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Storm Watar Modaling Technical Memorandum
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Attachad for your review is & copy of tha Technical Memorendum
describing various storm water runeff quallicy models, Afrter review of the
avallable models, my recommendation is the City use the model F8. This
recommandation is based on a reviavw of modal documentacion and a discussion of
model specifics with each model developer.

As with arny model, PB has some limicatfona. These limitations are
primarily related te runeff hydrolegy. Therefore, we will need to pay
attention to how well F8 calibrates to our observed runeff events and the
magnitude of calibration parameters. Please call should you have comments
concerning the memorandum. Thank you.

ce: ¥ent Mao, Seattle HDR
Ron Ort, Ancherage HDR
Ron Rossmiller, Seattle HDR



TECHNICAL MEMORANDUM
EVALUATION OF STORM WATER RUNOFF COMPUTER MODELS
CITY OF MINNEAPOLIS

1.0 Introduction

The City of Minneapolis, City of Columbia Heights, City of Richfield, Minneapolis Parks
and Recreation Board, University of Minnesota, Minnesota Department of Transportation and
Hennepin County (hereafter referred to as "Applicant") are co-applicants under the National
Point Discharge Elimination System (NPDES) storm water permit program. The NPDES storm
water permit application process consists of two parts; Part I and Part II.  Part IT requires the
Applicant to estimate annual storm water pollutant loadings from characteristic drainage areas
and mazke recommendations for the implementation of Best Management Practices (BMPs),
BMPs are structural (e.g., building wet detention basins) and nonstructural {(e.g., street
sweeping) activities implemented to reduce the discharge of pollutants to receiving waters,

One method for estimating the quantity of pollutants washing off urban areas as a result
of precipitation and entering surface waters, is to perform measurements. These measurements
are of the concentrations of various ¢ontaminants in urban runoff and the amount of runoff.
Measurements are presently being performed at eight (8) locations; six (6) within Minneapolis
and two (2} within Richfield. Details of the monitoring program are described elsewhers (HDR
Engineering, Inc., 1992). '

Mathematical modeling using a computer is a second method for estimating the quantity
of pollutants washing off urban areas. ‘The use of mathematical models has the addzd advantage
of being "predictive". The effectiveness of various BMPs can be evaluated where they prasently
do not physically exist and under & variety of hydrologic conditions (¢.g., rainfall amount, soil
moisture conditions) within the catchment. The purpose of this memorandum is to present an
evaluation of storm water quality models available to the Applicant for estimating annual

pollutant loads and evaluating the effectiveness of BMPs.

June 9, 1992
07434-001-164 -1-



2.4 Modeling Philosophy, Models Consldered and

Discussion of Selection Criteria

2.1 Modeling Philosophy

The selectad model must be capable of matching the intended modeling philosophy. For
example, are absclute predictions of water quality needed? Or, is the comparison of relative
water quality for a variety of BMPs important, Will the model be used to size storm water
systems based on an accurate prediction of the peak runoff volume from a specific design storm?
Or, are planning level estimatag of the percentage reduction in the mass of tatal suspended solids

the important criteria for evaluating BMP effectiveness?

Based on discussions with the Applicant, the following are general requirements of the
selected model:

L The ability to physically represent the storm water plping system (e.g., flow
splitters within manholes).

¢  The zbility to model the BMPs of interest. The Applicant has tentatively
identified street sweeping as a BMP of primary interest, with the use of grit
chambers secondary,

*  Some "physical” or deterministic basis for predicting contaminant build-up and
wash-off.

. The user-friendliness of the model,

. Capability of modsling a diverse list of pollutants including sediments, trace
metals and some characteristic organic contaminant.

. Moderate level of data requireaments for model operation.

+  Operation in a design mode where structural BMP design can be optimized to
achiave z desired removal efficiency.

*  Method for evaluating mode! error (sensitivity or uncertainty analysis).
. Some degree of peer acceptability.

June 9, 1992
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Section 2.3, Discussion of Selection Criteria, presants important aspacts of each of these critera,
2.2 Models Considered

A variety of computer models for assessment, planning, and design have been developed
for storm water since the beginning of the personal computer age in the early 1970s. An
exhaustive list of computer urban drainage models is available (Kibler et al. 1992, see
Appendix A), These models vary in complexity and functional ability; many can only simulate
storm water runoff volume. Table 1 identifies models capable of predicting the quality of storm
water runoff, Storm water quality models further evaluated within the Technical Memorandum

are:
a Auto-QI
. Hydrologic Simulation Program Fortran (HSEF)

*  Program for Predicting Polluting Particle Passage Through Pits, Puddles and
Ponds (P-8)

*  Simplified Particulate Transport Model (SIMPTM)
*  Source Loading and Management Model (SLAMM)
. Storage, Treatment, Overflow, Runcff Model (STORM)

* EPA Storm Water Management Model (SWMM)

2.3 Discussion of Selection Criteria

Table 1 details the general complexity of the various storm water quality models, the
availability of documentation, the level of technical support and the quality of the output
graphics, These criteria are mainly functional and contribute to the user frisndliness of the
model. With respect information generated by each of these model, each of the models provides
cstimates of the event pollutant load, event runoff volume and event mean concentrations. These
data ¢an be generzted for specific catchments or for all catchments combined.

Tune 9, 1992
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As stated previously, Table 2 presents a technical evaluation of the models, The need is
to select a model capable of a planning level estimates of event pollutant load, event mean
concentrations, and to a lesser degree event volume, The main criteria for event volume is
accurate prediction of the total storm volume, rather than accurate prediction of the time of peak
concentration or shape of the hydrograph. (Since the model will not be used for design based
on peak flow.) The models HSPF and SWMM are generally not considered as planning level
models. They are derivatives of the old foriran card file system where input data must be
specified in specific columns and row in the input deck; they are not menu driven.
(Commercially available menu driven preprocessors are available for SWMM.) Each of these
models i3 input data intensive. Although these models are perhaps the most detailed with respect
to physical representation of the processes occurring within the environment (e.g., buildup,
wash-off, sediment transport, hydrograph development, water quality routing), their detail seems

unwarranted for the present application.

The remaining models are similar with respect to physical representation of processes
ocecurring in the environment, although SIPTM and SLAMM are more detailed with respect to
sediment transport and small watershed hydrology, Whether the additional detail in SIPTM
overcomes model error associated with other processes (e.g., water quality routing) is unknown,

The models Auto-QT, SIMPTM, and SLAMM, generats storm water data at the outfall to
the catchment; routing through a pipe network is not possible. Nor, is combining hydrographs
or pollutant loads from multiple watersheds into a single pipe. (Note: SIMPTM, SLAMM, and
P& do route pollutants through BMPs and use mass balance equations to evaluate efficiency.)
Therefore, these models are more limited in their ability to physically represent the existing pipe
network than a model like P8. Auto-QI, SIMPTM, SLAMM, and STORM lack the ability to
optimizing BMP design through the menu driven system. Optimize means back-calculation of
structural BMP characteristics like size or volume by the model, given a desired pollutant

removal efficiency.

Tune 8, 1992
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Based on the review performed by HDR, it is our recommendation that the model P§ be
selected for modeling storm water by the Applicant, This recommendation is based largaly on
the user friendliness of the model, the ability to optimize design, moderate data input
requirements similar to SIPTM, SLAMM, STORM and Auto-Ql, the ability to represent the pipe
network, and the quality of the output graphics. The P8 model is capable of simulating the
BMPs the Applicant anticipates implementing and is gaining peer acceptance.

The P8 model suffers from limitations like any model. Looped pipe networks can not be
modeled. Also, flow i3 routed from upstream to downstream; backwater conditions are not
considerad or flagged during model operation (although the model does presant data on water
and pollutant ¢conservation).

The largest limitation of P8, 1s accurate representation of the hydrology compared to
SIMPTM and SLAMM (as per my conversation with Reobert Pitt, University of Alabama).
During application of P8, special attention needs to be given as to whether calibration parameters
are within a reasonable range and independent of storm and watershed characteristics.

WS I\MPLSTECH . MI)
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TABLE 2

COMPARISON OF 3TORM WATER QUALITY AUNOFF MODELS

Raintall
Continuous or Hystograph Modal Fardous and Ralnlal valuma
Model Evard Madel? Method Impervious Arcas? Caleulation
Aute-Gll Continuous/Evenl Observed rainfall Yo _Pystograph timas ralntall valuma aft
HEFF Continuaus/Evant Chbsarved rainfall of sytithetle hyetegraph Yes Fyetograph Umas rajnial velume s
Continous/Event Observad Rainfal of synihetic hyelograph Yes SC8 Curve Number
SIMPTM Continugus/Evant Trapazeidal or Triangular Yes Hyetograph timas rainlai volume aft
| SLAMM Continuous/Event Trapazoldal or Trianqular Yas Hymtograph lmes raintall volutie af
STORM Ceontinvaus/Evenl Observed houry raintal Yos 3C3 curva no, runot! coefl,, ar san
SWMM Cantinuaus/Evant Chaarvad rainfall ar syritelle bystodraph Yas Hystagraph times rainfal velume st
Ciry Waather Wat Simulale
Palittant Waather Varylng
Modal |Polviants Simuleted Elu_lld-ur.\'? ‘Wash-off ? Land Liza?
Auto-GI [Varable Yes Yoi Yas
HSPF |TD3. Cl. peslicidas DG, EOD, nuinents Yoy Yes Yos
P8 |T88TF TKN,Cy,Pb.Zn Hydrocarbons Yes Yes Yeas
_SIMPTM [Vadable Yes Yes Yuy
-3 Varable Yas Yes Yes
STORM |55, 575, BOD, N, OF, Coliforms Yas Yes Yes
SWMM [Lp to fen user supplied Yas Yas Yes
Pipe Optimize
Waler Quality MNetwork Handle Deaign
Modsl Routing Complasty Rurcharga? Mode?
Aute-Gl Nona Nane Na Mo
HBPF Plug flow None Na Mo
Mbed cells In device Modarale No I et __
21MPTM |Through Conirel Devices - Cemipletely Mixed Nara Na No
SLAMM |Through Conirol Devides - Completaty Mixad o Nehe No NG
STORM Urit Hydrograph Nara Na No
SWMM Mixed eails In channal/pipe Maderate Na . Mg
S
BMP Evalualich
Calch
Datantion) Strmst Infltration Bazin
Mode| Ratentlon’? Claaning? Aaslns? Claaning?
Auta-QI Yag Yes Yes No
HERF Yoz Ne Yez No
P8 Yeas Yes Yes No
SIMPTM Yo Yes Yus Yo
| SLAMM Yas Yes Yy Yay
STORM Yeos Yas - Yag No
SWMM Yas Yo Yoy Ys
Notms:

Pallutasd type in Auto-Q1 spaciiied by user defined bulld-up and wash-off parameters,
BMP efinctivencas is uxpressed as user defined percantage redustion for medel Aule-QI,
SWMM obsarved raintall data may ba tima step of 15 minutes o longer,

Only avallable SWMM routing meethod when waler quality is modeled. XTRAN can not be used.
SWMM zan not handis sureharge esnditlions during water qualily routing.
SLAMM and SIMTPM ara continuolis in the $anze of long=tarm simulations threugh time can ba parformad. Howavar, hourly rainfali dals ara prep)
SLAMM contains uniques algorithma for Infillration and rouling davalopad lor small watershed hydrology by Or. Robert it

SLAMM and S{MPTM can madel varying numhbar of pailitanis. Usar apaciias pollutant mass fraciion on sediment particat and disselved poilutant
SLAMM, 3IMPTM, SWMM, and F# use mass balance aquation using hydraulic chemcteristics ol conlrol device {o evaluate device removal affici
Pollugant Codes:

TaSaTatal uspandad Solids
COD=Chnmital Oxygen Demand
TKMN=Tatal Kjeidaht Nitragen
TP=Tofal Phoxphorus

PSal and
ZN=Zinc

Cu=Copper

55=5uspended Solids
STE=Betlable Solids

TA=Tolal Residus
OP=0rtho-phosphate
BOD=Blological Oxygan Damand
Al=Aluminum



FABLE 2

VATER QUALITY RUNOFF MODELE

Rainfall Runoff Routing
ystograph Made! Pervious and Rainlall Volume Hydrograph Snowmalt
(had Imparvious Areas? Calcullﬂon Mathod Simulation?
iaryad raliniall Yeos Hyaladraph times raintak volume eiter losses Nana . No
Wl er eymthatic lyatogragh Yos Hyelograph timas ralrial volume after losses | Ovarand-Chezy/Mannings: Channal-linaar reuing Yz
ill or aynthatic hvatograph Yes 8(8 Cyrve Nurmbar Linsn: sizrage in chanhsla/pipes Mo
xdal or Triangulsr Yas Hyatograph timas rainfall vaiume aftar losses Marnings Equation Nix
sidal or Triangular Yas Hyatograph timase reinlall wolyme aftar lossas se8 Noleg ""No
rad hourly ranfal Yas 55 curye no.. nnotl castft,, or comblnation Unit Hydragraph | Yes
il or synthette hyetograph Yas Hysiodranh times rainfafl volure aftet lossas Vadeus rmatheds - Yot |
ry Weather Wet Birnulate
Pollutant Waather Valying ais
Bulld-up? Waszh-ofi? tand Use? Intariaca?
Yas Yo Yes ARCJINFO
Yes Yes Yat No
Yes Yas Yaz No
Yas Yus Yas Na
Yes Yau Yaz Mo
Yey Yes Yas No
Yes Yei Yo No
Fipa Optimize
Network Handls Dasign
Complexity Surcharge? Made?
None No Mo
None No Na_
Modarats No Yaz
Nona No Na
Nohe Mo No
Nona Mo No
‘Mederata Na Np
Bbﬁvaluation
Catch Grass
Bireat irdiltration Basin Swales shd "arous
Clearing? Baging’? Cleaning? Fiter Sirips? Favamant?
Yas Yas No Yas Yos
No Yes o Yag No
Yas Yas Na Yas Na
Yo Yes Yas Yes __No
Yas Yac Yax Yas Yoy
Yaz Yas Mo No Mo
Yes Yus Yes Yag " Na

ash-off paramelers,
Alon for model Aute-Qf,
mnger.

led. XTRAN can not be usad,

outing.

vulalions through tims can be pedormad. However, hourly ralniall data are preproceased in thtanguiar irapazoidal rainfall svants.
ralopad {or small watershed hydrology by Rr, Robert Fitt.
er specilles pollutant mass fraction on sadimend parlical and dissalved poliutand parthioning.
ising hydrautic charactatistics of control davice 1o evalugie davice remeval efflclency.

lod Solids

e Solids

sdue

wiphale
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Appendix A

Matrix Evaluation of
Urban Runoff Models



Mierocompuier Sofiware in Urban Hydrology

D. F. Kiblar, M. E. Jannings, G. I. Louis, B. A. Tachants, and 8, G, Walesht

Editar's Note: The following repart was daveloped by a Task Committes of the American Sociaty of Givil Engineers. It came to the
Editor's attention through a circuitous route, and becausa of tha shalf lifa of the matarial discusssd in the article, we decided to
publiah it, Should any AWRA Working Groupa care to develop similar reports, we would like to see them on the Editer's desk,
For that mattar, if any other ASCE committess — or anybody slse = with similar, enryent, work-in-progress reports wishes to send

ther in the Editer's direction — please do s0. I can always say “ne” - but we'd like

nicaily eurrent.
INTRODUCTICN

With the profusion of mierocom-
puter software in the urban hydrolo-
gy field over the past five years, the
design engineer ia often fruatrated
by a laek of information on the most
widely used software packages fram
which he or she can make an
informed decision about software
selection. The Americen Seciety of
Civil Engineers (ABCE) Task Com-
mittas (TC) on Micracomputar Softs
ware in Urban Hydrology was
formed in 1887 for the express pur-
pose of developing a comprehensive
inventery of software packages avail-
able from eommereial vendors and
public domain sources, In addition to
the membera listed ahove, the TC
was assisted by corresponding mem-
hers Paul DaBarry, RKR Hassa Asso.
clates, Stroudsburg, PA; Gerard
Lennon, Civil Enginesring Depart-
ment, Lehigh University; and Lin-
deil Ormsbee, Civil Enginesring
Department, University of Kentucky.

The primary mission of the TC
was to compile an invantory of
microcomputar softwars having the
capability to: generate runoft peaks
and hydrographs; analyze/design
storm gewars; and analyze/design
stormwater detention facilities. The
TC complled a list of prospective
vendors and composed a detailed
survey form which waa sent to each
vendeor.

It should be pointed out aa back.
ground that prior to formation of the
Task Committee there was no singla
goutce of information which poten-
tinl softwars users could conault.
Lewis and Gilbert (1985) and Lawis
(1988) have compiled two partial
software invenseries in urbhan

hydrolegy, whils Jennings «¢ gi.
(1988), have presented an inventory
of Fadersl agancy aoftware. Walash
(1988) has discussed the problem of
maintaining camputer capability in
the private seetor and the role of
vendor safiware. A second phase of
the TC project (not yet approved by
ASCE) is aimed at bench-mark test-
ing of individual software packeges,
Tschantz (1988) and Kibler ¢ al
(1888), have furthar discussed the
spacific misvion mnd overall goals of

tha TC,

SUMMARY OF
VENDOR RESPONSES

The TC received completed survey
forms from 40 vendors as of March
16, 1990, A summary version of the
TC software inventory is shewn in
Table 1.

SUMMARY OF SOFTWARE
CHARACTERISTICS

The primary characteristics of the
40 goftware packages inventories ara
listed in Tahle 2, Ragarding the last
item in Table 2, many vendors indi-
cetad that the work of testing their
goftware against gaged data was
actually performad by the agency
where the hydrologic procedure origl-
nated. This was sapecially frue for
the software which emulates TR20,
TRES, and HEC-1.

In terms of hydrologie capahilities,
the software packages raviewed hy
tha TC tended to support simple
desk-top procedures for a single
demign atorm. For exampls, the SC8
curve number and Ratienal method
C coefficiant dominated the list of
hydrologic abstraction methods, {ol-

the opporturity te helg our members stay tech-

lowed by Green and Ampt and Her-
ton Infiltration aquationa. Hydro-
graph synthesis tanded toward uge of
the SC3 unit hydrograph, followed
by the madified Rational methed,
kinematic wave and other synthatic
unit hydrograph tachniques. Hydro.
graph routing was performead pri-
marily by time.of-travel translation,
Muskingum routing, or kinematie
Touting as opposed to dynamic rout-
ing with the Saint-Venant equations.
This laval of computation iz vary
mueh in line with tha indization by
72 percent of the vendors that pri-
vata consulting firms were the most
fraguent user of thair saftare. Con.
sultants were followed by state and
federal egencies in terms of user fre-
quency. However, many of these
egencies were committed to micro-
computer varsions of larger packages
such as EPA SWMM, USGS DR3M,
ILLUDAS, »nd HSPF. Thoe latter
group of softwara also is included in
the TC urban hydrology softwara
invantory. Dataijad tabulations en
hydrolegic methodelogies are pre.
santad in Tables 3, 4, and 5.

In tarms of softwara/hardwara
requirements, core size ranged from
B4K to AMEB, with the latter reserved
far the integrated CAD/zoftware sy
tams which appaars in the vendor
Inventory. The median core slze over-
all is 512 K bytes. Program lan-
guagaa included FORTRAN, PAS-
CAL, BABIC, “C,” ASSEMBLY, and
LOTUE. FORTRAN and BASIC were
the mest frequens, with “C” being
utilized for many graphics routines.

The summaery in Tabla 2 indientas
that only 12 of the 40 saftwars park-
ages inventorias by the TC are public
demaln. The other 24 eithar have a
copyright or are in the process of

*Raspectively, Professor snd Head, Dept. of Civil Engineering, Virginia Polytechnie Institute and State University, Blacksburg,
VA 24061-0106; Coordinator, Urban Studies Program, U.S. Geclogieal Survey, Austin, TX, 78753 (member ASCE); Principal
Engineer, Boyle Engineering Corporation, Lakewood, CO 80228 (member ASCE); Professor, Dept. of Civil Engineering, Universi-
ty of Tennassee, Knoxville, TN 37996 (Cheirman of Task Commitzee; member ASCE); and Dean, College of Engineering, Val-
paraiso University, Valparaiso, IN 46383 (member ASCE).
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ficrocomputer Software in Urban Hydrology .. .. cont’d.

TABLE L, Preliminary ASCE TC Inventory of Micre Software in Urban Drainage Design.

Storm
Address and Baftware Hydrograph Sawer  Detention
MNa. and Nama Telaphons of Nama of Fackngs Synihesals Dasign Eagin
of Vandor Vandor Program Com Mathad Option? Optlon?
3 Hydrologie Engineering 809 2nd St. HEC-1Fleod Variabla Hinematic Wava No Yea
Centar, U5, Army Davis, CA 55418 Hydrograph Clark UTH
Corpe of Epginears (916) 561-1748 Package Synder TH
508 UH
Uaar Specified
(?) Dedson and 7015 W. Tidwell ProHEC1 $495 Lint Kinematio Wavea Na Yox
Assccintan, Ine, Buite 107 Professional Dinerunta Clark UH
Heuwtan, TX 77082 HEG-1 Apply Synder UH
(713) A95 8322 Byetam 203 UH
(3) Dodaon and 7015 W, Tidwell FroPIBS 3785 Tima Yeu Yo
Azsociates, Ine, Buite 107 Disconnts are Area Curve
. Hauston, TX 77052 Avellable
(713) 895-8322
(4] Dodsan and 7015 W. Tidwell Dodacn 258 Clark No Yeu
Amsmiaten, [ne, Buita 107 Hydm Calg Discounts are Synder
Houaton, TX 77092 Hydrmlogy Available 3C3 Diam, T1H.
(713) 8958522 Library
(5] Galilen 16 Ranch Rd Hydrupak $500 All Bix 208 No Ym
Saftware Chalesford, M (01824 Modulan or Curvilinear
(508) 256.7801 £100 Pep it
Module Hydmogragh
8) Advancad Enginearing 177582 Sky Park Clrele RES Variable &-Graph Yas Yeq
Eaftware Irvine, CA 32714 Hydrology and Clark UH,
RE.8) (714} 385.3548 Hydranlies B0% Curvilinear
UH,
(1) Haeatad Mathods [ne. 37 Ernokside Rd. Pond2 QTR-55 %485 1886 TR-B5 Mo Yeq
Waterbury, CT 06708 @Quick TR-24 Pondl $590 Tabular Hyd.
(800} ¥27-LEES Link-2 Fackage QTR-68/ Any Mat had
Pond? $995 Bupported by
Link-2 $735 HEC-1 and 5C3
(8) Haestad Methods Tne. 57 Brockeide Rd, The Friend Frogram 3435 HECI Thyays HEC],
Waterbury, CT 068708 Intarfaces ta TR20 HEC2 TR20
(8OO) 727-8555 The Priend are
N/C With Modei
Purchase
\8) Myars Enginesring Ca. 2829 Birch 8t. Garden $50 NiA Yes Na
Nawyport Beach, CA 92880 Variaty
{714) 3838827 Saftware
Drain Check
{10) B. Tanovan Water 11585 SW Burnatt Lane Watar. Approximately &CS8 Curvillnear Yez Yen
Resources HReavartan, OR 37005 Dralnage 5800 1UH.
Consultants (503} 843-514%
{11) Cexter for Exposurs College Station Rd, Starm Water Fres EFA Nenlinaar Yen Yon
Assemament USEPA Athens, GA 30613 Management $40 from Ruservair
{404} 546.5123 Madel UoiFL
Veryion 4 Documentation
SWMM4 858 fom U of FL
(12) Canter for Exposure Collage Station Rd Hydrologic Free From Stanford Yea Yon
Assessment USEPA Athens, GA 30613 Simulation EFA Watarshad
(404) 848.3123 Model

Program
Fortran HSFF




Mierocomputer Software in Urban Hydrology. ... cont'd.

TABLE, 1, Preliminary ASCE TC Tgventary of Mictw Software in Urban Drainage Design (cont'd.).

Storm
Address and Saftware Hydrograph Sewer Detention
No. and Name Talaphons of Name of Package Synthesis Deaign Basin
of Vandor Vandor Pregram Com Matbhod Option? Option?
(13) Clvil Concepts P.0. Box 483 Civil Concepts’ Hydrology Application af No Yea
Hacramento, CA 95803 Hydrelogy Planner Sazta Barbere
(91€) 427-1011 Plannay 3285 Urban Hydrograph
Hplot $95 wtha
(14) Intargraph One Madison Industrie! Pk, Inflow Inflow Modifled Yes Yes
Corporation Huntsvilla, AL 358074201 Storm $3000 Ratiogal te
(m00) 826-3515 Drainage Databnse Coraputs Rugaff
Design $300 Hydrograph
{15} McTRAND Uaiv. of Flerida Highway To e Syader UH Ten Ne
The Centar for 512 Heil Hall Drainage Datarmined {Conatants
Micrommp. on Galnenville, FL 32511 Miera Application)
Tranep. {004) 302-0878 Programa U363
Semi-Arid TTH
(18) Computational 28 Stuart St. Starmwatar $780 SwnMMa Ve Yer
Hydraulics Inc. GGuelph, Ontarlo Canada Management
W1E 486 Model for
{818} 670197 tha [AMPC
PCIWMM3
{173 Punp State Univ. 212, Sackett Bldy, Penn State $850 for 1986 TRES Yex Yas
Dapt. of Civil Enginearing Uaiv Park, PA 15802 Urban Hydrology Ehort Coursa Tabular Hydrog.
(B14) 883-2788 Model FEUHM and Software 208 Curvilinear UE
Packaga Universal Ratiapal
Mod. Raetional
(18) Abasus Computer PO, Box 1137 Hydrol Cheek with Variation of the Yoo No
Service Sebastopol, CA 85472 Eydrau Vendor Rational
(707) 8235731 Mathad
(1% Applied Microoomy. Page Ml R4 HydreCRO $2795 SC5 You Yes
Sywtema Chocurua, NH 02817 Stormwater Curvilinear UH
{803) 1233656 Modeling Rational Methad
System
(20) NTIS US Dept. of Bpringfleld, VA 22151 Hydrology for £90 BCS Na Yoa
Commerce {T0§) 4874450 Swall Urban Curvilioear
Watersheds UR
TR-68
1986 Var,
(21) Siarra-Miaea Ine. 1500 Point West Way Enhancad $3500 Sacramenta Seil Ho Na
Buita 208 ALERT Data Molature Accounting
Sacramentn, CA 95815 Collection and Modal with Unit
{800) 422-5111 Analysia Hydrograph
(22) IRRISCO 452 W. Slayghter Lane PC-DAMBRX 450 N/a Yes Na
Suita 208 NETWORE/
Auatin, TX 74748 DWOFER
(512) 252-0809
(23) Pann Stats University 212 Sackett Bldg. Penn State 376 Overland Flow by Yes Yes
Degt. of Clvil Englneering Univ. Park, PA 18802 Runefl Model by Kinematis
(814) 333-2532 FSRM Wava
{24) Sclentific Software P.Q, Box 23041 SWAMP SWAMP $795 Information Yea Yes
Group Washington, DC 20028-3041  Starmwater IDF-FAR %200 N/A
{703) 6205214 Management POND $273
CHICAGO $200
SANITY $275
STORM 5278
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~ieroeomputer Software in Urban Hydrology . ... cont'd.

TABLE 1. Preliminary ASCE TC Inveatory of Micro Seftware in Urban Drainage Design {cont'd.).

EBtorm
Addresa and Software Hydrograph Bawar  Detention
Na, and Name Telephona aof Namas of Paclage Bynthesis Dasign Basin
of Yendor Yendor Propram Cost Mathad Option? Opelen?
(28) Pizer Ine, 3714 W, McGraw HYDRA HYDRA Varl $495 Continuzus Yes Yes
Buits 800 HYTIRA Ver2 5434 Simulatien,
Saattle, WA 08189 HYDRA Ver3 4599 3¢ Method.-
(800) 222.5332 HYDRA Verd $1295  (Ssnta Barhara
Includes Ver 1,2, 3 Modificationa}
Rational Mathed
{26) Alan A. 3mith Inc. 1463 Qntario St. Mierogomp, 8750 9C3 Trangular Yoy Yes
Burlington, Ontario Desiga of {Canadien) UH
Canada I78 138 Urbag Restapgular UTI
(416) 3334191 Starmwater Single Linear
Systany Reserveoir UH
EPA BWMM Runeil
(27) PLLUIS BT Scftware Ope Dunwoady Park HYORQPLUS £158% SC3 Curvillnear No You
Inc. Suita 250 DEKALP Rational
Atlanta, GA 30338 Method
(B00) 2854972 Varigtions
(28) Joseph B. Bonadiam & 250 8, Lana Court Civil Deslgn Unit Hydrology 8C8 Yes Yos
Software Associatas, Ine,  San Berparding, (A 92408 Civil Cadd F13:1 Curviligear UH
(714) BA9-46061 Rationa] Progm. S-Graph
4345 Formulated by
L.A. Caty, WSPG U.8. Army Corps
$625 of Bngineers
(29) Wenstern Hydrologle 3037 Grass Valley Hwy, Computation Saveral Prieeg Informantion No Nu
Systemns " Buite 8701 of Burface for Packages N/A
Aubtur, CA 85603 Watar $100-$10,000
{B186) 885.2480 Reanurees Digitizers
{$1,000-$2,500)
(20) T1.8, Geologica] Survey Building 2101 Natlonial No Charge UsGs No Yos
Stannis Space Fload Dimaensionless
Center, M8 39529 Frequency Hydrograph
(601} 888-1508 NFF Verifled in
Six Statos
(31) U2, Geologieal Survay Building 2101 Distributed No Charga Kinematic Wave Yean Yes
Btennis Space Routing Technlue
Canter, MS 39529 Rainfall-Runoff
(801) 688.1508 Modal DRIM
(32) Engineering & Surveying 191 Woadport Bd. Deaign Plug 51485 TR-55 1986 Var Yes Yes
Computar Systems Ine, Sparta, NJ 07871 8SCS UH
(800) B3T 5168 Madifted
Rationa] Method
{38) Texas Computer 31656 Greenweod St. Rational $250 Ratlonal Methed Na No
Ceosltants Winter Park, FL 82792 {no hydragraph
40T 8771758 iz produced)
(34) Texaa Comnpurter 31E6 Greenweod Bt. Drainage $180 Synder Unit Yes No
Conmuitants Winter Park, FL 32792 Hydrogrash
(407) 877-7759
(36) James C.Y, Guo Campua Box 113 Urban $150/Package Rational Mathed Tea Yen
Civil Eng, Dept. Drainage/ There are seven Eynder UH -
Univ. of Calarada Hydrlagy packages for Colorade Usban
Denver, CO 80204 Library thia library. Hyd. Procadures

(303) 568.2849

Klpematie Wave
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slierocampuier Soffware in Urban

Hvdrology . ... cont'd

TABLE 1. Preliminary ASCE TC Inventary of Micre Softwaew ln Urban Drainage Deasign (cont'd)

Storm
Addvews and Software Hydrograph Sawer  Datuntion
No. and Name Talephans of Name of Packagn Synthesla Daaigm Basin
of Vendor Yendor Program Cont Muathod Option?  Option?
(36} Engenious Systems Ine. PO, Box 30188 WaterWorks #3850 Completa Aanta Barbara Tea Yer
Seattle, WA 98103 TR
(206) 8280187 B8 Cyrvilinear
UH
{37) Walker Properties Ine. 8040 Exerutive Pk, Dr. TENN-U 4235 Mormalized Unit Na Na
Sults 209 Ragponse
Kaeoxville, TN 37823 Function
(B15) 680.7242 Convolutios
(38) BIGQ *Q" DNC. 284 Thames Rd. East Bosa Na Charge 808 Trisngular Yes Yes
Exster Ontario UH with dynamic Usad for
Canada NOM 133 . varjation of TC racharge/
(300} 285.7822 detention
starage
(32 Nlinois State Water 2204 Griffith Dr. Miraiy Urbea $200 to $375 Routed time-area Yoo Yea
Survey Champaign, IL 81820 Drainage Aren TTH convolution
T {217) 3334959 Steaulatar
(40} Advanced Eaginearing B4 58 Holfner Ave, Adv, ICFRV/ 4905 ta $19066 5C3UH Yo Yea
Technologies Ine. Buite 202 RUNNYD Santa Barbara UH
QOrlando, FL 324812 EKlnematic Wave
(407 273-9338
TABLE 2. Summary of Saltware Charactaristics, TABLE &. Summary of Hydrograph Bynthesis Methoda,
Number of Public Domain Packages 12 N, of Timea
Number of Commereial Paskngea W/Copyright 28 Hydrograph Synthesis Methods Usad
Numbar of Coramervial Packngaa W/Q Copyright 3
Number of Pazkages Offering Scme Techaical Suppart s 8CE8UH 14
Number of Parkages With Full Hydmograph Opticn 38 Ratiozal Method 9
MNumber of Packages With Sterm Scwer Option 28 Snyder UH g
Number of Packagea With Detention Besia Qptica 31 Kinematic Wave 5
Nuzuber of Packages Teqted Againat Gaged Data 30 Clark UH 4
TRES Tabular Hydrograph (1988) 2
S-Hydrograph 2
Banta Barbera Urban Hydrograph Method z
SWMM4 2
Uaer-8pecified UH 2
TABLE 3. Summary of Hydralagie Ahatraction Metheds, Timne-Ares Curve 1
Monlinear Reservair 1
No. of Timew Stanford Watershed Model 1
Hydrologie Abstraction Methods Used USCR Semi-Arid UH 1
Sacramenta Soll Motature With UH 1
3C3 Curve Numbar 17 Cantinucua Sipaulation 1
Rational Mathod C ConiTicient T Rectangular UH 1
Green-Ampt Infilemtion Tquation [ Single Linear Reswrvolr UH 1
Harton Inflltration Equation ) USGE Dimensionless Bydrograph i
Conatant/Uniform Losa Rate 3 Colorade Urban Hydrograph Procedure 1
Initial Lass 1
Holtan Infiltration Equation 3
HEC 1 Exponestial Loss Fonetion 2
Phi-Index 1
Depression Storage Loaa Pupetion 1
Stanford Watetzhed Model 1
Sacraments Soil Molerure Acoounting Model 1
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Microcomputer Sofware in Urban Hydrolegy . ... cond’d.

aequiring copyright. While 74 per-
cent of all vandors reported that
their software originated in-housa,
they alse reported that algorithma
were based computatianally on
wetablished hydrologic metheds
found in sueh programs as HEC1,
SWMM4, TR20, or TREE, User man-
uals and technical suppert in some
form were availeble from all but two
vendors,

The price of vendor softwsare
ranged from zero for publie domadn
software to $10,000 and up for copy-
right softwars integrated with CAD
systems. A maedian price 1s
spproximately $5600,

Further details on the full report
of the Commitiea ara aveilable from
the Chairman B. A. Tachantz, Dept.
of Civil Engineering, University of
Tennessae, Knoxvills, TN 27896; and
from D. F. Kiblar, Dapt. of Civil Engi-
neering, Virginia Palytechnic Inati-
tute and State University, Blacks-
burg, VA 24061-0105.
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TABLE &, Summury of Hydrograph Routing Methoeda.

Na. of Times
Hydregraph Rauting Methoda Used

Tirma-o[-Travael Tranalation
Muslingum

Kinematic Wave

Modified Puls

Storage Judicntion

Cogvex

Full Hydrodynamic Saint.Venant Equations
Average Ordinates
Working R&D

Tatum

Straddle-Stagger

Normal Depth

SC8 Travael Time in TRES
Cutter Routing

Nonlinear Rasstvoir
Linear Time Shift

SWMM4

—
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DATA RECORDERS
FOR WATER 8YSTEMS MCNITORING

MACHINERY

METEQROLOGY

UNIDATA has avallabla a wica range of data collction produets including
sensars, recorders and computer softwarg, Complete systams ard avails
able for many applicationa In the water induatry.
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