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ABSTRACT
p The principal oblective of the research 1s 1o evaluate, in a multi-
disciplinary framework, problems of regional runoff management, with special
attention to Indiana. One focus of the research i on fnstitutional dissues
affecting vunoff management; —specifically,—interorganiZzation relations and-
. decisien making-among Section 208 water quality management .planning. agencies
are -investigated. It was found that although 208 planning was never a smooth
process in the two study regions, and-wany —participants were Cfrustrated- by
their experiences and the lack of -clear-resulls from the nlapning process, it
may in fact have lald the foundation fur fulure water quatity management pro-

grams within the regions. 1U-was clearly a ‘tearnisg process for all partici-

pants,-and as sych, responsibility for any shertcomings in 208 planming cannot
be laid solely -on-any one-crganization. :

The other focus of the research is on models that may be used to improve
runcff management. To support this work, a2 small watershed in West Lafayette,
Indiana, was wmonitored with an automated dats coliection, data processing, and
data storage system. An investigation of the effects of hydrologic conditions
on the guality of urban runoff from this watershed concluded that: the
watershed generally exhibits a first flush in concentration for all nolilutants
aonitored; and there is no apparent relationship between the guantity of pre-
vious rainfall or the length of the antecedent dry period or the time elapsed
since street sweeping and the quality of storwwater runoff.

An invesiination of how to select the best critical duration for a design
storm for hydrologic studies concluded with a procedure to make the selection
using ILLUDAS. The first step is o determine The Huff gyartiie storm {hat
yields the maximum value for the runoff from the watershed, The rext step is
to use this quartile storm to calculate the critical value of the paved entry
area of the basin. The best estimate of the paved arez entry time should be
obtained by simulation because this pavameter has the most significant influ-
ence on the value of the critical duration. Finally, by using the pipe dis-
tribution retwork which has been suggested for the basin, the effect of the
percentage impervicusness on the critical duration should be investigated.
The results from this analysis suggest the criticel duration which must be
used for that watershed.

The selection of parameier estimates for rainfull-runoff models is quite
important. Two technigues to obtain "optimal" estimates are compared. The
rosylts from this analysis confirm the-statement-by-Sorooshian (1981} that the
objective function that makes use of the maximum 1ikelThood estimator gives
fmproved parameter estimates. This procedure s therefore- recommended  for

obtaining paramster estimatesfor the urban rainfall-runoff model TLAIDAS o T
should also pe tried with other-deterministic models. . of  the ~rainfall-runaff

P.Y"{a OG-

Bnother investigation has demonstrated the need for a  general planning
methodology For use in the design of dual purpose detention basins. 3uch a
methodology is developed, tested, and appears to work very well. The general
interaction of both storage and pipe costs and flowrate and pollutant con-
straints in relation to the overall systew design is illustrated. The effect
of wvarious design freguency constraintz on the overall system desfgn i3
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investigated. Although some initial results are obtained in relation to the
above considerations, any general conclusions should be delayed until more
case studies have been investigated. It is quite -possible, given the complex-
~ity-of  the system, that -any--conclusions may be -site specific.

The new detention basin planning methodology should prove to be a valy-
able tool in the analysis and design of dual purpose detention systems. The
new methodology can be used to obtain an individual system design or used in a
sensitivity analysis of a given system. Such an analysis can be used to con-
struct cost graphs as a function of different flowrate reduction and poliutant
removal levels. By deriving such graphs, information can be obtained concern-
ing the region of control of each constraint. This information could then be
used 1in the selection of a design that provides the best trade-off between
pollutant and flowrate objectives for a selected level of flowrate reduction
or pollutant removal.
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CHAPTER 1
INTRODUCTION

1.1 Research Team and Publications

The focused research project titled "Problem Oriented Evaluation of
Institutional Decision Making and Improvement of Models Used in Regional Urban
Runoff Management" (Grant Number 14-34-0001-0498} began 1in September, 1980.
The research team comprised the Project Dirvector, Dr. J. W. Delleur, and four
other Principal Investigators: Drs. J. M. Bell, Mark H. Houck, H. R. Potter,
and A. R. Rao. In addition, M. Blumberg, H. R. Lemmer, L. E. Ormsbee, and H.
Schweer were Research Assistants for the project.

Numerous technical reports, theses and papers have vresulted from this
work. Some of these are still in the prepublication stage and will not appear
in the scientific Viterature for another year. Many, however, have been pub-
lished or accepted for publication. A listing of these follows:

1. Bell, J.M., and Blumberg, M.S., "The Effect of Various Hydrologic Parame-
ters on the Quality of Stormwater Runoff from a West Lafayette, Indiana,
Urban Watershed”, Technical Report MNo. 162, Purdue University Water
Resources Research Center, West Lafayette, indiana, January, 1984.

2. Blumberg, M.S5., "The Effect of Various Hydrologic Parameters on the Qual-
ity of Storm Water Runoff From a West Lafayette, Indiana, Urban
Watershed”, M.S. Thesis, Purdue University, West Lafayette, IN, December,
1983, o T

3. tLemmer, H.R., "Critical Duration Analysis and Parameter Estimation in
ILLUDAS", M.5. Thesis, Purdue University, West Lafayette, IN, 1981.

4. Lemmer, H.R., and Rao, A.R., "Comparison of Two Methods of Estimating the
Parameters of a Deterministic Urban Rainfall-Runoff Model", Proceedings,
Indiana Water Resources Association Symposium on Water -- Indiana's Abun-
dant Resource, Scuth Bend, IN, pp. 146-157, June, 1982.

5. Llemmer, H.R., and Rao, A.R., "Critical Duration Analysis of Design
Storms", Proceedings, 9th International Symposium on Urban Hydrology,
Hydraulics and Sediment Contrel, University of Kentucky, Lexington, KY,
pp. 11-17, July, 1982.

6. Lemmer, H.R., and Rao, A.R., "Critical Duration Analysis and Parameter
Estimation in I1ludas", Technical Report 153, Water Resources Research
Center, Purdue University, West Latayette, TN, June, 1983,

7. QOrmsbee, L.E., "Systematic Planning of Dual Purpose Detention Basins in
Urban Watersheds”, Ph.D. Dissertation, Purdue University, West Lafayette,
Indiana, December, 1583,

8. Ormsbee, L.E., Oelleur, J.W., and Houck, M.H., "Development of a General

Tanning Methodology for Storm Water Management in Urban Watersheds",

Technical Report No. 163, Purdue University, MWater Resources Research
Tenter, West Lafayette, Indiana, March, 1984, :




9, Ormsbee, L.E., and Delleur, J.W., "Data Acquisition and Management Tech-
niques in Urban Hydrology™, Proceedings, Indiana Water Resources Associa-
tion Symposium on Water--Indiana’s Abundant Resource, South Bend, IN, pp.
14-23, June, 1982.

1.2 Summary of the Report

The remaining chapters of this report are summaries of the five major
areas of investigation undertaken in this project. Chapters 2 through 5 are
condensed versions of other technical reports for the project. Chapter 6 con-
tains a description of the data collection system -- field hydrology station,
telemetry, data processing, analysis and storage -- maintained throughout the
project. .

Chapter 2. Institutional processes are an important factor in the imple-
mentation of many natural resources policies which involve both federal and
state governments and many units of Jocal governments. This s particularly
true for programs like 208 water quality planmning. This study examines data
from 38 respondents in 32 state, regional and local organizations in Indiana.
They include the responsible state agency, state offices of federal and volun-
tary organizations, and numerous organizations in a designated and in an
undesignated area.

Within the designated area there was much more emphasis on public parti-
cipation and support for regional planning. The 208 agency reported adeguate
budget and staffing. The undesignated area had 1ittle public participation;
their planning was done by the State 208 agency. The State 208 agency was not
particularly supportive of either public participation or 208 regional plan-
ning; 1t also viewed fts staffing and budget as less than adequate. Overall,
there were few interorganizational problems reported; however, there were some
goal/priority incompatibilities vreported that affected relations with the
State 208 agency. There was almost no Tocal government finvolvement, which
would Tikely be detrimental to any implementation.

Three inter-related factors appear important for future federally man-
dated policies. Adequate time must be provided. It should not be assumed
that agencies have staff expertise in place for new or rapidly expanding pro-
grams. Sources of funds need not only to be adequate in the short run, but
provide for organizational stability over time. There must be a deliberate
effort to build local support, for example through public participation.
Local support is needed to get local or state funding for staffing and program
impiementation.

Chapter 3. This study investigated the quatity of stormwater runcff from
a 29-acre. “Fully developed, residential watershed. The parameters monitored
were B0D, suspended solids, total coliforms, and fecal coliforms. In most of
the 36 discrete runoff events monitored, a first flush in concentration and
mass (or number) was evident for each of the pollutants.

The importance of various hydrologic activities {such as average inten-
sity of rainfall, peak intensity of ratnfall, total rainfall, peak rate of
runoff, total runoff, and duration of precipitation event) on stormwater poi-
Tutant concentrations, total mass {or number), and peak rates was evaluated by



multiple regression analyses. The hydrologic activities accounted for 33-87%
of the variance in the pollutant data.

No relationship was apparent between the quantity of previous rainfall or
the length of the antecedent dry period and the quality of stormwater runoff.
Neither was an overall trend apparent between the time elapsed since street
cleaning and the quality of the runoff.

Seasonal variations in pollutant levels appear 1o exist in the data col-
lected during this study. In general, concentration, mass {or number), and
peak rates for all poliutants appear to be the greatest in the Fall and least
in the Winter,

Chapter 4. Urben stormwater drainage networks are wusually designed by
assuming & design storm., The durations for these storms are arbitrarily
selected or they are specified by drainage design codes. The first objective
of the research veported in the hydrology section of this report is to develop
guidelines which can be used by designers to select optimal storm durations
which may be used in urban drainage design.

The urban rainfall-runo?f model TLLUDAS is used to obtain estimates of
the maximum runoff rate for & given set of parameters. The maximum runoff
rates are studied to estimate the duration that yields the largest runoff
rate, and this duration is called the critical duration. Each of the parame-
ters in the rainfall-runoff model is varied systematically and its effect on
the critical duration is studied. The rainfall-runoff variables that are sty-
died are the total basin area, basin imperviousness, grassed and paved entry
times, pipe stopes and pipe roughness, rainfall frequency and storm distribu-
tion. Data from First Street Watershed in Louisville, Kentucky, Mount Wash-
ington Watershed in Cincinnati, Ohino and Bar Barry Heights in West Lafayette,
Indiana, are used in the analysis. The storm distribution, paved entry time
and the ratio of paved to grassed area in the subbasing are the parameters
which have the greatest influence on the c¢ritical duration. The procedure
that s recommended to determine the critical duration is first to study the
temporal storm distribution to obtain fhe HuFf guartile storm giving the max-
fmum  runoff  rate. Secondly, the most accurate value of the paved entry time
which can be used for that particular watershed should be estimatad. This
will be the critical duration of the design storm. Finally, the pipe drainage
network should be determined for the final selection of the critical duration,
associated with the percentage imperviousness.

The two stage parameilar estimation procedure proposed by Sorsoshian
{1981} to estimate the parameters of deterministic rainfall-runoff models has
been tested by using ILLUDAS. The parameters estimated by Sorcoshian's method
are compared with <those obta ned by using the Jeast squares criterion. The
method is applied to observed rainfall and runcff data from the Mount Washing-
ton watershed in Cincinpatt, Ohio. The parameters from ILLUDAS that are
estimated in the study are the grassed and paved abstraction values.

The parameter estimates cbtained from Sorooshian’s procedure yield better
estimates of the maximum runoff rate and of the runoff volume than the parame-
ter estimates obtained from the simple least squares parvameter estimation pro-
cedure.  On  the basis of resulis obtained from this study, it is recommended
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that Sorocoshian's method be used to estimate the parameters 1in urban
rainfall-runoff models.

Chapter 5. As urbanization 1in a watershed increases, there is 2
corresponding increase in both vrunoff wolume and rate. As a result, most
rapidly developing urban areas ave now finding themseives faced with the
almost inevitable problem of storm sewer overloads. In addition to this prob-
lem, many municipalities are now facing problems related to the quality of
stormwater runoff. In response to these and other problems, many municipali-
ties are employing detention basins as the primary stormwaler management Con-
trol.  While various policies have beea propesed for improving the quality of
urban runcff, probably the most effective stormwater management technigue 1s
the use of the detention basin. As 3 resyltl, stormwater managemant basins are
now being used to control water guality in addition to the gquantity of runoff.

A general methodology has been developed for use in the pianning of dua’l
purpose detention basins. The methodology employs contimous simulation, sta-
tistical analysis, and a general design heuristic 1o obtain an integrated sys-
tem of detention basins. Both water guantity and water guality constrainis
may be considered. The developed methodology can be used for the analysis of
a particular detention system or in deriving general design guidelines. A
description of the methodology along with two sampie appiications is provided
in Chapter 5.

Chapter 6. An important portion of the study was the collection of
hydroTogic ~data for the Ross-Ade Watershed in West Lafayette, Indiana. The
watershed comprises approximately 2§ acres -- mostly single family vesidences
with about 11 acres of ifmpervious area. :

The field station is currently set up to monitor vainfall, vrunoff, air
temperature, and the water temperaturs of the runoff. The station is also
equipped with an ISCO sampler that can draw water samples from the monitored
runoff. Data collected from the various sensors ave processed by & small
microcomputer and then transmitted via a telephone line to a central stastion
in the Hydromechanics Laboratory of the Purdue University Civil Engineering
Building. Data sent from the field station are processed at the central sta-
tion by a Heathkit H-8 microcomputer which receives the dala and stores them
on floppy discs.

As of April, 1984, 305 individual events have been analyzed. Associated
with each event are minute data for rainfall, flowrate, air temperature, and
water temperature. In addition, quality data have been recorded for 35 of
these events. These data represent a very exiensive data base for use In the
analysis of the physical mechanisms involved 1in urban hydrology.  Summary
tables and graphs have been developed for the entire data base for use in
screening and identifying critical events for subsequent analysis.
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CHAPTER 2
INTERORGANIZATIONAL RELATIONS AND DECISION MAKING AMONG

SECTION 208 WATER QUALITY MANAGEMENT PLANNING AGENCIES

2.1 Introduction

It ds almost a truism that natural resources boundaries, such as
watershed boundaries, do  not correspond  with political  boundaries.
Consequently efforts to control poiiufion often involve several units of
government as well as various findustries and voluntary organizations.
Institutional processes, or relations among organizations, therefore often
become an important factor along with technological and economic factors in
solutions to envirommental problems.

The purpose of this study is to examine how institutional Drocesses may
operate as consiraints or restrictions on alternative solutions 1in water
resources decision making. Institutional processes in water resources
decision making arise on the ome hand out of <pecialized bureaucratic
structures designed to bring technical information and criteria to bear on
issues, and on the other hand out of such basic governing principles as
fairness and due process. While these two aspects of institutional processes
may not always inherently conflict at a more abstract Jevel, at the level of
policy implementation often they at Teast place restrictions or constraints
on what are acceptable solutions to problems. This vesults in part out of
the need for interaction among the specialized agencies and the units of
general purpose government. This is particularly likely in a program like
208 areawide water quality management (named after section 208 of the P.L.
92-500) where a faderally mandated policy is implemented through state and
local governments.

In this study dnstitutional processes are examined through the
interorganizational relations of 208 agencies with other local organizations
and with state and federal agencies. These various organizations each have
goals, domains, budgets and constituencies which are a result of their
institutional structure, and which affect the extent and nature of their
interaction with the 208 agency. The objective here 15 to examine how
institutional processes may place constraints on decision making by Tooking
at organization resources, with an emphasis on regional planning and public
participation in relation to the extent and importance of interorganizational
relations.

While 208 plans and planning have been in limbo since 1980, the
relevance of this study lies in the fact that the problems of non-point
pollution continue to exist, and represent a significant part of water
potlution. Further legislation is being considered to address the problem.
It seems clear that many envivonmental Jssues, from acid rain as  an
international problem to pollution of a modest size watershed covering a few
towns and counties wil! continue to Tnveive intercraanizational arrangements
as a means to working toward a solution.




7.2 Background

In response to increasing envirommental concern over the previous
decade, Congress passed the "Clean Water Act,” Public Law 92-500, in 1972.
This Act established that among other goals:

"(1) it is the national goal that the discharge of poliutants into
the navigable waters be eliminated by 1985;...

{8} it 1is the national policy that areawide waste treatment
management planning processes be developed and implemented to
assure adequate control of sources of pollutants in each
State...” {U.S. Congress, 1972).

1t is Section 208 of this law that provided for areawide waste treatment
management. I[ts scope was intended to be broad encugh %o cover both point
and non-point pollution. Point pollution can generally be dealt with by a
single governmental agency since it has a specific source. Mon-point
poliution however, is likely to span several governmental Jurisdictions, thus
no one agency typically could effectively deal with it. The broad scope and
mechanism of 208 planning is described concisely by Barton as:

“,..a rational, comprehensive, integrated planning process enabling
Tocal areas to develop methods to control water pollution. Under
the 208 process, areas were supposed to estimate growth and
identify needs for municipal sewage ireatment for a 20 year period;
to inventory point pollution:; to identify nonpoint pollution
sources and develop regulations and Tand use measures (BMPs) to
control them: to estimate the aconomic, social, and environmentad
jmpact of the plan; and to designate appropriate agencies to im-
plement it. The plan was then to be submitled for approvai to EPA,
with implementation following plan approvai®™ (1978: 17;.

Several studies have pointed to various aspects of the problem, of
fragmentation of local authority as a source of difficulty in controlling
pollution. See for example, Page and Weinstein (1982), Centaur Management
Consultants, Inc. (1978) Dersch and Hood, (1975} and Kaynor and Howards,
{1973},

However, there was optimism that 208 planning efforts might help cope
with the existing fragmentation:

"...the structure of American Federalism simply does not permit
such {(large regional) arrangements to successfully cope with the
problems of water quality...as a result, we feel the areawide
arrangements such as those emerging under Section 208 should be the
focus of research efforts. They not only have the potential to
coordinate municipal, county and state initiatives, but are also
more likely to allow in their structure for representation on the
part of the variety of public and private interests which are
concerned in this policy sphera. This is extremely important,
since institutional arrangements must be such as te facilitate
achieving supply/quality/land use interfaces at the Tocal level.”
(Wnipple, 1975).



There are several features of the law that are important for relations
among organizations. (1} In administration of the law, a distinction is made
betwsen designated and undesignated planning areas. Designated planning
areas are wusually urban-industrial  areas with severe water pollution
probiems, woften from both point and non-point  sources. Since  many
metropolitan areas already had councils-of-govermments {C0Gs) or metropolitan
planning agencies in existence, much of the admipistrabtive machinery that
could be used Tor this new program was already in place. Responsibility for
coordination and planning for the remaining undesignated aress, primarily
rural areas with Jess severe or at Teast less identifiable pollution
problems, fell to the state govermments. {2} The Federal government was to
supply 100 percent of the funding for initial areawide water guality planning
though Tocal or state agencies were expected to supply the funding for
continued planning. {3) In addition, the EPA had large amounts of money
available for sewage treatment construction grants and other water pollution
control measures. (4} Another feature with implications for Indiana was
that if the states would not accept the responsibility for undesignated area
planning, the EPA would assume that responsinilty for the state and in effect
bypass state government in the planning nrocess. ({5} Finally, the planning
process was to take approximately two years--what was to prove to be an
overly optimistic time frame for a complex process involving social,
political, economic, and technical factors.

2.3 Theoratical Framework

A recent theory of interorganizatiomal relations (IOR), the political
economy model (Benson, 19753, forms the gensral conceptual framework used in
this study. The central premise of this theory is that the context of IOR
can be conceptualized as a political economy with the central sroblem being
resource acquisition. The relevant organizations must compete for various
resources, which can generally be categorized as money and authority. The
emphasis is on the network of crganizations and the resource flows that occur
into and within the network. Thus, it s a genuinely I0R perspective rather
than a modified micro-theory. While the individual organizations are still
the actors, they are not the focus of the analysis. In addition, the model
explicitly deals with the issue of power-~both within the network and between
the network and its sociec-political enviromment. This model may be said to
targely incorporate key elements of resource dependency theory in a
macro-social context. :

the approach te the analysis of dinterorganizational decision-making
taken in this study draws on the works of Benson (1978), Van de Ven, et al.
(1879}, Esman and Blaise (1966}, Raelin (1980), and Warren, et al. {(1974)}.
It focuses on what Warrven, et 7. (1974) in their study of community decision
organizations termed “critical events" which were decision events that
mobilized the decision-making network. In the present study, the formation
of the water quality management plan for a nlanning area will be the
"critical event™ or issue that is the focal point of the interorganizational
relations and this analysis.

The conceptual approach examines selected atiributes of the single
organization, fTncluding its age, size and resources. These organization
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attributes are important in influencing actions an organization takes. They
describe past experience of the organization which involves both developing
internal competence and external relations with other organizations, tThe
resources the organization has to develop and operate programs, and the
extent to which they are either able to make independent decisions based on
technical and/or economic criteria or are vulnerable to outside influance.
These external or institutional relations are also important to the decision-
making process because, to the extent that {functional Tlinkages are not
uniformly distributed throughout the set of water quality management agencies
{and it s unlikely that they are uniformly distributed), these linkages form
the hasis for clusters of interconnected organizations or coalitions which
can more effectively work 1o achieve similar goals in the decision-making
process. :

2.4 Implementing 208, Arecawide Water Quality Management Planning

As one might expect, implementation of the water guality planning stage
was not without 4ts oproblems {c.f., Barteon, 1978; Centaur Management
Consultants, 1978; McPherson, 1979). An initial problem was that EPA dead-
Tines reguired states to begin the planning process even before the EPA had
formulated the guidelines and requirements for the plans. States (perhaps
understandably) delayed taking action, and EPA had to extend the deadline for
the filing of water guality management (WQM) plans until 1978.

EPA apparently made the implicit assumption that the planning agencies
were mature organizations with appropriate technical staff, or if new org-
anizations, that they would cobtain highly quatified staff who were familiar
with techniques reguired for the plan formation. In fact, existing
organizations rarely had the technical staff necessary for data gathering,
and new organizations reguired a good deal of startup time.

There were several problems involved with the local focus of the plan-
ning process {Centaur Management Consultants, 1978). The procedures for
local approval were unclear. It was not unusual for the Tocal planning
process to be dominated by one or twe powerful governmental units or
agencies. This was especially problematic when, for example, planning was
dominated by a county unit, but primary responsibility for impiementation
fell on a municipal unit. Second, although planning was to take place at the
tocal level, the state was ultimately vresponsible for approving and
submitting the final plan te EPA. In some cases, the state took the
initiative for planning, but failed to seek local input into the plan.
Finally, although the initial planning process was funded through EPA by the
Federal government, EPA was not to fund the continuing planning and
monitoring process that was supposed to occur during the implementation of
the plan. This would have placed a heavy Tinancial burden on local and state
governments.

A problem that would have occurred at the implementation stage is that
neither EPA nor the Tocal WOM agencies had the authority to implement and
enforce the plan. Rather, this was tc be the responsibility of the state
government . Given that some states {notably, Indiana) were less than
enthusiastic about the entire water guality management planning process, the
aggressive 1implementation and enforcement of the plans were less than



certain.  However, EPA plans called for full implementation of the plans
within 5 years to meet the goal of “clean water by 19837,

Ore feature that seemed %o be characteristic of the planning process
(especially at the Tocal tevel) was the desire to aveid controversy. The
solution of choice was usually to plan to build improved sewage treatment
facilities rather than grappling with the larger pollution problem which
might require a more complicated selution {Jand use plans, etc.). In ad-
dition, although public dnvolvement was mandated, environmental and consumer
interest groups were usually under-represented. Public involvement often
took the form of pubiic education rather than public input.

Many problems in the planning stage can he traced to how the policy was
implemented rather than to the policy itself. EPA apparently gave iittla
consideration to the political and domain issues relating o state and Tocal
deciston making though they Jdid encourage broad lscal participation in
pianning. In fact, throughout the p“qrniﬂq process, most of the emphasis was
placed on technical solutions to pollution problems. In much the same way,
Tocal WOM agencies often sought state and Incal support for a plan as it
neared completion rather than attempting to involve imoortant individuals and
organizations in the process at its early S*eueﬂ There was 1ittle recog-
nition of intercrganizational dynamics and issues of domain, power, and
autonomy that were dmportant for organizations whether Tincluded in or
excluyded from the planning process,

A kay Teature of P, L. 92-500 for this research is areawide or regional
slanning and conirol of water po Fution, This areawide focus dncludes
mandated interorganizational relabions among the various agencies and
governmental units that, in some way, h&va some level of responsibility for
water quality monitoring and management. Though perhaps to the architects of
the law, mandated interorganizational relations (I0R) was only a means to
achieve a comprehensive approach to water quality manasgement, it occupies a
very central role in the planning and implementation of the Section 208
ProCess. While the primary focus of the legislation was creation and
implementation of a water quality managemeni plan, Tor this research, I0R or
institutional relations s seen as the central mechanism for both the
creation and mplementation of the ﬂ?dn, Without effective TOR, 4t is
unlikeiy that implementation of the plan could even have approached a level
required for effectiveness.

2,5 Methods

The program objectives of Section planning of P. L. 92-500 were to
orcdr i both ?mrgw drban areas Amﬁ rural areas. Therefore, the criteria
used to select study locatior: reflected this diversity. Two regions were
seiected.  Une wa3 an S-county area wz*ﬁ z total poputation of 1,500,000 in
1980, a large, central urbar pop fon which extended oyt into  the
surrounding counties. This was 2 sted area Tor 208, meaning it had
been classified as having relal ﬁs&? us water guatity problems. Indiana
Aeartland Coordinating Commis [ .powas the Z08 agency.  The second
region also had 8 counties, bubt was considerably more rural, with extensive
agricultural Q?Uﬁﬁﬁﬁéﬁﬁa The total population was *8@ 00 ﬁ in ?%80 w;th twin
cities of sboul 585,000 population but no other 25,000,
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This was an undesignated area for which the Indiana State Board of Health had
planning responsibility, although through various subcontracting arrangements
the Region 4 Planning and Development Commission (PORAY had responsibility
for land use surveys, inventories, and projections.

Not only did the areas differ socially and economically, but the 208
agencies were also different. THCC was an active regional planming agency
which acquired 208, and had & direct funding link with the U.5. Environmantal
Protection Agency, an important difference in the ferms of institulional
Vinkages {or factors). PDR4 was a relatively benign regionsl planning agency
with economic development as a primary goal. When ISBH acquired oyerall
responsibility for 208 planning for all undesignated areas in the siate, it
contracted with the State Planning  Services Agency which din turn
sybcontracted some responsibilities to the Planning and Development Regions
inciuding POR4. :

The focus of the study s on the vole that organizations playsd in 208
planning and they are the units of analysis. Our objective was Lo identify
organizations that were invoived in the 208 process and to obiain data on
that involvement. Data were obtained from written vrecords and from
appropriate persons within those organizations. Interviews averaging 1.75
hours were conducted, usually with the head of such organizations, or head of
g unit within that organization. A snowball sampling technique with myltiple
entry points was used For this (Babbie, 1975, Coleman, 1959), This resulted
in 30 interyiews with people in 32 organizations. Twenby-two people were in
single-level organizations, such ag a Tocal govermmental unit, and 17 were in
mslti-level organizations such as a docal or state unit of a national
organization. Four were with the Indiana State Board of Health with
responsibilities over different units and levels. There were three
organizations within which more Than one person was interviewaed, including
both of the regional 208 agencies.

A problem with snowball sampling is determining when you have exhaustad
meaningful interviews. The criterion used for this decisien is known as
saturation sampling (Glaser and Strauss, 1967, Saturation is said to be
achieved when additional interviews do not add new data. We also probed the
boundaries of the set of organizations from which data were collected to
determine 1f additional organizations should be included. This typically
accurred when a respondent suggested we make & new contact. There were,
then, additional preliminary contacts with potential respondents where it
hecame apparent that the organization had no appreciable involvement, and so,
were not interviewed.  Another problem was thal several respondents were
involved with more than one organization, such as a voluntary organization or
local governmental unit and a citizen's advisory board. Respondenis were
instructed to respond primarily in terms of one organizetion, with one
exception, although information they had from their multiple roles was not
ignorad.

7.6 Findings

Organizational Characteristics and Resources. There are 3 rnumber  of
organizationa attributes that are imporiant To describing and understanding
the interactions in the 208 planming process, These atiributes affact the
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resources available to the organization, and its relationships with other
organizations.

There was great diversity in the types of organizations we found
involved in the 208 process. The thirty-three organizational units repreasent
a wide variety of organizations and groups including local, regional, state,
and Tederal agencies or governmenta!l units, voluntary associations, and
business organizations. STightly over half (21} of the interyviews were
conducted with officials or enployees of governmental units or agencies while
the remainder (18) were with members and employees of voluntary associations
and business organizations. A total of sixieen interviews were obtained in
Planning and Development Region 4 {(PDR4), the non-designated area, twelve
from Planning and Development Region 8 (or Heartland area), the designated
area, and eleven from state level organizations, inciuding state offices of
federal organizations.

Multi-level organizations have 1in place a means of communicating
information from national to state to local units. This has the potential to
facilitate building grass-roots support or cpposition for a program. This
may give such organizations an advantage over single level organizations when
dealing with federally mandated programs, About half (17) of the
organizations had more than one administrative level. Typically, these were
govermmental agencies and voluntary associations that had a local unit (e.q.,
county office} that was adwinistratively ressonsible o a state office. The
majority of the state organizations in this study were mylti-level
organizations, while the majority of the organizations from the two regions
(PDR4 and Heartland) were single-teyel,

Although the age of the organization varied from over 150 years to 8
years, neariy one-third of them had been formed since 1968, Thus, many of
the organizalions were relatively young--less than ten years old at the time
of 208 planning. A siightly larger proportion of the youngest organizations
were located in PDR4.

The size of the organization 1n terms of number of paid employees varied
considerably, ranging from zero (voluntary organizations) to several
organizations with over 200 employzes (governmental agencies). Again, these
were Tairly evenly distributed, though smaller organizations {zero to seven
employeas) were predominant in PDR4.

As was expected, age of the organization was a maderately good predictor
variable for a number of resource variables. hge was highly correlated with
an organization's number of paid positions across the entire set of
organizations {r=.43, p<.01) However, it varifed considerably by

organizational Tlocus. It ws strongest in POR4 (r=.65, p<.01) but the

MWithough the sample of organizations in this study is not 2 probahility
sample, significance Tevels are reported [where appropriate) to provide an
indication of the statistical strength of the relationship 1f it were a
probability sampis. This may bhelp emphasize the need for cauvtion in
interpreting the data since they represent only & modest number of
srganizations.
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correfation largely diminished in Heartiand {y=.03, n.s.) and at the state
tevel (r=.04, n.s.).

The size of organizations® tetal budgets during 208 also had 2 great
deal of variation with a range of $250 to 58,500,000, although the median was
about $70,000, Voluntary organizations tended to have small budgats while
larger budgets tended to helong to government agencies. Organization ags was
highly correlated with budget also (p=,480, p<.0GiY.  As with organizabion
size, this correlation was strongest in PDRE {r=.65, p<.01), whila dropping
considerably in Heartland and the stale Tevel {r=.11, n.s. and v=.01, n.s.
respectively).

However, tThere was Tlittle correlation [p=.07, n.s.} between age of
organization and the amount of additional money received spacifically for 208
planning activities. However, it should be notaed that only eleven of the
organizations raceived additional 20¢ money. A t-test on the mean age of the
organizations receiving additional money versus those thal did not showad no
significant difference between the two groups.

One of the major problems encountered during 208 planning was that of
having sufficient money to carry out planning activities. The respondents
wera asked how adequate their overall budget was during the 208 pariod.
Although the responses rangad from "inadequate” {scored 1) to "very adeguate”
(scored 5) the mean response was between “fairly adeguate® (3) and "adequate”
(4) (%=3.3 on a five point scaie). Respondents in the Heartland region
reported the greatest budget adequacy (¥=3.7), Tollowed by PDR4 respondents
{¥=3.3) and state level respondentis (F=2.7). The two agencies wilh respon-
sibitity for 208 planning, the Indiana State Board of Henlth {ISBH) and
Indiana Heartland Coordinating Commission (IHCC) vreported wmean budget
adequacy of 3.6 and 4.0 respectively.

There are however, some important differences in the adequacy of money
specifically allocated to 208 plasning. In this area, PDRA respondents and
Heartland respondents reported the highest budget adequacy {T=3.7 on the same
scale as above), followed by state Tevel respondents {F=2,8}. The most
interasting comparison is between the two arganizations with coordination
responsibilities for 208 planning. The ISBA respondents reported a much
Tower 208 budget adequacy (¥=2.0) than did the IHCC respondents (X=4.0).
This, according to the I[SBH respondents, is one of the major reasons why they
did not carry out & more vigorous planning program. In fact, both agencies
received approximately the same amount of  money {$1,300,000)~~pne 1o
implement planning for one region, the cther Lo implement planning in the /0
percent of the state that was classified as undesignated.

Closely related to these economic Tactors are technical factors such as
the adequacy of staff and their expertise. The mean responses to ithe
question on the adeguacy of staffing were yirtually tdentical to those for
adequacy of overall budget. Howaver, as with the adequacy of 208 budget
item, the ISBH respondents reported much Tower adeguacy (Z=7.0) than did the
THCC respondents (¥=4.0). This was one of the major problems for the 1SBH
and led to the subcontracting of soil erosion assessment studies to the State
Spil and Water Conservation Committes, coordisation of public participation
to Regional Planning and Development Agencles, elc. According to one of the
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respondents, 208 planning was such a Targe program nationally, that there
simply weren't enough gualified water planners to meet the demand.

Staff expertise was rated as better than adequate by the entire set of
organizations, but only adeguate by IHCC and ISBH. This is perhaps to be
expected since these two organizations, because of their centrality to the
pianning process, had the greatest demands made on their staff.

Finally, there was not a significant correlation overall {(r=.10, n.s.)
between organization age and the effect that participation in the 208 process
had on perceived public support for the organization. The correlations

~yaried considerably among the organizations in the different loci. Mhile
‘Heartland organizations had & similar but negative correlation {r=-.11,

n.s.), POR4 organizations had a strong positive correlation (r=.48, p<.04),
and state Tevel organizations had sitrong negative correlation ({r=-.51,
p<.12). Statistical control for various dndicators of contact with the
public did little to alter the reported coefficients. There is no convincing
evidence for a consistenl relationship based on these data, which may be in
part a methodological artifact of the data.

One of the key questions asked of 211 respondents was intended to find
cut what kind of goals the o¢rganizations involved in 208 planning sought to
achieve. The result was that ths respondents for many organizations reported
that their organization had no goals for 208 planning (M=4), their goals were
whatever EPA said they were (3}, were saesking information or were only
monitoring the process (7) ov were there simply to discuss water quality
management (3}. This is particularly interesting in light of the fact that
when asked how important water guality management was to their organization,
75 percent of the respondents reporied that it was either imporiant or very
important to their organization. Thus, nearly half of the organizations that
participated in 208 planning took a reactive rathaer than 2 proactive approach
to the 208 planning process. This can, of course, be taken as an indication
that these organizations were satisfied with existing water guality and

planning for water guality in their areas. If this is ia fact the case, it

is very unlikely that, without the Federal govermment’s insistence, anything
Tike the 208 process would have occuyrres in Indiana, given the State's
rejuctance to become involved in 208 planning.

Although the opravious explanation was no doubt true for some
organizations, an atternative explanation s that few organizations were
aware of the potential of 208 vlanning or even what it dnvolvad. In PDR4,
the public participation phase of the planning process didn't formally start
until fate in 1977, and the plan was completed in 1978. This allowed 1ittle
time Tor citizen education and informed involvement. In PDRE, opublic
participation primarily invotrad public reaction to a plan created at the
state level by the Indiazna State Beard of Health's Division of Water
Pollution Control and  $ts  suheonbraciors. This clearly inhibits the
aeyelopment of local support for Jong term wabter guality management programs
funded even in part by local dollars.

Aowever, not all organizations played a passive role in the process. A
notabie exception is the League of Women Voters, nay were heavily involved

4

in 208 planning at hoth regional and state Jevels., They applied for and
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received a small grant from EPA (approximately $5,000) to present public
information and education workshops on 208 slanning. It is important to note
that their goal was not to influsnce the content of the 208 plans in these
workshops. Rather, their goal was to increase the level and the quality of
pubTic input into the planning process.

To a lesser extent, groups Tike the Izaak Walton League, Soil and Waler
Conservation Districts, and other agricultural groups sought in various ways
to provide information %o the public, but wmore particularly, to their
constituents,

Instituytional Relations. Interorganizational relations are the central
feature of 4nstitutional relations studied hera.  They are freguently a
problem in multi-oruanizational efforts, and 208 planning was no sxcaption,
These problems were quite often reported as being related to the I5BH,
1SBH's structural position is important, since 1t was the state agency
responsible for 208 planming, and for water quality generaily. Thus it 1ies
between local organizations and federal organizations on many envivonmental
matters. Heartland zrea organizations in particular raported problems in
their relations with ISBH. Although IHCC staff and other participants in the
srocess in that region were not directly responsible to I58H, the Heartland
208 plan still had to be approved by the state personnel. While the overall
goal/priority incompatibility with other organizations was generally low with
Tittle effect on relations, respondents reported that ncompatibilities had a
moderate effect on relations with the [SBH. This is consistent with
anecdotal data in which the ISBH was described as inflexible and apparently
unwilling to seriously consider ideas from outside of the agency. This 1is
most likely a result of a combination of factors Tncluding their nistory as a
requlatory agency, their staff shortages, and that as a whole, the agency had
Tittle enthusiasm for 208 planning.

Institutional relationz constitute an important part of both 208
nlanning and of this study. Respondents  were  asked to  name those
organizations that they had contacts with concerning 208 planning. The
number of other organizations named ranged from one to fourtzen with a mean
of seven. The freguency of contact was in most cases monthly or siightly
Tess. Many 208 committees met wmonthly, so it is probable that most
interorganizational contacts took place at scheduled meetings. Typically,
these contacts involved information sharing, with resource transfer (money,
personnel, etc.) occurving much less frequently. In nearly 85 percent of the
contacts, there was no resopurce sharing and in slightly more than 10 percent
of the contacts, it occurred less than monthly. Thus, although institutional
relations were relatively frequent, they were not particularly iniense, as
few "hard" vesources were exchanged.

However, most respondents felt  that thelr contacts with other
organizations were fimportant Tor their own orgenization with nearly 60
percent rating them as important or very important. IHOC respondents said
that their contacts were very important, while ISBH and PRD4, the other two
organizations with 208 responsibilities, reported them Lo be of lesser
importance. There was 1ittle difference though in how other organizaiions
rated their contacts with the three 208 planning agencies~-all rated as
Fairly important.
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One of the variables of particular interest is the influence that the
participant organizations had on the planning process.  The organizations
were divided into two groups--those named sight or more times, and those
named 1ess than eight times. Freguently named mrg&ﬁézatinns were rated as
much  more Influential  {self-ratings excluded} than those named less
freguently. About 57 percent of the respgndentz rated the frequently namead
aorganizations as highly influential or very highly influential, while over 75
percent  rated the less freguently named organizations as  moderately
influential or lower. The perceived influence of the three 208 planning
agencies reflects the scope of the role they each played in the process,
THCC and 15BH were both seen by others as having guite high influence, with
POR4 having moderate influence on Z08 planning. Agricultural organizations
such as the 5011 Conservation Service, Farm Bureau, ste., were generally
rated a5 both Important contacts, and also as  at  Teast moderately
influential, The Soil Conservation Service and State Soil and Mater
Conservation Districts in particuylar were rated as guite important and were

so highly influential.

Overall, there does not appear to have been a great deal of conflict
among the organizaticns involved in 208 planning.  For the entire set of
named organizations, over 75 percent of the respondents reported either none
or litile effect from incompatibilities on their velationship with the
organizations they named. However, of those naming IS8H as an organizational
contact, nearly 60 percent said thal incompatibilities had either moderate or
great effects on their relabtionship. Clearly, there was not always agresment
between ISBH and participants as to procedures and outcomes for 208 planning.

Public Participation. Ay was mentionad eariis Congress mandated
regional planning and public participation in 208 pTanﬂiﬂgk Congress
appeared to have two reasons for this. The Tirst was that t%@%e two elements
were necessary for the success of water gquality management planning. Water
quality management and especially non-noint poltlution are problems that tend
to invoive more than one agovernmental jurisdiction. Thus, any serious
attempt o assess and vreaduce nop-point poi?utswm could not be bound by
traditional city or county boundaries. Since the water quality plans could
conceivably have had a great impact on the public {e.g., 1f the plan included
land use vregulations), it was Jmportant that those affected by the plan have
some Input dnto it. The second reason was that Congress apparentiy expected
that tocal agencies would fall to carry out 7208 planning unless it was
mandated.

Thus, 208 planning featured an dnteresting combination of required
participation and volunteerism. On the one hand, areawide or regional
planning and public participation were requirad. On the other, no particular
groups or organizations were sguired to be invelved and it was left ¢o the
states {and regional planning bodies) to impliement these specified featuras.

This led to some differences in dmplementation of 208 glanning,
depending on who the responsible agency was. In qanﬁwe?§ the respondents
stated thalt their organizations wers quite commitiad fo mublic p&?ﬁiﬁﬁﬁﬁt?)ﬁ
with over 75 percent of them responding that 2q*ﬁ Q?Gﬂﬁ*ﬁ&i?ﬁﬂ& were either
moderately or wvery commitied to public part ﬁ?ﬁﬂ$ and only 8 percent
reported opposition to opublic Qﬁriiﬁ@ﬁ%Léﬁﬂn duw&vars respandents for the
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agency in charge of planning for undesignated areas reported that their
agency was neither committed nor opposed {aggregated responses’ to public
participation in 208 plaming. This may explain o some extent the
relatively low level of public participation in PDR4.  Although there were
public mestings and a2 Citizens Advisory Committee, these were primarily
vehicles for State Board of Health personnel to inform opeople about the
status of 208 planning in their vegion rather than as chaanels for pubiic
ipput. In fact, several of the voluntary organization respondents reported
that at least part of their efforis were directed toward getiing the State
Board of Health to implement as much public participation as they did. Even
sa, three respopdents from the POR4 area spontaneously saild that they feit
the plan for their region was “hended down" from The State Board of Health,
and felt that there should have heen more public input.

In the Heartland area, participation was much greater. Althoush the
bulk of the planning work was done by IHCO staff and a citizen steering
committee, they also had five large commitiees that deail with problem areas
such as agricultural non-point pollution, contamination from septic Lanks,
etc. Respondents for the Heartland agency reported very high commitiment to
public participation {aggregated responses).

Although there was public participation in both of the regiens studied,
it is clear that it was much lower in the undesignated area, where planning
occurred within the state agancy, and higher in the designated area where
there were greater opportunities for public participation.

oy

Ragional Planning. The second  aspect  of  the mandate--vegional

planning--was guite controversial in some areas of the state where 1t was
seen as an attempt to create another Teval of government between the county
and state Tlevels. Although not a major issue in either of the two areas
studied, it was less popular than the public participation element. Slightly
over B5 percent of the respondents repovted moderate to very high commitiment
to regional planning, while 15 percent reporied some level of oppposition to
regional planning.

As ‘with public participation, the State Board of Health respondents
reported less committment to regional planning than most other respondents,
and indicated that there was some opposition to it within the agency. The
Heartland respondents, however, indicated strong commitiment o regional
planning. This could be expected since the IHCC was a regional pianning
agency. This is highly consistent with the evidence that pianning for the
undesignated area ([PDR4) occurred primarily at the state level, while
planning for the Heartland area occurred at the vregional level with
associated public nvolvement.

There were, of course, a number of benefits from 208 planning in the two
regions studied. In response to an open-ended guestion concerning benefits
of 208 planning, close to half of the respondents (17) felt that 1t had
increased their organization's and other orgenizations’ awareness of waler
quality management problems. Additionalily, fwelve felt that 708 planning had
neightened the general public's awareness of waler quality issues. Sixteen
respondents feit that 208 planning had led not only to increased inter-
organizational contacts, but had improved the guality of interorganizational
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relations as well, Seven respondents noted an increase in information
sharing among organizations involved in 208 planning.

2.7 Summary and Conclusions

To summarize the key points of this analysis, a comparison of the 208
planning process in the two study regions reveals a number of differences.
The Heartland group had full responsibility for 208 planning and engaged in
extensive data coliection and documentation for their plan.,  They received
additional money for a Model Implementation Project and for a study of on-lot
disposal problems din one of their member counties. They aiso sought
(unsuccessfully) to have the ISBH Stream Pollution Control Board approve a
"Hmited-use stream designation” regulation. While it dis difficult to
determine with any certainty the level of their involvement, several hundred
people representing all eight countiss had committee appointments, and at
least had formal opportunity for input into the plan. This is in addition to
the public meetings sponscred by IHCC,

In PDR4, on the other hand, the regional agency had only partial
responsibility for 208 planning, including land-use mapping, inventories, and
projections. Soil erosion assessment, for example, was subcontracted to the
State Soil and Water Conservation Committee, and overall public participation
responsibility was vetained by the ISBH. Thus, the advantages of using an
existing regional agency were largely lost, and 208 planning and nublic
participation became a "top-down" process in PDRA. Although the PDRA Policy
Advisory Committee did meet monthly for a six-month period in late 1378 and
early 1979, the minutes of the Tast regular meeting {May 9, 1979) show that
"It was felt by many committee members that the material presented was too
technical and did not contain very much policy material.” This, in large
part, vreflects the difference betwsen data and information generated
regionally as in the Heartland region versus data and information generated
by the state agency and then presented to the region. Clearly, the ISBH took
an  “educational” approach in PDRE, while the IHCC Jmplemented a more
participatory approach.

The second major point of this analysis concerns the ISBHM. The ISBH's
Stream Pollution Control Board had overall responsibility for approving and
submitting 208 plans for all designated and undesignated areas in Indiana.
It did not necessarily wish to become involved in 208 planning, hut had
littie choice in the matter for two reasons. First, the Governor assigned
208 planning to the ISBH (though presumably the Board had some inpult inte
this decision). Second, and more Important, was that this agency had
responsibility for water quality in Indiana, and the Indiana Department of
Natural Resources, in general, had responsibility for water quantity. The
ISBH either had to accept re ponsibility for 208 water quality management
planning or else allow another organization to encroach on its domain. This
tack of enthusiasm Tor 208 planning in conjunction with a shortage of funds
Tor additional personnel and perhaps a Tack of management expertise resulted
in the ISBH's eventual compliance with EPA requlations and directives, but at
the most minimal level possible. This is not to say there were not dedicated
parsonnel in the Division of Water Pollution Control. Rather, there were not
enough of them, and evidence suggests that those staff were probably not
utilized as effectively as they might have been. Tnis is perhaps not too
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surprising if, as one of the respondents suggested, promoiion policies tended
to advance personnel with engineering and scientific training rather than
£i11ing managemant positions with trained adminisirators. '

The final point to be made concerns the interorganizational relations
among the organizations participating in 208 planning. In  general,
agricultural organizations such as  the Farm Bureau, Soil and Hater
Conservation District Boards, etc. were well represented and involved in 203
planning both at the regional and state teyels, The remaining orgapizations
primarily included citizen/envirommentel — groups, city  officials - and
employees, with very faw business organizations involved. The organizalions
with a surprising lack of involvement were county-ievel governments., None of
the elected county commissioners from the sixteen counties in the study
regions played a central role in the 208 process, and only twg were reporiad
to have played even a peripheral role. There are several explanations for
this. One, of course, is that 208 planning was not perceived as relevant to
county government. An alternative 1s that it was unciear wnat the outcome
was to be and therefore what the political conseguences of 208 would be.
Thus, the politically expedient course of action was to ignore the process
entirely. This is a significant institutionai factor, because the regional
agencies had no real enforcement powers, and any implemantation of a water
quality management plan would almost certainly invoive county government as
well as the state government.

The nature of the contacts between organizations was generally perceivead
as being cordial with a relatively Tow level of conflict. Disagreements that
did occur were most likely to occur betwean the ISBH and other organizations
or between organizations from different sectors of the economy such  as
environmental and business organizations. But also, there was not a
particulariy high level of intense contact between the organizations. As
mentioned before, many of the organizations 4id not have sirong qoal
positions for the 208 process. Second, much of the process finvolved
technical rather than policy decisions which no doubt averted some potential
conflict.

Staffing was somewhat of a problem for 208 planning agencies.
Organizations had to hire staff, which meant acquiring funds and positions to
do s0. When the impetus for the program has not come at the local Tevel that
may be difficult to do, for institutional factors become relevant here. Lven
though funding may come from the federal Teyel at the present, the duraltion
of federal money is uncertain, Local government may be reluctant to expand,
faaring it will be faced with a choice of picking up program costs in the
fyture, or cutting the program back and firing people, neither of which are
seen as desirable. Also there may be local opposition to the program.

Tt needs to be recognized that the expansion of enyironmental protection
in the early 1970's was enormous. For example when the ievel of detaiied
information needed for 208 planning alone was extended to non-designatad
areas as well as designated areas a great amount of work was entailed hayond
what planning agencies were previously doing.

What conclusions can we draw for future programs? Three factors stand
out as important to wmodify in future water policies involving federal-
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state-local relations: length of time required for planning and implemen-
tation, sources of funds, and Tocal support.

The length of time provided for 208 planning posed probiems both for the
content of plans and persomel for doing the plans. Largely it was assumed
the data and personnel were availahle. & Tonger period of time would have
alleviated some problems by aliowing agencies to carry the work out over a
longer period which could be done with fewer staff, and also provided time
For training more staff. While federal funding seemingly solves the direct
costs problem for an organization doing 208 planning, its Timited duration
with no ceriainty for future funds doesn't do much for longer term stability
in an organization that needs to hire personnel to carry out such planning.
In addition, uncertainty about funds for impiementation may make the activity
sgem trivial or futile,

208 planning contained a substantial citizen participation component, at
least potentially. We found this component dimplemented much more in the
designated than non-designated area. A third change to be considered in
future programs is to place greater emphasis on the public participation
component with two objectives in mind. It would develop the plan out of
tocal citizens' concerns, not simply as a technical activity, and in the
process build the basis for stronger local support for moving toward funding
and implementing the plan. For example, the planning process might be
structured as a large gquasi-nominal group process, at the regional level for
example, in which the stakes are potentially real. Presumably the obiective
of 208 was not to develop a set of plans, but to develop a means to deal with
water guality problems. While there 75 a need to develop technical knowledge
of weter quality, there is also a nead to develop a constituency to support
such monitoring activity and to suppert action for alleviating problems.

In conclusion, although 208 planning was never a smooth process in the
two study regions, and many participants were frustrated by their experiences
and the lack of clear results from the planning process, 1t may in fact have
taid the foundation for future water quality management programs within the
regions. It was clearly a learning process for all participants, and as
such, responsibility for any shortcomings in 208 planning cannot be laid
solely on any cne organization.
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CHAPTER 3
STORMWATER RUNOCFF QUALLTY

3.1 Introduction

Stormwater runoff, particularly from urban areas, can be a2  substantial
source of pollutants eatering streams and lakes. This research was undertaken
to evaluate the characteristics of stormwater runoff from an urban watershed
and to determine the relationship, if any, between such gualiiy and various
hydrologic activities such as rainfall intensity, fotal rainfall, storm  dura-
tion, antecedent dry period, street sweeping, and season of the year. Water
quality data included suspended solids, piochemical oxygen demand (B.0.D.7,
total coliforms, and fecal coliforms.

| 3.2 Literature Review

Studies of urban stormwater runoff have allowed certain generalizations
to be made about the guality of these waters (see references 1-30 in Bell and
Blumberg, 1984}. The B.0.D. of urban runoff is approximately the same as the
effluent from secondary wastewater treatment plant. The suspended solids are
higher than those found in raw sewage. The bacterial concentrations are typi-
cally 2 to 4 orders of magnitude greater than those considered safe for
water-contact recreational activities.

The effect of antecedent conditions, primarily street sweeping, on the
quality of stormwater runoff has been studied by numerous investigators.
Other investigators have studied the effect of such hydrologic conditions as
rainfall intensity, total runoff, rainfall depth, rainfall duration, and sea-
son ?f the year (see references 7-10, 20-27, 30-40 in Bell and Biumberg,
1984).

3.3 Samplie Analysis

As described in Chapter 6, a field station for the collection of water
quantity and quality data was estabiished for the Ross-Ade watershed in West
Lafayette, Indiana. The station included an automatic sampling device to col-
Ject and store water samples during various rainfall events. Samples were
transported to the iaboratory ag soon as possible after a storm. They were
placed in a refrigerator at 4°C and analyses were typicaily completed within
two days.

A11 28 samples collected from each storm were not analyzed. Typically
10-12 samples were analyzed per storm., Usually every second sampie was
analyzed from the first half hour, and every third sample thereafter. This
produced a maximum sampling interval of thirty minutes. This scheme was
altered on the basis of a visual check of the turbidity of the samples; fi.e.,
samples with especially high or low turbidity were always analyzed.

The analyses performed in this study were chosen on the basis of their
importance in characterizing the quality of the runoff, the relative ease in
which they could be performed, and the frequency of their appearance 1in The
titerature dealing with stormwater quality. The 5-day biochemical oxygen
demand (8.0.D.), suspended solids (S5), total coliform [TC}, the fecal
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coliform (FC} tests were performed in this study . The analyses were per-
formed in accordance with the procedures given in
Standard Methods for the Examination of Water and Wastewater, 1l4th  Edition
{1975},

3.4 Runoff Characteristics

A total of 36 discrete runoff events were sampled. An event was con-
sidered discrete when the time between precipitations falling was equal to
greater than the critical tag. The critical Tag is that time period which
separates rainfall sequences 1into non-related events. The critical lag for
this watershed has been defined as 100 minutes {Rao and Chenchayya, 1974).

A summary of hydrologic data is presented in Table 3.1. Peak rainfall
intensities and peak runoff were determined from the most intense ten minutes
of each event.

A summary of runoff quality data is presented in Table 3.2. Average
flows were used to determine total mass {or number) and peak rates. Average
flows were calculated using the flow at the time of the sample plus those
flows for a half-time interval both before and after such flow.

Data from all samplies were entered on plots of cumulative JToad versus
cumulative volume (Figure 3.1). Most of the points 1ie above the dashed 45-
degree line indicating a greater portion of the total pollutant was contained
in the earlier portion of the runoff; which is indicative of a "first flush®.

Three generalized pollutograph patterns emerged in this study. The first
was a classic first filush with a rise in concentration followed by a decrease
and subsequent Teveling off (Figure 3.2). The second was the same as the
first, except the peak concentration occurs initially (Figure 3.3). The third
pattern exhibits more than one peak (Figure 3.4).

Suspended solids exhibited 11 pattern-one storms, 15 pattern-two storms,
and 8 pattern-three storms. BOD exhibited 9 pattern-one storms, 21 pattern-
two storms, and 4 pattern-three storms.

Both total coliforms and fecal coliforms displayed a first flush. Cumu-
lative loads are plotted against cumulative volumes in Figure 3.5. The same
three generalized pollutograph patterns emerge; however, curves were Rmore
irregular than those for BOD and 5S. Total coiiforms exhibited 7 pattern-cne,
4 pattern-two, and 13 pattern-three storms. Fecal c¢oliforms exhibited 6
pattern-one, 7 pattern-two, and 10 pattern-three storms.

Table 3.2 compares runoff quality to treated and untreated domestic
wasiewater.  Stormwater runofy contains significantly less BOD and $SS than
untreated sewage. More importantly, runoff contains higher concentrations of
BOD and SS than treated effluent, and concentrations of fecal coliforms in
runoff are over 100,000,000 times greater than those in chiorinated effiuent.
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 Table 3.1
Summary of Hydrologic Data
Hydrologic Activity Unit Range

Peak Rainfall Intensity in/hr 0.12 - 2.04

Average Rainfall Intensity in/hr 0.03 - 1.60

Total Rainfall in 0.03 - 1.83
Peak Rate of Runoff MGD 0.28 - 19.04
Totgl Runoff MG 0.004 - 0.634

Duration of Precipitation min 5 - 299
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Table 3.3
Characteristics of Stormwater Runoff and Domestic Wastewater

BOD (mg/1) SS (mg/1) Fecal Coliforms

(#/100 m1)
Stormwater Runoff® 16 78 1.9x101*
Sewageb
Untreated 166 229 c
Secondary Treat. 6 7 1700

aAverage Concentrations

bVa'!ues from West Lafayette, Indiana treatment piant (1981 data for BOD and
S$S; 1981 & 1982 data for fecal coliforms).

“Chiorinated secondary wastewater
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3.5 Regression Analysis

Introduction. In an effort to determine which hydrologic parameters have
the most effect on water guality, multiple regression analyses were performed.
The dependent water quaiity variables were biochemical oxygen demand,
suspended solids, total coliforms, and fecal coliforms--in the forms of total
mass (or number), peak rate, average concentration, and peak concentration.

The independent variables are those hydrologic activities fnvolved in the
collection and transport of pollutants. Pollutanis are made available by the
flushing action of rainfall. To account for that action, peak intensity,
average intensity, and total rainfall were considered. Transport of poilu-
tants is regulated by the carrying capacity of the flow. Those parameters
involved in that action are peak runoff and total runoff. As total runoff and
total mass {or number) are not independent, total vrunoff was omitted from
total mass {or number) regressions. An additional parameter, storm duration,
was included in all regressions. . Independent and dependent variables and
their units are listed in Table 3.4. -

A correlation matrix (v values) of independent variables, inclusive of
all 36 storms, is presented in Table 3.5. Peak fntensity and peak runoff are
highly related {r? = 0.95). The same is true of total rainfall and total run-
off {(r2 = 0.95). A high correlation also exists between total rainfall and
peak intensity, total rainfall and peak runoff, and total rainfall and total
runoff.

Formuiation of Models. The first step in the regression analysis was an
attempt to determine which hydrologic parameters were most important. The BMD
program P9R was used to estimate coefficients of determination (r2}  for the
best subsets of predictor variables (Dixons and Brow, 1979). Best subsets
were chosen by the adjusted rZ. Adjusted r? is r? - p{l-r2)/(N - p'), where:

number of independent variables
p +l
number of storms

o H

=TT

The inclusion of more independent variabies will always increase r2,  The
adjusted r2 is used to account for that inflation.

The best possible adjusted r2 for each dependent variable is listed in
Table 3.6. Average and peak concentrations of BOD, SS, and fecal coliforms
show no relation to hydraulic parameters {r2< 0.25). This s not unexpected
because high levels of flushing (total rainfall, average intensity, or peak
intensity) would not only wash off more pollutants, but also increase carrying
capacity (total runoff or peak runoff). This increased flow would cause ditu-
tion of high pellutant concentrations, thus complicating relationships beiween
those concentrations and hydraulic parameters. No reason, however, is
apparent for the better relationships found between average and peak concen-
tration of total coliforms and hydraulic parameters.

1t was considered appropriate to generate vregression relationships for
the ten cases where hydraulic parameters accounted for more than 25 percent
(r2 > 0.25) of the variance in the data. The SPS5 REGRESSION subroutine was
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Table 3.4

Regression Variables

Dependent Variable Abbreviation Unit
Total mass BOD thod 1b/storm
Total mass S5 tss 1b/storm
Total mass Total Coliforms ttc #/storm
Total mass Fecal Coliforms tfc #/storm
Peak rate BOD rbod tb/day
Peak rate SS rss 1b/day
Peak rate Total Coliforms rtc #/day
Peak rate Fecal Coliforms rfc #/day
Average concentration BOD avbod mg/1
Average concentration SS avss mg/ 1
Average concentration Total Coliforms avte #/100 m]
Average concentration Fecal Coliforms avfc #/100 m1
Peak concentration BOD pbod mg/1
Peak concentration SS psSs mg/1
Peak concentration Total Coliforms ptc #/100 ml
Peak concentration Fecal Coliforms pfe #/100 m1

Independent Variabie Abbreviation Unit
Peak Rainfall Tntensity pint in/hr
Average Rainfall Intensity avint in/hr
Total Rainfall tot in
Peak Rate of Runoff pkrun MGD
Total Runoff run MG
Duration of precipitation event dur minutes
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Table 3.5

Correlation Matrix of Independent Yariables {r values}

pint ayint tot dur run
Cavint 42
tot .B5 A0
dur 17 - 34 .39
Corun .81 .20 .85 A

-~ pkrun .95 .31 .90 27 .91
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Table 3.6

Best Adjusted r<

Dependent Variable

Adjusted r?

Independent Variables Included

Total mass BOD

Total mass SS

Total number Total Coliforms
Total number Fecal Coliforms

Peak rate BOD

Peak rate SS

Peak rate Total Coliforms
Peak rate Fecal Coliforms

Average concentration BOD

Average concentration SS

Average concentration Total Coliforms
Average concentration Fecal Coliforms

Peak concentration BOD

Peak concentration SS

Peak concentration Total Coliforms
Peak concentration Fecal Coliforms

.36
87
.59
.51

57
719
.60
43

.12
.21
.55
-.01

02
.05
.35
04

pkrun, dur

tot, pint

pkrun, pint, avint
pkrun, pint, avint

pint, tot, dur, pkrun

pkrun

pkrun, pint, avint, tot, dur
pkrun, pint, avint

avint, tot, dur

tot, run, pkrun
avint, tot, run, dur
dur

avint, tot, dur
dur

avint, pkrun, pint
pint, pkrun
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used to generate these models (Nie et at., 1975). The independent variables
were introduced into the regression one at a time. The variabie entered fin
each step 1is the one which explains the greatest amount of variance unex-
plained by those variables already in the equation.

The best models are presented in Table 3.7. Table 3.7 lists the adjusted
r2 value and its significance. Significance indicates how likely it is that
the r? for the model occurred by chance alone. The significance 1is obtained
from the F-statistic,

Suspended Solids. The independent variable with the greatest amount of
variance accounted for by the hydrologic parameters is Total Mass of Suspended
Solids (TSS). Peak intensity, total rainfall, and peak runoff were the three
independent variables selected by the regression analysis for the best
(highest adjusted r?) T55 models.

The model with the largest adjusted r2 contains only peak intensity and
peak runoff (adjusted r2= 0.87). A second model containing total rainfall
and peak runoff, has an adjusted rZ (0.86) which is only stightly Jower -than
the first. The inclusion of more than two variables ‘into either of these two
models results in no improvement in adjusted r? suggesting that peak inten-
sity, peak runoff, and total rainfall contain ail the information of the other
hydrologic parameters. '

As with Total Mass of $S (TSS), the Peak Rate of SS (RSS) also had -a high
correlation with peak intensity, total rainfall, and peak runoff. The best
resulting regression relationship for this dependent variable is shown in
Table 3.7, but contains only peak runcff.

Biochemical Oxygen Demand. Total Mass of BOD (TBOD) has a high correla-
tion “With peak intensity, total rainfall, and peak runoff. The best regres-
sion model contains peak runoff and duration. Inclusion of other hydrologic
parameters Tlowers the adjusted r2, indicating they contain no additional
information. The best mode} for Total Mass of BOD, although highly signifi-
cant {a = 0.0001), explains only 35 percent of the scatter inm the data.

The Peak Rate of BOD (RBOD) had a high correlation with peak intensity,
total rainfall, and peak runoff., The best regression relationship contains
peak intensity, total rainfall, peak runoff, and duration.

Total and Fecal Coliforms. Although Total MNumber of Total Coliforms
(TTC) has the highest correlation with peak intensity, total rainfall, and
peak runoff, the best regression relationship was found with the use of the
independent variables of peak intensity, average intensity, and peak runoff.
The addition of duration to the model only increased the adjusted r< by 0.01,
and was deemed, therefore, unnecessary.

The best regression relationship (Table 3.7} for the Total Number of
Fecal Coliforms {TFC) contained the same hydrologic parameters as Total Number
of Total Coliforms (TTC): namely, peak intensity, total rainfall, and peak
runoff. The best regression model for the Peak Rate of Fecal Coliforms (RFC)
incorporated peak intensity, average intensity, and peak runoff.
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Table 3.7

Best Regression Models

Model Adjusted r? Significance
tss = 183.98 %ot + 70.29 pint = 32.03 87 ool
tss = 214.53 tot + 9.56 pkrun - 28.48 .86 .0001
thbod = 2.30 pkrun + .78 dur - 1.94 .36 .0001

ttc = 1.69x10%2 pkrun - 7.42x1012 pint + .59 .0001
2.06x10%? avint + 4.07x10%!

I

tfc = 5.90x101! pkrun - 3.09x10!2 pint + .51 .001
7.64x101% avint + 1.30x1011

rss = 1466.61 pkrun - 291.03 .79 0001

rbod = 580.96 pint - 1502.67 tot + 2.05 dur + .57 L0001
107.96 pkrun + 49.72

rtc = 1.01x10*% pkrun - 3.28x10'* pint + .60 .001
2.45x10*" avint - 3.63x10M% tot +
8.31x10% dur - 5,17x1013

rfc = 2.62x101° pkrun - 1.37x10'% pint + 43 .003
3.06x10'7 avint + 7.80x10!2

avtc = 1.55x10° avint - 1.78x10° tot + .55 001
2.81x10° run + 2.07x10° dur + 4861.94

ptc = 3.94x10° avint + 5.54x10° dur - .35 .022
4.84x10° tot + 1.78x107 run -
1.51x10° pint + 6.29x10"

ptc = 2.87x10° avint + 7.18x10° pkrun - .33 .012
3.89x10° pint + 6.13x10°
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Table 3.7 continued

thod = Total mass 50D {1b/storm)

tss = Total mass 55 {1b/storm}

ttc = Total number Total Coliforms {(#/storm)

tf¢ = Total number Fecal Coliforms (#/storm)

rbod = Peak rate BOD (ib/day)

rss = Peak rate S5 {1b/day)

rtc = Peak rate Total Coliforms (#/day)

rfc = Peak rate Fecal Coliforms (#/day)

pint = peak intensity of rainfall {in/hr)

avint = average intensity of rainfall {in/hr)

tot = total rainfall [in)

pkrun = peak rate of runoff (MGD)

run = Lobal runoff (MG)

dur = duration of pr901p1tat10n event {(hr)

avint = average intensity of rainfall

tot = total rainfall

avtc = Average concentration of Total- Collforms
{#/100 ml)

ptc = Peak concentration of Total Coliforms

(#7100 m1}
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H

A reasonable regression model {adjusted r2 0.55) was found for the
Average Concentration of Total Coliforms (AVTC). A relatively good correla-
tion {r = 0.65) was found between that parameter and average rainfall inten-
sity. The best model for AYTC incorporates average intensity, total rainfall,
duration, and total runoff.

Peak Concentration of Total Coliforms (PTC) has the highest correlation
with average dntensity {(r = 0.65). For this pollutant, the best model
inciudes average intensity, duration, total runoff, and peak intensity. A
second model for PTC, with a slightly lower adjusted r2, includes only peak
intensity, average intensity, and total runoff.

3.6 Previous Rainfall and Antecedent Dry Period Analysis

To evaluate properly the effects of previous storms and antecedent dry
period on stormwater runoff quality, information on street cleaning activities
was necessary. Street cleaning records were available from September, 1982,
through May, 1983. This allowed information on antecedent dry period to be
obtained for 20 storms. Suspended solids data were available for all 20
storms, BOD data for 19 storms, and total and fecal coliforms for 17 storms.

Previous rainfall and antecedent dry pericd were measured in several dif-
ferent ways. The different methods of measurement were: 1) the total amount
of rainfall occurring during the preceding five days; 2) the five-day
antecedent moisture categories (see Table 3.8) of the ILLUDAS Model (Terstriep
and Stall, 1974); 3) the total amount of rainfall occurring during the previ-
ous storm activity; and 4) the number of days since the prior rainstorm.

The information generated by each method of measurement was used as the
independent variable din linear regression analyses with water quality pollu-
tants. The correlation coefficients (r values) and significance values (o)
which resulted from these analyses are presented in Table 3.9, An inspection
of Table 3.9 reveals no significant relationships between the water quality
pollutants and either total rainfall occurring during the preceding five days,
antecedent moisture categories, or number of days since prior storm activity.

Only a few significant relationships {a < 0.10) were found beiween the
total rainfall occurring during the previous storm and water quality parame-
ters (such as, average concentration of SS, total number of fecal coliforms,
and peak rate of total and fecal coliforms). Therefore, it was concluded that
there s no relationship between that antecedent parameter and the water qual-
ity poliutants.

3.7 Street Cleaning Analysis

Street cleaning records from September, 1982, through May, 1983, indi-
cated streets were cleaned six times in September, three times in October, and
once in November, February, and May. Only five monitored storms had street
cleaning, not prior rainfall, as the antecedent activity.

Samples from the five storms were analyzed for BOD and SS concentrations.
Only four of the five storms were analyzed for coliform content. The correla-
tions between days since street cleaning and water quality, and Tlevel of
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Table 3.8

ILLUDAS 5 Day Antecedent Moisture Categories

Category Rainfall Inches During Prior 5 Days
1 Bone Dry 0
2 Rather Dry 0 - 0.5
3 Rather Wet 0.5 - 1.0

4 Saturated

1.0 or greater
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Tahle 3.9

Correlation Matrix of Antecedent Conditions and Water Quality (r values)

Five o cat o one a last o

Tota! mass BGD L1 970 L18 458 .18 448 -.15 .538
Total mass 58 L1100 .654 200 .388 L340 ,138 0 .10 708
Total number L4 L5Ee .25 U324 B8 01z -1l 662
Total Coltiforms

Total number 05 850 L1600 540 .32 204 -.10 .elf
Fecal Coliforms
Peak rate BOD A6 .516 27270 L35 14z -.i6 LBOS
Peak rate 35 L8 78D AT 476 090 2 .09 714
Peak rate L1710 .514 27 282 .63 006 - 10 .714
Total Coliforms
Peak rate 08 762 18 488 A5 G072 -.04  .886

Fecal Coliforms
Average concen- A3 .5%0  -.10 .92 .31 .196 -.11 .660
tration BOD
Average copcen- 14 .5b86 L6 .804 -.52  .018 -.01 .8k2Z
tration 55
Average concentration -.,13 .608 -.04 .864 .03 .,908 -.09 .772
Total Coliforms
Average concentration
Fecal Coliforms

§

A3 L8080 0% 728 -.18 0 488 02 540

07762 A0 .690
A5 420 .39 .120
A1 .662

Peak concentration BOD A5 B4 -.13 586
Feak concentration S5 A3 8R4 - 23 322

Peak concentration 08 .760 b7 .930 29,378
Total Coliforms

Peak concentration -,13 610 -.12  .832 D60 824 .03 .91
Fecal Coliforms

H

i

i

i
!

total rainfall occurring during preceding five days

Five =

cat = five day antecedent moisture category used by ILLUDAS
one = total rainfall during the last storm activity

last = number of days since Jast rainfall

significance level.
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significance of those relationships, are presented in Table 3.10. The high
significance values {« > 0.30) suggest that chance is as Tikely as natural
phenomena to have produced the degree of correlation indicated.

The storm of October 31, 1982, was much higher in peak and total runoff
than the other four storms. As it is possible that these high hydrologic
values might influence water quality, and mask the effect of days since street
cleaning, regression relatienships were re-evaluated without this storm (Table
3.11). This second set of regression relationships is specific to storms with
total runoff less than G.055 MGD, and peak runoff less than 1.50 MG, and was
formulated with only four storms with BOD and S5 data, and three storms with
total and fecal coliform data.

The second evaluation found significant relationships {a < 0.10) between
days since street cleaning and only a few water quality parameters (total
number, peak rate, average concentration, and peak concentration of total col-
iforms, and peak concentration of fecal coliforms, and peak concentration of
BOD). Therefore, it was concluded that no overall trend exists between street
cleaning and water gquality pollutants.

3.8 Seascnal Analysis

To compare seasonal effects properly, either of two situations would be
acceptable. The ideal situation would be to have available water quality data
from many storms in each of the four seasons. Unfortunately, the number of
summer and winter storms analyzed in this investigation was meager.

The second acceptable situation would be to eliminate hydrologic bias
artificially. This would require finding high, medium, and low categories for
the various hydrologic activities, separating storms into these categories,
and testing within each category for seasonal differences. Total rainfall was
the only hydrologic activity which had been categorized for this watershed.
When the storms were divided into the peak, moderate, and trace total rainfall
groups, it became apparent that no category had runoff quality data for all
four seasons.

The only available method to test the water quality data for seasonal
differences required using all the data broken down into the four seasonal
categories. A test of significance was used to check for seasonal differ-
ences. Where only one seasonal value was available, the standard deviation
was estimated from an average coefficient of variation determined for that
pollutant measurement group. The results of seasonal testing indicated that,
in general, concentrations, total mass {number}, and peak rates of all pollu-
tants appear to be the greatest in the Fall and the least in the Winter.

3.9 Conciusions

1. The total mass of BOD, in the stormwater runoff from the West Lafayette,
Indiana, watershed investigated in this study, ranged from 0.3 to 110
1b/storm; and the peak rate ranged from 21 to 3220 1b/day. The average
concentration of BOD ranged from 2 to 61 mg/1; and the peak concentration
ranged from 6 to 136 mg/1.
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Table 3.10

Correlation Between Days Since Street Sweeping and Water Quality
(Five Storms)

Correlation

Water Quality Parameter Coefficient (r} Significance (o)
Total mass RBOD -.16 .796
Total mass S5 ~.05 .938
Total number Total Coliforms -.03 .972
Total number Fecal Coliforms -.45 567
Peak rate BOD -.,11 860
Peak rate 55 - 12 .B4b
Peak rate Total Coliforms - 07 .934
Peak rate rFecal Coliforms - .44 5672
Average concentration BOD .51 .382
Average concentration 55 11 852
Average concentration .58 JA24

Total Coliforms
Average concentration -.08 .918
Fecal Coliforms

Peak concentration BOD .39 .h1?
Peak concentration S$S -.09 L840
Peak concentration .38 618

Total Coliforms
Peak concentration -.37 684

Fecal Coliforms
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Table 3.11

Correlation Between Days Since Street Sweeping and Water Quality
{Four Storms)

_ Correlation '
Water Quality Paramater Coafficient (v} Significance {«)

Teatal mass BOD T R4 R

Total mass 55 A3 266
Total pumber .29 L80
Tota® Cotiforms

Total number 27 B2h
Fecal Cotiforms

Peak rate BOD .85 157

Peak rate 5% 48 552

Peak rate .99 090
Total Coliforms

Peak rate .19 L8840
Fecal Coliforms

Average concentration BOD 42 576

Average concentration SS .50 504
Avevrage concentration 99 040
Total Cotiforms

Average concentration -, 15 902

Fecal Coliforms

Peak concentration BOD .93 074

Peak concentration 55 -, 16 536

Peak concentration .99 070
Total Coliforms

Peak concentration .04 878

Fecal Coliforms
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The total mass of SS in the stormwater runoff from the walershed ranged
from 1 to 706 1ib/storm; and the peak rate ranged from 59 to 27,800
Ib/day. The average concentration of S5 in the runoff ranged from 12 to
199 mg/1; and the peak concentration ranged from 35 to 1,380 mg/1.

The total number of total coliforms in the stormwater runoff ranged from
5.6x107 1o 1.0x10"*/storm, and the peak rate ranged from 5.0x10!! %o
6.3x101%/day. The average concentration of total coliforms ranged from
8.8x10° 1o 1.5x106/100 ml: and the peak concentration of total coliforms
ranged from Z.0x10% to 5.1x10%/100 mi.

The total number of fecal coliforms in the stormwater runoff ranged from
4.8x10% to 2.3x101%/storm; and the peak rate ranged from 1.6x1010 to
2.3x1012/day. The average concentration of fecal coliforms ranged from
6.7x10% to 9.7x105/100 mi; and the peak concentration ranged from 5.0x10°
to 1.3x10% /100 wl.

This watershed generally exhibits a first flush in concentration for all
pollutants investigated. Three types of pollutographs are evident: 1) a
rise in concentration followed by a decrease, 2) an initial peak concen-
tration followed by a decrease, and 3) more than one peak in concentra-
tion. Suspended solids and BOD most often exhibited the second polluto-
graph pattern, next the first, and last the third. Total and Fecal Coli-
form most often exhibited the last poliutograph pattern.

The stormwater runoff contained, on the average, higher concentrations of
BOD, S5, and fecal coliforms than the effluent from a secondary municipal
wastewater treatment plant.

With 99% confidence, the multiple regression models developed for total
mass (or number) and peak rates of all pollutants studied explain at
least 30% of the variance in the data. The models, which contain combi-
nations of various hydrologic activities (peak intensity of rainfall,
average intensity of rainfall, total rainfall, peak rate or runoff, total
runoff, and duration of precipitation event), are listed in Table 3.7.

With 87% confidence, the multipie regression retationship developed for
average concentration of total coliforms, and with 99% confidence, the
regression relationship developed for peak concentration of total coli-
forms explain at least 30% of the variance in the data. These models use
different combinations of the same hydrologic variables used in the first
group of regression equations; they are listed in Table 3.7.

The hydraulic parameters accounted for less than 25% {adjusted r2 < 0.25)
of the wvariance 1in the average and peak concentrations of BOD, SS, and
fecal coliforms data. Therefore, regression relationships were not gen-
erated for these pollutants.

There s no apparent relationship between the guantity of previous rain-
fall or the length of the antecedent dry period and the quality of storm-
water runoff.
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There is no apparent relationship between the time elapsed since streel
cleaning and the quality of stormwaier runoff.

In general, concentrations, total mass {or number}, and peak vrates for
all pollutants appear to be greatest in the Fall and least in the Winter.
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CHAPTER 4
HY DROLOGTC STUDIES

The hydrologic investigation deals with fwo problems. The first of these
is  the selection of durations of design storms and the second one is the
parameter estimation in rainfall-runoff models. These two investigations are
separately discussed below,

4.1 Selection of Design Storm Durations

Introduction. The tendency towards the use of more sophisticated
rainfall-runcff models 1in urban storm sewer design reguires a detafled study
of the parameters used in these models. The variables associated with design
rainfall are the parameters that ave used for the calculation of runoff from a
basin of specific physiographic characteristics. The calculated runoff values
are in turn used in sizing the pipes of the storm sewer network of a subdivi-
sion or other areas.

The design storm that is normally used for the design of storm drainage
networks s defined by the storm duration, the storm frequency and the rain-
fall intensity. Curves relating storm duration, Ffrequency and rainfall depth
are available in the Titerature. The best known of these curves is the set 1in
the Rainfall Frequency Atlas by Hershfield et al, {1961). 1In order to define
a design storm uniquely, two of the three parameters, duration, freguency and
depth must be specified. Due to variations in the rainfall depth at different
Tocations, the storm frequency and duration are novmally assumed in specifying
the design storm.

As there is little work in the Viterature about the variation of runoff
with storm durations, the storm duration was selected for Further study. The
storm duration that produces the maximum runoff from a watershed for a given
set  of watershed conditions is herein calied the critical duration. It has
been shown by Burke et al. (1981) that the critical duration is affected by
the antecedent moisture condition, basin fmperviousnese and travel times.
Wenzel and Voorhees {1978} have remarked that the critical duration for the
design storm should be selected on the basis of model results and not arbi-
trarily.

Although the importance of the design storm duration on the peak and
volume runoff from a watershed is very well known, very 1ittle is known about
the effects of basin parameters on the critical duration. The first objective
of the research reported in this paper is to investigate the effect of various
parameters on the critical duration. In order to generalize the results, data
from three urban watersheds have been analyzed and the results are compared.

The method used in the investigation of c¢ritical storm duration is  as
follows. The I1linois urban drainage area simulator, ILLUDAS {Terstriep and
Stall, 1976}, is the rainfall-runoff model used to study the effect of various
physiographic wvariables on the critical duration. Ffach of the variables in
ILLUDAS is systematically varied and the resulting changes in the critical
duration are studied to dsolate significant variables and trends. Various
changes had to be mads to ILLUDAS to obtain the critical duration for sach set
of watershed parameters efficiently. Home of these changes affected the basic
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model but only changed the way in which ILLUDAS is used. These changes are
discussed in detail by Lemmer and Rao (1983}.

Rainfall-Runoff Variables. The Rainfall and Runoff variables that are
analyzed 1n  fhis study are defined with particular reference to ILLUDAS and
are discussed in that context. Also, the resulis obtained from this study are
based only on the analyses carried out with ILLUDAS. Similar studies wmust be
conducted by using other urban rainfall-runoff models o confirm the trends
observed in the present study. A summary of the Rainfall and Runoff varizbles
that are investigated as well as the results obtaipned from the study are given
in Table 4.1.

The percentage imperviousness, paved entry time apd storm distribution
have the most significant influence on the critical duration. The variation
of critical duration with these parameters is discussed in greater detail in 2
Tater section. The other variables that are studied but yielded no signifi-
cant infiuence on the critical duration are the total basin area, the pipe
siope, length and vroughness, grassed area entry time and the rainfall fre-
quency. The rainfall depth or intensity is related to the storm duration.
Consequently they are fixed by the critical duration and return period of the
storm and can therefore not be varied independently. The soil type and
antecedent moisture condition, which are the other physiographic variables
that influence the runoff from a watershed were not studied because of the
Yimited variation built into ILLUDAS for these variables.

Before using them in the analysis, the rainfall depth values given by 1
40, TP 25 and the mathematical relationship proposed by Fair et al. (1966)
were compared. The result of this comparison 1s given in Figure 4.1 for the
Mount Washington watershed in Cincinnati, Ohio. The rainfall depths for the
same duration and frequency waries considerably depending on the source of
data. 1t can be seen that the relstionship between rainfall depth, duration
and frequency is best represented for the data used in this study by the
mathematical relationship proposed by Faiv et al. (1966) and is given by equa-
tion 4.1. The input structure of ILLUDAS was changed to accommodate the rela-
tionship given 1in equation 4.1. A mathematical relationship among rainfall
depth, durations and freguencies was also preferved since it can easily be
evaluated at intermediate points and Tends ftself to inclusion in a computer
program.

. |
cr (4.1)

0= -
60{t + d)

In equation 4.1, D is the rainfall depth in inches, t is the storm duration in
minutes, T is the recurrence interval of the storm in years and ¢, d, m, and n
are coefficients that must be determined at each basin location., The coeffi-
cients for each of the watersheds used in the analysis are given in Table 4.2,
The procedure that was used to develop these regional coefficients is given in
lemmer and Rao (1983). The storm duration was varied between 5 and 360
minutes and the recurrence interval of the storm between 1 and 25 years in the
determination of the coefficients given in Table 4.2.
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TABLE 4.1. Summary of Results of the Critical Duration
Analysis
Effect on N
Parameter Critical Duration Comments
Total basin area No significant Effect better
effect represented by
parameters £on-
taining an element
of time.
Percentage A significant The source of

Imperviousness

Travet Times

Pipe slope and
Tength

Pipe roughness

Paved area

Grassed area
entry time

Rainfall
frequency

Storm
distribution

effect

Small affect

Small effect

Yery stgnificant

No effect

Smail effect

Significant
effect

this effect is
the tavout of
the storm sewer
system,

This effect can
be contained
within a band of
5 minutes,

Effect 4s also
dependent on the
percentage im-
perviousness of
the basin.

Critical duration
values 1iesg with-
in a S5-minute
band.

A particular set
of Huff curves
give a maxdmum
runotf rate for
one of the quar-
tiles.
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FIGURE 4.1. Rainfall Depths for Mount Washinoton Watershed
Obtained by Various Methods.
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TABLE 4.2. Summary of Regional Coefficients

Basin C s d n
Louisviile 35.66 | 0,202 :8.6 | 0.791
Cincinnati 32.11 | 0.204 | 8.1 | 0.783

West Lafayette | 32,30 | 0.189 | 7.7 | 0.775

Some definition of the variables which have a significant influence on the
critical duration is appropriate at this point. The percentage imperviocusness
of a basin, which is a variable significantly affecting the critical duration
is defined in equation 4.2.

Percentage Imperviousness = {1-Total unpaved area/

Total basin area)x100 {4.2)

As the total paved area of the basin increases, the percentage imperviousness
will also increase. The second watershed parameter that shows a significant
influence on the critical duration is the paved entry time. The paved entry
time is defined in TLIUDAS as the time taken by the runoff to reach the outlet
point from the most hydraulicaily distant point in the watershed. A uniform
basin area s assumed in the calculation of the time-area curve in ILLUDAS.
The validity of this assumption has been discussed by Burke et al. (1981).

Data Collection and Investigation Procedure. The following watersheds
are seilected for analysis 1n this study: 17 First Street Watershed in Louis-
vilie, Kentucky, 11} Mount Washington Watershed in Cincinnati, Ohio, and 1i1i)
Bar Berry Heights Watershed in West Lafayette, Indiana. The data for the
first two watersheds were obtained from Mr. M.L. Terstriep of the I111inois
State Water Survey. These data were also used in the verification of ILLUDAS
{Terstriep and Stall, 1974). The data for the third watershed was obtained
from Mr. €.8, Burke of Purdue University and was used in a previous study
(Burke et al. 1981). The relevant basin data are summarized in Table 4.3,

The temporal storm distribution at a given location is also needed in the
analysis of the effect of storm distribution on the critical duration. The
temporal storm distribution at & particular location is estimated by using a
statistical procedure proposes by Huff (1967) if the necessary rainfall data
are available.

The Chicago method proposed by Keifer and Chu (1957) s a good alterna-
tive to generate hyetographs at locations where rainfall data at a suitable
time step or in sufficient quantity are not wrecorded. The values for the
cumutative percent of precipitation and the cumulative percent of storm time
of each quartile as defined by Huff have been obtained for central I17inois
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TABLE 4.3. Summary of Data for Basins Used in
the Present Study

Basin
Input CToutsviTle T Tincinmati | West Lafayetle

Total Area 76.6 3.7 122.0
facres)

Paved Ab-

straction 0.1 .1 .1
{in)

brassed

Abstraction 0.2 0.2 0.2
{in)

Minimun Pipe

diam. {in) 6.0 8.0 12.90

Mannings 'n' 0.014 .014 0,013

Paved Area 58.74 16.24 36.6
(acres}

Grassed Area 11.94 13.89 85.28
facres)

Percentage Im- 82.09 54.8 36.0

peryiousness

Average Paved

Time {min) 5.78 £.86 5.27

Average Pipe

Length {ft) 325.0 151.36 296.23

Average Fipe

Stope 0.48 1.72 (.59

Average Grass

Flowpath

Length (ft) 360.0 9z2.1% 156.32

Average Grass

Siope 2.0 6.5 2.0

Soil Group 2.0 4.0 2.0

{ ILLUDAS

classification) :

Time Increment 1.0 1.0 1.0
{min)

Routing Option Time Lag Time lag Time Lag

from Huff {1967} and for West Lafayette, IN, from Rac and Chenchyya (1974).
The default storm distribution that is built into ILLUDAS is the first quar-
tile storm for central I1linois. This storm distribution is used throughout
the study except in the case where the effect of storm distribution on criti-
cal duration iz analyzed.

The approach adopted in studying the effect of the variables listed in
Table 4.1 on critical duration is the usual method used in parametric sensi-
tivity analysis. A1l the variables, other then the one presently being stu-
died, are held at reasonable constant values whiie a single variable is sys-
tematically varied. The values of the variable under study are multiplied by
a scale factor to keep the proportions between the values of the variable con-
stant. Although this may sometimes Tlead to physically contradictory



-~ B3 .

situations, the effect of a single variable on critical duration can be best
isolated by this method than by foliowing any other approach. During the
present study ILLUDAS was used only in the design mode and no storage or flow
restrictions were inciuded in the analysis.

Variation of Critical Duration with Paved Area Entry Time, Percentage
Imperviousness and Temporal Storm Distribution. 1he three physiograpnic vari-
ables wnich have the greatest influence on critical duration are the paved
area entry time, the percentage imperviousness of the basin and the temporal
storm distribution. The pliots showing these relationships are shown in Figs.
4.2, 4.3, 4.4, and 4.5,

Paved Area Entry Time. The paved area entry time has the wmost signifi-
cant influence on the critical duration as seen from Figure 4.2. As the pe -
centage impervicusness of the basin increases, there is a resultant increase
in the influence of the paved area entry time on the critical duration.

The maximum and minimum critical durations for each of the basins and the
percentage imperviousness associated with that basin are given in Table 4.4.
For the same basin, the critical duration value may be as low as about 20
mins. or as high as 1 hr. depending on the paved entry time values used in the
study.

TABLE 4.4, Comparison of Critical Duration and
Percentage Imperviousness for Changes
in the Paved Entry Time

......

Basin Name Imperviousness  Maximum  Minimum
{%) {min) {min}
First Street 83.11 57 19
Mount 52.90 36 16
Washington
Bar Barry 30.20 31 17
Heights

The large influence of the paved entry time on c¢ritical duration can be
attributed to the large runcff volume that originates from the paved areas.
The way in which the hydrograph peaks from different subareas arrive at the
outlet determines the runoff rate at the outiet for a given set of conditions.
The paved area entry time also etermines the time at which the hydrograph
peak  occurs.  Changing the paved entry time by a constant factor therefore
moves all the paved area runoff hydrograph peaks by the same amount. Only the
grassed area runoff hydrographs reduce this effect.

As the percentage impervicusness of the basin increases so  does the
difference in the amount of runoff betwsen the paved and grassed areas. This
in turn increases the influence of the paved entry time on the ¢ritical dura-
tion. The paved entry time should therefore be studied very carefully in
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order to obtain a value for the critical duration especiaily for highly imper-
vious basins.

Percentage Imperviousness. The total basin area was held constant during
the analysis of the effect of percentage imperviousn2ss on critical duration
by multiplying the contributing paved area and the supplementary paved areas
by a selected paved area factor. The contributing grassed area was then wmul-
tiplied by the grassed area factor calculated from equation 4.3. Thase
changed areas were then used To get a new valug for the critical duration of
the basin.

Grass area factor = 1 x 2 paved area factor (4.3}

The change in the slopes of the regression tines fitted through the
points for each of the watersheds in Figure 4.3 were analyzed. It was
hypothesized that the changes in these siopes could be accounted for by the
Tayout of the sewer network of that watershed. To test this hypothesis a pipe
network similar to that of First Street basin was assumed for the Bar Barry
Heights and the analysis was repeated. The result is that the slope of the
regression line for the Bar Barry Heights Watarshed changed from zero to a
positive slope as in the case for First Streel basin. This change is shown in
Figure 4.6, The result in Figure 4.6 should be compared to that 1in Figure
4.3. However, the interaction between the storm sewer network and critical
duration is very complex and changes with changes in pipe layout. It was not
possible to derive general relationships about this aspect,

Temporal Storm Distribution. All three basins used in this analysis are
tested with the Four quartile Huff curves from both central [1iinois and West
Lafayette, Indiana. Two approximations made in  this analysis that could
introduce some errors in the results are that the numerical values of the Huff
curves had to be read from the published curves and the procedure in ILLUDAS
that calculates the storm distribution is set up to place the emphasis on the
first quartile rainfall values. This procedure could not be changed easily
and hence was retained.

The results did not give a clear indication of the gquartile which should
be selected for determining the critical duration and alsc the maximum runoff.
Resuits given in Table 4.5 clearly show that for each of the basins the same
quartile of a set of Huff curves produces the maximum runoff.



CRITICAL DURATION(MINI

- R7 -

OHR BHRRY HE TGHTS

70.00
© O MAXIMUY RUNGFF RATE
+  + RUNGFE WITHIN .OSCFS
#—3 LINERR REGRESSION LINE
L L <BMIN TO REGR LINE
TT -BMIN T8 REOR LINE
60.00 —
50.00
40.00 —
30.00 -
20.00 -
10.00 i , i
0.00 43.08 64,57 85,10

PERC

FIGURE 4.6.

21.52
IMPERVIOUONESS  FIRST STR

Changing the Percentage Basin Imperviousnass
vor Bar Barry Heights Basin with the Pipe
Network Egquivalent to that of First Street
Basin.



- KA .

TABLE 4.5, Maximum Runcff Rate at Critical Duration for
Different Huff Storm Distributions.

Maximum Bunct Hate Tots]

Basin Name IT¥inois Huff Distribution West Lafayette Huff
S 3 4 1 4 3 &

First Street 247 7EE 295 316 305 297 2572 236
Mount Washington 54 61 66 71 67 62 56 50
Bar Barry Heights 163 180 193 209 231 183 149 121

Discussion and Conclusions. The above results suggest the following pro-
cedure  For obtaining the best walue of the critical duration of a watershed.
The first step will be to determine the Huff quartile storm that yields the
maximum value for the runoff from the watershed. The next step will be to use
this quartile storm to caiculete the critical vaiue of the paved entry ares of
the basin. The best estimate of the paved area entry time should be obtained
by simulation since this parameter has the most significant influence on the
value of the critical duration. Finally by using the pipe distribution net-
work which has been suggested for the basin the effect of the percentage
imperviousness on the critical duration should be investigated, The results
from this analysis suggest the critical duration which wmust be used for that
watershed.

Strategies for alleviating flooding problems in urban areas can also be
developed by using the results presented fn this study. The sensitivity of
the basin to the percentage impervious and paved entry times can be studied to
see if increasing the pervious area or decreasing slopes or increasing flow
path lengths can change the critical duration. Using the correct duration for
the desion storm will also produce increased runoff rates from the rainfall-
runoff models. This increase in the runoff rate will lead to estimation of
better pipe sizes. Since the increased pipe sizes are based on better esti-
mates of runoff the design will be optimal instead of just being conservabtive.

4.7 Parameter Estimation in Urban
Haintali-Runcff Models

Introduction. The procedure that is used to obtain the optimal parameter
estimates  In a rainfall- vruncff model is guite important. However, this
aspect has not been given sufficient attention in deterministic vainfall-
runoff models. Appropriate objective functions and estimation procedures will
enable accurate parameter estimation and estimation of runoff. Consequantly,
objective function and optimization wethods are being tested for use with
deterministic rainfall-runoff modeis. For example, in a study of the objec-
tive functions of urban rainfall-runoff models Han and Rao {1980) concluded
that the sum of the squared differences between the observed and the calcu-
tated runoff hydrographs gives the best estimate of the basin parameters that
are being optimized.
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The procedure adopted by Han and Rao (1980} to estimate the parameters
optimally is wused in this study also. This procedure, called OPTIL, is com~
pared with another parameter estimation method developed by Sorooshian (1981).
OPTIL can briefly be summarized as follows. The weasured rainfall is read
into the rainfall- runoff model together with parameter values which are ini-
tially guessed. The runoff values computed by the mode] are compared to meas-
ured runoff values. These parameter values are updated by using an optimizag-
tion procedure and least squares objective function. The optimization pro-
cedure is designed to select new values for the parameters and the process 1is
continued wuntil the objective function values do not change more than a
selected tolerance value..

Sorooshian (1981} has developed a two stage optimization method to esti-
mate the parameters of deterministic rainfall-runoff models. In thic method
the parameters are optimized by using a maximum Jikelihood estimator which
contains a weighting factor. This weighting factor is automatically estimated
by means of a Bayesian formulation for the non-informative data case.
Sorooshian tested this procedure on a four parameter model and compared the
resuits to those obtained by using a simple lease squares criterion and the
weighted objective function of HEC 1 of the Y.S. Army Corps of Engineers
(USACE, 1973). The models were evaluated by using synthetically generated
data.

In the present study, the two stage procedure proposed by Sorcoshian is
applied to the urban rainfall-runoff model ILLUDAS (Terstriep et al., 1974).
The parameter estimates obtained from this procedure are compared to the
parameters estimated by wusing simple least squares criterion function as
implemented by Han and Rao (1980) in the program OPTIL which 145 discussed
later.

The objective of the research discussed in this section is to verify the
claim by Sorooshian (1981} that the procedure developed by him gives better
parameter estimates than methods based on the simple least squares criterion.
In the following discussion, Sorocoshian's wmethod s called the MLE. The
method based on OPTIL is called the SLS procedure. The procedure  that is
used, its implementation and the results from the study are presented below.

Data Used in the Study and the Parameters Estimated - Introduction. The
procedure that ¥s used in the analysis of the parameter estimation methods is
to compute the best parameter estimates obtained from both the MLE and SLS
procedures, These parameter estimates are first examined for consistency.
The parameters are used to estimate the runoff. The correspondence between
the computed and observed runoff hydrographs is alsc used to arrive at conclu-
sions about the parameter estimates.

The data, parameters selecied for optimization and the routines that are
used in the analysis are discussed here. The implementation of the procedure
is discussed in a subsequent section.

Parameters Which Are Optimized. Although four parameters are optimized
in the model tested by Sorooshian (1981}, only two parameters are optimized in
the present study due to cost and computational time considerations. The two
parameters in ILLUDAS that are optimized, the bounds within which they are
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allowed to vary and their initial values are given in Table 4.6.

TABLE 4.6. ILLUDAS Parameters that are Optimized
and Their Values

Parameter Variabie Name Parameter Yalussg
ma X T initial i nimum
Paved Ab=traciion ARSTRY 0. 0.3 G.05

Grassed Abstraction DERPG 0.5 0.2 0.1

The grassed (DEPG} and paved (ABSTRT) aves abstractions are selected for
estimation because 1t s difficult o obtain reasonable values for them by
measurement. It is also easier to visualize the storage effect dmplied 1in
ABSTRT and DEPG than to visualize the effect of the infiltration coefficients
which are the other parameters optimized by OPTIL {Han and Rag, 1980).

The maximum and minimum values for the parameters given 1n Table 4.6 for
the abstractions are rough estimates taken from published walues. The initial
values used in the optimization of the parameters are recomsended by Terstriep
et al. {1974} for use with ILLUDAS.

Drainage Basin and Rainfall-Runoff Data Selected. Data from the Mount
Washington watershed 1in Cincinnati, Orio, are used in the analysis of the
parameter estimation methods. This basin is selected Trom several which were
available because it has a fairly complex storm sewer network. It has also
been verified previously by Terstriep et al. {1974) and a good set of
rainfall-runoff data s available for the basin, Several storis on Mount
Washington watershed for which the runoff data are alsec available are used in
the study.

Methods Used in the Study. The cbjective functions and parameter estima-
tion “pracedures that are used to obtain optimal parameter estimates arve now
discussed. The simple least squares objective function is discussed first
since it has already been implemented in OPTIL. The two step opiimization
procedure by Sorcoshian {1981} is discussed next. The Box Complex {Box, 1965)
optimization procedure is discussed last.

OPTIL with Least Squares Criterion. A modified version of the program
OPTIL  deveToped By Han and Hec (10960} is used in this analysis., The major
change that is made to this program is to replace Rosenbrock’s optimization
routine (Rosenbrock, 1960; Kite, 15653 with the Box Complex optimization rou-
tine (Box, 1965) as developed by Babriele et al. {1979}. This change was
nacessary because it was  found that the Box Compled method converges wmore
rapidly and with fewer evaluations of ILLUDAS than Rosenbrock’s method.

The alternations made io ILLUDAS by Han and Rao {1980} to evzluate the
simple least sguares criterion wers vetaiped. A Visting of the final program
with the changes made to implement the MLE of Sorcashian is  found in  lemmer
and Rap {1983}.
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Two Stage Optimization Using a Maximum Likelihood Estimator, The  two
stage procedure developed by Sorooshian {19817 to e<iimate Fhe parameters in
rainfall-runoff model was adapted for use with ILLUDAS. A flowchart of the
procedure is given in Figure 4.7. The procedure is described in more detad]
below and the expressions to evaluate the objective function and for obtaining
new values of the parameters 5 and X are also given.

The version of ILLUDAS used in OPTIL with the least squares criterion is
used to calculate the runoff which is required in the maximum 1ikelihood func-
tion. The maximum Tikelihood function is the objective function dncluded in
ILLUDAS for this two stage optimization procedure. Sorooshian's (1981) Dro-
cedure can be summarized as follows:

a. The parameters o and » required in equation 4.4 given below are set equal
to unity for the first evaluation of the maximum likelihood estimator.

b. The Box Complex optimization procedure is used to maximize the maximum
Tikelihood function L{9, g, A)

n
{ = wt)lfz
t=1
L{e,o,A) = : v (4.4)
2.n/2 (-1/2¢ 2
2ng ) e b -
(2no n=1 wt (qtumes qt,com) )
2010
where, We = Oy com's (4.5}

6 : the vector of parameters to be estimated, o : the standard deviation
of the errors, A: a weighting factor, g s - the measured runoff at
time .94 com: the computed runoff at tim@”%,

The value for w, was obtained from a Box and Cox {1964} transformation to
obtain a set of flow values, 9. (2], with a constant variance o where ) is the
unknown transformation parametér.

Sorocoshian later recommended that better results may be cbtained by maximizing
the natural Togarithm of equation 4.4. The Togarithm of Lo, o, A} s given in
equation 4.6

n

L(o,0,0) = 0.5 I (1w - (n/2) Tn (25d5) - (0.5/c)
t=1 *
; 2
til ¥ (9% nes 9% com! (4.6)

c. After obtaining the optimal parameters estimated by using equation 4.6 a
new value of A is selected. A simple peak seeking routine is used to
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solve equation 4.7 by trial and error.

n

n n til Wi 1M com! (¢ mes - 9, com’

til Inlay ond = -~ )2 =0 (4.7}

2

. {9 mes ™ % . com

After obtaining optimal estimates for X the value of o is obtained from
equation 4.8,

n

2 1 p I 2

o =~ ¥ e, -= 1 e )", {4.8)
n a1 t n =1 t

where e 2{»1) 2(x1) (4.9}

t = Y.mes 7 9%.com

d. Steps {b) and {c) are repeated until the difference between two succes-
sive values of X are within a prescribed tolerance or the changes in the
parameter values are within preselected limits.

Box-Complex Method of Constrained Minimization. The decision to use the
Box-Compliex method 1n  the present study rather than Rosenbrock's method is
based on the conclusion arrived at by Box (1965) that it is a better procedure
for solving constrained problems than Rosenbrock’s procedure. The simplex
method of Nelder and Mead (1965) is suggested by Sorooshian et al. {1981} for
estimating the parameters as an alternative to the pattern search technique
which was originally uzed by them.

The Box Complex optimization method as implemented by Gabrisle et al.
(1979} is used to find the optimal estimates of grasses and paved area
abstractions in ILLUDAS. The SLS and MLE procedures are both used to deter-
mine the optimal paramefer estimates.

Implementation., A1l the procedures discussed above are brought together
in a program called "ILLBOX' that is used to obtain optima) parameter esti-
mates. The procedure that s adopted to compare the results from the two df f-
ferent parameter estimation procedures by means of the program ILLBOX is first
to estimate the parameters by using the simple least sguares objective func-
tion. The objective function is then changed 0 the MLE function and the
parameters are refined in a stepwise fashion., i was determined in order to
get a better understanding of the effect that the weighting factor has on the
values of the parameters. The results obtained from this analysis are
presented and discussed next.

Results and Discussion - Introduction. During the development of the
program ILLBOX", the paramelers which were estimated by using the SLS objec-
tive function and the MLE objective function with a weighting factor of 1 were
compared.  The parameter values obtained from these two objective functions
must be the same since maximization of eguation 4.6 with A= 1 and o = 1 Jeads
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to the maximization of the function given below:
n

o ow (g - q
t=1 T t.mes t.com

. )@

(4.10}

and from equation 4.5 w, = 1 for all flows. This assumption of x =1 and o =
1 therefore reduces the likelihood function to a simple Teast squares objec-
tive function. The parameters estimated by these two methods are found the
same as those estimated by using the SLS objective function. The SLS objec-
tive function was not used again and only the MLE objective function was
evaluated.

Results. The values for the paved and grassed abstractions for the three
diffevent storms analyzed, together with the value of the weighting constant
are given in Table 4.7. The values of the objective functions are also given
but they cannot be compared due to the change of the values of Wy and o in
eguation 4.6,

Examples of the outflow hydrographs computed by using these methods are
given in Figures 4.8 through 4.13. In Figures 4.10 and 4.12 the uncalibrated
hydrographs, which are hydrographs computed by using parameter estimates which
are guessed, are compared to hydrographs obtained by using parametars obtained
by using the least squares objective function and to the measured runoff
hydrographs.  The results in Figures 4.9, 4.11, and 4.13 are the final calcu-
lated outflow hydrographs obtained by using the parameter estimates from
Sorooshian's method as well as measured hydrographs.

The observed peak flows, time to peak flows, and the runoff volumes are
compared with those of calculated hydrographs. The calculated outflows pro-
duced by the optimal parameters from the 5L5 and the MLE procedures are given
in Table 4.8.

Discussion of Results. The optimized values for the paved and grassed
abstrictions For the Fivet storm are closer to the initial values and the out-
flow hydrograph computed by using the optimal estimates alse resembles that
which is computed by using the initial parameter values. In the case of the
remaining two storms the optimized values for the paved and grassed abstrac-
tions yield outflow hydrographs that are better representations of measured
hydrographs. The magnitude of the paved and grassed abstractions for both
these storms ave of the same order of magnitude and markedly different from
the paved and grassed abstractions obtained by using the first storm.

The difference between the parameter estimates for the first and for the
cecond and third storms can be attributed to the differences in the storms
themselves, The first storm has a multiple peak runoff hydrograph while the
second and third storms produce single peaked hydrographs.

1t should also be noted that the SLS objective function Teads to the
unlikely situation that the paved abstractions are greatler than the grassed
abstractions for the third storm. In contrast all the results obtained from
the MLE analysis seem reasonable representations of the actual sftuation.
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The MLE procedure leads to closer approximations of the peak runoff rate.
The time to peak produced from both optimization procedures are the same
except in one instance where the MLE procedure leads to a worse estimate of
the time to peak. In the case of two of the storms the total runoff volume
estimated by using the MLE procedure is closer to observed values. For the
third case, the volume of runoff is overestimated with the MLE procedure and
underestimated by the SLS procedure.

4.3 CONCLUSION

The results from this analysis confirm the statement by Sorooshian {1981)
that the objective function that makes use of the maximum 1ikelihood estimator
gives improved parameter estimates. This procedure is therefore recommended
for obtaining parameter estimates for the urban rainfall-runoff model ILLUDAS.
[t should also be tried with other deterministic models of the rainfall-runoff
process.
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CHAPTER 5
URBAN DRAINAGE S5YSTEM DESIGN

5.1 Introduction

As urbanization in a watershed increases, there 1is a corresponding
increase in both runoff volume and rate. As & result, most rapidly developing
urban areas are now finding themselves faced with the almost inevitabie prob-
lem of storm sewer overloads. In response to these and other problems, many
municipalities are employing detention basins as the primary stormwater
management control. Although detention storage has been shown ©o ‘be ‘an effec-
tive stormwater control, vrandom or unplanned placement can signrificantly
reduce its effectivensss, and in some cases, can actually aggravate potential
flood hazards. 1In addition, designs which fail o consider the long term per-
formance of a basin can vesult in ineffective management for a wide range of
runoff events,

In addition to problems of storm sewer overioads, many manticipatlities are
now facing problems related to the quality of stormwater runoff. Recent stu-
dies such as the National Urban Runoff Program have shown that dual purpose
detention basins can be very effective in the removal of various potiutants.
While various policies have been proposed for improving the guaiity of urban
runoff, probably the most effective stormwater management technique is the use
of the detention basin. As a resylt, stormwater management basins are now
being used to control water quality in addition to the quantity of runoff.

The widespread use of detention basins is reflected in the results of a
recent AWPA survey of 325 public agencies. The results of this survey indi-
cated that over 50 percent of the drainage master plans of the surveyed muni-
cipatities 1included detention basins. Nearly 40 percent of those communities
without detention facilities said that facilities are being built, are in the
planning stage, or have been considered and are a priority item for the near
future (Poertner, 1981). Four of the fop eight design objectives reported by
the public agencies responsible for establishing detention facilities fall in
the category of water quality enhancement {Smith, 1982).

The relevancy of the general problem of detention basin design and utili-
zation was recently highlighted at the 1982 ASCE specialty conference on
detention basins, which was held at Hennicker, New Hampshire. The conference
addressed both institutional and design issues. Among the recommendations of
the conference was a need to integrate both guality and quantity objectives
into the design of dindividual basins. In addition, the need for a better
understanding of the interaction of variocus detention basins within a
watershed was identified. The need for general pianning methodologies was
als0 addressed.

5.7 Development of a Genaral Planning Methodo?agy

In response to the geperal recommendations of the Henniker Conference, a
general planning methodology has been developed for use in the planning of
dual purpose detention basins. The methodology employs continuous simulation,
ctatistical analysis, and a general design heuristic to obtain an integrated
system of detention basins. Both water quantity and water quality constraints
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may be considered. The developed methodology can be used for the analysis of
a particular detention system or in deriving general design guidelines. A
flowchart of the general planning methodoiogy is provided in Figure 5.1. A
description of the methodology along with two sample applications is provided
in the following sections. (See Ormsbee (1983) for a more detailed descrip-
tion and a 1isting of all computer programs used.)

SIMULATION OF THE
SELECTEDLHATERSHED

SELECTION OF A
DESIG% EVENT

SELECTION OF A
FINAL DESIGN

Figure 5.1 General Planning Methodology

Simulation of the Selected Watershed. In order to optimize the design
and placement of detention basins in an urban watershed, it is necessary to
model the hydrologic response of the watershed. The last decade has seen the
development of several urban watershed simulation models. In order to con-
sider the interaction of both water quantity and water quality objectives
effectively, it 1is necessary to use a model that simulates both processes,
Four models that do consider both processes are STORM (U.S. Army, 1976),
DR3M-QUAL {Smith and Alley, 1982), HSPF {Hydrologic Simulation Program, 1979},
and SWMM III (Huber et al., 1981).

Although all four models can simulate both quantity and quality
processes, STORM cannot simulate the storm sewer network of a watershed,
DR3M-QUAL is relatively new and is not as comprehensive as SWMM III. SWMM 111
is  generally easier to use than HSPF and has been tested and updated over the
Tast ten years. In addition, SWMM 111 can use Mational Weather Service rain-
fall tapes directly for use in continuous simulation. Because of this fact,
and because of the availability of the model, SWMM II1 was selected as the
watershed simulation model to be used in the overall planning methodotogy.

Selection of a Design Event. The proposed planning methodology uses a
continuous simulation model (SWMM III} to obtain a time series of runoff
events. The various events are then ranked on the basis of peak, average, and
total statistics for both flowrate and pollutant loadings. As a result of
these rankings, a set of critical events is obtained for each desired return
frequency. In general, the wvarious discrete events will not have the same
ranking for the different selected statistics (i.e., peak, average, total).
Thus, for a given design variable such as flowrate, one must decide whether to
select the design event based on a peak ranking, average ranking, or a total
ranking.  When pollution parameters are considered in addition to flowrate,
the selection process can become very difficult.

In general, for a detention basin design, peak statistics are more impor-
tant in the selection of design constraints while total statistics are more
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important in the selection of design events. However, the salection of a
final design event will still requive an examination of both statistics.. For
example, an event with a medium volume and a very high peak will oprobably be
more severe than an event with a very large volume and much Tower peak. In
general, the final selection will fend to invnlve a certain degree  of
engineering judgment.

The selection of the most appropriate poliutant statistic will tend 1o
depend on the specific pollutant objectives of the overall design. In this
study, the total load statistic was considered to be wmost important Decause
the design heuristic determines removal efficiencies based on total load.

Although a single design event for a  given frequency may be obtained
based on an examination of simulation resulls, a more appropriate approach
would be to select a set of design events. By using a set of events, the
design corrvesponding to a particuiar cvent can he tested by applying the
remaining events. Ideally, one of the individual designs will be satisfactory
for all of the events. If no single satisfactory design can be found, then
some manual adjustment must be wade. This could be accomplished by generating
a composite event from the selected set of desion events. Such an event could
have the hydrograph corresponding to the event with the peak discharge or max-
imum  runoff volume and the pollutograph corresponding to the event with the
maximum load.. Although the use of a composite design event could result in
designs that correspond to larger return frequencies for a particular hydrolo-
gic statistic, such an approach will result in designs that satisfy the design
frequencies of all of the hydroiogic parameters and not Just one or Two.

selection of a Final Design. The basic objective of the general planning
methodology 16 to determine the Tocations and sizes of selected detention
basins so as to minimize the overall design cost of the system while satisfy-
ing both water quantity (flowratel and waier quality {pollutant load) con-
straints at specified control points in the watershed. In order to accomplish
this objective, some type of design algorithm is neaded. '

The design algorithm emplioyed in this study uses dynamic programing to
obtain an initial feasible solution. Once an initial solution is cbtained,
the algorithm continues using the Complex Method of Box... Four different state
variables may be considered at each detention site: basin length, basin width,
basin side slope, and the orifice outletl dimension. For the purpose of this
study, square orifices wers assumed. In addition, three diffsrent costs may
be considered: storage cost, area cost, and orifice cost, The ¢ost of the
required downstream pipe or channel may also be included in the problem if
desired. The design heuristic is wery flexible and may inciude the storm
sewar petwork in the overall design probiem. For the purpose of this study,
the slope of any designed pipe is assumed fo egual a specified ground slope.

Embedded in the design heuristic 1s a simulation program that routes the
inlet hydrographs and potiutant leads through the watershed., Hydrographs are
routed through the chanrels using a simpie time lag approach. Hydrographs are
routed through the detention basins using Newton's iteration techpique.
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Simulation of the Selected Watershed. 1In order to optimize the design
and placement of detention basins in an urban watershed, it is necessary to
model the hydrologic response of the watershed. The last decade has seen the
development of several urban watershed simulation models. In order to con-
sider the interaction of both water quantity and water quality objectives
effectively, it 1is necessary to use a model that simulates both processes.
Four models that do consider both processes are STORM (U.S. Army, 1976),
DR3M-QUAL (Smith and Alley, 1982}, HSPF (Hydrologic Simulation Program, 1979),
and SWMM II11 (Huber et al., 1981).

Although all four models can simulate both gquantity and quality
processes, STORM cannot simulate the storm sewer network of a watershed.
DRIM-QUAL is relatively new and is not as comprehensive as SWMM I1I. SWMM I1I
is generally easier to use than HSPF and has been tested and updated over the
last ten years. 1In addition, SWMM III can use Mational Weather Service rain-
fall tapes directly for use in continuous simulation. Because of this fact,
and because of the availability of the model, SWMM III was selected as the
watershed simulation model to be used in the overall planning methodology.

Selection of a Design Event. The proposed planning methodology uses a
continuous simuiation model (SWMM 111} to obtain a time series of runoff
evepts. The various events are then ranked on the basis of peak, average, and
total statistics for both flowrate and pollutant Toadings. As a result of
these rankings, a set of critical events is obtained for each desired veturn
frequency. In general, the wvarious discrete events will not have the same
ranking for the different selected statistics {i.e., peak, average, total).
Thus, for a given design variable such as flowrate, one must decide whether to
select the design event based on a peak ranking, average ranking, or a total
ranking.  When pollution parameters are considered in addition to flowrate,
the selection process can become very difficult.

In general, for a detention basin design, peak statistics are more impor-
tant in the selection of design constraints while total statistics are more
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important in the selection of design events. However, the selection of a
final design event will still require an examination of both statistics. For
example, an event with a medium volume and a very high peak will probably be
more severe than an event with a very large volume and much Tower peak. In
general, the final selection will tend to involve 3 certain degree of
angineering judgment,

The selection of the most appropriate poliutant statistic »ill tend o
depend on the specific pollutant cbjectives of the overall design. in this
study, the total Joad statistic was considered to be most  important  because
the design heuristic determines removal efficiencies based on total load.

Although a single design event for a given freguency may be obtained
based on an examination of simulation results, a wmore appropriate approach
would be to select a set of design events. By using a set of events, the
design corresponding to a particular event can be tested by applying the
remaining events. Ideally, one of the individual designs will be satisfactery
for all of the events. If no single satisfactory design can be found, than
some manual adjustwment wmust be made. This could be accomplished by generating
a composite avent from the selected set of design evenis, Such an event could
have the hydrograph corresponding to the event with the peak discharge or Mmax-
imum runcff  volume and the pollutograph corresponding to the avent with the
maximum load. Although the use of a composite design event could result in
designs that corrvespond to larger return freguencies for a particular hydroloe-
gic statistic, such an approach will result in designs that satisfy the design
frequencies of ail of the hydrologic parameters and not just one or two.

Selection of a Final Design. The basic objective of the general planning
methodoTogy 75 1o determine the locations and sizes of selected detention
basins so as to minimize the overall design cost of the system while satisfy-
ing both water quantity {flowrate} and water gquality {pollutant Toad) con-
straints at specified control points in the watershed. In order to accomplish
this objective, some type of design algorithm is reeded.

The design algorithm employed in this study uses dynamic programming to
obtain an initial feasible solution. Once an initial solution is obtained,
the algorithm continues using the Complex Method of Box. Tour different state
variables may be considersd at each detertion site: basin length, basin width,
basin side slope, and the orifice outlet dimension. For the purpose of  this
study, sguare orifices were assumed. In addition, three differvent costs may
be considered: storage cost, area cost, and orifice cost. The cost of the
required downstream pipe or channel may alsg be included in the problem iF
desired. The design heuristic is very flexible and way include the storm
sewer network in the overall design problem. For the purpose of this study,
the slope of any designed pipe is assumed to equal a specified ground siope.

Embedded in the design heuristic is a simulation program that routes the
inlet hydrographs and pollufant loads through the watershed. Hydrographs are
routed through the channels using a simple time lag approach. Hydrographs are
routed through the detention basins using Hewton’'s iteration technigue.
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5.3 First Application of the Planning Methodology -
Gien E11yn Watershed

The general planning methodology was applied to two case studies. The
first invoived a watershed in Glen Eltlyn, I11inois and the second case study
involved a synthetic watershed constructed from average geomorphic data for
the state of Indiana. In this section, the application of the planning metho-
dology to the Glen Ellyn watershed is described.

In order to test the general planning methodology, it was applied to a
watershed in Glen EVlyn, I11inois. Glen Ellyn is located in Dupage County,
ITlinois, just west of Chicago. The Glen £1llyn watershed encompasses 534
acres of moderately sloped land. The watershed is composed of two major
subsheds that drain into a small lake at the outlet of the watershed. Lake
Eilyn is one of nine detention facilities currently being investigated as part
of the National Urban Runoff Program. Approximately 18 months of data have
been collected with regard to the Lake £liyn study. These data include five
minute rainfall and flow data as well as data for 47 different quality consti-
tuents. A map of the Glen Ellyn watershed is provided in Figure 5.2. A sum-
mary of the physiographic, Tane use and hydrologic characteristics of the Glen
Ellyn watershed is provided in Table 5.1,

Before appiying the general planning wmethodology to the Glen Ellyn
watershed, SWMM was Tirst calibrated using three different storms selected
from the 18 months of record. Final selected parameter values were obtained
from an average of the various calibration parameters. Both flowrate and
water gquality parameters were adjusted in calibrating the model. Once  SWMM
was calibrated, 1t was used to generate 18 months of simulated flowrate and
poliutant data. These results were then anatyzed statistically and a ranking
of the top five events for nine different nydrologic statistics was obtained
(see Table 5.2). Based on these results, a composite design event was derived
for & design freguency of 18 months. The resulting composite event was made
up of the hydrograph corrvesponding to the event with the peak flowrate and the
pollutograph corresponding to the event with the maximum pollutant load.

The watershed detention system may be designed using interior flow con-
straints  along with constraints at the watershed outlet, or using constraints
at the outlet only. In addition, the system may be designed considering the
connecting pipe or channel network, or designed assuming that an existing net-
work fis aiready in place. In applying the general design heuristic to the
Glen Ellyn watershed, 211 four of the above possible design considerations
were examined. This resulted in four different case studies. A description
of gach case study is provided in Table 3.3.

Associated with each case -tudy were 12 different designs. Each design
was obtained by considering a different combination of flowrate and pollutant
constraints. The flowrate constraints were based on percentages  of  the
flowrate corresponding to the design event which had the targest peak
flowrate. For the purpose of this study, percentages of 25, 50, and 75 were
used.  Total load constraints were selected based on percentages of the total
toad corresponding to the design svent which had the largest load. For this
study, percentages of 0, 25, 50, and 75 weve used. The results of the appli-
cation of the general design heuristic are presented in Figures 5.3 to 5.6.
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Table 5.1 Physiographic and Hydralogic Characteristics

of Glen Ellyn Watershed

Total Drainage Area . . . o o « o o = 5 o 5 0 5 s s e e R34 acres
Impervious Area . . . o o s v e e e e s e s e e 0 e 187 acres
Effective lmpervious Area o o o o s o « s o = o &+ 2 o - g1 acres
Land lse
Low Density Residential . . « ¢ o o ¢« o o o o o v o o 427 acres
High Depsity Residential . . o o « o« ¢ o o 0 o o o v v s 16 acres
TREEIEUTIONAT v v o o o s o o 0 o o s s s e e e e e s« 23 ACTEs
COMBEYCIAT o o o o 0 o o o s s s o o s o o v s a o o o« 21 acres
WetT1and . + 2 o + 4 6 o s e s e s e s s s s s s s e . s 1l Btres
Pollutant Loading (755 - Ibs/curh mi)
Low Density Residential . . o o « o o 0 o v o 0 s 0 o 711 Tbs
High Density Qes1dent%a? s e e e e e e e s s e e s s s . 267 1bs
Institutional . . . e e e e e e e e e e e e e . 46D 1bs
COMPErCial o o o o = o o o o o o o s o o s o o = « o o« » 611 1bs
Average Hydrologic 5011 Group . . « « « o o o o o o = o ¢
Main conveyance s1OPE . . o o s e s s e a6 e a5 oo 49 fi/mi
Average basin slope . . o o v s s o v 0 o0 e 0 e e 220 fr/mi
Population Density . o « o o o 5 « o o o w o o v o0 5000 pn/mi

Street Densiby o o v s o o s e o s w s s e a0 s s s e 21,5 mwi/sm



- 77 -

LEGEND

ﬂ Main Waterthed tniag
2 Linden Wat,

wrehed tnlag

F.8 Subsrnargud and Suriece Crtiarp

& Minor lnfeg

Hatershed Biscrebization

Figure 5,2,




78 -

CASE 1
1.8
1.3
s b er= 15
L 142
il
o J
el
w i 4 = % PR= 5
o8
b a PRe 8.7
P <60 - o us
-3
130 -
;M
00 T v T
0.0 2% ) 73 100
FLOWRATE REDUCTION <%
Figurse 5,3, Symmary of Resuvits for Case 1
(PR = Poliutant Removal %)
1.8 CasyE 2
.05
m“\ %-E"
Lo}
< o B G & pr= s
i D4 84 £ PR= 0,25
o o o3
&8
v} e e
v30 L
91
00 T 1 T
a.n 25 =0 3 100
FLOWRATE REDUCTION (%)
Figure 5.4, Summary of Results for Case 2
(PR = Pallutant Removal %I



- 76 -

CASE 3
“aty
R o1t B w2
= & o P 15
m" %42
e
¢
o
CH
® o = ,25.50
o o oz By =0,
o b4 11 b
[a} a [:1]
iJ 4.0 -
2+9
4.8 v t v
.0 25 =a s 108
FLOWRATE REDUCTION %%
Figure 5.5. Summary of Results for Case 3
(PR = Pollutant Ramoval %)
CRSE
Mt
.3
mr- ‘1-?. ]
o]
*
g
- L
w o re £ PRw0,285,50
r 2 E B
B a7 1] oz
[ g
3.9
3.8 r T T
G0 2% 20 73 314
FLOWRATE REDUCTION <%
Figure 5.6. Gumepary oFf Resulits for Case 4

(PR = Pollutant Removal %)




Rank

1 Lo PN

Rank

O £ D Do

Rank

U G NI e

- 80 -

Table 5.2 Discrete Simulation Resuits

Peak (in/hr)

5/29/80 (5.16)
6/07/80 (5.16)
4/08/81 (3.72)
4728/80 (3.24)
7/20/80 (3.12)

Peak {in/hr}

5/29/80 {.605)
6/07/80 {.566)
4/08/80 (.406)
4/28/81 (.384)
6/28/80 (.2863)

RAINFALL DATA

Avg (in/hr}

7/13/81 {
5/29/80 (
7/25/81 (.340)
7/20/80 {
6/07/80 |

FLOWRATE DATA

Avg {in/hr)

5/25/80 {.125)
7/13/81 {.096)
6/07/80 (.065)
7/25/81 (.054}
6/28/80 {.048)

POLLUTANT DATA

Peak {mg/1)

4/08/80 {2432)
4/28/81 {2231)
5/24/81 (2225}
6/28/80 (2150)
7/20/80 (2061)

Avg (mg/1)

5/24/81 (1243)
7/20/80 (1062)
6/28/80 { 948)
4/08/80 ( 926)
4/28/81 1 916)

Yol {in)

9/16/80 (2,05}
6/07/80 (1 77}
5/28/80 (1.69)
7/20/80 (1.49)
5/29/80 (1 24)

yol {in)

6/07/80 (.380)
9/16/80 (.378)
5/28/80 (.323)
5/29/80 (.312)
5/29/81 (.232)

Total (1bs*E3)
£/28/80 (26.2)
9/16/80 (24.2)
4/28/81 (23.4)
4/08/80 (20.3)
7/25/81 (19.7)
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Table 5.3 Description of Case Studies

Case External Internal Storage”  Pipe
Study Constraints Constraints Costs Costs
I X ' X
2 X X X
3 X N X
4 X X X X

The design of a detention basin system has been shown %o involve a
trade-off between storage and pipe costs. In this particular study, the pipe
costs were the controlling factor in the overall design. In the absence of
pipe costs, the overall design may be dominated by either the flowrate con-
straint or the pollutant constraint. In general, designs corrasponding to
high poliutant removal Tevels and low flowrate levels tend to be dominated by
the pollutant constraint. Likewise, designs corresponding to high flowrate
reduction levels and Tow poliutant levels tend to be dominated by the Fflowrate
constraint, In addition to these two regions, there tends to be a middle
region where neither constraint 1is dominant. The degree of control of the
solution space by either constraint will depend on the specific case study
being investigated. For case studies 1 and 2, the pollutant constraint tended
to be more dominant than the flowrate constraint. In addition, the incremen-
tal cost of the pollution removal tended to be higher than the incremental
cost of flowrate reduction.

5.4 Second Application of the Planning Methodoiogy -
A Synthetic Watershed

~ Using average stream length and slope data for streams in indiana, a typ-
ical watershed representative of watersheds in Indiana was constructed for use
in the application of the planning wethodology. For the purpose of this
study, average parameter values for the entire state were used. Using mean
Tink lengths and slopes, a simple network configuration was constructed. The
subshed areas associated with the various channel lengths were then obtained
by application of a mainstream length to area relationship for the state of
Indiana. The constructed watershed is shown in Figure 5.7. A conceptualiza-
tion of the watershed is shown in Figure 5.8.

The synthetic watershed was simulated in both a developed and undeveloped
condition. For the natural state, infiltration parameters were selected
assuming a hydrologic soil group of C. A listing of the assumed geomorphic
and hydrologic parameters for the natural watershed is provided in Table 5.4.

For the developed condition, the original watershed was modified using
the regression relationships developed by Gray {1977). For the purpose of
this study, average land use values for the entire state were used, Only one
poliutant, total suspended solids {7SS), was modeled in this study. Pollutant
buildup was assumed o be linear. The initial toadings for 7S5 were obtained
using average state land use values. An exponential washoff equation was used
to generate the pollutant loadings during each storm. For this study, an
exponential decay coefficient of 1.5 was assumed. For pervious areas,
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Table 5.4 Assumed Parameters for Synthetic
Undeveloped Watershed

Subshed 1

Subshed Area . . . ¢ v ¢ 4 s 4 e s e e e e e s . . . 95
Eff Imp Area . . . . v o « & o o 4 b e e e s e e e s 5
Subshed STope .« v v v v 4 4 0 a e e 0w . . v e e s 97
Subshed length . ¢ & . & « & v v v v v o v s e s e e 2634
Effective Width . . . . . W e 4 e e e e e e e s s 9451
Subshed 2

Subshed Area « v v v v v v e v e e e e e e e e e e e 71
EFF Imp Area o o 4 v 4 v s i s e e e e e e e e e e . 4
Subshed STope . o o ¢ o ¢ v i e v e e e e e e e e e 73
Subshed length . . . . . o v . ¢« v v v 4 v e e e e e 1985
Effective Width . . . . . ¢ v ¢ v 4 o 4 o o « o o o & 9400
Subshed 3

Subshed Area . . . . . . . b e e s a e s e e e e e e 95
Eff Imp Area & . . v o v v o v i s s e e e e e e e . 5
Subshed Slope . . . . ¢ ¢ v o 4 0 i s e e e e e e e 73
Subshed Length . . . . . . . . v « v ¢ ¢« o v 2 & o « & 2653
Effective Width . . . . . . « . & & ¢ & o & o« v « « & 9488

acres
acres
ft/mi
feot
feat

acres
acres
fo/mi
feet
fept

acres
acres
ft/mi
feet
feet
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infiltration parameters were selected assuming a hydrologic soil group of C.
A summary of the assumed parzmeter values for the developed watershed are
Tisted in Table 5.5.

Using the constructed synthetic watershed, the detention basin pianning
methodology was applied for a design period of 20 years. A 20 year rainfall
record for West Lafayette, Indiana, was obtained from NOAA for wuse in the
analysis. Design frequencies of 5, 10 and 20 years were selected. For this
particular application, the channel network was assumed to be azble to carry 20
year predevelopment flow and was not considered in the overall design.

The synthetic watershed was simulated for both developed and undeveloped
conditions. In addition to flowrate, suspended solids Toading and washoff
were also simulated. A 20 year continucus simulation was conducted for both
conditions using a one hour time step. After the continuous simulations were
completed, a statistical analysis was performed for both simultation runs. A
1isting of events based on their frequency of occurrence for both the
developed and undeveloped conditions is provided in Table 5.6,

For the purpose of this study, a composite design event was derived for
each selected design frequency. The composite event for a given frequency was
constructed using the hydrograph associated with the peak Tlowrate and the
poliutant load associated with the peak pollutant load.

For this particular application, flowrate constraints and pollutant toad
constraints were set only at the watershed outlet. Flowrate constraints were
based on the undeveloped simulation results for the associated return period.
Pollutant 1oad constraints were based on 50 percent of the maximum total load
associated with the selected design frequency.

In applying the design heuristic to the synthetic watershed, an attempt
was made to derive a single overall design which would meet the pollutant and
flowrate constraints of all three design freguencies. In deriving the final
design, two different design strategies were investigated.

The first strategy (Case 1) involves a sequential design process. In
this case a design is first obtained for the Towest design frequency {e.g. 5
years). Once a design has been derived for the initial freguency, that design
is  then fixed and the design event corresponding to the next higher frequency
is applied (e.g. 10 years). This event is then used to obtain a design that
catisfies the constraints of that particular frequency, and also the con-
straints of all the lower frequencies. Once this design has been obtained,
the process 1is then repeated for the next design frequency until a final
design is obtained. Such a strategy will thus insure that the final design
will satisfy the constraints of all the selected design frequencies.

The second strategy (Case 2) involves a single design approach. In this
case the largest design frequency (e.g. 20 years) was used to obtain a single
design. The performance of this design is then tested via simulation for atl
of the lower design freguencies {e.g. 5 and 10 years), If the derived design
satisfies all of the lower freguency design constraints, then a final design
is obtained. If the derived design violates a lower frequency design con-
straint, then the design must be modified in some way until an acceptabie
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Tabie 5.5 Assumed Parameters for Synthetic
Developed Watershed

Subshed 1

Subshed Area . . . . . « « ¢ & & ¢ & o . e e e s e e e 95
EFf Imp Area . . . . . . o ¢ & v v 4 v e 4 s e e s 28
Subshed Stope . . . . . . . . c b s s s e e e e s e e 97
Subshed length . . . . . . . . . . b e e e e s s e e 2634
£ffecti Ve W'i dth o ® e a2 & @ e @& @ 8 & @& 2 * ® 4 o ® L3 22724
Solids Loading . . . . . . . & . ¢« « . . 11
Subshed 2

Subshed Area . . v o & « ¢ ¢ ¢ o o & 4 s e e e e e s 71
EXf Imp Area . . . . . . s e s e e e s e e w e e s e 21
Subshed Slope . . . . . . . s e s s s e e s s s e e s 73
Subshed Length . . . . . . s e s 4 s s s e m e oae s 1985
Effective Width . . . . . . . . . . e e e e e e e e 23336
Solids Loading . . . . . . . e e s e e e e e e e s e 278
Subshed 3

Subshed Area . . . . & v & v ¢ 4 e o4 4 . . e e s s e e 95
EFf Imp Area & .« . . ¢« o v v ¢ o . .. o s e e v e 28
Subshed Slope . . . . . . s e s s n e e aa e e . 73
Subshed Length . . . . . . « . v 4« v v v e o v u . 2653
Effective Width . . . . . . . . .« . . .. o e s . oo . 23510
Solids Loading . . . . . . . . .. . .. e s s 4 s . . 360

acres
acres
ft/mi
feet
feet
1b/dy

acres
acres
ft/mi
feet
feet
1b/dy

acres
acres
ft/mi
feet
feat
ib/dy
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Table 5.6 FEvent Statistics for Continuous Simulation

Return
Period

Return
Period

Return
Period

20.0
6.0

FoN S e i el
oo~

of the Synthetic Watershed

RAINFALL DATA

12/31/65

12/31/65

Peak {in/hr)

(2.80
8/01/61 (
7/11/58 |
8/12/56 E

)
64)
)
)
6/10/58 )

2.6

2.56
2.04
2.01

Avg (in/hr)

12/31/65 (2.80)
7/14/58 {2.56)
6/13/58 (2.01)
1/29/59 (1.70)
8/02/67 {1.40)

FLOWRATE DATA
{Yndeveloped Condition)

Peak (in/hr)

8/01/61 (1.27)
7/11/58 (1.26)

12/31/65 (1.16)

9/14/65 (1.07)

12/31/65 (.902)

Avg {in/hr)

12/31/65 {.726}
8/01/61 {.598)
9/14/56 (.517)
6/10/58 (.504}
7/08/71 (.443)

FLOWRATE DATA
{Developed Condition)

Peak (in/hr)

(1.75)
7/11/58 (1.65)
8/01/61 (1.62)
8/12/56 (1.27)
6/09/58 (1.20)

Avg {in/hr)

12/31/65 (1.25)
6/10/58 (.900)
7/08/71 (.839)
1/20/59 (.701)
9/14/65 {.686)

POLLUTANT DATA

Peak (mg/1)
(+£03)

9/15/60 {11.93)
8/10/61 (11.92)
5/15/58 (11.88)
6/12/73 (11.86)
5/26/65 (11/86)

Avg (mg/1}
{+£03)

9/19/60 (10.6)
5/10/67 (10.3)
6/15/57 (10.2)
12/12/65 (10.1)
9/29/70 (10.1)

V¥ol {in)

5/15/68 (4.00)
9/14/56 (3.90)
7/02/62 {(3.49)
8/01/61 (3.14)
1/26/66 {3.10)

Yol {in)

- 9/14/65
5/15/68

Vol (in)

9/14/56 (3.43)
5/15/68 (3.10)
8/01/68 (2.72)
7/11/58 (2.70)
12/31/65 (2.51)

Total {1bs)

(+£6)

5/10/57 (.241)
4/18/70 {.238)
7/29/70 {.236)
1/26/54 (.230}
5/09/55 (.228)
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design is obtained.

In applying the general design heuristic to the synthetic watershed, both
design strategies were employed. In addition, two different constraint condi-
tions were examined for each strategy. This resulted in a total of four dif-
ferent case studies. A description of each case study is provided in Table
5.7. The results of the application of the design heuristic are presented 1in
Figure 5.9.

Tabie 5.7 Description of Case Studies

Case 5ingTe Sequential Flowrate PoTTutant
Study  Strategy Strategy Constraint Constraint
1A X X o T
1B X X X

ZA X X

ZB X X X -

The results of this study indicate that neither strategy can be
guaranteed always to be better. While the single design strategy should
always produce the least cost design, the sequential strategy will generally
always produce a feasible design. Instead of considering the single and
sequential design strategies separately, a more appropriate approach would be
to combine both sirategies into a single design methodology. In using such a
methodology, the single design strategy would be employed first. If this
strategy yields an acceptable design for all other design frequencies then
this design should be selected. If the single design violates constraints of
the Tlower frequency designs than the sequential design strategy should be
used.

5.5 General Concliusions

The current study has demonstrated the need for a general planning metho-
dology for use in the design of dual purpose detention basins. Such a metho-
dology has been developed and tested. The general interaction of both storage
and pipe costs and flowrate and pollutant constraints in relation to the
overall system design has been illustrated. The effect of various design fre-
quency constraints on  the overall system design has also been investigated.
Although some initial results have been obtained in relation to the above con-
siderations, any general conciusions should be delayed until more case studies
have been investigated. It is guite possible, given the compiexity of the
system, that any general conclu-ion obtainable might be site specific.

The general planning methodology has been applied using several design
constraints to yjeld a wide vrange of designs. Although there can be no
guarantee that the resultant designs are globally optimal, the designs do tend
to follow a consistent pattern. Thus, although no formal proof has been
presented to guarantee the optimality of the algorithm (if such a proof is
even possible], the heuristic does yield improved designs which do correspond
to the expected results for given constraint sets.
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The new detention basin planning methodology should prove to be a valu-
able tool in the analysis and design of dual purpose detention systems. The
new methodology can be used to obtain an individual system design or used in a
sensitivity analysis of a given system. Such an analysis can be used to con-
struct cost graphs as & function of different flowrate reduction and poliutant
removal levels. By deriving such graphs, information can be obtained concern-
ing the region of control of each constraint. This information could then be
used in  the setection of a design that provides the best trade-off between
pollutant and flowrale objectives for a selected level of flowrate reduction
or poliutant removal.
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CHAPTER &

DATA COLLECTION

The School of Civil Engineering of Purdue University has, for many years,
operated field stations for the collection of hydrological data from basins on
or near the West Lafayette Campus. As a part of this research project, one of
these stations was significantly upgraded (Crmsbee and Delleur, 1982). The
celected station is located at the outlet of the Ross-Ade Watershed, just west
of Northwestern Avenue at the north edge of the Purdue University campus. The
Ross-Ade Watershed has a drainage area of approximately 29 acres. The basin
is composed mainly of single famiily residential houses, with about 11 acres or
38 percent of the watershed being composed of impervious surfaces.

£,1 Description of the Field Station

The station is currently set up to monitor precipitation, runoff, air
temperature, and the water temperature of the runoff. The station was alse
equipped with an ISCO sampier that can draw water samples from the monitored
runcff. At the present time, with the exception of the sampler, ths station
is operating on a year round basis. Data collected from the wvarious sensors
is processed by a small microcomputer and then transmitted via a telephone
line to a central station in the hydromechanics Tlaboratory of the Purdue
University Civil Engineering Building. Data sent from the field station are
processed at the central station by a Heathkit H-8 wicrocomputer which
receives the data and stores them on floppy disks. A& hard copy of the data is
also printed on a DECwriter in the lab. In addition, a backup copy of all
transmitted data is also printed on a small thermal printer that is tocated in
the field station.

The monitoring instruments of the field station are housed below ground
Jevel in a concrete pit. A trap door and ladder provide access to the instru-
ments. A padlock on the trap door provides the primary security for the sta-
tion. The concrete pit is located above & concrele storm sewer that drains
the Ross-Ade watershed. The gauging control structure is a Columbus type weir
and is located adjacent to a concrete stilling basin. During the colder
months of the year, a heat lamp is placed in the station to help maintain a
milder environment and help control moisture.

The field station power supply consists of fwo, 12 volt, deep cycle
storage batteries and the associated wiring, fusing, and circuitry to allow
for independent or paraltlel operation of the batteries. Also, 115 VAL s
available for recharging the batteries, and for providing power Lo the catch-
ment heater for melting snowfall during winter operation. A switchboard with
auctioneering circuitry allows the batteries to be paralieled without regard
to the relative states of charge of the two batteries. This feature allows
the batteries to be switched without losing power to the micrologger system.
The switchboard alse allows the standby battery to be isolated from the system
during charging, thus minimizing the chance of 2 line transient damaging the
microcomputer and its associated circuitry.
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Data Processing. The heart of the data acquisition system is a CRZ1
micrologger which  Ts produced by Campbell Scientific, Inc. The CR21 micro-
Togger is a battery-powered microcomputer with a real-time clock, a serial
data interface, and & programmable analog-to-digital converter. The micro-
logger can handle up to seven analog inputs and  two putse counting inputs,
User programmable signal conditioning 4n  the CRZ1 can measure volts, mil-
Tivolts, AC and IC resistance, and pulse counts, The CRZ1 micrologger s
wall-suited to wmonitor signals from a wide variety of transducers recording
such parameters as temperature, humidity, solar radiation, wind, pressure,
precipitation, event occurrences and many others.

Once each ten seconds, the micrologger samples the input signals  accord-
ing to input programs specified in » user-entered input table, processes that
data, and stores them according to output programs specified in a user-entered
output table {see Table 6.0). The input and outpui processing capabilities of
the micrologger are determined by programs contained in an applications pro-
gram module. The input processing programs allow the user to define how each
input channel is read and converted to engineering units. The user can also
enter a multiplier and an offset with each input for sensor scaling. The out-
put processing programs ailow the user fo operate on the sensor data and gen-
erate time-velated data summaries at the output interval specified for that
table. Sample, average, maximum, minimum, and histogram are exampies of out-
put processing programs,

Data Measurement Eguipment. Precipitation at the statien is monitored by
a standard type Tipping bucket rain gauge with a sensitivity of 0.01 inch.
The rain gauge s mourted on & 10 foot wetal pole which is bolted tn a con-
crete  slab that serves as the roof of the concrete pit. Fach tip of the tip-
ping bucket generates an electrical pulse that is sent as an input 1o the
micrologger. The rain gauge 1is equipped with heaters to keep the tipping
bucket operating during cold weather and to melt snow for precipitation meas-
urement,

The stage water level signal is gererated by a 172 inch diameter float
which s positioned in a stilling well connected to the Flure channel upstream
of the flow measuring weir. The float and its counter weight turn a pulley
with a circumference of exactly one foot. Thus an increase of one foot in the
stage level will result in one revolution of the pullev. The pulley in  turn,
operates a set of gears {from s Leupold and Stevens recorder) which have a
ratio of 1:3. The output of the gears drives a 10 turn, 2K ohm potentiometer
wnich s connected to the microtogger. With this arvangement, it is possible
to measure stage levels over a range of 3 feet,

The air temperature and water temperature are both monitored with Mode]
101 temperature probes manufactured by Campbell Scientific, Inc. The Model
101 incorperates the Fenwal Ele tronics UUTSELJL thermistor 4n a waterproof
probe with 10 foot «cables. A 249K ohm pickoff resistor is molded into the
termination end of the cabies. Fach temperature probe s conmected to  the
micrologger.

Water samples from the storm sewer draining the Ross-Ade watershed are
obtained using an ISCO Model 1480G0R/1730 refrigerated sampler. The Model
1680R s a refrigerated wastewater sampler which preserves  biciogical
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Tablie 6.0

OUTPUT KEY FOR RAW DATA FORMAT (SEE TABLE 6.1)

TABLE 0001 {ONE MINUTE DATA QUTPUT TRANSMISSION)

01; TABLE INDENTIFIER

02; JULIAN DATE

03; TIME IN MIMUTES (2400 HOUR)

04; PRECIPITATION (#-1)/10 = PRECIPITATION IN 1/100°S INCH
D5; STAGE LEVEL IN 1/100°S FOOT

06; AIR TEMPERATURE IN DEGREES FAHRENHELY

‘073 WATER TEMPERATURE IN DEGREES FAHRENHELT

08:; SAMPLE DRAWN INDICATOR {1 = SAMPLE DRAWN)

TABLE 0002 {HDURLY SUMMARY DATA QUTPUT TRANSMISSION)

01; TABLE INDENTIFIER

02; 03, SPACERS

04; TOTAL PRECIPITATION IN PAST HOUR (#-601/1000 = PRECIPITATION {INCHES)
05; AVERAGE STAGE LEVEL DURING PAST HOUR

06; AVERAGE AIR TEMPERATURE [URING PAST HOUR

07: AVERAGE WATER TEMPERATURE BURING PAST HOUR

08: NUMBER OF SAMPLES DRAWN DURING PAST HOUR

TABLE 0003 {DAILY SUMMARY DATA OUTPUT TRANSMISSION)

01; TABLE TDENTIFIER

(07, MAIN BATTERY VOLTAGE

03; PRINTER BATTLRY VOLTAGL

04, TOTAL PRECIPITATION IN PAST 24 HOURS (#-14403}/1000 = PRECIPITATION { INCHES)
05: MAXIMUM AIR TEMPERATURE IN PAST 24 HOURS

06; TIME OF MAXIMUM AIR TEMPERATURE

07; MAXIMUM WATER TEMPERATURE IN PAST 24 HOURS

08 TIME OF MAXIMUM WATER TEMPERATURE
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specimens during and after collection. 1t is designed to collect up to 28
separate sequential samples. The sampler pumps, meters, and by means of a
rotating distributor fumnel, distributes the desired samples into one of 28
figh density polyethylene bottles of 490 mi each. The sampiles can be c¢ol-
fected on a time proportional basis using an internal sampler timing circuitry
or on a flow proportional basis wsing flow inputs from an external Flow meter,
The sampler 15 presently set on 2 time proportional basis and is activated by
g signal from the wicrologger when a rainfall event beging and when the stage
in the storm sewer exceeds 6  inches.

Data Transmission. OQutput from the micrelogger is controlled by a small
circulf  board designed specifically Ffor that purpose,  The cirouit board con-
trots the transmission of data to the central station as well ac the activa-
tion of various other comporents in the gauging station, such as the I1SCO
sampler. Data are currently being collected in a discrete event recording
mode.  Although the micrologger samples each input  signal once every 10
seconds, data are output to the central station at predetermined discrete time
intervals  (see Table 6.0}, Normally, during periods of no precipitation, the
circuit board permits only transmission of fourly summary data. Once every 24
hours & daily summary table is transmitted that includes the status of the
main battery voltage and the printer battery voltage so that the central sta-
tion operator can monitor and switch the batieries as needed,

Whenever the tipping bucket s 4ripped, the circuit board permits  the
micrologger to send data once every minute. Data will continue to be sent
once every winute until 4 hours after the last tip of the tipping bucket.
This lag insures that the recession limb of the runoff nydrograph will be ade
quately recorded. After the 4 hour lag, the circuit beard switches back to
the hourily summary ftransmission mode. A  schematic drawing of the data
acquisition and dats management system is presented in Figure 6.1,

6.7 Description of the Data Managemant System

The heart of the duta menagement system is a Heathkit HeB microcomputer,
The microcomouter has a 64K workable memory and usss three 5 and 174 dnch sine
gle sided, single density floppy disk drives. fach tioppy disk has a storage
capacity of 90 allowing up to 17 hours of continuous one winute data. The
microcomputer and peripheral hardware are located in  the Hydvomechanics
Laboratory of the Purdue University Civil tngineering Building. The microcom-
puter is connected to the field station micrologyer via a restricted telephone
tine.  Data processed by the microiogger ave changed to an acoustic signal by
a sending modem, sent to the central station over fhe telephone Vipe, and then
changed back  into a digital signa) by a receiving mod ita received Trom
the microiogger are first stored in the microcomputer buffer.  Once
the storage bduffer Fills up, the contents of the
specitied floppy disk. An indi. dual disk may accept up  to two  complete
buffer dumps. {See Figure 6.1.9

Dats Reception. The data management sy
ot
i

b can basically be  separated
inte  three steps.,  The first m

YETEm 5o

ep involves reception and te DOrary
2 2y : Centratl station opera-
amount of storage space left on

ifferent st
storage of the incoming data. A% Jeast «
tor  checks the status of the system and the 2
the currently accessed Floppy disk. 1f the disk

=

T almost full, the operator
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will remove the existing data disk, record the contents of the disk, insert a
new blank disk, and reinitialize the system. If at 3] possible, this DYOLess
is  performed between periods of precipitation so that a gap is not created in
the record. if a gap does occur, the information may be recovered From  the
backup printer in use a2t the field station.

Dataz Verification and Editing. The second step of the data management
system involves verification and editing oF the raw data disk. This process
consists of a combination of menual editing and use of & preliminayy  orocess-
ing program. Mansal editing of the dala first involves s visual inspection of
the central station printer output for an indication of any possible
transmission errors. If an error exists, the raw data disk is edited and the
error corrected.  Transmission ervors can usually be corrected from examina-
tion of the output from the DiCwriter or from the output trom the backup
printer in the field station. &n i1lustration of the raw data Tormat is 0y Q-
vided in Table 6.1.

After the raw data disk has been edited, the data are transferred from
the microcomputer to ome of the University's larger-scale computers. The
transmission of the raw data file from 2 floppy disk to permanent file storage
is accomplished using an assembly language program that 1inks the HS wicrocom-
puter te the larger computers. In transferring the raw data, 2 new raw  data
file s created, evaluated and processed using a small Fortran program. The
Fortran program deletes unnecessary data, vescales several of the parameters,
checks the ranges of the parameter sets, and checks for any previcusty un-
observed data transmission avrors. If any vange or transmission error is
present, the program will identify the Jocation of the errvor for subsequent
editing and re~-processing.

The Fortran program, which processes the raw data file, creates  two  new
cutput Tiles. One fite contains processed minuie data while the remaining
file contains only hourly summary data. An illustration of the processed
minute data is provided in Table 6.2, An i1lustration of the processed hourly
gata is provided in Table 5.3,

After the raw data have been processed, any available quality data may he
added tc the processed file. This addizion s accomplished through a manual
editing of the processad minute file. The results of any guality  analysis
performed on  the water samples are siwply input in the appropriate column of
the processed file.

in addition to the general processing program, a graphics program  has
also  beon developed. This program gemerates graphs of the four orimary meas-
ured parameters: precipitation, flowrate, air temperature, and water Lempe ra-
ture. The graphs depict 480 minute segments of each event. Thersfore, evenis
of 24 hours will have thres gra h sets. The Four graphs from each ewent are
saved in a Dbinder for future reference in selecting storms of interest for
subsequent analysis. An 1lustration of one such set of graphs is provided in
Figure 6.2. In addition to providing a valuable taiog of all the various
events, the graphs can also be used to {dentify Canomdalies dn the  recorded
data that may not have been identified by the processing program.
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Table 6.1 Raw Data Format - Storm of May 1, 1983

01 0001. 02 0121, 03 1404, 04 11.00 05 26.70 06 59.48
01 0001, 02 0121, 03 1405. 04 1.000 05 26.85 06 59.75
0l 0001. 02 0121. 03 1406, 04 1.000 05 26.85 06 59.17
01 0001. 02 0121, 03 1407. 04 1.000 05 26.85 06 59.33
01 0001, 02 0121, 03 1408, 04 1.000 05 26.85 06 59.17
01 0001. 02 0121, 03 1409. 04 1.000 05 26.85 06 59.17
01 0001. 02 0121. 03 1410. 04 1.000 05 26.85 06 59.10
01 0001, 02 0lz1. 03 1411. 04 11.00 05 Z6.85 06 559.10

01 0001. 02 0121. 03 1412. 04 1.000 05 26.85 06 59.10
01 0001. 02 0121, 03 1413, 04 1.000 05 26.85 06 59.33
01 0001, 02 0121, 03 1414. 04 1.000 05 26.85 U6 59.17
01 0001. 02 0121i. 03 1415. 04 1.000 06 26.85 06 59.10
G1 0001, Gz 0121. 03 1416. 04 1.000 05 27.15 06 59.17
01 0001. 02 01zl. 03 1417, 04 1.000 056 27.30 06 59.33
01 0001. 02 0121. 03 1418. 04 1.000 05 27.7% 06 59.33
01 0001, 0z 0121, 03 1419. 04 1.000 05 28.65 06 59.33
01 0001, 02 0121. 03 1420, 04 11.00 05 29.70 06 59.25

01 0001. 02 0121, 03 1421. 04 1.000 ©O5 31.20 06 59.17
01 0001. 02 0121, 03 1422. 04 1.000 05 32.85 06 59.2%
01 0001. 07 0121. 03 1423. 04 1.000 05 34.95 06 59.¢%
01 0001, 02 0121, 03 1424, 04 11.00 05 36.90 06 59.17
01 0001, 02 0121, 03 1425. 04 1.000 05 39.00 06 59.17
01 0001. 02 0121. 03 1426. 04 1.000 05 41.25 06 59.17
01 0001. 02 0121. 03 1427. 04 11.00 05 44.25 06 59.17
01 0001. 02 0121, 03 1428. 04 1.600 O0b 48.15 06 53.10
01 0001, 02 0121. 03 1429, 04 11.00 05 52.80 06 59.10
01 0001. 02 0121. 03 1430. 04 1.000 05 58.95 06 53.10
01 0001, 02 012i. 03 1431, 04 11.00 05 65.10 06 £9.17
01 0001. 02 0121. 03 1432. 04 11.00 0B 70.95 06 59.17
01 000, 02 0121. 03 1433. 04 11.00 05 77.40 06 59.10
D1 0001, 02 0121, 03 1434. 04 1.000 05 08B1.0 06 59.10
01 0001. 02 0121. 03 1435, 04 11.00 05 085.2 06 59.725
01 0001, 02 0121. 03 1435, 04 11.00 05 088.6 06 53,10
01 0001, 02 0121. 03 1437, 04 1.000 05 091.8 06 59.17
01 0001. 02 0121, 03 1438. 04 11.00 05 093.6 06 59.10
01 0001. 02 0121. 03 1439. 04 1.000 05 094.9 06 59.10
01 GDOL., 02 0121. 03 1440. 04 11.00 06 096.0 05 59%.17
01 0001, 02 0121, 03 1441, 04 1.000 05 096.3 06 55.10
01 0001. 07 0121, 03 1442, 04 11.00 05 097.2 06 59.10

01; TABLE IDENTIFIER

02; JULIAN DATE

03; TIME IN MINUTES (2400 HOUR)

047 PRECIPITATION (#-1)/10 = PRECIPITATION IN 1/100°S TNCH
05; STAGE LEVEL IN 1/100°S FOOT

06; AIR TEMPERATURE IN DEGREES FAHRENHEIT

07; WATER TEMPERATURE IN DEGREES FAHRENHEIT

08: SAMPLE DRAWN INDICATOR (1 = SAMPLE DRAWMN)

a7
o7
a7
07
a7
a7
it
07
a7
a7
o7
07
a7
07
a7
07
07
07
07
a7
07
07
a7
o7
07
07
07

07 ¢

07
07
07
a7
07
07
07
a7
07
47
07
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Table 6.2 Processed Data Format {Minute Data) - Storm of May 1, 1983

yrdaytime rain stage flow atemp wtemp bod fco tco 5%
(in) (F-t) {efs) {F1) ( f)

831211404, U1 27 05 59.48  53.66 A0
831211405, 00 27 L5 59,25 53,58 0
8431211406, 00 27 L5 59,17 BAU53 L0

831211407, L0 27 A5 59,33
831211408, .00 .27 A5 59,317
831711409, .00 .27 A5 59,17
8431211410, 0 .27 L5 0 5510
831211411, 01 27 A5 59,10
831211412, R4 2T 05 59,10
831211413, 00 27 050 59,33
831211414, 00 .27 A 5% .17

.58 KD
BB A0
.51 00
51 REE
5l LY
.51 00
.51 0
A4 00

SFE LT N L U iy WA

Gad Lad el Ll (ed Lad fad dad a2

831211415, L0 27 05 59,10 53.44 00
831211416, 00 .27 050 59,37 52,44 00
B31211417. 00 27 Db 59,33 53,44 0
831211418, LU0 28 05 59,33 53,37 00
331211419, 00 .28 050 59,33 53.37 NEV
831211420, 01 o 30 6 5925 53,37 REL
831213421, L0 31 A7 58,17 53,57 LA
8317211422, 00 <33 A 59,25 h3.37 L0
621211423, .00 .35 A0 592 53,37 L0
831211474, AL .37 A2 BT 53 REH
831211425, .00 .38 130 59,17 53,29 A0
831211426, BEY A1 Jde 55,17 53.29 00
631211427, 01 .44 20 B9.17 53.729 .00
531211428, 00 A8 28 BBLI0 53,37 00
831211429, 1 .53 L3 B9.10 53,44 L0

631211436, L0 .59 A8 5810 53,51 1.00
831211431, A1 b5 B8 59,17 53,95 00
831211432, LH 71 S0 59,17 54,47 00
831211433, L1 7 59.10 55.13 L0
831211434, Ry .81 59,10 b6.02 00
831211435, 01 .85 58.25 66,84 1,00
831211436, 01 439 59,10 57,79 0

831711437, LU0 W92 . 59.17 57.7 L0
831211438, 21 54 59,10 58,11 0o

& &

53.10 58.34 .00
59,17 8.4 109
59,10 58,72 LU0
59.10 58,87 00
59,10 58,95 00
59.17  5B.95 00
59,17 59.10 LA
59.02 58,95 1.00
59.02 58 95 REE
59,17 BE .35 LUl
hG .17 BA.9% REY
52,10 59.02 REY

831213439, A0 .95
831711440, A1 .96
231211441, A0 .56
B31211447, N3 57
831211443, 0L .37
831211444, G .96
831z11445, .01 .57
831711446, L1 .97
a31z1i447, L0 97
831211448, L1 .58
831711449, Res .99
831211454, L1 1.0D

e e v s e
D el 00 0 U0 WD O 0D WD YD D0 IR e pe 50 P

Lol had Gl Lol ded Lad PO Ll Lo To3 PO PO 00 I8 1N bed b foas
»
b omd S0V Q0 WD Y LT D 00 ol s s OFY GBS s Lo OO o7y
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Table 6.3 Processed Data Format (Hourly Data) - Storm of May 1, 1983

yrdaytime rain pint timep avgflow wmaxfl timem wminfl <timem atemp wiemp
(in)  (in) (min) ({(cfs) {cfs) (min) (cfs) (min) () ( F)

831211600, .38 02 1553.00  3.68  7.96 1589.0 Z2.328 1509.0 59.13 58.72
831211700,  .B& 07 1632.00 13.03 25.31 1637.0 5.80 1624.0 68.42 58.39
831211800, .73 .04 1750.00 16,43 24,79 1755.0 10.5 1711.0 58.37 57.66
831211900. .55 L05 1809.00 19.57 25.59 1814.0 11.21 1900.0 57.66 57.43
831212000, .01 01 1943.00  5.589 10,97 1902.0  3.19 2000.0 57.37 56.43
831212100. .00 .00 2100.00  2.31 3.19 2002.0 1.79 2059.0 64.17 56.02
831212200. .00 L0 2200.00  1.49  1.84 2102.0 1.28 2157.0 68.33 56.39
831212300, A2 J05 2230.00 4.95 15.80 2236.0 1,16 2223.0 62.42 57.41
B31212400, 03 01 2339.00  4.92  9.02 2302.0  2.90 2400.0 57.87 56.95
831220100. .00 00 100,00 2,07 2.88 2.0 1.62 100.0 59.48 55.88
831220200. 00 00 200,00 1.35  1.66 102.0  1.18 158.0 60,23 55.06
831220300. .00 00 300.00  1.06  1.20 202.0 .94 300.0 80.4% 54.44
831220400, .00 00 460.00 .85 94 302.0 J9  400.0 59.76¢ 54.06
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Data Storage. The final step in the data management procedure involves
the Transferral of the file onto.a magnetic tape for psrmanent storage {see
Figure 6.1). The hydrometeorological data are stored on the magnetic tape in
a random access mode. Any individual event or group of events may be pulled
off the tape for subsequent analysis without reading the vremaining files.
Fach event file has a name consisting of a letter (A for minute data, B for
hourly data and R for raw data), and a 6 digit number corvesponding 1o the
year, the julian date, and the hour of the event. A binder containing a sum-
mary of all the different files has been created for use in jdentifying dif-
ferent selected events.

6.3 Implementation and Operational Considerations

Several problems were encountered in upgrading the Ross-Ade field sta-
tion. The associated problems can basically be divided into two different
groups: those probiems associated with the data acguisition system, and those
problems associated with the data management system.

Data Acquisition Considerations. The decision of what type of eauipment
to utiTize in the improvement of the field station was based on several fac-
tors, such as remote acquisition capability, component precision, and system
reliability. After considering several different possible systems, it was
decided that a remote field station transmission system would be the most
economical and efficient system. After consulting with personnel involved
with simitar projects, it was decided that the data acquisition equipment
should be purchased from Campbell Scientific, inc. This decision was based on
the past performance of their products, systen retiability, and cost.
Although much of the necessary hardware was obtained from an external manufac-
turer, a few of the operational components, such as the contro!  switchboard,
were constructed by Purdue personnel. Although some initial problems were
encountered with data transmission noise and a few circuit malfunctions, the
problems have now been solved, and the system is working very welil.

Data Management Considerations. One of the initial considerations
involving the data management system concerned the type of data management
nardware to use. Both cassette and floppy disk systems were investigated.
Because of the versatility of the disk recording system and due to budgetary
constraints, a microcomputer - floppy disk system was utilized. The microcom-
puter system chosen for use in the project was a Heathkit H8 microcomputer.
It was selected due to budgetary constraints and because the Heathkit micro-
computer was capable of using a CP/M operating system. After a couple months
use, it was determined that the system operated most efficiently with three
floppy disk drives. Although a few minor hardware problems were encountered,
they were solved fairly easily with assistance from Purdue personnel and with
assistance from Heathkit.

After the data management hardware was installed, several other factors
remained to be considered. One of the primary probiems was the development
and/or the acquisition of necessary software to run the system, Several bene-
ficial programs were obtained from persons with the University while the
remainder of the software was developed specificaily for the data wmanagementi
system.  The verification and occasional modification of available software
and the writing of the remaining software proved to be a tedious task.
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However, after a couple months work, a general operational system was
developed, documented, and implemented.

In order for hydrometeorolegic processes to be adeaquately investigated
and properiy understood, it is imperative that a reliable nydrologic data base
be established. In order to maximize the quality and utility of such a data
base, 1t {5 nmecessary that the data acquisition and management system be
designed so as to meet these objectives. In upgrading the Ross-Ade field sta-
tion, an attempt was made to increase the operational capability of the system
as well as the reliability and the utility of the collected data. As of
April, 1984, 305 individual events have been analyzed. Associated with each
event are minute data for rainfall, flowrate, air temperature, and water tem-
perature. in addition, quality data have been recorded for 36 of these
events. These data represent a very extensive data base for use in the
analysis of the physical mechanisms involved in urban hydrology. The data
have been recorded on magnetic tape in a random access format for easy access
and usage. Summary tables and graphs have been developed for the entire data
base for use in screening and indentifying critical events for subsequent
analysis.
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Bb.5 Discliaimer

Mention of trade names or commercial products does not constitute their
endorsement or recommendation for use. They ave given only to provide a com-
plete description of the Ross Ade watershed installation.
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