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FOREWORD

As environnental controls beconme nore costly to inplement and the penalties of
judgnment errors become nore severe, environnental quality nanagenent requires nore
efficient analytical tools based on greater know edge of the environnenta
phenonena to be nanaged. As part of this Laboratory's research on the occurrence,
novenent, transformation, inpact, and control of environmental contam nants,

t he Assessnent Branch devel ops managenent or engineering tools to help pollution
control officials achieve water quality goals through watershed managenent.

The devel opnent and application of mathematical nodels to simnulate the novenent of
pol lutants through a watershed and thus to anticipate environnental problens has
been the subject of intensive EPA research for a nunber of years. An inportant
tool in this nodeling approach is the Hydrol ogical Sinulation Program - FORTRAN
(HSPF), whi ch uses conputers to simulate hydrol ogy and water quality in natural and
man- mrade water systens. HSPF is designed for easy application to nmost watersheds
usi ng existing neteorol ogic and hydrol ogic data. Al though data requirenments are
extensive and running costs are significant, HSPF is thought to be the nost
accurate and appropriate managenent tool presently available for the continuous
simul ati on of hydrol ogy and water quality in watersheds.

Rosenarie C. Russo, Ph.D.

Di rector

Envi ronment al Research Laboratory
At hens, Ceorgia



ABSTRACT

The Hydrol ogical Sinulation Program - FORTRAN (HSPF) is a set of computer codes
that can simulate the hydrologic, and associated water quality, processes on
pervi ous and inpervious |and surfaces and in streans and wel | - m xed i npoundnent s.
The manual discusses the structure of the system and presents a detailed
di scussion of the algorithnms used to sinulate various water quantity and quality
processes. It also contains all of the information necessary to devel op i nput
files for applying the program including descriptions of program options,
paraneter definitions, and detailed input formatting data.

The original version of this report was submtted in fulfillnent of Gant No.
R804971-01 by Hydroconp, Inc., under the sponsorship of the U S. Environmental
Protecti on Agency. That work was conpl eted in January 1980.

Ext ensi ve revisions, nodifications, and corrections to the original report and the
HSPF code wer e performed by Anderson-Ni chol s and Co. under Contract No. 68-03-2895,
al so sponsored by the U S. EPA. That work was conpl eted in January 1981. Versions
7 and 8 of HSPF and the correspondi ng docunents were prepared by Linsley, Kraeger
Associ ates, Ltd. and Anderson-N chols under Contract No. 68-01-6207, the HSPF
mai nt enance and user support activities directed by the U S. EPA laboratory in
At hens, GA

The HSPF User's Manual for Versions 10 and 11 were prepared by AQUA TERRA
Consultants of Muntain View, CA, incorporating code nodifications, corrections,
and docunentation of algorithm enhancenments sponsored by the U S. GCeol ogical
Survey, the U S. EPA Chesapeake Bay Program the U. S. Arny Corps of Engineers, and
the U.S. EPA At hens Environnental Reasearch Laboratory. The Version 11 manual and
code were prepared under sponsorship of the U S. Geological Survey under Contract
No. 14-08-0001-23472. The manual is available in WrdPerfect fornat.
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Introduction
1.0 PURPCSE AND SCOPE OF THE HSPF SOFTWARE

The use of nodels which simulate continuously the quantity/quality processes
occurring in the hydrol ogi cal cycle is increasing rapidly. Recently there has been
a proliferation in the variety of npbdels and in the range of processes they
simul at e. This has been a mxed blessing to a user. To get the benefits of
simul ation, a user must select a nodel froma bew | dering array and t hen spend nuch
effort amassing and manipulating the huge quantities of data which the node

requires. If the nodeler w shes to couple two or nore subprocess nodels to
simulate a conplete process, he often encounters further difficulties. The
under | yi ng assunptions and/or structures of the subprocess nodels may nake them
somewhat inconpatible. Mre frequently, the data structures are so different that
coupling requires extensive data conversion worKk.

One reason for these problens is that the boomin nodeling work has not included
enough work on the devel opment of good nodel structures. That is, very few
sof tware packages for water resource nmodeling are built on a systematic framework
in which a variety of process nodules can fit.

Wth HSPF we have attenpted to overcone these problens as far as possible. HSPF
consi sts of a set of nodul es arranged in a hierarchical structure, which permt the
conti nuous sinulation of a conprehensive range of hydrologic and water quality
processes. Qur experience with sophisticated nodel s indicates that much of the
human effort is associated with data managenment. This fact, often overl ooked by
nodel buil ders, means that a successful conprehensive nodel mnust include a sound
dat a managenent component. O herw se, the user may becone so entangled in data
mani pul ation that his progress on the simulation work itself is drastically
retarded. Consequently, the HSPF software is planned around a tine series
managenent system operating on direct access principles. The simulation nodul es
draw input fromtinme series storage files and are capable of witing output to
them Because these transfers require very few instructions fromthe user, the
problens referred to above are mnim zed

The systemis designed so that the various sinulation and utility nodul es can be
i nvoked conveniently, either individually or in tandem A top down approach
enphasi zi ng structured design has been followed. First, the overall franmework and
the Tine Series Managenent System were designed. Then, work progressed down the
structure fromthe highest, nost general level to the |owest, nost detailed one.
Every level was planned before the code was witten. Uni form data structures,
logic figures, and programm ng conventions were used throughout. Modul es were
separated according to function so that, as nuch as possible, they contained only
those activities which are unique to them Structured design has nade the system
relatively easy to extend, so that users can add their own nmodules with rel atively
little disruption of the existing code.
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Now, a note on the initial contents of the system Presently, it includes nodul es
whi ch can handle alnost all the functions which are available in the follow ng
exi sting nodel s:

(1) HSP (LIBRARY, UTILITY, LANDS, CHANNEL, QUALITY)

(2) ARM
(3) NPS
(4) SERATRA

The HSPF software is not nerely a translation of the above nodels, but a new system
with a framework designed to accommpdate a variety of simulation nodules; the
nodul es descri bed above are the initial contents. Many extensions have been nade
to the above nodels in the course of restructuring theminto the HSPF system

It is hoped that HSPF will becone a valuable tool for water resource planners
Because it is nore conprehensive than nost existing systenms, it should permt nore
effective planning. More specifically, the package can benefit the user in the
foll ow ng ways:

1. The time-series-oriented direct access data systemand its associ ated nodul es
can serve as a convenient means of inputting, organizing, and updating the
large files needed for continuous sinulation

2. The unified user-oriented structure of the nmodel makes it relatively sinple
to operate. The user can select those nodul es and options that are needed in
one run, and the systemw || ensure that the correct sets of code are invoked

and that internal and external transfers of data are handl ed. This is
achi eved with a mni numof manual intervention. |Input of control information
is sinplified because a consistent systemis used for this data for all the
nodul es.

3. Because the system has been carefully planned using top-down progranm ng
techniques, it is relatively easy to nodify and extend. The use of uniform
progranm ng standards and conventions has assisted in this respect.

4. Since the code is witten almst entirely in ANSI standard Fortran,
i npl enentation on a wide variety of conputers is possible.
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2.0 REQUI REMENTS FOR HSPF

In awarding the grant for developnent of HSPF, the EPA set the follow ng
requi rements:

1. It nmust manage and performdeterm nistic sinulation of a variety of aquatic
processes which occur on and under land surfaces and in channels and
reservoirs.

2. It nust readily accommodate alternate or additional simulation nmodules.

3. It must pernit easy operation of several nodules in series, and thus be
capabl e of feeding output fromany operation to subsequent operations.

4. It nust be in ANSI Fortran with m nor specified extensions.

Wth the concurrence of the EPA, we expanded on these requirenents:

1. It nmust have a totally new design. Exi sting nodul es should not nerely be
transl ated, but should be fitted into a new franmeworKk.

2. It nust be designed from the top down, using some of the new inproved
pr ogranm ng techni ques, such as Structured Design and Structured Progranmm ng.

3. Duplication of blocks of code which performsimlar or identical functions
shoul d be avoi ded.

4. The user's control input nmust have a | ogi cally consistent structure throughout
t he package.

5. Uniform standards and practices nust be followed throughout the design,
devel opment and docunentation of the system

6. It nust have a conveniently operated di sk-based tine series storage file built
on the principle of direct access.

7. The design nust be geared to inplenentation on |arger nodels of the current
generation of mniconputers. It nust be compatible with Operating Systens
whi ch share nmenory using either the virtual nmenory approach or a conventiona
overl ay techni que.
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3.0 PURPCSE AND ORGANI ZATI ON OF THI S DOCUMENT

This report contains all the docunmentation of the HSPF system It is designed to:

1. introduce new users to the principles and concepts on which the systemis
f ounded

2. describe the technical foundations of the algorithms in the various
application (simulation) nodul es

3. describe the input which the user supplies to run the system

To neet these needs and, at the same time, to produce a docunment which is
reasonably easy to use, we have divided this report into several distinct parts,
each with its own organization and table of contents.

Part A (this one) contains introductory material.

Part B outlines the general principles on which the HSPF systemis based. This
i ncl udes a discussion of the "world view' which our simulation nmodul es enbody. A
firm grasp of this material is necessary before the detailed material can be
properly under st ood.

Part C Standards and Conventions (not included)
Part D Visual Table of Contents (not included)

Part E docunents the function of each part of the software. The organization of
this part follows the | ayout of the software itself. The relationship between, and
the functions of, the various nodul es are described, starting at the hi ghest nost
general |evel and proceedi ng down to the | owest nost detailed | evel. The al gorithns
used to sinmulate the quantity and quality processes which occur in the real world
are described in this part.

Part F describes the User's Control Input; that is, the information which the user
must provide in order to run HSPF.

Mat eri al which m ght obscure the structure of this docunent if it were included in
the body of the report appears in Appendices. These include a glossary of terns
and descriptions of sanple runs.
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4.0 DEFIN TION CF TERVS

In this docunment, termnms which have a special neaning in HSPF, are enclosed in
quotes the first tine they occur. Usually an explanation follows imediately. A
gl ossary of terms can be found in Appendix I.

5.0 NOTl CE OF USER RESPONSI BI LI TY

Thi s product has been carefully devel oped. Al though the work included testing of
the software, the ultimte responsibility for its use and for ensuring correctness
of the results obtained, rests with the user

The EPA and the developers of this software nmake no warranty of any kind with
regard to this software and associ ated docunentation, including, but not limted
to, the inplied warranties of nerchantability and fitness for a particul ar purpose.
They shall not be liable for errors or for incidental or consequential damages in
connection with the furnishing, performance or use of this material

VWiile we intend to correct any errors which users report, we are not obliged to do
so. W reserve the right to make a reasonabl e charge for work which is perforned
for a specific user at his request.

6.0 ACKNONEDGVENTS

The original devel opment of HSPF was sponsored by the Environmental Research
Laboratory in Athens, CGeorgia. David Duttweiler was the |laboratory director and
Robert Swank t he head of the Technol ogy Devel opnent and Applications Branch, which
supervi sed the project during the code devel opment period. M. JimFalco was the
Project Oficer initially on the HSPF devel opment work; he was succeeded by M. Tom
Barnwel | who continues to oversee HSPF support activities for EPA

Recent devel opnent of HSPF has been sponsored by the U S. CGeol ogi cal Survey Vater
Resources Division in Reston, Virginia. Dr. Alan Lunb is the Contract O ficer and
directs that effort for the USGS

The initial HSPF and user manual devel opment wor k was perfornmed by Hydroconp, Inc.;
menbers of the entire project teamare acknow edged in the original (Release 5.0)
version of the user manual (EPA Publication No. EPA-600/9-80-015) published in
April 1980. Subsequent revisions and extensions to the HSPF code and user manua
were performed by Anderson-Ni chols & Co., Inc. and AQUA TERRA Consultants. The
primary participants in the work noted above, and their contributions, are
di scussed bel ow

Robert Johanson was Proj ect Manager for Hydroconmp on the initial devel opment work,
and provided consulting assistance to Anderson-Nichols & Co., Inc. and Linsley,
Kraeger Associ ates on subsequent devel opment and mai nt enance work.

John I mhoff had primary responsibility for the RCHRES water quality sections, both
during the initial devel opment work for Hydroconp and subsequent nodifications and
devel oprment for Anderson-N chols and AQUA TERRA
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Harl ey Davis designed, coded and docunented nuch of the PERLND and | MPLND nodul es
for Hydrocomp during the initial devel opnent effort.

Del bert Franz participated in the overall design of the system and supervised the
work on the tinme series nanagenent system at Hydroconp.

Jack Kittle performed or directed nost HSPF software devel opnent activities since
1979. Hi s focus has been on the software structure, tine series inprovenents, and
addi ti on of new conmponents. He designed the MJTSIN (Miltiple Timeseries Sequenti al
I nput) nodul e, water categories in the RCHRES nodul e, conditional Special Actions,
maj or structural inprovenents to the software, and was responsible for production
of Releases 7, 8 and 9. He continues to be a principal advisor in HSPF devel opnent
and mai nt enance.

Tony Donigian participated in the design of the PERLND algorithnms in the initial
project at Hydroconp. Since 1980, he has been the Principal |nvestigator/Project
Manager, providing overall guidance and supervision, on all projects related to
HSPF al gori t hmdevel opnent, with particular focus on the i nprovenents to t he AGCHEM
sections of the program

Bri an Bi cknel | has been invol ved i n HSPF mai nt enance and sof t war e devel opnent si nce
1981. He has devel oped or directed all recent al gorithmenhancenents and software
corrections. He added the WDM file interaction, the MASS-LINK and SCHEMATIC
bl ocks, and the FILES bl ock. He directed the devel opnent and docunentation of
Versions 10 and 11, includi ng maj or enhancenents for simulating forest nitrogen

at nospheric deposition, the DSS file interface, and sedinent-nutrient interactions
and bed tenperature interactions in RCHRES

Tom Jobes has been the primary software engi neer with day-to-day responsibility for
HSPF devel opment and maintenance since 1992. He inplenented nost of the
enhancenents and software corrections in Version 11, with particular responsibility
for the DSS file interface, atmospheric deposition, forest nitrogen and plant
upt ake enhancenments in AGCHEM nmultiple WOM files, code structure inprovenents,
condi ti onal Special Actions, and water categories.
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General Principles

1.0 VIEWOF THE REAL WORLD

1.1 Ceneral Concepts

To design a conprehensive simulation system one nmust have a consistent neans of
representing the prototype; in our case, the real world. W viewit as a set of
constituents which nove through a fixed environment and interact with each other
Water is one constituent; others are sedinent, chemcals, etc. The notions and
interactions are call ed processes.

1.2 Nodes, Zones, and El enents

The prototype is a continuumof constituents and processes. Simulation of such a
system on a digital conmputer requires representation in a discrete fashion. In
general, we do this by subdividing the prototype into "el enents" which consist of
"nodes" and "zones."

A node corresponds to a point in space. Therefore, a particular value of a
spatially variable function can be associated with it, for exanple, channel flow
rate and/or flow cross sectional area. A zone corresponds to a finite portion of
the real world. It is usually associated with the integral of a spatially variable
gquantity, for exanple, storage in a channel reach. The zone the smallest unit into
whi ch we subdivide the world. The relationship between zonal and nodal values is
simlar to that between the definite integral of a function and its values at the
l[imts of integration.

An elenent is a collection of nodes and/or zones. Figure 1-1 illustrates these
concepts. W sinmulate the response of the |and phase of the hydrol ogical cycle
using elenments called "segnents.” A segment is a portion of the | and assuned to

have areally uniform properties. A segnent of land with a pervious surface is
called a "Pervious Land-segnent" (PLS). Constituents in a PLS are represented as
resident in a set of zones (Fig. 1-1a). A PLS has no nodes. As a further exanple,
consi der our formulation of channel routing. W nodel a channel reach as a one
di mensi onal el ement consisting of a single zone situated between two nodes (Fig.
1-1b). W sinmulate the flow rate and depth at the nodes; the zone is associated
wi th storage.

The conventions of the finite el enent technique also fall within the scope of these
concepts. Figure 1-1c shows a two dinensional finite elenent used in the
simulation of an estuary. Three nodes define the boundaries of the triangul ar
element. A fourth node, situated inside, may be vi ewed as subdi vidi ng the el enent
into three zones. This last type of elenent is not presently used in any HSPF
nmodul e, but is included in this discussion to showthe generality provided by HSPF

The system can acconmpbdate a wi de variety of simnulation nodules.
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Figure 1-1 Nodes, zones, and el enents
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General Principles

There are no fixed rules governing the grouping of zones and nodes to form

el ement s. The nodel builder nust decide what grouping is reasonable and
meani ngf ul , based on his view of the real world processes being simulated. In the
foregoing material we presented sone el enents used in HSP and other systenms. In
general, it is convenient to define elenents so that a large portion of the rea

worl d can be represented by a collection of conceptually identical elenments. In
this way, a single parameter structure can be defined which applies to every
element in the group. Thus, each elenent is a variation on the basic thene. It
is then nmeaningful to speak of an "elenent type." For exanple, elenents of type

"PLS" all enbody the same arrangenent of nodes and are represented by sets of
paraneters with identical structure. Variations between segnents are represented
only by variations in the values of parameters. The sane applies to any other
el ement, such as a Reach, layered |l ake or a triangular finite el enent.

As illustrated in the above discussion, nodes are often used to define the
boundari es of zones and el enents. A zone, characterized by storage, receives
i nflows and di sperses outflows; these are called "fluxes.” Note that if the noda
values of a field variable are known, it is often possible to conpute the zona
val ues (storages). The reverse process does not work.

1.3 Processing Units and Networks

To simul ate a prototype we nust handl e the processes occurring within the el ements
and the transfer of information and constituents between them The sinulation of
| arge prototypes i s made conveni ent by designing a single "application nodul e" for
a given type of elenent or elenent group, and applying it repetitively to all
simlar nmenbers in the system For exanple, we may use the RCHRES nodule to
simulate all the reaches in a watershed using storage routing. This approach is
nost efficient conmputationally if one element or group of elenments, called a
"processing unit" (PU), is sinulated for an extended period of tine before
switching to the next one. To pernmit this, we nust be able to define a processing
sequence such that all information required by any PU comes from sources externa
to the systemor fromPU s already simulated. This can only happen if the PU s and
their connecting fluxes formone or nore networks which are "directed graphs.” In
a directed graph there are no bi-directional paths and no cycles. Figure 1-2 shows
some directed and non-directed graphs.

The requirenment that PUs form directed graphs provides the rule for grouping
elements into PUs. Any elenents interacting with each other via |oops or bi-
directional fluxes must be grouped into a single PU because none of them can be
simul ated apart fromthe others

Thus, we can have both single element and nulti-element PUs. A PLSis an exanple
of the former and a channel network sinmulated using the full equations of flow
exenmplifies the latter (Fig. 1-3). Anulti-elenent PUis al so known as a "feedback
region." The collection of PUs which are sinulated in a given run is called a
"network. "

11
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Figure 1-3 Single- and nulti-el enent processing units
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General Principles

The processes which occur within a PU are represented mathematically in an
"application nmodel." The corresponding conputer code is called an "application
nodul e" or "sinulation nodule.”

2.0 SOFTWARE STRUCTURE
2.1 Concept of an Operation

A great variety of activities are perforned by HSPF, for exanple, input a tine
series to the WDMfile, find the cross correlation coefficient for two tine series,
or sinulate the processes in a |and segnment. They all incorporate two or nore of
the followi ng functions: get a set of tine series, operate on the set of input
time series to produce other time series, and output the resulting tine series.
This applies both to application nodules (already discussed) and to utility
nodul es, which performoperations ancillary or incidental to simulation. Thus, a
simulation run may be viewed as a set of operations performed in sequence. All
operati ons have the follow ng structure:

SUPERVI SE
OPERATI ONS
(subroutine OSUPER)
T
3
R R R
GET TI ME OPERATE PUT TI ME
SERI ES (utility SERI ES
(subroutine group or (subroutine group
TSCET) application TSPUT)
nodul e)

The OPERATE function is the central activity in the operation. This work is done
by an "operating nodule"” (OV) and its subordinate subprograns. They operate for
a specified time on a given set of input tinme series and produce a specified set
of output tine series, under control of the "operations supervisor" (CSUPER). All
of the pieces of tine series involved in this internal operation have the same
i nterval and duration. They are therefore viewed as witten on an "internal
scratch pad" (INPAD), resident in the menory of the conputer (Fig. 2-1). The
operating nodul e receives the scratch pad with some rows filled with input and,
after its work is done, returns control to the supervisor with another set of rows
filled with output. The operating nodule may overwite an input rowwth its own
output. The conputing nodule being executed, together with the options being

i nvoked, will determ ne the nunmber of rows required in the INPAD. For exanpl e,
simulation of the hydraulic behavior of a stream requires relatively few tine
series (eg. inflow, depth and outflow) but the inclusion of water quality
simulation adds many nore tine series to the list. Now, the total quantity of

menory space available for storage of time series is also fixed (specified in a
COWDON bl ock) by the options in effect; this is the size (area) of the | NPAD.
Since both the size (N*M and nunber of rows (M in the INPAD are known, the
"width" (no. of intervals, N can be found. The correspondi ng physical tinme is
called the "internal scratch pad span (1 NSPAN)."

14
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Time Interval Numbers
Row 1 2 3 4 5 6 - - N

Number

1

2

3

4

5

M

NOTE: there is one time series per row.

Figure 2-1 Logical structure of the internal scratch pad
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The "get tinme series” function prepares the input tinme series. This work is done
by a subroutine group called TSGET. It obtains the correct piece of atinme series
from the appropriate file, aggregates or disaggregates it to the correct tine
interval, multiplies the values by a user specified constant (if required), and
pl aces the data in the required row of the internal scratch pad. Subroutine group
TSPUT performs the reverse set of operations. TSGET and TSPUT are sonetines
bypassed if a required tine series is already in the | NPAD when the operation is
started, or if the output is being passed to the next operation via the interna
scratch pad.

2.2 Time Series Storage

The time series used and produced by an operation can reside in four types of
st orage.

1. The Watershed Data Managenent (WDM) File

The WM fil e has replaced the TSS as the principal library for storage of tine
series. As far as the conputer's operating systemis concerned, it consists
of a single large direct access file. This space is subdivided into many data
sets containing individual tine series. Each is logically self-contained but
may be physically scattered through the file. A directory keeps track of data
sets and their attributes. Before tine series are witten to the WDMfile

the file and its directory must be created using the interactive program
ANNI E, which is docunented separately.

2. The Hydrol ogi c Engi neering Center Data Storage System (DSS)

The DSS is the primary hydrologic data storage system of the U S. Arny
Engi neers Hydrol ogi ¢ Engi neering Center (HEC). It is simlar in design and
function to the WDMfile. A DSS file consists of a single, large, direct-
access file containing many i ndividual data sets that are identified by uni que
identifiers called "pathnanes”". A pathname is a string of characters fromb5
to 80 characters long, and simlar in construction to a file pathnane on
conputer disk. Creation and maintenance of DSS files is typically perforned
by a utility program such as DSSUTL, which is docunented separately.

3. Sequential Files

These are ASCI1, formatted disk files with a constant |ogical record | ength.
Time series received fromagencies such as the National Wather Service are
typically stored in sequential files.

4. Internal Scratch Pad (I NPAD)

If two or nore operations perforned in sequence use the sane internal tinme
step, tine series may be passed between them via the |NPAD Successi ve
operations may sinply pick up the data witten by the previous ones, w thout
any external (disk) transfer taking place. This is typically done when tine
series representing the flow of water (and constituents) are routed from one
streamreach to the one next downstream
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2.3 Tinme Series Managenent For An Operation

Any operation invol ves a subset of the activities shown in Fig. 2-2. The operating
nodul e expects a certain set of tine series in the |NPAD The operations
supervi sor, acting under user control, ensures that the appropriate input time
series are |oaded from whichever source has been selected, and inforns the
conputing nodule of the rows in the INPAD where it will find its input. Simlar
arrangenents hold for output of time series.

2.4 HSPF Software Hierarchy

The hierarchy of functions in HSPF is shown in Fig. 2-3. Sone explanatory notes
fol I ow.

The "Run Interpreter" is the group of subprogranms which reads and interprets the
"Users Control Input.” It sets up internal information instructing the system
regardi ng the sequence of operations to be perforned. It stores the initial
conditions and the paranmeters for each operation in the appropriate file on disk
and creates an instruction file which will ensure that time series are correctly
passed between operations, where necessary.

The "Qperations Supervisor"™ is a subroutine which acts on information provided by
the Run Interpreter, invoking the appropriate "application”™ or "utility" nodul es.
It provides themwith the correct values for parameters and state variables by
reading the files created by the Run Interpreter

Qperating nmodules are either "application nodules” or "utility nodules.” They
perform the operations which make up a run. Each tinme one of those nodules is
called, an operation is perforned for a period corresponding to the span of the
i nternal scratch pad (I NSPAN). The Operations Supervisor ensures that the correct
nodul e i s invoked.

"Service subprograns" performtasks such as reading fromand witing to tine series
storage areas, adding T mnutes to a given date and tinme, to get a new date and
tinme, etc.

The "Time Series Managenent Systent (TSM5) consists of all the nodul es which are

only concerned with mani pulation of tine series or the files used to store tine
series. It includes the WDOM managenent functions, and TSGET and TSPUT.
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Figure 2-2 Activities involved in an operation
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Application and utility modules
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Figure 2-3 Overview of HSPF software

19



General Principles
3.0 STRUCTURE OF A JOB
3.1 Elenents of a Job

A "JOB" is the work performed by HSPF in response to a conplete set of Users
Control Input. It consists of one or more "RUNs". A RUNis a set of operations
which can be perforned serially, and which all cover the same period of tine
(span). The operations are performed in a sequence specified in the Users Control
Input. To avoid having to store large quantities of internmediate data on di sk,
operations may be collected in a group in which they share a common | NPAD (| NGRP) .

3.2 Goups O Qperations

In most runs, time series have to be passed between operations. As described in
Section 2.2, each operation can conmuni cate with four different time series storage
areas: the WM file, DSS file, the INPAD, and sequential files. This is
illustrated in Fig. 3-1.

Potentially, any time series required by or output by any operation can be stored
inthe WOMfile, DSS, or a sequential file. The user sinply specifies the exact
origin or destination for the time series, and the HSPF system noves the data
bet ween that device and the appropriate row of the I NPAD. This systemcan al so be
used to transfer data between operations. However, it does require that all
transferred data be witten to the WDOMfile, DSS, or a sequential file. This may
be very cunbersonme and/or inefficient and it is better to transfer data via the
| NPAD, where possi bl e.

To transfer data via the | NPAD, operations nust share the sane pad. This neans that
all tine series placed in the pad have the sane time interval and span. Thi s
requirement provides a logical basis for grouping operations; those sharing a
conmon | NPAD are called an INGRP (Fig. 3-1). The user specifies the presence of
groups in his "Users Control Input (UC)." A typical sequence of input is shown in
Fig. 3-2.

The user also indicates (directly or indirectly) in the control input the source
and disposition of all time series required by or output by an operation. |If the
user indicates that a time series must be passed to another operation then the
system assunes that the transfer will be nade via the scratch pad. |If they are not
in the same INGRP there is an error. Wthout a conmon | NPAD, the data nust go via
the WM file or DSS. The structure of the Users Control Input is docunmented in
Part F.
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Figure 3-1 Schematic of data flow and storage for a single run
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The sequence of events in arun is as follows (refer to Fig.3-1).

a. Qperation 1 is performed until its output rows in the INPAD are filled.

b. Data are transferred fromthose rows to other tinme series storage areas, as
required. If any of these data are not required by other operations in | NGRP1,
their I NPAD rows are avail able for reuse by other operations in | NGRPL.

c. Steps (a) and (b) are repeated for each operation in | NGRPL.

d. Steps (a), (b), and (c) are repeated, if necessary, until the run span is
conpl et e.

e. The INPAD is reconfigured and work on operations 5 through 11 proceeds as in
steps (a-d) above. The step repeats until all I NGRP's have been handl ed. The
run i s now conpl ete.

Note that reconfiguration of a scratch pad inplies that its contents will be

overwitten.

CPN SEQUENCE
I NCRP | NDELT = 00: 30
CcoPY 1
PERLND 1
END | NGRP
PERLND 2 | NDELT = 00: 30
PERLND 3 | NDELT = 00: 20
I NCRP | NDELT = 00: 30
CcoPY 2
RCHRES 1
RCHRES 3
RCHRES 5
RCHRES 20
RCHRES 22
RCHRES 23
RCHRES 7
RCHRES 8
RCHRES 50
RCHRES 100
RCHRES 200
END | NGRP
I NCRP | NDELT = 00: 10
DURANL 1
PLTGEN 1
END | NGRP

END CPN SEQUENCE

Fig. 3-2 Extract fromtypical Users Control Input,
showi ng how groupi ng of operations is specified
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4.0 CONVENTI ONS USED I N FUNCTI ONAL DESCRI PTI ON
The primary purpose of the Functional Description (Part E) is:
1. to describe the functions perforned by the various subprograns
2. to explain the technical algorithnms and equations which the code inpl ements.

Subprograns are described in nunerical order in the text. This system provides a
| ogi cal progression for the descriptions. General coments regarding a group of
subprogranms can be made when the "top" subprogram is described, while details
specific to an individual subordinate subprogram can be deferred until that part
is described. For exanple, a general description of the PERLND nodul e (Section
4.2(1)) is followed by nore detailed descriptions of its twelve sections, ATEMP
(Section 4.2(1).1) through TRACER (Section 4.2(1).12).

5.0 METHOD OF DOCUMENTI NG DATA STRUCTURES
5.1 Structure of Data in Menory

The way in which we arrange the variables used in our progranms is inportant. W
structure them as far as possible, using techniques |like those used in Structured
Program Design. W try to group data itens that |ogically bel ong together

Most of the variables in an Operating Mddul e are contained in the Operation Status
Vector (OSV). The OSVs for the application nmodul es are shown in the Programrer's
Suppl erent (Johanson, et al. 1979). The format used to docunment a data structure
is simlar to that used to declare a "structure" in PL/1. W do this because the
techni que is |ogical and conveni ent, not because of |anguage consi derati ons.

5.2 Structure of Data on Disk Files
The HSPF system nakes use of two different types of disk-based data files:

1. Watershed Data Managenment (WDM file and HEC Data Storage System (DSS) files
contain time series data input and out put.

2. The message/information file (HSPFMSG WM, is a read-only, binary file that

contains information used by the program such as keyword nanes, input
formats, paraneter defaults and limts, and error/warni ng nessages.
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6.0 METHOD OF HANDLI NG DI AGNOSTI C MESSACES

HSPF makes use of two kinds of diagnostic nmessage; error nessages and warni ngs,
which are printed to the Run Interpreter CQutput file during both the Run
Interpretation and sinul ati on phases of a run. These nessages are all stored on
t he "message/information” file: HSPFMSG WOM This systemfor storing the nmessages
has at |east two advant ages:

1. Because the nessages are not enbedded in the Fortran, they do not normally
occupy any nenory. This reduces the length of the executabl e code.

2. The files are easier to maintain than if the nmessages were enbedded in the
code. A user can obtain a listing of the contents by "exporting" data sets
fromthe nmessage file using the ANNIE programis Archive function

Each nmessage has been given a "maxi mumcount”. |If the count for a nmessage reaches
this value, HSPF inforns the user of the fact. Then

1. If it is an error message, HSPF quits.

2. If it is a warning, HSPF continues but suppresses any future printing of this
nessage.

In addition to the above features, the Run Interpreter has been designed to:

1. Stop if 20 errors of any kind have been detected. This gives the user a fair
nunber of messages to work on, but avoids produci ng huge quantities of error
nmessages, many of which may be spurious (say, if the code could not recover
fromearly error conditions).

2. Stop at the end of its work if any errors have been detected by it. Thus
HSPF wi Il not enter any costly tinme loop if the Run Interpreter has found any
errors in the User's Control Input.

PART C

STANDARDS AND CONVENTI ONS

Thi s section has been om tted.

PART D

VI SUAL TABLE OF CONTENTS

Thi s section has been om tted.
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