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.ROADS, HIGHWAYS AND BRIDGES BMP’s COST ANALYSIS
1.0 INTRODUCTION

This report describes cost analyses of best management practices (BMPs) that could be used to
achieve the roads, highways and bridges’ management measures presented in the "Management
Measures for Sources of Nonpoint Pollution in Coastal Waters.” There are six management
measures for roads, highways, and bridges. The measures address the following:

o Planning and design of roads and highways (including treatment of stormwater
runoff from highways and roads);

o Siting and design of bridges (including excluding the use of scupper drains on
certain bridges);

o Erosion and sediment control during construction;

L Control and toxic and hazardous materials loadings during construction.

[ Operation and maintenance of roads, highways and bridges; and
o Redraft programs.

This report addresses the costs of implementing certain BMPs under all of the management
measures except for management measure number 4; control of toxic and hazardous materials
loadings during construction.

The purpose of the cost analyses is to provide data to compare to current baseline roads,
highways and bridges’ costs for various locations throughout the coastal region. These
comparisons will serve as a basis for judging the economic achievability of the management
measures.

2.0 TECHNICAL APPROACH

Twenty-one hypothetical scenarios were developed for the cost analysis. The scenarios are
organized according to the various management measures and examined control of nonpoint
pollution sources (NPS) from: road and highway stormwater runoff; bridge stormwater runoff;
erosion and sediments generated during road, highway and bridge construction; and general
operation and maintenance of roads, highways and bridges. The following sections outline the
specific scenarios used to determine the cost of implementing BMPs for the roads, highways and
bridges’ management measures.
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2.1 Planning and Design of Roads and Highways

This management measure involves planning and design of roads and highways to minimize NPS
pollution to coastal waters. During the planning phase roads and highways should be located
to avoid wetlands, areas requiring excessive cut and fill, highly erodible soils, rock outcroppings
and environmentally sensitive areas.

The cost of achieving the planning part of this management measure should be minimal because
most of the practices are currently necessary under the Clean Water Act, the National
Environmental Policy Act NEPA, and Federal Highway Administration (FHWA) guidelines.

The primary cost associated with achieving this management measure would be in the design and
construction of stormwater runoff treatment and control structures.

Most highways are currently designed with grass swales and vegetative buffer strips that provide
treatment of stormwater runoff. Consequently, treatment facilities around highway interchanges
were the only BMP scenarios examined for this management measure.

The scenario considered was for one clover-leaf highway interchange, constructed in each of the
four coastal regions. It was assumed that the construction area was a lightly wooded 50 acre site.
Extended Detention Dry Pond was the only BMP considered.

For design, varying site conditions were examined based on the coastal region and rainfall type.
To represent various region’s rainfall in the United States, the Soil Conservation Service (SCS)
developed four synthetic 24-hour rainfall distributions (I, IA, II, III) from available National
Weather Service duration-frequency data or local storm data (Soil Conservation Service, 1986).
These rainfall types were used in the development of the different scenarios. The following is
a list of the coastal regions and rainfall types:

Coastal Regions and Rainfall Types:

® GL - Great Lakes and Northeast (Type II rainfall);

* SE - Gulf Coast, Southeast and Mid-Atlantic Coast (Type III
rainfall);

* NW - Pacific Northwest (Type IA rainfall); and

® SW - Pacific Southwest (Type I rainfall).
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The requirements to satisfy the road and highway management measure for runoff control were
assumed to be the same as those for runoff control from developed areas, such that: the practice
must reduce post-development peak runoff rates ranging from the 2-year, 24-hour rainfall to pre-
development levels and remove 80% of total suspended solids (TSS) from the average storm
runoff. In order to determine the total size of the detention or retention basin required, separate
designs were prepared to determine the storage volume required for peak runoff rate control and
removal of TSS. The two storage volumes were then added together to obtain the total storage
volume required. This is a conservative approach to determining the total volume required, but
the approach is used by some agencies to provide a factor of safety in their designs.

A summary of the design analyses results and costs are presented in Table 1. Detailed design
calculations and computer simulation results are presented in Appendix A.

The following sections discuss the methods that were used in sizing the ED dry ponds. In
general, the SCS’s method presented in TR-55 (SCS, 1986) was used to determine the storage
for controlling the peak runoff rate and the P-8 Model (or Urban Catchment Model) (Palmstrom
and Walker, 1990) was used to determine the storage for 80% removal of TSS.

A. Design for Control of 2-year, 24-hour Rainfall Peak Runoff

The SCS TR-55 graphical method (SCS, 1986) was used to determine the required volume to
control the peak discharge generated from a 2-year, 24-hour rainfall because it provides
simplified procedures to calculate the effects of changed land use on runoff volume in the

different coastal regions. It calculates the approximate storage volume required to contain post-

construction peak discharge, such that it does not exceed the pre-construction peak discharge
rate.

The peak discharge rate for the 2-year, 24-hour rainfall was calculated based on the following
assumptions:

@ Dimensions of Site: 1500 feet x 1500 feet

(i)  Slope, S: 3% for GL, SE and SW Region
5% for NW Region

(iii) Curve Number, CN:
Existing Conditions - Light underbrush woods with good hydrologic conditions:

Pervious soil (SCS Soil Type B) CN=60
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Proposed Conditions - Impervious Cover, CN=98

(iv) Time of Concentration:

Existing Conditions - All pre-construction sites were assumed to have light
underbrush cover with Manning’s roughness coefficient,
n=0.40 for 300 feet of shect flow. For flow lengths that
exceed 300 feet, flows will be unpaved shallow
concentrated flow.

Proposed Conditions - Using TR-55, the time of concentration was calculated
assuming the runoff sheet flowed over a light underbrush
cover (Manning’s roughness coefficient n=0.40) before
entering the pipe system. The assumed length of sheet flow
and pipe velocity are shown below. -

Sheet Flow Distance Pipe Velocity
Highway Interchange (50 acres) 100 feet 7 ft/sec

(v)  Pond Depth= 3.5 feet
(vi)  2-year, 24-hour Rainfall, i
GL  1=3.0 inches
SE  i=4.5 inches
SW  i=2.5 inches
NW i=3.0 inches
B. Design for Removal of 80% TSS
The P-8 model (Palmstrom and Walker, 1990) was used to predict the generation and transport

of stormwater runoff pollutants in the urban catchments. The P-8 model input parameters for
this analysis included:
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1. Average storm rainfall (i.e. inches of rainfall for each hour throughout the
duration of the storm) for each of the 4 coastal regions;

2. Type of BMP (ED Dry Pond); and
3. Average pollutant loads of TSS (taken from NURP 50).
The following is a list of the rainfall parameters used for each region based on Analysis of

Storm Event Characteristics for Selected Rainfall Gages Throughout the United States
(Woodward-Clyde, 1989):

Average Storm Duration Average Storm Rainfall Average Interval

Between Storms
GL 12 hours 0.59 inches 144 hours
SW 12 hours 0.54 inches 476 hours
SE 8 hours 0.78 inches 133 hours
NwW 16 hours 0.54 inches 123 hours

In order to distribute the rainfall over the storm duration, the SCS Type I, IA, II, and III curves
were used and the rainfall was distributed over the appropriate storm duration. For example,
in the GL region, 0.59 inches of rainfall was distributed over 12 hours using a Type II storm
distribution.

The ED dry ponds were designed to have a 48-hour drawdown time. All designs were
optimized to achieve 80% removal of TSS.

C. Cost Determination
Cost data were taken from Woodward-Clyde’s "Urban BMPs Cost and Effectiveness Summary
Data for 6217(g) Guidance- Roads, Highways and Bridges" (Woodward-Clyde, 1992). Figure

1 shows the unit construction costs per storage volume for dry ponds. Costs were based on 1988
dollars.
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Unit Construction Cost, $/cu. ft.

FIGURE 1. UNIT CONSTRUCTION COSTS OF DRY PONDS
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The cost of the different scenarios was based on the size of the "Control Volume." The
"Control Volume" will provide sufficient volume to meet the management measure performance
criteria. Table 1 summarizes for each scenario the cost of the required ED dry pond. The table
includes the costs to control only the 2-year, 24-hour peak rainfall and the costs to control both
the 2-year, 24-hour peak rainfall and 80% TSS removal.

. Planning and design costs were assumed to be 10% of the construction costs. Annual
maintenance costs were also based on a percentage of the construction costs. The following is
a list of how the maintenance costs were computed for each scenario.

Extended Detention Dry Pond

¢ 2-year, 24-hour only= 3% of construction cost
¢ 2-year, 24-hour + 80% TSS removal= 5% of construction cost

2.2 Siting and Design of Bridges
This management measure is designed to protect domestic water supplies, wetlands, shellfish
beds, and other sensitive ecosystems from receiving contaminated runoff waters from bridge

decks. Practices that could be used to achieve the management measure include:

L Coordinate designs with FHWA, USCG, USACB, and other Federal and state
agencies as appropriate;

L Review NEPA requirements to ensure that environmental concerns are met;
o Avoid highway locations that require numerous river or stream crossings;

o Divert pollutant loadings away from bridge decks by diverting runoff water to
land for treatment;

° Site bridges to avoid sensitive ecosystems; and

] Restrict the use of scupper drains on bridges less than 400 feet in length and on
bridges crossing sensitive ecosystems.

Of the above BMPs, only the elimination of scupper drains should have a significant cost over

current bridge siting and design practices. Consequently, this was the only BMP scenario
examined for this management measure.
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Table 1 — Highway Interchange Runoff Treatment

No. Type of 2yt.24 Hr. Control of 2 yr 24 hour Pesk Only Control of 2 yr. 24 hour Peak & 80% TSS Removal
Rainfall: Rainfall, (in)
Type | SW,i=25 Control Uni Cost | Constnuction| Planning & Total Area Lost Maint. Control Unit Cost | Construction| Plaming & Total Area Lost Maint.
Type 1A NW, i=3.0 Volume ($£1) Cost Design Cost Cost (acres) Cost ($/yr) Vol (Stf) Cont Design Cost Cost (cres) Cost
Type 11 GL,i=30 (2c —f1) (=-f1) (SHT)
Type 10 SE, im4.5 2) 3) 4) &) ©) ) 3 “4) ) €)]
Vs
1| Type ll GL 6.9 0.14 $42,079 $4,208 S§6.287 1.97 $1,262 9.42 0.12 $49,240 $4,924 $54,164 2.69 $2,462
2| Type Il SE 9.6 0.12 $50,181 $5.018 . $55.199 2.74 $1,505 12.39 0.1 $56,149 $5,615 $61,764 3.68 $2,807
3| Typel SW 5.4 0.17 $39,988 $3,999 $43,987 1.54 $1,200 7.52 0.13 $42,564 $4,258 $46,843 2.15 $2,129
4| Type 1A NwW 6.3 0.15 $41,164 $4,116 $45,281 1.80 $1,235 8.18 0.13 $46,322 $4,632 $50,954 2.34 $2,316
(1) GL=GreatLakes and Northeast Coast (2) Control volume is based on 2 ponds (6) AnnualMaintenance Cost = 3% of Construction Cost

SE =Gulf, Southeast and Mid - Atlantic Coasts
NWePaift Northwest (North of San Frarcixo)
SW=Southwest Coast (South of San Francisco)

br_hwy.wk3

(3) Unit cost based onconstruction of 1 pond
(4) Planmning and Design Cost = 10% of Constnction Cost
(5) Control Volume/Avg. Depth of 3.5

(7) AnnualMaintenance Cost = 5% of Constnuxction Cost




Four hypothetical scenarios were developed for this BMP implementation. One newly
constructed bridge with a connecting roadway on each side was examined in four coastal
regions. The bridge was assumed to be 400-foot by 60-foot and would not have scupper drains,
however, it did have drainage pipes to capture the bridge runoff. Each roadway segment draining
to the bridge was assumed to be 0.25 mile long and 60 feet wide with a 20 foot right-of-way
along each shoulder. The construction area was assumed to be lightly wooded and encompassing
approximately 7 acres. Extended Detention Dry Pond was the only BMP considered.

For design, varying site conditions were examined based on the coastal region and rainfall type.
To represent various region’s rainfall in the United States, the SCS developed four synthetic 24-
hour rainfall distributions (I, IA, II, IIT) from available National Weather Service duration-
frequency data or local storm data (1986). These rainfall types were used in the development
of the different scenarios. The following is a list of the coastal regions used for the analysis and
the associated rainfall types:

Coastal Regions and Rainfall Types:
® GL - Great Lakes and Northeast (Type II rainfall);

* SE - Gulf Coast, Southeast and Mid-Atlantic Coast (Type III
rainfall);

* NW - Pacific Northwest (Type IA rainfall); and
* SW - Pacific Southwest (Type I rainfall).

The requirements to satisfy the bridge management measure for runoff control were assumed to
be the same as those for runoff control from developed areas, such that: the practice must reduce
post-development peak runoff rates ranging from the 2-year, 24-hour rainfall to pre-development
levels and remove 80% of TSS from the average storm runoff. In order to determine the total
size of the detention or retention basin required, separate designs were prepared to determine
the storage volume required for peak runoff rate control and removal of TSS. The two storage
volumes were then added together to obtain the total storage volume required. This is a
conservative approach to determining the total volume required, but the approach is used by
some agencies to provide a factor of safety in their designs.

A summary of the design analyses results and cost are presented in Table 2. Detailed design
calculations and computer simulation results are presented in Appendix B.
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The following sections discuss the methods that were used in sizing the ED dry ponds. In
general, the SCS’s method presented in TR-55 (SCS, 1986) was used to determine the storage
for controlling the peak runoff rate and the P-8 Model (or Urban Catchment Model) (Palmstrom
and Walker, 1990) was used to determine the storage for 80% removal of TSS.

A. Design for Control of 2-year, 24-hour Rainfall Peak Runoff from Roadway Segment

The SCS TR-55 graphical method (SCS, 1986) was used to determine the required volume to
control the peak discharge generated from a 2-year, 24-hour rainfall because it provides
simplified procedures to calculate the effects of changed land use on runoff volume in the

different coastal regions. It calculates the approximate storage volume required to contain post-

construction peak discharge, such that it does not exceed the pre-construction peak discharge
rate.

The peak discharge rate for the 2-year, 24-hour rainfall was calculated based on the following
assumptions:

0] Dimensions of site 3000 feet x 100 feet
(i) Slope, S: 3% for GL, SE and SW Region
5% for NW Region
(iii)) Curve Number, CN:
Existing Conditions - Light underbrush woods with good hydrologic conditions:
Pervious soil (SCS Soil Type B) CN=60

Proposed Conditions - Impervious Cover, CN=89

(iv)  Time of Concentration:

Existing Conditions - All preconstruction sites were assumed to have light
underbrush cover with Manning’s roughness coefficient,
n=0.40 for 200 feet of sheet flow. For flow lengths that

exceed 200 feet, flows will be unpaved shallow
concentrated flow.
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Proposed Conditions - Using TR-55, the time of concentration was calculated
assuming the runoff sheet flowed over a smooth cover
(Manning’s roughness coefficient n=0.011) before entering
a drainage ditch adjacent to the roadway leading to the
bridge.

(v)  Pond Depth= 3.5 fect
(vi)  2-year, 24-hour Rainfall, i
GL i=3.0 inches
SE  i=4.5 inches
SW i=2.5 inches
NW i=3.0 inches
B. Design for Removal of 80% TSS
The P-8 model (Palmstrom and Walker, 1990) was used to predict the generation and transport

of stormwater runoff pollutants in the urban catchments. The P-8 model input parameters for
this analysis included:

1. Average storm rainfall (i.e. inches of rainfall for each hour throughout the
duration of the storm) for each of the 4 coastal regions;

2. Type of BMP (ED Dry Pond); and

3. AvAerage pollutant loads of TSS (taken from NURP 50).
The following is a list of the rainfall parameters used for each region based on Analysis of
Storm Event Characteristics for Selected Rainfall Gages Throughout the United States
(Woodward-Clyde, 1989):

Average Storm Duration Average Storm Rainfall Average Interval

_Between Storms
GL 12 hours 0.59 inches 144 hours
SwW 12 hours 0.54 inches 476 hours
SE 8 hours 0.78 inches 133 hours
NW 16 hours 0.54 inches 123 hours
80040000H:\wp\cost_ana\roads May 14, 1992
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In order to distribute the rainfall over the storm duration, the SCS Type I, IA, II, and III curves
were used and the rainfall was distributed over the appropriate storm duration. For example,
in the GL region, 0.59 inches of rainfall was distributed over 12 hours using a Type II storm
distribution. |

The ED dry ponds were designed to have a 48-hour drawdown time. All designs were
optimized to achieve 80% removal of TSS.

C. Design for Pipe Collection System

A pipe collection system will be necessary in order to collect the runoff on the bridge and to
prevent excessive surface flows that would pose a hazard to motorists.

Pipe Sizing:

For each of the design scenarios, a reinforced steel pipe was assumed to be used to convey the
stormwater runoff from the bridge surface to an ED Dry Pond. TR-55 was used to compute the
10-year, 24-hour peak discharge generated from an average storm in each coastal region. A 10-
year storm was used for design to minimize the hazards to motorists from frequent and excessive
surface flows.

The peak discharge from the bridge runoff was calculated based on the following assumptions:

bridge size: 200 x 60 (half of bridge);

slope = 2% for all regions

CN =98

Tc was calculated to be less than 6 minutes, however, 6 minutes was used for
TR-55 analyses.

The following assumptions were made for the pipe design:

° pipe is half full for design storm; and
o ground slope of bridge = slope of pipe (2%)

For the pipe design, a pipe diameter was assumed, and a peak discharge for the pipe was
calculated based on Manning’s equation.

According to the means "Building construction Cost Data" dated 1991, a 6-inch pipe was the
smallest pipe diameter available. Using Manning’s equation, a 6-inch diameter pipe was large
enough to control the peak discharge for all coastal zones except the southeast, the southeast
coastal zone needed an 8-inch diameter to meet the design criteria.

80040000H :\wp\cost_ana\roads May 14, 1992
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2.3  Cost Determination

Cost data were taken from Woodward-Clyde’s "Urban BMPs Cost and Effectiveness Summary
Data for 6217(g) Guidance- Roads, Highways and Bridges" (Woodward-Clyde, 1992) and means
"Building Construction Cost data (means, 1991). Costs were based on 1988 dollars.

The cost of the different scenarios was based on the size of the "Control Volume" and the pipe
collection system. The "Control Volume" will provide sufficient volume to meet the
management measure performance criteria. Table 2 summarizes for each scenario the cost of
the required ED dry pond and piping system. The table includes the costs to control only the 2-
year, 24-hour peak rainfall and the costs to control both the 2-year, 24-hour peak rainfall and
80% TSS removal.

Planning and design costs were assumed to be 10% of the construction costs. Annual
maintenance costs were also based on a percentage of the construction costs. The following is
a list of how the maintenance costs were computed for each scenario.

Extended Detention Dry Pond and Piping System

® 2-year, 24-hour only= 3% of construction cost
® 2-year, 24-hour + 80% TSS removal= 5% of construction cost

The estimated useful life of ED dry Pond and piping system is S0 years.
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Table 2 — Bridge Runoff Treatment

No. Type of 2y.24 Hr. Control of 2 yr 24 bour Peak Only Control of 2 yr. 24 hour Peak & 80% TSS Remowal
Rain(all: Rainfall, (in) "
Type I SW,im25 Construction Control UnitCoat | Consruction| Plaming & Total Arealon Maint. Control UnitCost | Construction| Planning & Total Area Lox Maint
Type IA NW,i=3.0 Cos of Pipe Volume (8/ct) Cont Design Cont Cost (acres) Cost (Shr) Vol. ($/ch) Cont Design Cont Cost (acres) Cox
Type 11 GL,i=3.0 (ac-8) of Dry Pond (ac~1) of Dry Pond o)
Type 1t SE,i=45 @) ) O] ) 6 (6] 3) O] ) N
1{ Type Il GL $2,860 0.64 0.77 $21466 $2,83 $26,759 0.18 $730 0.98 0.63 $26 594 $2,975 $32,729 028 $1,488
2| Type Il SE $3,160 0.90 0.65 $25483 $2,864 $31507 026 $859 134 054 $31599 $3,476 $38234 038 $1,738
3{ Typel SW $2,860 0.48 0.91 $19027 $2,189 $24076 0.14 $657 0.76 0.7 $23174 $2,603 $285637 022 $1,302
4| Type 1A NwW $2,860 0.60 0.8 $20909 $2377 $26,146 0.17 $713 0.88 0.65 $24916 $2,118 $30554 0.25 $1389
(1) GL=Great Lakes and Northeast Coast (2)Control volume isbased on 2 ponds (6) Annual Maintmance Cost = % ofConsruction Cos of Pipe and Dry Pond

SE=Gulf,Southeax and Mid—Atlantic Coasts
NW=Pacific Northwea (North of San Francisco)
SWaSouthweat Coast (South of San Francisco)

br_hwy.wk3

(3) Unit st based on construction of 1 pond

(4) Planning and Design Cot = 10% of Conxruaion Cost of Pipe and Dry Pond

(5)Cont ol Volume/Avg. Depth of 35

(7) Annual Maintenance Cost = 5% ofConaruction Cost of Pipe and Dry Pond




2.3 Erosion and Sediment Control

Erosion must be minimized and retention of sediment onsite during and after construction for
this management measure. NPDES permit are required for construction projects over 5 acres
in size. Consequently, only road and bridge construction projects of less than 5 acres were
considered.

Erosion and sediment control were examined for bridge to be constructed on a 0.5 acre site, and
an interstate exit ramp to be constructed on a 5 acre site. Four hypothetical scenarios were
developed for this section. The following varying site conditions were examined:

* Two different site topographic slopes:

¢ For exit ramp- Low (0% - 10%)
¢ For bridge- Medium (10% - 30%)

® Non-erodible soils; and
* High and low rainfall.

For each scenario, uncontrolled erosion was calculated using the Universal Soil Loss Equation
(USLE). This amount of erosion was based on clearing the entire site for a one-year construction
project and not using any erosion or sediment controls. The effectiveness of erosion controls was
determined based on a modified C Factor (cover factor) in the USLE. Details of how this factor
was calculated are given for each scenario. The method was based on the method presented by
R. Beasley in Erosion and Sediment Control (1972).

The effectiveness of various sediment control devices was based on the summary data presented
in Woodward-Clyde’s "Urban BMPs Cost and Effectiveness Summary Data for 6217(g)
Guidance- Erosion and Sediment Control During Construction” (1992) and "Urban BMPs Cost
and Effectiveness Summary Data for 6217(g) Guidance- Roads, Highways and Bridges" (1992).
The effectiveness of the various structures was used as the P Factor (practice factor) in the
USLE. The controlled erosion after implementing best management practices (BMPs) was
calculated using the USLE and the revised C and P Factors.

The following is a list of criteria and associated values used in the calculations:

Criteria Values
-Rainfall Intensity (I)
Low I=150
80040000H :\wp\cost_ana\roads May 14, 1992
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High I=400

-Soils
Non-erodible K=0.2
-Slopes
Low 3%
Medium 15%

In the completion of these analyses, general and specific assumptions have been made for the
four design scenarios. The specific assumptions are listed in the discussion for each scenario.
The following is a list of the general assumptions that were consistent for each of the four design
scenarios:

¢ Non-erodible soils are silt-loams;

¢ All on-site drainage will flow in one direction; and

* The design life of each BMP is 1 year (4 quarters).
Cost data for the various erosion and sediment controls were obtained from Woodward-Clyde’s
"Urban BMPs Cost and Effectiveness Summary Data for 6217(g) Guidance- Erosion and
Sediment Control During Construction” (1992) and "Urban BMPs Cost and Effectiveness
Summary Data for 6217(g) Guidance- Roads, Highways and Bridges" (1992). Specific costs of

the controls used in the various scenarios are as follows:

Temporary Sediment Trap....$1,100/Drainage Acre

Filter Fabric Fence............. $700/Drainage Acre
Seed...iiiiiiiiiiiiiirieas $600/Acre

Seed and Mulch................. $1,700/Acre
Construction Entrance.......... $1,300/each

Planning and design costs were assumed to be 10% of the erosion and sediment control capital
costs. The costs do not include cost of land, permits, and agency review fees.

The summary of the effectiveness and costs for all four scenarios is presented in Table 3. The
following are the specific assumptions and management practices used in each of the scenarios.

80040000H:\wp\cost_ana\roads May 14, 1992
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TABLE 3

EROSION AND SEDIMENT CONTROL COST SCENARIO' S

SCEN SITE TREAT TOPO SOIL | RAINFALL s UNCONT. [ERO GONTSED CONT|EROSION [ERO CNTLBED CNTLPLN & D3N] TOTAL | MAINT |DSN UFE

NO SIZE STND ERODIB | INDEX FACTOR _|EROSION | CFACT | PFACT |WTBMPs |- COST cosT cosT cosT COST | OF BMPs

ACRES) @0%) [(OOR15%) (K=02) [i- 150 (500 FT C=1 GIYR) (YRS)
OR400)| LENGTH)|(TONS/YR) (TONS/YR)

1 05 80 15 0.2 150 578 87 0 495 03 13 $850 $350 $180 $1,380 $170 1
2 5 80 3 02 150 068 102 0 585 012 7 $3,000 $9,000 $1800] $13,800 $1,700 1
3 05 80 15 02 400 578 231 0 665 035 54 $850 $750 $240 $1.840 $170 1
4 5 80 3 02 ~400 068 272 0705 016 31 $3.000] _ $10.300 $1.995] $15.205 $2.800 1

roads.wk4




Scenario #1:

® Bridge construction on a 0.5 acre site.
o Site has a 15% slope.

® Soil is non-erodible.

® Rainfall intensity is low.

® Sediment controls implemented immediately after construction begins. Erosion controls
implemented in third quarter.

Erosion controls used - Seed and mulch on 0.5 acre site.

Sediment controls used - Filter fabric fence (0.5 acre drainage area).

DERVATION OF C VALUE FOR SCENARIO # 1
ITEM AREA EAIN EROS SOIL | COLUMN c
AFFECT. JQUARTER | INDEXIN | LOSS (1) (2) FACTOR
BYITEM PERIOD | RATIO
(ACRES) ) @ |
BARE 05 1 005 i 005 005
BARE 05 2 03 1 03 03
SDIMULC 05 3 045 0.3 0135 0135
NEW VEG 05 4 02 00s 001 001
0 0
0 0
0 0
) 0
0 0
0 0
0 0
0 0
0 Y
TOTAL 0495
80040000H:\wp\cost_ana\roads May 14, 1992
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Scenario #2:

® Interstate exist ramp construction on a 5 acre site.

® Site has a 3% slope.

® Soil is non-erodible.

® Rainfall intensity is low.

® Sediment controls implemented immediately after construction begins. Erosion controls
implemented in third quarter.

Erosion controls used - Seed with minimal straw mulch on 5 acre site.

Sediment controls used - Filter fabric fence (5 acre drainage area) and sediment trap (5 acre

drainage area).

DERVATION OF C VALUE FOR SCENARIO # 3
ITEM AREA  JRAIN ERCS. SOIL | COLUMN C
AFFECT JOQUARTER |INDEXIN | LOSS (12 FACTOR
BY ITEM PERIOD | RATIO
ACRES) (1} o)
BARE S 1 6065 1 G 05 005
SBARE 5 2 03 1 03 03
EED S 3 045 05 0.225 0.225
INEW VEG 5 4 02 005 001 0.01
0 0
0 0
0 0
0 )
0 0
a )
0 0
0 0
TOTAL > 0 ss‘;
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cenario #3:

Bridge construction on a 0.5 acre site.

® Site has a 15% slope.

e Soil is non-erodible.

e Rainfall intensity is high.

e Sediment controls implemented immediately after construction begins. Frosion controls

implemented in third quarter.

Erosion controls used - Seed and mulch on 0.5 acre site.

Sediment controls used - Filter fabric fence (0.5 acre drainage area) and construction entrance.

DERVATION OF C VALUE FOR SCENARIO # 3

ITEM AREA RAIN EROS. SOIL COLUMN C
AFFECT KQUARTER | INDEXIN | LOSS (1) (2) FACTOR
BY ITEM PERIQOD RATIO
(ACRES) ) @) |
BARE 05 1 015 1 0.15 015
BARE 05 2 03s 1 035 0.35
[SD/MULC as 3 C 4 04 016 0.16
NEW VEG 05 4 01 005 G 005 0 605
0 Q
0 0
(¢} 8]
¢} 0
Q 0
0 0
0 0
Q 0
TOTAL > o eé(;
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Scenario #4:

e Interstate exit ramp construction on a 5 acre site.

Site has a 3% slope.

Soil is non-erodible.

Rainfall intensity is high.

Sediment controls implemented immediately after construction begins. Erosion controls
implemented in third quarter.

Erosion controls used - Seed with minimal straw mulch on 5 acre site.

Sediment controls used - Filter fabric fence (5 acre drainage area), sediment trap (5 acre

drainage area) and a construction entrance.

DERVATION OF C VALUE FOR SCENARIO # a
ITEM AREA  JRAIN EROS SOIL | COLUMN C
AFFECT JQUARTER | INDEXIN | LOSS (11 (2) | FACTOR
BY ITEM PERIOD | RATIO
(ACRES) 1) @)
BARE 5 ; 0.15 1 015 015
BARE 5 2 035 1 0.35| 035
SEED 5 3 0a 05 02 02
NEW VEG 5 P) 01 005 0005 0005
0 0
0 0
) )
0 0
0 0
0 0
) 0
) 0
TOTAL > 0 702
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2.4 Operation and Maintenance of Roads, Highways and Bridges

Many of the operation and maintenance BMPs that could be used to achieve this management
measure (e.g., pothole repair, bank stabilization, and revegetation) are generally applied by most
state transportation agencies. Three practices that are not routinely applied are street
sweeping/vacuuming, road salt minimization and containment of paint chips and debris during
bridge maintenance. Consequently, the costs of implementing these practices were examined.
The following sections discuss the implementation scenarios examined and the associated costs.

2.4.1 Street Sweeping

Six scenarios were developed for this analysis. The scenarios considered: rainfall in the
northeast and southwest; and sweeping frequencies of 1, 2, and 4 times per month. The
following is a list of the general assumptions made for the calculation of the street sweeping cost
analysis:

® Watershed is 100 acres with 1/4 acre single family homes.

® Watershed is 25% impervious.

e Streets make up 70% of total impervious area.

* There are 10 curb-miles of street in a residential 100-acre watershed.

* Costs include financing of the street sweeper machine over its design life and
labor (assumes a vacuum sweeper is used).

The effectiveness of the various street sweeping scenarios was examined using the P-8 model.
The model has an option for examining the effects of street sweeping on pollutant concentrations
in stormwater runoff. Simulations were completed for the impacts on the runoff from a 2-year,
24-hour rainfall event. For the simulations, varying site conditions were examined based on the
coastal region and rainfall type. To represent various region’s rainfall in the United States, the
Soil Conservation Service (SCS) developed four synthetic 24-hour rainfall distributions (I, IA,
II, IIT) from available National Weather Service duration-frequency data or local storm data (Soil
Conservation Service, 1986). Two of the four coastal zones were examined for these scenarios.
The following is a list of the coastal regions and rainfall types:
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Coastal Regions and Rainfall Types:
¢ GL - Great Lakes and Northeast (Type II rainfall); and
® SW - Pacific Southwest (Type I rainfall).

The follwing are the specific assumptions used in each of the scenarios:

Scenario #1:
¢ Rainfall zone is northeast

¢ Streets are swept 4 times per month

Scenario #2:

¢ Rainfall zone is southwest

e Streets are swept 4 times per month

Scenario #3:
¢ Rainfall zone is northeast

¢ Streets are swept twice per month

Scenario #4:
e Rainfall zone is southwest

* Streets are swept twice per month

Scenario #5:

¢ Rainfall zone is northeast
e Streets are swept once per month

Scenario #6:
¢ Rainfall zone is southwest

* Streets are swept once per month
Cost data were taken from Woodward-Clyde’s "Urban BMPs Cost and Effectiveness Summary

Data for 6217(g) Guidance- Roads, Highways and Bridges" (Woodward-Clyde, 1992). Costs
were based on 1988 dollars.
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The summary of the scenario results are presented in Table 4. The computer simulation results
are presented in Appendix C.
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TABLE 4

STREET SWEEPING COST SCENARIO’S

SCEN. FREQ. RAIN. TSS TP TKN ZN HC CURB COST | TOTAL
NO. ZONE MILE COST
(SWEEPS |[[NEOR | (% REM.) | (% REM.,) | (% REM.) | (% REM.) | (% REM,) | (MILES) | ($/MILE) | (3/YR)
/MON.) SW)

i 4] NE 3.0 25 2 1 27 3.7 10 20 9600

2 4] SW 5.8 3.6 3 16 54 10 0] 9600

3 2 NE 2 1.2 1 1.3 19 10 20 4800

7 5 SW 3 20 15 16 28 10 20 4800

5 1 NE 1 0.6 0.6 1.3 1 10 20 2400

6 1] sw 1.5 0.7 0.8 0 1.3 10 20 2400

roads.wk4




2.4.2 Road Salt

Two hypothetical scenarios were developed for this analysis. The first scenario examined the
cost of containing road salt in a properly designed salt storage facility. The second scenario
examined the costs incurred when fitting salt spreading vehicles with special equipment to
minimize the amount of salt applied. The equipment is calibrated yearly.

For this cost analysis, the use of Calcium Magnesium Acetate (CMA) and other salt alternatives
was not considered. However, it has been documented that many coastal states, i.e.
Massachusetts, recommend using salt alternatives.

Scenario #1: Salt Storage Facility

The salt storage facility was located in the northeast coastal region. The following is a list of the
assumptions made for this design scenario:

* The storage facility design was for half of the annual salt use;
* Eight storms requiring salt application occured in a given year;

e The amount of salt needed was based on 4 applications per storm per 2-lane
mile; and

* The salt storage facility was needed for 400 miles of a two-lane highway on
bare pavement.

From information presented in the Salt Institute’s "Salt Storage Handbook" dated 1987, the
minimum salt storage requirement for this design scenario was 3200 tons of salt.

The following table outlines the cost of the salt storage facility based on the above design
criteria.

Storage Amount of Salt Capacity of Cost Total Cost of
Facility | Needed for Year | Salt Storage ($/ton of salt Salt Storage
Type (tons) Facility (tons) | storage capacity) Facility
®)
Wood and 3200 1750 22 38,500
Concrete
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Cost data were taken from Woodward-Clyde’s "Urban BMPs Cost and Effectiveness Summary
Data for 6217(g) Guidance- Roads, Highways and Bridges" (Woodward-Clyde, 1992).

It was assumed that this salt storage facility was properly designed and met the general
guidelines outlined in Salt Institute’s "Salt Storage Handbook." Some of these guidelines
include:

¢ Selecting a safe, accessible site for the facility;

¢ Building a strong and sturdy structure; and

¢ Keeping the salt covered in a roofed facility.
These costs do not include the cost of land, access drive, or surrounding fences/walls used to
keep persons away from the facility. The design life of the structure should be about 30 years.
Scenario #2: Salt Spreading Equipment
For this design scenario, it was assumed that a truck capable of carrying specialized salt
spreading equipment was already purchased. The equipment was designed to spread salt based
on the traveling speed of the truck; therefore, the slower the truck traveled the slower the salt
was applied, and the same was true for higher traveling speeds. This minimizes the amount of
salt applied to the roads, highways and bridges. The design scenario also assumed the equipment
was calibrated on a yearly basis to insure the amount of NPS pollution caused by road salt
application was minimal. The following is a list of the costs incurred when 1 truck is equipped
with calibrated salt spreading equipment.

e The cost of salt spreading equipment= $6,000;

¢ The annual calibration cost (10% of equipment cost)= $600; and

* The total cost= $6,600.

Cost data were taken from Woodward-Clyde’s "Urban BMPs Cost and Effectiveness Summary
Data for 6217(g) Guidance- Roads, Highways and Bridges” (Woodward-Clyde, 1992).

The depreciation cost of the truck was not included in this cost analysis.
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2.4.3 Bridge Maintenance

One hypothetical scenario was developed for this analysis. A bridge was assumed to be repainted
and cleaned to remove rust. The maintenance costs consist of containing the paint chips with
tarpaulin and then disposing the paint chips in a properly designed landfill. The following is a
list of the specific assumptions made for this cost analysis:

* Bridge size was 400 feet by 60 feet.
* Maintenance was only done on half the bridge at one time.
* Polyvinyl coated nylon tarpaulin was used to collect paint chips.

¢ It took a three man crew working for three days to complete the work
(72 total man-hours).

¢ The tarpaulin was not revised on other projects.

* Protective equipment was worn by the crew.

The following table summarizes the costs involved in the bridge maintenance scenario. Only the
cost of the tarpaulin and labor are included in the table. Costs for newly purchased protective
equipment and landfill disposal fees are not included.

Maintenance Cost of Labor Labor Total
Item Area Tarpaulin Costs’ (hours) Cost
(sq. ft.) ($/sq. ft.) ($/hour) (&)
Install and
Remove 12,000 0.45 20 60 6,600
Tarpaulin
Dispose of NA NA 25 12 300
Paint Chips

NA: not applicable

" Cost data were taken from "Means Building and Construction Cost Data" dated 1991.
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2.5 Retrofit Programs

In meeting the requirements of this management measure, the most common practices would
probably be providing stormwater treatment around large highway interchanges near receiving
and elimination of scupper drains on bridges over sensitive ecosystems. The costs for
implementing these BMPs as retrofit projects would be very similar to the costs presented in
Sections 2.1 and 2.2 of this report.

Additional costs would be imposed on communities and states to prioritized the areas in the need
of retrofit projects to protect coastal waters. Computer models such as the FHWA PC-based
model for evaluating pollutant loadings and impacts from highway stormwater runoff.

3.0 SUMMARY

This report addressed the costs of limited use BMPs that would be needed to achieve the
management measures. The BMPs considered are not all inclusive but represent the minimum
actions that would be need to be taken. Costs were not developed for BMPs that are generally
being widely applied by most highway departments.
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APPENDIX A

Road and Highway Stormwater Treatment
Design and Computer Simulation Results
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number of storms = 1

interval = 133. hrs, storm duration = 8. hrs, precip = .78 inches
device = 1 dry pond, type = pond , Vvariable = tss
flow locad conc

mass—-balance term acre~ft 1bs ppm
01 watershed inflows 1.99 807.32 149.2786
06 normal outlet 1.99 161.56 29.8701
08 sedimen + decay .00 645.76 .0000
09 total inflow 1.99 807.32 149.2786
10 surface outflow 1.99 161.56 29.8701
12 total outflow 1.99 161.56 29.8701
13 total trapped .00 645.76
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 79.99 %, adjusted = 79.99 %
continuity errors: volume = -.01 %, load = .00 %
case title = Coastal Zone Study(SE)
case data file = sehi50d.inp
storm data file = czmsest.stm
particle file = czZm_nurp.par
air temp file = prové6988.tmp
precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Coastal zone management

one watershed

one device

one particle class = NURP 50%

southeast rainfall zone

50 acres, highway interchange

ED dry pond
watershed = 1 watersh
surface runoff device = 1 dry pond
percolation device = 0
watershed area acres = 50.000
impervious fraction = .630
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping fregquency times/week = . 000
water quality load factor - = 1.000
device = 1 dry pond, type = 1 pond
bottom elevation feet = .000
bottom area acres = .705



permanent pool area acres

permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pocl area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
weir discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches

particle removal scale factor

exfiltrate routed to device 0
normal outlet routed to device 0]
spillway outlet routed to device 0

Coastal Zone Study(SE)

.000
.000
.000000
.941
3.292
.000000
48.000
.000
.600
.000
.300
. 000
.000
.000
1.000

I
W

ouT
ouT
ouT

watershed areas contributing surface runoff to each device

total impervious

device acres acres %
1 dry pond 50.00 31.50 63.0
24 OVERALL 50.00 31.50 63.0

normalized device areas and volumes
------- dead-storage
ab/ai vb/ai ab/at

device % inches %
1 dry pond 2.24 .00 1.41
25 OVERALL 2.24 .00 1.41

dead-storage zmean

acres ac-ft feet
.71 .00 .00
.71 .00 .00

------- total-storage
vb/at  ab/at  vb/at

inches % 1inches
.00 1.88 .79
.00 1.88 .79

total-storage zme:

acres ac-ft feec
.94 3.29 3.&"
.94 3.29 3.t

flood-storage
vb/at
inches
.79
.79



number of storms = 1

interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 dry pond, type = pond , variable = tss
flow load conc
mass-balance term acre-ft lbs ppm
01 watershed inflows 1.37 597.89 160.8434
06 normal outlet 1.37 119.52 32.1495
08 sedimen + decay .00 478.37 .0000
09 total inflow. 1.37 597.89 160.8434
10 surface outflow 1.37 119.52 32.1495
12 total outflow 1.37 119.52 32.1495
13 total trapped .00 478.37
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 80.01 %, adjusted = 80.01 %
continuity errors: volume = -.01 %, 1load = .00 %
extreme values over all storms
base minimum maximum maximum maximum maximum wet
elev elev elev inflow outflow velocity period
device ft ft ft cfs cfs ft/sec %
1 dry pond .00 .00 1.88 3.94 .75 .00 12.4
case title = Coastal Zone Study (SW)
case data file = swhiS5Od.inp
storm data file = czmswst.stm
particle file = Czm_nurp.par
air temp file = prov6988.tmp
precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:
Coastal zone management
one watershed
one device
one particle class = NURP 50%
southwest rainfall 2zone
50 acres, highway interchange
ED dry pond
watershed = 1 watersh
surface runoff device = 1 dry pond
percolation device = 0
watershed area acres = 50.000
impervious fraction = .630
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor = 1.000



device = 1 dry pond, type = 1

bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
welr discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches

particle removal scale factor

exfiltrate routed to device 0
normal outlet routed to device 0
spillway outlet routed to device 0

Coastal Zone Study (SW)
watershed areas contributing surface

total impervious

device acres acres %
1 dry pond 50.00 31.50 63.0
24 OVERALL 50.00 31.50 63.0

normalized device areas and volumes
------- dead-storage
ab/ai vb/ai ab/at

device % 1inches %
1 dry pond 1.44 .00 .91
25 OVERALL 1.44 .00 .91

pond

.000
.454
.000
.000
.000000
.605
2.119
.000000
48.000
.000
.600
.000
.300
. 000
.000
.000
1.000

nun

I
w

ouT
ouT
ouT

runoff to each device
dead-storage zmean
acres ac~ft feet
.45 .00 .00
.45 .00 .00

------- total-storage
vb/at ab/at vb/at

inches % inches
.00 1.21 .51
.00 1.21 .51

total-storage zmean

acres ac-ft fe
.61 2.12 3.!
.61 2.12 3.50

flood-storage
vb/at
inches
.51
.51



number of storms = 1

interval = 123. hrs, storm duration = 16. hrs, precip = .54 inches
device = 1 dry pond, type = pond , variable = tss

flow load conc
mass—-balance term acre-ft 1lbs Ppm
01 watershed inflows 1.37 378.05 101.8991
06 normal outlet 1.37 75.57 20.3666
08 sedimen + decay .00 302.49 .0000
09 total inflow 1.37 378.05 101.8991
10 surface outflow 1.37 75.57 20.3666
12 total outflow 1.37 75.57 20.3666
13 total trapped .00 302.49
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 80.01 %, adjusted = 80.01 %
continuity errors: volume = -.01 %, load = .00 %

extreme values over all storms

base minimum maximum maximum maximum maximum wet

elev elev elev inflow outflow velocity period

device ft ft ft cfs cfs ft/sec %
1 dry pond .00 .00 1.85 3.43 .65 .00 52.0

case title

case data file
storm data file
particle file
air temp file

Coastal Zone Study (NW)
nwhi5od. inp
czmnwst.stm
Czm_nurp.par
prové6988. tmp

[ | R

il

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Coastal zone management

one watershed

one device

one particle class = NURP 50%

northwest rainfall zone

50 acres, highway interchange

ED dry pond
watershed = 1 watersh
surface runoff device = 1 dry pond
percolation device = 0
watershed area acres = 50.000
impervious fraction = .630
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor - = 1.000



device = 1 dry pond, type =
bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
welr discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches
particle removal scale factor
exfiltrate routed to device 0
normal outlet routed to device 0
spillway outlet routed to device 0

Coastal Zone Study (NW)

1

pond

.000
.403
.000
.000
.000000
.537
1.880
.000000
48.000
.000
.600
.000
3.300
.000
.000
.000
.000

OouT
ouT
ouT

watershed areas contributing surface runoff to each device

total impervious

device acres acres %
1 dry pond 50.00 31.50 63.0
24 OVERALL 50.00 31.50 63.0

normalized device areas and volumes

ab/ai

device % 1
1 dry pond 1.28
25 OVERALL 1.28

dead-storage

vb/ai ab/at
nches %
.00 .81
.00 .81

dead-storage zmean

acres ac—-ft feet

.40 .00 .00

.40 .00 .00
——————— total-storage
vb/at ab/at vb/at
inches % inches
.00 1.07 .45
.00 1.07 .45

total-storage zmean

acres ac~ft fec
.54 1.88 3.¢t
.54 1.88 3.5u

flood-storage
vb/at
inches
.45
.45



number of storms = 1

interval = 144, hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 dry pond, type = pond , Vvariable = tss
flow load conc
mass-balance term acre-ft 1bs ppm
01 watershed inflows 1.50 709.02 174.3422
06 normal outlet 1.50 141.71 34.8415
08 sedimen + decay .00 567.31 .0000
09 total inflow 1.50 709.02 174.3422
10 surface outflow 1.50 141.71 34.8415
12 total outflow 1.50 141.71 34.8415
13 total trapped .00 567.31
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 80.01 %, adjusted = 80.01 %
continuity errors: volume = -.01 %, load = .00 %
extreme values over all storms
base minimum maximum maximum maximum maximum wet
elev elev elev inflow outflow velocity period
device ft ft ft cfs cfs ft/sec %
1 dry pond .00 .00 1.93 6.54 .91 .00 40.3

case title

case data file
storm data file czmnest.stm
particle file CZm_nurp.par
air temp file = prov6988.tmp

i

Coastal Zone Study (NE)
nehi50d.inp

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Coastal zone management

one watershed

one device

one particle class = NURP 50%

northeast rainfall zone

50 acres, highway interchange

ED dry pond
watershed = 1 watersh
surface runoff device = 1 dry pond
percolation device = 0
watershed area acres = 50.000
impervious fraction = .630
impervious depression storage inches = .020
SCS curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor - = 1.000



device = 1 dry pond, type =
bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir 1length feet
weir discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches
particle removal scale factor
exfiltrate routed to device 0

normal outlet routed to device 0
spillway outlet routed to device 0

Coastal Zone Study(NE

)

1

pond

.000
.540
.000
.000
.000000
.719
2.518
.000000
48.000
.000
.600
.000
3.300
.000
.000
.000
1.000

watershed areas contributing surface runoff to each device

total

device acres
1 dry pond 50.00
24 OVERALL 50.00

impervious
acres %
31.50 63.0
31.50 63.0

normalized device areas and volumes

——— ——

ab/ai

device %
1 dry pond 1.71
25 OVERALL 1.71

- dead-storage

vb/ai ab/at
inches %
.00 1.08
.00 1.08

vb/at

dead-storage zmean
acres

ac~-ft feet

.54 .00 .00

.54 .00 .00
-——- total-storage
ab/at vb/at
inches % 1inches
.00 1.44 .60
.00 1.44 .60

total-storage zmean

acres ac-ft fee
.72 2.52 3.!
.72 2.52 3.bu

flood-storage
vb/at
inches
.60
.60
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Location e: Wwest Checked
Circle one:( Present

Circle one:

Worksheet 3: Time of concentration (T) or travel time (Ty)

I-kj\\wau Taler (\I\QMG#

iy BIO =(8

Date

s
¢ through subarea

{210-V1-TR-55, Second Ed.

NOTES: Space for as many as two segments per flow type can be used for each
worksheet.
Include a map, schematic, or description of flow segments.
EX ST _PPeveored
Sheet flow (Applicable to Tc only) Segmwent ID N )
Ligh
1. Surface description (table 3=1) eccceeseacss Smoeth
2. Manning’s roughness coeff., n (table 3-1) .. 0!‘{0 ” 000”
3. Flow length, L (total L < 300 ft) seccccacse ft 300 100
b. “o-yr 2A.hr rainfﬂll. Pz essensssenscancacese in 2'5 2'5
S. Land 8lOPE, B cececcccsccccacccscescsssessss fL/fL 03 0~03 \ /
0.8
6. 1 - 0:007 (n1)%® compute T ...... ne | 0.83]4] 0.02 |- W
t P 0.5 0.4 t 7
2 8 N
Shallow concentrated flow Segment ID :
{
7. Surface description (paved or unpaved) ..... UO\PQJEA.} P‘W&J
! {
8. Flow length, L ciceceescccccccscsscacaccnane ft [200 | £‘4‘OO
9. Watercourse 6lOpe, 8 sscecesssesccascoaccnsas f/fE .03 I 032
) ¢
10. Average velocity, V (figure 3-1) .cceeeeee.. ft/s 2.6 1 3.6 \ /
L o2 |+ o. 1o |- X
11. T, = —+7 Compute T, cccee. hr ' f '
t 3600 V t 7
Channel flow Segment ID / i L
12, Cross sectional flow 8rea, & ececcecccncccces ft2 / /
13. Wetted pethCET, pv eeces0ss00s000sevnvacese ft / :' T
]
14. Hydraulic radius, r = p_a_ Compute r ...ceee ft [ B
v :
15. Channel 8lope, 8 eseescscccssscascccscssscess ft/ft / : l
16. Manning’s roughness coeff., N cececocccrcces / 3 I
2/3 1/2
17, v =1:49 Lo Compute V veseee. ft/s f J! T
18. Flow length, L ceecccccccccsccsssccsssoncacs ft / [ \
L I N
19. Tt - m Compute Tt cesses hr _ -
20. Watershed or subarea Tc or Tt (add Tt in steps 6, ll, and 19) ....... hr /

-TZE;(WT' - 095 \’\\’
—TZDEV—-———LL___{
“June 1986}



Worksheet 4: Graphical Peak Discharge method

Project H(%/\WM I;H‘-CV (_»‘\Aﬁ\j€ By 23D Date SZE Z??/

Location Sé\l W w€‘§‘t Checked Date

1.

5.

D-4

Data: EX BTING -DEVELO@
Drainage area ...cceceees A ® 0:072 mi 2 (acres/640) An«;" -0'78Mie‘"
£ -

Runoff curve number .... CN‘- 6O (From worksheet 2) c'“”.n = 98

Time of concentration .. TCE. 0,‘1; hr (From worksheet 3) ! Cp = 0.12 h~

Rainfall distribution type = _I—- (1, IA, II, III)

Pond and swamp areas spread 2

throughout watershed .cceee = percent of Am ( acres or mi“ covered)
EXSTING DE VpLoPe®
Storm—H— Sterm—ii~ Steorm-id

Frequency 6 S 000 2GS PDEICEOESB P CEDOSSEENS OGS yr Zj( 2'7/

Rainfall, P (24-hour) .cceeceacocss cences in Z.5 2-‘5

Initial abstraction, Ia ..... sescan csssos in l.ZB 'D"”

(Use CN with table 4-1.)

Compute Ia/P 9 S P S92 PO OSSO0 ORGP OODNOSOESOSIOS 0’55 O.OL

Unit peak discharge, q eeececececcccnses csm/in %8 ‘HO

(Use Tc and Ia/P with exhibit 4= T=)

RUNOEE, Q +evesecnsnceseonnnseanaanseanes in 7 2.21
(From worksheet 2).

Pond and swamp adjustment factor, F_ .... /. O /0
(Use percent pond and swamp area P

with tahle 4-2, Factor is 1.0 for

zero percent pond and swamp area.)

Peak discharge, qp ctesessscecsressescenne cfs 0'64 8322‘
(Where qp = quAmQFp)

(210-VI-TR-55, Second Ed., June 1986)



Project By Date
Location Checked Date
Circle one: Present Developed
o T T e —
BEREw v - Pt -
T ] v SN R T -—
1T He e
o E TR  EsssasaEmEaEaE
A 8 i F I | IR N EENEENE NS
o 4 ; L L i
e L i el
¢ IHETRERn b N SR AR -
b JJJ_L‘; f—t'-r ; : H— H§31§i .
1 “J."‘."_‘f'l : fFadp 4t : + ! L L R
13 -l 3 J,J.'—}rj'; 1. I 0 S AT A
'E iy T‘;ﬁ:.;L.;“-_;_;ii_,_ ~ T },f! i Ljr;' mRa
s P b el e e e ——
8 PR ) = -] = 4t e
- L Y ‘r;‘_.'l'?' ._‘_._7_4_& -I_:__‘ l [ IL]|,I : ll
B e an s udNE dn dnaa nu SR REn . I I A s
TE b g R e by ey e e e T ——
y-f- 0 }»: LIS ot R A—-:'-,—: 4-:—,-- :1 lf‘ : - - ': —_—
Y A il (RS S IS Al Sl 6 0 0 A O ) ES R A0 AT I B SR X
"i'*;"';'ite' ' :_;_:;.T.:FT;.'}?H'..._{'J'-;,'»- N 'lll i _—_{
Detention basin storage
VB :; ;
1. Data: 6. o svseeosss0ssssnse ! 7
Draimse aTe8 esvcces Am - '07& Mz vr qo
Rainfall distribution (Use — with figure 6-1)
type (I, IA, 1I, I1I) = L Y
70 Runoff, Q eecnse in 2‘2:7
1st 2nd (From worksheet 2)
Lstage stage
8. Runoff volume,
vr sessc0scsese ‘C-ft q'L{
2. Frequency ee.... yr| 271 (V, = QA;53.33)
3. Peak inflow dis- 9. Storage volume,
charge, qq seee cfs BS'Zb Va ecesessees ac—ft 5.4‘
———
(From worksheet & or 5b) v —
1/ (Vg = v (TN
4. Peak outflow dis- r -
charge, q_ «... cfa| O.6¢ "
° 10. Maximum stage, E P
* B¢ Epax
(From plot)
q
S. Conpute—g-........ Ol
UY
1/

Worksheet 6a: Detention basin storage,
peak outflow discharge (q,) known

2nd stage q, includes lst stage q-.

(210-V1-TR-55, Second Ed., June 1986)




Worksheet 3: Time of concentration (T,) or travel time (T)

Project HBL\W I‘\'}E(C)\a\fﬁﬂ By Nb Date /72
Location G@t LﬁteS Checked Date

Circle one: Present Developed

Circle one: through subarea

NOTES: Space for as many as two segments per flow type can be used for each

Sheet flow (Applicable to Tc only)

l.

2.

worksheet.

Include a map, schematic, or description of flow segments.

Surface description (table 3~1) cecescccsess

Manning’s roughness coeff., n (table 3-1) ..

7.
8.
9.
10.

11.

Flow length, L (total L £ 300 ft) ..ccceec... ft
No-yr 24"hr rainfall' PZ esss@sssseccsesesns in 3'0 ﬁ 3‘0
Land 810PE, B ceusseccsssnrvansesscsncncsanss LT/t 003 0.0% y
0.8 .
Tt - 0.0875("16)4 Compute Tt ceceee hr 0.76 0'02/ -
p 0:3 ;0. —f—>
2
Shallow concentrated flow Segment ID
Surface description (paved or unpaved) ecs..
Flow length, L sevececercoccssnssssnscsossse ft
Watercourse S10PE, B secescscsascscessscecss fL/fL
Average velocity, V (figure 3=1) .iccesscess ft/s )
- 0.10|=
Tt 3600 v Compute Tt X XXEE) hr / \
Segment ID

Channel flow

12,
13.
14.
15.
16.
17.
18.
19.

20.

Cross sectional flow area, 8 ceceveccoccccee

XXX YRR RS R RN NN RN NE X RN

Wetted perimeter, p,

Hydraulic radius, r --’% COmMPULE T savsees

w

C‘mnnel slope' s (XX EERE N EN NN XN N NN N N NN AN N NER ]
Manning’s roughness coeff., N ceccvececonses
2/3 1/2
Ve 1.49 rn s Compute V cisaves
Flow length. L cececvvecssscocnsccsroccscccne
L
'l‘t 3600 V Compute Tt ceeses

Watershed or subarea T, or 'I't (add 'I‘t in steps 6,

Segment ID

EX\STING ‘Y’DWEQPGD

Sentha] Smooth
0-405 o.0ll
200 | 110

.2 |
ft

ol

[
/
/

fr/ft / /
[ 4]
fe/s / /
fr ] ,T /
hr " \ /

11, and 19) .eeveee hr

T

(210-V1I-TR-55, Seco

0.8 hr
o.\z2 hr

P S

EX\s

C.DEQX




Worksheet 4: Graphical Peak Discharge method

Project H l\d} ‘\\QA:} I;\‘('-ef C,hg ngg By ESD Date _ S éZ‘?z/

Location GreoX Lakes Checked Date

l. Data: E obPeb
E XisTING DEVEL

Drainage 3TCA eeecscesces Am - 0-0 ig! miz (act98/6l‘0)
Runoff curve number .... CN = éo (From worksheet 2)

-

Rainfall distribution type = (1, IA, II, IID)

Pond and swamp areas spread
throughout watershed «evees

. S
A wm ;OIO —{g i
CN = 9y
Time of concentration .. T, = __ 0,88 hr (From worksheet 3) Tc = O\2 hv

= gé percent of AL ( Qg acres or mi’ covered)

Exismitg Devewred
Sterm—#l | —Seorai2 [ -Stermi3-
2' Ftequency ® 00 ¢ 00 PO D PP O SOV OO OPO OB OeN OSSN TNS yr 2 Z
3. Rainfall’ P (2-’0‘h0ul’) esceossossvnscsvsns e tn 3‘0 3'0
4, 1Initial abstraction, Ia seccscsrsscscsnece in [ 33 0.,0Y]
(Use CN with table 4-1.)
5. Compute Ia/P ...... teseesecccsse ceesssens OHY= 0-0 14

220

6. Unit peak discharge, q, secessessssecnane csm/in

(Use Tc and Ia/P with exhibit A-!L )

0.33

7- Runoff, Q ooooooooooooo ersesesvesvocsnere in

(From worksheet 2).

8. Pond

and swamp adjustment factor, F

(Use
with
zero

percent pond and swamp area
tahle 4-2, Factor 1s 1.0 for
percent pond and swamp area.)

9. Peak discharge, qp cfs 5‘~éé

205.2

(Where 9 = quAmQFp)

D-4 (210-VI-TR-55, Second Ed., June 1986)




Worksheet 6a: Detention basin storage,
peak outflow discharge (q,;) known

By I3~T1>

Project %hqkuaq,JtnicrcL@an

Location

Checked Date
Circle one: Present~Devéloped
I SV O RN - 1 R T 1
o R Y S IS S S R
I i 1 o =
EREEEkas ST T 1 B BRSNS -
ENEREEE F:L : " '*f%i::li‘41
L. LR .3 MR E NS R
& o 11 -1 4| [ HIEENEENE AN
- J| : 1'%- e IR E RN R B
& "—; --w'-wl v L J‘—-IrA' ——fet ! ——
) I]:".J T H A ! NN RSN 5}
ol | — N LI
L . " H I R N 1 '_lﬁlln':i -
o -H“'_'F i ! 1 ' RN 1
L ++ i RN R RENRE 1 \ i _
e L——-Lj—-Ji:L-o I JJ_&':;J.J = 1. il IO I
S 1= j?iﬂ L . I R N R T
l'. H : . TR S Ll [ ] ;2 [IR]
‘; 11 J--:#_;p_:_l_ _:_;_‘_*—1—1 1 Ti1 ';Uil- :
: 1 RN SN M S AN 1 —_——
> H— — : T
v HHH A 2 s e e e e T
= FTT T S T T e e e
iy ! : H : H —_ :
nhpA Al n RN Sy R TS A8 S et
- e N VSIS S I N PG W N N ST I N i —— H ————
_‘!'f. RN BN R B S 1 B S DA I S -
L‘. SR S-S S r—— ’ H ! | R : 1 B
l_1 ’_ S .+~,L|——t—0 +"1'—_"-1711 IR \
NSl Pl kA EREEE T T T :
SRR il B B 1--L'4:t:"7-ﬂ T ,'17 - }

1.

2.

3'

5.

U Great b les

Date i:ZEﬁé;z_,,

Data:

Drainage
Rainfall
type (1,

8rea sesseceae

Detention basin storage

. Ay =~ 207R mt?

distribution
IA, II, III) -

I

1st 2nd

stage | stage
Frequency eeeses YT QL‘YV
Peak inflow dis-~
charge, qi sees Cfs 2053
(From worksheet & or 5b)

1/
Peak outflow dis-
charge, q «... cfs 5,66
9%

Compute q— cevenens] 003

2nd stage q, includes 1st stage q.

6.

8.

9.

10.

\Y

£

v 209 00 GBavO SRRSO

r o q

(Use — with figure
9y

Runoff, Q essses In
(From worksheet 2)

Runoff wvolume,
v essveccsss 8cC-ft

(Vr - QAm53.33)
Storage volume,
V seesscesse ac-ft
8

vs
(v, = Vr("',:))

Maximum stage, E
(From plot) nax

(210-VI-TR-55, Second Ed., June 1986)
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Project &\éhum? Todesthanse b BIY
Location Mag{' Checked
Circle one:

Circle o

NOTES:

Sheet flow (Applicable to TC only)

Worksheet 3: Time of concentration (T,) or travel time (Ty)

subarea

worksheet.

Include a map, schematic, or description of flow segments.

Segment ID

1. Surface description (table 3-1) ciceceescces
2. Manning’s roughness coeff., n (table 3-1) ..
3. Flow length, L (total L < 300 ft) ccvveeeess ft
4, THO'yr 24-hr rainfall; Pz eess0cssscsscsasne in
5. Lland sloPe' B cseccvcescsnccsccsnsersssscssces ft/ft
0.8
= 0.007 (nl)
60 Tt W ComPUte Tt XXxxxl hr
P 8
2
Shallow concentrated flow Segment ID

7.
8.
9.
10.

ll'

Channel flow

12.
13.
14,
15.
16.
17.
18.
19.

20.

T

Surface description (paved or unpaved) ecese

Flow length. L cecscessocscccrsssssosccccsace ft
Watercourse 6lOPe, B cesessvesssascssenceses fL/fL
Average velocity, V (figure 3=1) ..esceeseee ft/s
L
t 3600 v Compute Tt XXXl hr
Segment ID
Cross sectional flow 8rea, & cececcsccccesss ft2
wetted peri&etet, Pv ®ecsescevrscosscrssevsscs ft
Hydraulic radius, r = ;1 Compute T .ecesss ft
Y
Chﬂnnel slope‘ 8 sscevsessevscssossscsoncesne ft/ft
Manning’s roughness coeff., N ceecencccnaces
2/3 1/2
V= 1.49 rn 8 Compute V ...e... ft/s
Flow length, L secccccecccncscccscsscssncsne ft
L
T = 3600 v Compute T, ...... hr

Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) ....;.. h;

(210-V1-TR-55, Second

——

.y

une

EXienwge DeveLobed

Space for as many as two segments per flow type can be used for each

L“jﬁ-"'}

Smaoth

Date f_/_ &{Zl
Date

wesd rd
O Yo g.oll
3o00| |00
4.5 45
093 | 003 N,
o.v*l o.0l|" Y
[
UnfuéJ PaueJ
1200 | 1400
.03 02
18] 3.6 w
ouz|+{ oo |- X
l

[
/
I
!
/
I
I
I

+

ll

.

\C‘Ex\g = 0,-74 hy
Teoer < OA] 4
i E—




Worksheet 4: Graphical Peak Discharge method

Project H\S\\glewl I\H'Ud'\m\\e)e By BJD pate S/9

Location 50 \'\6&5‘(’ Checked Date

Circle one

l.

5.

D4

Present Developed

Data: ExienNg DE’UE’LOPED;

—___————‘_'-
Dralnage area eeeee.e... Ao = 0/ 07% mi? (acres/640) ﬂ(mx;' '0.78'”;2—
Runoff curve number .... CN = 6o (From worksheet 2) CAN = qg

Time of concentration .. 'l‘ 0. 7:{ hr (From worksheet 3) - = 0. W
ep~ @

Rainfall distribution type T (I, IA, II (@
Pond and swamp areas spread 2
throughout watershed sceces = ¢ percent of A ( acres or mi“ covered)

EXI6TING Develtorsd
Stosoil.] Storr2 | Seormi3-

Fl’equency €000 0c0sORNROROIOIOGCEOEOIOIECIOEROERIRSEOIOOPOTDNDS yr Z Z

Rainfall, P (25-hour) seceeeccscccscsnans in ‘/'( A//-S/

Initial abstraction, Ia cessesesesssscnne in '33 0,0"-“
(Use CN with table 4-1.)

Compute Ia/P e 9 0 0 8OO EB OGP O OOHL S OEOEOIOSESOYPTTPSESE 0.30 aﬂo I
Unit peak discharge, q ........... vgeee. csm/in Zqo (50
(Use T, and I /P with exhibit 4-@

Runoff’Q ® OO O O E OB P A PO OO OCOE OGNS SNESIDS 1“ /,OL 4’26
(From worksheet 2).

Pond and swamp adjustment factor, Fp ceee /.0 /'O
(Use percent pond and swamp area

with tabhle 4-2, Factor is 1.0 for

zero perceat pond and swamp area.)

Peak discharge, P RRRTTRITTTTLLLLE cfs 23( 2\6.0

(Where qQp = quAmQFp)

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 6a: Detention basin storage,
peak outflow discharge (q;) known

BID

Date Sz gz 9z

Pro ject qu\«waq Jrn'k(dl@aCIQ, By
Location %a o*Hu ast Checked Date
Circle one: Present@
P B R S ] T T
;Ei’l_.’. jI Baun; Ty T T I i l.___“__._%
T T H ., + e e —
R E T e
J— N S L I O L At
Tt i N T
: = 5 P
) T SN R S s P R
§ HhEE R e
I | .*F-)r s i HE ' 1 i
5 + L 3 N AT '
__‘_“_‘__1__:- JL IR Y ! b T . T -
e ;_L_.__;_J[_ LI A | RIS TR N
(=} H lﬁ_,.' { ' i1 T {1 1
b, AEREREEND ]SRN RN B Y RS RS DA BN S N
9 Tt et s e e e e ——
K P S T e e e
[ T 18 i DR N RN B ! EENEBENN BEEESE BN
17_J~tﬁ_h‘._rh_b11’.z_l_‘ir : IR *%'ﬁ i i]-l
RRARREA Y b SR i T’"_T"i'f’“, S T TS BT A TR L A
I N Sl NN B S RS R T -
e R nd RS SH SR B S LRSS nl REGETERNRE NW T
"I!-.‘ : : " _'__;' -' ‘ T_i‘- T__ FT.: 1-:'} | __r'- _‘]*- ;74 ;—l . . % ! T Llif — ___]:
Detention basin storage
\)
1. Data: g 2 6‘ v—s'......-........ 0/51-(
Drainage 8Trea eccoecees - Ol mt r q,
Rainfall distridution E— (Use — with figure 6-1)
type (I, IA, II, III) = 9y
7. Runoff, Q eeeec.. dn| 426
lst 2nd (From worksheet 2)
stage stage
8. Runoff volume,
v seccssecee acC~ft \7‘7
2. Prequency eeceess JT s = QA;53.33)
3. Peak inflow dis- 9. Storage volume,
Charse, q1 sece Cfs 2"6'0 vs essscssses aAC~ft q'Q
/_/
(From worksheet & or 5b) v =
By, Vg = v ()
4. Peak outflow dis- r
charge, q, ee° cfs 23' /
10. Maximum stage, F‘ux /J
(From plot)
q, /
5- Comp\.lte"—........ 0' II
q ,
l/ 2nd stage q, includes 1st stage Q-

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 3: Time of concentration (T) or travel time (T¢)

Project Hl‘ﬂ:u&d Tater oﬂww by BI>  dace S8/
Location L‘ ﬂ;ﬁk_ges‘t Checked Date
Circle one:( Present Developed
Circle one: subarea
NOTES: Space for as many as two segments per flow type can be used for each
wvorksheet.
Include a map, schematic, or description of flow segments.
xw,y_ DEVEWFED
Sheet flow (Applicable to T, only) Segment ID
Lighfy.
1. Surface description (table 3-1) eeeeeveeanes Woeded | Sooth
2. Manning’s roughness coeff., n (table 3-1) .. 040 | 001l
3. Flow length, L (total L € 300 ft) .covesacse ft 300 160
4. Two-yr 24-hr rainfall, PZ seseecacsscncseces in 3'0 3-0
5. Land 810Pe, B eecevccesseceerccacssacseansss fL/fL 0,05 6.05 N/
0.8
6. Tt = -Q:-M— comPUte T sesvsee hr &'62 + 0‘ 0/ =
0.5 0.4 t L
P &
2
Shallow concentrated flow Segment ID
7. Surface description (paved or unpaved) ce... U’ﬂvlé Ftu/(é_
1
8. Flow 1ength, L sesesesscreressencsneenceeess ft | V20O (400
9., Watercourse 6lOPe, B sceccecccnsccccccsssass ft/ft .05 05
10. Average velocity, V (figure 3-1) ..cceeeeess ft/s 3/@ 4.6 N/
1. Tt -3—%)_0—_ Compute T seeeee hr 0~0q + 0'08 =
600 Vv t —C
Channel flow Segment ID / 1
12, Cross sectional flow area, @ evescsccccccces ftz /
13. Wetted perimeter, P, ccccoscccrcctccrcsacane ft 1 {
14. Hydraulic radius, r --pi Compute T ccecees ft / /
w
150 mnnel slope, B serccccsccscscscsecssscssccsoe ft/ft ] J
16. Manning‘s roughness coeff., N sececscccsccss / f
2/3 1/2
170 V= 1.49 rn 8 Compute V seccoes ft/ﬂ L
18. Flow length, L ceevecacesecsancececcccecsane ft l / \ /
-L + - \[
19. Tt 3500V Compute Tt cesass hr
20. Watershed or subarea TC or Tt (add Tt’. in steps 6, 11, and 19) ......-‘ hi‘ /
e o WY
\ cew= 0771 hr
-T-ngq .0(1 hf — 0{0hp’

(210-V1-TR-55, Second Er Jun IQM ‘.__--———-‘



Worksheet 4: Graphical Peak Discharge method

Project H‘ﬂhwﬁ Iyﬂ*&(&\wdﬁ&t By m - pate S/¥/72
Location U "'ﬂudf.if Checked Date
Circle one: @
l. Data: E\I‘\SI‘ 1A DEVELOPED
Dtainage ATCA seoesssscse Am = 0’ 0”8 miz (ac[e5/640) &M = 0'0-78'“'( p
b
Runoff curve number .... CN = Gd (From worksheet 2) C*I = 9
»=> 18
Time of concentration .. T, = O:1T1  hr (From worksheet 3)
7 e = 0.10 hr
Rainfall distribution type = (1, IA, II, III) d
Pond and swamp areas spread 9
throughout watershed <...ce. = 45 percent of Am ( acres or mi” covered)
A VA D VELIPED
Storm—+#1l | Storm—i2-| Storm ¥
2. FrEQUENCY eesesescssssascesssacsccsssanes yr 2-:‘[" 2—"\[(
3- Rainfall' P (Zé-hour) 980880800000 c0s s e tn 3'0 3'0
4. Initial abstraction, Ia ..... evecesecses in {,33 0.04}
(Use CN with table 4-1,)
5' COmpute Ia/P FREEREFEREEEREREI I I II SRS I I RN I 3N I ) 0,‘/#3 O'O‘LI
6. Unit peak discharge, q ...ccececccescsecss csm/in L{’I 165
(Use T_ and I_/P with exhibit 4-TIN )
2 -
7. Runoff’ Q ® 00 08000 290080 NGROCIGIOPNINOSIDLEGEOES in '_)3 2_'71
(From worksheet 2).
8. Pond and swamp adjustment factor, Fp ceee [0 /.0
(Use percent pond and swamp area
with tabhle 4-2. Factor is 1.0 for
zero percent pond and swamp area.)
9. Peak discharge, Qo ceevesconenneceacaanns cfs A 35.65
(Where 9 = quAmQFp)
D-4 (210-VI-TR-53, Second Ed., June 1986)



Worksheet 6a: Detention basin storage,
peak outflow discharge (q;) known

Project H‘S\\w% lL*ﬂ(CL\an\Cli( By m Date 56’ 9z
Location Nor{‘vwesi’ Checked Date
Circle one: Present veloped
H L H : 1 iy
S R R R EE A S HE R W R St i o S——
=L BRSNS P ——
NESGanS R S
SRERNRNRER IRENEN R L RE RS RN EN
s v : 1 HEENESEEE RN BN
s N 1} 1l 1 JEREATREREETENE RAE
: EERARESANNEEAREE S
& ll—:: ; -T-wr-r—"—' .‘ ;'l, ;*"I :
. S o P
o Lo O e H e
c h’-‘j__trl—f_'x JI:_L--LA [ ) SR ERTEE AN
o . B 11 I I 14 RS E FREEE N
o JH 4= 'l_j—_l:L_;_}._,_i_;__;_LL._.J L1 [N I S
I e ey e il el e e B B B ke M B
> . H s 4 T 1 1 « . ! v
L R 'r!‘~'-:—~'+;—%~b~p HH
R LA O Gy N WA ) RO i 0 O ST
._;__:_!_;_____Lg;__f-: Lj:_ : T _}_1‘F ' T R T
A ::,_hr:cf e e
Ei Ehgseand Rateriites fur**—*pﬁﬁ e EEEAEERREEERE
o : . ' e .. [-I _1-11.,.1.- T Ty 1
[N i 1 - DRI ek
Detention basin storage
v
l. Data: 2 6. VB- eeesccescssccsnce '55
Drainage area ..e.eee Ay = 078 mt r oq
Rainfall distribution (Use -q— with- figure 6-1)
type (1, IA, 11, 11I) = A 1
7. Runoff, Q esvcoe in 2'71
1st 2nd (From worksheet 2)
stage | stage
8. Runoff volunme, <
2. vt esessssese ac~ft ”'
2. Prequency «ceese yT v, = %53.33)
3. Peak inflow dis- 9. Storage volume,
chnrge, qi eees Cfs 356{ va escsscceses BC~fL 6-3
mam—
(From worksheet 4 or 5b) v, —_—
Y, (v, = v G2
4. Peak outflow dis- r \ /

charge, Qg oo cfs {.ZI

10. Maximum stage, Eax

(From plot) / \

q
S. Compute—o........ '03
94

Y 2nd stage g, includes lst stage q,.

(210-V1-TR-55, Second Ed., June 1986)



APPENDIX B

Bridge Stormwater Treatment Design
and Computer Simulation Results

80040000H :\wp\cost_ana‘roads May 14, 1992
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Project

Location

Circle one: (Present Develope
Circle one: i 'Tt through subarea
NOTES: Space for as many as two segments per flow type can be used for each

Worksheet 3: Time of concentration (T,) or travel time (Ty)

By E;:y‘>

’g(-u{qlc o refrveton
Greeat l(akes

Checked

Date S/¥/9Z

Date

worksheet.

Include a map, schematic, or description of flow segments.

7.
8.
9.
10.

ll'

Channel flow

12.
13.
14,
15.
16.
17.
18.
19.

20.

T

Surface description (paved or unpaved) ececee

Sheet flow (Applicable to Tc only) Segment ID
1. Surface description (table 3-1) .scecceccccss
2. Manning’s roughness coeff., n (table 3-1) ..
3. Flow length, L (total L < 300 ft) cecececccs ft
4o Tuo'yr 24-hr rainfall, Pz s ceccsesssoscsscne in
50 und slope. 8 PS8 0GP QOIS RNOIPOROIRNSRINOIOSIBIOINOEDOSEOOSES ft/ft
0.8
o 0.007 (nl)
6. Tt -—0—.3—‘6._[.-— COUPUte Tt sesccee hl'
P2 s
Shallow concentrated flow Segment ID

Flow length, L .cceeeesscscsccossocccccnccns ft
Watercourse 6lOPE, B eeccecscsccscssccnacccss fL/EL
Average velocity, V (figure 3~=1) .eeccescees ft/s
. " 33%5_7 Compute Tt cessee hr
Segment ID

Cross sectional flow BTrea, 8 cesssccccscscse ftz
Wetted perimeter, P, sceccccccccccccccccccce ft
Hydraulic radius, r -;:-’ Compute I eecsoess ft
Channel 8lOPe, 8 eecscesccsccscssssccasesces fL/fL
Manning ‘s roughness coeffe, N secscecccoccce

v o149 r:/3 81/2 Compute V ....... ft/s
Flow length, L c.ccccccccvoccccccccsssnnsssns ft

T Compute Tt cesasa

-kt _
t 3600 V

hr

Exist \ﬁ1
~J

bght
Vwnde! 'Wvbl\

Dwmooth

04O

o.oil

100

200 m
3.0

3.0

03 ||

02

Developed

0.55

o 0L|=

Unpayed aved
W20 8l 1320
.03 .03
2.8 2.8 -
o Lo 13 |

[

[

/ -

|

Watershed or subarea ‘l‘c or '1‘t (add ‘l‘t in steps 6, 11, and 19) cesaese hxl

.TE'Exn‘.

TE‘.DEv.’ O-‘S lﬂf.
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Worksheet 4: Graphical Peak Discharge method

Project ]5”4‘/)6 Consfruchm By BJD pate $/4[92_
v g
Location Cored’ L&‘Uo Checked Date
Circle onei@
1. Data: EXTING RVE\-OPEB
——————

Drainage area e.eseeseces Am; O'OD{Z mi? (acres/640) AMDZ\I = 005 Z- M
Runoff curve number .... CN_= éO (From worksheet 2) CMpey = 8?

Time of conceatration .. 'r 0.64 _hr (From worksheet 3)T - 0,[5};.4
Rainfall distribution type T (1, 1A @ 1999

Pond and swamp areas spread ’
throughout watershed seeee. = percent of Am (_ ~acres or mi” covered)

Presest : Peye (e
Stormil-| Stecn 2 | Seewnid-
2. Ftequency 090 0000000000000 PEEIEIOIIERPOSIOIOICGTES yr 2 Z——
3. Rainfall, P (23-hoUr) .cceessocssccccccns in 300 3.0
{‘o Initial abStl‘aCtioﬂ, Ia esscoevvess s in "33 0'247
(Use CN with table 4-1.)
5' Compute Ia/P Ge e s e essseeVONLIEOOEROIESIOEOIOERPTILIS 0““‘43 0"062‘
6. Unit peak discharge, q  eecesececsseccens csn/in Qéo QZO
(Use T, and I_/P with exhibit 4-T )
7. Runoff, Q 9 SO0 S0 OS OO T OSSP TS * O 0@ 9O OSSO . in Ol33 "qO
(From worksheet 2).
8. Pond and swamp adjustment factor, Fp cese /,0 [0
(Use perceant pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond and swamp area.)
9. Peak diSChargel qp eessescsessesssvsescnns CfS 0‘ L{g q'lo

(Where Q= quAmQFp)

D4 (210-VI-TR-35, Second Ed., June 1986)



Worksheet 6a: Detention basin storage,

peak outflow discharge (q;) known
Project Bfnd'\&C&A{z‘(’(UL‘hM sy BID Date S/¥/72
v
Location Greal Lafes Checked Date
Circle onme: Pres@
;_.—' o A R R E———
RS M I D N R DS S o
it T S T . -
EENEaN T T
co (RN SRS RSN RN
fa 1 S RSN SR
g NENER T T N R
8 14 : et 1. Pl o TT
s ST T P T RSN RAREREER -
ESNBYRR o T LRI T B S PR B
s HrEeHE P e e e
c _r—»—-_il L 1] ;' Ly T : | I NS R -
) i i_i._jLI I} : NEEOEEN BRE W N
pe N N Y S USRI 6 56 S A S Y PR G
: o AT 0 A bl el 0. P A S B S AN PN WL SR ——
K T 2 e e e e e e
B Hrthd b i T e e
q-r—» R o -+!.i_§_i H —_ "‘"I'{":']"f'f':_l"—f_" — 4.; Iﬁ: A — e
'..l.:.!.-!.x [EES RO a_.-.:.‘.f_._'_._]-. + ﬁ‘ 4 - —— ——
Tl L e e e
"i" ! : i : :.it-;: -'-' :" T r?':t;'t' "-‘T‘ - I—ﬁl ; +t I ‘ I ‘j - ""—jl
Detention basin storage
3\3 acle - v
1. Data: > 2 6. -';2 S N 2
Drainage area ceccce. - 0052 oy T g
Rainfall distribution (Use — with figure 6-1)
type (I, myy = I 9y
7. Runoff, Q seesee in I'q
1st 2nd (From worksheet 2)
stage | stage
8. Runoff volume,
vr vessssssee BC-ft 0'53
2. Prequency eecees yIr Z’Y" (Vt - %53.33)
3. Peak inflow dis- 9. Storage volume,
charge, qi eees cfs O",D Vs escescesss ac~ft 0'32
(From worksheet 4 or 5b) v 1\
pYj (Vg = v (TN Stzed b Y2 of
4, Peak outflow dis- r bridae
charge, q_ «... cfs 0.45" A
10. Maximum stage, Enax
(From plot)
q
5. comp\ltﬁ —2 escsvven '05
9
1/

2nd stage qg includes 1lst stage q,°

(210-VI-TR-55, Second Ed.,

June 1986)



Project
Location

Circle one

Circle one:

NOTES:

Sheet flow (Applicable to Tc only)

Worksheet 3: Time o_f concentration (T,) or travel time (Ty)

Brday Concdroction

<vothwest

Present Develope

By _EJZ

Checked

Date ___S_'ééﬁf
Date

ough subarea

vorksheet.

Include a map, schematic, or description of flow segments.

Segment ID

1. Surface description (table 3=1) ceecvcoesascs
2. Manning’s roughness coeff., n (table 3-1) ..
3. Flow length, L (total L < 300 ft) ececcecces ft
‘o Two-yr 24-hr tainfall' Pz eeccsossssessssesse in
5. hnd slope, 8 0 00909 00 OB LOO OISO BSLESEIPOSESEN BSPBY ft/ft
0.8
 0.007 (nL)
6. Tt 0.5 0.4 Compute Tt sssess hr
P ]
2
Shallow concentrated flow Segment 1D

7.
8.
9.
10.

11,

Channel flow

12,
13.
14,
15.
16,
17.
18.

19,

20.

T

Surface description (paved or unpaved) cee..

Flow 1ength. L cecececesssscccesscccccsncose ft
Vatercourse Glope, B eecvevccessrccccscsononse ft/ft
Average velocity, V (figure 3-1) .ecceeeece.. ft/s
L
t " 3600V Compute Tt cssees hr
Segment ID
Cross sectional flow area, 8 cecvececcsacces ft2
Wetted perimeter, P, ecccececececreccccccaans ft
Hydraulic radius, r = ;5 Compute T cocecess ft
w
chﬂnnel ﬂlope, 8 ocervvcvcscsscccccnsccscsssvnee ft/ft
H&nning's rOughness Coeff.. N ecesecsccssscsee
2/3 1/2
V= 1.49 rn g Compute V .eseeee ft/s
Flow length. L ccceecccccsccrcccccsasocscsncons ft
L
Tt -56—00__\; Compute Tt ceeses hr

Watershed or subarea T, or Tt (add 'rt in steps 6, 11, and 19) T

Te
Te ve
{210-VI-TR-55, Second Ed., June 1986)

Space for as many as two segments per flow type can be used for each

Exenuc| DEvElOPEY
pa Smooth
0 c./ 0.01(
200 || fo0

2.5

2.5

V03

03

/

/

[

/

]

[
71
/

[
[
[

j

\_/
0-60|4] 0,02 |-
[ N\
_(mea Uan[wcl
W20 (320
.03 03
ng 2.2’ \ /
o4l ous |-l X
7 %

/

!

/

—

)

AV

Eﬁkrsltz: (9"7{ hi'
= 05 hy

1\



Worksheet 4: Graphical Peak Discharge method

Project %r\dse Cavetroction By BID Date S/S/97%

Location _ S_OU{L\QPS(' Checked Date

Circle one~:€m—s‘m

1. Data: £YXIeTNG © wwTED
————— —

Drainage ATCA esevesccses Am = ‘ 005} mi2 (acres/Gl.O) AMD - ,OOSL

Runoff curve number «... CNE- &GO (From worksheet 2) CNyp = 29
Time of concentration .. T,k = ©.7l _ hr (From worksheetr 3) T‘-—b = 0.15 hr.
Rainfall distribution type = I (1, 1a, II, III)

Pond and swamp areas spread 2 )

throughout watershed cesees = é percent of Am ( Q acres or ml® covered)
ExASTING PEVELOFED
Storm—itl Sterm—iz= | Stormi3-

2. Frequency @9 050 ¢ OB CODPSOCEESNSOEPIPOINONOSOSEOBSIOSOETPLES yr 2‘7( Z.Aj!
—
3- Rainfall, P (Zé“hout) esesesrecsscsss st e tn 2'5 2'5
t.o Initial abstraction, Ia S0 ev0 000 s00ess00e in l'33 '24_]
(Use CN with table 4-1.)
5. Compute Ia/P seceacssescecssscssasseccncae 0.53 o.10
6. Unit peak discharge, Q, secccccccccsnccns csm/in 4&1;1 L{:;YD

(Use T, and I_/P with exhibit 4= )

7' Runoff, Q @ P @ 0 QOO BN PA RSO et ORI ORTELSOAR in 'I7 /'46
(Fron worksheet 2).

8. Pond and swamp adjustment factor, F_ .... (0 /, 0

(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero perceant pond and swamp area.)

9- Peak dischargE, qp ececscecsssresssssr e cfs Oo“' 3'4’
(Where ap = quAmQFp)

D4 (210-VI-TR-55, Second Ed., June 1986)



Worksheet 6a: Detention basin storage,
peak outflow discharge (q,) known

Project Enl%< Cm&‘\Yuc:how By QD Date
Location &m.w(' Checked Date

Circle one: Present Deloped

T T T T T 1 s 1 R
o N REREE RS R B I 8 R A DA DGR S —
j:_f?; = 17 i i N N SR RN N Sl
..,_.F__;__;i !|T] jL 1 1G] l.jljl'ij:j -:-—4
ERERAN 11 EENE SERRERE 1=
[NUEREEN AR BN i B ST I
i . [ 'x.IIll ' B
s B i IRy | 1 HIEBET RS RRE
3 e AnEENEES N
R & A B e A
M SdNENENRRARE i T 'yﬂ'i i
L | [ ] BN v BREL : L T v i
. (e R e
: T | ) N 4
z R RN g i S R NN SR SRS S SUAS NN L
; O b T e e A e e e e e
v P = roorr e N N RREEaSE
2 P e e e e e
nhpsg ity R S T P B
FESCS b e a be perr H ee  e —e -
BRI Sl R At i 5 et i S BTI AN B B IS -
: 1 AT 3 1 SR NSEEEE T T3 !
L e e AU e AR 4w e 1 R M e 8 e E R B
.Y [ . [}
Detention basin storage
V8 2
l. Data: 6. o ®tesescsssecsces ’
Drainage area ceececee - 005 2n? vr q,
Rainfall distribution (Use — with figure 6-1)
type A, 1I, 111) = 4+ 9y
7. Runoff, Q seevese in ,'46
1st 2nd (From worksheet 2)
stage | stage
8. Runoff volume,
) v ssescsssee ac-ft o'qo
r
2. Prequency eeeee. yr| & - (V, = QA 53.33)
3. Peak inflow dis- 9. Storage volume,
Charse, qi eeee Ci8 3:qJ vs essssseses B8Cc-ft 0'24
(From worksheet &4 or 5b) V Sied '
1/ Vg = V(G /2 of bridge
4. Peak outflow dis- TV (U\ﬁolr-g
charge, q, ecee cfs 0-04
10. Maximum stage, me
(From plot)
q
5. Compute—o........ -0
9y

Y 2nd stage q, includes 1st stage q,-.

(210-V1-TR-55, Second Ed., June 1986) D-7



Worksheet 3: Time of concentration (T,) or travel time (Ty)

Project ‘ghdy CD*Sh”()Cﬁp;M By BJB Date JZ..Q?Z

Location Southeast Checked Date

through subarea

NOTES: Space for ‘as many as two segments per flow type can be used for each
worksheet.

t

Include a map, schematic, or description of flow segments.

Exeting Deyel
Sheet flow (Applicable to T, only) Segment ID
Ldhr

l' Surface description (table 3-1) esesovscnnse Undd('.-aﬁ,' 400{(1
2. Manning’s roughness coeff., n (table 3-1) .. 00"’ X1l
3. Flow length, L (total L € 300 ft) seevseasss ft 200 {00
4, Two-yr 24-hr rainfall, Py secevecnscnrssacse in 4.5 4 9
5. und slope, 8 esecrcecseosrescsscsnssersennse ft/ft ‘03/ ‘03

0.007 (n1)*8 0.45 o
6. Tt "5 o Compute T, ...... hr ’

4 8

2
Shallow concentrated flow Segment ID
7. Surface description (paved or unpaved) secee Uan)(J Unj}ﬂgﬂé_
8- Flow length. L B O D G000 CPOO SOOI REDNOOLONDIOGSOSINDLTS ft ‘\ZO ,320
9, Watercourse SlOPE, B ceccccsscscescssssceses fL/ft 03 0%
10. Average velocity, V (figure 3-1) .cecvseesee ft/s Zg Z'Y
-« L __ NIkl ouz |-
. T, * 32557 Compute T, «ecee. hr | @1 W3
Channel flow Segment ID I /
12. Cross sectional flow area, @ ecscecccscscssse ftz / /
13. "etted perimter' Pu 0000000000000 0RDROIIOIORTLIS ft [ /
14, Hydraulic radius, T -;ﬂ Compute T eecesssce ft Z /
w
15. Channel slope, 8 eccvececssrsecnsoscsessscnre ft/ft / /
16. Manning’s roughness coeff., N cecececccccncs [ /
2/3 1/2
17. V= 1.49 rn 8 Compute V sevcese ft/s / /
18. Flow length, L ececsccccccccccscscacssccnsnnsese ft / /
- ——L-— / '{' -

19. Tt 3600 V Compute Tt cessas hr

20. Watershed or subarea T, or Tr. (add Tt in steps 6, 11, and 19) ....... Hhr

{210-V1-TR-55, Second Ed., June 1




Worksheet 4: Graphical Peak Discharge method

L}
Project %f\dsf' FMS"“/U&‘TM By KITD Date 5[3,{9:_.
Location &Ut\'\ﬁﬁﬁt Checked Date
,,,.-_;::M\
Circle one;” Present Developed ™
{
L. Data: rsTING Deverore®
~I‘-_’__—
Drainage ATR3 ssecscnsse Am = 0005& In12 (acres/61‘0) AV\'\O - 10052

Runoff curve number .... CN_ = ) (From worksheet 2) CMo =

Time of concentration .. Tcé-

Rainfall distribution type = _ -LIL. (I, IA, II, (999)

Pond and swamp areas spread
throughout watershed ...... = a perceat of Al (

&4

0 .56 hr (From worksheet 3) ‘\';’D = 044 hr

acres or mi” covered)
tresen® Developed
Seorm—itl | Seasani?) | Stormetd
2. FLOQUENCY seerernneresesacsacnssncassanns yr | 2-Yr 2-9r
3. Rainfall, P (23-houUr) .eeeeccescccocsccas in 4. < "/'(

4, 1Initial abstraction, Ia /.33

o0 ee00sseeesnosee in

247

(Use CN with table 4-1.)

0. .30

5. Compute Ia/P tecesesesesstssacssecesaaces

055

225

6. Unit peak discharge, @ .ccecececescsecses csm/in

20

(Use T, and I_/P with exhibit 4- X0

/02~

7- Runoff, Q teseseessertPsEREIORPONCISIOEROIROIOETOTDS in

3.3

(From worksheet 2).

8. Pond and swamp adjustment factor, F /.0

(.0

(Use percent pond and swamp area
with table 4-2, Factor is 1.0 for
zero percent pond and swamp area.)

|12

9. Peak discharge, qp csceceoresssscnsesanae cfs

10.64

(Where qp - quAmQFp)

D-4 (210-VI-TR-53, Second Ed., June 1986)



Worksheet 6a: Detention basin storage,
peak outflow discharge (q,;) known

Project :g(\dje C.oQ\S‘fYUC—‘hm By BID pate S/AS/F2-

Location Sou&\\ust Checked Date
Circle one: Presen
R R Ais st i 8 A e B e A e e
ST — 1 —+ ' i BTN SRR ST DO
:;jt.-—f- 7 . 1 I T :_% 'L T —1
o ' T 1 T T -—
Fr‘ 1T o 1 -%7311% 1
[REEBRERN *_-' ! H BEEREUREEE RN T
L; X v N LI ERE NN BN 1.0
A AR | T T R W A
- 1 H El : | ; I J )
& -TFL—; . +=1 T+ ~r—+ T 1 r jll,n II‘I: I ]
R £ fos s S et
: ‘.J'—‘l'.' L L: l H . \ | ;_;L‘r‘l.-"u T
e -:.::!:L-—#l'L Il ES SN NS E N TN RN T W SR —
] : i L 1 NI 5 I B ;
P <+ ;l‘fl-'Ll—i-—.ﬂ;—;-L‘—--a-u 5 N SNSRI U
; 1j . ; ; '—rh—' e _._._J:—r  } v jl : Igl_lv:‘r% ll_-L T T
| . 1 ' Ll e e _'_1_" ), [ d T
= ] LT ipbabhusns R DRNEENS NS FEERER N A
= I VIS R 0 ) O S OUUCRFAV OV O SR A G0 & i T R I
T L o LI L LT B B
BRRES Rl BN u S Baywuns ay S e e ——
fof-4-0 o beea ‘,_l.,’..l_._,._ -y i~ ‘l1 i1 — T ——
ES RSy Rapwul e hy S Y yuny ns nan Hr e
. N PR SOV DUPOUNE EPFI - - . $ 4 } 4+ ! 1
-t Lty A-il N T.T:.;t.l _,ﬁj R B Jﬁ L; I N ]|
Detention basin storage
v
8
1. Data: Z 2 6. v—'......'....'... 'qq
Drainage area «...... A = 005 & 1 r q
Rainfall distribut (Use T with figure 6-1)
type (I, IA, II, -_mv 1
7. Runoff’ Q eessnse in 3'3
1st 2nd _ (From worksheet 2)

stage | stage

8. Runoff volume,

vr csesenvesvee ‘C-ft 0‘Q2-
2. Frequency seeces yT 2"\/( (V. = Qa;53.33)

3. Peak inflow dis- 9. Storage volume
charge' qi eese cfs /O'éLf V ceeccecses ;C"’ft 0-"’5‘

v . ! :
By, V, = V(2 oed for Ve oF bvhe
r

(From worksheet &4 or 5b)

4. Peak outflow dis-
charge, q, oo cfs {72
10. Maximum stage,

(From plot)

Eux

q
5. compute_oouclooo' 0l 'é
9y .

Y/ 2nd stage q, includes 1lst stage 9,

(210-VI-TR-55, Second Ed., June 1986)



Location

Circle one;

Circle one:

NOTES:

Worksheet 3: Time of concentration (T,) or travel time (T)

Project %f\df}{ C"’“j"VUC‘h N

Nex 'Hm)es{'

Present

Develope

By EID

Checked

2SN

Tt through subarea

vorksheet.

Include a map, schematic, or description of flow segments.

Watershed or subarea 'rc or '1't (add Tt in steps 6, 11, and 19) ....;.. hr

Sheet flow (Applicable to T, only) Segment ID
1. Surface description (table 3-1) svcecccccoscs

2. Manning’s roughness coeff., n (table 3-~1) ..

3. Flow length, L (total L € 300 ft) sececceses fr
4. Two-yr 24-hr rainfall, Pz eesescsssssncssans in
5. Land B8lOPE, 8 cecsececsosacscesscsssscassssss ft/ft
6. T, - _____0-08'{5(“332'8 Compute T, ...... hr

P2 8

Shallow concentrated flow Segment ID
7. Surface description (paved or unpaved) .e...

8. Flow length, L cececccescscsccoscscsscnccses ft
9, Watercourse 8lOPe, B sevocsressccccsscaceecss fL/fL
10. Average velocity, V (figure 3=1) .cecocessse ft/s
11, Tt - 33%6—7 Compute Tt R hr
Channel flow Segment ID
12. Cross sectional flow a8Tead, & cecsvccssncccce ftz
13. Wetted perimeter, p, ceccececscsccsccsscancs ft
14, Hydraulic radius, r --;5 Compute T eecsess ft
15. Channel slope, s ......Y.................... fr/ft
16. Manning’s roughness coeff., 0 scecesesccscses

17, v = 1.49 r:/3 31/2 Compute V .i.0.... ft/s
18. Flow length, L ..cecvectccccocscoasccsnnscns ft
19. T, = Te:)‘_ov Compute T ...... hr
20.

Space for as many as two segments per flow type can be uged for each

0%

.08

Ex\éh\:] Deyelpped

Liant

] (5er 5Maafh
o4 0.0il
200 100
3.0 3.0

Date 57—5"?2/

Date

eus|pl oo |- X
{/ N

Orrivdll! Unprige

20 | 1220

05 |1 o4
361 26|
0,09 |¥| o.10]-] W
?. 7\
-\

{210-V1-TR-55, Second Ed.




Worksheet 4: Graphical Peak Discharge method

Pro ject dest{ CA'VS‘HUChm By _BIb pate S/5/%2
Location MN'{'hn)eét Checked Date

Circle ones” Present Developed

I. Data: EXISTIVNG Devew RED
- ‘L
Drainage ared e.ececeess A = 005 T mi2 (acres/640) AMQ = . 0082 ™Mt

Runoff curve number .... CN = 60 (From worksheet 2) CoNb = 8ﬁ

Time of concentration .. T, = __ (.54 hr (From worksheet 3) -\""D = o ll W,
Rainfall distribution type = = b< (t,@ II, I1I)

Pond and swamp areas spread 9
throughout watershed «cseee = percent of Am ( acres or mi“ covered)

Ex1sTG DeVewo PED

Stormr | Storm—ide| Storm—Y
2. FreQUENCY ecoeecscsssscarssscscsccssssssos yr Z’\[( 2"‘1(
v
3. Rainfall’ P (Z:O-hour) P00 O PSSO ENPOGOEOOESOPODOSSES in 3’0 3’0
4, Initial abstraction, Ia essessscccccnens in /33 0.247
(Use CN with table 4-1,)
5. Compute Ia/P $escscsscessccsscscsrsssrrie 0'445 O'ng
6. Unit peak discharge, Q eevecseccasvsnces csm/in L\l—? 160
(Use T, and I_/P with exhibit 4- JA )
7. Runoff, Q S0 0P s sLIOLIOCEIRIOBOREOROIOEOPCRORODROOY in 0‘33 (lqo
(From worksheet 2).
8. Pond and swamp adjustment factor, FP vees /:0 /'0

(Use percent pond and swamp area
with table 4-2., Factor 1is 1.0 for
zero percent pond and swamp area.)

9. Peak discharge, Qp seecvesecnacacsroncnns cfs 0'06 /'55
(Where qQp = quAmQFp)

N4 (210-VI-TR-33, Second Ed., June 1986)



Worksheet _6a: Detention basin storage,
peak outflow discharge (q;) known

Project &\Jﬂﬁ @HQC{}M By &T.b Date fz{z"e,,

i
Location MO(“ "\u}es{’ ‘ Checked Date
Circle one: Present
N B 1 Py ] I PN R N R N
SERENNE ] IR L A O AR RN IR IR A I
BT EOPI  B IR RE 1 IR DR RRE RN MR
P | i + RN ;-'-%ﬁiT, e
it : 1 R R ! =
eERERRERARAREEnE T
1 5 ! Tt 11 M
9 NEmwnh ri T RN NS A
2 i i 1 "ll J( Fl H N
| [ ' Lo + N LI . 1
H NENBEBNNNSSEE r AN BN BRSNS ]
N i i 1 | HAl 1 !  q I Ll '
b Li RN 't : 1 7 RN
I N 1 | 11 : 7 s} B T
[ }.)_j;_j_*l’—f_rx J I 1= + 1. [ RN RN -
o : I1+ L N 1 il FRAEREY PR EE R =
- J1= in__J_;leﬁ_T_i_;._.__L - H= BN DA SN
2 R AT L A R “"_;‘T' N R e _—
2 e B oo e e e
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Detention basin storage
vs
l. Data: 2 6. v— SO0 0P OO POSISESPOSDS 0.56
Drainage area c.ccce. Ap ™ /005 %my r q, ,
Rainfall distribution (Use ' with figure 6-1)

type (I,@II, 111) - TA i

70 Runoff, Q s v in /'q

lst 2nd (From worksheet 2)
stage | stage |
8. Runoff volume,
vr sosoessnvee ‘C—ft 0'i3
2. Frequency ceeses yT Z-'Y',' v, = %53.33)
3. Peak inflow dis- 9. Storage volume
Chltge, qi eese CfB /'59 vB sscevevene ;C-ft 0-30

(From worksheet 4 or 5b) v ’
T
r

funo

4, Peak outflow dis-
charge, q, se°- cfs a.08

10. Maximum etage, E
(From plot) max

q
5. Coﬂpute'q—o secscscs 0'05.
i

pYj 2nd stage q, includes lst stage 9

(210-V1-TR-55, Second Ed., June 1986)



number of storms = 1

interval = 133. hrs, storm duration = 8. hrs, precip = .78 inches
device = 1 dry pond, type = pond , Vvariable = tss
flow load conc
mass-balance tern acre-ft 1bs pPpm
01 watershed inflows .13 53.28 149.2786
06 normal outlet .13 10.65 29.8390
08 sedimen + decay .00 42 .63 .0000
09 total inflow .13 53.28 149.2786
10 surface outflow .13 10.65 29.8390
12 total outflow .13 10.65 29.8390
13 total trapped .00 42,63
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 80.01 %, adjusted = 80.01 %
continuity errors: volume = -.01 %, 1load = .00 %
extreme values over all storms
base minimum maximumn maximum maximum maximum wet
elev elev elev inflow outflow velocity period
device ft ft ft cfs cfs ft/sec %
1 dry pond .00 .00 2.07 .64 .09 .00 42.9
case title = Coastal Zone Study(SE)
case data file = sebred.inp
storm data file = czmsest.stm
particle file = Cczm_nurp.par
air temp file = prove988.tmp
precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0

case notes:
Coastal zone management
one watershed
one device
one particle class = NURP 50%
southeast rainfall zone
3.3 acres, bridge construction
ED dry pond

watershed = 1 watersh

surface runoff device = 1 dry pond

percolation device = 0

watershed area acres = 3.300
impervious fraction = .630
impervious depression storage inches = .020
SCs curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor - = 1.000



device = 1 dry pond, type =
bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
weir discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches
particle removal scale factor
exfiltrate routed to device 0
normal outlet routed to device 0

spillway outlet routed to device 0

Coastal Zone Study(SE)

1

pond

48

I

nn
w

ouT
OuT
ouT

.000
. 047
.000
000

.000000

.062
.218

.000000

.000
.000
.600
.000
.300
.000
.000
.000
. 000

watershed areas contributing surface runoff to each device
dead-storage zmean

total impervious

device acres acres %
1 dry pond 3.30 2.08 63.0
24 OVERALL 3.30 2.08 63.0

normalized device areas and volumes
——————— dead-storage
ab/ai vb/ai ab/at

device % 1inches %
1 dry pond 2.25 .00 1.42
25 OVERALL 2.25 .00 1.42

acres
.05
.05

ac-ft
.00
.00

feet
.00
.00

total-storage

ab/at

[
)

1.89
1.89

vb/at
inches
.79
.79

total-storage zmean

acres ac-ft fee
.06 .22 3.t
.06 .22 3.5U

flood-storage
vb/at
inches
.79
.79



number of storms = 1

interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 dry pond, type = pond , Vvariable = tss
flow load conc
mass-balance term acre-ft 1bs ppm
01 watershed inflows .10 46.80 174.3422
06 normal outlet .10 9.35 34.8337
08 sedimen + decay .00 37.44 .0000
09 total inflow .10 46.80 174.3422
10 surface outflow .10 9.35 34,8337
12 total outflow .10 9.35 34.8337
13 total trapped .00 37.44
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 80.02 %, adjusted = 80.02 %
continuity errors: volume = -.01 %, 1load = .00 %
extreme values over all storms
base minimum maximum maximum maximum maximum wet
elev elev elev inflow outflow velocity period
device ft ft ft cfs cfs ft/sec %
1 dry pond .00 .00 1.93 .43 .06 .00 40.3
case title = Coastal Zone Study(NE)
case data file = nebrED.inp
storm data file = czmnest.stm
particle file = czm_nurp.par
air temp file = prov6988.tmp
precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0

case notes:
Coastal zone management
one watershed
one device
one particle class = NURP 50%
northeast rainfall zone
3.3 acres, bridge construction
ED dry pond

watershed = 1 watersh

surface runoff device = 1 dry pond

percolation device = 0

watershed area acres = 3.300
impervious fraction = .630
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping fregquency times/week = .000

water quality load factor - = 1.000



device = 1 dry pond, type =
bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
weir discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches
particle removal scale factor
exfiltrate routed to device 0
normal outlet routed to device 0

spillway outlet routed to device 0

Coastal Zone Study(NE)

1

pond

.000
.036
.000
.000
.000000
.048
.166
.000000
48.000
.000
.600
.000
3.300
.000
.000
.000
.000

I

o
=

ouT
ouT
ouT

watershed areas contributing surface runoff to each device

total impervious

device acres acres %
1 dry pond 3.30 2.08 63.0
24 OVERALL 3.30 2.08 63.0

normalized device areas and volumes
——————— dead-storage
ab/ai vb/ai ab/at

device % inches %
1 dry pond 1.72 .00 1.08
25 OVERALL 1.72 .00 1.08

dead-storage zmean

acres ac-ft feet
.04 .00 .00
.04 .00 .00

------- total-storage
vb/at ab/at vb/at

inches % inches
.00 1.44 .61
.00 1.44 .61

total-storage zmean

acres ac-ft fe«
.05 .17 3.!
.05 .17 3.Lvu

flood-storage
vb/at
inches
.61
.61



number of storms = 1

interval = 123. hrs, storm duration = 16. hrs, precip = .54 inches
device = 1 dry pond, type = pond , variable = tss
flow load conc
mass-balance term acre-ft 1bs ppm
01 watershed inflows .09 24.95 101.8991
06 normal outlet .09 4.99 20.3666
08 sedimen + decay .00 19.96 .0000
09 total inflow .09 24 .95 101.8991
10 surface outflow .09 4,99 20.3666
12 total outflow .09 4.99 20.3666
13 total trapped .00 19.96
14 storage increase .00 .00
15 mass balance check .00 .00
load removal efficiency = 80.01 %, adjusted = 80.01 %
continuity errors: volume = -.01 %, load = .00 %
extreme values over all storms
base minimum maximum maximum maximum maximum wet
elev elev elev inflow outflow velocity period
device ft ft ft cfs cfs ft/sec %
1 dry pond .00 .00 1.84 .23 .04 .00 52.0
case title = Coastal Zone Study (NW)
case data file = nwbred.inp
storm data file = czmnwst.stm
particle file = CzZm_nurp.par
air temp file = prov6988.tmp
precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 3
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:
Coastal zone management
one watershed
one device
one particle class = NURP 50%
northwest rainfall zone
3.3 acres, bridge construction
ED dry pond
watershed = 1 watersh
surface runoff device = 1 dry pond
percolation device = 0
watershed area acres = 3.300
impervious fraction = .630
impervious depression storage inches = .020
Scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor - = 1.000



device = 1 dry pond, type =
bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
welr discharge coefficient
perforated riser height feet
number of holes in riser

‘hole diameter inches
particle removal scale factor
exfiltrate routed to device 0
normal outlet routed to device 0

spillway outlet routed to device 0

Coastal Zone Study (NW

)

1

pond

.000
.027
.000
.000
.000000
.035
.124
.000000
48.000
.000
.600
.000
.300
.000
.000
.000
1.000

| I T [ I R

nu
w

I u

ouT
ouT
ouT

watershed areas contributing surface runoff to each device

total

device acres
1 dry pond 3.30
24 OVERALL 3.30

impervious
acres %
2.08 63.0
2.08 63.0

normalized device areas and volumes

ab/ai1l

device %
1 dry pond 1.28
25 OVERALL 1.28

- dead-storage
vb/ai ab/at

inches %
.00 .81
.00 .81

dead-storage zmean

acres ac-ft feet
.03 .00 .00
.03 .00 .00

------- total-storage
vb/at ab/at vb/at

inches % inches
.00 1.08 .45
.00 1.08 .45

total-storage zmean

acres ac-ft fes
.04 .12 3.!
.04 .12 3.bLv

flood-storage
vb/at
inches
.45
.45



number of storms = 1
interval = 476. hrs, storm duration
device = 1 dry pond, type = pond
flow
mass-balance term acre-ft
01 watershed inflows .09
06 normal outlet .09
08 sedimen + decay .00
09 total inflow .09
10 surface outflow .09
12 total outflow .09
13 total trapped .00
14 storage increase .00
15 mass balance check .00
load removal efficiency = 80.10 %,
continuity errors: volume = -.01 %,

extreme values over all storms

base minimum maximum

elev elev elev

device ft ft ft
1 dry pond .00 .00 1.86

case title

case data file
storm data file
particle file
air temp file

Coastal Zone Study(S
swbred. inp
cZzmswst.stm
czm_nurp.par
provée988. tmp

precipitation volume factor
storm duration factor

number of passes through storm file
storm dates <yymmdd> start

i n

0,
case notes:
Coastal zone management
one watershed
one device
one particle class NURP 50%
southwest rainfall zone
3.3 acres, bridge constructio
ED dry pond

watershed = 1 watersh

surface runoff device = 1 dry pond
percolation device = 0

watershed area acres

impervious fraction

impervious depression storage inche
SCs curve number (pervious portion)
sweeping frequency times/w

water quality load factor

= 12. h
, variabl
3
3
3
3
adjusted
load
maximum
inflow
cfs
.26
W)
1.000
1.000
3
keep =
n
S =
= 6
eek =

rs,
e
load

lbs
9.46
7.85
1.61

prec
tss

9.46
7.85
7.85
1.61
.00
.00

80.10
.00

maximum
outflow
cfs
.05

0,

.300
.630
.020
0.000
.000
.000

stop =

ip =

conc

ppm
160.8434
32.0065
.0000

160.8434
32.0065
32.0065

e o¢

maximum
velocity
ft/sec
.00

.54 inches

wet
period

12.4



device = 1 dry pond, type =
bottom elevation feet
bottom area acres
permanent pool area acres
permanent pool volume ac-ft
perm. pool infiltration rate in/hr
flood pool area acres
flood pool volume ac-ft
flood pool infiltration rate in/hr
flood pool drain time hours
outlet orifice diameter inches
orifice discharge coefficient
outlet weir length feet
welir discharge coefficient
perforated riser height feet
number of holes in riser

hole diameter inches
particle removal scale factor
exfiltrate routed to device 0
normal outlet routed to device 0

spillway outlet routed to device 0

Coastal Zone Study(SW

)

1

pond

.000
.030
.000

. 000
.000000
. 040
.142
.000000
48.000
.000
.600
.000
3.300

. 000
.000
.000
. 000

o

|
[

ouT
ouT
ouT

watershed areas contributing surface runoff to each device

total

device acres
1 dry pond 3.30
24 OVERALL 3.30

impervious
acres %
2.08 63.0
2.08 63.0

normalized device areas and volumes

ab/ai

device %
1 dry pond 1.46
25 OVERALL 1.46

- dead-storage
vb/ai ab/at

inches %
.00 .92
.00 .92

dead-storage zmean
acres ac-ft feet
.03 .00 .00
.03 .00 .00

——————— total-storage
vb/at ab/at vb/at

inches % 1inches
.00 1.23 .52
.00 1.23 .52

total-storage zmean

acres ac—-ft fe«
.04 .14 3.!
.04 .14 3.Lv

flood-storage
vb/at
inches
.52
.52



Project
Location

Circle one:

Circle one: (:?i> T

NOTES: Space for as many as two segments per flow type can be used for each

Sheet flow (Applicable to Tc only)

Worksheet 3: Time of concentration (T,) or travel time (Ty)

\KL /

bouj‘nu)es*

Present

zy B>

Checked

Date

Date

Y7

through subarea

0 —ear, 24-hour ranball

worksheet.

Include a map, schematic, or description of flow segments.

Segment ID

1. Surface description (table 3=1) ccccvcececs.

2. Manning’s roughness coeff., n (table 3-1) ..

3. Flow length, L (total,L < 300 ££) cavecnnnes ft
4. S g 24-hr rainfall, Pz .................. in
5. Land 8lOpPe, B ceceecccrsccvessencssssessnsas fL/fL
6. T, - 0;0815(283?8 Compute T, ...... hr

2

Shallow concentrated flow Segment ID
7. Surface description (paved or unpaved) .....

B. Flow length, L c.cciececvscescsvssscscosccnes ft
9. Watercourse 5lOPE, B escecsccssescascccssasas /L
10. Average velocity, V (figure 3-1) .......... . ft/s
n. T, = 33%5—5 Compute T, .ecess hr
Channel flow Segnent ID
12. Cross sectional flow area, 8 cecccsccsccncas ft2
13. Wetted perimeter, P, sececessseccccccecoaces ft
14. Hydraulic radius, ¥ = ;2' Conmpute I ceceeee ft
15. Channel slope, s ......Y.................... fr/ft
16. Manning’s roughness coeff., N cecccvcocscces

17. V = 1.49 rz/3 81/2 Compute V .c.c... ft/s
18. FPlow length, L eeveececaccscosascscccascenss ft
19, Tt --EE%B—V Compute T, ...... hr
20. Watershed or subarea Tc or Tt (add 'I't in steps 6,

DEVELOFED

Sropoth

0.0l

bo

3.5

0.0

o.0f |+

Taved

200

on| |/
29 | |
ooz f+| | /

+

7
]
|

11, and 19) ..eec..
'TZ,;-. 0% he

A<c

vme o= 0.1 hv
(210-V1-TR-55, Second Ed., Jufie 1986y -
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Worksheet 4: Graphical Peak Discharge method

Project 6(%;'\3 Pip€ £n bridae By &JId Date Mﬂ
T v

Location SOOt‘husT' Checked Date
Circle one: Present /éeveioped )}
l. Data:

0.00043 1?2 (acres/640)

Drainage area c.cceceees Am

Runoff curve number .... CN = ‘72; (From worksheet 2)
Time of concentration .. Tc = O | hr (From worksheet 3)
Rainfall distribution type =  _I_ (I, IA, II, III)

Pond and swamp areas spread 9
throughout watershed ....e. ™= percent of Am ( acres or mi” covered)

Storm—#T | StorE#Z |

2. TIBQUENCY esoeeecsscrossssssssncacsasnonne yr /0

3. Rainfall, P (Zé_hour) seenvesosecenacesses in 3’5

4. Initial abstraction, Ia caisesasascacsens in O'OL“
(Use CX with table 4-1.)

5. Compute Ia/P .............. seeccecransans 0.0]

6. Unit peak discharge, Q) veeecccennccnaacs csm/1in So00

(Lse T_ and I_/P with exhibit -1 )

7. Runoff, Q eevesccanceassanns veeesessnnnnan in 321

{From worksheet 2).

8. Pond and swamp adjustment factor, Fp ceee [0

(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond and swamp area.)

9. Peak discharge, qp cecssscsvsevsssscesanes cfs 070

—
(Where 9 = quAmQFp) ——

D4 (210-VI-TR-35, Second Ed., June 1986)



Worksheet 3: Time of concentration (T,) or travel time (Ty)

Project Veteymme }Deo,lﬁ dlSQt\A/ﬁ-\C S‘fﬁs’\ sy BID pate S/11/92

Location Cafea.‘t' L«F’—{S '€ Checked Date

Circle one: Present/ Developed \O'Y@/ , 2.4~ hOU\’ Deal. ram-ﬁ I{
v L3 ‘ o
Circle one:@ 'I't through subarea

NOTES: Space for as many as two segments per flow type can be used for each
worksheet.

Include a map, schematic, or description of flow segments.

DevELOPED
Sheet flow (Applicable to T_ only) Segment ID
1. Surface description (table 3-1) .c.ceveessne Smerth r
2. Manning’s roughness coeff., n (table 3-1) .. 0.01t /
3. Flow length, L (total L < 300 £t) eeeveves.. £t | GO /
Ten-yr
4. Twe—yr 24-hr rainfall, Pz ceeseeceese csesecae in 4.0
5. Land SlOPE, B eeeeeesecserecanceasscssanesss ft/ft | OO0 ,
0.8
6. 1. - 0:007 (n1)? Compute T. ...... wr | 00|+ -l
t 0.5 0.4 t
P ] 7
2
Shallow concentrated flow Segment ID /
7. Surface description (paved or unpaved) ..... "P‘Wlal /
8. Flow length, L ccceecccsceccscccscnccnctancens ft 200 7
9. Watercourse SlOpPe, B cevscscsccsccesssceeses fU/fL 0.02 /
10. Average velocity, V (figure 3-1) ..c.cccee.. ft/s 2_.9 l /
-1

I o2 |+ -l
1. T, = S¢o0% Compute T, seeee. br | 0.02 |
Channel flow Segment ID y /
12. Cross sectional flow area, @ ceoececcscoccccs ftz /
13. Vetted perimeter, p, ccccceccccceccccrceccns ft / /
14. Hydraulic radius, © -';.- Compute T veeecee ft / /

v
15. Channel 8l0PE, B seccecscescscsccssseransess fL/fL / J
16. Manning’s roughness coeff., T cecceccreccsss / J
2/3 1/2
17. VvV = 1.%9 rn 8 Compute V ....... ft/s /
18. PFlow length, L cccecccesaccececscsscccscncense ft l
LS

- L + - /

19. Tt 3600 V Compute 'I't cocees hr

20. Watershed or subarea T, or Tt (add Tt in steps 6, 11, and 19) veesses hr -/

pumm—_——_

Te=.0uhv = 0.10 hr

(210-V1-TR-55, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

By BJD

Project s'lz;h\} ji?l‘Dé’ ‘c'\/ ‘o(\c\%ﬁ
Location G;FEAT lefz

Circle one: Presen

1.

D-4

Checked

Date

Date

/ifG2

Data:

Drainage area .......... A = _.000

mi 2 (acres/640)

Runoff curve number .... CN = Elﬁ (From worksheet 2)

Time of concentration .. T_. = o.l

Rainfall distribution type = .

hr (From worksheet 3)
(L, Ia, II, 1ID)

Pond and swamp areas spread )
throughout watershed ...... = percent of Aﬁ ( acres or mi“ covered)

Frequency ecececeecccscscscscscscssssencsans

Rainfall' P (2-’0-h0ur) R YT Y Y

Initial abstraction, Ia ....... cecesceenne
(Use CN with table 4-1.)

Compute Ia/P cececcsssescscenssosesssncee

Unit peak discharge, Q, sececvccccscccass
(Use TC and Ia/P with exhibit 4- IE;)

Runoff, Q @e0seecssscssees st OesORRLESTEORLEDS
(From worksheet 2).

Pond and swamp adjustment factor, F_ ....
(Use percent pond and swamp area P

with table 4-2. Factor is 1.0 for

zero perceat pond and swamp area.)

Peak discharge, q

P
(Where 9 = quAmQFp)

yr

in

in

csm/in

in

cfs

DEVELSFED

SeoTmriH

Searom—9$2-

Seerm1i3”

[0

4.0

(210-VI-TR-53, Second Ed., June 1986)



Worksheet 3: Time of concentration (T,) or travel time (T¢)

Project—Dk(\M;M ?eaLdusrjnm 'va k(cggg By BID

S/ref9z

Date

Norihwest !

Circle one: Present (Developed

Location

Checked

‘O'\"re“(! 24 -hoyr rmnp‘\ i

Date

Circle one: CS:D 'I‘t through subarea

NOTES:
worksheet.

Space for as many as two segments per flow type can be used for each

Include a map, schematic, or description of flow segments.

Sheet flow (Applicable to Tc only) Segment ID
1. Surface description (table 3-1) ieccecercccs

2. Manning’s roughness coeff., n (table 3-1) ..

3. Flow length, L (total L < 300 ft) .......... ft
Ten-Yr
4. Pwoyr 24-hr rainfall, P2 cecesscsacsannsans in
5. Land 8lope, 8 cocevcieccnscnnns tesscrosesans fe/fe
0.8
- 0.007 (nlL)
6’ Tt 0.5 0.1‘ COEPUte Tt evssess hr
PZ s

Shallow concentrated flow Segment 1D

7. Surface description (paved or unpaved) .....
8. Flow length, L ..ccecescsocccorcscscncas coen ft

9. Watercourse 6lOpPe, B eceessscccssssssssssesss fL/fL

10. Average velocity, V (figure 3-1) ....cenaae. ft/s
L

11. Tt 3600 V Compute Tt cocecan hr

Channel flow Segrment ID

12. Cross sectional flow area, 8 ceccecescecaces ft2

13. Wetted perimeter, P, ccccsesccsssccccccccacs ft

14. Hydraullc radius, r -;3 COMPULE [ seveeee £t

w

15. Channel 8lOPE, B cececcsccoccscnacssessssasces fL/fL
16. Manning’s roughness coeff., N coccecccccccscs
2/3 1/2
17. V = 1.49 rn 8 Compute V ....... ft/s
18. Flow length, L ....... cecessscsssssccsssccsns ft
L
19, Tt 3600_V Compute '1't ceeeee hr

20. Watershed or subarea T_ or 'I‘t (add Tt in steps 6, 11, and 19) ceeeses hr

,_\__Q

Swoth

o0l

60

0,02

/
PN
I
/

002 |+

Paved /

0.0

/
29 | |
/

o.02 |+

i

|
1]
j

[
I
l
]

|-/

)

Ascume: lez O.0 hr

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project Sl%mj TP'.;PC on b(dgc By E\T‘b Date {/2« Gz
Location Ub(f“luﬂ(if Checked Date

Circle one: Present

l. Data:

Drainage area .......... A = 0.000'43‘1112 (acres/640)

Runoff curve number .... CN = qg (From worksheet 2)
Time of concentration .. T, = [2f l hr (From worksheet 3)

Rainfall distribution type = A (1, 1A, II, III)

Pond and swamp areas spread 2
throughout watershed ...... = percent of A['n ( z acres or mi“ covered)

Szerm—#t~ | 3TOTn ~Svore s
2. FreqUeNnCY cececececsecesssccssscasscnsone yr /0"‘]"
3. Rainfall, P (29-hOUTL) eucecceonssenconans in ‘/&O
4. Initial abstraction, Ia in 0.04/

(Use CN with table 4-1.)

5. Compute Ia/P ceecscssessessssancsransesae 0.0l

6. Unit peak discharge, Q) cecececcccaccscne csm/in /65

(Use 'rc and Ia/P with exhibit 4-T4A )

7. RUNOEf, Q eeveeocenscnosanana sesscancna .e in 3.77

(From worksheet 2).

8. Pond and swamp adjustment factor, Fp ceee /0

(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond and swamp area.)

9. Peak discharge, qp B TR TR cfs 0'2——,

v = e ——
(Where qp quAmQFp) e,

D4 (210-VI-TR-55, Second Ed., June 1986)




Worksheet 3: Time of concentration (T,) or travel time (Ty)

Project Dedesmiing peak olisha e Wov bﬂﬂag sy BID
I I

Checked Date

Location \500“‘\ Can
7
Circle one ‘U'\!Cdf/ 24 hovr m«n(’)& ”

: Present
Circle one: @ T, through subarea

NOTES: Space for as many as two segments per flow type can be used for each

worksheet.

Include a map, schematic, or description of flow segments.

TeVvELORED /

Sheet flow (Applicable to 'I‘c only) Segment ID

Smooth /

0.0t /

1. Surface description (table 3-1) .ccccecescse

2. Manning‘s roughness coeff., n (table 3-1) ..

Date S //&, G2

3. Flow length, L (total L < 300 £t) weveeeee.. ft | GO /
evn-)yr
4. 10-)):' 24-hr rainfall, P2 eeacacsccenssscans in '7'0 7
5. Land slope, 8 ceveecess cecseacnons ceccsessas ft/ft O { /
0.8
6. 1. = 0:007 ()*° Compute T. ...... ne | 0.01* /
t 0.5 0.4 t
P2 8 /
Shallow concentrated flow Segment ID /

Paed |/
200 /
oz | |/

24 | |

7. Surface description (paved or unpaved) «....

8. Flow length, L ...ccececccccccocacocnccansns ft

9. Watercourse 6l0pPe, B ceccssccssscscsnsascces ft/ftL

10. Average velocity, V (figure 3-1) ...ccceeee. ft/s i /
1. T, -T&T—v Compute T, «..... he | 202 + //
Channel flow Segment ID N )

12. Cross sectional flow area, 8 cececccscscosscss ft2 / /

13. Wetted perimeter, P, scccccecccccsascoccssce ft / i

14. Hydraulic radius, r -;‘- Compute T .ecccae ft /

w
15. Channel SlOpPe, B8 cccesecccoccsscscsocsssasses fL/fL

16. Manning’s roughness coeff., N ceccccsceccaes

]
|
|
|
|

2/3 1/2
17, V = 1.49 rn 2 Compute V ....... ft/s
18. Plow length, L c..ccrceaccocccccccssscosccnse ft )
- L <+ /
19. 'l't 3600V Compute ‘I‘t ceceee hr

20. Watershed or subarea 'r or 'I' (add '1‘ in steps 6, 11, and 19) ....... hx:

/

T:rc—ooz,w L____

\ﬁ‘ssum& T_ =0, h
(210-VI-TR-55, Second Ed., June 1986)) —

ot s 2 T e T e e e



Worksheet 4: Graphical Peak Discharge method

Project S\?“W\ Pipe on b“‘lﬂC By Date
u v

Location SeJthea;t Checked Date

Circle one: Present CEevelopeB")

1. Data:

Drainage area .......... A = 000 mi? (acres/640)

Runoff curve number .... CN = qg (From worksheet 2)
Time of concentration .. TC = Q,l hr (From worksheet 3)

Rainfall distribution type = T (1, IA, II, III)

Pond and swamp areas spread 2
throughout watershed ...... = ¢ percent of Al'n ( Q acres or mi“ covered)

DEYELOPED

Steem—H] -Storo—id—t-Seor i3

2. Frequency eceeecssss ceevescsssssessessanna yr ,O
3. Rainfall, P (23-hour) cccecececccccscecns in ’7.0
4., Initial abstraction, Ia cececsscsscccsncas in 0,04

(Use CN with table 4-1.)

5. Compute Ia/P Ceeesssseaseensacsssccssenns 0.0/

6. Unit peak discharge, Q reveevesaszaennes csm/in eSo

(Use TC and Ia/P with exhibit 4~ )

7o RUNOEf, Q 4teiieecnnesassoaccesccccasonnaes in 6.76-

(From worksheet 2).

8. Pond and swamp adjustment factor, Fp ceee /.o

(Use percent pond and swamp area
with table 4-2, Factor is 1.0 for
zero percent pond and swamp area.)

9. Peak discharge, qp e cfs ';89
e ——
v = e em—
(Where qp quAmQFP)

D-4 (210-VI-TR-35, Second Ed., June 1986)



Subject -'PllPC/ 51?;‘;‘3 ‘é’ Cost Project No. __ 2005~

Task No. Ceo
By BRisN Donavmd Checked By W/Z sz No(.)
Date 5, / /4/ 2. . Date f//f/f,L Sheet / of 2

l__‘r | ! ] | L } L S
o ] 3 T
N ftkeast Reaiom i @ . léZLc:F :_" o

’ 1 3""‘| et AREAARE RN

No(%h ‘Keng)\ b 3?“'(";‘ o.27.efs

Southeast ‘Keju -.L%f’e“-_’ .84 cfs 4, |
Smthwest# g %reaf-" olocks .

ch\cml A%omp‘hons
D Ppe s onld Vo Lull
, 2) P,tpc _clcs@v,t based on _\b:ﬁégr§i4;;hou( ra'meal(
3) Pipe is made of reinfoied steel

used for ’a rn&wg
Norkheast
Acsome Ftpe dmeter = G inches
Acea = c\z/q T_( )/ = O, 20‘2“72’

_ olo . 0.20

4> Means ' Burld F';j Construction Cost Date " dated (474

H)b(—(aul\c RadwsdR = weﬂﬂ E(M.Mébv— Tr TF(Z@
= 0.25

nw=- ¢0.9lo0

- o Slope = 0.02
051ng Mannig's eg -
Ruay = AV= ‘oqq (02.0)(07.5) 2 (oDYx ~ 16T s
[ 67 > 162 O/C.

Cost. of Pipe Bw each half oF br"‘jﬁ-'-' Zood4x T, 'Séfz
#1430

To Cost ofF Pirt. = 1420 X2 = ‘$2.,860

Woodward-Clyde Federal Services %

v



Subject ?lPe $l%tﬂj 7 Cost Project No. __83005

Task No. ooo
By BKIMJ DOK\O\[A"J Checked By J#T Fi: No.
Date 5/,4_‘1}2_ - Date f//,f/fL Sheet Z of _ 2

NN

e Morbkwes-t—% ‘Sooth(be'st re(jwnsj 't\r\e ftFe Siee. ano( E&st;
will bel the same’ as Northeast. & G-wch diameter pipe
Is the swullest re nforeed drdmaae_ F:":a listed \a Means
book.

Northwest : Cost = ¥ 2,860
Southwest ' Cott = ¥2,860

ubvergt Azsome Fpe diameter = B 1aches
Avea = Tl'(_é/,z>L 4 = 035
k= _;_zsf%) = 054
N= 2.0l0
Slope = 002 |
Qutw = AV = —’0'%‘3,—(0,3@(0-3431/5 (otozy?‘: 3.59 cfs

359 > .89 /. ok

Cost of (’"f’e'%( each half of bf(cﬁg: 700 ¥ ’7.90/‘%:
¥ 1,560

TotaL CosT oF Pipe - 7y5e0 w2= + 2,160

Note: Coste (UCLUDE LB AWUD OVERHEAD Fets,

Woodward-Clyde Federal Services %



APPENDIX C

Street Sweeping Computer
Simulation Results
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case title = Street Sweeping case
case data file Sweep.cas

storm data file czmswst.stm
particle file nurp50.par

air temp file prove988.tmp

mn

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%
watershed = 1 watersh
surface runoff device = 1 Pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor - = 1.000
device = 1 Pipe . type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 OouT
numpber of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 Pipe , type = pipe , variable = tss

flow load conc

mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 474.52 160.8447
06 normal outlet 1.09 474.52 160.8447
09 total inflow 1.09 474 .52 160.8447
10 surface outflow 1.09 474.52 160.8447
12 total outflow 1.09 474 .52 160.8447-
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches

device = 1 Pipe , type = pipe , Vvariable = tp



_ flow load

mass-balance term: acre-ft 1bs
01 watershed inflows 1.09 1.39
06 normal outlet 1.09 1.39
09 total inflow 1.09 1.39
10 surface outflow 1.09 1.39
12 total outflow 1.09 1.39
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 Pipe type = pipe , Vvariable = tkn

flow load
mass—balance term acre~ft lbs
01 watershed inflows 1.09 6.04
06 normal outlet 1.09 6.04
09 total inflow 1.09 6.04
10 surface outflow 1.09 6.04
12 total outflow 1.09 6.04
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 Pipe , type = pipe , variable = cu

flow load
mass—balance term acre-ft lbs
01 watershed inflows 1.09 .14
06 normal outlet 1.09 .14
09 total inflow 1.09 .14
10 surface outflow 1.09 .14
12 total outflow 1.09 .14
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
numbker of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 Pipe , type = pipe , Vvariable = pb

flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.09 .09
06 normal outlet 1.09 .09
09 total inflow 1.09 .09
10 surface outflow 1.09 .09
12 total outflow 1.09 .09
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip

device = 1 Pipe , type = pipe ,. variable = zn

2
2

2
2
2

conc
ppm
.4706
.4706

.4706
.4706
.4706

.54 inches

conc
ppm
.0476
.0476

.0476
.0476
.0476

.54 inches

conc
ppm
.0464
.0464

.0464
.0464
.0464

.54 inches

conc
ppm
.0310
.0310

.0310

.0310
.0310"

.54 inches



flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 .64
06 normal outlet 1.09 .64
09 total inflow 1.09 .64
10 surface outflow 1.09 .64
12 total outflow 1.09 .64
load removal efficiency = .00 %, adijusted =
continuity errors: volume = .00 %, 1load =
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs,
device = 1 Pipe , type = pipe , Vvariable =

flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 11.41
06 normal outlet 1.09 11.41
09 total inflow 1.09 11.41
10 surface outflow 1.09 11.41
12 total outfloy 1.09 11.41
load removal efficiency = .00 %, adjusted =
continuity errors: volume = .00 %, load =

(oM =)

[oN e}

N o

precip

hc

[eNe]
[eN )

o0 o\

w w W

W W

conc
ppm
.2184
.2184

.2184
.2184
.2184

.54 inches

conc
ppm
.8690
.8690

.8690
.8690
.8690



case title

case data file
storm data file
particle file
air temp file

Street Sweeping case
Sweep.cas
cznswst.stm
nurp50.par
prové988. tmp

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%
watershed = 1 watersh
surface runoff device = 1 Pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = 1.000
water quality load factor - = 1.000
device = 1 Pipe , type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 OouT
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 Pipe , type = pipe , variable = tss

flow load conc

mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 446,88 151.4759
06 normal outlet 1.09 446.88 151.4759
09 total inflow 1.09 446.88 151.4759
10 surface outflow 1.09 446.88 151.4759
12 total outflow 1.09 446.88 151.4759"
15 mass balance check .00 .00
load removal efficiency .00 %, adjusted = .00 %
continuity errors: volume = .00 %, load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches



device = 1 Pipe , type = pipe , Vvariable = tp
flow load
mass—-balance term acre-ft lbs
01 watershed inflows 1.09 1.34
06 normal outlet 1.09 1.34
09 total inflow 1.09 1.34
10 surface outflow 1.09 1.34
12 total outflow 1.09 1.34
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = 00 %, load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 Pipe , type = pipe variable = tkn
flow load
mass—-palance term acre-ft lbs
01 watershed inflows 1.09 5.86
06 normal outlet 1.09 5.86
09 total inflow 1.09 5.86
10 surface outflow 1.09 5.86
12 total outflow 1.09 5.86
15 mass balance check .00 .00
locad removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 Pipe , type = pipe , variable = cu
' flow load
mass-balance term acre~ft lbs
01 watershed inflows 1.09 .13
06 normal outlet 1.00 .13
09 total inflow 1.09 .13
10 surface outflow 1.09 .13
12 total outflow 1.09 .13
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 Pipe , type = pipe variable = pb
flow load
mass-balance term acre-ft 1lbs
01 watershed inflows 1.09 .09
06 normal outlet 1.09 .09
09 total inflow 1.09 .09
10 surface outflow 1.09 .09
12 total outflow 1.09 .09
15 mass balance check 00 .00
load removal efficiency = .00 %, adjusted = .00 %

conc
ppm
.4548
.4548

.4548
.4548
.4548

.54 inches

conc

ppm
.9862
.9862

.9862
.9862
.9862

.54 inches

conc

ppm
. 0450
.0450

.0450
.0450
.0450

.54 inches

conc
ppm

.0293
.0293"

.0293
.0293
.0293



continuity errors: volume = .00 %, load = .00 %

number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 Pipe , type = pipe , variable = zn

flow load conc
mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 .63 .2119
06 normal outlet 1.09 .63 .2119
09 total inflow 1.09 .63 .2119
10 surface outflow 1.09 .63 .2119
12 total outflow 1.09 .63 .2119
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 Pipe , type = pipe , Vvariable = hc

flow load conc
mass-balance term acre~-ft lbs ppm
01 watershed inflows 1.09 10.79 3.6582
06 normal outlet 1.09 10.79 3.6582
09 total inflow 1.09 10.79 3.6582
10 surface outflow 1.09 10.79 3.6582
12 total outflow 1.09 10.79 3.6582
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load .00 %



case title

case data file
storm data file
particle file
air temp file

Street Sweeping case
sweep.cas
cznswst.stm
nurp50.par
prové6988.tmp

i nnu

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%
watershed = 1 watersh
surface runoff device = 1 pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .250
water quality load factor - = 1.000
device = 1 pipe , type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 ouT
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 pipe ., type = pipe . Vvariable = tss

flow load conc

mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 467.25 158.3796
06 normal outlet 1.09 467.25 158.3796
09 total inflow 1.09% 467.25 158.3796
10 surface outflow 1.0° 467.25 158.3796
12 total outflow 1.09 467.25 158.3796°
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 pipe , type = pipe , variable = tp



flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.09 1.38
06 normal outlet 1.09 1.38
09 total inflow 1.09 1.38
10 surface outflow 1.09 1.38
12 total outflow 1.09 1.38
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , Vvariable = tkn
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 5.99
06 normal outlet 1.09 5.99
09 total inflow 1.09 5.99
10 surface outflow 1.09 5.99
12 total outflow 1.09 5.99
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , variable = cu
flow load
mass~balance term acre-ft 1lbs
01 watershed inflows 1.09 .14
06 normal outlet 1.09 .14
09 total inflow 1.09 .14
10 surface outflow 1.09 .14
12 total outflow 1.09 .14
load removal efficiency .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , variable = pb
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 .09
06 normal outlet 1.09 .09
09 total inflow 1.09 .09
10 surface outflow 1.09 .09
12 total outflow 1.09 .09
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , Vvariable = zn

[N IR\ \V)

conc
ppm
.4665
.4665

.4665
.4665
.4665

.54 inches

conc
ppm
.0317
.0317

.0317
.0317
.0317

.54 inches

conc
ppm
.0461
.0461

.0461
.0461
.0461

.54 inches

conc
ppm
.0305%
.0305

.0305

.0305
.0305"

.54 inches



flow load conc

mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 .64 .2167
06 normal outlet 1.09 .64 .2167
09 total inflow 1.09 .64 .2167
10 surface outflow 1.09 .64 .2167
12 total outflow 1.09 .64 .2167
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 pipe , type = pipe , Vvariable = hc

flow load conc
mass-balance term acre-ft 1bs ppn
01 watershed inflows 1.09 11.25 3.8135
06 normal outlet 1.09 11.25 3.8135
09 total inflow 1.09 11.25 3.8135
10 surface outflow 1.09 11.25 3.8135
12 total outflow 1.09 11.25 3.8135
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, load = 00 %



case title

case data file
storm data file
particle file
air temp file

Street Sweeping case
sweep.cas
czmswst.stm
nurp50.par
prov6988. tmp

precipitation volume factor 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%
watershed = 1 watersh
surface runoff device = 1 pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .500
water quality load factor - = 1.000
device = 1 pipe , type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 ourT
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 pipe , type = pipe , variable = tss

flow load conc

mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 460.22 155.9995
06 normal outlet 1.09 460.22 155.9995
09 total inflow 1.09 460.22 155.9995
10 surface outflow 1.09 460.22 155.9995
12 total outflow 1.09 460.22 155.9995:
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, load = .00 %
numpber of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches .



device = 1 pipe , type = pipé , variable = tp

flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 1.36
06 normal outlet 1.09 1.36
09 total inflow 1.09 1.36
10 surface outflow 1.09 1.36
12 total outflow 1.09 1.36
15 mass balance check .00 .00
load removal efficiency .00 adjusted

.00 %, 1load =

continuity errors: volume

number of storms = 1
interval = 476. hrs, storm duration = 12. hrs,
device = 1 pipe , type = pipe , Vvariable =
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 5.95
06 normal outlet 1.09 5.95
09 total inflow 1.09 5.95
10 surface outflow 1.09 5.95
12 total outflow 1.09 5.95
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted =
continuity errors: volume = .00 %, 1load =
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs,
device = 1 pipe , type = pipe , Vvariable =
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 .13
06 normal outlet 1.09 .13
09 total inflow 1.09 .13
10 surface outflow 1.09 .13
12 total outflow 1.09 .13
15 mass balance check .00 .00
load removal efficiency = .00 adjusted

W oh

%
1
continuity errors: volume .00 %, 1load

number of storms = 1
interval = 476. hrs, storm duration = 12. hrs,
device = 1 pipe , type = pipe , varilable =
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.09 .09
06 normal outlet 1.09 .09
09 total inflow 1.09 .09
10 surface outflow 1.09 .09
12 total outflow 1.09 .09
15 mass balance check .00 .00

load removal efficiency = .00 %, adjusted =

o o\°

precip

tkn

o0 o\

precip

cu

[eNe)
o O

o0 o\

precip

pb

.00

24

NN

[YS I S I\

i

conc

ppm
.4625
.4625

.4625
.4625
.4625

.54 inches

conc

ppm
.0161
.0161

.0161
.0161
.0161

.54 inches

conc
ppm
.0457
.0457

. 0457
.0457
.0457

.54 inches

conc

ppm

.0301
.0301"

.0301
.0301
.0301



continuity errors: volume = .00 %, load = .00

o\°

number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 pipe , type = pipe , Vvariable = zn

flow load conc
mass—-balance term acre-ft 1bs ppm
01 watershed inflows 1.09 .63 .2151
06 normal outlet 1.09 .63 .2151
09 total inflow 1.09 .63 .2151
10 surface outflow 1.09 .63 .2151
12 total ocutflow 1.09 .63 .2151
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, 1load = 00 %
number of storms = 1
interval = 476. hrs, storm duration = 12. hrs, precip = .54 inches
device = 1 pipe , type = pipe , variable = hc

flow load conc
mass-balance term acre-ft lbs ppm
01 watershed inflows 1.09 11.09 3.7600
06 normal outlet 1.09 11.09 3.7600
09 total inflow 1.09 11.09 3.7600
10 surface outflow 1.09 11.09 3.7600
12 total outflow 1.09 11.09 3.7600
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load .00 %



case title

case data file
storm data file
particle file
air temp file

Street Sweeping case
sweep.cas
czmnest.stm
nurp50.par
prov6988.tmp

precipitation volume factor = 1.000
storm duration factor = 1.000
nunber of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%

Northeast rainfall
watershed = 1 watersh
surface runoff device = 1 pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .000
water quality load factor - = 1.000
device = 1 pipe . type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 ouT
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe , type = pipe , Vvariable = tss

flow load conc

mass-balance term acre-ft lbs ppm
01 watershed inflows 1.19 563.54 174.5998
06 normal outlet 1.19 563.54 174.5998
09 total inflow 1.19 563.54 174.5998
10 surface outflow 1.19 563.54 174.5998
12 total outflow 1.19 563.54 174.5998"
load removal efficiency = .00 3, adjusted = .00 %
continuity errors: volume = .00 %, load = .00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe , type = pipe , Vvarilable = tp



flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.19 1.62
06 normal outlet 1.19 1.62
09 total inflow 1.19 i.62
10 surface outflow 1.19 1.62
12 total outflow 1.19 1.62
load removal efficiency .00 %, adjusted = .00 %
continuity errors: volume = .00 %, load = .00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , Vvariable = tkn
flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.19 7.01
06 normal outlet 1.19 7.01
09 total inflow 1.19 7.01
10 surface outflow 1.19 7.01
12 total outflow 1.19 7.01
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, load = 00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , variable = cu
flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.19 .16
06 normal outlet 1.19 .16
09 total inflow 1.19 .16
10 surface outflow 1.19 .16
12 total outflow 1.19 .16
load removal efficiency .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1locad = .00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , variable = pb
flow load
mass-balance term acre~ft 1lbs
01 watershed inflows 1.19 .11
06 normal outlet 1.19 .11
09 total inflow 1.19 .11
10 surface outflow 1.19 .11
12 total outflow 1.19 .11
load removal efficiency .00 %, adjusted = .00 %
continuity errors: volune = .00 %, 1load = .00 3
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , variable = zn

2
2

2
2
2

conc
ppn
.5023
.5023

.5023
.5023
.5023

.59 inches

conc
ppn
.1714
.1714

.1714
.1714
.1714

.59 1inches

conc
ppm
.0492
.0492

.0492
.0492
.0492

.59 1inches

conc
ppm
.0334
.0334

.0334

.0334
.0334"

.59 inches



mass—-balance term
01 watershed inflows
06 normal outlet

09 total inflow
10 surface outflow
12 total outflow

load removal efficiency
continuity errors: vol

number of storms =
interval = 144. hrs,
device = 1 pipe .

mass—-balance term
01 watershed inflows
06 normal outlet

09 total inflow
10 surface outflow
12 total outflow

load removal efficiency
continuity errors: vol

flow load

acre-ft lbs
1.19 .75
1.19 .75
1.19 .75
1.19 .75
1.19 .75
= .00 %, adjusted = .00 %
ume = .00 %3, load = .00 %
1
storm duration = 12. hrs, precip
type = pipe , variable = hc
flow load
acre~ft 1bs
1.19 13.49
1.19 13.49
i.19 13.49
1.19 13.49
1.19 13.49
= .00 %, adjusted = 00 %
ume = .00 %, 1load = 00 %

o

conc
ppm
.2316
.2316

.2316
.2316
.2316

.59 inches

conc
ppm
.1785
.1785

.1785
.1785
.1785



case title

case data file
storm data file
particle file
air temp file

Street Sweeping case
sweep.cas
czmnest.stm

nurpS50. par
prov6988. tmp

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0,
case notes:
Street sweeping case
one watershed
one device
one particle class=NURP 50%
Northeast rainfall
watershed = 1 watersh
surface runoff device = 1 pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (perviocus portion) = 60.000
sweeping frequency times/week = 1.000
water quality load factor - = 1.000
device = 1 pipe . type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 OuT
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs,
device = 1 pipe , type = pipe , variable = t
flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.19 541.42
06 normal outlet 1.19 541.42
09 total inflow 1.19 541.42
10 surface outflow 1.19 541.42
12 total outflow 1.19 541.42
15 mass balance check .00 .00
load removal efficiency .00 %, adjusted =
continuity errors: volume = .00 %, load =
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs,

stop =

precip .59 inches
ss
conc
ppm
167.7446
167.7446

167.7446
167.7446
167.7446

precip .59 inches



conc
ppm
.4909
.4909

.4909
.4909
.4909

.59 inches

conc
ppm
2.1268
2.1268

2.1268
2.1268
2.1268

.59 inches

conc
ppm
.0482
.0482

.0482
. 0482
.0482

.59 inches

conc

ppm
.0322
.0322"

.0322

- .0322

.0322

device = 1 pipe , type pipe , Vvariable = tp
flow load
mass-balance term acre-ft 1lbs
01 watershed inflows 1.19 1.58
06 normal outlet 1.19 1.58
09 total inflow 1.19 1.58
10 surface outflow 1.19 1.58
12 total outflow 1.19 1.58
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, load = 00 %
number of storms =
interval = 144. hrs, storm duration = 12. hrs, precip =
device = 1 pipe , type pipe , variable = tkn
flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.19 6.86
06 normal outlet 1.19 6.86
09 total inflow 1.19 6.86
10 surface outflow 1.19 6.86
12 total outflow 1.19 6.86
15 mass balance check .00 .00
load removal efficiency = .00 %, adijusted = 00 %
continuity errors: volume = .00 %, load = 00 %
number of storms =
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type pipe , Vvariable = cu
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.19 .16
06 normal outlet 1.19 .16
09 total inflow 1.19 .16
10 surface outflow 1.19 .16
12 total outflow 1.19 .16
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms =
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type pipe , Vvariable = pb
flow load
mass—-balance term acre-ft 1bs
01 watershed inflows 1.19 .10
06 normal outlet 1.19 .10
09 total inflow 1.19 .10
10 surface outflow 1.19 .10
12 total outflow 1.1¢9 .10
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %



continuity errors: volume = .00

o\

!

number of storms = 1
interval = 144. hrs, storm duration =
device = 1 pipe , type = pipe ,
flow
mass-balance term acre-ft
01 watershed inflows 1.19
‘06 normal outlet 1.19
09 total inflow 1.19
10 surface outflow 1.19
12 total outflow 1.19
15 mass balance check .00
load removal efficiency = .00 %,
continuity errors: volume = .00 %,
number of storms = 1
interval = 144. hrs, storm duration =
device = 1 pipe , type = pipe .
flow
mass-balance term acre-ft
01 watershed inflows 1.19
06 normal outlet 1.19
09 total inflow 1.19
10 surface outflow 1.19
12 total outflow 1.19
15 mass balance check .00

load removal efficiency .00 %
continuity errors: volume = .00 %

14
14

o -

load = .00 %
12. hrs, precip =
variable = zn

load

lbs

.73

.73

.73

.73

.73

.00
adjusted = .00 %
load = .00 %
12. hrs, precip

variable = hc

load

lbs

12.99

12.99

12.99

12.99

12.99

.00
adjusted = .00 %
load .00 %

.59 inches

conc
ppm
.2269
.2269

.2269
.22689
.2269

.59 inches

conc
ppm
.0243
.0243

.0243
.0243
.0243



case title = Street Sweeping case
case data file sweep.cas

storm data file czmnest.stm

particle file nurp50.par

air temp file prové98s. tmp

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop = 0
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%

Northeast rainfall
watershed = 1 watersh
surface runoff device = 1 pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
Scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .250
water quality load factor - = 1.000
device = 1 pipe , type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 ouT
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe , type = pipe , Vvariable = tss

flow load conc

mass-balance term acre-ft 1lbs ppn
01 watershed inflows 1.19 557.84 172.8340
06 normal outlet 1.19 557.84 172.8340
09 total inflow 1.19 557.84 172.8340
10 surface outflow 1.19 557.84 172.8340
12 total outflow 1.19 557.84 172.8340
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, load = 00 %

number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches



device 1 pipe ,
mass-balance term

01 watershed inflows
06 normal outlet

09
10
12
15

total inflow
surface outflow
total outflow

mass balance check

load removal efficiency

continuity errors: vol
number of storms =
interval = 144. hrs,
device = 1 pipe '

mass-balance term
01 watershed inflows
06 normal outlet

09
10
12
15

total inflow
surface outflow
total outflow

mass balance check

load removal efficiency

continuity errors: vol
number of storms =
interval = 144. hrs,
device = 1 pipe )

mass-balance term
01 watershed inflows
06 normal outlet

09
10
12
15

total inflow
surface outflow
total ocutflow

mass balance check

load removal efficiency

continuity errors: vol
number of storms =
interval = 144. hrs,
device = 1 pipe ,

mass-balance term
01 watershed inflow;
06 normal outlet

09
10
12
15

total inflow
surface outflow
total outflow

mass balance check

load removal efficiency

type = pipe , Vvariable = tp
flow load
acre-ft 1bs
1.19 1.61
1.19 l1.61
1.19 1.61
1.19 1.61
1.19 1.61
.00 .00
= .00 %, adjusted = .00 %
ume = .00 %, 1load = .00 %
1
storm duration = 12. hrs, precip
type = pipe variable = tkn
flow load
acre-ft 1bs
1.19 6.97
1.19 6.97
1.19 6.97
1.19 6.97
1.19 6.97
.00 .00
.00 %, adjusted = .00 %
ume = .00 %, load = .00 %
1
storm duration = 12. hrs, precip
type = pipe , ~varilable = cu
flow load
acre-ft 1bs
1.1¢ .16
1.19 .16
1.19 .16
1.19 .16
1.19 .16
.00 .00
= .00 %, adjusted = .00 %
ume = .00 %, 1load = .00 %
1
storm duration = 12. hrs, precip
type = pipe variable = pb
flow load
acre-ft 1bs
1.19 .11
1.19 .11
1.19 .11
1.19 .11
1.19 .11
.00 .00
= .00 %, adjusted = .00 %

N I

38

NN N

conc
ppm
.4994
.4994

.4994
.4994
.4994

.59 inches

conc
ppm
.1600
.1600

.1600
.1600
.1600

.59 inches

conc
ppm
.0490
.0490

.0490
. 0490
.0490

.59 inches

conc

ppm
.0331

.0331

.0331

- .0331

.0331



continuity errors: volume = .00 %, load = .00 %

number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe , type = pipe , variable = zn

flow load conc
mass-balance term acre-ft lbs ppn
01 watershed inflows 1.19 .74 .2304
06 normal outlet 1.19 .74 .2304
09 total inflow 1.19 .74 .2304
10 surface outflow 1.19 .74 .2304
12 total outflow 1.19 .74 .2304
15 mass balance check .00 .00

load removal efficiency .00 %, adjusted

nn

[eNe)
(e N e
o0 o\°

([}

continuity errors: volume .00 load .
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe , type = pipe , Vvariable = hc

flow load conc
mass-balance term acre-ft lbs ppm
01 watershed inflows 1.19 13.36 4.1388
06 normal outlet 1.19 13.36 4.1388
09 total inflow 1.19 13.36 4.1388
10 surface outflow 1.19 13.36 4.1388
12 total outflow 1.19 13.36 4.1388
15 mass balance check .00 .00
load removal efficiency = .00 adjusted =

o O
[e@Ne)
o\ o\

.00 %, load =

continuity errors: volume



case title

case data file
storm data file
particle file
air temp file

Street Sweeping case
sweep.cas
czmnest.stm
nurp50.par
prové6988.tmp

precipitation volume factor = 1.000
storm duration factor = 1.000
number of passes through storm file = 5
storm dates <yymmdd> start = 0, keep = 0, stop =
case notes:

Street sweeping case

one watershed

one device

one particle class=NURP 50%

Northeast rainfall
watershed = 1 watersh
surface runoff device = 1 pipe
percolation device = 0
watershed area acres = 100.000
impervious fraction = .250
impervious depression storage inches = .020
scs curve number (pervious portion) = 60.000
sweeping frequency times/week = .500
water quality load factor - = 1.000
device = 1 pipe , type = 5 pipe
time of concentration = .000 hours
normal outlet routed to device 0 our
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip =
device = 1 pipe , type = pipe , Vvariable = tss

flow load

mass-balance term acre-ft lbs
01 watershed inflows 1.19 552.26 171.
06 normal outlet 1.19 552.26 171.
09 total inflow 1.19 552.26 171.
10 surface outflow 1.19 552.26 171.
12 total outflow 1.19 552.26 171.
15 mass balance check .00 .00
load removal efficiency = 00 %, adjusted = 00 %
continuity errors: volume = 00 %, load = 00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip =

.59 inches

conc

ppm
1035
1035

1035

1035
1035.

.59 inches



device = 1 pipe , type = pipé , Vvariable = tp

flow load
mass-pbalance term acre-ft lbs
01 watershed inflows 1.19 1.60
06 normal outlet 1.19 1.60
09 total inflow 1.109 1.60
10 surface outflow 1.19 1.60
12 total outflow 1.19 1.60
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 144, hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , Vvariable = tkn
flow load
mass-balance term acre-ft 1bs
01 watershed inflows 1.19 6.94
06 normal outlet 1.19 6.94
09 total inflow 1.19 6.94
10 surface outflow 1.19 6.94
12 total outflow 1.19 6.94
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = .00 %
continuity errors: volume = .00 %, 1load = .00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , variable = cu
flow load
mass-balance term acre-ft lbs
01 watershed inflows 1.19 .16
06 normal outlet 1.19 .16
09 total inflow 1.19 .16
10 surface outflow 1.19 .16
12 total outflow 1.19 .16
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %3, 1load = 00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip
device = 1 pipe , type = pipe , Vvariable = pb
flow load
mass-palance term acre-ft 1bs
01 watershed inflows 1.19 .11
06 normal outlet 1.19 .11
09 total inflow 1.19 .11
10 surface outflow 1.19 .11
12 total ocutflow 1.19 .11
15 mass balance check .00 .00

o\e

load removal efficiency = .00 %, adjusted = .00

2
2

2
2
2

conc

ppm
<4965
.4965

.4965
.4965
.4965

.59 inches

conc
ppm
.1488
.1488

.1488
.1488
.1488

.59 inches

conc
ppm
.0487
.0487

.0487
.0487
.0487

.59 inches

conc

ppm

.0328
.0328-

.0328
.0328
.0328



continuity errors: volume = .00 %, load = .00 %

number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe . type = pipe , Vvariable = zn

flow load conc
mass-balance term acre-ft lbs ppm
01 watershed inflows 1.19 .74 .2292
06 normal outlet 1.19 .74 .2292
09 total inflow 1.19 .74 .2292
10 surface outflow 1.19 .74 .2292
12 total outflow 1.19 .74 .2292
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, load = 00 %
number of storms = 1
interval = 144. hrs, storm duration = 12. hrs, precip = .59 inches
device = 1 pipe ., type = pipe , variable = hc

flow load conc
mass-balance term acre-ft lbs ppm
01 watershed inflows 1.19 13.23 4.0998
06 normal outlet 1.19 13.23 4.0998
09 total inflow 1.19 13.23 4.0998
10 surface outflow 1.19 13.23 4,0998
12 total outflow 1.19 13.23 4.0998
15 mass balance check .00 .00
load removal efficiency = .00 %, adjusted = 00 %
continuity errors: volume = .00 %, load = 00 %



