. 140. 174. 49. 
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10 

o. 

O. 

2. 

9. 

20. 

50. 

129. 

193. 

192. 

171. 



o 50. 

o 55. 

1 O. 

1 5. 

1 10. 

1 15. 

1 20. 

1 25. 

1 30. 

1 35. 

1 40. 

1 45. 

1 50. 

1 55. 

2 O. 

2 5. 

2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

2 50. 

2 55. 

3 O. 

3 5. 

3 10. 

3 15. 

3 20. 

230. 

378. 
197. 

310. 
166. 

254. 
139. 

214. 
Ul. 

184. 
103. 

150. 
81. 

ll7. 
62. 

88. 
44. 

68. 
33. 

56. 
26. 

49. 
22. 

45. 
19. 

43. 
17. 

41. 
16. 

40. 
15. 

38. 
13. 

28. 
9. 

18. 
6. 

11. 
4. 

7. 
3. 

4. 
2. 

2. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

265. 

300. 
239. 

257. 
2ll. 

221. 
187. 

195. 
168. 

166. 
145. 

133. 
120. 

105. 
97. 

81. 
78. 

62. 
63. 

45. 
51. 

35. 
41. 

29. 
30. 

25. 
24. 

22. 
20. 

20. 
17. 

17. 
14. 

12. 
10. 

8. 
7. 

6. 
5. 

4. 
4. 

3. 
3. 

2. 
2. 

O. 
1. 

o. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

O. 
O. 

O. 
O. 

o. 
O. 

o. 
O. 

282. 

103. 
271. 

88. 
250. 

75. 
230. 

66. 
214. 

55. 
191. 

42. 
166. 

29. 
142. 

21. 
120. 

16. 
101. 

12. 
86. 

10. 
73. 

9. 
62. 

8. 
53. 

7. 
46. 

7. 
39. 

5. 
33. 

4. 
27. 

3. 
18. 

2. 
B. 

O. 
9. 

O. 
7. 

O. 
5. 

O. 
4. 

O. 
3. 

O. 
2. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. 
o. 

O. 
O. 

250. 

245. 
215. 

196. 
182. 

161. 
155. 

140. 
136. 

llO. 
ll3. 

80. 
89. 

56. 
69. 

38. 
51. 

29. 
36. 

23. 
27. 

19. 
22. 

17. 
19. 

16. 
16. 

15. 
15. 

15. 
14. 

ll. 
ll. 

7. 
8. 

4. 
5. 

3. 
4. 

2. 
2. 

O. 
2. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
O. 

O. 
o. 

O. 
o. 

529. 

84. 
619. 

63. 
665. 

-48. 
677. 

42. 
671. 

32. 
659. , 

23. 
638. 

16. 
609. 

U. 
573. 

9. 
532. 

8. 
491. 

7. 
453. 

7. 
4lB. 

7. 
387. 

7. 
358. 

7. 
332. 

5. 
307. 

2. 
283. 

O. 
261. 

O. 
240. 

O. 
220. 

O. 
202. 

O. 
lB5. 

O. 
170. 

O. 
156. 

O. 
143. 

O. 
131. 

O. 
UO. 

O. 
llO. 

O. 
101. 

O. 
93. 

O. 
85. 

353. 108. 174. 33. 149. 

284. 81. 171. 24. 128. 

233. 63. 164. 21. llO. 

201. 55. 156. 20. 97. 

163. 39. 146. 11. 82. 

121. 28. 133. 8. 65. 

89. lB. ll9. 4. 50. 

60. 12. 107. 2. 34. 

44. 9. 95. 2. 25. 

35. 8. 85. 2. 19. 

29. 7. 75. 2. 15. 

26. 7. 67. 2. 13. 

24. 7. 60. 2. ll. 

23. 7. 54. 2. 10. 

22. 7. 49. 2. 9. 

18. 4. 44. O. 8. 

11. 2. 39. o. s. 

7. O. 34. o. 4. 

4. o. 30. O. 3. 

3. o. 26. o. 2. 

2. o. 22. o. o. 

o. o. 15. o. o. 

o. o. 10. O. o. 

O. O. 8. O. o. 

o. o. 6. O. O. 

O. O. 4. O. o. 

o. O. 3. O. O. 

o. o. 2. O. O. 

o. O. o. O. O. 

o. o. o. O. O. 

O. o. o. O. O. 
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1 

3 25. 

3.0. 

35. 

4.0. 

45. 

5.0. 

55. 

4 C. 

4 5. 

4 1.0. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

O. 
O. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
O. 

C. 
C. 

C. 
C. 

C. 
C. 

C. 
O. 

C. 
C. 

C. 
C. 

C. 
C. 

O. 
C. 

o. 
O. 

O. 
O. 

C. 
78. 

C. 
71. 

O. 
66. 

C. 
6.0. 

C. 
55. 

C. 
51. 

C. 
46. 

C. 
43. 

C. 
39. 

C. 
36. 

C. 

C. 

C. 

C. 

{":, 

tJ O. 

C. 

C. 

C. 

C. 

C. 

RCBBINSDALE' 'o'RAINAGE BASIN DESIG~" PLAN ' FMc INC. DECEMBER 11193 
FUTURE HYDROLOGIC AND EXISTING HYDRAULIC CONDITIONS 1.0.0 YR STORM 

WIDTH 
NDP NP 

O. " O. 

O. o. 

O. O. o. 

O. O. O. 

O. C. o. 

O. C. O. 

C. O. o. 

C. O. o. 

C. O. o. 

O. O. o. 

INVERT 
GUTTER 
NUMBER 

GUTTER 
CONNECTION 

OR D~~, 
(FT) 

LENc:;Til SLOPE 
(FT) (FT /FT) 

SIDE, SLOPES 
HCRIZTO VERT 

L R 

203 

11 
106 
202 

1.0 
9 

105 
201 

8 
104 

7 
6 

12 
103 

5 
102 

4 
200 

3 
2 

101 
1 

11 

1.06 
2.02 

10 

9 
105 
201 

8 

104 
7 
6 

103 
103 

5 
102 

4 
2 
3 

2 
1.01 

1 
100 

9 2 PIPE ,.1~. 
RESERVOIR STCRAGE IN ACRE-FEET VS SPILLWAY OUTFLC\oI 

.0,; .0 .1 ;t.O,4 3.0 
2.8 11.0 3.7 12.0 4,8 12.0 
o 1 CHANNEL 20.0 110.0. 
o 3 .0 1,.' 
9 2 PIPE ,i 10 

RESERVOIR STORAGE IN ACRE-FEET VS SPILLWAY OUTFLC\oI 
.0 .0 .2 1.0 1, .. 1 4'0 

10.2 7.0 12.3 60.0 14.5 150.0, 
o 2 PIPE 3.5 30b: 
o 1 CHANNEL 5.0 700. 
o 3 .0 1. 
6 2 PIPE .1 1. 

RESERVCIR STORAGE IN ACRE-FEET ys SPILLWAY,OUTFLC\oI , 
.0 .0 .5 6.0 2.4 20.0 
o 1 CHANNEL 20.0 2800. 
o 3 .0 1. 
.0 1 CHANNEL' 25'.'0 20P:. 
o 1 CHANNEL 30.0 1350. 
o 1 CHANNEL, 2.9 1300. 
o 3 ~ L 
o 1 CHANNEL 20.0 1000. 
o 3 •• 9 ,1,. 
o 1 CHANNEL' 20.Q 2300_ 
4 2 PIPE .1 1. 

RESERVOIR STORAGE IN ACRE-FEET V5 SPILLWAY OUTFLC\oI 
" .0 '.0 1.2 14'.0 2.13, 28.,Q, 

o 1 CHANNEL 3.0 350. 
o 1 CHANNEL, 30',0 80p. 
o 3 '0 ,1. 
o 4 CHANNEL 20.0 3700. 

OVER~l:C\oI 50.0 3700. 
100 99 0 3 

1 
3 
1 
3 
3 
1 
1 
3 
1 

.0 1. 
22 122 0 

122 21 0 
21 ' 121 0 

U1 UO 0 
120 20 0 

20 6 0 
31 130 .0 

130 30 0 
30 120 0 

OTOTAL NUMBER OF GUTTERS/PIPES, 32 
1 

CHANNEL 

CHANNEL 

CHANNEL 
CHANNEL 

CHANNEL 

20.0 3750'. 
.0 1. 

15.0 2600. 
.0 i. 
,0 ,1;. 

3Q.O, 70,Q. 
20.0 3100. 

.0 1. 
25.0 lsQO. 

RCBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOGIC AND' EXISTING "HYDRAULIC CONDITIONS 100 YR' STORM 

ARRANGEMENT OF SUBCATCHMENTS AND GUTTERS/PIPES 

D-4 

.0100 

.7 

.0240 

.0010 

.010.0 

2.8 

.0190 

.0330 

.0010 

.1000 

4.6 
.0200 
.0010 
.0100 
.0085 
.0100 
.00,10 
.008.0 
.00,1,0 
.0199 
.0010 

4.,1\, 
.0200 
.0:1,6.9 
.0010 
.0070 
.0070 
• .00'10 
..0310 
.0010 
.0120 
.0010 
.0010 
.oicio 
.oiio 
.0010 
.0160 

.0.:". .0 

6.0 1.3 

10.0 10.0 
.9 .0 
• .0 .0 

5.0 

.0 
3.0, 

.0 

.0 

28.0 
5.0 

.0, 
3.0 
3.0 
4.0, 

.0 
4.0 

.9,', 
5.,0,; 

.0 

85.0 
3.0 
3,0 

.0 
4.0 

20.0 
.0 

5.0 
.,0 

4 • .0, 
.0 
.0' 

5:6 
3.0 

.0 
3.0 

5.2 

.0 
3.0 

.0 

.0 

7.1 
5.0 

.0 
3.0 
3.0 
4.0 

.0 
4.0 

.0 
5.0 

..0 

3.0 
3.0 

.0 
4.0 

20.0 
.0 

5.0 
.0 

4.0 
.0 
.0 

5.0 
3.0 

.0 
3.0 

, O. 

o. 

~ C. 

o. 

O. 

o. 

o. 

o. 

C. 

1,( o. 

.oVERBANK/SURCHARGE 
MANNING DEPTH JK 

N (FT) 

.016 

, 7 • .0 

.075 

.001 ,,, 
• .016 

6.0 

.016 

.050 

.001 

.016 

36.0 
.05.0 
.001 
.050 
.050 
.063 
.001 
.050 
.001 
.063 
.0.01 

.050 
• .088 
.001 
.075 
.063 
.001 
.075 
.001 
.063 
• .0.01 
.001 
• .050 
• .063 
.0.01 
.050 

.1.0 

2.,0 8.0 

10.00 
10.00 

.10 

8.3 7.0 

3.50 
,5.00 
10.00 

.10 

8.4 190.0 
10.00 
10.00 
10.00 
10.00 
,5.00 

10.00 
10.00 
10.00 
10.00 

.10 

5.00 
10.00 
io.oo 

5.00 
1.0.00 
io.oo 
10.00 
10.00 

5.00 
10.00 
1.0.00 

5.00 
1.0.00 
10 • .00 
1.0.00 

.0 

.0 
o 
o 

.0 

.0 
o 
o 

o 
.0 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
.0 

.0 

.0 
o 
o 
o 
o 
o 
o 
o 
o 



I 

/ 

1 

GUTTER 

1 

4 

6 

7 

8 

9 

10 

11 

12 

20 

21 

22 

30 

31 

100 

101 

102 

103 

104 

105 

106 

120 

121 

122 

130 

200 

201 

202 

203 

TRIBUTARY GUTTER/PIPE 

101 

4 

200 

102 

103 

o 

3 

o 

o 

o 

o 

o 

7 20 

o 

o 

o 
o 

104 

201 

10 

202 

203 

o 
120 

122 

o 

130 

o 

1 

2 

o 0 

o 0 

o 0 

o 0 

o 0 

o '0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 

o 

o 

o 

o 

o 

6 12 o 
8 

9 

11 

o 

o 
o 

121 30 

21 0 

22 0 

31 0 

o 0 

105 0 

106 0 

o 0 

o 

o 

o 
o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 
o 
o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 
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o 
o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

ROBBINSDALE DRAINAGE BASIN DESIGN PLAN FMC INC. DECEMBER 1993 
FUTURE HYDROLOCIC AND EXISTING HYDRAULIC CONDITIONS 100 YR STORM 

HYDROCRAPHS ARE LISTED FOR THE FOLLOWING 32 CONVEYANCE ELEMENTS 

THE UPPER NUMBER IS DISCHARGE IN CFS 
THE LOWER NUMBER IS ONE OF THE FOLLOWING CASES: 

( ) DENOTES DEPTH ABOVE INVERT IN FEET 

TRIBUTARY SUBAREA 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

10 

o 

o 

22 

o 

31 

1 

2 

4 

6 

7 

8 

o 

20 

21 

30 

3 

o 

o 

9 

o 

o 

o 
o 

o 
o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 
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o 
o 

o 
o 
o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

(S) DENOTES STORAGE IN AC-FT FOR DETENSION DAM. DISCHARGE INCLUDES SPILLWAY OUTFLOW. 
(I) DENOTES GUTTER INFLOW IN CFS FROM SPECIFIED INFLOW HYDROCRAPH 
CD) DENOTES DISCHARGE IN CFS DIVERTED FROM THIS GUTTER 
(0) DENOTES STORAGE IN AC-FT FOR SURCHARGED GUTTER 

TIME(HR/MIN) 1 
11 

103 
202 

o 5. O. 
.OC ) 

o. 
.OC ) 

2 
12 

104 
203 

O. 
.OC ) 

O. 
.OC ) 

3 
20 

105 

O. 
.OC ) 

O. 
.OC ) 

4 
21 

106 

O. 
.OC ) 

O. 
.OC ) 

5 
22 

120 

O. 
.OC ) 

O. 
.OC ) 

6 
30 

121 

O. 
.OC ) 

O. 
.OC ) 

D-5 

7 
31 

122 

O. 
.OC ) 

O. 
.OC ) 

8 
100 
130 

o. 
.O( ) 

O. 
.OC ) 

9 
101 
200 

o. 
.OC) 

O. 
.OC ) 

o 

o 

o 

o 

o 
o 
o 

o 
o 

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

10 
102 
201 

O. 
.OC ) 

O. 
.OC ) 

o 
o 

o 
o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 
o 
o 

o 
o 

o 
o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 
o 
o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

D.A. CAC) 

o 1528.3 

o 1415.0 

o 37.1 

o 1377.9 

o 1283.2 

o 1194.9 

o 299.5 

o 167.7 

o 120.3 

o 120.3 

o 20.5 

o 54.4 

o 895.4 

o 227.8 

o 130.6 

o 600.3 

o 520.3 

o 1638.4 

o 1528.3 

o 1377.9 

o 1283.2 

o 299.5 

o 167.7 

o 120.3 

o 895.4 

o 295.0 

o 227.8 

o 600.3 

o 37.1 

o 167.7 

o 120.3 

o 20.5 



[. \, L ) 0 L10. 

,0 15. 

,,0 '20. r) 

Ii 

o 

') 0 25. 8 

o 30. 

o 35. 

o 40. 

o ~5. 

o. O. ,,:, O. O. o. O. 0:; '" ",0." o. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .0(5) .0(5) 

O. o. 
'.0(5) () .0(5) 

O. 1..0. ( 
.0C) .O( ) 

0., 
.0C) 

O. ,,0., ',0. 2. 
.O( ) .O( ) .O( ) .1( ) 

O. ,,0. 
.O( ) .O( ) 

o. 
.O( ) 

('0. 

:, .O() 

,"I :j 

O. 
• 1(:) 

o. 
.OC,) 

O. o. o. o. 
.O( ) .OU .00 (.O() 

1 . 
J .O( ) 

1. 6. 
.O(),: .O( ,) 

,3. 
.O( ) 

,,5. 
, .O( ) 

5. 
.O( ) 

1. , 1. (,1. 2. 
.O( ) .O( ) .0.( ) .O( ) 

1. 
.O( ) 

'0,. o. 
.0(5) .0(5) 

O. o . 
• 0(5) ,.0(5) 

,po -0. ,0. 1. 2. 1.', 17. o. O. o • 
• O() ".O( ) .1( ) .1( ) .1( ) .1() .4( ) .O( ) .O( ) .1( ) 

O. 1. 1. O. o. O. 0. 12. 11. 23. 
,.OU ,.4() .1(, ) .O( ) .O( ) .OC) .OC) , .O() .O()', .O( ): 

14. 25. *5. (, 
, .O() '.O() .O( ) 
r, c () 
O. o. 

G .0(5) .om 
nl. c1. C ,,1. .,. 

.1( ) .1( ) .2( ) 

3. B. 8., 9. 9. o. 
.O( ) .O( ) .O( ) .O( ) .O( ) .0(5) 

7.,13. 'j ~2.: 51. ;:0. v '0. 
.3() .4() .3() .8() .O() .O() 

1. 
.1(5) 

O. , 
.1( ) 

1I 
O. 5. 10. 

.1 

4. '0. 55. 33. 58. 2. o. 
; .0(') .B(:;) .3( :) 

,,3. , ~B., 29., 
.O( ) .O() - .0C) 

('0. 1. 
(! .O(?) (1 .1(?) 

.2e) .00 .2e ) .OC) .0(:,), .OC) .O() 

7. ,32. ,28. 22.; 27. ,:1." 
.O( ) .oe) - .O() .on· .O( ) .1(5) 

(I 

3. 
.2(5) 

,,5. ,:,B.;" 2. 37. ,63... ,63... 12B.:; ;;0. ,0. 
O' .3() .3( ) .3( ) .B( ) 1.1( ) .B( ) 1.3( ) .O( ) , .O( ) 

O. :> 
.2( ) 

'0. lB. 46. 7. 2. 19. 2. 135. ih. 183. 
.OC ) 1.3(,,) .7e) .4( ) .1e ) .4( ) .1e) .O( ) .OU .0(;), 

1,,3. (144. 78. 16. ,88. .,S8. ,50. lO. '3. 6. ,,!:; 
.O() '.oC) .O( ) .O( ) .O( ) .O() , .0C) .O() , .3(5) .6(5) 

1. 
.1(5) 

2. 
.2G;) 

27., 69. ,6." 166. 258. 258. 318. ',1. 
.ge ) 1.0C ) .6e ) 1.ge ) 2.3e ) 1.9( ) 2.4( ) .1( ) 

O. , 1. 
.1e ) .3( ) 

1. 55. 167. 35. 14. BO. 13. 286. 280. 573 . 
• 1( ) 2.1( »)1.4( ) .9( ) .4( ) 1.0e) .4() .OC) .O( ) .O( ) ( 

458. 381. 219., 66. 260. 181.; 177... 199. 
, .O() .O( ) .oe ) .Oe) , .00 .oe ) .Oe) , .O() 

8. 13. 
.7(S) 1.5(5) 

2. 6 • 
• 4(5) ;. 7(~) 

113. 310. 13. 499. 702. 6B2. 562 •. 4. 2. 4. 
1.9( ) 2.4( ) .8( ) 3.3( ) 3.9( ) 3.3( ) 3.1( ) .2( ) .2e ) .4( ) 

2. 119. 438. 113. ,5~." !, 209. ,58. 550. 667."ll.1!., 
.1( ) 2.9( ) 2.4( ) 1.7e) .S( )' 1.8()"" .9() '.O() .O( ) .oe) 

971. 568. 231. 133. 568. 359. 323. 344. 16. 22 • 
• O( ) .OC ) .O( ) .O( ),.O( ) .O( ) .OC ) .OC) 1.4(5) 2.9(5) 

4. 
1.1(5) 

7. 
1.4(5) 

317. 783. 21. 994. 1233. li20. 544. 
3.3() 4.1() 1.Ie) 407( ) 5;.1( ), 40'3() 3,O( ) 

8. 
.2( ) 

4. 5. 
.3( ) .5( ) 

4. 168. 749. 221. 123. 351. 158. 829. 1159. 1603 • 
• 2( ) 3.3( ) 3.1( ) 2;4(), 1.3() ,2.4( )l,7( ) .O( ) .O( ) .O( ) 

1429. 534. 186. 171. 831. 480. 406. 443. 23." 27 • 
• O( ) .O( ), .O( ) .O( ) .O( ) .O( ) .O( ), .O( ) 2.2(5) 4.i(5) 

5. 
2.1(5) 

8. 
1.9(5) 

652. 1314. 29'" 1461. 1568., 1353.", 45~. 13. 
4.7( ) 5.4() 1.2( ) 5.6() 5.B( ) 4.8( ) 2.8( ) .3( ) 

6. 96~. , 177· 318. ' 180. 470.'" '. ' 
298. 1109. 

D-6 

5. 5. 
.3( ) .5( ) 

1657. 1871. 



o 50. 

o 55. 

1 O. 

1 5. 

1 10. 

1 15. 

1 20. 

1 25. 

.2( ) 3.4( ) 3.6( ) 2.9( ) 1.6( ) 2.8( ) 2.4( ) .O( ) .O( ) .O( ) 

1639. 447. 145. 180. 1018. 548. 445. 548. 31. 30 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.9(5) 5.1(5) 

5. 
3.3(5) 

9. 
2.2(5) 

980. 1700. 41. 1752. 1689. 1462. 379. 19. 
5.5( ) 6.2( ) 1.5( ) 6.1( ) 6.0( ) 5.0( ) 2.5( ) .4( ) 

5. 6. 
.4( ) .5( ) 

7. 165. 1123. 384. 217. 582. 438. 1358. 2000. 1934 • 
• 3( ) 3.3( ) 3.9( ) 3.2( ) 1.8( ) 3.2( ) 2.9( ) .O( ) .O( ) .O( ) 

1711. 372. 113. 181. 1163. 581. 456. S53. 45. 32 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 3.4(5) 5.8(5) 

6. 10. 
4.5(5) 2.4(5) 

1299. 1891. 53. 1871. 1729. 1527. 313. 23. 6. 6. 
6.1( ) 6.5( ) 1.6( ) 6.3( ) 6.0( ) 5.1( ) 2.2( ) .4( ) .4( ) .S( ) 

8. 147. 1237. 418. 234. 678. 548. 1609. 2148. 1925 • 
• 3( ) 3.1( ) 4.1{ ) 3.3( ) 1.8( ) 3.4( ) 3.3( ) .O( ) .O( ) .O( ) 

1737. 307. 87. 179. U62. 584. 445. 730. 54. 33 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 3.7(5) 6.3(5) 

6. 10. 
5.7(5) 2.6(5) 

1565. 1951. 58. 1898. 1737. 1557. 264. 27. 6. 7. 
6.4( ) 6.6( ) 1.7( ) 6.3( ) 6.0( ) 5.2( ) 2.0( ) .5( ) .4( ) .6( ) 

9. 128. 1299. 426. 236. 743. 616. 1819. 2172. 1898 • 
• 3( ) 2.9( ) 4.2( ) 3.4( ) 1.9( ) 3.6( ) 3.5( ) .O( ) .O( ) .O( ) 

1734. 259. 69. 173. 1309. 566. 423. 771. 59. 34 . 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 3.9(5) 6.6(5) 

7. 10. 
6.8(5) 2.7(5) 

1755. 1951. 61. 1885. 1719. 1555. 232. 29. 7. 7. 
6.7( ) 6.6( ) 1.7( ) 6.3( ) 6.0( ) 5.2( ) 1.9( ) .5( ) .4( ) .6( ) 

10. 112. 1315. 418. 231. 775. 649. 1969. 2146. 1859 . 
• 3( ) 2.8( ) 4.2( ) 3.3( ) 1.8e ) 3.7( ) 3.6( ) .O( ) .O( ) .O( ) 

1709. 230. 62. 166. 1313. 539. 398. 785. 61. 35 • 
. O( ) .O( ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) 4.0(5) 6.8(5) 

7. 11. 
7.9(5) 2.7(5) 

1872. 1919. 61. 1842. 1673. 1518. 200. 31. 7. 7. 
6.8( ) 6.6( ) 1.7( ) 6.2( ) 5.9( ) 5.1( ) 1.7( ) .5( ) .4( ) .6( ) 

10. 98. 1291. 399. 219. 778. 658. 2056. 2084. 1783 • 
. 3( ) 2.6( ) 4.2( ) 3.3( ) 1.8( ) 3.7( ) 3.6( ) .O( ) .O( ) .O( ) 

1648. 194. 45. 156. 1280. 502. 364. 772. 61. 35 . 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 4.0(5) 6.9(5) 

7. 11. 
9.0(5) 2.8(5) 

1925. 1851. 59. 1763. 1587. 1440. 159. 33. 7. 7. 
6.9( ) 6.4( ) 1.7( ) 6.1( ) 5.8( ) 5.0( ) 1.5( ) .6( ) .4( ) .6( ) 

10. 83. 1232. 371. 204. 759. 653. 2076. 1984. 1667 • 
• 3( ) 2.5( ) 4.1( ) 3.1( ) 1.7( ) 3.6( ) 3.6( ) .O( ) .O( ) .O( ) 

1546. 154. 35. 143. 1211. 452. 323. 742. 59. 36 • 
• O( ) .O( ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) 3.9(5) 7.0(5) 

7. 11. 
10.0(5) 2.7(5) 

1923. 1748. 56. 1652. 1469. 1333. 126. 34. 13. 20. 
6.9( ) 6.3( ) 1.7( ) 5.9( ) 5.6( ) 4.8( ) 1.3( ) .6( ) .6( ) 1.0( ) 

11. 67. 1151. 337. 185. 727. 636. 2040. 1853. 1524 • 
• 3( ) 2.3( ) 3.9( ) 3.0( ) 1.6( ) 3.6( ) 3.6( ) .O( ) .O( ) .O( ) 

1417. U2. 31. 130. 1126. 399. 282. 705. 55. 36 • 
• O( ) .O( ) .O( ) .O( ) .OC ) .OC ) .O( ) .O( ) 3.7(5) 6.9(5) 

23. 11. 
10.8(5) 2.7(5) 

1874. 1617. 51. 1519. 1337. 1219. 99. 34. 30. 39. 
6.8( ) 6.0( ) 1.6( ) 5.7( ) 5.3( ) 4.5( ) 1.2( ) .6( ) .9( ) 1.4( ) 

D-7 



1 30. 

1 

11. 53. '0 1060. 300.,~ " 165"' 688. 611. :1962.-' 1698. 1375 • 
• 3( :> 2.0( ) 3.8( ) 2.8( ) 1.5e ) 3.5( ) 3.5( ) .ot ) .O( ) .O( ) 

1283., 95. ,43. 117. 1032. 344.", 243" 662. 49. 36 • 
• oe ) .O( ) .O( ) .oe ) .O( ) .O( ) .O( ) .O( ) 3.6(5) 7.0(5) 

39. 10. 
11.5(5) 2.7(5) 

1791., 1476. 45. ,1381. ,1207. '(,,1106. 81. 35." 46." 49. 
6.7( ~ 5.7( ) 1.5( ) 5.5( ) 5.1e ) 4.3e ) 1.0( ) .6( ) 1.2( ) 1.6( ) 

10. 40. '968. ,264. '145" 644. 578. 1859. 1538. 1236 • 
• 3( ) 1.8( ) 3.6( :l 2;7( ) 1.4( ) 3.3( ) 3.4( ) .O( ) .O( ) .O( ) 

, 1l55. 79. 55. 105. 941" 297. 208. 614.. 44. 36 • 
• O( ) .O( ) .O( ) .O( ) ;O( ) .O( ) .O( ) .O( ) 3.4(5) 7.0(5) 

50. 10. 
11.9(5) 2.6(5) 

'1684. ,.' 1337. 
6.6( ) 5.4C ) 

40
1

."4(' ') 1249
5

.;2(' ),1089. , 1004, ,73. 
4.8( ) 4.1( ) 1.0( ) 

55. 
1.3( ) 

58. 
1.8( ) 

10. 31. 880: 231. 127. 598. 541. 1740.1:t82. 1112 • 
• 3( ) 1.6( ) 3.4( ) 2.5( ) 1.3( ) 3.2( ) 3.3( ) .OC ) .O( ) .O( ) 

1043., , 72 •. , 63. '95.,;;, 855. 257., 178" 569., 39. 45. 
:O( :> .O( ) :O( ) .OC ) .0C) .O( ) .O( ) .O( ) 3;2(5) 7.2(5) 

58. 10. 
12.2(5) 2.5(5) 

1 40. 1566. 1210. 35, 1130. 988. '916., 71. 42" 63"" 65. 
, 6.4() 5.2( :> 1.3() 5.0() 4.6e) 3:9( ) 1.0( ) .6() 1.4( ) 1.9( ) 

1 45. 

1 50. 

1 55. 

2 O. 

io. 24. 800,. 201. 111" 554. 503. 1616. 1244., , 1007. :3( ) 1.5( ) 3.3( ) 2.3( ) 1.2( ) 3.1( ) 3.2( ) .O( ) .O( ) .O( ) 

948." 72. 70, 86, 776. 222. 152., 525. " 34. , '57 • 
• O( ~ .oc ) ~O( ) .O( ) .0C ) .oe ) .ot ) .O( ) 3.0(5) 7.3(5) 

65. 10. 
12.4(S) 2.5(5) 

1447, 1097., 30, 1028, 903. 841. 75. SO. 68. 70. 
6:3C ) 4.9( ) 1~3( ) 4.7( ) 4.4( ) 3:7( ) 1.0e ) .7( ) 1.4( ) 2.0( ) 

io. 19. 727. 174. 96. 512.' 467. '1492. 1126. 920. 
:3( ) 1.3( ) 3.1( ) 2.1( ) 1.1t j 2.9( ) 3.0C ) .O( ) .O( ) .O( ) 

868. 76. 75. 77, 705. 192. 127. 486., 29, , 66 . 
• OC ) .O( ).O( ) .O( ) .oc ) .ot j .O( ) .O( ) 2.8CS) 7.4(5) 

69. 10. 
12.5(5) 2.4(5) 

1333. 1001. 28. 'il40. 830. in. 80. 57. 70. 70. 
6.1( ) 4.7( ) 1.2( ) 4.6( ) 4.2( ) 3.6( ) 1.0( ) .8( ) 1.4( ) 2.0( ) 

10. 16. 661. 149, 84,. 474. , ,433. 1376. 1026. 846 . 
• 3( ) 1.2( ) 2.9( ) 2.0( ) L1( ) 2.8( ) 2.9( ).O( ) .O( ) .O( ) 

800., 81. 77. 70. ' 641, 166. 108,. 449, " 27. 72 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .OC ) ;O( ) 2.7(5) 7.4(5) 

70. 
12.6(5) 

9. 
2.4(5) 

1228. 921. 26. ' 865. 768, 720. 86, 64." 70. 70. 
6.0( ) 4.5( ) 1.2() 4.4( ) 4.1( ) 3.4( ) 1.1( ) .8( ) 1.4() 2.0( ) 

10. 14. 603. 129. 73,' 440., 402. 1269. 942. 783 • 
• 3() 1.2( ) 2.8( ) 1.8( ) 1.0( ) 2:7( ) 2.8( ) .O( )' .O( ) .O( ) 

741. 87. 77. 64. 584. 145. 93. 416., 26. 75 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.6(5) 7.4(5) 

70. 
12.5(5) 

9. 
2.3(5) 

1134. 852. 25. 8010. 713. 670. 90., 69. 68. " 67. 
5.8( ) 4.3( ) 1.2( ) 4.2( ) 3.ge ) 3.3e ) 1.1( ) .8( ) i.4( ) 2.0( ) 

9. 12." 551. 112. 64. 40!h 372. 1174. 872. 728 . 
• 3( ) 1.1( ) 2.7( ) 1.7( ) .9( ) 2.6( ) 2.7( ) .O( ) .OC ) .O( ) 

689. 91. 75. 58. 535,. ' 127. 81. 386. 25,. 76 • 
• O( ) .O( ) .O( ) .O( ) .0C ) .Ci( ) .O( ) .O( '> 2.4(5) 7.4(5) 

67. 
12.5(5) 

9. 
2.3(5) 

2 5. '1049. 791. 24. 743. 66'!. ' 623. 90. 71. 66. 65. 
5.7( ) 4.1( ) 1.1( ) 4.1( ) 3.8( ) 3.1( ) 1.le ) .9( ) 1.4( ) 1.9( ) 

D-8 



2 10. 

2 15. 

2 20. 

2 25. 

2 30. 

2 35. 

2 40. 

2 45. 

9. 11. 505. 98. 56. 378. 346. 1086. 807. 674 • 
• 3( ) 1.0( ) 2.5( ) 1.6( ) .8( ) 2.5( ) 2.6( ) .O( ) .O( ) .oe) 

638. 89. 70. 53. 489. 111. 70. 357. 24. 74 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.3(5) 7.4(5) 

64. 
12.4(5) 

9. 
2.2(5) 

971. 734. 23. 687. 612. 575. 83. 72. 62. 61. 
5.5( ) 3.9( ) 1.1( ) 3.9( ) 3.6( ) 3.0( ) 1.0e ) .9( ) 1.4( ) 1.8( ) 

9. 9. 460. 85. 49. 349. 321. 1000. 745. 618 • 
• 3( ) 1.0( ) 2.4( ) 1.5( ) .8( ) 2.4( ) 2.5( ) .O( ) .O( ) .O( ) 

586. 82. 64. 48. 443. 94. 59. 328. 23. 70 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 2.2(5) 7.4(5) 

61. 
12.3(5) 

9. 
2.2(5) 

901. 678. 22. 633. 559. 525. 77. 70. 59. 58. 
5.4( ) 3.8( ) l.l( ) 3.8( ) 3.5( ) 2.9( ) 1.0( ) .9( ) 1.3( ) 1.8( ) 

9. 7. 417. 73. 42. 322. 297. 918. 686. 563 • 
• 3( ) .9( ) 2.3( ) 1.3( ) .7( ) 2.3( ) 2.4( ) .O( ) .O( ) .O( ) 

533. 77. 59. 43. 402. 80. 49. 302. 22. 65 • 
• oc ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .oc ) 2.1(5) 7.3(5) 

58. 
12.2(5) 

8. 
2.1(5) 

835. 624. 21. 580. 509. 479. 72. 67. 56. 55. 
5.3( ) 3.6( ) 1.0( ) 3.6( ) 3.3( ) 2.7( ) 1.0( ) .8( ) 1.3( ) 1.7( ) 

9. 6. 378. 63. 35. 297. 274. 846. 630. 512 • 
• 3( ) .8( ) 2.2( ) 1.2( ) .6( ) 2.2( ) 2.3( ) .O( ) .O( ) .O( ) 

485. 71. 56. 38. 364. 67. 40. 278. 20. 61 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.9(5) 7.3(5) 

55. 
12.1(5) 

8. 
2.0(5) 

775. 572. 20. 530. 464. 437. 67. 64. 53. 52. 
5.1( ) 3.4( ) 1.0( ) 3.4( ) 3.1( ) 2.6( ) .9( ) .8( ) 1.3( ) 1.7( ) 

8. 4. 343. 54. 29. 274. 253. 782. 576. 466. 
.3( ) .7( ) 2.1( ) 1.1( ) .6( ) 2.1( ) 2.2( ) .O( ) .O( ) .O( ) 

442. 66. 53. 34. 330. 57. 33. 256. 19. 57 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.8(5) 7.3(5) 

52. 
12.0(5) 

8. 
2.0(5) 

716. 524. 18. 484. 424. 400. 63. 60. 50. 49. 
5.0( ) 3.3( ) 1.0( ) 3.3( ) 3.0( ) 2.4( ) .9( ) .8( ) 1.2( ) 1.6( ) 

8. 3. 312. 46. 24. 252. 234. 720. 527. 424 • 
. 3( ) .6( ) 2.0( ) 1.0( ) .5( ) 2.0( ) 2.1( ) .O( ) .O( ) .O( ) 

403. 62. 50. 30. 300. 48. 27. 235. 18. 54 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.7(5) 7.3(5) 

49. 
11.9(5) 

8. 
1.9(5) 

646. 480. 17. 442. 387. 365. 58. 57. 47. 46. 
4.7( ) 3.1( ) 1.0( ) 3.1( ) 2.9( ) 2.3( ) .8( ) .8( ) 1.2( ) 1.6( ) 

8. 2. 283. 39. 20. 232. 215. 648. 482. 387 • 
• 3( ) .5( ) 1.9( ) .9( ) .5( ) 1.9( ) 2.0( ) .O( ) .O( ) .O( ) 

367. 57. 47. 23. 271. 39. 22. 215. 17. 51. 
.O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .O( ) 1.6(5) 7.2(5) 

45. 
11.7(5) 

8. 
1.9(5) 

586. 439. 16. 405. 353. 333. 54. 54. 43. 42. 
4.5( ) 3.0( ) .9( ) 3.0( ) 2.7( ) 2.2( ) .8( ) .7( ) 1.1( ) 1.5( ) 

8. 2. 257. 33. 17. 213. 198. 586. 439. 353 • 
• 3( ) .4( ) 1.8( ) .9( ) .4( ) 1.8( ) 1.9( ) .O( ) .O( ) .O( ) 

335. 54. 43. 18. 246. 33. 18. 198. 16. 48 • 
• O( ) .O( ) .O( ) .O( ) .O( ) .O( ) .oc ) .O( ) 1.4(5) 7.2(5) 

41. 
11.6(5) 

533. 

8. 
1.8(5) 

403. 15. 370. 323. 305. 51. 51. 39. 38. 
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4.3( ) 

8. 
.3( ) 

2.8( ) 

1. 
.4( ) 

.9( ) 

234; 
1.7( ) 

2.9( ) . 2.6() 2.1( ) .8( ), .7( ),' 1.1( ~ l.' 1.4e) 

28. 14~ 197. ' 182. ", 533; 4D3. 323 • 
• 8( ) .4e )', 1.7e) 1.8e ) .De ) .De ) .De ) 

3D6; 51'; 39. 16'; .' 225, 28'; . 14. 182~ 15, 44 • 
• D( ) ,D( ) .D( ) .D( ) .D( ) .De ) .D( ) .De ) 1.3(5) 7.2(5) 

38. 
11.4(5) 

8. 
1.8(5) 

2 5D. ,487. 37D. 15. 34D. 296. 28D. 48. 47. 36; 34. 
4.1( ) 2.7( ) .9() 2.8() 2.5( ) 2.0( ) .8e) .7( ) 1.0( ) 1.3( ) 

8. 1. 214; 24. 12. 181. 168. 487. 37D~ 296 • 
• 3e ) .3e ) 1,6( ) .7e ) .3( ) 1.6e ) 1.7e ) .De ) .D( ) .De ) 

281. 47. 36. 14. 205. 24. l2. 168. 14. 40 • 
• O( ) .oe ) .O( ) .oe ) .O( ) .O( ) .OC ) .OC ) 1.2eS) 7.1CS) 

34. 
11.3CS) 

8. 
1.7eS) 

55. 447. 340. 14. 312. 272. 257. 45. 44. 32. 31. 
3.ge ) 2.6e ) .ge ) 2.6( ) 2.4( ) 1.9( ) .7( ) .7C ) 1.0e ) 1.2e ) 

8. 1. 195. 20. 10. 167. 155. 447. 340. 272 • 
• 3C ) .3C ) 1.5C ) .7C ) .3C ) 1.6C ) 1.6C ) .OC ) .DC ) .OC ) 

258. 44~ 32'. l2. 187. 20. 10. 155'. . 13. 36 • 
• De ) .OC ) .DC ) .oe ) .oe ) .oe ) .O( ) .D( ) 1.1(5) 7.1(5) 

30. 
11.1(5) 

8. 
1.7(5) 

O. 411. 313. 13, 281. 250'. 236. 41. 41. 29. 28. 
3.8( ) 2.5( ) .8( ) 2.5( ) 2.3( ) 1.8( ), .7( ) .6( ) .9( ). 1.2() 

8. 1'0' 179. 11. 8. 154. 142. 411. 313. 250 • 
• 3( ) .2( ) 1.4( ) .6( ) .3( ) 1.5( ) 1.6( ) .O( ), .oe ) .oe ) 

237. 41. 29. 11. 172. 17. 8. 142. 12. 36 • 
• oe ) .oe ) .OC ) .De ) .DC ) .O( ) .oe ) .O( ) 1.0(5) 7.1eS) 

27, 
11,0(5) 

7. 
1.6(5) 

5. I 378". 289,'~ 12. 265. 230'. 218. 39. 39. 26. 25. 

3 10. 

3,6( ) 2.3e ) .8C ) 2.4e ) 2.2e ) 1.7e ) .7e ) .6e ) .9( ) 1.lC ) 

8. O. 164. 15. 7. 142. ' 131. 378'. 289. 230 • 
• 3( ) .2( ) 1.4( ) .5( ) .2e ) 1.4e ) 1.5e ) .O( ) .OC ) .D( ) 

218. 39. 26. ' 16. 157. 15. 7. 131'0 11. 36 • 
• oe ) .oe ) .OC ) .OC ) .OC ) .OC ) .oe ) .OC ) 1.0(5) 7.0(5) 

25. 
10.geS) 

7. 
1.6(5) 

349. 267. 11. 244. 212. 202. 38. 38. 23. 22. 
3.5e ) 2.2e ) .8( ) 2.3e ) 2.1e ) , 1.7C) .7( ) .6e ) .8e ) 1.1( ) 

7. O. 15D. 13. 6. 131. l21. 349; 267. 2l2 • 
• 3( ) .2C ) 1.3( ) .5( ) .2( ) 1.4() 1.4() .O( ) .O( ) .O( ) 

202. 38. 23." , 7. 144. 13. 6. 121. 10. 35 • 
• O( ) .oe ) .O( ) .oe ) .De ) .O( ) .oe ) .O( ) .geS) 6.9(5) 

22. 
10.8(5) 

7. 
1.5(5) 

15. 323. 247. 10. 226. 197. 187. 37. 37. ) 21. 2D. 

3 20. 

3.3( ) 2.1( ) .7e ) 2.2e ) 2.0e ) 1.6e ) .6e ). .6( ) .8C ) 1.0e ) 

7. O. 138. 11. 5. 121. 111. 323. 247. 197. 
.3e ) .2( ) 1.2e ) .5e ) .2e ) 1.3( ) 1.4e ), .oe ) .De ) .oe ) 

187. 37. 21. 
• O( ) .O( ) .O( ) 

20. 
10.7eS) 

7. 
1.5(5) 

7. 132. 11 • 5. 111. 10. 35. 
.O( ) .O( ) .O( ) .O( ) .De ) .8(5) 6.8(5) 

299. 229. 9. 210. 183. 174. 36. 36. 19. 18. 
3.2( ) 2.1e ) .7C ) 2,le ) 1.ge ) 1.5e ) .6e ) .6C ) .7e ) .ge ) 

7. o. 127. 10. 4. 112. 103. 299. 229. 183 • 
• 3( ) .1( ) 1.2( ) .4C ) .2C ) 1.2( ) 1.3C ) .OC ) .OC ) .OC ) 

174. 36. 19. 7. 122. 10. 4. 103. 9. 35 • 
• O( ) .DC ) .OC ) .oe ) .oe ) .oe ) .oe ) .De ) .8eS) 6.7CS) 

18. 7. 
10,6eS), 1.4(5) 
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3 25. 

3 30. 

3 35. 

3 40. 

'\ 3 45. 

) 

3 50. 

3 55. 

4 O. 

277. 212. 8. 195. 171. 163. 36. 36. 17. 16. 
3.1e ) 2.0e ) .7( ) 2.1( ) 1.8( ) 1.5( ) .6( ) .6( ) .7( ) .9( ) 

7. O. 117. 
.3( ) .1( ) 1.1( ) 

163. 36. 17. 
.O( ) .O( ) .O( ) 

16. 
10.6(5) 

7. 
1.4(5) 

8. 4. 103. ~. 277. 212. 171. 
.4( ) .2e ) 1.2( ) 1.2( ) .O( ) .O( ) .O( ) 

7. 112. 8. 4. 94. 8. 34. 
.O( ) .O( ) .O( ) .O( ) .O( ) .7(5) 6.6(5) 

258. 198. 8. 1S2. 160. 152. 35. 35. 15. 15. 
3.0( ) 1.9( ) .6( ) 2.0( ) 1.8( ) 1.4( ) .6( ) .6( ) .7( ) .9( ) 

7. O. 108. 7. 3. 95. 87. 258. 198. 160. 
.3( ) .1( ) 1.1( ) .4( ) .2( ) 1.1( ) 1.2( ) .O( ) .O( ) .O( ) 

152. 35. 15. 7. 103. 7. 3. 87. 8. 34. 
.O() .O() .O() .O( ) .O( ) .oe ) .oe ) .oe ) .6eS) 6.5eS) 

15. 7. 
10.5(5) 1.3(5) 

240. 185. 7. 170. 150. 143. 35. 35. 14. 14. 
2.9( ) 1.8( ) .6( ) 1.ge ) 1.7( ) 1.4( ) .6( ) .6( ) .6e ) .S( ) 

7. O. 99. 
.3e ) .1e ) 1.0e ) 

143. 35. 14. 
.O( ) .O( ) .O( ) 

13. 
10.5(5) 

7. 
1.3(5) 

7. 3. S8. 80. 240. 1S5. 150. 
.3( ) .1( ) 1.1e ) 1.1e ) .O( ) .oe ) .O( ) 

7. 95. 7. 3. 80. 7. 34. 
.O( ) .oe ) .O( ) .O( ) .O( ) .6(5) 6.4(5) 

224. 173. 7. 159. 140. 134. 34. 34. 13. 13. 
2.7( ) 1.Se ) .6C ) 1.9( ) 1.7( ) 1.3( ) .6( ) .6( ) .6( ) .8( ) 

7. O. 92. 
.3( ) .1( ) 1.0( ) 

134. 34. 13. 
.O( ) .O( ) .O( ) 

12. 
10.4(5) 

7. 
1.2eS) 

6. 3. 81. 74. 224. 173. 140. 
.3( ) .1( ) 1.0( ) 1.1( ) .O( ) .O( ) .O( ) 

7. 87. 6. 3. 74. 6. 33. 
.O( ) .O( ) .O( ) .O( ) .O( ) .5eS) 6.2(5) 

209. 162. 6. 149. 132. 126. 34. 34. 12. 12. 
2.7( ) 1.7( ) .6( ) 1.Se ) 1.6e ) 1.3( ) .6e ) .6( ) .6( ) .8( ) 

7. O. S4. 
.3() .1() .ge) 

126. 34. 12. 
.0 ( ) .0 e ) .oe ) 

12. 
10.4(5) 

7. 
1.2(5) 

5. 2. 75. 68. 209. 162. 132. 
.3( ) .1e ) 1.0( ) 1.0( ) .O( ) .O( ) .O( ) 

7. 80. 5. 2. 68. 6. 33. 
.O( ) .oe ) .O( ) .oe ) .O( ) .5(5) 6.1(5) 

196. 152. 6. 140. 124. 119. 33. 33. 11. 11. 
2'.6e ) 1.6e ) .5( ) 1.7C ) 1.5( ) 1.2( ) .6e ) .6( ) .6( ) .7e ) 

7. O. 78. 
.3() .1() .9() 

119. 33. 11. 
.O( ) .oe ) .oe ) 

11. 
10.4(5) 

7. 
1.1(5) 

5. 2. 70. 63. 196. 152. 124. 
.3( ) .1( ) .9( ) 1.0( ) .OC ) .O( ) .O( ) 

7. 74. 5. 2. 63. 5. 32. 
.oe ) .O( ) .O( ) .O( ) .O( ) .5(5) 5.9(5) 

184. 143. 5. 132. 117. 112. 33. 33. 11. 10. 
2.5( ) 1.6( ) .S( ) 1.7( ) 1.5e) 1.2C) .6( ) .6e) .S( ) .7( ) 

7. O. 72 • 
.3() .1() .9() 

112. 33. 11. 
.O( ) .oe ) .oe ) 

10. 
10.3(5) 

7. 
1.1(5) 

4. 2. 64. 58. 184. 143. 117. 
• 3() .1() .9() .9() .O() .O() .O() 

7. 69. 4. 2. 58. 5. 32. 
.O( ) .O( ) .O( ) .O( ) .O( ) .4(5) 5.8(5) 

173. 135. 5. 125. 110. 105. 33. 32. 10. 10. 
2.4( ) 1.5( ) .5( ) 1.6( ) 1.4( ) 1.1( ) .6( ) .5( ) .5( ) .7( ) 

7. O. 67. 4. 2. 59. 54. 173. 135. 110 • 
• 3C ) .1( ) .S( ) .2( ) .1( ) .9C ) .9C ) .OC ) .OC ) .O( ) 

106. 32. 10. 7. 63. 4. 2. 54. 5. 31 • 
• OC ) .O( ) .OC) .O( ) .oe ) .O( ) .O( ) .O( ) .4eS) 5.7(5) 

10. 
10.3eS) 

7. 
1.0eS) 
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5. 

4 10. 

163,. 127,. 
2:3( ) 1':5( ) 

7. - 0 
.3( ):1() 

, : .i'·, 100. ~ 
.'O( ) 

9. 
10.3(S) 

6. 
1.0(S) 

153. 120,., 
2.2( ) 1:4( ) 

4", 118. ' 104, 100, 32, 32~ ,'_ 
;5( ) 1.6( ) 1;4() 1.1() .6( ) .S( ) 

62:8(~ .; 

9. '" 
:00 

3. 
.2() 

7. 
.O( ) 

2,. " 
.1( ) 

,~ :.: 
58. , 

.O( ) 

55- " 
:8(; 

3. 
.00 

49_, ',: ":i63, , 
.9( ) .OC ) 

4. 111. 99.-94. 32. 32, ",' 
• S( ) 1.S( ) 1'.4Cf 1.1() .6():sh 

9, 9. 
:st ) .7( ) 

127," 104 
.ot; :O( ) 

9, 
.SC') 

31. 
5.S(S) 

9 . 
.7( ) 

3, • 
• 2( ) 

7,. , 0_., '57,., 
.1( ).7( ) 

1, 51. I' 46"" i53,. 'i, 120, 99. 
.10 .S( ) .S( ) ;O( ).O( ) .O( ) .3( ) 

94. 32. 9. , 7. " 5~. 3, -', 

1 

.O( ) '.OC ) 

9. 
10.3(S) 

6. 
.9(S) 

• 0'( ) .O( ) .O( ) 

ROBBINSDALE DRAINAGE BASIN ,DESIGN PLAN, ',FMc; ING.DECEMBER 1993 
FUTURE HYDROLOGIC' AND' EXISTING HYDRAULIC C:ONDITIONS" 100 YR STORM 

(,' ;',. 

.on 

*** PEAK FLOWS, STAGES AND STORAGES OF GUTTERS AND DETENSION DAMS *** 

CONVEYANCE PEAK STAGE STORAGE TIME 
ELEMENT , (CFS) (FT) (AC-FT)" (HR/Ml;~) 

203 11. .1 i 2:S' l' 10. 
ll. 11. .3 1 25. : 

106 lSl. (DIRECT' FLeA¥) ,0 50:. 
202 70. .1 12.6' 1 50. 
10 70. 2.0 1 50. 
22, 236,._ 1.9_ 

";." ;1 "0'. 
'9 ' i6." i.4- 1 50. 

31 658. 3.6 1 10. 
122 456. (DIRECT FLeA¥) 0 50. 
105 231. (DIRECT FLeA¥) 0 35. 
130 785. (DIRECT FLeA¥) 1 5."" 

21 426. 3.4 J. O. 
201 76:' .1 7.4 2 O. 

30 77B. 3.7 1 10,. 
121 584. (DIRECT FLeA¥) ,~ 'ia: S 72;' '.9 
120 1313. (DIRECT, FLeA¥) 1 5. 
104 568., (DIRECT' FLeA¥), 0_ 35. 

20 1315. 4.2 " »,' '1 :"'5. 
7 562. 3.1 0 35. 

12 177. 3.4 a 45. 
6 1557. 5.2 1 O. 

103 1737. (DIRECT FLeA¥) 0 55., 
,5 1737. 6.0 1 q. 

200 61. .1 4.0 1 5. 
102 ,1934. (DIRECT,: FLeA¥) 0 50.-

,3 61. 1.7" 1 10. 
'4 1898. 6.3 1 o. 
2 1951. 6.6 ' .. ) 1 5. 

101 21~2,., ' (DI,RECT FLOO 1 " '0. 
i' 1925; ", 6.9 - 1'15. 

100 2076. (DIRECT FLeA¥) 1 15. 
99 2076. (DIRECT FLeA¥) 1 15. 

1 

ENDPROGRAM PROGRAM CALLED 

o 
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1. 46 • 4. 30. 
.O( ) .O( ) .3(5) 5.4(5) 
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APPENDIXE 

HY8 ANALYSIS OF ELM STREET BRIDGE 



,,:-: 

CURRENT DATE: 10-28-1993 
CURRENT TIME: 08~54!04 

FILE DATE: 10-07-1993 
FILE NAME: ROBBEUI 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDJD F:-lWA CULVERT ANALYSIS DDDDDDDDDDDDIiDDDDDDDDI1DDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDD HY -8, VERSIGN 4.1 DDDDDDDDDDDDDDDDDDDDDDDDDD 
ZDDDBDDDDDDDDDDDDDDDDDDDDDDDDDDBDDI1DDDDEDDDDDDI1DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD? 
J C J SITE DATA J CULVERT SHAPE, MATERIAL, mLET J 
J U CDDDDDDDDDDDDDDDDDDI1DDI1I1DDDEDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDI1DDDDDI1DDDD4 
J L J INLET OUTLET CULVERT J BARRELS :5 
OJ V J ELE'.). ELEV. LENGTH J SHAPE SPAN RI3E MANNiNG INLEi :5 
J J. (FT) 

OJ 1 3 100.00 
.3 2 J 

(FTl 
99.75 

(FT) 3 MATtRIAL 
48.00 J 1 ReB 

J 
3 
,. 
" 

(FT) 

24 .. 00 
(FT) 

5.70 
n 

.013 
TYPE 

CGNVENTIONALJ 

J 
'" " 

J 5 ~l:; .) 
363 J-' J 
@DDDADDDDDDDDDDDDDDDDDDDDDDDDDD4DDDDDDDDDDI1DDDDDDDDDDDDDDDDDVDDDDDDDDDDDDDDDDDDY 

DDDDDDEDDDDDDDDDDEDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
SUr:Xt;RY OF CULVERT FLOWS reFS) 

ELEV (FT) TOTAL 
100.00 0 
101.41 120 
102 .. 23 240 
102. 'i3 
103.56 
104.14 
104,68 
105.21 

i06.27 

1(tJ.90 

360 
480 
600 
720 
340 
9;:.0 

108(; 
1200 

360 
48G 
600 
720 
840 
950 

1080 
1200 
1402 

2 
o 
o 
o 
o 
o 
o 

() 

o 
o 
o 

FILE: RGBBELM 

3 
o 
(l 

o 
o 
o 
o 
o 
o 

" v 

o 

\) 

(l 

(l 

(} 

o 
o 

o 

5 
" \I 

o 
o 
o 
o 
(I 

o 
o 
o 
(1 

o 

DATE: 10-07-i993 

6 ROADWAY ITR 
001 
o 0 
o 0 1 
o 
I) 

o 

o 

o 
o 

o 
(I 

ij 1 
o 1 
o 
o 
(} 1 
t) 

o nVEF:TJPPING 
DDDDDDflflDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDEDDDDfDDDDDDDDDflDDDDDDDDDflDDDDDDD 

: ." DIJDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIJDDDDDDDIJDDDDDDDDDJ)DDDDDJJDDDDDDDDD 
Sml~lARY OF ITERATIVE SOLUTION ERRORS FILE: ROBBEUI DATE: 10-07-1993 

hEAD 
ELE\l(FT) 
100.00 
101.41 
102.23 
102.93 
103.56 
104.14 
104.68 
105.21 
105.69 
106.27 
106.34 

HEAD 
ERROR(FT) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.0(l 
O.;jO 

TOTAL 
FLOlt{CFS} 

o 
120 
240 
360 
430 

720 
840 
950 

lOBO 
1200 

FLOW 
ERROR(CFS) 

o 
\) 

o 
\} 

o 
o 
o 
(I .-

o 
o 
o 

I flOW 
ERRDR 

01100 
0.00 
0.00 
0.00 
0.00 
(I. I}\) 

0.00 
0.00 
0.00 
O.O(i 
0.00 

J)J]!)JJ!)DDDDDDDDDDDDDDJJDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIJlJDDDDDDDDDDDDDDJ 
(1) TOLERANCE (FT) = 0.010 {Z} TOLERANCE (Xl = 1.000 

DDDDDIJDDDDDDDDDDDlJDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
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CURRENT CATE: 10-2B-19~3 FILE DAT~: 10-07-1993 
CURRENT TIME: 08:5.4:04 FILE NAME: Ri1SBEUI 
fJDJ)DfJJ)DDDfJf)DIJDDDDDDDDDDfJIJDDDDfJDDDDDDDIJDDDDDDDDDDDDDDlJDDDDDDfJfJDDDDDDDDDDDDDDDDDl1D 

PERFORMANCE CURVE FOR CULVERT 1I 1 - 1 ( 24 BY 5.7 1 RCB 
DDDDDDDDDDDDDDDDDDDDDDDDDDDD[lDDDDDDDDDDDDIJIJDDIJDDDDDDDDDDDfJDlJfJDDDIJDDDDlJDDDDDDDDDD , .. 

D15- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLm4 NORMAL CRITICAL OUTLET TAIUIATER 
FLON ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
ids) (tt) (ft) (it) (F4} (tt) (ft) (fpsl (ftl (ips) (H) 

DDDDDDIJDDDDDDDDDDDDDDJJDDDDDDDlJDDDDDDlJDDDDlJDDDlJDDDlJDDlJDDDDDDDDDDDDDIJDIJDDDDDDDDDllD 
0 100.00 0.00 0.00 O-NF 0.00 0.00 0.00 .. 0.00 0.00 0.00 

120 101.41 1.41 1.41 1-S2n 0.73 0.'12 6;46 0.77 4'.82 0.79 
240 102.23 2.23 .2.23 1-S2n 1.16 1.46 B.14 1.23 6.23 1.19 
360 102.93 2.93 2.93 1-S2n 1.48 1.9:2 9.25 1.62 7.21 1. 51 

.,' .' 

480 103.56 3.56 3.56 I-S2n 1.79 . 2~,3~" 10;1.°.1 •. 98 7.98 1.79 
600 104.14 4.14 4.14 1'-S2n 2.06 ",2<;"b9 : '.10;80 2.3~ .8.62 2.04 
720 104.68 4.68 4.68 1-S2n 2.32 3.04 . ;~i)2 2J,3 9.18 2.27 

105.21 5.21 1-520 3.37· '~L9b 2.93: 2AB 
'i;' 

840 5.21 2.56 9.67 
95tl 105:69 5.69 5.69 1-S2n 2.78 3.b6' . 12.41 -3'.19 10.08 2.67 

lOBO 106.27 6.27 6.27 5-S2n 3.02 3.99 12.89 3.4'1 10.52 2.87 
1200 106.84 6.84 6.84 5-S2:1 ~ ~7 

.,).-'0,) 4.2B 13.31 3.76 10.89 3.05 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

El. inlet face inVErt 100.00 ft 
,., 
C..1., outlet invert 99.75 ft 

EI. inlet throat invert 0.(10 ft El. inlet crest 0.00 ~L 
I l 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

.a.l. SITE DATA .I.tl CULVERT INVERT ttll.'.I'II.I. 
INLET STATION (FT) 0.00 
INLET ELEvATION (FT) 
OUTLET STATION (FT) 
OUTLET ELEYATIUN (FT) 
NUMBER OF BARRELS 
SLDPE (V-FT/H-FTj 

100.00 
48.;}(l 
99,75 
1 

CULVERT LEf-l8TH ALONS SLGPE (FTi 
o .1)u52 

48.0(i 

Ita*a CULVERT DATA SUMMARY .atll~I"~'II"'lt"I.'1 
BARREL SHAPE BOX 
BARREL SPAN 
BARREL RISE 
BARREL MATERIAL 
BARREL MAIHUNS' 5 N 
INLET TYPE 
INLET EDGE AND WALL 
INLET .DEPRESSION 

24.00 FT 
5.70 FT 

CONCRETE 
0.013 
CONVENTIONAL 
SQUARE EDGE (30-75 DES. FLARE) 
NONE 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
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CURRENT DATE: 10-28-1993 
'';URRENT TIME: 08: 54: 04 

FILE DATE: 10-07-1993 
FILE NAME: ROSSELl'! 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDD TAILWATER DDDDDDDDDDDDDDDDDDDDDDDDDD 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

iUUU REGULAR CHANNEL CROSS SECTION UUUUUUUU 
BOTTOl'! WIDTH (FT) 30.00 
SIDE SLOPE HIV (X:1 ) 2.0 

-CHANNEL SLOPE V!H (FTiFT) 0.025 
l'IANN INS'S N (.01-0.1) 0.040 
CHANNEL INVERT ELEVATION (~T) 99.75 

. CULVERT NO.1 OUTLET INVERT ELEVATION 99.75 Fi 

HUitt UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL :.; ... 
':;-' 

FLOW VI.S.t. :FRCUDE . DEPTH VEL. SHEAR 
(CFS) (FT) NUMBER {FT) (FPS) (P~~' 

• ;,l") .' 

0.00 : 99.75 0.0(10 0.00 0.00 0.00 
120.00 100.54 0.956 0.79 4.82 1.23 
240. (iO 100.94 1.006 1.19 6.23 1.86 
360.00 101. 26 1.033 1. 51 7.21 2636 
480.00 101. 54 1.050 1.79 7.98 2.7'i 
600.00 101. 79 1.063 2.04 8.62 3r 1:1 
720.(1) 102.02 1.073 2.27 9.18 3.54 
8;0.00 102.23 1.081 2.48 9.67 3188 

: .950.00 102.42 1.087 2 ,.., 
.01 10.08 4.16 

1080.00 1C2.62 1.093 2.87 10.52 4.48 
1200.00 102.80 1.098 3105 10.89 4.j·b 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDflDDDDDDDDDDDDDDDDDDDDDflDEDDDDDDEDDDDDDDDDDDDDDDP 
Df)J)Df}DDDDDDDDDDDDDDDDDDDDf} HCAiH~!W OVERTOPPING DATA DDDDDDDDD!J])!JDDDDDDDDDDDDfl]J" 
DDDDDDDDJ)DDDDDDDDDDDDDDDDDDDJ)DDDDDDDDDDDDDDDDDDDD])DDDD])DDDDDDDDDDDDDDDDDDDDDDDDD--

WEIR COEFFICIENT 
Er1BMIKMENT TOP WIDTH (FT) 
CREST.LENSTH (FT) 

... OIJERTGPPING CREST ELEVATION {F!} 

3.00 
3.00 

100.00 
·107.90 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDI)jJJjDDDDDDDDDDDDDDDDDDDDDJ)J)DDDDDDD 
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