US Army Corps
of Engineers
Hydrologic Engineering Center

Generalized Computer Program

STORM
Storage, Treatment, Overflow
Runoff Model

User's Manual

August 1977

Approved for Public Release. Distribution Unlimited. CP D'7



REPORT DOCUMENTATION PAGE Form Approved OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to the Department of Defense, Executive
Services and Communications Directorate (0704-0188). Respondents should be aware that notwithstanding any other provision of law, no person shall be
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
August 1977 Computer Program Documentation

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
STORM

Storage, Treatment, Overflow Runoff Model 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5F. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT NUMBER
US Army Corps of Engineers CPD-7

Institute for Water Resources
Hydrologic Engineering Center (HEC)
609 Second Street

Davis, CA 95616-4687

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/ MONITOR'S ACRONYM(S)

11. SPONSOR/ MONITOR'S REPORT NUMBER(S)

12. DISTRIBUTION/ AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The program provides a means for analysis of the quantity and quality of runoff from urban or non-urban watersheds. The
two main types of output are statistical information on quantity and quality of washoff and overflow and pollutographs for
selected individual events. Loads and concentrations of six basic water quality parameters are computed (suspended and
settleable solids, biochemical oxygen demand, total nitrogen, orthophosphate, and total coliform). Land surface erosion is
also computed. The purpose of the analysis is to aid in the sizing of storage and treatment facilities to control the quantity
and quality of storm water runoff and land surface erosion. The model considers the interaction of seven storm water
elements: rainfall/snowmelt; runoff; dry weather flow; pollutant accumulation and washoff; land surface erosion; treatment
rates; and detention reservoir storage.

The program is designed for period of record analysis using continuous hourly precipitation data. The continuous runoff
(quantity and quality) is simulated using simple runoff percentages or SCS infiltration and unit hydrographs with recovery
of the infiltration loss rates during dry period. The Corps program is only available on mainframe computers, but
consultants have converted the program to the PC.

15. SUBJECT TERMS
storm, runoff, quantity, quality, combined sewers, treatment, overflow, long-term simulation

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THIS PAGE OF OF
U U U ABSTRACT PAGES 19b. TELEPHONE NUMBER
uu 184 :

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39-18




STORM

Storage, Treatment, Overflow
Runoff Model

User’'s Manual

August 1977

US Army Corps of Engineers
Institute for Water Resources
Hydrologic Engineering Center
609 Second Street

Davis, CA 95616

(530) 756-1104
(530) 756-8250 FAX
www.hec.usace.army.mil CPD-7




10 December 1984
Conditions of Use

The following conditions regulate the use of computer programs developed by the Hydrologic
Engineering Center (HEC), Corps of Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are accepted and used by the
recipient individual or group entity with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the accuracy, completeness,
reliability, usability, or suitability for any particular purpose of the information or data contained
in the programs, or furnished in connection therewith, and that the United States Government
shall be under no liability whatsoever to any individual or group entity by reason of any use
made thereof.

2. The programs belong to the United States Government. Therefore, the recipient agrees
neither to assert any proprietary rights thereto nor to represent the programs to anyone as other
than Government programs.

3. The recipient may impose fees on clients only for ordinary charges for applying and
modifying these programs.

4. Should the recipient make any modifications to the program(s), the HEC must be informed
as to the nature and extent of those modifications. Recipients who modify HEC computer
programs assume all responsibility for problems arising from, or related to, those modifications.
User support from the HEC to third part recipients will only be provided after the second party
demonstrates that program difficulties were not caused by their modifications.

5. This "Conditions of Use" statement shall be furnished to all third parties that receive copies
of HEC programs from the recipient. Third party recipients must be notified that they will not
receive routine program updates, correction notices, and other program services from the HEC
unless they obtain the program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a result of the use of the
program(s) by the recipient, or others, will acknowledge the Hydrologic Engineering Center,
Corps of Engineers, Department of the Army, as the origin of the program(s).



FOREWORD

This manual describes concepts and input data requirements for an
expanded version of the STORM model. The major additions to the capabilities

of the October 1974 version are the following options:

New Capabilities

Soil Conservation Service Runoff Curve Number Technique
Use of Unit Hydrographs to Define Runoff
Pollutant Accumulation in Terms of Pounds/Acre/Day .
Ability to Compute (or Specify) Quantity and Quality of Dry
Weather Flow
Specification of up to 20 Land Uses

Choice of English or Metric Units

Future versions of STORM will contain the following additional capabilities:
Channel Routing and Combining of Subbasins
Expanded Detention Reservoir Sizing Capability
Planning Level Treatment Computations
Settling of Pollutants in Storage
Planning Level Stream Water Quality Analysis
Frequency Analysis of Pollutant Loadings and Instream Concentrations
Economic Analysis

Post Processor for Statistical and Graphical Displays
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STORAGE, TREATMENT, OVERFLOW, RUNOFF MODEL
"STORM"

1.  ORIGIN OF PROGRAM

The original version of this program was completed in January 1973
by Water Resources Engineers, Inc. (WRE) of Walnut Creek, California, while
under contract with The Hydrologic Engineering Center (HEC). Parts of the
program had been previously developed by WRE for the Environmental Protection
Agency and the City of San Francisco. The HEC has revised the input and
output formats of the program to conform to its standardized methods and has
made numerous other program modifications including those summarized in the
Foreword. Resource Analysis, Inc., of Cambridge, Massachusetts, added.the

capability for dry weather flow computations. [1]*

2, PURPOSE OF THE PROGRAM

This program provides a means for analysis of the quantity and quality
of runoff from urban or nonurban watersheds. The two main types of output
are statistical information on quantity and quality of washoff and overflow
and pollutographs for selected individual events. Loads and concentrations
of six basic water quality parameters are computed (suspended and settleable
solids, biochemical oxygen demand, total nitrogen, orthophosphate, and
total coliform). Land surface erosion is also computed. The purpose of
the analysis is to aid in the sizing of”storage and treatment facilities
to control the quantity and quality of storm water runoff and land surface

erosion. The model considers the interaction of seven storm water elements:

*Refers to 1ist of references.



rainfall/snowmelt
runoff
dry weather flow
pollutant accumulation and washoff
land surface erosion
treatment rates
detention reservoir storage
The program is designed for period of record analysis using continuous

hourly precipitation data. It is, therefore, a continuous simulation model.

3. HARDWARE AND SOFTWARE REQUIREMENTS
This program is operable on the CDC, UNIVAC, IBM and certain other

computer systems. It reauires about 50,000 words of core storage. Innut

is accomplished by card reader and/or a tape/disk. Output is accomplished
by a 132 position line printer. Six additional tape/disk units are required
for temporary storage during processing although all six may not be used
during any given run depending on input/output options. The only non-
standard features of the three computer systems reauired by this program
are END OF FILE checks and the way in which multiple output files are
handled. Up to three output files are generated on tape/disk which are
automatically printed at the conclusion of the job. Detailed instructions

will be found in Paragraph 5c Computer System Implementation Notes.

4. DESCRIPTION OF THE PROGRAM

a. General Concepts. The quantity of storm water runoff has tradi-

tionally been estimated by using a design storm approach. The design storm



was often developed from frequency-duration-intensity curves based on rain-
fall records. This approach neglects the time interval between storms and
the capacity of the system to handle some types of storms better than others.
Infrequent , high intensity storms may be completely contained within
storage so that no untreated storm water overflows to receiving waters.
Alternately, a series of closely spaced storms of moderate intensity may
tax the system to the point that excess water must be released untreated,
It seems reasonable, therefore, to assume that precipitation cannot be
considered without the system, and a design storm cannot be defined by
itself, but must be defined in the light of the characteristics of the
storm water facilities. The approach used in this program recognizes not
only the properties of storm duration and intensity, but also storm spacing

and the storage capacity of the storm water system.

Figure 1 shows a schematic representation of the seven storm water
elements modeled by STORM. In this approach, rainfall washes dust and
dirt and the associated pollutants off the watershed. The resulting runoff
is routed to the treatment-storage facilities where runoff less than or
equal to the treatment rate is treated and released. Runoff exceeding the
capgcity of the treatment plant is stored for treatment at a later time.
If ﬁtorage is exceeded, the untreated excess is wasted through overflow
directly into the receiving waters. The magnitude and frequency of these
overflows are often important in a storm water study. STORM provides

statistical information on washoff, as well as overflows. The quantity,
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quality, and number of overflows are functions of hydrologic characteristics,

land use, treatment rate, and storage capacity.

A typical method of investigation is to alter the treatment, storage,
and land use and note the resulting response of the system. A group of
alternatives can then be selected from among those meeting the overflow

quantity and quality objectives.

The following sections describe the methodology of this approach of
estimating storm water runoff quantity and quality. The four major steps
involved are 1) the computation of runoff quantity, 2) the computation of
runoff quality, 3) the computation of treatment, storage, and overflow, and

4) computation of land surface erosion.

b. Computation of Snowmelt. If snowfall/snowmelt computations are

to be considered, the input hourly precipitation record must first be
processed with a daily air temperature record for the same period of time.

Snowmelt analyses are accomplished by the Degree-Day method as follows:

MELT = COEF * (T - TT), MELT < PACK (1)
where
MELT = snowmelt in basin inches/day (mm/day)
COEF = degree day melt coefficient, usually about 0.05 - 0,1
in/day7°F (2.3-4.6 mm/day/°C)
T = averaée daily air temperature, °F (°C)
TT = threshold temperatuee, °F (°C), at which snow melts
PACK = available snowpack water equivaient in basin inches (mm)
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The input precipitation record is processed with daily average or
max/min temperatures in order to determine whether the precipitation is
1iquid or snow. When the average daily temperature is below a freezing
threshold, the precipitation during that day falls as snow and accumulates
in a pack. No runoff occurs on this day. Conversely, when the average
daily temperature is above the freezing threshold, the snowpack melts and
provides runoff in addition to rainfall, if any, during that period. The
snow is assumed to melt from 0900 to 1700 hours. The resulting snowmelt
and rainfall record replaces the original precipitation record as input
to subsequent processing. Because rainfall energy is considerably larger
than snowmelt energy for purposes of land erosion computations, days on
which snowmelt occurs are flagged by negative signs so that the appropriate

computations can be made for erosion.

c. Computation of the Quantity of Runoff. Runoff quantity can be

computed by one of three methods, the coefficient method, the U.S. Soil
Conservation Service Curve Number Technique, or a combination of the two.
The coefficient method specifies that a certain fraction of rainfall will
run off each hour of each rainfall event while the SCS method uses a rain-
fall-runoff relationship based on antecedent conditions for each rainfall
event. The third option uses the coefficient method on impervious areas
and the SCS method on pervious areas, weighting the sum according to the

total fraction of impervious area.

(1) Coefficient Method. The coefficient method uses the following

equation for computation of runoff volume during each hourly time interval,



r=C (P - f) (2)

where
r = runoff in inches (mm)
C = composite runoff coefficient
P = rainfall/snowmelt in inches (mm) over the area
f = available depression storage in inches (mm)

Average annual runoff coefficients for the pervious and impervious
areas of the watershed are specified and subsequently weighted according
to the total fraction imperviousness so as to obtain a single composite
runoff coefficient. The runoff coefficient accounts for losses due to

infiltration and is computed by the following equation:

C= Cp + (CI - Cp) iél X;Fs (3)
where
Cp = runoff coefficient for pervious surfaces
CI = runoff coefficient for impervious surfaces
X; = area in land use i as a fraction of total urban watershed area
Fi = fraction of land use 1 that is impervious
L = total number of land uses

The composite runoff coefficient is used for every rainfall event in
the rainfall/snowmelt record regardless of rainfall characteristics or

antecedent moisture conditions. One would expect this method to perform



better on watersheds of relatively high percent imperviousness, for which

losses due to infiltration are relatively small.

Before the runoff coefficient is applied, depression storage losses
must be satisfied. Depression storage represents the capacity of the
watershed to retain water in depressions and on foliage. The amount of
depression storage at any point in time is a function of past rainfall/
snowmelt and evaporation. Depression storage is computed on a continuous

basis by the following expression:

f = fo + NDk, f<D (4)
where
fo = available depression storage, in inches (mm) at the end of
previous rainfall event
ND = number of dry days since end of previous rainfall event
k = pan evaporation rate, in inches/day (mm/day), representing
the recovery of depression storage
D = maximum depression storage in inches (mm).

Before the surface runoff enters the storage-treatment computations it
may be modified by a diversion. The diverted flow is considered lost from
the system and is not used in any further computations. Since the diversion
option applies only to the surface runoff, it cannot be used to divert dry
weather flow in combined sewer systems. Overflows from a combined system
may be approximated by setting the treatment rate equal to the average flow

at which overflow begins.



The equation for runoff is:

R=r-w(r-DW,), forr<pvw . (5)

min

R=yr-w (DVUmax - Dvumin)’ for r > DVUmax (6)

where
R = surface runoff after diversion
r = surface runoff before diversion
w = fraction of runoff between DVUmax and DVUm,‘n diverted
DVUmin = runoff at which diversion begins
DVU ., = runoff at which no additional diversion can occur

Figure 2 illustrates a sample of the manner in which the precipitation
(P), depression storage (f), excess rainfall (P-f) and the resulting

runoff (R) are handled by the coefficient method. Treatment, storage and

overflows are also depicted.

(2) Soil Conservation Service Method. [2] The SCS Curve Number

Technique uses a curvilinear relationship between accumulated runoff and

accumulated rainfall. The basic equation used for each rainfall event is

2
_ (P - 1A
0 = (7)

where
Q = accumulated runoff in inches (mm)
P = accumulated precipitation in inches (mm)
IA = initial abstraction in inches (mm). Represents all initial losses
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(depression storage, interception, and infiltration during the
filling of depression storage) that occur prior to the time when

runoff begins.

S = total soil moisture capacity for storage of water in inches (mm).

In situations where values for IA are unavailable, the SCS suggests using
IA = 0.2*S. This has been included as a default in the program, however,
it may yield too high values of IA for urbanized areas. During each
precipitation event, soil moisture capacity (S) is decreased due to

infiltration and increased due to percolation to ground water.

Computations are carried out in terms of soil moisture capacity,
however, the curve number and soil moisture capacity are related by the
following equation (for English units).

- 1000
N=r+s (8)

Figure 3 illustrates examples of SCS runoff curves. Each curve (CN)
represents a unique relationship between rainfall and runoff. No runoff
occurs until the initial abstraction (IA) is satisfied. Thereafter, the
runoff proceeds along the parabolic function and eventually becomes asymptotic
to a 45° line. In the asymptotic region, nearly all additional precipitation
is assumed to run off., (A curve number of 100 with an initial abstraction of
0 would represent a completely impervious watershed with no storage or
interception.) Since the Curve Number Technique was developed to compute
total storm runoff volume, an assumption was made that the curves could

also be used to represent the cummulative runoff during an event. Cali-

bration should include verification of this assumption.

1
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Since STORM is a continuous simulation model, a procedure is needed
to compute evapotranspiration, infiltration from initial abstraction,
and percolation during periods of no precipitation. The model computes
the soil moisture capacity (deficit) at the beginning of each time increment

by the following equation. Baseflow is not simulated.

St = St—] - IN*At + A*EV*At + BxMPxAt (9)
where
A = 0.7 ((sM-5,_;)/sM)Y (10)
B = ((sM-5,_;)/sm)P (1)
S = soil moisture capacity for storage of water in inches (mm)

IN = maximum infiltration rate from initial abstraction in inches/

hour (mm/hour)

EV
MP

pan evaporation rate in inches/hour (mm/hour)

maximum soil percolation rate in inches/hour (mm/hour)

SM = maximum soil moisture capacity for storage of water in inches (mm)
t = time

At =1 hour

v = exponent regulating evapotranspiration

p = exponent regulating percolation

The exponents v and p should be determined during calibration to
observed data. Preliminary studies at HEC indicate that they range from
1.0 to 5.0. An:increase in v or p will cause an increase in the surface

runoff. Figure 4 illustrates a sample of the manner in which initial

13
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abstraction (IA), soil moisture capacity (S), precipitation (P), and the

resulting runoff (R) are handled by this option in STORM.

(3) Dry-Weather Flow Quantity. Dry-weather flow in combined

sewer systems is often a major contributor of pollutants to the receiving
waters. Capability has been placed in this version of STORM to allow the
user to specify or compute the quantity and quality of dry-weather flow.
Previous versions of STORM did not have the capability to compute quality
of dry-weather flow although the quantity of pipe storage could be included

in the watershed storage value.

The quantity of dry-weather flow is produced by domestic, commercial
and industrial waste water discharges and pipe infiltration from ground

water.

Four options for computing the quantity of dry-weather flow have

been provided:

(1) Specification of the total waste water flow (sum of
domestic, commercial and industrial) and the infiltration
flow in million gallons per day {million liters per day).

(2) Domestic, commercial, industrial, and infiltration flows
specified separately, all in million gallons per day
(million liters per day).

(3) Specification of the coefficients required in the following

equations to compute each component of dry-weather flow:

15



Domestic Flow cl*Population

Commercial Flow cz*Commer61a1 Area in acres (hectares)

Industrial Flow c3*Industria1 Area in acres (hectares)

Infiltration Flow c4*Tota1 Area in acres (hectares)

where the coefficients have the following units:

¢y in mgd per capita (million liters per day per capita)

Cps C3 and Cy in mgd per acre (million liters per day per hectare)
(4) Same as Option 3 except that the model assumes the following

values for the coefficients Cys Cps Cg and Cy [3].

¢y = 0.0001 mgd/capita (0.3785 m>/day/capita)
= 0,03 mgd/acre (280.5 m3/day/hectare)

(g}
N
!

0.01 mgd/acre (93.5 m3/day/hectare)

0
w
L}

cy = 0.002 mgd/acre  (18.7 m>/day/hectare)

Three options for daily variations in dry-weather flow have been

provided:

(1) Specification of the ratio of flow for every day of the
week to average daily flow.
(2) Default values given in Table 1 will be used for the above ratios.

(3) A value of 1.0 will be used for all the above ratios.

Three options for hourly variations in dry-weather flow have been

provided:

16



Table 1

Default Values for Ratio of Daily Flows to Average
Daily Flows [4]

Day Ratio
Monday 1.08
Tuesday 1.04
Wednesday 0.92
Thursday 1.03
Friday 1.00
Saturday 0.96
Sunday 0.95

17



(1) Specification of the ratio of flow for every hour of the
day to the average hourly flow.

(2) Default values given in Table 2 will be used for the
above ratios.

(3) A value of 1.0 will be used for all the above ratios.

The dry-weather flow for the I-th day of the week and J~th hour of

the day is computed as:

DWF(I,J) = ADWF*DVAR(I)*HVAR(J) (12)

where: ADWF average daily dry-weather flow in mgd (103m3/day)

DVAR(I) = ratio of dry-weather flow for day I to the average
daily dry-weather flow
HVAR(J) = ratio of dry-weather flow for hour J to the average

hourly dry-weather flow

(4) Unit Hydrograph Procedure. The unit hydrograph provides

a means of routing basin excesses to the outlet of each subbasin. STORM
employs the Soil Conservation Service triangular unit hydrograph [5]. It
relieves the restriction that STORM be applied only to small subbasins
where routing effects could be neglected. The only additional variables
required to use the unit hydrograph option are the time of concentration
of the subbasin and the ratio of time of recession to time to peak of the

unit hydrograph. The unit hydrograph procedure can be used with either

18



Table 2

Ratio of Hourly Flow to Average Hourly Flow [4]

e 3
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Ratio

0.6
0.5
0.5
0.5
0.5
0.8
0.8
1.4
1.5
1.5
1.4
1.4
1.3
1.3
1.3
1.2
1.2
1.1
1.1
1.0
1.0
0.8
0.7
0.6



the coefficient method or the SCS method of runoff computation. Pollutant
masses are also routed by the unitgraph procedure., The equations for the
unit hydrograph characteristics are shown below for a one hour unit

hydrograph (in English units).

—
I

= 0.5+ 0.6 T, (13)

O
!

= 1.00833 5’3% (15)
P

where
= time to peak of the unit hydrograph (hrs)
= time of concentration of the subbasin (hrs)

time of recession of the unit hydrograph (hrs)

> 4~
"

= drainage area in acres (hectares)

one inch of surface runoff

LO O
i

= unit hydrograph peak in cfs (liters per second)

d. Computation of the Quality of Runoff.

(1) Quality of Surface Runoff. Pollutants tend to accumulate

on the land surface in many ways. Some of the most common accumulations
occur in debris dropped or scattered by people, sidewalk sweepings, erosion

and debris from construction or renovation, remnants of household refuse,

20



residue from automobile exhaust and tires, and the fallout of particulate
matter from the air. Irrespective of the way in which pollutants tend to
accumulate on the watershed, they can be generally classified into one of
the following categories of street litter: rags, paper, dust and dirt,

vegetation, and inorganics.

Some of the most significant water quality parameters include suspended
and settleable solids, chemical and biochemical oxygen demand, nitrogen,
phosphorous and coliform bacteria. Other pollutants found in storm water
runoff can include pesticides, herbicides, and numerous inorganic

constituents.

Two methods for specifying pollutant accumulation are available in

STORM, the dust and dirt method and the daily pollutant accumulation method.

The dust and dirt method assumes that all pollutants are associated
with the dust and dirt accumulation in the streets. A study [6] done in
Chicago concluded that the most significant category of street litter is
dust and dirt except during the fall when organic material becomes the
dominant component. The Chicago study al§o determined the dust and dirt
accumulation rate in the streets of several test areas and related the
concentrations of various pollutants to the amount of dust and dirt. This
option in STORM allows the user to specify the dust and dirt accumulation
in terms of pounds/100 feet of gutter length/day (kg/100 m gutter/day) for
each land use, The pollutants are expressed as fractions of the dust and
dirt for each land use. This method of pollutant accumulation should not

be used where a significant portion of the pollutants come from areas other
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than streets nor where non-urban land uses represent a significant portion
of the watershed. Use of the dust and dirt method on a non-urban watershed

would require specification of ficticious street gutter densities for each

land use.

The computation of the quality of storm water runoff using the dust
and dirt basis involves a continuous analysis of the accumulation and
washoff of the dust and dirt within the study area. The amount of
pollutants washed into the storm drains and eventually to the treatment
facilities or receiving waters is related to several factors including
the intensity of rainfall, rate of runoff, the accumulation of dust and
dirt on the watershed and the frequency and efficiency of street sweeping
operations. The rate of dust and dirt accumulation, DDL, for a given land

use, L, can be expressed as:

DDL = ddL (GL/YOO) AL (16)
where

DDL = rate of dust and dirt accumulation on land use L in 1bs/day
(Kgs/day)

ddL = rate of dust and dirt accumulation for land use L in 1bs/day/100
feet of qutter (Kgs/day/100 m of gutter)

G = feet (m) of street gutter per acre (hectare) for land use L

A, = area of land use L in acres (hectares)
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If the number of days since the last runoff is less than the street
sweeping interval, the initial quantity of a pollutant p on land use L

at the beginning of a storm is computed as:

Pp = FpDDLND + Ppo (17)
where
Pp = total pounds (Kgs) of poliutant p on land use L at the
beginning of the storm
Fp = pounds (Kgs) of pollutant p per pound (Kg) of dust and dirt
ND = number of days without runoff since the last storm
Ppo = total pounds (Kgs) of pollutant remaining on land use L at

the end of the last storm.

If the number of days without runoff is greater than the street

sweeping interval, the following expression is used:

Pp = P (1-E)" + NDD F L(1-E)" + -1 +...+ (1-B)]

p
+DDLFp(ND - nNS) (18)
where
Ns = number of days between street sweepings
n = number of times the street was swept since the last storm
E = efficiency of the street sweeping, expressed as a fraction
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Finally, the expression used to compute the hourly rate at which

pollutants are washed off the watershed is

M, = Py (1-e7R1) (19)
where
RI = runoff rate in inches/hour (mm/hour) from impervious surfaces
for the coefficient method or total runoff for the SCS method
and combination method.
K = washoff decay coefficient

This equation must be modified, however, because not all of the dust
and dirt on the watershed is available for inclusion in the runoff at a
given time. The following set of equations is used to calculate the hourly
rate of washoff, M, of the suspended solids (sus), settleable solids (set),
biochemical oxygen demand (bod), total nitrogen (nit), total orthophosphate

(PO4) and total coliform (Coli).

Mous = Agys Psys EXPT (20)

where
ASus = availability of suspended material
= 0.057 + 148" (21)
EXPT = (1-e~KRp) (22)
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Mot = Asetpset EXPT (23)

where
ASet = availability of settleable material
= 0.028 + R, * (24)
Mbod = Pbod EXPT + O.IOMSus + O.OZMset (25)
Mnit = Pnit EXPT + 0.O5MSus + O.OIMSet (26)
M = p EXPT + 0.005M
PO4 PO4 sus + O.OOTMset (27)
Meo14 = Peori EXPT , (28)

If some of the runoff is lost due to the diversion option, the
pollutant washoff is reduced by the ratio of the flows before and after

diversion., That is

My = My (R/7) (29)
where
Mé = pounds/hour (kgs/hour) of pollutant p after diversion
Mp = pounds/hour (kgs/hour) or pollutant p before diversion
R = runoff after diversion in inches (mm)
r = runoff before diversion in inches (mm)

The second method of pollutant accumulation is the daily pollutant
accumulation method. It is to be used in watersheds where a significant

portion of the pollutants are assumed to come from areas other than streets
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or where a significant portion of the land uses are non-urban. The method
requires only average daily accumulation rates for each pollutant. Dust
and dirt accumulation rates are not required. Street sweeping is not

allowed with this method.

(2) Quality of Dry-Weather Flow. The quality constituents

predicted by the dry-weather flow portion of STORM are the same as those
predicted by the surface runoff portion. These are suspended solids,
settleable solids, biochemical oxygen demand, total nitrogen, total
orthophosphate, and total coliform. Four options are also provided for
computation of quality of dry-weather flow. The same option must be used

for quality as for quantity: (see page 15)

(1) Specification of the total daily pollutant loads for the
first five constituents in pounds per day (kgs per day)
and coliforms in billion MPN (Most Probable Number) per day.
(2) Specification of domestic, commercial, industrial, and
pipe infiltration pollutant loading rates in pounds per
day (kgs per day) for the first five constituents and
coliforms in billion MPN per day.
(3) Specification of the coefficients ((B(I,d), Jd = 1,6), I = 1,4)

required in the following equations to compute each component:
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Domestic Loads:

Suspended Solids = B(1,1)*Population
B(1,2)*Population

Settleable Solids

Biochemical Oxygen Demand B(1,3)*Population

Nitrogen = B(1,4)*Population
Orthophosphate = B(1,5)*Population
Coliforms = B(1,6)*Population

Commercial Loads:

Suspended Solids = B(2,1)*Commercial Area in acres (hectares)

Settleable Solids= B(2,2)*Commercial Area in acres (hectares)

.
.
.

Coliforms = B(2,6)*Commercial Area in acres (hectares)

Industrial Loads:

n

Suspended Solids B(3,1)*Industrial Area in acres (hectares)

B(5,2)*Industrial Area in acres (hectares)

Settleable Solids

L]
. .

B(3,6)*Industrial Area in acres (hectares)

Coliforms

Infiltration Loads:

B{4,1)*Total Area in acres (hectares)

Suspended Solids

Settleable Solids = B(4,2)*Total Area in acres (hectares)

Coliforms B(4,6)*Total Area in acres (hectares)
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where the coefficients have the following units:
(B(1,d), J = 1,5) in pounds (kgs) per capita per day
B(1,6) in billion MPN per capita per day
((B(1,3), I = 2,4), J = 1,5) in pounds per acre per day (kgs per
hectare per day).
(B(I,6), I = 2,4) in billion MPN per acre per day (billion MPN per
hectare per day).
(4) Same as Option No. 3 except that the default values shown

in Table 3 are used for the coefficients.

The option used for dry-weather flow quality computations must be

the same as that used for the dry-weather flow quantity computations.

Option No. 1 is the most accurate since it uses data from the
prototype system. Option No. 2 can be used where estimates of the
individual components can be computed. Option No. 3 requires typical
coefficients for each component. Option No. 4 should be used only as
a last resort since the default values may not be appropriate for the

prototype system.

e. Computation of Storage, Treatment and Overflow. Computations of

treatment, storage, and overflow are accomplished on an hourly basis throughout
the rainfall/snowmelt record. Periods of no rain are skipped. The number of

dry hours is used for various purposes including recovery of soil moisture
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Table 3
Default Values for Coefficients Used in Computation of

Dry-Weather Flow Quality [7], [16]

Values of B(I,J) (I=use, J=pollutant)

Domes- Commer~ Indus- Infiltra-
tic (1) cial (2) trial (3) tion (4)
(1bs/capita/day) (1bs/acre/day)
Suspended 0.22 0.33 0.44 0.
Solids (1)
Settleable 0.22 0.33 0.44 0.
Solids (2)
BOD (3) 0.20 0.30 0.40 0.
N (4) 0.04 0.05 0.06 0.
P04 (5) 0.02 0.025 0.03 0.
Coliforms (6) 0.0002 0.0003 0.0003 0.
(bi1lion MPN/ (bi1lion MPN/acre/day)
capita/day)

Values for Commercial and Industrial may vary over large ranges.
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storage capability. Every hour in which runoff (may include dry-weather flow)
occurs, the treatment facilities are utilized to treat as much runoff as
possible. When the runoff rate exceeds the treatment rate, storage is utilized
to contain the runoff. When runoff is less than the treatment rate, the excess
treatment rate is utilized to diminish the storage level. If the storage
capacity is exceeded, all excess runoff is considered overflow and does not
pass through the storage facility. This overflow is lost from the system and
cannot be treated later. While the storm runoff is in storage its age is
increasing. Various methods of aging are used including average, first-in:
last-out, first-in: first out, or others, depending on the inlet and outlet
configurations of the storage reservoir. This version of STORM does not
compute the amount of pollutant reduction due to settlement of solids while

in storage.

The computation of storage and the interplays among rainfall/snowmelt,
storage, and treatment represent a simplistic approach to dividing a rain-
fall record into unique events such that the event is defined in terms of
the characteristics of the urban system. For example, whether two "storms"
are considered as two isolated occurrences or as one large storm is entirely
dependent upon how the system will react to them, If the system has not
recovered from the first when the second arrives, the two definitely will
interact and hence must be considered together. An "event" is defined,
therefore, as beginning when storage is required and continuing until the
storage reservoir is emptied. A1l the rainfall occurring within this period

is part of the same event. If runoff plus dry-weather flow does not exceed
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the treatment rate, the resulting waste water will pass through the treat-
ment process without causing an event. From the standpoint of the storm
water system, such precipitation is inconsequential and hence is not part

of an event even if it should occur immediately before an event.

The quantity of the system overflows are computed by

Q =R=-0Qp - Q (30)

Qr = minimm of (R + Qst-1’ T) (31)

Qg = minimum of (R - QT,S) (32)
where

Q% = basin inches (mm) of runoff overflow

Qr = basin inches (mm) of runoff treated

Qg = basin inches (mm) of runoff stored

QSt-] = basin inches (mm) of storage remaining in previous hour

R = basin inches (mm) of runoff plus dry-weather flow (routed)

T = treatment rate in basin inches/hour (mm/hour)

S = storage capacity in basin inches (mm)

The quality of the system overflows are computed as follows for each

po]]utant‘for each hour,

M (Qy/R) | (33)

MpT/S = Mp - Mpo (34)

Mpo
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where

Moo = total pounds (kg) of pollutant p overflowing from system
Mé = total pounds (kg) of pollutant p coming into the system as
computed by equation (29)
MpT/s = total pounds (kg) of pollutant p going to storage/treatment

system

This version of STORM does not model the biochemical aspects of the
treatment process. It merely computes the quantity of water treated.
If the dry-weather flow option is used, the treatment rate specified by
the user should, in general, be greater than the average dry-weather flow.
Otherwise, a continuous combined sewer overflow will occur requiring

continuous storage.

f. Computation of Land Surface Erosion.

(1) The Universal Soil Loss Equation. The universal soil-loss

equation is used to calculate land surface erosion. [8]

SER = EIxK#LS*C*P#SDR (35)

Where
SER = land surface erosion from the subbasin in tons/acre (metric
tons/hectare) for the event
El = rainfall factor based on rainfall/snowmelt erosive energy
K = soil erodibility factor based on soil properties
LS = length-slope factor, a function of ground surface slope (S) and

overland flow length (L) as follows:
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Ls =VL (.0076 + .00535 + .0007657)

C = cropping-management factor, eepresenting the character and extent
of ground cover (grass, brssh, trees, etc.)
P = erosion=control practice factor, intended to represent manmade
erosion control practices or structures.
SDR = sediment delivery ratio

Rainfall Factor. Although the rainfall factor is calculated from

rainfall intensity, it is based on raindrop size versus terminal velocity

as determined by a regression equation. A basic assumption is that rain
storm events west of the Rocky Mountains produce rain drops which obey

the same regression equation as the one for storms east of the Rocky
Mountains. Snowfall, however, produces no impact energy and yet, the
resulting runoff produces land surface erosion. Therefore, the EI value
from snovmelt is arbitrarily decreased to 1/3 of the value for an equivalent

rainfall excess.

Length-Slope Factor. The length used in this factor should be the

overlénd flow distance to the point where a stream or qully is encountered.
Construction can\change this distance. Slope length would then be measured
as the lot dimension in the direction of ground surface slope. The
objective is to relate the length of the slope being analyzed to the

length of the standard soil erosion test plots used by the SCS to develop

the soil erosion coefficients.

Cropping-Management Factor.is used to reduce erosion rate due to the

presence of ground cover. Table 4 contains suggested values.
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Table 4. Ground Cover Factors

Ground Cover C Factor
or Treatment % Remarks
Bare ground 100
Seed and fertilizer [ 9] 60 During 18-20 mo. constr. period

Seed, fertilizer & straw mulch [ 9] 30 " o " "

Erosion control chemicals A&B 90 " v oom " "
Erosion control chemical X [ 9] 60 " noom " "
Grass cover [1p] 1
Land denuded by fire (judgment) 100

Erosion Control Practice Factor. Table 5 contains suggested values.

Table 5. Erosion Control Practice Factors [10]

Practice Land Slope (%) P (%)
No consideration - 100
Contouring <12 60
Contouring 12-18 80
Contouring 18-24 : 90
Contour stripcropping <12 40
Contour stripcropping 12-18 60
Contour stripcropping 18-24 70

The values suggested for C and P are subjective; therefore, field
verification is needed. The Soil Conservation Service should be

consulted for additional information regarding local conditions.
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(2) Erosion by Soil Type. Default values for the soil erosion

variables, except for EI, are coded into the computer program so that one
need only specify the soil type by its classification code (BtB, HaC, ...,
etc.) in order to calculate the erosion rate and total erosion. An example
of a procedure for utilizing a soil map to code soils information is

described in the following paragraphs.

The prograﬁ does not require the user to code all of every soil
type in the study area. One or more representative sample areas can be
coded and the program will “scale up" the soil erosion variables to the
entire study area. For example, the soil types, columns (1) and (4) in

Table 6 were coded from the 1/2 square mile sample area shown on Figure 5.

Figure 5.
Table 6. Sampling Soil Types in a Study Area
Soil No. of % of Soil No. of % of
Type Grid Points Study Type 6rid Points Study
(sample) Area (sample) Area_
(1) (2) (3) (4) (5) (6)
LbC 3 .7 BeB 7 1.7
Cac 3 o7 Pte 5 1.2
PtD 6 1.4 PtB 5 1.2
CiD 4 1.0 LaD 17 4,0
DaT 4 1.0 PtB 2 .5
CiE 4 1.0 LaD 6 1.4
CiE 5 1.2 EnB 4 1.0
CiD 12 2.9 PtD 3 .7
PtC 12 2.9 _PtC _ 2 .5
TOTAL 104 25.0
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Figure 5, Soil Map

A grid sampling technique was used to obtain the sample data in which
a 1/2 square mile grid has 104 points. The numbers of points in various
soil groups in the sample are shown in columns (2) and (5). The percent
of the total 2 square mile study area is calculated by dividing the number
of points for each soil type by the number of grid points in the total
study area (416).
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(3) Erosion During and After Construction. When evaluating the

impact of a development on land surface erosion, L, S, C and P may be
specified for each land use. The soil type codes are used again to identify
the soil types in each land use category. The program will then calculate
erosion rate, erosion, and washoff of dust and dirt from impervious areas
for a single storm or for the period of record. One can calculate erosion
during construction or during some other phase of land management by varying
C and P. The increase or decrease in land surface erosion due to ultimate
development or interim construction practice can be estimated by comparing

these results with those representing natural conditions.

(4) Erosion by Land Use. When computing land surface erosion

by land use, one must specify the variables for equation (35) for each
land use. It is difficult to select one average value for each land use
since there are so many different soil types. Therefore, the capability
of specifying each set of soil properties and erosion control practices

as a percent of the total area for that land use is provided. The program
weights and combines these distributed properties into one representative
value for that land use called "potential soil erosion factor". Each

land use may be sampled independently. There is no program 1limit to the
number of samples or the number of soil types. Some samples may account
for 100 percent of that land use category while others in the same data

set may not.

(5) Sediment Delivery Ratio (SDR). The soil erosion equation

(35) predicts the erosion rate at the point where soil is dislodged. Other
factors are important in determining the fraction of erosion that reaches

the outlet of the watershed. Sediment will deposit in the surface and
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subsurface conveyance systems, streets, sediment traps and on adjacent
areas. The size of sediment particles, flow width, flow depth, flow
velocity and change in energy slope are among the important factors in the
determination of the portion of eroded soil that is delivered to the outlet

of the watershed,

STORM lumps the effects of the important sediment delivery factors
into an empirical coefficient called the Sediment Delivery Ratio (SDR).
It replaces all of the complex equations required to model sediment transport
in conveyance systems and movement of sediment in overland flow. Table 7
presents average sediment delivery ratios for various size drainage areas.
The data used to develop the relationship were taken from several studies

[15]. Dependable results require calibration of the SDR using observed data.

Table 7. Sediment Delivery Ratios

Sediment Sediment
Drainage Area Delivery Drainage Area Delivery
Square Miles Ratio Square Miles Ratio
.01 .65 5.0 .21
.05 .50 10.0 .18
.10 .44 50.0 12
.50 .33 100.0 .09
1.00 .29 500.0 .05

The land surface erosion option is intended to be used where onlv
sediment production is to be studied. Sediment loads calculated by this
option are not added to the suspended or setteable solids loads and therefore
are not reflected in pollutograph, event or annual values of suspended and
settleable solids. In studies where soil erosion may be a contributor, but
not necessarily the major source, the loading coefficients for suspended
and settleable solids must be adjusted in order for the soil erosion to be

reflected in the quality output.
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5.  PROGRAM OPERATION

a. Computational Procedure. A summary of the computational procedure

is shown in Figure 6. Some of the computations may be bypassed depending
upon the program options specified. Basic data are read in the first
block including:

Job specifications

Hourly precipitation record available on magnetic tape from

the National Weather Service,
1 Asheville, North Carolina

Land use data including runoff parameters

Daily temperature record

Pollutant accumulation and washoff data

Land surface erosion data

The entire rainfall/snowmelt record is processed for each storage/

treatment alternative.

b. I/0 Unit Assignments and Program Specifications. The program

requires a minimum of one tape/disk unit if rainfall data is read from
cards and only the quantity analysis is generated. The following unit

assignments are necessary for the indicated options.

FORTRAN Logical Unit Option
IN (Input variable) Input precipitation record from tape/
disk "IN"
ITAPE (Input variable) Input temperature record from tape/disk
“ITAPE"
1 Scratch file for Soil Erosion Analysis
N Working storage for snowmelt computation
12 Working storage for precipitation record
13 Output file for Quality Analysis
14 Output file for Pollutograph Analysis
15 Qutput file for Soil Erosion Analysis
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A maximum of 6 tape/disk units are reguired during a given run. The
rainfall record need not be read and edited for each run. The working
tape/disk on unit 12 can be saved and used as input for successive runs
where snowmelt is not computed. Similarly, snowmelt computations need
not be recomputed for each job. Once the snowmelt computations are
satisfactory, the working tape/disk on unit 11 can be saved for successive
runs. The variable IN then specifies input on unit 11. The Input

Description (Appendix B) describes the tape/disk options.

In addition to the tape/disk units previously mentioned, the program
uses a card reader and a 132 position line printer. Some other specifi-

cations of the program operation are shown below.

CDC 7600
Core storage, decimal words 48,640
Compilation time, CPU seconds 2.8
Execution of Test 1, CPU seconds 1.2
Execution of Test 2, CPU seconds 3.7
Execution of Test 3, CPU seconds 0.6

Execution of Test 4, CPU seconds 2.2

c. Computer System Implementation Notes. The STORM model has been

-

generalized as much as possible to permit easy implementation on four major

computer systems: UNIVAC 1108; IBM 360; IBM 370; and CDC 7600. The source
program that has been provided is operable on a CDC 7600 with addition of a

PROGRAM card. Certain changes are necessary in order to operate the program
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on the other three computer systems. These changes are due to TAPE handling
procedures, and END OF FILE checks. The following paragraphs explain the
changes and their locations.

SCRATCH and/or INPUT Tape/Disk Usage. Two data input units may be used as

identified by variable "IN" and "ITAPE" on the C1 and D1 input cards,
respectively. Six SCRATCH units are also required. Unit 12 is designated
for rainfall and units 11 and 12 for rainfall and snowmelt. Unit 1 is
required to accommodate decoding alphanumeric soil classifications in
subroutine ERODE. Units 13, 14, and 15 are used for storing output infor-
mation during processing and are printed at the conclusion of the run by
subroutine PRT. SCRATCH and I/0 units are defined at card sequence #'s
1154-1159, 1194-1196, 1214-1216, 1224, 3627301, 6206, and 6208.
UNIVAC 1108. No change necessary if assigned units conform to standard
units on the system.
CDC The "Program" card establishes the SCRATCH and I/0 units:
PROGRAM STORM(INPUT,OUTPUT,TAPE5=INPUT,TAPE6=0UTPUT,TAPE1,TAPETT,
TAPE12,TAPE13,TAPET4,TAPETS)
IBM //FTOTF0O01 DD UNIT=SYSDA,SPACE=(TRK,(1,1))
//FT11F001 DD UNIT=SYSDA,SPACE=(CYL,(5,2))
//FT12F001 DD UNIT=SYSDA,SPACE=(CYL,(5,2))
TAPE11 and TAPE12 are written in unformatted binary form. They can be saved
for use in subsequent runs to reduce processing time. A single rainfall/
snowmelt day consists of 26 words and each record contains 200 days for the

total of 5,200 words.
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SCRATCH output files on the IBM 370 must be specified by JCL as follows:
//FT13F001 DD UNIT=SYSDA,SPACE=(133,(500,50)),

// DCB=(RECFM=FB,LRECL=133,BLKSIZE=133)
//FT14F00T DD UNIT=SYSDA,SPACE=(133,(500,50)),
// DCB=(RECFM=FB,LRECL=133,BLKSIZE=133))
//FT15F001 DD UNIT=SYSDA,SPACE=(133,(500,50)),
// DCB=(RECFM=FB,LRECL=133,BLKSIZE=133)

END-OF-FILE. Subroutines STORM, INPUT, PRT and SKPFIL use FORTRAN
end-of-file checks which have not been standardized on all computer systems.
Refer to card sequence numbers 1110-1117, 4651-4662, 5729-5732, 6114-6124

for information on the necessary changes.

6. MODEL USAGE

The STORM model can be used for two important planning components of

a storm water study. These are:

a. Prediction of Wet-Weather Pollutographs (Mass Loading Curves) for

Use in a Receiving Water Assessment Model. These pollutographs can include

both surface runoff and dry-weather flow. Since the computations are based
on land use, the predictions can represent existing conditions or any other
land use conditions. The impact of land use change can, therefore, be
evaluated.

b. Preliminary Sizing of Storage and Treatment Facilities to Satisfy

Desired Criteria for Control of Storm Water Runoff. The model can analyze

a matrix of storages and treatment rates. Results include statistical infor-
mation on quantity and quality of washoff of pollutants and soil erosion,
as well as statistical information on the quantity and quality of storage

overflows for each combination of storage and treatment rate.
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Before the model can be used in these analyses, certain model parameters
must be calibrated to observed quantity, quality and erosion data.

Runoff volumes can be summarized and compared with historical runoff.
This comparison will assist parameter adjustment for the long term water
balance. Pollutographs may be requested for selected events and further
calibration made to reproduce hourly runoff volumes or pollutant loadings.
Detailed recommendations on the calibration and application of STORM will
be found in the HEC report "Guidelines for the Calibration and Application

of STORM" [11].

7. INPUT STRUCTURE
A detailed description of the STORM input data is given in Appendix B.

Data are input on cards and certain tape/disk units.

8. PROGRAM QUTPUT

The STORM program produces four output reports:

Quantity Analysis

Quality Analysis

Pollutograph Analysis

Land Surface Erosion Analysis

The quantity analysis report is generated directly on the line printer
as the program executes. The other three reports are generated concurrently
on tape/disk and automatically printed at the end of the job. Input
variables allow control of the level of printout which may be summary only,
all events, and/or detailed analysis of selected events. The quantity and
quality reports also include average annual statistics of the rainfall/

snowmelt, runoff, pollutant washoff and the quantity, quality and frequency
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of overflows to the receiving water. The land surface erosion report shows
average annual values for sediment production and delivery to the receiving

system. The input and output for several test problems is shown in Appendix A.
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APPENDIX A

TEST DATA SET 1
QUANTITY ANALYSIS
This test data set contains a sample run exercising only the storage
volume and treatment rate (quantity) options in STORM. Three years of
rainfall data are used although the program will handle many years. The
length of record should be based on study needs and statistical consid-
eration, i.e., whether a short record accurately represents long term

conditions,

Two treatment rates are investigated. The storage-utilization curve
is plotted for each combination. Printout level is reduced to summary
only for the second treatment rate. The following pages contain a listing

of the data deck for Test Data Set 1 and the results,
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HOURLY RAINFALL, IN HUNDRETNS OF AN INCH

RAINFALL DATA FOR CASTRO VALLEY FIRE DEPARTMENY
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HOURLY RAINFALL, IN HUMDRETHS OF AN INCH
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HOURLY RAINFALL, IN HUNDRETMS OF AN INCH

RAINFALL DATA POR  CABTRO VALLEY FIRE DEPARTMENY
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APPENDIX A

TEST DATA SET 2
QUANTITY AND QUALITY ANALYSES, SNOWMELT, UNIT HYDROGRAPHS

Test Data Set 2 uses the snowmelt option in STORM. It also provides
both a quantity and quality analysis of surface runoff. The Soil Conser-
vation Service Techniques are used for computing quantity of runoff as
well as the characteristics of the unit hydrograph. The input hydrograph
option is exercised to demonstrate that computed hydrographs can be
replaced with user desired observed hydrographs (dimensioned for 100
consecutive days of input hydrographs). A one year sample rainfall record
is used. Pollutant accumulation rates are expressed in terms of pounds/
acre/day. Hourly pollutographs are computed for several selected events
to i]1ust}ate calibration of the model using observed runoff quantity and
quality data for these events. The following pages contain the input and

output for Test Data Set 2.
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APPENDIX A

TEST DATA SET 3

QUANTITY AND QUALITY ANALYSES, DRY WEATHER FLOW, METRIC UNITS

Test Data Set 3 provides a quantity and quality analysis that includes
dry weather flow. Dry weather flow is the result of domestic, commercial
and industrial waste water discharges and pipe infiltration from ground
water. The dust and dirt method of pollutant accumulation is used. A}l
input and output is in metric units. Hourly pollutographs are computed
for three selected events., The following pages contain the input and

output for Test Data Set 3.



9t

02 9¢

£l

L]
62
€

o

oy oy 0

s

a2

£1 €1
2 0

£2 01 §

it e ¢

£2 &1 01

o1 @

L] 0 D ”in o
-

£ (]

@1 02 gt ot
§ § ¢

£ f

f2 g

1

oe
£

150

(-4
-l

© "D
-

®

£t

L -4
-
"
"
L]

L1
b §£2 94 6% ¢
9

8 t [}
he 982
g 02 9

S2 12§ ¢ £ 0¢

"™ N

£1 0t s1 ¢

£ 8 st g
a1 02 g3

nvDNn
LY
wnm MmN oM N L]
~N
- o
o
w
"
fd
~

s £t ¢
B ¢V9g &€ 8 § &

L]

62 1

om
- wu
oM

£1 8

- in
” D0

- s

” 1 0 0

1

t £ 1

AGHAL MAN *Ki3RYZINY

SLIND DEMLYN

e

SIBATYNY ALIIVAD ANy ALTENVOD

LT

0
1

32 &¢

" ©

S
L

02547

0
Q

£ 8

114

02 0l

£

1

£t £ o2

£l e

st s @

8290€£92)
0290£92)3
€2 82 S190892)
n190£92)
) 11909922
019001905922
L090£92)
9090922
80908922
£090802)
9290§922
n2s0g92l
0250§92)
£ £ 8is0E92)
[ALTR T T3]
£1601922
S 11508923
01608922
8060§92)
10606922
8 & 0Cfnege2)
£2h0§922
ginote2d
2000E922
L2£0§92)
Q2§0E923
8 8¢ 02fug92)
6is0§923
& £V Lisog92d
91£0€922
fif0€923 3
£2 0f 21¢05922
11508923 <T
90608923
£ £ &0fufe2d
\ n3§0592)
0 02 20§0552)
1050€433
§220€922
h2zosedd
at?0g92d
2120€92)
f120¢€929
01208922
20268922
0giueedl

o o
anaan

£ & 01 g2 92 t2tvgv22

9210923
feloge2d

8 8 §1 82 89 02105922

6110§92)
fitof92d
21tu5923
titogg2d

LH0d4HTY N¥vw3IN 13

Q
0

62t 28
! L]

£ 138 viva 184} gy
LuTd OGNV 1SN0 wx RO HAWEvA A8Q /m J40808 1IVINTVY ev

LE{78

ty



(1041} £00* €o0* opge L* §8°'9 24
Ti1SaNTY S
g’y 24
TIWN0IT I
fr's 24
Tal Wl
ot 24
EREIGEAF]
1 03
2'ol €3
8's €3
L1r22 23
S vidv 13
23
£ L221§92)
£ &€ &£ € n22i€e2)
1 §221§92)
£ 61215923
£ . ni21§922
1S £ ¢ ¢l 9 2121¢92)
: 01 €1 60215922

69 9L 0 80216923

£ ¢ £ 20215922
£ g s 05115922
£ £ 8 19 211¢€1 9% t8 02 ¢ 6211€923

0% 9f 92 €1 82 61 6% g1 9 ¢ £211§922
11116922

Aullgqad

2 £2 9% gf (0115922
£ £1 02 90115923
sulisadd

01 § § 2uligeea

8 6 0 0Y gl gt o2e s § S @ g Tot15923
£ g 8§ & 10 8201¢923

(4] £001592)

b 62 §2 99 Vni9g 12 €2 ¢ § € N 62608923

9 0260€923

€ £ ¢ ot S 85 €2y £ 52 @i {V60s922

£ S S1 6 ¢ £ I 91807622

£ £1 02 §i(40592)

bLEn S § § 02 2160922
f & £ S 190§ 9040922

& &2 10801922

fU60£923

£ a2 S £2 Ip 02905922

6180£92)

8 61908922

02 £ o 9 ¥ £ §100f92)
s 1§ 11005923
PUBOE9E)

[ $ §2 st f080§923
08108923
12408923
1oz . 0l S 02.0592)
S ay - 61L0§92)

£ sl ol ¢ €1 g1 02 €2 02 ‘ niloge2)d
$ § gt 01 gt g% n0L0£92)
os Ltotosa?d
20f0§92)

9 f 2t 62908923

elLL  s00%  In0°  0gz* )

-
© ~ ©
-

85'22) g00° 190! 0of 8*
i
2u'es  s00° ano® 0us* 1

a> »
-
-

0°sy 6'n2 52t

id
4
n
od
"
PMBTIN DGO LOOM

oL
”~Om
- -
o
(]
==
- 3
~N o
L]
I OIN
-
~
-
- s mew
oD -

”
L
[
"y
-
<
~m
- an
~N
"
N
[ed
L
-o 4]
~N
M oIne n
Lo I ]
Do
o

"
N
om
O Y
oM
VO N
-
[ 2]
-
- oy

€ £ £V g2 £1 €1 £5 w2
¢ 9 § ¢ st

o
-
o MW

-
Mt ©OMNoD

"
[ ] ” g ]
Reld 2l

A-60




US -
- oul
- o
- e
» e
g ome
e

no

* o

- v

- =

-t e e
e &

-t -o

e o

-

> »
-t D
e =
LN 3
- e

-
DM o N e

NN ”m N mo

no
- &
-t e
FOo F N TN TO
- »
- -
Y
- o
- e
D e
- .
.

- o
-
U -
. »
- v
Wy e
» e
-— w=b

n o L =l O O no
- o

R -

i e N -

- o - o

-y -

T - s o
v e

- - e—p

5
L hi <
' £l
et 2
] 1
1 614
S 614
9 old
B gt 4
't @i4
s atd
8* (14
9't (14
st L4
I°t 91y
S*V 914
9 914
0°'t oty
§'t &ld
8*  ot4
't ontld
‘6T pid
6 n14
0°t ¢14
n*t £14
9* €14
0°t 214
610° 114
n60® ot4
42* &4
seLEt 94



1
UYALHT

A3sHir M3IN
SLINA J1ML3W

Sb30d00200n00sbtobobtasiscbssnies
SssnsedoVosetavrsnastesesradntsaes
Ssbéesvshsnnseranens
heseedstssensisonne
Sossssevabovassrsncene

AR R NN YN}
0000800
e s

i 666666 0 0= S
L3 aN31 lyvisr 3141 NI

LH0dHIY NHVMIN
39v9 NIVY 40 3711l

1 0 0 9w 0 ) vel
JIHL3IN  OHOAHN  NHAI Jivan aNta 1x37 alWNSN

1 | £ L} 4 0 0 1
HVAHL NVAOQL amQ01 INATD vnol eI} on8l QUEMN

‘Hi3gV21I93 § 148 Vivd 1831
¥¥  LNI0 GNVY 4gn0  w» MDA YAHLVYIM AMO /8 dduNpg 1IVENTVY
SACATYNY ALIIVAD ANV ALTINVNAD 02547 WL LG

L2 X I IR R 2 R R R L R R Y P Y R T Y S SR R E N Y RN Y )
(8L4) 982¢=ghrh ¥L 9R2E=~0nn=91s 71VD
VINNOAIIVIY 481AVG  33INED INTHIINIONT DL90UN0NOAH 3HL

WwaDiLs
Y Y R YLy r T T LTI m

LL6Y L18nOnY 1°2 NDISuIA

s s S $ $8s [ $98% SYCancass et aggasctencnaten
s $ L I $ ) [y s s00snsesstRge

§ s ¢ L3 1 1 T S |3 $¢§ s ¥ssesvsaneay

$ s8¢ $ s H ) 'y [y sss00rcrsssens

¢ 113 £38$ 8% $8888  $3¢¢

JInvIBISEY uDd

(AR NN NENE NN
(AR RN ENN NN
(AR RN NN NY]
[ A A NN RN N NN

008000000t ngsrstatnpetactottabors e

A-62



NEWARK AIRPORT

HOURLY RAINFALL, IN TENTHS DF A MM

AAINFALL DATA FOR

22 23 24 t0TAL

g3

19 Q0

12 13 te 4% J6 g7 48

10

YEAR MO DAY

L DAY D @ 0% ey D B NPT DD
- NT N - - MNMOD D NT M
- - - - L

100

-y e es ¥ =~
~NNON N o
- Lad

L R - L Bl ARl SRR R AN 2 B N N -t A-F -N-¥_-R-F-N-F-F-T_ N -F_F-¥-3 ¥ ¥_J7 N ¥ ¥-F_-¥._)
~ n n n m NN -
POOMMOVOOMNO OO DMOMOEMOOMOMONOCOONMOPOCOTROCDOLOOO0
~ - n - nt - in
oMM INO O S O D O OMIN O N OO OO DO OO MINODMOOCOOTOBOOO O
oy . - - ~ ~
- L - - - e
AR ARl - Nt b S R4 F -2 - R-F-4-X-F 2 -2 F ¥ 3N -N._F-R-R-F_ X X ¥ F_¥F ¥ F_F ¥ ¥ ¥ W ¥ T ¥
- - - e - -
CCOCOMOOOD ODnﬂQGOOOOOQOﬁDOQOOOGOOOOOQ'!OO'OQOO”'D“QDOO
" - - wn
o~ >
P OM O I M ONN MO N OMO OO OO D OO PO OCCOMEMOOCCO
- o8 ~
neeoooeomoomngncneaoooeoeeoooooconcaoaoccs COCVLOOOOO
. - Lo ~
LR R N B2 -2 2T -F N _J KX 3 R-F-2-X 2-R-2-¥ % % ¥ ¥ ¥ N F ¥ -F_F ¥ ¥ ¥ _F-F ¥ F_F¥ F R ¥ F I P RN
- - L - ™
MMN OO OO0 oMM MO INOOOIND OO0 ODOROOO
-t Ol - - ~ - -
OMB OoOoODOODW ooommomooo:oooaooococooooeooceoomneooooe
- . -
L g A X -R-R_A-2 A_K 2 _2-Jd-E-X-2-2-2-2  B-F-F-3_-J-¥ N -F ¥ ¥ -F-¥F ¥"N_-F ¥ ¥ -F YR F-¥ 7 ¥ ¥ ¥ ¥ ¥F ¥
- -
MO CO O OO O N O O D MO OO OO NOOCOCCOOCDOOMMND
- - ~ :
- ~N ¥
OCWVWDDPOODOOMOOX ccooooezomcooononoeno COCODOMOMOODOCONO
- nN =2
oMo o oooenocmceeoooeaonoonono'\aeoneomocomcoeoeooao
n o
~N ~
COOON OCOMO OO OINC OO OOOMOMO OO MDD ONTOOOOOMMOMOOOODD D
- - - ~ ~N
- - X " ~
LR 2R K- B-E NN N2 T N-R-X-R-R R L R N E-X-X-3-F-3 R -R-R_¥ ¥ 3" ¥ -F -N-F ¥ ¥ F_¥_3 N _¥-¥F F_¥ ¥
- - n - - ”
SRS X2 N -E-R BA-K-R-2 7 R-X-N-2-R-S 2 B-X 23 K7 X2 K J-¥-X_-3-F N -F_-¥-JT-F_¥_¥ ¥ N F-F-F_¥-¥_-¥_¥ .
~ ~ - ~N

~ ~ -

>

MO OMOT ONCRG DTN NIIND —NﬂOFQOONNO’\OdO - 2 XX -] acon'\aho—
- ot e ww (N 1N O N - o e o O P - o wn PN PN - e #N - d o= - -

et et et e et S U I N NN NI TAIM AR MMM A MM I I TINBNNNNOINNNODODE O

SO WY P) P 0 g pBy POY B 1Y AR DY G ER) BUL O 1) P SP) 1) DAY TU) Y 1) oUY B BA) POY PO IU) 0 ) BN ) ) 9 0, ) ON) BA) oy 1) D) BOY gy 0 Q) ) ) PRy

D DLOBDOVDODODLIOIODBIODOLDDODLL DO OADD OOV OLOOLD I OOV I/ILLILDOLS LSO ODLDEO D

OO CroOcCorrrOCCCCCCrCOCRO0rCCCCOCroOTD 0
. -



e

NEWARK AIRPORT

HOURLY RATNFALL, IN TENTHS OF A WM

RAINFALL DATA FOR

€2 33 24 toTAL

19 20 2

112 43 19 1% 16 11 i»

10

YEAR MO Day

BN DOD M DetONDINCODONNDINODOCMNMMDINT MAUT Al <O INC SIS
W MY MDD wees N OO MONMI D O mTNNMatITNIANT os DAY D —om
- N N - - - = 4 - LU 4 -y - -

O OMOoO O DO RO e OO OO OINOOT OO OO NOMODOCOOOr OO0
~ ° "~ e B4 o
POOPOCOOOCOCONOINROSCOOCCOOMOMMOODCONOONODOLOCMYPOoOCOOMNOO
g » : = -y ~
= t g >
N
- n - - -
OO OCODORE OO OO OOM O NCOODNOOONOOOMOODMOOODCOOMOD
.y - - - L] -
- ~N ~
[-L-N-_-R-F_N-N-F-J S -N-K-N-F_E-L_R_&-F ¥ -F-F_-R-FT-F_BENE-X - B _F-N-FT-R-N_E_ T _R-1 R A -A-K-R- B3 8 A4
- - ~N - - n
CODOROOOMO OO OMODODOOOONOOOMODDOMMEOCDHDNOCOLOCOONDO
] - - : 0N} e ~
- A
aceonooogoeoeoecsooooonoonoeooomooonocmneooooocnon
- iy
~N - - -
*~ L 4 ~ ~n
-
[ - X-N-X-X-2-F-2 2-W-R-N-F F-E-F-F-J3 X -X-F -FT_-JR-F-N -F -F-21 R-F-T-F_F-3 X T _X-2 B R-R-A_J_X X -F  B_-N-_3 ]
~N -
DOOONOGDOOODOT RO OCONTCOOODOOODOCONOVOOOMMOOOODODOOODINMOoOCO
e . ~ - -
PO OO OO C OGO C TR OMEeCHONOCOOMNMMODOOOOOOOINMBDODO
» -y

eoeoooongooooooeooooeoeooeccoonmocooooeoncoeeocooo
x -0y
-
COOOODONDODOOODOODOLOLDROOOINODPOMUOCTDIMNDVDOTMOOOMODOOSO
~ - -
(-2 -N-_N-S-R-R N1 -N-¥-3 -W_-B-F -R_J-F-J E-N-1 32 X -H_-¥ R-E Y- -5 Y N _W-J T L K- N-N-J- K"K T _K-3 N _J- 51
- o~ e e ift o v
O OO O O PO e OO OO D O R C OO OMOECMOMOC OO IMNMEONOCOMCDOR0
- - ~ N o~ = -
CX-X-¥-X-F-%-3 N-X-¥ F_-N-F.-R_F-R_N-R-N_-JZ-S_-F-E_N_¥-7 X-F N-F-R-F-R-L K T N-E-N-Z -N-R_&-3 N-JF-N_J_J ]
- - ”
- - ~
PP C G OO Do RLOOMNUOCROeOCHNeONCOMNOroooOMPeCcCOCCRRLODOOMO
~N - o~

OMO RGO OO DPOMOMOOOCOMONR - OMOROCOCODNONrPoOCOoRLOLOOCORDOCMO
~N ~n ¥ - e Rl ail -

OO C OO MMINOCOO MO = OINPOCC OO OOINOODOODOOOOMODOOMO
n L 4 L4 o ~ - -

-

PINOCOWONCEDIOCOOm IO OCMIIDAMOIFCO MO =AINDED =M COCNOO NI O MI
- N N TN - e ) 0\ PN - o e w -o o v n - 0P - - wn (W N O
DO ODDC P O D OORODC OO OO0 OO memmmeimenos e NN N NN

. W - nd W W T P O b S W v
LD OO LODDLODLHODO DO ODDODDOODOVOLLOODVLO LD DLOLOLOLCDODOLHDLODOLOLD
oo UDOOoCDOCCCCCCODOCOCrCOCOCD
G G D W T WP WE G G WD G G P Wb G VS T = GO G 0 ol WY W G S i G S w W T W GV SN P R S wvn b D e wt S ow

387 DAYS ( | YEARS) OF RECORD,

100 RAJNFALL DAYS PROCESSED ENCOMPASSING

END OF RAINFALL DATA,



8€1S° 81 SNOIANIAWT €1 LVHL QZHEN3ILVM 40 NOLidvud

. SE6E8° §1 03HEHILYM ¥DJ4 INFIIT44309 440NNY @3ingw0d

nish £00° gno’ pos® 00L° 00L°9 $8%9 og 0 0 0 14L80ONS
2L §00° tno° oLL® 004°t 000%L1t 26h ! 0'9n2 0008  0'9 W0 ©
9¢221 500° 190° 09¢"* 00e° 000's g i 0%082 00§ 0'9¢ 14 INK ©
0%65 S00°* gno’ 0o0s* 00t 001°11 no's 'y 0%0st 0 €n 0°9 3719N18 -
1103 n0d N aus 138 dsng X

aa 83003 /Ndwa Q0 SWY¥D 00T ¥3d ANYLINII0d SWYND aa NY3IIN NIUB dKl4 INJdd  38NANY

SINVINII0d ONV 38N ONVY ONIRTNIE83C Viva indni

.

0e 0= oty 06° 81 i
443 Y33 (WH) 39Y30Li¢ NOISE3NdI0 dn1d AY3dd 638801
n'e  2°01 0°g61 4'n2 £'2¢ 9°2%8 9'2¢ 562 1°n2 $%r1 1% 8¢

AYO/WA NT 930eNVPHINDW HIVE MOJ SILVH NOTLYNOJYAZ Alva

0099 0 0 0 0 00°1 L1l2e

vINd0d oM XWNAG  NAG net ndy vaby
1 0 0 0oL’ 000z » S Y4y
WNIV4T  dENnel  diyl 443y AldX3 0w SMINYN

lallill!lll.!lll!cirltllilttlttlrttlIlll!’tillillblllllll!ltlilillol.i!lt.ltbllbl!lllllOlltlnll(llil!lllllll!!lllllllll.

YivO GIAHENILYM



‘non

{Y/Ndu 0008)
: 1103

. £0430195°t
(AYa/NGWR)
1102

0
(AYQ/NdWE)
1103

0
(AVO/NWE)
1109

10035¢n0%s
(AvQ/NGHE)
s ) 1903

£0430005°¢
(Ava/NdHG)
100

Olliitlillllll'lltlt.lll|ttl!lllltlll.lll..tllll'lrtlll

M1

n0d

pton

N

6101

(1/00)
ane

1°202 10202

Wae deng

LI IT LR LI YT YL I P Y TS Y P TR YL LY Py T

NOILYNINZINDD NOLLININ0d MOY4 HAHAVIMeAYQ

'ty
204

00d

"0d

h0d

219
n0d

1%9¢
N

.
!

"™ s e es

§

$'ete
(Avasox)
one

0
(Avasan)
ana

0
(Avas9%)
ana

m.
(AvasoNn)
ang

0°219
{Avason)
([s]:]

q

‘on NOT1dO

ENOTLVANANOD MDYd HIHLVINeLNT

§°0g9 £°0g9 '
{Ava/sgn 0001)

138 daffig M04

I I Y Y]

#QY0Y Tviod

] 0 2n’
{Ava/gH Q001)
1as 4a8ng L1k F]

SOnavaASgategerasgne

#OYNT NOTLvELIT INE

0 0 0
(Av¥O/gn 0001)
Wag d8ig na14
LY L LI Y Y Y Y Y YY)
¥ov0Y YIdASAANT
st s L£*
{AYQ/€H 0008)
Hae akng no14

#OvaT I Inn0)

(NI T 0'vg9 18%2
(Ava/€n 0001)
Mie deng o4

#QY07 1483400

¥0Y ANVINTIN ATuNOR
SNOZLYINVA AHNON
SNOTLYIMYA ATLVQ
SNOLAYINgWOa Adlvne
NOILYLINdWOD ALLiINYND

A-66

l.lll!.t.t.lblhlllllt.l!llllll]llllii.lllll.!lll.ll!lllitll.l""



mocwnmm
cooo 62
aﬂ_o 62
nn—o le
sn-o 3%
«m-n Oh
1stL%0p
mo_afaa
moﬂa nn
cnﬁu an
sau en
es“a an
~o*ef“m
moﬁocam
eomm 1)
oommfmm
moao 1q
0119 om
c~—c 62
cccm a1
oocm et
ooom Y
6905%¢

zeo2 22

NS

ozhntee
s28192
L226%62
fE0n° LS
gsontLE
Levli®tn
LEnTtn
oneg*nh

onssnh

n:mo ab
£n2o'en
£ne9’an
in9t'es
inegtas
0s01%9g
0501%9¢g
ly9gtes
Ll2Re*e2
L2226 s
Lroltal
L1041
L1091
L10L%eY
oanplae

ivg

1 F¥E 4 1]
(S YEANY]
s69%°1g
8196"0¢
gl196°0¢
0950°2h
oase’2n
2nal'on
2hsL’9p
n065°0¢
n059°0%
n059°0¢
LTI T4
SONSHS
Lzhntas
t2on'gs
§9ns'ns
Se91°1g
ge91°1s
608n*et
60an*st
608h°61
608’61
tLLsege

Ind

weLO N2
sl60%g2
enote2g
L0E1°0n
LosT%0n
LEnT®hn
Lintnn
995100
f951°8n
6691°2¢g
691028
6691%2%g
62194
6201%9¢
0961°09
0961°09
6281°9¢
snotses
hot*2¢
£590°02
£690%02
$£590°02
£890°02
neLo*n2

GNDJ3¢ ¥3d ¥3IAIT

'!lllllltll!.l..!lt'l.tlll'!l..l.ti'.tlllll&ltlt.!Dlllllllllllllll'lllllll

HOML

6906°32
nte0®se
6549°%92
ehna’ st
ehnetss
ne2nc6s
noenes
gstogn
gstotcn
86590
£865°9n
€965 9N
g2glt0s
g2al*os
€£49L4°€S
€L9L°SS
g2a1°0s
6SL9°ge
68L49°8¢
paze’ Ll
néeostLl
n2ee'll
nees'll
690582

ainm

8M04 HIHLVIMeANT

22tg*n2
2nogee
29lpelg
to2gton
£025°01n
feLsnn
f2i9tnh
tn2qten
€n29ten
veL9*2s
n9Ly*es
n9L92s
hg2L*9s
hgar*9s
noaL*o9
n69L°%09
neei*9s
2g9ipses
2glneeg
1092%02
1092402
1092402
fog20e
22ig*ne

nt

fine*ge
tosne
0§99°¢¢
89L0°%2n
88L0°2h
9982°qn
9962°9n
Shev*0s
Shencos
n20L’ng
n2UL%hS
n2oL’hs
£015%gS
£0V6'gs
iglt*ge
iglt®¢e
£016%88
0£99°¢s§
0§99°¢§
6012
neso'1e
neeo®te
hes0®t2
Line*ge

NOKW

ni

- ot et et

NN O DO O e

¥NOMH

A-67



18e30L52°%9
$10+32906°%¢

91s6°2
gl2e'¢

0699'§
Lthoste

geis’s?
£9L2°88

gisste2
t995%¢n

1281841
1995tah

R

100390L9°8 10+3g0i0°'s
10+30246%4

10+31886°¢

6190°¢
ezLs'e

L5099
Litetl

eat1sse
noRLtEE

269ttt
20882

2ol
Q0CR EN

6190°¢
oLig's

4£09°'9
1£00°%

1020%e1
shitisg

zoottiIg
009atag

2o01°1g

po9atet

10435200°¢

$0430062°9 10430202%9 10426400%0 [0+34008°0 T04302.5°4
10¢36n00%9  104399€6°n 1042n¢69°2 toeInsEe’? l0+3nsrgtd
. P82 6055°1
oLiseg ollg’e 22ULE'E gize's $290%0
T 1992y 9020°t 9020°1 9020°t
ongete bl00'¢
Lol Loge”L Lhoste 0%
L1115 (T1T%+% 'YL TAL ] L9292
glieses 1sin02
4040%p2 022900 9229%0¢ gnitese snilegg
T T 159041 nesit2t pbgLe2s PbgL 2y
£210%48 FYIT LN
M20tng 009g°9f- 0094°9¢ 7869° b€ P669°4¢
1699022 Ling®el stngett Glneety Singets
cRI0Y LS Lingtsy
MLotng 0099°9¢ 0099°9¢ CITI N U569°4¢
Iggatey iLog*st Stng*tt stngett Sing'yy

(HNDH/GON) S3Lvy ANTOYDY LNYVANTII04 ATHNOM

10e35690°¢

10+3i807°s  104302¢2%
10¢31666°L 10432005%9
10+3n5€0°2 10+3520n°¢

annondsetsrane

1109 Invining

99t 2ivo*2
§280°n slag'g
90201t #5428

LL L L LY LYY Y P e

704  ANVINNI0¢

999s°€ eSES°%y
e1L0°% 91¢0%,
el9ace engete

dsnasfsensndaen

N ANYLNYI04

0d9st22 4010%g2
n92L°sE £9L2°'5¢
nbsiel fitg'gt

evaanegsnsanny

aig  INYINT04

§0i5°s2 eE6LgR
poggsde gogatap
sing®it e941*nt

LA I I LYY YYY

1438 INYINTI04

{11t ef8c'a2
08t g05g2n
sing®1y 6941 nt

LT T LI ETYYYYY

d8a8 INvYiNT104d

A-68



ng 9% L #B8INIAT 38IHL u0d QALNIHd 38 1IN $HAYH¥ODINTI0d WHOLS
000"y 3LVY ANIWLYIYL 3A06Y MLIM G360 38 DL 830vHOLS
L 0s Oe g 0 [ 4 i 60sL®
Ottilil.rtlliitt.‘lllltmlltttElll.lllllllJttll!lltll't0lllll.tltllttltilllllltl.&ltrtilllllilllt.llllll
39v1 XWa¥3I slugl  LNINd 10 SHAYNO0LAT10d 40 *ON  ©39vuDLiE 40 ‘ON divy IN3INLV3HL

GILVOTLIBIANT 38 1IN (6)3Lvy INIWivInL 3

A-69



0 0 0 0 0 £9°11 L%}
0 0 0 0 0 66% L°gl
0 0 0 0 0 69%s 21
0 0 0 0 0 QE*0t nt
0 0 0 0 0 19'¢ ¢
0 0 0 0 0 12'g 1t
0 0 0 0 0 €i'L ot
0 0 0 0 0 09°¢€t ot
0 0 0 0 0 69'cE 6n
0 0 0 0 0 86°12 62
0 0 0 1] 0 1921 L1
0 0 ] 0 0 g0°9y 22
0 0 0 0 0 11*9 &
( 0 0 0 0 9L's @
0 0 0 0 0 90'2 ¢
0 Q 0 0 0 se‘e 21
0 0 0 0 0 06'2
0 0 0 0 0 VA A S
0 0 0 0 0 %g8'2
0 0 0 0 0 ad*s ot
0 0 0 0 0 19yt o2
0 0 0 0 0 91%y 9
0 0 0 0 0 91'2 ¢
0 0 0 0 0 85°Y §
0 0 0 1] 0 12*L o1
0 0 0 0 0 12¢L 01
0 0 0 0 0 161l 9t
0 0 0 0 0 ¢0's ¢
0 0 0 0 0 gL' §
(1] 0 0 0 0 29'91 g2
0 0 0 0 0 gnet 2
0 0 0 0 0 89°c1 12
0 0 0 0 0 98°L1 ne
0 0 0 0 0 9angl g2
0 0 0 0 0 12°¢t @t
0 0 0 0 0 LL*h L
0 0 0 0 0 2Etot nt
0 0 0 0 0 Ls*g 2t
0 0 0 0 0 TL'91 g2
0 Q 0 0 0 9R'g 2t
0 Y 0 0 0 6161 92
0 0 0 0 0 g0°s L
0 0 0 0 0 99°*L1 ne
0 0 0 0 0 sty ot
0 0 0 0 0 Ih*0t1 nt
22%% 12%» 02w% glws Qiwx [Texw Qluwn
G39y 139y £39¢ 239v 139y Wh SHH

=e=33VY0LS 40 39Vee wmaeINIWiVIYlewe

S Viuy
LHOduIv MYYM3IN

STx¥s plywx gl 21
Alsvym ¥NG LS

91INT

--m-p

no°€ I1'S @9 1°2

86’
90°h 92°'¢ 9 ¢
gs* wv' § ¢
65'9 25°9 1
§2°5 68°hT L 1
62°S 9n's ¢ 2
Lt 62'1 ot 2
12°1 28%12 8¢ ¢
£0°t S0°'t n 2
L0°nT §h'52 & 1
19's z2e'th 21 ¢
R1'nh g1'n ¢ 2
0g'z2 o08'2 ¢ 1
M4 IAD ON 1
L0%8 s1's ¢ 1
0s*L oL 1 1
MOY4HIA0 ON 1
MOT4HIAD ON 2
06°1T 60'2 B -..§
gL’ &L*1 21 2
L1%Y Lttt 2 @
HOT443A0 ON 1
MOT443A0 ON 1
£9°S 66"'¢ n 1
on*2 on'2 i
66*h €1'S @ 1
bt nn 2 2
60! 68° 2 1
s6°1 21'p 21 2
MON4¥IA0 ON i
sh*t  oh't 3 ]
Ls* 99° 9 1
TL°1 65°E nt ¢
In’s s6'tt 6 2
MOT4NIAD ON 2
79*1  g¢'s 9 9
82°'¢ €L°'S L 2
hh'g€ LO0*L gt @2
92° 92° 1 g
86 LO0'n b €
86"* 88 2 1
fh® net 6 £
MOT443A0 ON €
22't 9n't ¢ 2

S¢
147
131
2
113
og
62
g2
ie
92
T4
he

1 34
2e

12
02
ot

8!
L1
91
st
ni
£1

a1
1

NN OO

(A
ON

wgy!
06*

00°t
00°1
00°1
00°t
00°s
00°1
00°*%
00°*t
001
00°*t
60°1
00t
92*

00°t
00°*l
62

one

00°*1
00°t
00°1
gL

0g*

00%1
00°t
0o0°t
00V
00t
00°1
nee

601
00°t
00°1
00t
92°

001
001
001
00°t
003
00°t
00°t
sLe

00°1

[AEE X
XYW

un
in-©

~ 3
-
"mNoo
-

-O OMO I N
-t e

-

-y e

N~ LOoOOCUVLMODOCINNINMNE M-
Lo R o ]

N OWT T I
oo - NN o
CN OMesMNITING DTN ~OMAUNSOwm O™
- ot va

N o=
- 0\

~

s~ o
N

CNOM—INT NO
g

= O
-t e

O¥N¥N gE¥NN
NL¥NQ Aldw3

0744 3 A Qneen ==39Y40L8=" OLIENH 4100

AJBHIL MIN fHLAGYZIN

AvVQ/7000Txgu

0007T¥gw 222°

SIBATYNY ALTLINVNO

T1e6'¢

SUNINI4 Ay O

ANIGNIIX s

"ATIND BINTAT MUTIHAAU=NON &

£°91 8°9 &%l %4 1%e SinNdAd mI4HAD SE 40 3AV
8¢l L°S 9°21 €°9 @'L *»u'$@) SLlwzA3 tm 40 3IAV
Q'€t 89 1°nt ul 1t 542 91 2 21 §9 £n
g0t »° n'e v iL b1 21 ¢1 ¥y 2n
9°1t 0% @°9l1 y f nie £¢ v 21 §9 in
1°€2 091 *i% g 6 ey vl 62 11 €9 on
22t 0*L 0°s1 9 9 tof 91 2 11 §9 6%
g*nl gt g*2 ¢ 2 § L v i1 £9 et
219 9'2¢ 0°59 u§ en YA L 9 1 %9 LS
922 1°*°S 2%'0l ¢} €1 Lyl o} T 11 %9 9¢
1°9¢ 0°*H2 moah ¢ L oLe L »v2 6 ¥9 1Y
§02 L*S 921 ¢ 0¢ o 7 Ll 6 %9 13
16 9'°9  0°Si " 494 $¢ 21 6 §9 £€
6°L 2°'S 9'9l g L tol wZ 6f w §9 2%
1°2 ®* 9°¢ «¢ e 152 e2 1t 8 19 1€
0°LY R/'® 0%i12 1 i qee 3 S SR ) (1Y
201 a*g p*02 ¢ ] [ ¢e e L ¥9 (Y
S*'1 w* 9°'y ¢ é 1 bowg L899 ge
6'¢ 9° §$°9 ¢ F vil ve 6l L §9 L2
06*s 1°*% g'w o L el 91 nl ¢ €9 92
g£e61 21 €2 s £ £9% L 8 ¢ 99 52
£'S 0wt €'y w 4 9il ne vl 9 §9 nd
2'2 1'%t 1'9 ) 1 Lo T o1 9 59 g2
9'¢ & 0*e i in 6l & w €9 2e
g'2l 6%9 €'ni ¢ " 9eg 91 § 9 99 12
2% S§*'% n't 1 oy 91 0g & €9 0e
L*LY 0% 21V ] 8L g #l S §9 o1
1°¢ L1 2°*': & £ X 6l ni & 9 gt
9'n g*2 n*s & ¢ 694 ¢ $¢ ol & §9 Ly
6°02 9*S 1n'91 ui 02 wig n o ug p €9 91
ney L 8¢ 4 | 9ul nd 92 ¢ €9 St
teLY no 3t0l ¢ 8 6h I ue ¢ €9 nt
s*et 1'°" L'u ¢ # So ne 9)y v §9 £
£°12 8*°S 011 g 6 fei 21y §9 et
2°ce 1€l n°9¢ o 6 Le 9 9 ¥ §9 it
€'n vt 2's 4 4 g9 e n § €9 01
L°¢1 9%9 g°*npl 41 et 6 9l 1§ €9 6
9°€1 0°L ('t ¢ ] sl sl ol 2 $9 8
[e2e L*L o°st ¢} 91 olé § 21 2 9 L
'8 6°'l €'t 11 el nt 2 ¢ €9 9
£°¢2 6L 1°9l ¢ 6 L] égd 92 I %9 S
§°'g €*2 9°'n n Ly et €2 1 €9 ]
L%81 £€*°n7 101 o ne snt ne 61 + £9 3
g*2 L° 9°1 11 € £l oSt o+ £9 4
611 02 1'% ¢ S gLl ol 21 1 €9 &
HL#¥ yL¥% [¥8¥ Gusd Guvs pe¥uyy T3 Zevsyxvuvy [¥uny
Wi W Wa a8 NIHG 99H0L8 oW AQ LW HYIA
ONNY @=aTNyd VY === )iy gUH === | V¥ (ese INIAT
Y C000° ) BALIJVAYY 39VH0LS
g/ 2°9y UMW U064 = Jivd INIWivIdl
§ 1499 vivo 1844 i 39vd

70

A



43% m MOV4IND J0  “¢n® = J4ONNY 40 et B VIviNIVY 40 NOILOVMd 06°901 ¥aLym ONIALIIIFY 04 MOTIHIAD WILINI
62' 3 MOT4INO 40 12L° = 44UNDY 40 ‘H2° B VIvinTvd 40 NDILDVH4 96°6848 H3ILVM ONZIAT3I3M UL MO4¥3A0
65’ % MO14IN0 40 NOTLIVH4 Speost 39vy018 0 440NNY 40

SINIL INIMNG MOT4 HIAMLIYIM ANC
866809 (MOTd ¥3IHLIVIM ANHO ¢ 440ONMY Foviung)

MOI4400
££° ® VIvINIVY 40 NOILOVMS £506n2 A3HEHILYM NOH4 J40NNY 2DV HUNS
0itisd QIHSHILVM NO NOTLYLIIQID3ANd

L LB

WA

0°'GE B EMOT4NIAD 40 HIABWAN
0°sh % SINIAA 40 ¥AGWNN

!'Ctltllll'}’t.l.ttt:.!iltllllltlitll!lilOlllllliIllltlc&lol.llltltl.lllstGQOIDlll!il!l.illllilll'

P221§9 ONIONI Ony TIT0S9 ONINNIOIN QDI¥Ad 3HL MO4 QEOI3W 40 SNVIA § Y04 §ILLETLVLIE TVANNY 39vy43AY

A-71



sgISYE N0 1gYY NI L6UI4 NO 39vHOL® 40 (S¥M) 39v 3IVYuIAY G3ILWOIIM ALILINVND & S39Y

'cISYR ANO LguId ‘NI LEMIS NO 39vy0i6 40 (edW) 39V 39vu3AY Q3ILHI13M ALlinVNO 8 ni9y

‘el6Ya INO LYY UNI LEN¥1d4 NO 32VHOLS 30 (EHNOH) 3OV WNWIXYW & £39v

'eicve LND LS¥I4 NI ISHId ND 39vH0LS 40 (SNNOW) IOV WAWIXYW B 230y

¢ J4ONNY Q3LV3IUL 40 (suNOH) 39V 3YVEIAY & 139y

YINBAI SNNTAIYE WL 3ONIS GNV UIN3AZ 3HL ONIHNQG G31V3Iyl w3ILVM 40 Alllnvno = Wi

*IN3AS BNDTIAINA FHL FINTE GNY LNIAT IN3SIdd 3IHL ONINNG QILVIAL SYM _HALvM SHNUH 40 4384NN & SYH
‘MOTAHAAD 40 SHNOM € LeNI4 IHL ONIHAQ CILVIMAINA QIEVITIAY ¥ILVM 40 ALlinvNO &8 LINI

"W ND YQILVIUING QIBVETIN HILVM 40 ALILNVND ® 3igVM

$034N290 MOI4HAAD HOIWM NI SuNUH 40 HIBWNN ® ung

*30Y50LE WAWIXYW 40 SNOH ‘NDT443A0 ON 41 440 *03LuVLE MDY4H3AD 3H0430 (364V13 guNUM 40 H3HWNIN 8 18
*uIGRNN ONTINANGIAG AN3AZ MOTI4H3A0 = On

Swd NI ¢Q321714N 39VHOLS 40 ANNOWY WAWIXVW & XYW

PANAAZ AL 40 HLIONIT f31  *Q3211LN SyM 39VHOLS SMNOH 40 HIGWAN TviDL =  Nidng
SINIAI 40 GN3 O TTvaNIVY U8V WONd SHNDKW 40 HIEANN 8 AldW3

0lsyH
SEANG 4 J40ONNY ) MUTALN0 TVLOL = Wi

dina

W NI LINIAD ONTHNA S40NNYH & HW

“ ONNY

WKW NI LIN3ASZ 3HL ONTENG TIVINIVN 40 INDOWY ® Wi

SINFAT ONTHNG QIUHNIDO TIVANIVY HILHM NI SHNUKH 40 HIBUNN ® SHH
SnIvy 40 MNOM L6V 0L Ntvd 40 ¥nOH L6814 WON4 WHOLS 40 NOILvdands  NiMQ

S(GUNOH 0992 ‘NVHL 34OW) MIWWNG ONIONIIX3 ‘INAAR 18Y1 40 ON3 3ONIE SANUM 40 ¥IEANN = w<zoha
. N SHH
*NYO36 AINIAD SINL AHOINGIW L8Vd SHNUH 4U a3HWNN B ¥H

" JNVOEE LIN3A3 SIHL 3LVA & 3Lva

‘HIARNN ONIININAZE 8 UINFA3

SUNIQVAH NWNIDD ALLANYAD 40 ENOILINT 430

e
vi

- M 3



oty

605§
€€
608
o1L
oge
s
sl
5t
{34
6¢S
824
192

stol
sigt

b2
99
fog

9L6
Isg
tea
1L

(T2
f0¢

802
f6

02e
0gs

163
908
£9¢%
S0

tn9
60t
0L

20t

92un
1703

-t

-

QOO;QOMNOOMM

-t ) 0 N~ NNMONM NN~ NN D
N D~ o
-t

"} s =t N O
NN O D
- -t

e NOS DN O ot o
AN QMY TMANN OWN

L 6

Sds pow
nl0d N

28 ng
258 6%
£1 91
£L 1%
09 69
97  bS
ne ge
ng 6%
g2 ne
99 /L8
6f 9%
g g2
02 a1t
99 24
9% L2
6 §¢
2 0¢
2l
29 19
£ &2
69 9¢
6 (]
01 ot
82 62
6 1
6 8
91 g1
99 69
92 92
1s (LS
SP Sy
L L
0 92
6 ol
9 9
sE In
£ 22v»
ao09 1138
§9% wvinl

vemen07443A0 SUNAH §

39y 40 }L go=y ¥ecansses

en 0's mns 9 &1 &9 0L 68
99 T 929 @ 8t @2 lg g6
91 ne 8t e n st 81 gt
('Y n'9 21% £ i 113 £ 15
99 £'s 1IE1 €1 €€ net aet o002
LS £'¢ S§n e gt ni e 69
g2 8 66 S ot nr 25 28
op 2'Y 0681 6f 06 965 heh 8N
Y4 0't 961 e f te e e
BLY T'nt SLLY 02 @n 661 912 g1g
13 9°'¢  In9 8 61 58 06 otlt
oh 2'h ¥ee 2 9 ge 2 6h
ee 8'2 (92 2 b 0e g1 22
MO 443A0
et 1'g o901 63 o9 SL nel
601 €'L Sigt 2 0t 9% L2 ent
M01443A0
M0T4¥3IA0
-1 3 ST ] 6 eh Sh an
of g sni L et 29 .52 £l
St 2t 1o¢ ¥ e a1 6 st
M0TAY3IA0
M0T443A0
06 8°S 088 4 L1 99 24 94
oh nte 1t 4 9 €2 a2 oh
Se 0's 21s 6 22 heé ot pet
0t " [ ¥3 t 4 [ 6 of
et 6* 621 1 e 0t 0t et
eg 02 21s 0l 22 g6 Ittt ot
#01483A0
i1 S't goe 1 2 6 L Lt
0l 9° éol 1 £ el £ st
9t 1*Y  1L¢ 9 St 99 0L 9L
L8 7's Gt 91 @f 8ST 9.1 9t2
»01443AN0
4e 9*1  neg < ] nn h 60
99 £'¢ 262 0t 22 S¢ 901 o1t
¢s n's LS9 €1 0% 2ft 9nl 941
L Sh 0 ¢ L L L
M 0*n 29 e 9 1€ 82 en
21 9 60t | 2 b 01 21
Iy n* g0t é S e 92 L2
LI ETETY)]
in 2'1 g2t s It oy 1s 1S
12¥8 02¥x 6lvww gl LIv 9lux Giuw plun
d8N8 WW I70) nOd N aneg 1136 d48n¢
inno §9% viol
LeHldecay ¥ M DT 44 I AD
S Yy

LHOdUIVY XHVYMIN

AISHIAL WIN ‘Hi3av21T3

-

~@ NI Tt NT O in
n N

DN
st

flva
ALND
WW

£SL3
fost
SY 2€S1
nE n96
£f L0O6
2¢ gete
Vg 2L01
0 lalt
62 ho2n
B2 e2nsge
L2 9662
92 2nte
g2 21491
ne S9¢
112
£2 €net
22 21gt
sif
Sen
§2 261
02 9.¢1
o1 £g21
rgs
teh
81 6161
L1 nqot
91 or1¢e
st 90¢
nt 2é9
£t egn
262
2t bi6t
It s112
01 hite
6 obnt2
134 ]
g 90nt
L 2061
9 Lol
S 9t
v fs92
£ 668
e 6n2e
2.9
' 9501
21 Tivemaw
ON 1703
WETY

000T»gW

SISATVYNY ALITVNO

34T du3d Naw Ewa0l

6f 88 Lot
£e 94 Ing
he &S Lge
tn té6 96¢
] 02 L0171
0g 0L 20¢
1 ¥4 28 ine
(19 021 wes
611 692 9611
2L 191 atd
s g21 2%¢&
-1 1€ 9Ls
8 12 217
8 6t 20t
S 0! 6%
e 8L 2¢s
L el Ye
e S 62
e 8t Hé
£ £S hne
&S £21  wns
L 9% L8
£ ] 2n
11 2 fet
L T4 nS ene
$e £9 npe
15 sSit  qep
i 131 541
9 nl 6L
09 Sttt 909
3 9 2¢
LS g21  68S
19 181 Li9
19 15V 119
14 gl ons
] 0e gty
L2 é9 960
T n9 1Y
8% €1 626
111 69 90¢%
s9 9l 499
hi 1€ 951
19 £y 919
1s 29 9g2
111 86 6ln
Olvw Gxyw Quwxe
h0d N aoH
§9% Wviny

222"

AVa/000tesEw Tob°¢

9t
Sy

Blc
1Sy
Lo
2%y
L9¢
10y
2ésl
0y
06%
Shy
g6
Le
29
eis
Su
9e
2uy
L9¢
Sy
ti
LE
£2
g9¢
L9¢
29y
S9)
ni
0Ly
Ig
6ly
Tay
Tuy
90y
914
diy
91y
Lhy
1421
L2,
S9i4
I8y
25%
2gu

Lewne
V148

M0 + 44UNNY WaULS

‘8771 29

$ 138 viva 1841

994
(Y33

fel
Sun
nel
lin
aye
§09
Vini
ees
sul
SL9
151

Qul

§9

93 n
c§e
e

bul
9Lé
Ly
Lo

en

G¢ 1

Q¥
el
heS
6914

Ty

Qy9
Sy

9r9
669
| QW02
hyo
6l
Criy
ény
Lv9
ent
99¢
g1
o9
4%
Syt

Quvuns
dsneg

£t°gl
vl

$°¢
w'ol
9%
i%g2
é*el
S*ni
AR L]
9%¢2
i%9¢
Qe

-

® 5 & & ® 5 o >
S~~~ D
P

-

-~

* 6 o s s 0

P TN L NN VA TZ N Mo ST UM LN D A\

N ot =a N O e ot N

N

OV NN MET =~ RN RMMIE «TOC L~ ATLAMICOUNCSC O
-

®« &« ® 4 %8 e 5 v " & " " B s &

-

S¥as
Wi
ALt

LA L L L Y ¥

Y D00
fMH/ wh

qni
9°¢i

>0
e o
o
n fu

LS NT ST

TS =D F IAUMNT MM DLW O
» o6 o s 6 0 v s 0 e e »
TN LS -~
L - -

- - = N -

-

Do O MO ~ANNT
® & & 8 & & © 0 e o 0 0 0
M= I LU MIN LD =X

N¥we
kvt
v
Nlva

LTV A

rDONOTLYMINIINGT NV
‘Naw NOLTITTH NI §IVENG WAL 410D

e
14040 ST 40
In3rg gn 30
91 s2 2l €9
V21 el §9
¢t w 2l §9
12} e 1l §9
9l §¢ 11 §9
L W 1 ge
i 9 Il g9
et ¥ V1 §9
L 6d & g9
n LV & £9
§2 ¢l 6 §9
ne ob 8 €9
¢? 1l g €9
(V18 €9
e g | €9
I od L f£9
ve 61 L §9
g1 nl L €9
L w L fv
ne nl 9 ¢9
I o0l 9 €9
61 & 9 €9
91 § 9 §9
9l n¢ & §9
w vt & €9
¢l nt § €9
$2 01 & €9
v 2t N £9
he v¢ § €9
I 02§ g9
re 4l £ €9
I 2l & €%
9 9 £ §&9
12nr §& £9
9l T € €9
o 6l 2 §9
s 21 ¢ §9
nl ¢ @ §9
22 92 1 §9
6l 2 1 €9
ne o 1 ¢§9
£1 f4 1 €9
Gy 24 1 g9
$% Cevnunyy
dH AU O YA

Y38 INIAG

iva

A-73

UM I PO~ O

[ £7)

INAZ

SALT3vavd) 19vn018

Jivy INJWLVANL

i

39vd



naia*
9692°
s1e'eln
6f0st
65459

(13 1 N

++17°00

f40°
2e1!
$9°%g
ne2

£int

"0d

60’
191
9¢°¢!
0€s
1058

N

9Lo*
261’
1248
0L22
9260t

XY T ]

a049

210"
081!
L6119
65h2
eng9l

38

34T 434 NdW gua0t NT NOJLYNMINIINODD GONY

INaW NOITIIH NI SIVL0L WHOAITDD 4o
L0 , HILVM ONIAT3234 O4 ONIMOI4W3IAD ATIVILINT QVOY IVL0L 40 NOTLOVMS
oLt HILYM ONIAI303¥ 0L ONIMDIA¥IAD QvO VIOL 40 NOTLOvH4
0gtel CI/0K) ¥3L¥m ONIALI323M Of MOTN4¥IAD NI QINVANTIIOd 40 NOILVHINTINGD
L0tg . H3ILYM ONIAT3DTY 0L MOVAHIA0 SON W04
Lingt MOTd HAMLYAMeANO ONY QIHGHILYM WON4 440HBYM 89X Tvi0)

dsng

bbb A LI AL LA LI LI DT T LT L L Ly ey e T e T Y PPy T Y Py g aspsyey

PB2TE9 ONIOND ONY T11069 ONINNIOZQ QOINId FHL HOJ QHOI3Y 40 SHMVIA | HO4 SIILGILVLE TYANNY 39VH3AY

A-74



Tt e e SO 10 K341 ¥2d Nelw 000% NT NOTLVHINIONDD ONY
INdH NOTT118 NI 8Tvi0L WHOJIWD o4

Lreeg: 0'st  £°2C a'eel n'met nonel LK s'1 b't  pto2  e%sl  9'st n*82 n*82 o os* 02 €211 6 €9
s 61 0'hE plesl 1%@1Z L'al2  0'ig 't o0'n  0'f2  g'sZ  glg2 n'2t  n'2g ¢ oge ol 22 i1 o €9
9'l2n o°nt  1°1€ %261 p'nel H#'nay 029 0'2 &' 1'g2  n'g?2  n'gz %00 §%0p o og* ¥l 12 1l ¢ £9
94 L2n §°LY 6'0E e'nll ntnet n'metl  n'29 9%2 L'S  §'S2  w'gl  mege Q00  &%0p O 60y Lt 02 L1 ¢ %9
0%60Mn %21 0'92 5021 LY &'iny  9°40Y €00 9'9  £'EE A'eE  pYi 2°CL  L%9s 12*  o0s* S @ L1 e g9
s*204 L2 n'L  L'9%  t'sB  L'iS L*%9¢ 2'2  0'9  9'%2  g'sz  n'en L0522 pt2¢ 118 0a's 0 L it s €9
17264 40 2V w'er €016 £'ne L90g 't n'n g'eY  0'02  t'ge @0l nt2g g2'1 08'2 § 9 1 4 €9
9'211L ' 1'pY 1%ss  9*19  2'ni Lo628 o1t 2'ST p'i1l g2 9'9p  €£°02 ¢p*  0p* 2 8 Ve §9
8's06 't e'01 L' 2°0%  L'ss v'soez 0%t %2 9%t a'it  9vgt 1°€9  g*02 oL* o€V Vv » 4V s €9
[ I LI T Y Y YL )
vE  » INIAD
ntogy §'% LT g'i21 o0'fel g'sar 2% §°0 0% Q'O2  4tsl 202 ISCLNE AT T A T34 62 g2 0g 0 {9
9%91tg 2ot 8'22 911l o'snt 1'Imt 6'0% e't  0's  1'S2  &'g?  p'g2 o'8h  ne2C L@ 00°2 o8 22 0f o €9
9%ian 0'nl  11E 281 n'nel b'nel 9 0'2 S'n 1'ez  p'e2  nvez S'on  S0n o 08%'T et 12 0f p 9
£2a5¢ 8'et 1'2n Ll 9t0%2 9012 p'29 £°0 WYL 9°0f 4'9%  efef 9'gr  9%gn @ 0€* €1 91 0E 0 €9
9'6gE et 4°tr SC1e0 n'nal . n'net  ©°¥9 9'  6°L  9'0f  p'9f  8'ef 1°8S  1'25 0 0g* 2t st o m §9
Liehp s°c1 9'ng  2'eft w19l gta9t  s'ell 1 1% e'sE  g'2n  e'2n 2L L'9s (2 0g* 6 L oLt n €9
n'sGn 0'9%  6°L% 0093 ptli) 243 2°60% '€ 1% m'eg  ¢'2p  U'2y 999  f*a9g el*  0f¢ 8 IV og e €9
Linan '8t L°0T 2'gfl t'tel n'pot  e*92y g'¢ S'g  §'RT  m'sn  L'gh £°LL @09 g2* 0g° L 0t oft v g9
YY) 6%21  L'82 1'p21 s'enl f'wsy £téRt 0'C 0% 4'SE  4'2p  pt2n $00L  g°09 g2* 0% 9 6 0L p €9
8*9an 1018 0°€2 ity gg2Y  §'g21  9°Shi €'T  6%°9  S'SE atef  9e¢ 1°€9  L'9s ¢v*'  0g* S 8 0En €9
6*059 nEET 562 €991 0'ent £'081 1'%e 0%2  9'n  §'S§Z  ['22 22 £'2h 02§ oi* 0G* b L 0C n €9
#r10L 1'9 1t 1'ge $'95  9'gy nliang g't 2wy g'al  etal  ge22 p'e6 03¢ (0 00*2 € 9 O0C ® €9
8'10s 9°2  9'9  n'ct a2 9'%¢ 6'89¢ 1 L% et e'1E 0vet 9'211 €02 oS't 0e'2 2@ S of H €9
2'%L6 ' 1% 108 gtly  2%en 2'e92 0T &2 @'st ettt et £°%L  €'02 te' 00°€ I m OC b €9
.l.ll'l.l'.
9l » INIAZ
N [¥9)
i
00800 1tnl £'IC e'onl £1981 €NAS1 B'EL 9% L' 9'Sz  e'eE %2 %06 S'0m 41'  Ok' 9t 02 21 2 %
Pie 10 9ist @'nt plogt 1'est 1'o9l  L°L9 156 8% 962 2T o't 605 9'np o1 0! st et e 9
0'15% 0tal 0%0n s'net 1'cel nltel  wles 106 2% 1ler 20 2'ie Stb o 9ne mot 09t i 2l 2 f9
£lusg 6lel %2 €'091 .n'met nhel  n'e9 €1 e'L 1'02  o'eL 0'ng 9%ep  9%an 0 08 g1 e g
£0958 6lel  12m stnit qtol2 g0tz n'eg £20 h'L 9'0L  6'9f  aef  9'sh  e@r o og! 21 212 €9
0'ols 8'21 608 gtgal a'2nl 'enl  n'ily e'f  's p'et  9'zn 2'ge 1'€8  L'95 g¢n*  0p° i 2ty (9.
nraLs geEl L00f 0'ggl  1%¢et  pinetl 903 e't  §'2 n'sE  plem - Ltgh £0LL etog R 0% 9 21 2 €9
0%96¢ §'9  o'nl (%99 2L 0'sa 2961 o't E'a  9'9C  s'2n e'gn PE6E a%09 o8t oyt ¢ a1z g9
s'eon e B G'te ey 0tut 29l £ 10 1t 0%E £y 1hebl  2%9¢ oS't 0g'2 p 2l 2 19
S'efs 9'n @0l 1'es  9'0s  ¢'08  @'ling 152 6th 9'92  grRz  £0yZ 0 L'h2) et2E 061 00'R  § a2 19
£2299 pin S0 flow sten 6'us R'efe el £'p 6ot 0'02  e'g2  g'nlt pt2f pitd 0s'R 2 gl 2 9.
0'g29 ' 2'6  §'ts mten w'as  9tisy R B At B M A A S B R € L'e9  g'02 o8* 08t | 2t 2 9
- LA LYY ¥y )
L ® EN2AD
48 3 (8/77) (Wn)
1903 n0d N Q08 138 dJBne 1) nd N a0ne 1138 - d8ne 1048 4md JUNNY NIvd  (0)L MM AQ DOW HA
*evrvnenny /0% NI INOTLIVHINIINGD AV wewe  wusard/ga% NI 44¥07 INVINTI04 MOVILNDes
S vauy 000Tagn 222° fuW 0000°1 WALIJVdYY 39vNOLE .
LHOHYIY NuYMaN A¥Q7000tsgy So60'E g/ 29 ai/nd 008L° ®  Fhvy INIWLYHD

SIRAIVYNY HdY4201ATI0d
AISHIL MIN ‘HAIIEVZIVNY £ 138 ¥iv0 i3 ] i9vd



APPENDIX A

TEST DATA SET 4
RAINFALL-RUNOFF ANALYSIS, LAND SURFACE EROSION ANALYSIS

Test Data Set 4 presents a sample run using the land surface erosion
analysis in STORM. A single year of precipitation data is used to “drive"
the erosion analysis. Erosion is predicted from both urban and nonurban
land uses for three selected events. A total for the year is also
presented. The following pages contain the input and output from Test

Data Set 4,

A-76
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HOURLY RAINPALL, IN HUNDRETMS OF AN INCH

AAINFALL DATA FOR  WEATHER BUHEAU, BQISE AIRPORY
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STORM USERS MANUAL
APPENDIX B
INPUT DATA DESCRIPTION

VERSION 2.1
AUGUST 1977

Each input card is described in detail below. Variable locations on
each card are shown by field number. Most cards are divided into ten
fields of eight columns each except field 1. Variables occurring in field
1 may only occupy card columns 3-8 because card columns 1 and 2 are reserved
for the card identification alphanumeric characters. The card identification

characters will be referred to as field zero. Cards with a different format

are so noted.

The magnitudes and conditions for each variable are described. Some
variables simply indicate whether a program option is to be used or not by
using the integers 0 or 1. Other variables contain numbers which express
the magnitude of the variable. A plus sign (+) is shown under "Value" where
the numerical value is to be entered. When the magnitude of a variable is
zero, the corresponding field may be left blank since a blank field is read

as zero. "AN" refers to alphanumeric characters.
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A1
A2
A3

A Cards (three cards required)

Three title cards Al, A2, and A3 for output title.

Field Variable Value Description
0 Al, A2, A3 Card identification in columns 1 and 2.
1-10 NTITLE AN Job title information, preferably

centered in columns 3-80

Third title card will be used as a
part of the heading on each page of

output.
B Cards (two cards required)
Job Specification Cards.
B1 Card (required)
Field Variable Value Description
0 B1 Card identification.
1 NWSHD + Number of subbasins to be analyzed.

Calls for NWSHD sequences of E through
T cards as required. Default = 1.

2 ISNO 0 No snowmelt computations will be made.
Omit D cards.

1 Snowmelt computation will be made.
Include D cards.

3 ISED 0 No land surface erosion computations
will be made. Omit P1 through R cards.

1 Land surface erosion computations will
be made. Include P1 through R cards.

E—5

IQUAL N No runoff quality computations will be
made. Omit F2 cards.

1 Runoff quality computations will be made.
Include F2 cards.
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B1

Bl Card (cont'd)

Field Variable Value
5 TIEYNT 0
1
6 TODWF 0
1
2
3
4
7 IDVAR 1
2
3
8 IHVAR 1
2
3

Description

No hourly pollutographs will be computed.
IPOLMX (T2-3) will be zero.

Hourly pollutographs will be computed.
IPOLMX (T2-3) will be greater than zero.

No dry-weather flow computations will
be made. Omit F3-F19 cards.

Dry-weather flow computations will be
madg using Option No. 1. Include F3
card,

Dry-weather flow computations will be
made using Option No. 2. Include F4-
F7 cards.

Dry-weather flow computations will be
made using Option No. 3. Include F8-
F11 cards.

Dry~weather flow computations will be
made using Option No. 4, Omit F3-F19
cards.

Daily variations in dry-weather flow
will be computed using Option No. 1.
Include F12 card.

Daily variations in dry-weather flow
will be computed using Option No. 2.
Omit F12 card.

No daily variations in dry-weather flow
will be computed. Omit F12 card.

Hourly variation in dry-weather flow
will be computed using Option No. 1.
Include F13 cards.

Hourly variations in dry-weather flow
will be computed using Option No. 2.
Omit F13 cards.

No hourly variations in dry-weather flow
will be computed. Omit F13 cards.
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B1 Card (cont'd)
Field Variable
9 IHPVAR

B2 Card (required)

Climatic Data.

Field Variable
0

1 NSUMR
2 LEXT

3 LINE
4 LDATE
5 LHR

6 NHYDRO

Value

Value

B2

B1
B2

Description

No hourly variation in dry-weather flow
pollution loading will be computed.
Omit F14-F19 cards.

Hourly variation in dry-weather flow
poliution loading will be computed.
Include F14-F19 cards.

Description
Card identification.

Length, in days, of average summer
(period of no rain), default = 30.
Saves computer time. Does not affect
computations.

Number of initial hours of overflow
for which separate quantity and quality
reporting is desired (default = 3).

Number of years of rainfall represented
in rainfall record (default = computed
value).

Date (YR, MO, DY) of the end of rainfall
for the last major precipitation preceding
the first rainfall record. Six columns
right justified.

Number of days since the end of rainfall
from last precipitation preceding the
first rainfall record. (Default = 6)

Hour of last major precipitation precedin
the rainfall record. (Default = midnight

No unit hydrograph computations will be
made.

Unit hydrograph computations will be made,
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B2

B2 Card (cont'd)

Field Variable Value Description
7 METRIC 1 Input variables will be expressed in

metric units. Output will be in
metric units.

2 Input variables will be expressed in

English units. Output will be in
English units, (default = 2)
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C1

C Cards
Precipitation Data.

C1 Card (required)

Field Variable Value Descrigtion
0 1 Card identification.
1-4 NAME AN Title of precipitation record, columns
3-32 inclusive.
5 IN 5 Precipitation data is to be supplied on
C2 cards.
+ Unit number for precipitation data tape/

disk. No C2 cards are read. Format is
same as on C2 card.

- Previously generated unformatted binary
tape/disk rainfall/snowmelt records will
be used. Omit C2 and D cards. This is
a time saving option since the basic
precipitation and temperature data need
only be processed once. Tape/disk 12
should be saved for rainfall only and
tape/disk 11 should be saved for rainfall
plus snowmelt.

6 IFILE + Number of tape files to be skipped in
order to reach required precipitation
record. Used only if data is read
from tape/disk.

7 ISTART + Date (six digit integer for year, month
and day) of first precipitation record
to be analyzed. Default equals first
day in the precipitation record. Can
be used to start analysis at any point
in a precipitation record. Not to be
used if input precipitation is on cards.

8 IEND + Date of the last precipitation record to
be analyzed. Default equals last day in
the precipitation record. Not to be used
if input precipitation data is on cards.

9 IR 0 Input precipitation/snowmelt record will
not be printed in the output.

1 Input precipitation record will be printed
B-6 in the output.
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G2

C2 Card (required only if IN(C1-5) is 5). Format (2X, 16, 2413).
Use one C2 card for each day of rainfall.

Field Variable Value
0 4
1 KDATE +
2-25 KRAIN +

Description

Card identification

Date of rainfall data on this card.
Year, month and day specified in six
columns (3-8).

Hourly rainfall in hundredths of an
inch (tenths of a mm) specified in

24 three-column fields. Days on which
no rain fell may be omitted.

A blank C2 card must follow the last day of rainfall when reading from cards.
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D1
D2

D Cards (required only if ISNO (B1-2) is greater than zero).

D1 Card (required only if ISNO (B1-2) is greater than zero).
SnowmeTt Parameters, )

Field Variable

0

1 ITAPE

2 IFILE

3 IFREZ

4 PACK

5 ITMP

6 COEF

Value

D1
5

Description
Card identification

Temperature data is to be supplied on
D2 cards.

Unit number for temperature data tape/
disk. No D2 cards are read. Format
is same as on D2 card.

Number of files to be skipped to reach
beginning of temperature record.

Temperature (integer) below which snow
falls and above which snow melts
(Fahrenheit or Celsius).

Starting snowpack water equivalent
over basin in inches (mm).

Temperatures on D2 cards are daily
means.

Temperatures on D2 cards are daily
max/min,

Degree-day melt rate coefficient.
Default = ,07 in/°F/day. (3.2 mm/°C/day)

D2 Card (required only if ISNO (B1-2) is greater than zero).

Daily temperature data in US Weather Service format (5X, 16, 2I3, 55X, I3).
Only Max/Min or average temperatures are necessary as indicated by ITMP (D1-5).

Field Variable
0
1 JDATE
2 IMAX
3 IMIN
4 ITEMP

Value
D2

+

+

Description

Card identification or station identi-
fication in columns 1 through 5.

Date of temperature data on this card.
Year, month and day specified in six
columns (6-11).

Maximum daily temperature, columns 12-14
(Fahrenheit or Celsius)

Minimum daily temqerature, columns 15-17
(Fahrenheit or Celsius)

Average daily temperature, columns 72-74
(Fahrenheit or Celsius)

A11 days of the month are to be input including the Tast month whether or
not the precipitation record ends on the last day of the month,
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ET
E2

E Cards (required)

One set of E1-T5 cards is required for each subbasin. The same original
rainfall/snowmelt data will be used for each subbasin in a single run.
However, the rainfall/snowmelt data may be modified for each subbasin by

use of RFU (E2-2)

E1 Card (required)

Field Variable Value
0 El
1-2 NAMEWS AN
3 MXLG +
4 EXPTE +
5 REFF +
6 TRTP +
7 TSUBC +
8 IPACUM ]
2
E2 Card (required)
Field Variable Value
0 E2
1 AREA +
2 RFU +

Description

Card identification.
Name of subbasin.

Number of land uses in this subbasin
(max = 20).

Washoff decay coefficient (K; in
equation (19) (default = 2.0).

Street sweeping efficiency. Fraction
of dust and dirt removed (default =
0.70). Not required if IPACUM (E1-8)=2.

Ratio of time of recession to time to
peak of the triangular unit hydrograph.
Varies from 1.2 for steep terrain to
3.3 for flat swampy areas. An average
value is 1.67. Not required if NHYDRO
(B2-6) = 0.

Time of concentration for subbasin in
hours. Not required if NHYDRO (B2-6) = O.

Variable FRACTN on F2 cards is in
terms of pounds/day/100 feet of gutter
(kg/day/100 m qutter).

Variable FRACTN on F2 cards is in
terms of pounds/day/acre (kg/day/hectare).

Description
Card identification,
Area of subbasin in acres (hectares)
Factor by which KRAIN (rainfall array)

is multiplied to obtain average sub-
basin rainfall (default = 1.0).

B-9



E2 Card (cont'd)
Field Variable Value

3 IQu 0

1
4 bvu +
5 DVUMX +
6 WU +
7 POPULA +

E3 Cards (two cards required)

Pan Evaporation Rates

Field Variable Value
0 E3
] RECVRT +
2 RECVRT +

E2
E3

Description \

No input hydrographs will be input
on G cards.

Input hydrographs will be read on G
cards. Overrides computed runoff
during periods indicated.

Minimum flow in cfs {1/s) above which
flow from the subbasin is diverted
(default = no diversion).

Maximum flow in cfs (1/s) above which
no additional flow is diverted.

Proportion of available flow between
DVUMX and DVU that is diverted.

Population of this subbasin in thousands

of persons. Required only if I0DWF (B1-6)
= 3 or 4,

Description

Card identification,

Pan evaporation rate in inches/day
(mm/day) for January.

Pan evaporation rate in inches/day
(mm/day) for February,

Continue in a similar manner for
March through December.



E4
ES

E4 Card (required)

Loss Computation Data.

Field Variable Value

0 E4

1 LOSSEQ 1

2

3

2 CPERY +

3 CIMP +
4 PEPRS +
5 EERC +
6 EPRC +

Description
Card identification.

Infiltration losses will be computed
by the coefficient method.

Infiltration losses will be computed
by the SCS Curve Number Technique.

Infiltration losses will be computed

by the coefficient method on impervious
areas and by the SCS method on pervious
areas.

Runoff coefficient for pervious areas
(default = ,15). Required only if
LOSSEQ (E4-1) = 1.

Runoff coefficient for impervious areas
(default = ,90). Required only if
LOSSEQ (E4-1) =1 or 3.

Maximum depression storage capacity in
inches (mm) (for LOSSEQ = 1 and 3).

Exponent in evapotranspiration term in
recovery equation for soil storage capacity.
(for LOSSEQ = 2 and 3)

Exponent in percolation term in recovery
equation for soil storage capacity. (for
LOSSEQ = 2 and 3)

E5 Cards (required only if LOSSEQ (E4-1) = 2 or 3).

Field Variable Value
D E5

1 (col 3-8) LNDUSA AN or N

Description
Card identification

Land use designation. At least 2
characters (beginning in column 3).

AN or N. If MUMERIC format is used,
integers less than 10 must include a

0 (01, 02, 03, etc). Max = 20, If
dry weather flow option 3 or 4 is used,
commercial use must be on the third F1
card and industrial use must be on the
fourth F1 card.

B-11



E5 Cards (cont'd)

Field Variable Value
2 DEPR +
3 ACTIA +
4 SACT +
5 SMAX +
6 RATEIN +
7 PERCMX +

Use 1 E5 card for each Tand use.

Ed

Description

Maximum initial abstraction capacity
in inches (mm).

Starting initial abstraction capacity
in inches (mm).

Starting soil moisture retention capacity
in inches (mm).

Maximum soil moisture retention capacity
in inches (mm).

Maximum soil infiltration rate in
inches/hour (mm/hour). Used only to
remove water from initial abstraction.

Maximum percolation rate from soil
storage in inches/hour (mm/hour).



Fi
F2

F Cards
F1 Card (required)

Land Use Data. One F1 card is required for each land use.

Field Variable Value Description
0 F1 Card identification
1 (col. 3-8) LNDUSE AN or N Use same designation as LNDUSA on E5

card. If dry-weather flow option 3 or
4 is used, commercial use must be on
the 3rd F1 card and industrial use must
be on the 4th F1 card.

2 PRCNT + Percent of subbasin area (card E2-1)
in this land use.

3 FIMP + Percent imperviousness of this land
use. Not required if LOSSEQ (E4-1) = 2.

4 STLEN + Length of street gutters in feet per
acre (m/ha) in this land use. Not
required if IPACUM (E1-8) = 2 or if
IQUAL (B1-4) = 0.

5 NCLEAN + Number of days between street sweeping
in this land use. Not required if IPACUM
(E1-8) = 2 or if IQUAL (B1-4) = 0.
Default = 30 days.

Place F1 cards in the same order as E5 cards (if used).

F2 Card (required only if IQUAL = 1)

Pollutant Accumulation and Contents.

Field Variable Value Description
0 F2 Card identification
] DD + Daily rate of accumulation of dust and

dirt in pounds per 100 feet of gutter
(kg/100 m gutter/day). Not required
if IPACUM = 2.



F2

F3
F2 Card (cont'd)
Field Variable Value Description
2 FRACTN(L,1) + Pounds (Kg) of suspended solids per
100 pounds (100 kg) of dust and dirt
for IPACUM = 1, or pounds/day/acre
(Kgs/day/hectare) for IPACUM = 2.

3-6 FRACTN(L,2-5) + Continue in fields 3-6 for settleable
solids, BOD, Nitrogen and Orthophosphate,
respectively.

7 FRACTN(L,6) + Billion MPN of coliform organisms per

100 pounds (100 kgs) of dust and dirt
for IPACUM=1, or billion MPN per day
per acre (hectare) for IPACUM=2.

F3 Cards (required only if IODWF (B1-6) = 1).

Field Variable Value Description
0 F3 Card identification
1 AVDWF + Average daily flow from residential,

commercial and industrial sources in
mgd (thousand m3/day).

2 ASUS + Average daily total suspended solids
load in 1bs/day (kg/day).

3 ASET + Average daily total settleable solids
load in 1bs/day (kg/day).

4 ABOD + Average daily total BOD load in 1bs/day
(kg/day).

5 AN + Average daily total nitrogen load in
1b/day (kg/day).

6 APO4 + Average daily total orthophosphate
load in 1bs/day (kg/day).

7 ACOLI + Average daily total coliform organisms
load in billion MPN/day.

8 AIDWF + Average da11¥ infiltration flow in mgd
(thousand m3/day).
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F4
Fo

F4 Card (required only if IODWF (B1-6) = 2).

Domestic Dry-weather flow.

Field Variable Value
0 F4
1 DDWF +
2 DSUS +
3 DSET +
4 DBOD +
5 DN +
6 DPO4 +
7 DCOLI +

Description
Card identification.

Average daily domestic gry-weather
flow in mgd (thousand m°/day).

Average dafily domestic suspended
solids load in lbs/day (kg/day).

Average daily domestic settleable
solids load in lbs/day (kg/day).

Average daily domestic BOD load in
1bs/day (kg/day).

Average daily domestic nitrogen
load in 1bs/day (kg/day).

Average daily domestic orthophosphate
load in lbs/day (kg/day).

Average daily domestic coliform load
in billion MPN/day.

F5 Card (required only if IODWF (B1-6) = 2).

Commercial Dry-Weather Flow.

Field

0

w—d

N oY v s W

Variable Value
F5
COWF +
Csus +
CSET +
CBOD +
CON +
CpPO4 +
CCOLI +

Description

Card identification.

Repeat same parameters as on F4 card
for commercial source.



Fb
F1

F6 Card (required only if IODWF (B1-6) = 2).

Industrial Dry-Weather Flow.

Field Variable

0

1 IDWF

2 ISus

3 ISET

4 1BOD

5 INN

6 1P04

7 1COLI

Value

F6

+

+

Description
Card identification,

Repeat same parameters as on F4 card
for industrial.

F7 Card (required only if IODWF (B1-6) = 2).

Pipe Infiltration Flow.

Field

Variable

0
1

N o Pdw N

INDWF
INSET
INSUS
INBOD
INFN
INPO4
INCOLI

Value

F7

+

+

+

Description

Card identification.

Repeat same parameters as on F4 card
for pipe infiltration.



F8
F9

F8 Card (required only if IODWF (B1-6) = 3).

Domestic Load Coefficients.

Field Variable Value
0 F8
1 DDWFC +
2 DSusc +
3 DSETC +
4 DBODC +
5 DONC +
6 DPO4C +
7 DCOLIC +

Description

Card identification.

Domestic flow coefficient in gallons/
day/capita (m3/day/capita).

Domestic suspended solids coefficient
in 1bs/day/capita (kg/day/capita).

Domestic settleable solids coefficieﬁt
in 1bs/day/capita (kg/day/capita).

Domestic BOD coefficient in 1bs/day
capita (kg/day/capita).

Domestic nitrogen coefficient in
1bs/day/capita (kg/day/capita).

Domestic orthophosphate coefficient
in 1bs/day/capita (kg/day/capita).

Domestic coliform coefficient in
billion MPN/day/capita.

F9 Card (required only if IODWF (B1-6) = 3).

Commercial Load Coefficients.

Field Variable Value
0 F9
1 CDWFC +
2 Csus +
3 CSETC +
4 CBODC +
5 CONC +
6 CP04C +
7 ccoLIC +

Description

Card identification.

Commercial flow coefficient in mgd/
acre (m3/day/ha).

Repeat same parameters as on F8 card
for commercial. Pollutants in 1b/day/
acre (kg/day/ha). Coliform in billion
MPN/day/acre (billion MPN/day/ha).
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F10 Card

Industrial Load Coefficients.

Field Variable Value
0 F10
1 IDWFC +
2 ISusc +
3 ISETC +
4 IBODC +
5 INNC +
6 IP04C +
7 ICOLIC +

F10
F11

(required only if IODWF (B1-6) = 3).

Description
Card identification

Industrial flow coefficient in mgd/
acre (m3/day/ha).

Repeat same parameters as on F8
card for industrial. Pollutants in
1b/day/acre (kg/day/ha). Coliform
in billion MPN/day/acre (billion MPN/
day/ha).

F11 Card (required only if IODWF (B1-6) = 3).

Pipe Infiltration Load Coefficients.

Field Variable Value
0 F11
1 INDWFC +
2 INSUSC +
3 INSETC +
4 INBODC +
5 INFNC +
6 INPO4C +
7 INCOLC +
Note:

Description
Card identification.

Infiltration flow coefficient in mgd/
acre (m3/day/ha). Uses AREA as basis
for infiltration flow.

Repeat same parameters as on F8

card for pipe infiltration. Pollutants
in 1b/day/acre (kg/day/ha). Coliform in
billion MPN/day/acre (billion MPN/day/ha).

Cards F10-F19 require columns 1-3 for the card identification and
columns 4-8 for the variable in Field 1.



F12 F15-F19
F13
F14

F12 Card (required only if IDVAR (B1-7) = 1).

Daily Variations.

Field Variable Value Description
0 F12 Card identification
1-7 DVAR(1-7) + Ratio of flow for each day of the

week to average daily flow (Note:
Monday is day 1).

F13 Cards (required only if IHVAR (B1-8) = 1).

Hourly Variations (3 cards required).

Field Variable Value Description
0 F13 Card identification.
1-24 HVAR(1-24) + Ratio of flow for each hour of the

day to average hourly flow.

F14 Cards (required only if IHPVAR (B1-9) = 1).
Hourly Suspended Solids Pollutant Variation (3 cards required).

Field Varijable Value Description
0 F14 Card identification.
1-24 HPOLDW(1, 1-24) + Ratio of suspended solids loading for each

hour of the day to average hourly loading.

F15-F19 Cards HPOLDW (2-6, 1-24)  Repeat same parameters as on F14 card
for settleable solids, BOD, N, PO4 and
Coliform, respectively.




G
G2

G Cards (required only if IQU (E2-3) is greater than zero).

Direct Input Hydrograph Data.

Gl Card (required only if IQU (E2-3) is greater than zero).

Field Variable

0
1 A
2 B

Value

Gl

+

Description

Card jdentification.

Transformation factor "A" in the following
equation to be applied to the input hydro-
graphs. (default = 0.0)

Q = A+ BQ

Input hydrograph transformation factor "B"
(default = 1.0).

G2 Card (required only if IQU (E2-3) is greater than zero.

Field Variable Value
0 G2
] 1DQU +
2 IDATE +
3 Qu(1) +
4 Qu(2) +
5-10 Qu +

Note: H - 0 cards not used.

Description
Card identification.

Station identification, integer,

Date of flow data on following 3 cards.
must correspond to a date in the rainfall/
snowmelt array.

Average flow during first hour of day
IDATE in cfs (1/s).

Average flow during second hour of day
IDATE in cfs (1/s).

Average flow in cfs (1/s) during hours

3-8. Following two G2 cards have same
format for hours 9-16 and 17-24 respectively.
G2 cards are repeated for all days for

which flow is to be input. Maximum = 100
days in ascending sequence.

One blank G2 card is required to end the
input hydrograph flow data.
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P1

P1 Card (required if ISED (B1-3) is greater than zero).

Job Parameters,

Field Variable
0 ICG & IDT
1&2
3 MDS
4 MPD
5 MCSC
6 MCSG
7 WF
8 RMI
9 SMEC
10 1DBUG

Value

B-21

Description

Card identification.
Not used.

Maximum number of depths in the soil
column, P3 card soil properties are
identified at MDS depths beneath the
ground surface (default = 3).

Maximum number of soil parameters for
each depth entry including the depth
as the first parameter.

Maximum number of characters in the
soil classification code (default = 3).

Maximum number of characters in the
slope group (default = 1),

Weighting factor for slope groups. The
range of WF is 0. to 1. A 0. value
weights the natural ground slope to the
minimum value of the range of slope. A
value of 1, weights the natural ground
slope to the maximum value for the range
of slope (default = ,5),

Ratio of maximum hourly precipitation
intensity to the maximum 30 minute
precipitation intensity, inches/hour
(mm/hour), If the maximum 30 minute
intensity is available from rainfall
tapesésghe RMI value is not used (default
= (0.625).

Reduction coefficient for snowmelt related
energy (default = ,33 of the rainfall
value).

Debug information for arrays KSP and SPRO
will not be provided.

Debug information on arrays KSP and SPRO
will be provided. Use this only when
there appears to be a problem in the
manner in which the program is handling
the P1, P2 and P3 cards.



P2
P3

P2 Card (required if ISED (B1-3) is greater than zero).
Ground Slope Data. One P2 card is required for each slope group.

Field Variable Value Description
0 ICG & IDT P2 Card identification.
142 Not used.
3 NSG + Number of the slope group which the
following slope values describe.
4 SLOPE + SCS designated ground surface slope

expressed in percent. (A1l of the
soil series identification codes can
be divided into slope groups. The
distinguishing factor is the rate of
change of slope with designations "A"
through "F".)

P3 Card (required if ISED (B1-3) is greater than zero).

Soil Properties. Use as many P3 cards as are required to describe all
soil types.

Field Variable Value Description
0 ICG & IDT P3 Card identification.
1 Not used.
2 KSP + Enter the first two digits in the alpha-

numeric code assigned by SCS to identify
the soil series. Group all soils with
the same slope group together.

3 NSG + The soil type on this card belongs to
slope group NSG (P2-3).
4 DEPTH + The depth below the ground surface in

inches (m) where the following value
of XK applies.

5 XK + Soil-erodibility factor (K) in the
universal soil-loss equation, Enter
MDS (P1-3) pairs of (DEPTH, XK).

The first value of XK entered will be

used from the ground surface to the

first DEPTH. Thereafter, the mean value
of XK is used for depths between the

two end values of DEPTH. Soil erodibility
values may also be entered on the R cards.
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P4

P4 Card (required if ISED(B1-3) is greater than zero)

Default values of Universal Soil-Loss equation variables.

Field Variable Value
0 ICG & IDT P4

1-2

3-9

Description
Card identification.
Not used.

Enter the same variables as fields
3-9 of R card.
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Q Card. (required if ISED (B1-3) is greater than zero).
Sediment Trap Data.

Field Variable Value Description
0 1CG Q Card identification.
1&2 Not used.
3 TEFF + Sediment detention reservoir trap

efficiency. Express as a fraction.
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R Cards

The R card data describes potential development by land use as it will
impact on land surface erosion potential. Any number of R cards may be

utilized.

The entire basin or a representative sample may be entered.

A sample will be expanded automatically by the program to represent the
entire basin,

Field Variable
0 1C6
1-2 (col 3-16) ISI
3 PALU
4 XLTH
5 XS

Value
R
AN or N

Description

Card identification.

Two entries are made into the variable
ISI array. The first is land use
using the identical land use code

used on the E5 card (E5-1).

The second entry in ISI is the soil
series identification (soil type)

for the land use., It may come from
the table of values entered on the

P3 card, in which case the slope and
soil-erodibility properties can be
determined from that table. Leave

at least one blank column between the
two entries in the ISI array.

Percent of area in this land use category
that has the soil and slope properties

to be defined on this R card. PALU values
are summed for all R cards specifying the
same land use and if this summation is
less than 100 percent, R cards are assumed
to be a representative sample from the
basin. The sample will be expanded by

the program to represent the 100 percent
of the land use.

The length of 1ot in the direction of the
ground slope, expressed in feet (m).

This must be an average value for the
pergent of land use shown on this R

card.

Ground slope in percent. Enter a positive
value for those parcels sloping away from
impervious areas (streets). Enter a
negative value for those lots sloping
towards the impervious areas to allow

the resulting land surface erosion to

be contributed to the impervious area
system,
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END

R Gards (cont'd)

Field Variable Value Description
6 GCoV + Ground cover factor in percent.
7 ECP + Erosion control practice factor in percent.
8 XK + Soil erodibility factor,
9 SDR + Sediment delivery ratio. Express as

a fraction,

If anv of the R-card variahles are left blank, their values will be taken
from the defaults specified on the P4 card.

END Card

After the last R card, include a card with the word "END" in the first
three columns to identify that all sediment yield data has been entered.

Note: S cards not used.
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T Cards
Treatment Rate and Storage Capacity Alternatives.

T1 Card (required).

Field Variable Value Description
0 T Card identification.
1 MAX + Number of treatment rates to be

investigated. MAX sets of T2 through
T5 cards will be input. When using a
dong rainfall record (25-50 years) it
is usually best to investigate only
one treatment rate per run.

T2 Card (required).

Treatment Rate, Storage Capacity and Pollutograph Data.

Field Variable Value Description
0 T2 Card Identification.
1 TRATER (M) + Treatment rate in inches per hour

(mm/hour). Must be greater than average
dry weather flow rate.

2 NX + Number of storage capacities (on T3
cards) to be investigated with above
treatment rate (default = 1, maximum = 20).

3 IPOLMX n No Pollutnaranhs will be computed.

+ Number of pollutographs to be computed
as listed by event number on T4 card.
If IPOLMX is greater than zero, IEVNT
(B1-5) must be greater than zero
(maximum = 20).

4 IPLOT 0 Storage utilization curve will not be
plotted.
1 Storage utilization curve will be plotted.
5 IPRINT 0 Suppress printout of individual events.

Print only summary information for
quantity and quality analyses.
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T2 card (cont'd)’

Field Variable Value
1
2
3
6 IPRTS 0
1
2
7 TERDMX +
8 IAGE 0
1
T3 Card (required)
Storage Capacities.
Field Variable Value
0 T3
] CAPR(M,1) +

12
13

Description

Print all statistics for each event for
quantity analysis and summary listing
for both quantity and quality analyses.

Print all statistics for each event for
quality analysis and summary listing
for both quantity and quality analysis.

Print all statistics for each event for
both quantity and quality analyses and
sumaries for both quantity and quality
analysés

Suppress land surface erosion statistics
for each event.

Print land surface erosion statistics
for each event but suppress breakdown
by individual land use.

Print complete land surface erosion
statistics for each event by land use.

Number of events for which complete
land surface erosion statistics are
required, Not used if IPRTS is 1 or 2.
Maximum = 20, Event numbers will be
specified on T5 cards.

Ages of storage will not be computed.
Saves computer time.

Ages of storage will be computed.

Description
Card identification.

Storage capacity in inches (mm) for
first of NX (T2-2) storages to be analyzed.
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13
T4
T3

T3 Card (cont'd)

Field Variable Value Description
2 CAPR(M,2) + Storage capacity in inches (mm) for

second storage to be analyzed.

Enter remaining storages in successive
fields.

T4 Card(s) (required if IPOLMX (T2-3) is greater than zero).

Event Numbers for Pollutographs.

Field Variable Value Description
0 T4 Card identification.
] IPOLUT(1) + Event number of first pollutograph

to be printed.

2 IPOLUT(2) + Event number of second pollutograph
to be printed.

Enter remaining event numbers in
successive fields. (Maximum = 20).

T5 Card(s) (required if IERDMX (T2-7) is greater than zero).

Land surface erosion for specific events.

Field Variable Value Description
0 T5 Card identification.
1 IERD(1) + Event number of first event for which

land surface erosion statistics are
to be printed.

2 IERD(2) + Event number of second event for which
land surface erosion data is to be
printed.

Enter remaining event numbers in
successive fields. (Maximum = 20).
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APPENDIX C
Table C-1

Dust and Dirt Accumulation Rates and Pollutant
Fractions for Use in Dust and Dirt Method (IPACUM=1)

Dust and Dirt Pollutant Fractions
Accumulation Rate 1bs pollutant/100 1b dust and dirt

Land Use 1b/day/100 ft qutter SUS SET BOD NIT P04 COLI
Single Family Res. gV 1% 1% s00Y .0a8Y 005V 59.02%
Multiple Family Res. 2.3 8.0 .8 .360 .061 .005 122.58
Commercial 3.3 7.0 1.7 770 .041 .005 77.18
Industrial 4.6 6.7 .7 .300 ,043 ,003 45.40
Parks 1.5 1.1 1.1 .500 1,048 .005 3.00&/

1/ data from a study [6] done in Chicago, I11inois

2/  from reference [14]

3/ 109 MPN/100 1bs of dust and dirt from reference [4]
4/ from reference [13]

Note: These coefficients may not be representative of other cities and should be
adjusted based on site-specific data for a given study.



APPENDIX C
Table C-2

Pollutant Accumulation Rates for Use in

Daily Pollutant Accumulation Method (IPACUM=2)

Land Use

Low Density Res.

2-5 DU/ACS/

Med. Density Res.

5-10 DU/AC

High Density Res.

>10 DU/AC
Commercial
Industrial

Open Space and
Rural

Pastures
Farming

Forests
(Douglas Fir)

\

Pollutant Accumulation Rates, Pounds/Acre/Day

3/ 4
sus’/  ser/ Boo¥  wit¥ pos? cout?
12 .09 .04 .007 .0042 1.200
.45 .18 .07 .028 .0063 1.260
3.16 1.00 13 .025 .0200 9.800
.46 212 .0400 9,000
.39 .209 .0300 10.000
Average values .02 .007 .0020 1.000
not available.
Consult local
water quality 3.10 .392 . 3500 120,000
specialists.
.02 .044 .0002 . 500
.01 .002 .000024 .001

1/ from a study done in Seattle, Washington [13]

2/  from reference [12]

3/ organic nitrogen + NH3 + N03

4/ 107 MPN/acre/day

5/ Dwelling units/acre

Note:

and should be adjusted based on site-specific data.
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These coefficients may not be representative of a given study area



APPENDIX D
ORGANIZATION OF INPUT DATA

DD (FRACTN(L,1),1=1,6)
| | | | ) | !
LNDUSA~ PRCNT  FIMP STLEN NCLEAN
| ] | | | ] | ] |
LNDUSE  DEPR  ACTIA SACT SMAX RATEIN  PERCMX
Hydrological, I J L l
o e and TOSSEQ  CPERY  CIMP DEPRS  EERC  EPRC
accumulation | 1 | ] I |
data
NOV|  DEC] 1 | ; | |
(RECVRT(1),1=1,12) )
JAN]  FEB MAR| APR | MAY|  JUN]  guL |  Aug | SEP | ocT
AREA RFUL 1Qu DVU  DVUMX wl POPULA | |
NAMEWS MXLG  EXPTE  REFF  TRTP  TSUBC IPACUM R
] ! | | ; ] 1 | |
Snowmelt JDATE,IMAX, IMIN,ITEMP in format 5X,16,213,55X,I3 , )
Data ] { | | | | | | ]
ITAPE  IFILE  IFREZ PACK ITMP  COEF “]
L i 1 | | | I i |
« 02 blank card indicates end of KRAIN data on cards.
Precip. | | ! ! i { '
Data - C2 KDATE _ KRAIN in format 2X,16,2413
! 1 l { [ | | f
NAME {col. 3-32) IN  IFILE ISTART  IEND IR
B l | | ! l l | i
NSUMR ~ LEXT  LINE  LDATE LHR  NHYDRO  METRIC A
| E 1 J 1 1 | j |
NWSHD ~ ISNO  ISED ~ IQUAL IEVNT  IODWF IDVAR IHVAR  IHPVAR T
} l [ ] | | l | | )
Title infonn%tion for each pafé heading on this card. | | ) J
Ji
Title )
1 | L 1 | | | I | y
Title h
i | ‘
| j
I
|
|
3 L
1 2 3 4 5 6 7 8 9 10 *J
\ ; J

4 Required cards. Other cards are required depending upon input options.,
* Repeat E-T cards for each subbasin.
» Cards required if not reading rain data from disc.

D-1




HPOLDWS3 31)s I=ZI'I: 24)

(HPOLDNj3.I) ,I=Il'| »20)

| |

(HPOLDWS3,1).I=]1,'IO)

(HPOLle(Z,I) J1=21,24)
|

(HPOLDW(2,1),1=11,20)

(HPOLDH(2,1),1=1,10)
1 1

| N |
(HPOLDW(1,1),1=21,24)
| L | | 1
(HPOLDW(1,1),1=11,20)
I e MR L I
Dry Weather (HPOLDW(1,1),I=1,10)
Flow Data 1 J ] [ l
(HVAR(1),1=21,24)
S A T R N |
(HVAR(T),1=11,20) . | )
| | I |
(AVAR(1),1=1,10) )
! | ! ] ; ] | |
(DVAR(1),1=1,7) ,
i l 1 1 ] |
INDWFC  INSUSC INSETC INBODC  INFNC  INPO4  INCOLI R
] |
IDWFA  ISUSC  ISETC  1BODC INNC IPO4C  ICOLIC )
| [ | | | | |
COWFC csusl CSETCI CBODC I CONC  CPOAC ccouc1 )
! !
DOWFC,~ DSUSC ~ DSETC  DBODC DONCI DPOAC Dcouf )
| _—
INDWF_ INSET  INSUS  INBOD TRFR— TNPO4  INCOLT ™\
| 1 ! 1 | ]
TOWr TSGS—  ISET 180D IRNN 1P04  ICOLI )
\ .
i |
COW TSUS ~ CSE N CPO3  CCOLI ™~
| ] | i ] 1
DDWF DSUS  DSET  DBOD DN DP04  DCOLI h
| 1 l | y
AVDWF ASUS  ASET  ABOD AN APO4  ACOLI AIDWF J
f
L/
|
g ’
: ~
1 2 3 4 5 6 7 8 10 TJ
.




G2

BLANK CARD INDIﬁATES END OF INPUI HYDROGEET& DATAl

REPEAT G2 CARDS TO A MAX OF 100 DAYS IN ASCENDING ORDER

Input Hydrograph |/ G2

(Qu(1,1),1=17,24)
Data | ]

l | l

(Qu(1,1),1=9,16
T

l | i I I

IDQU  IDATE  (Qu(1,I),I=1,8)
| | I 1 i | L

A' B ) )
j | | ! | |
(HPOLDW(6,1),1=21,24)

| |
HPOLDW(6,1),1=11,20)
i | | ! | | |

(HPOL?N(G.I)Iﬂ,IO) | | | | ]
(HPOLDW(5,1) ,1=21,24) ]
Dry Weather 1 | | | | | l
Flow Data (HPOLDN(5,I),I=H,20)[ l | )
; | 1 '
(HPOLlDw(s.x),M,lO) | i | | | A
]
(HPOL[I)N(4,I) ,1=21,28) )
| | | I | l |
(HPOLDW(4,1),1=11,20 | | | R
| J
(HPOLDW(4,1),1=1,10) A
|
J
W’
|/
| J
)
y
L 1 2 3 4 5 6 7 8 | 9 0




Computer system end-of-job card or another set of A - T cards,
or another set of E-T cards.

(IERD(I),I=1,IERDMX)

Storage,

Treatment and

IPOLUT(1), I=IPOLMX
Pollutograph (TPOLUT(T) )

Data

| |
CAPRIM,T),T=T,NX)

| | [
TRATER(M) NX  IPOLMX  IPLOT IPRINT  IPRTS [IERDMX TAGE

MAX
] 1 l I ] i l ! 1
END
. | | | 1 ! [
PALU _ XLTH XS 6Cov ECP XK SR
]
] | | | | | [ | |
TEFF
| i l | | i | | |
23223ce PALU _ XLTH XS 6Cov ECP XK SDR
Erosion | | | | | | ] ]
Data Ksp NSG  DEPTH XK ™
| | 1 1 | | | ] —
NS SLOPE
e Al AR R S R S
MDS  MPD  MCSC  MCSG WF RMI  SMEC  IDBUG )
|
1 2 3 4 5 6 7 8 9 10
L | )

4 Required cards. Other cards are required depending upon input options.
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