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Preface

The U.S. Army Corps of Engineers 10th
Seminar on Water Quality was held in Savan-
nah, Georgia, on 15-18 February 1994. The
seminar was co-sponsored by the Committee
on Water Quality (CWQ), the U.S. Army En-
gineer Waterways Experiment Station (WES),
and the Hydrologic Engineering Center
(HEC) of the U.S. Army Corps of Engineers
Water Resources Support Center.

The organizational activities were carried
out under the general supervision of Dr. Robert
M. Engler, Program Manager, Environmental
Effects of Dredging Programs (EEDP), Envi-
ronmental Laboratory (EL), WES. Mr. Thomas
R. Patin, Program Manager, Dredging Opera-

tions Technical Support (DOTS) Program,
was responsible for planning the meeting.

Dr. John W. Keeley was Director, EL, WES.
Mr. Frederick B. Juhle was Chairman, CWQ,
for the Headquarters, U.S. Army Corps of
Engineers.

The seminar agenda was prepared by
Messrs. Patin and Robert C. Gunkel, WES.
Mr. Patin was responsible for coordinating
the necessary activities leading to publication.

At the time of publication of this report,
Director of WES was Dr. Robert W. Whalin.
Commander was COL Bruce K. Howard, EN.

The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an official endorse-

ment or approval of the use of such commercial products.
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Conversion Factors, Non-Sl to Sl Units of
Measurement

Non-SI units of measurement used in this report can be converted to SI units as follows:

Multiply By To Obtain
acres 4,046,873 square meters
acre-feet 1,233.489 cubic meters
cubic feet 0.02831685 cubic meters
cubic yards 0.7645549 cubic meters
degrees (angle) 0.01745329 radians
Fahrenheit degrees 5/9 Celsius’
fathoms 1.8288 meters

feet 0.3048 meters
gallons (U.S liquid) 3.785412 liters

inches 2.54 centimeters
miles (U.S. statute) 1.609347 kilometers
pounds (mass) 0.4535924 kilograms
pounds (force) per square inch 6.894757 kilopascals
square miles 2.589998 square kilometer
tons (2,000 pounds, mass) 907.1847 kilograms

! To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the following formula: C = (5/9) (F - 32).

Water Quality "94

Conversion Factors, Non-S! to St Units of Measurement

xXi




Introduction

The Corps of Engineers Seminar on Water
Quality is held biennially to provide for pro-
fessional presentation of current research pro-
jects and operations activities. Subsequent to
these presentations, the Civil Works Research
and Development Program Review for the
Water Quality Research Program is held.
This seminar and program review are at-
tended by representatives of the Headquar-
ters, U.S. Army Corps of Engineers (CE); CE
Laboratories and Field Operating Activities;
and CE Division and District offices.

The overall objective of this biennial seminar

is to provide an opportunity for presentation
of water quality assessment, prediction, and

Water Quality '94

control for reservoirs and inland waterways as
well as coastal and estuarine water resource
projects.

The printed proceedings of the biennial
seminar are intended to provide all levels of
Corps management with a summary of cur-
rent water quality research and development
as well as operational activities.

The contents of this report include the pre-
sentations of Water Quality *94, the Corps of
Engineers 10th Seminar on Water Quality,
held in Savannah, Georgia, 15-18 February
1994. Abstracts have been substituted for
papers not provided.
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Performance-Based Water Quality Management

Richard E. Price,1 Fredrick B. Juhle,2 and Dave Brown®

Introduction

The U.S. Army Corps of Engineers (CE)is
responsible for operation and management of
numerous water resource projects across the
United States. Water quality management is a
major activity at many of these projects, re-
quiring considerable allocation of resources
to achieve environmental and water quality
objectives. To achieve the most efficient and
effective use of resources in this era of dwin-
dling dollars and manpower, many agencies
are investigating the use of a performance-
based management approach to water resource
projects. This approach requires that the man-
ager define water quality objectives in measur-
able and quantifiable terms, identify available
resources and constraints to management objec-
tives, execute management plans, and evaluate
the success of management plans relative to
initial objectives.

Although a performance-based manage-
ment approach has been used in a number of
areas, such as Total Quality Management ap-
proaches, it has not been universally applied
to environmental management initiatives.
Some water quality programs may function
in this manner; however, the relationship be-
tween established management goals, moni-
toring, and continued assessment of progress
towards the management goals is not obvious.
Through performance-based water quality man-
agement, the links between management ob-
jectives, technical monitoring programs, and
evaluation of success can be clearly defined.

Performance-Based Water
Quality Management

Performance-based water quality manage-
ment (PBWQM) may be best defined as an
approach to water quality management that
includes all aspects of resource management
focusing on success of the overall program
rather than simple compliance to water quality
criteria. In traditional water quality manage-
ment programs, the resource manager identified
appropriate water quality criteria for a given
project. These are usually based on U.S. En-
vironmental Protection Agency (EPA) or
State standards and are designed to protect
the water for a given use, such as drinking
water, recreation, or fish and wildlife uses. In
most cases, these are generic criteria, applica-
ble to most any water resource. The PBWQM
approach utilizes these criteria as a basis for
identification of water quality problems or in-
dicators of environmental health. However,
this approach expands the objective of the
managers program to include other criteria such
as indicator organisms or biological indices. It
also would include resource criteria, such as
methods of program execution (in-house versus
cooperative with other agencies), expertise of
staff (academic degrees, disciplines, and pro-
fessional registration), degree of public involve-
ment in setting water quality goals (public
meetings for criteria evaluation versus publi-
cation of water quality goals), communication
of goals, and degree of communication.

1 Supervisory Physical Scientist, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
2 Hydrologist, Office of the Chief of Engineers, Washington, DC.
3 Hydraulic Engineer, U.S. Army Engineer Division, Southwestern; Dallas, TX.
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There are a number of advantages to the
PBWQM approach.

® Efficiency oriented. The PBWQM is
efficiency oriented, implementing a pro-
cedure for evaluating how well water
quality management programs are being
executed. This will provide the resource
manager with methods to evaluate alloca-
tion of resources to achieve the most cost-
effective enhancements to project water
quality.

® Broader based objectives. The PBWQM
is a broad-based management approach,
incorporating a team approach to defini-
tion of objectives, including evaluation of
management performance in the traditional
evaluation of water quality monitoring.
The evaluation includes performance of all
aspects of the water quality management
program, including resource utilization,
coordination with all involved parties,
and communication of objectives and man-
agement success for each project.

® Standardized process. The use of
PBWQM will institutionalize a standard-
ized process for identifying management
and water quality goals, establishing cri-
teria and objectives for evaluation of water
quality and management of resources.
This will provide a means for comparison
of water quality programs between Dis-
tricts and Divisions as well as comparison
of individual projects over time.

Examples of Similar Initiatives

A number of Federal and State agencies are
investigating the use of performance-based
management approaches. These management
approaches are designed to improve efficiency
within the organization, include management
and resource allocation decisions in the evalu-
ation of the technical program, and to provide
a standard method for evaluation of the partic-
ular environmental program.

The Tennessee Valley Authority (TVA)
Reservoir Monitoring Program (TVA 1993),
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which was initiated to evaluate the health of
the reservoir ecosystem and determine how
well each reservoir meets water quality goals
of the Clean Water Act, focuses on indicators
for program evaluation. Five indicators were
identified for reservoir health, dissolved oxy-
gen, chlorophyll, sediment quality, benthic
macroinvertebrates, and fishes. For each indi-
cator, scoring criteria ranging from 1 to 5 were
established with a score of 1 representing a
poor condition and 5 representing excellent
conditions. Using this procedure, water qual-
ity, plankton, benthic, and fisheries data for
each reservoir can be summarized into a nu-
merical score to provide a general evaluation
of reservoir health. These evaluations can
then be used to provide the public with water
quality information and can be used by man-
agers for comparisons between individual res-
ervoirs as well as evaluation of an individual
reservoir’s health over time.

As another example, the Intergovernmental
Task Force on Monitoring Water Quality
(ITFM) was established under the Interagency
Advisory Committee on Water Data to review
and evaluate water quality monitoring activities
and report to the Office of Management and
Budget, Federal agencies, Congress, States, and
others on water quality monitoring concerns. A
major objective of this task force was to de-
velop a strategic plan for effective collection,
interpretation, and presentation of water qual-
ity data to provide a more effective basis for
decision making. These objectives also in-
cluded application of environmental indicators
and development of a water information net-
work for data sharing. These objectives are
directed at more effective communication of
water quality information with the public,
providing guidelines for water quality reports
based on the intended audience and how well
information is presented. It also calls for
performance-based methods of water quality
analysis. The ITFM provided input into pro-
posed revisions of the Clean Water Act to
recommend similar goals in support of water-
shed management in the States.
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The third example of a similar performance-
based initiative is the Aquatic Plant Manage-
ment Self-Evaluation developed by the Aquatic
Plant Control Program Evaluation Guidance
Task Force established by Headquarters, U.S.
Army Corps of Engineers (CECW-ON). This
procedure was designed to provide aquatic
plant managers with a self-evaluation check-
list of the overall aquatic plant management
program, including technical staff, facilities,
resources, and management. Stated objectives
of the Task Force for this procedure was to
assess the efficiency and effectiveness of the
individual programs and ensure the most
efficient use of funds.

This program evaluation guidance document
was designed to provide a standardized process
for aquatic plant management program evalua-
tion, providing a consistent means of assessing
program strengths and weaknesses and ensuring
compatibility with basic aquatic plant program
objectives and philosophies. Technical con-
siderations, such as ecological factors, devel-
oping technologies, and technology transfer,
are included with management and training
aspects of the program evaluation. This pro-
gram is implemented as a checklist, with one
checklist for each level of responsibility:
project, District, Division, and Headquarters.

In short, the checklist is structured by re-
quirements and responsibilities with the man-
ager providing the status of each requirement
in his program. Requirement categories in-
clude the following: presence of aquatic plant
management plan, applicable laws and regula-
tions, conducting annual surveys, development
of public education program, certification/
licensing for applicators, medical surveillance,
technical knowledge, records management, re-
porting, budget preparation, fiscal management,
contract administration, pesticide storage/
disposal, safety, monitoring, local sponsor
coordination, and technical assistance.

A pilot test of this program was initiated
in the South Atlantic Division in fiscal year
1993 and is currently being evaluated for fur-
ther implementation.

4
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Performance-Based Water Quality
Management Process

For a PBWQM process to be effective, the
process must be applicable to all projects and
yet be sensitive enough to provide meaningful
evaluations of management performance. The
process should be structured with a single doc-
ument, providing a standardized process for
each project. Indicators of environmental
health as well as criteria-based evaluations
should be included. Criteria for ultimate eval-
uation of performance should include all as-
pects of program management and execution.

The structure for the PBWQM evaluation
document should include the following re-
quirements:

® Project information. This would include
standard project data, such as name,
location, size, authorization, and point
of contact.

® Environmental objective. This section
includes environmental and water quality
objectives such as authorized water qual-
ity uses, involvement of local and State
agencies in identification of environmental
objectives, specific regulatory criteria,
State standards or other established numeri-
cal criteria, and operational goals concern-
ing water quality or environmental health
that may be monitored or evaluated.

® Program coordination. This section in-
cludes the degree of coordination of the
water quality program with local, State,
and other Federal agencies such as public
meetings held or attended to present pro-
gram goals and objectives.

® Resource utilization. This section in-
cludes all aspects of resource utilization
such as evaluation of in-house versus con-
tract labor, facilities, training and qualifi-
cations of staff, unique expertise, and
degree of technical coordination with pri-
vate and academic organizations.

® Enhancement techniques. This section
would include enhancement techniques
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used by District personnel to meet or en-
hance water quality at a given project.
Enhancement goal, structural or opera-
tional enhancement technique(s), and suc-
cess of the technique would be evaluated.
Unusual water quality features, such as
submerged weirs, would be included in
this section.

® Water quality monitoring and assess-
ment. This section would include the tra-

ditional water quality monitoring program. -

* Data collection, including sample lo-
cations, method by which sample loca-
tions are determined, statistical design,
sample frequency, and quality control
of data.

* Data analysis, including comparison
of data to criteria or standards, water-
use indices, indicators of environmen-
tal health, and use of risk assessment
procedures or numerical models.

* Reporting of results, frequency and
type of reports, distribution of reports,
and coordination with other agencies
or public groups.

® Performance evaluation. This section
provides the evaluation of the water qual-
ity management program. Comparison
of monitored conditions to established
criteria. Comparison of overall manage-
ment program to qualitative objectives.
Assess changes from previous years
program.

@ Special problems. This section includes
special problems such as major hydro-
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logic events (floods and droughts), admin-
istrative changes (reorganization, etc.), or
rapid changes in fiscal constraints (fund-
ing cuts, etc.) that may affect program
management or execution.

Conclusions and
Recommendations

The development and implementation of a
performance-based water quality management
program will improve the water quality moni-
toring efficiency and effectiveness within the
Corps of Engineers. It will provide water
quality managers with a standardized proce-
dure for evaluation of management perfor-
mance and reporting including objectives that
are broader based and oriented at improving
efficiency.

It is recommended that a performance-based
water quality management document be devel-
oped including the above-mentioned categories.
Appropriate criteria for evaluation of each
category of performance should be identified
and quantified. The procedure should then be
pilot tested at a CE project and results of the
pilot test evaluated for future implementation.

References
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“Partnering” for Technology Transfer
in the Corps

Harold T. Sansing1

Introduction

Over the past 20 years or so, the Corps of
Engineers has invested resources in water
quality and other environmentally related Re-
search and Development (R&D). The imple-
mentation of these R&D efforts at the field
level results in savings and technical improve-
ments at Corps projects. The Nashville Dis-
trict has utilized several research packages
in water control/water quality management
activities as well as the consulting services
of the U.S. Army Engineer Waterways Exper-
iment Station (WES) for these and other envi-
ronmentally related activities.

The R&D products from the Dredged Mate-
rials Research Program (DMRP), the Aquatic
Plant Control Research Program (APCRP),
the Environmental Water Quality Operational
Studies (EWQOS), and more recently the
Water Quality Research Program (WQRP)
have all made contributions to the manage-
ment of the Nashville District’s system of
multiple-use dams and reservoirs.

Basically, the driving force behind these re-
search needs was the mandates set down in a
series of Federal environmental and water
resource management laws and regulations be-
ginning with the Clean Water Act in 1968.
The real or substantive requirements of these
new environmental laws soon overshadowed
the way the Corps was doing business. That
is to say, the new laws required the Corps to
refocus on the technical aspects of engineer-
ing projects and re-examine those original
project purposes and management objectives
for which we are responsible.

Technology Development

The R&D programs mentioned above did
not just “come about” nor were they thought
up in an esoteric academic environment by
engineers and scientists. Indeed, they were
developed from scrutinizing needs and priori-
ties identified in the field through surveys and
workshops held throughout the Corps. Periodic
reviews by the Committee on Water Quality
and Field Review Groups maintained conti-
nuity and updated needs. As the R&D pro-
gressed, many Districts were paralleling the
ongoing research by developing environmen-
tal and water resources engineering (EWRE)
expertise on their own and putting together
databases from projects in all phases of
development.

As knowledge of Corps projects increased
through basic research at the WES laboratories,
so did the learning curve of the people working
hands-on with the projects in the field. This
field experience is very broad in scope and
overlaps many technical disciplines. The com-
bined knowledge and experience accumulated
over this period represents a major bank of
technical assets to the Corps.

The Corps has reached the point, however,
where extensive technical and political coordi-
nation on any project undertaken is a must.
Without proper coordination on the front end,
a project will invariably suffer delays and un-
necessary expenditures of time and resources.
It has become self-evident that the environ-
mental and water resources management com-
munity, of which the Corps is an integral

1 Chief, Water Quality, U.S. Army Engineer District, Nashville; Nashville, TN.
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partner, is ready for and must develop a real,
hands-on partnering arrangement.

Partnerships

Primitive Partnerships

Partnerships are nothing new. Marriages
have been taking place for centuries. A char-
acteristic of human culture is that they are al-
ways cutting deals and making trades. If all
parties in the trade end up feeling like humans
got something for nothing, then the trade was
successful-—which is value added and is es-
sential to partnerships.

What Is a Partnership?

By definition a partnership is as follows:
“An explicit agreement between two or more
entities in which each consents to furnish part
of the resources required for the enterprise
and by which each shares in the profits and
losses.”! One can develop a simple model
from this definition.

Partnership Linkages

Partnerships represent linkages that are
needed in order to save costs and reduce re-
dundancy. What is more important, partner-
ships serve as value-added instruments while
meeting the needs of overlapping manage-
ment goals. Key elements of partnership
linkages are as follows:

Shared Visions and Goals
Shared Responsibilities
Shared Costs

Shared Benefits

Shared Control

The Problem

There is one aspect within the overall tech-
nology transfer process that needs further de-

velopment. The following discussion will
point out communication problems that inter-
fere with the smooth delivery of R&D products.
Improvements in delivery of these products to
the marketplace will better serve the needs of
Corps customers (and partners).

The obvious question is what exactly is the
Corps role in the water resources management
community of which it is an integral part. In
the case of the Nashville District, this is self-
evident based upon its Federal management
responsibilities within a functional system
consisting of navigation, hydropower, flood
control, and recreation projects. It is import-
ant to recognize, however, that the water
quality of all of the projects making up this
system are at the mercy of the water resources
programs and management actions of fellow
members of the water resources management
community composed of local, State, and
other Federal entities.

Here’s the situation: The Corps has a tre-
mendous capital resource investment in tech-
nical knowledge residing in experience and
research that is not being fully developed. At
WES, research has been programmed over
several years encompassing the DMRP,
APCRP, EWQOS, and WQRP. A real alpha-
bet soup of environmental acronyms!

The nature and size of the various R&D
programs required that they be funded and
administered in separate manageable units.
This “separateness” has had a tendency to
bias the perception of customer service needs.
“In the field,” the products of the various
research programs and units actually cross
impact and interact, physically, chemically,
and biologically.

Partner ldentification

The Corps public relations efforts thus far
have emphasized identifying customers or

1 Siderelis, K. (1993). “GIS data partnerships: Linking GIS data users,” Tennessee GIS Users Forum,
North Carolina Center for Geographic Information and Analysis.
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“partners” and working with counterpart
“turf” elements within their organizational
structure. These counterparts more often do
not even exist, so that it ends up being some
kind of “force fit” and may be even counter-
productive to effective communication at the
technical level. This may also be confusing
to a State organization, for example, whose
environmental mandates are much broader in
scope.

As an example, here is a rundown of the
State of Tennessee’s functional organization
chart of the Tennessee Department of Envi-
ronment and Conservation (TDEC):

Bureau of Administrative Services (6 Divisions)
Bureau of Resources Management
Construction Grants and Loans

Recreational Services
Solid Waste Assistance
Archaeology

Ecological Services
Geology

Iindian Affairs

Land Reclamation
Historical Commission
Conservationist Magazine

(10 Divisions)

Bureau of Environment
Air Pollution Control
DOE Oversight Division
(Oak Ridge National Labs)
Training Center
Ground Water Protection
Petroleum Underground Storage Tanks
Radiological Health
Solid Waste Management
Superfund
Surface Mining
Water Pollution Control
Water Supply

(10 Divisions)

Under the TDEC are also 10 field offices
and Pretreatment Coordinators located in vir-
tually every town and city in the State. The
multidisciplinary professional staffing of the
TDEC totals some 800 personnel.

The above does not include the Tennessee
Wildlife Resources Agency, which is made
up of Regional Offices, technical and enforce-

ment staffs, hatcheries, State lakes manage-
ment, and others. The agency has a total staff
of 568 made up of biologists, wildlife officers,
and legal and administrative personnel. The
agency is responsible for administering the
Fish and Wildlife programs in the State.?

The Nashville District, with designated
water management responsibilities within
the Tennessee and Cumberland river basins,
overlaps seven States. Assuming these States
have similar environmental organizations as
noted for Tennessee, one can see a real problem
with communicating any kind of effective
partnering arrangement in a one-on-one
relationship. And from the States’ viewpoint,
they are facing a similar communication prob-
lem with the various Federal agencies and
programs with which they must interact.

An Approach

Given the above, a truly successful partner-
ing arrangement poses a real challenge. Ide-
ally, such an arrangement might consist of a
primary focal group with a makeup of the
vested environmental interest(s) of local, State,
and other Federal management agencies. There
would also be a technical link to the regional
engineering and scientific (E&S) academic
community. The charge of such a partnering
arrangement would stress “round table” com-
munication so that each member definitely
understood the other members’ charter respon-
sibilities within the environmental and water
resources management community. The
group should be empowered to make recom-
mendations affecting environmental and
water resources management of the region.

The overall Corps R&D effort is not com-
plete until it has reached full circle back to
the origin of need. The key to the success of
this effort is the utilization of academia as a
technical extension of the District. The pres-
ence of the E&S academic community as a

1 Directory of Tennessee Department of Environment and Conservation, Functional Organization, 1993.
2 Personal Communication, 1993, R. Hatcher and N. Bates, Tennessee Wildlife Resources Agency.
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full partner in a focal group is essential and
would function as a technical oversight ele-
ment. This academic partner serves as a
vested interest technical “consultant” and in-
terface for the District. This arrangement
would serve to smooth out the technology
transfer of research from the Corps labora-
tories to application in the field.

A Continuity Model

The following outline suggests a phased
process leading to the implementation of
partnering and technology transfer of R&D
products.

Awareness

Consists of surveys, joint workshops, estab-
lishing triangles of technical communications
involving Corps R&D Products (Labs), Dis-
tricts, State, other Federal and Academia.

Environmental Systems
Requirements

Defines uses and limitations, standards,
and resources.

Environmental Systems
Evaluation

Defines who manages what, cross impacts
on water/natural resources/land management,
management responsibilities, agreement on
environmental systems component definitions
and priorities (land usage BMPs, CSOs, point,
nonpoint, critical Qs, cross impacts).

Implementation Plan

Defines priorities, benefits, value added,
joint management agreements.

Partnering
Consists of joint operational phase with

periodic review. Empowerment of local, re-
gional “teams” committed to Total Quality

Water Quality 'S4

Management (TQM) of the environmental
systems components.

District Partnering

The Nashville District has been fortunate
in having the opportunity to gain experience
in the pursuit of partnership arrangements.
The following are brief examples.

Interagency Management

As far back as 1987, the District orches-
trated a partnering meeting of the “natural
resource managers” in the central region of
Tennessee. The reasons behind the partnering
arrangement stemmed from accusations and
the suspicion of “pollution” occurring at a top
recreational lake situated within the Caney
Fork River Basin. Much time and resources
can be easily misdirected as a result of “emo-
tional science” that sometimes tends to gloss
over facts and leads to dead-ends.

The District started an initiative to dis-
cover the facts of the case. We proceeded
with identifying and researching the responsi-
bilities of those agencies who had any kind of
natural resources management responsibilities
within this river basin. These agencies were
all informed of the situation and invited to
participate in a round-table discussion of the
subject. Academic expertise of the region
was also researched and asked to participate
as vested expert witnesses.

The round-table meeting was organized
much in the fashion of a workshop. The
makeup consisted of some 12 official mem-
bers representing State and Federal agencies
and academia all of which play a resource
management role in this region. A Discus-
sion Paper was developed by the District that
induced participation by all members of the
group. Each group member was a manager of
an agency function that could be responsible
for generating point and nonpoint sources of
contaminants generic to the management of
the water quality of this lake project.
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From the Discussion Paper came an outline
of possible sources of contaminants that could
impact the water quality of this recreational
project. Some action alternatives were pro-
posed. The most important aspect of this
meeting was the information and knowledge
gained by each participant. Many of the per-
sons in the meeting were literally unaware of
the others’ specific management responsibili-
ties and the impacts their actions had on the
water quality and recreational potential of this
lake project. The “partnering” was a total suc-
cess from a standpoint of information trade
exchange and served to build confidence and
candidness for future meetings of this nature.

Regional Environmental
Engineering

The Nashville District recently completed
a reconnaissance report entitled the “Metro-
politan Nashville Regional Environmental
Engineering Study, TN.” The study area en-
compasses three lake projects managed by the
District. The projects are managed for naviga-
tion, flood control, hydropower, and recreation.
The discharges from these projects supply
water to a system of multiple uses and stream-
use classifications including water supply,
water quality, fish and wildlife, and recreation.
The projects also receive discharges from point
and nonpoint sources within the region.

The study focuses on the interdependency
of water uses in the region and demonstrates
the changes that have occurred as a result of
the development of the Cumberland River
System. It presents a great challenge to the
engineering community to develop a regional
water resources management design to fulfill
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the requirements of environmental regulations
of air and water pollution control. Partnering
will have to play an important role from a
technical and social as well as a financial
standpoint.

Tennessee Rivers Information
System (TNRIS)

The District is now a partner with the
TDEC in development of a comprehensive,
statewide rivers assessment. The result of
this effort, the TNRIS, will consolidate infor-
mation for various river-related resources into
a master database residing on a Geographic
Information System (GIS) with unlimited re-
trieval options. Participation in the rivers as-
sessment has come from a diverse group,
including Federal, State, and local individuals.
Each participating entity is either contributing
its expertise and/or funding a portion of the ef-
fort. The investment of these partners in the
TNRIS will be returned many times over as a
result of having access to such a powerful de-
cision-making and planning tool. Corps of
Engineers applications for the TNRIS include
natural resource management, regulatory per-
mitting actions, and project planning.

Conclusion

Facing the new environmental and water
resource engineering paradigm will always be
areal challenge to our engineering capabilities.
Incorporating its unfamiliar technical require-
ments into the way we do business poses a
challenge for R&D and management alike. It
also presents us with great opportunities in a
world of changing roles and new partnerships.
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The Nature of the Beast

by

John L. Andersen!

Introduction

Water quality in a District office involves
working with a wide variety of problems and
opportunities. Many of these problems and
opportunities may not come under the purview
of water quality as defined by various regula-
tions, manuals or individuals, yet definitely
belong in the area of endeavor broadly defined
as water quality. It should be noted that the
“purview” of water quality may vary widely
from District to District ranging from doing
very little to conducting numerous studies and
managing complex sampling programs and
water control situations. Because of the wide
range of activities, it would perhaps be more
appropriate to change the name “water quality”
to “reservoir ecology” or “aquatic engineering”
to more accurately define the job. During the
past few years, a sampling of tasks performed
by water quality personnel that often do not
come under the strict definition of water
quality (this varies from District to District)
include the following: (a) urbanization and
associated problems; (b) sedimentation prob-
lems associated with agriculture, construction,
or shoreline erosion; (c) fisheries; and (d) edu-
cation as it relates to environmental awareness
and the continued quality of Corps projects
for their assigned purposes.

Urbanization

Urbanization is a major problem facing
many Corps reservoir projects. Unfortunately,
problems associated with urbanization are
often dealt with on a crisis management or
piecemeal basis. Under this scenario, once a
problem is handled in a particular manner, a
precedent may be set that limits future op-

tions or can make future changes in handling
similar problems difficult. In addition, the
urbanization can be extremely damaging to
reservoir ecology, recreation, and project lon-
gevity. Urbanization problems associated
with water quality are basically two types;
those associated with the construction period
and those associated with post construction.

Construction methods normally involve
laying the land bare, thus allowing sediment-
laden runoff to impact nearby streams and res-
ervoirs. Personal observation indicates that
Best Management Practices (BMPs) to mini-
mize construction-associated sedimentation
damage are rarely used. Obviously, there are
methods of minimizing this type of impact:
temporary sediment ponds, staging construc-
tion, etc., so that large areas are not denuded,
using bales or sediment curtains, etc. It is
suggested that (BMPs) be mandated for Corps
contractors and project sponsors. In addition,
every effort should be made to prevent off-
project construction sedimentation from
causing on-project impacts. This could be
accomplished by working with developers
and appropriate State agencies.

Postconstruction problems are commonly
associated with storm drainage and urban pol-
lution. The conversion of grasslands or forests
to roads, roof tops, sidewalks, and other water-
impervious surfaces makes stream flows more
variable and increases the frequency of flood-
ing (U.S. Environmental Protection Agency
1972). In addition, pollutants associated with
urban drainage can cause severe impacts to
downstream water bodies (Whitman 1968).
Urban storm flows detrimental to receiving
waters can be permitted under the National
Pollutant Discharge Elimination System

1 ys. Army Engineer District, Omaha; Omaha, NE.
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(NPDES) thus requiring treatment. Storm
sewer exits can be allowed on project lands
provided that the developer will go to some ef-
fort to provide detention in the form of ponds,
swales, or wetlands on private property. In
addition, the developer might be asked to con-
struct a series of wetlands to slow downbhill
flows and provide time for bacterial die-off,
chemical degradation, reduced flow rates, and
sedimentation. The advantage to the developer
would be the construction of the storm sewer
outlet on property that may allow for an extra
structure or more aesthetic conditions on the
property being developed. (It is important to
note that “wetland” as defined for purposes of
this paper is a shallow basin not more than 1
to 2 ft in depth and filled with aquatic plants.)
It should not be defined as a pond that, under
some conditions, can be considered as an
attractive nuisance.

There are numerous methods of minimizing
urbanization impacts; however, these methods
are rarely considered. Very commonly, those
reviewing drainage plans are individuals fa-
miliar with hydrology but unfamiliar with
the environmental problems associated with
drainage. Obviously, these groups should
work together, not independently.

It is suggested that an organized process or
policy be created within each District to handle
urbanization problems in a reasonable and con-
sistent manner. Such a policy should involve
water quality, natural resources management,
engineering, and other forms of expertise and
should work with developers to reach agree-
ment as opposed to simply accepting whatever
damages might occur. A variety of scenarios
could be developed, their primary purpose
being to maintain the quality, longevity of
the project, and good relations with urban
interests. Such actions would be beneficial
to both parties.

Fisheries

In many Corps Districts and Divisions,
fisheries are considered a function of the
State and thus receive scant attention in terms
of water quality, baring of course a situation
where releases or some other Corps activity is
seriously impacting a valued fishery. How-
ever, fisheries can be an excellent indicator of
both water quality and the ecological health
of a reservoir. A fish kill for instance is a
clear indicator that something is wrong. In
terms of water quality, it may not indicate
what is wrong but serves as a cue to start look-
ing. Because of bioconcentration, testing for
pollutants in fish flesh is often more produc-
tive than testing for lower pollutant concentra-
tions in water. The loss of or a significant
change in the fishery over time can be a clear
indicator of problems even though continued
testing or water quality sampling and compari-
son of results to existing standards indicates
no particular problem. An example of a prob-
lem occurring over a period of years unde-
tected by water quality sampling and analysis,
or any other District effort, would be the loss
of the bass-bluegill fishery in the Salt Creek
Reservoirs located near Lincoln, NE.! (The
Salt Creek Reservoirs are a system of 10
flood control reservoirs constructed by the
U.S. Army Corps of Engineers during the
early to mid 1960s.) While records of the
fishery in the Salt Valley Reservoirs are spo-
radic, it was obvious by the 1980s that the
bass-bluegill fishery was no longer a viable re-
creational fishery. In addition, data obtained
during the 1991-1992 period compared with
data obtained during 1968-1970 indicated that
benthic populations decreased by a factor of
10 (Popp 1993). Sedimentation had covered
the habitat needed for a viable bass-bluegill
fishery and had also destroyed a major part of
the benthic community, a significant part of
the food web. Visual observations over the

b Schainost, S. (1989). “Further investigations into the largemouth bass population dynamics of the
Salt Valley Reservoirs,” Unpublished Final Report, Project No. F8112, Nebraska Game and Parks

Commission.
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years indicated that increased turbidity associ-
ated with sedimentation had essentially elimi-
nated macrophytic vegetation.

Within a time span of 10 to 15 years (a
very brief time in the life of a reservoir), a
major fishery was lost, a benthic community
was lost, and a major portion of the macrophyte
community was lost; yet no one can point a
finger at any segment within the District struc-
ture and say, “You failed to do your job.” It
is obvious that something is missing in the
engineering, design, and management of our
reservoirs. Fisheries should be utilized as
an ecological tool in the management and
operation of our reservoirs.

Education

Reservoir management within the U.S.
Army Corps of Engineers tends to be piece-
meal. One agency manages the fishery, another
agency or part of an agency manages grazing
leases, another part of an agency maintains
camp pads or grass mowing, and still another
part of the agency looks at water quality, etc.
Even if all the management parts perform
their function perfectly, the reservoir still
suffers because it is considered as distinctly
separate parts, pieces, and responsibilities.
Rarely is a reservoir considered as an ecologi-
cal unit; because of this, reservoirs and their
recreational and ecological functions are
being unnecessarily lost.

A significant portion of the water quality
effort in a given District should consist of edu-
cation in terms of reservoir management. In
the event that education is not deemed to be a
function of water quality, then a separate unit,
group, etc., should be established to look at
the reservoir and its watershed as an ecological
entity and actively interact with the appropri-
ate organizational elements to properly
manage the reservoir. Unfortunately, the
bureaucracy is not set up to handle such an
effort. It should be obvious that significant
ongoing shoreline erosion is a serious problem
that will result in severe ecological damage,
thus limiting recreational and aesthetic value.

Water Quality '94

This problem should be funded and handled
in a systematic and scientific manner as op-
posed to simply purchasing additional lands
or utilizing rock to protect only constructed
facilities or cultural resource sites.

The Omaha District has thousands of miles
of ongoing shoreline erosion yet systematic
efforts to resolve the problem are piecemeal

- or nonexistent. Those few projects that have

been completed are rarely monitored over a
period of years for success or failure. As are-
sult, failures are repeated and often successes
are not repeated.

Tens of thousands of acres of wetlands have
been lost within Omaha boundaries (through no
fault of the Corps), yet efforts to create or es-
tablish wetlands to improve water quality or
to produce waterfowl are miniscule and often
accomplished only with heroic efforts that
of necessity must circumvent established
procedure.

One ranger approached the District office
in an attempt to get some small ponds con-
structed for purposes of rearing waterfowl
and because he was concerned about agricul-
tural drainage. The District design costs
alone would have destroyed his entire annual
budget. In desperation, he approached a con-
tractor he knew and asked what it would cost
to construct the ponds. The ponds were de-
signed and constructed for $2,500 each. The
ranger, in order to accomplish the simple goal
of building some ponds, was carefully trained
to avoid the Corps bureaucracy. It’s easier to
ask forgiveness than permission.

Environmental problems on Corps projects
are all too common. Low cost, low tech solu-
tions are all too common. Yet the concrete
and steel mentality rules and little gets accom-
plished because it’s “too expensive,” or new
ideas are dismissed with a cursory “Can’t be
done.”

The bottom line? We simply don’t get it.
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High-Speed System for Synoptic Assessment
of Riverine Near-Surface Water Quality
Conditions and Spill Response

William L. Cremeans,' Richard M. Meyer,1 and George P. Kincaid'

Chronological Perspectives
and Development of the
Initial System

Development of the system discussed in
this paper was begun during Huntington
District’s response to a massive spill of diesel
fuel that entered the Ohio River in January of
1988. By most estimates, nearly one million
gallon52 of Number 2 diesel fuel were re-
leased. The spill posed substantive threats
to water-treatment plants, many water users,
and aquatic life along hundreds of miles of
the upper Ohio. To minimize impacts to the
greatest extent possible, the primary task of
the various agencies responding to the spill
was to provide ongoing definition of the
location and extent of the spill.

Fluorometers

Fluorometers were quickly identified as
the most practical means of tracking the spill.
They could provide both sensitive and instan-
taneous response to aromatic and polynuclear
aromatic components of the diesel fuel that
are capable of fluorescing, such as benzene
and naphthalene.

Laboratory-model fluorometers were the
first type used in attempts to ascertain the
leading edge of the spill. A towboat trans-
ported investigators along the river to collect
grab samples, which were then placed in
cuvettes for analysis.

Pumped-Water Systems

As the spill approached Hannibal Locks
and Dam, the uppermost extent of Huntington
District, our Water Quality Section assumed
responsibility for tracking the spill. Equipment
used included a field-portable Turner Design
Model 10 fluorometer, which was configured
with a flow-through cell and interfaced with a
strip-chart recorder. The equipment was used
aboard a 23-ft workboat capable of cruising at
relatively high rates of speed.

The flow-through cell was first used in
conjunction with a water intake provided by
a weighted submersible pump attached to a
garden hose. This arrangement could be towed
only at very low speeds, about 2 to 3 miles per
hour, but did provide continuous monitoring.
The pump could also be lowered from river
surface to bottom to evaluate possible layering
of petroleum products.

In an effort to gain greater speed for tracing
the spill, the submersible pump was next
housed within a towable “fish” constructed
of polyvinyl chloride (PVC) pipe and alumi-
num, an arrangement that allowed a maximum
cruising speed of about 8 miles per hour. This
system was used successfully at approximately
5 miles per hour and proved ideal for near-
surface cross-sectional profiles and definition
of mixing zones near tributary streams.

1 ys. Army Engineer District, Huntington; Huntington, WV.
2 A table of factors for converting non-SI units of measurement to SI units is presented on page xxi.
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With the strip-chart recorders, continuous
traces of the relative longitudinal concentra-
tions of spill materials were possible, and the
leading edge of the spill and the zone of maxi-
mum contaminant concentration could be de-
fined for the reach of river traversed by the
boat. River-mile positions were determined
by the pilot using charts, navigational aids,
and landmarks and transcribed to the strip
charts. These traces, as reproduced in Figure 1,
delineated the spill’s spatial distribution and
were very helpful in predicting next-day con-
ditions for downstream water users.

cern was that the spill might easily outrun the
towable-fish system.

By an evolutionary thought process, the idea
occurred to use the forward motion of the boat
to force near-surface water through tubing to
the instruments mounted aboard the boat. The
concept was tested using a 3-ft length of 3/4-in.
copper pipe. With the boat on-plane, the hand-
held pipe was oriented at an angle of about 45 deg
parallel to the vessel, with the lower end facing
the axis of water flow. When the tip of the
tubing was inserted into the river, the resultant

Fluorometer Reading
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Figure 1. Spill configurations, January 16-23
Forced-Water Systems jet of water reached a vertical height of about

Limited daylight hours allowed the sampling
team only enough time to find the spill’s leading
edge and the zone of maximum contaminant
concentration. To further complicate matters—
with the onset of warm weather, melting ice
and snow, and rainfall—Ohio River flows and
water velocities significantly increased on
January 19. The need to find a monitoring
method that would allow a faster cruising speed
for the boat became compelling. A major con-
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10 ft.
High-Speed Monitoring

A depiction of the final forced-water (flow-
through) system is shown in Figure 2. Sections
of 1/2-in. stainless steel pipe and fittings were
affixed to the keel and transom of the work-
boat to form a large “U.” A 4-in. section was
secured under the stern facing the bow. In
this configuration, the forward movement of
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the boat (on-plane) forced water through the
tubing to the monitoring system and outlet for
sampling. A ball valve was installed in-line to
restrict the pressure reaching the fluorometer
flow-through cell to less than 25 psi, at a
cruising speed of £30 mph.

By using this continuous-flow system, routine
monitoring was rapidly completed. First, the
boat was run downstream past the spill until
ambient conditions of river fluorescence were
reached. Then the vessel was turned and
headed upstream at a cruising speed of about
30 mph. Critical features of the spill—such as
location of the leading edge, the zone of maxi-
mum contaminant concentration, and conditions
upriver—could be defined within 1 hr.

As discussed below, the experience gained
from this incident has influenced our philoso-
phy for monitoring large-river systems.

Drought Monitoring and
Use of Flow-Through
System Modifications

The summer of 1988 presented Huntington
District’s Water Quality Section with yet an-
other problem related to monitoring rivers.

A drought occurred in the Kanawha River
Basin.

Drought Effects and
Low-Flow Augmentation

Several Corps lakes in the basin provide,
as a project purpose, flow augmentation for
pollution abatement. During the low-flow
conditions of 1988, concern existed that water
reserved for augmentation at these projects
might not last through the period of drought.
Releases for augmentation impacted other
project purposes, including recreation and

Ballcock valve

Workboat

Pitot Tube-Like Sampler

L/

/ ~ T Intake beneath hull

Figure 2. Flow-through sampling system using a pilot tube-like device
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water supply. At the same time, chemical in-
dustries along the Kanawha River near
Charleston, WV, were threatened with shut-
down as river flow and dissolved oxygen lev-
els declined. Additional demands on the
limited water resources were created by the
white-water rafting industry, a profitable
source of tourism in the state.

Based on District concerns and perspec-
tives related to impacts of diminished flows
in the vicinity of Charleston, we initiated
work efforts to evaluate water quality condi-
tions in the Winfield pool. This required addi-
tional water quality sensors and further
refinement of the system used to monitor the
diesel-oil spill.

Additional Water-Quality Sensors
and System Refinements

The instrument package configured for
monitoring low-flow conditions in the
Kanawha River included the following: (a) one
Turner Model 10 Fluorometer configured to
monitor primary productivity by measurements
of chlorophyll-a; (b) one Turner Model 10
Fluorometer configured to monitor turbidity
with a nephelometer cell; (¢) one Hydrolab
Datasonde II to monitor water temperature,
dissolved oxygen, pH, and specific conduc-
tance; (d) one Crodata Model 1680 Datalogger
to record fluorometer data; and (e) one Zenith
Model 180 laptop computer to record Hydrolab
data by means of RS-232 communications
protocol at 5-sec intervals. Event marks,
field notes, and synchronized times were
recorded to ensure time alignment of
databases.

Fluorometers had provided reliable data
utilizing the flow-through system during the
spill response, but Hydrolab response charac-
teristics were untested. When the datasonde
was initially installed in the flow-through
monitoring system, for purposes of evaluating

elative accuracy of instrument readings, data
were collected from a stationary boat and from
a boat on-plane at cruising speed. The results
were reassuring. While the flow-through data
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included nominally higher concentrations of
dissolved oxygen than readings from a station-
ary boat, the pattern of resultant flow-through
data matched the pattern of data collected
under stationary-boat conditions.

Monitoring Activities

Satisfied with test results of instrument re-
sponse, 90 miles of the Kanawha River and
the area of its confluence with the Ohio were
surveyed. All parameters were recorded at
5-sec intervals and averaged to compute a
value for quarter-mile sections of the river.
Averaging of this enormous amount of raw
data was performed to accommodate limita-
tions of the plotting program.

Using this system to monitor river condi-
tions once or twice each week provided data
to water users and regulators on nearly a real-
time basis. Initial results of the monitoring
forced a reevaluation of factors affecting the
dissolved-oxygen budget of the Kanawha
River, and the manner in which waters from
the lake projects are used.

Changes in Water-Quality Conditions
and Flow-Augmentation Criteria

With the remarkable improvements in
water quality of the Kanawha River over the
last several decades, aside from the influences
of flow, the primary factor governing dissolved-
oxygen concentrations is populations of aquatic
plants. Yet, established guidelines for releas-
ing flows from all basin reservoirs during
low-flow conditions depend upon temperatures
measured at a single point. The basis for these
guidelines is a relationship between tempera-
ture and dissolved-oxygen concentrations
established in the 1960s.

Since the establishment of the guidelines,
however, curtailment of industrial and sewage
discharges have greatly reduced oxygen de-
mands and greatly improved water quality
conditions in the Kanawha River. Pressures
exerted by various water-user groups and the
public indicate that the need exists to revise
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the current guidelines to reflect contemporary
conditions.

Advantages of
Continuous-Flow Data

The use of continuous-flow data has many
advantages compared with readings that are
taken at single locations by boat under stop-
and-go conditions, from bridges that limited
available locations, or collected when sam-
pling intensity and location are dictated by
time constraints. For instance, Figure 3 is a
graph of dissolved oxygen concentrations for
90 miles of the Kanawha River. The asterisks
represent the data that would have been col-
lected from bridges with 1 day’s effort. Over-
laying results of the continuous-flow data
with geographical features and locations of
water-user intakes and discharges yields an
amazing insight into effects of industrial dis-
charges and tributaries on the river system.
For example, the locations of electric power-
plant discharges are readily obvious from tem-
perature data, as are the locations of some
tributaries from conductivity data.

More Low-Flow Conditions,
Updating of System Components,
and Accuracies of Dissolved-
Oxygen Probes

In 1990, low-flow conditions in the
Kanawha Basin again resulted in the need for
water-quality monitoring. Since another gen-
eration of Hydrolab instruments was in use by
the Water Quality Section, a series of flow-cell
related tests were run on new equipment. A
Hydrolab Scout II with flow-cell configuration
was tested for accuracy of dissolved-oxygen
measurements.

Use of Test Tanks

First, responses of the dissolved-oxygen
probe were evaluated under simulated flow-
through conditions at different dissolved-oxygen
concentrations. Water in a test tank was well-
circulated, and dissolved-oxygen concentra-
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tions varied by adding small amounts of so-
dium hypochlorite. As shown in Figure 4,
test results were excellent.

Flow and Pressure Tests on Boat

Second, the dissolved-oxygen probe with
flow-cell was integrated into the flow-through
system on the boat and tested for response to
flow variability. Dissolved-oxygen sensors
are known to be very sensitive to pressure
changes, which can affect the transfer of oxy-
gen across the semipermeable-membrane com-
ponent of the probe. The first step in this test
was to traverse a 2-mile reach of the Ohio
River while collecting measurements of tem-
perature and dissolved oxygen, with the ball
valve used to regulate for a low constant flow
and pressure to the Hydrolab Scout. The unit
was found to have constant, stable responses
under conditions of constant flow and pressure.

Next, the same reach of the river was again
traversed several times while flow to the dis-
solved-oxygen sensor was incrementally in-
creased using the ball-valve. In this manner,
instrument response to a wide range of flows
and pressures was measured. The deviation
from known concentrations, about 0.3 mg/L,
was found to be constant and relatively
insignificant.

Tests with Cross-Calibrated
Instruments

During the 1990 study, assistance was
given to the Corps by the West Virginia De-
partment of Natural Resources (WVDNR). A
WVDNR workboat was used to ascertain the
accuracy of surface readings collected by the
flow-through system on the Corps boat after
Hydrolab units from both agencies were cross-
calibrated. The two water craft traveled to-
gether until sudden changes or significant
decreases in dissolved oxygen were indicated
by the flow-through system. At that point, a
marker buoy was thrown from the Corps boat.
Staff of WVDNR circled back to the marker
and took in situ measurements at marker-buoy
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locations. The complementary sets of dis-
solved oxygen measurements showed remark-
ably close agreement.

Where We Are Now

More Instrument Changes

Changes have occurred in all instrumenta-
tion involved and considerably enhanced sys-
tem flexibility. The following are examples:

® Turner Fluorometers (Model 10-AU-005)
have increased signal output options,
allow variable range selection with
warning alarms, and have internal logging
capability.

® Hydrolab Corporation has produced sev-
eral models available with SDI-12 com-
munications protocol, RS-232 protocol,
and an internal logging capability.

® Stand-alone dataloggers, such as those
from Campbell Scientific, offer the abil-
ity to integrate signals from many instru-
ments and to produce real-time output of
information to graphic screens from a
multitude of sensors.

Cautionary Words

Words of warning are warranted to safe-
guard potential users of combined instrument
systems of the type described above. Most
individual instrument components have not
been designed with high-speed, continuous-
flow systems in mind. Some instruments may
have sensing probes with slow response
times, some instruments may “power-down”
sensors between measurements, and some in-
struments simply may not be suitable under
any circumstance with the demands of forced-
water flows and pressures. To ensure success-
ful integration of the various instruments into
one fully functional system, close coordina-
tion between the users of these systems and
the instrument manufacturers is absolutely
mandatory.

Water Quality '94

System Now in Use

Currently, Huntington District Water
Quality personnel are using the following
instruments:

® One Hydrolab H20 water quality monitor
with SDI-12 communications protocol
and internal batteries installed to maintain
sensor polarization.

® Two Turner Designs Model 10-AU
fluorometers.

® One Campbell Scientific CR-10 data-
logger with optional graphic software
for continuous-flow monitoring.

With this system, Chlorophyll-a, turbidity,
temperature, dissolved oxygen, percent satura-
tion of oxygen, pH, and conductivity are
graphically displayed on a laptop computer in
real-time. Figure 5 is a screen-captured graphic
of data as it is plotted. The continuous plots
are equivalent to strip-chart recordings. In
addition, incoming data are displayed as up-
dating bar charts with labeling to serve as an
instantaneous reference. The scaling range
for plots may be set to automatic or manual,
but does not alter data values if over-ranging
occurs.

New Additions to the System

Inclusion of Geographical Positioning Sys-
tem (GPS) data to enhance accuracy of deter-
mining boat location and speed is the next
planned addition to this system.

Use of Remote Sensing

River investigations are planned to provide
continuous near-surface measurements of tem-
perature, dissolved oxygen, pH, specific elec-
trical conductance, turbidity, and chlorophyll.
These measurements will be made along se-
lected reaches of the Ohio River and along
navigable reaches of selected tributaries.
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Figure 5. Screen-captured graphic of data as it is plotted

Schedules are to be made in conjunction
with times of satellite overflights, and sam-
pling hopefully can be conducted for several
years at both normal and low flows.

If possible, the efforts will be interagency
in nature and involve Huntington District, the
Ohio River Valley Water Sanitation Commis-
sion, and the State environmental agencies of
West Virginia and Kentucky.
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River data, collected in conjunction with
satellite remote sensing, can be used to estab-
lish a “truthed” database that can be used dur-
ing periods of critical low flows to provide a
synoptic view of riverine water quality condi-
tions. Remote sensing, together with limited
field collections, would be used for real-time
evaluation of water quality in the Huntington
District reach of the Ohio River and major
tributaries.
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Effects of the Tioga-Hammond Lakes Project on the
Water Quality of the Tioga River as Measured
by Changes in Aquatic Biota

Kenneth P. K ulp1 and Dawn M. Pisarski'

Introduction

The Tioga River in north-central Pennsylvania
has been severely degraded by acid mine
drainage for over 100 years. The Tioga-
Hammond Lakes Project, consisting of two
lakes constructed by the U.S. Army Corps of
Engineers in the late 1970s, has improved the
water quality of the river. Prior to the con-
struction of the flood control project, aquatic
life in the river was extremely limited by acid
mine pollution. Biological investigations
conducted from 1980 to present show that the
Tioga River now supports a much more diverse
population of aquatic organisms, indicative of
improved water quality. The improvement
has occurred both in the impounded reach of
the Tioga River and in the reach downstream
from the project. The purpose of this report
is to describe the biological investigations
and interpret the results generated thus far
relative to water-quality conditions.

Description of the Study Area

The Tioga-Hammond Project is located in
Tioga County in north-central Pennsylvania,
approximately 25 miles south of Corning, NY,
and 8 miles north of Mansfield, PA (Figure 1).
The Tioga River originates on Armenia Moun-
tain in Bradford County, Pennsylvania, and
flows in a southwesterly direction into Tioga
County. Near Blossburg, the river turns and
flows approximately north until it joins with
the Cohocton River near Corning, NY, form-
ing the Chemung River, which drains to the
Susquehanna River. The total length of the

river is about 58 miles, and it has a drainage
area of 1,391 square miles. The primary
tributaries to the Tioga River are the Canisteo
and Cowanesque rivers, and Mill, Cory, and
Crooked creeks.

The study area lies within the Allegheny
Plateau physiographic province, with broad
valleys and steep, rounded hills. Relatively
insoluble shale, sandstone, and bituminous
coal are the primary rock types underlying the
area. The coal deposits, which are exten-
sively deep and have been strip mined, are
confined to the southeastern portion of the
basin in the vicinity of Blossburg. Mining ac-
tivities in the area began in the 1800s and
reached peak productions in 1886 (U.S. Army
Corps of Engineers 1977). Strip mining con-
tinued in this area until 1983, and many of the
old mines remain unreclaimed. Other than
the areas disturbed by mining in the vicinity
of Blossburg, the land in the basin is primar-
ily forested or in agricultural uses. It is pre-
dominantly a rural area, with most of the
population centered in several small towns
and villages.

Description of the
Tioga-Hammond Lakes Project

The Tioga-Hammond Lakes Project was
completed in 1978, and the lakes were filled
in 1981. The primary purpose of the Tioga-
Hammond project is flood protection to down-
stream areas, and the secondary purposes
are recreation and downstream water quality
enhancement. The project is located near the

1 ys. Army Engineer District, Baltimore; Baltimore, MD.
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Figure 1. The Tioga River basin

town of Tioga and consists of two man-made
lakes, Tioga Lake and Hammond Lake, that
are connected by a 2,700-ft long channel cut
between the drainage divide near the down-
stream end of the lakes. Tioga Lake impounds
the Tioga River and controls a drainage area
of 280 square miles. At a normal pool eleva-
tion of 1,081 ft National Geodetic Vertical
Datum (NVGD), the pool has a surface area
of 470 acres and stores 9,500 acre-ft of water.
Hammond Lake impounds Crooked Creek,
controlling 122 square miles of drainage. At
the normal pool elevation of 1,086 ft NGVD,
Hammond Lake has a surface area of 680
acres and contains 8,850 acre-ft of water
(U.S. Army Corps of Engineers 1988).

The connecting channel between the lakes
allows them to share a flood control outlet
structure, located on Tioga Lake, and an emer-
gency spillway, located on Hammond Lake.

A weir in the connecting channel separates
the water in the two lakes. During normal
conditions, discharges from Hammond Lake
are made through the weir into Tioga Lake
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and through a small capacity outlet in the
Hammond Dam to maintain flows in Crooked
Creek. Flow from Hammond Lake into Tioga
Lake is controlled by a gate structure in the
weir. During flood conditions, the levels of
the lakes can rise above the weir (elevation
1,101 ft NGVD), becoming a single lake that
is managed by the Tioga outlet works or the
Hammond emergency spillway.

The Tioga outlet works contains two flood
gates and two low flow gates with four intake
portals. The intake portals are located at dif-
ferent elevations to allow for selective with-
drawal from the lake for water quality control
purposes.

Biological Investigations

The Baltimore District of the U.S. Army
Corps of Engineers has conducted annual bio-
logical investigations at selected lake and
stream sites in the Tioga River basin since
1982. Prior to 1982, the District also sup-
ported biological studies in the basin in 1970
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(Barker 1971) before project construction, and
in 1980 (Water Quality Section, U.S. Army
Corps of Engineers 1981) after project con-
struction, but before complete filling of the
lakes. The studies have focused primarily on
fish and benthic macroinvertebrate populations,
with some data being collected on plankton
and aquatic vegetation. Over the years, the
conduct of the studies has been dynamic, with
various sampling methods and techniques
being used. For the most part, the data have
been qualitative; however, some quantitative
data have been collected, particularly since
1991. The studies in general consisted of the
collection, identification, and enumeration of
a representative sample of the fish and ben-
thic macroinvertebrate communities at each
of the selected sampling locations.

The purpose of these investigations is to
enhance the chemical and physical water
quality studies being conducted in the basin and
to provide an additional means of evaluating
the water quality impacts of the project. One
of the major strengths of using biological data
to evaluate water quality impacts is that the
aquatic organisms are continuously exposed
to their environment and will react to changes
within it.. Episodic changes in water quality
that might be missed by routine chemical and
physical data collection programs will usually
be reflected in the biological community if
they are environmentally significant. The
U.S. Environmental Protection Agency (Plaf-
kin et al. 1989) reported the following advan-
tages of using biological communities to
assess water quality:

a. Biological communities reflect the
overall ecological integrity (chemical,
physical, and biological) of a water
body; thus the results directly assess
its status relative to the primary goal
of the Clean Water Act.

b. Biological communities integrate the
effects of different pollutants and
stresses and thus provide a measure of
their combined impact.
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c. The status or “health” of the biological
community is of interest to the general
public and is better understood as a
means of measuring environmental
change, as opposed to chemical and
physical water quality data.

d. Routine biological monitoring can be
relatively inexpensive when compared
with detailed chemical and physical
data collection programs and toxicity
testing.

Certain characteristics of fish and benthic
macroinvertebrate communities make them
particularly useful groups of organisms to
study relative to water quality assessments.
In the case of fish, the fact that they are rela-
tively long lived (several years) and mobile
makes them good indicators of long-term
conditions within a fairly large area. Fish are
also fairly easy to collect and identify, and
the environmental requirements of many
species of fish are well known. Benthic
macroinvertebrates usually have a life cycle
of approximately 1 year and have limited mo-
bility in comparison to fish. For these reasons,
they reflect short-term environmental variation
and localized conditions. These organisms
are also easy to collect and identify, and con-
siderable information exists on their tolerance
levels to various environmental conditions.
As such, the presence or absence of certain
types of fish and/or macroinvertebrates is in-
dicative of a range of environmental conditions
that must have existed in order to support the
organisms.

In addition to the information provided by
the presence or absence of certain “indicator”
organisms, the richness, abundance, and
diversity of the fish and macroinvertebrate
community also provide insights into the
water-quality conditions that exist at a site.

In general, a healthy biological community in-
dicative of good water quality consists of a
relatively large number of types of organisms,
in which no one type is considerably more
abundant. In stressed aquatic communities,
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the less tolerant organisms will decrease in
number, while the more tolerant forms will in-
crease. Thus the richness (number of types)
and diversity of the community will decrease.
The diversity is usually measured by a diver-
sity index, which is a function based on the
number of different types of organisms (rich-
ness) and the relative numbers of each type
(abundance).

Water Quality in the Tioga River

The water quality of the Tioga River has
been degraded by acid mine drainage contain-
ing sulfuric acid, iron, and other metals for
over 100 years. Prior to the construction of
the Tioga-Hammond Project, the effects of
this pollution were noted as far downstream
as Corning, NY (Ward 1981). Water quality
improved with distance downstream from the
sources of acid mine drainage primarily be-
cause of dilution by unpolluted tributaries.
Because the pollution load remains relatively

constant, water quality is also dependent on
streamflow conditions. During periods of high
flow, the water quality improves because of
dilution by runoff. During low-flow conditions,
the water quality decreases because mine pol-
luted groundwater contributes a high percent-
age of the flow. This relationship can be seen
in Figure 2, where pH, specific conductance,
and streamflow have been plotted for a typical
period of time.

Water quality in the river has improved
since the construction of the Tioga-Hammond
Project. These improvements are predomi-
nantly a result of the project; however, some
changes have also been caused by mine recla-
mation projects that have reduced the pollu-
tion loading to the river. There are several
methods by which the project improves water
quality. These include mixing, dilution, and
selective withdrawal. Alkaline water from
Hammond Lake is mixed with the acidic
waters in Tioga Lake by releases through the
connecting channel. This buffers the water
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Figure 2. Typical relationship between streamflow and water quality in the Tioga River near Mansfield, PA
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and raises the pH. High-quality water from
Mill Creek also flows into the lake and has a
similar influence. During periods of low flow
when inflow water quality is normally poor, the
water is stored in the lake until it is diluted
with better quality inflow water or mixed and
buffered with water from Hammond Lake and
Mill Creek. Because Tioga Lake is frequently
stratified, with water of different quality at
different depths, selective withdrawal through
the multilevel water quality portals in the
outlet works is used to improve the quality

of releases and the lake water. Complex flow
patterns in Tioga Lake, particularly in the
winter during periods of ice cover, complicate
water quality control. After several years of
investigation and testing various operational
methods in the early to mid-1980s, water
quality control operations that are successful
under most conditions were developed in 1986.
No known fish kills have occurred in the lake
or downstream since these control operations
were implemented.

A summary of pH and specific conductance
data for selected reaches of the river before

and after project completion is shown in
Table 1. A comparison summary of biological
data is shown in Figures 3 and 4. A more de-
tailed discussion of preproject and postproject
water quality conditions in selected reaches
of the river follows.

Preproject Conditions

The 12-mile reach of the river from its
headwaters to the confluence of Morris Run
had excellent water quality, as evidenced by
relatively neutral pH values and low specific
conductance (see Table 1). This upstream
reach of the river supported a trout fishery
and a diverse population of aquatic organisms
indicative of clean water (Barker 1971).

From the confluence of Morris Run to
Mansfield (about 10 miles), the water quality
of the river was severely degraded by acid
mine drainage. Both strip mines and deep
mines produced the pollution, which traveled
from the mines to streams in the area mostly
by way of groundwater flow. The primary

Table 1

pH and Specific Conductance in Selected Reaches of the Tioga River Before
and After Construction of the Tioga-Hammond Lakes Project

Reach A = Headwaters to confluence of Morris Run.
Reach B = Morris Run to Mansfield.
Reach C = Mansfield to confluence Crooked Creek.

1990-93 except Reach A, which is based on 1982-83 data.

pH (standard units) Specific Conductance (microsiemens/cm at 25 °C)
Reach Minimum Maximum Median Minimum Maximum Median
A
Before 5.7 7.5 6.8 34 251 52
After 4.1 5.3 4.8 49 296 100
B
Before 3.0 56 4.2 118 780 460
After 3.5 7.2 5.2 90 750 300
c
Before 3.1 6.6 4.6 109 610 410
After 5.7 7.1 6.6 145 350 300
D
Before 4.6 7.8 6.7 102 364 260
After 6.4 7.8 7.0 75 300 210
E
Before 6.1 8.4 7.2 118 359 300
After 6.5 8.0 7.2 120 350 290
Note:

Reach D = Crooked Creek to confluence of Cowanesque River.
Reach E = Cowanesque River to confluence of Canisteo River. .
Before data from Barker (1971) and Ward (1981). After data from unpublished U.S. Army Corps of Engineers data for
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tributaries carrying the pollution to the river
were Morris Run, Coal Creek, and Bear Creek,
which join with the Tioga River in the vicinity
of Blossburg. The most obvious impact of
the pollution was the decrease in pH that oc-
curred as a result of the sulfuric acid in the
mine drainage. Data from the 1970s (Barker
1970; Ward 1981) show that the pH in this
reach of the river dropped as low as 3.0 and
was normally about 4.2. The specific con-
ductance was high, and precipitation of iron
coated the bottom with yellow-boy (ferric hy-
droxide). Although several species of algae
that are tolerant of low pH and high iron and
sulfate concentration were present in this
reach, no fish or macroinvertebrates were
found in 1970 (Barker 1970).

The water quality in the 8.5-mile reach of
the river between Mansfield and the conflu-
ence of Crooked Creek prior to impoundment
was poor, although some improvement in
water quality occurred as a result of dilution
with water entering from Mill Creek and sev-
eral smaller tributaries. The pH was normally
about 4.6, with values of 3.3 during low-flow
periods. Specific conductance was relatively
high, and yellow-boy continued to coat the
streambed, although not as heavily as in the
reach above. Where Mill Creek enters the
river, Barker (1970) noted that the yellow-boy
was replaced with aluminum hydroxide. Algae
and some rooted aquatic vegetation were pres-
ent in this reach, but only one macroinverte-
brate (a midge larvae) was found in 1970.
Fish were not found in this reach of the river.
The lack of animal life is indicative of the
extremely poor water quality that existed in
this reach.

Downstream from the confluence of
Crooked Creek to the confluence of the Cow-
anesque River (about 8.5 miles) was a zone of
intermittent recovery. This recover was due
to the inflow of Crooked Creek, which has
water of relatively good quality. According
to Ward (1981), the pH values of Crooked
Creek at the confluence with the Tioga River
were usually 7.4 to 7.9, with an alkalinity of
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41 to 54 mg/L as calcium carbonate. As are-
sult of the buffering provided by this inflow,
water quality in this reach normally ranged
from fair to good; but during low flow, acidity
continued to be a problem. Barker (1970) re-
ported that pH ranged from 4.6 to 7.8, and the
stream bottom was colored gray by aluminum
hydroxide. He found algae and rooted aquatic
vegetation to be present, along with eight spe-
cies of fish and six types of macroinvertebrates.
The presence of these organisms shows that
water quality had improved considerably
from conditions upstream, but the lack of
“richness” and intolerant organisms in the
populations were still indicative of impaired
water quality. The macroinvertebrate commu-
nity was comprised primarily of acid-tolerant
organisms, including caddis fly larvae of the
family Hydropsychidae, Chironomid midge
larvae, and fishfly larvae (Sialis).

The final 8.7-mile reach of the Tioga River
included in this investigation, from the conflu-
ence of the Cowanesque River to the conflu-
ence of the Canisteo River, continued to show
recovery from the acid mine pollution. Again,
the cause of the recovery was predominantly
due to dilution. In this case, the alkaline
water of the Cowanesque River (median pH
7.8, alkalinity 48 mg/L as CaCO,) effectively
buffered the remaining acidity in the Tioga
River under most conditions. The pH of the
river in this reach was reported to range from
6.1 to 8.4, with a median of 7.2 (Ward 1981).
A slight gray-blue coloration because of alu-
minum hydroxide was still evident on the
streambed. The biota in this reach included
18 species of fish, a significant increase from
the previous reach, and 7 types of macroinver-
tebrates. Although the macroinvertebrate
community showed only a slight increase in
richness (7 types versus 6 types at above reach),
it included several “clean-water” types such as
mayflies, caddis flies, dobson flies, and riffle
beetles (Barker 1970). Overall, the biotic
community in this reach was indicative of rel-
atively good water quality existing most of
the time, with limited and infrequent stress
from acid mine pollution.
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Postproject Conditions

Little recent data exist to evaluate water
quality in the uppermost reach of the river
after the construction of the project; however,
data collected in 1982 and 1983 indicate that
some degradation took place in the form of
acidification. Samples collected during this
period showed that the pH ranged from 4.1 to
5.3, which is considerably lower than the range
reported previously. The cause of the apparent
acidification is not known, but it may have
been related to mining activity somewhere in
the headwaters. More recent data for this reach
of the river was not found, so its present
condition is unknown.

The reach of the river between the conflu-
ence of Morris Run and Mansfield continues
to be severely degraded by acid mine pollution,
but some improvement has occurred. The im-
provement is probably due to mine reclamation
projects that have taken place in the vicinity of
Blossburg. The pH in this reach is now nor-
mally about 5.2, in contrast to the preproject
normal of 4.2. Unfortunately, during periods
of low flow, the pH seldom exceeds 4.5, and
drops as low as 3.5. The streambed continues
to be covered with yellow-boy, and there are
still no fish or benthic macroinvertebrates in
this reach.

Most of the third reach of the river, extend-
ing from Mansfield to the confluence of
Crooked Creek, is now part of Tioga Lake.
Water quality in this reach has improved con-
siderably, as evidenced by both chemical and
biological data. Although it is still affected by
periodic slugs of acidic water, water-control
operations have usually been able to maintain
a pH of between 5.7 and 6.8 in the lake and
area immediately downstream. Yellow-boy
no longer coats the bottom, but some alumi-
num hydroxide precipitate is evident in the
upper portion of this reach. The biological
community now present in this reach of the
river indicates the greatest overall improve-
ment of any reach under investigation. This
improvement was first noted in 1982, when
the first biological investigation was con-
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ducted following completion and filling of the
lakes. While previous investigations had found
no fish in this reach, 11 species were found in
1982. In the most recent investigation in which
data on fish populations were collected, 1991,
the fish community was comprised of 18 spe-
cies of fish. The composition of the fish com-
munity is fairly diverse, including game fish,
rough fish, and forage fish, indicative of rea-
sonably good water quality. The benthic
macroinvertebrate community shows similar
improvement. In 1982, 16 types of macro-
invertebrates were found, including clean-
water forms such as mayflies and caddisflies.
By comparison, no macroinvertebrates were
found in this reach in 1970, and only two
were found in 1980 prior to the lakes being
filled. Evidence of some acid stress was evi-
dent in 1982, however, as 75 percent of the
population was comprised of caddis flies in
the family Hydropsychidae, which are rela-
tively acid tolerant. The diversity index for
this sample also reflects some stress, as it is
only 1.35. Current conditions, as reflected by
the 1992 macroinvertebrate sample, show con-
tinued improvement. Although fewer types
were present (11), the population was more
evenly distributed, and the acid-tolerant
Hydropsychidae comprised only 50 percent of
the population. The diversity index for this
sample was 2.48, indicative of fairly good
water quality. Overall, the biological data
indicate that water quality in this reach now
ranges from fair to good, with some acid-
stressed periods. These periods of stress are
considerably less severe than those experi-
enced during preproject conditions.

A noticeable improvement in water quality
has also occurred in the Tioga River between
the confluence of Crooked Creek and the
confluence of the Cowanesque River. The
minimum pH in this reach is now about 6.4,
compared with values as low as 4.6 during
preproject conditions. Under normal flow
conditions, the pH is about neutral, 7.0. Yellow-
boy and aluminum hydroxide precipitate are
no longer evident on the streambed, indica-
tive of a decrease in the acid mine pollution
reaching this stretch of river. The biological
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community also shows a decrease in stress.
In 1982, the number of fish species climbed to
11 from the 8 reported previous to the project,
and the number of macroinvertebrate types in-
creased from 6 to 20. The macroinvertebrate
community included mayfly, stonefly, and
caddis fly larvae, indicative of good quality
water. Acid-tolerant types comprised about
50 percent of the population compared with
approximately 75 percent in 1970. The 1991
and 1992 biological data are similar to the
1982 data, indicating no significant change
in the water quality following the initial im-
provement noted shortly after project comple-
tion and filling. Twelve species of fish and
21 types of macroinvertebrates were found in
1991, and 17 types of macroinvertebrates were
found in 1992, when no fish data were col-
lected. The relatively rich and diverse biota
(diversity index 1991 = 3.25, 1992 = 2.86)
now present in this reach are indicative of
good water quality.

The final reach of the river between the
confluence of the Cowanesque and Canisteo
rivers has shown minor improvement since
completion of the Tioga-Hammond Project.
The minimum pH in this reach is now 6.5, and
aluminum hydroxide precipitate is no longer
present. No significant impacts of acid mine
pollution are seen in this reach. The biological
community is indicative of consistently good
water quality. In 1982, 22 species of fish were
found in this reach, and in 1990, 18 species
were found. In 1991, only 12 species were
collected, but this apparent decline may be
related to collection procedures. Personal
observation in 1991 indicated that the equip-
ment used to collect fish was inadequate for
the width and depth of this reach. Macroin-
vertebrate data show that the number of types
increased from 7 in 1970 to 26 in 1982. In
1991, there were 36 types of macroinverte-
brates present, indicative of excellent water
quality; in 1992, there were 16 types present,
still indicative of good quality.
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Conclusions

Biological data collected from selected
reaches of the Tioga River indicate that the
water quality has improved since the comple-
tion of the Tioga-Hammond Project. This im-
provement is also reflected by chemical and
physical data. The cause of the improvement
is primarily due to water quality operations at
the project, although some improvement may
also be related to decreased acid mine pollu-
tion in upstream reaches resulting from mine
reclamation. The most significant improve-
ment has taken place in the reach now im-
pounded by Tioga Lake and in the reach
downstream of the lake to the confluence of
the Cowanesque River. The presence of a
relatively rich and diverse community of
aquatic organisms in these reaches, which
previously supported only a limited number
of acid-tolerant organisms, is indicative of a
substantial decrease in the severity of epi-
sodic acid slugs that previously degraded it.
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Gas Supersaturation at Jennings Randolph Lake

Kenneth S. Lee!

Introduction

Gas supersaturation has been identified as
a potential environmental problem associated
with releases from Corps projects in the Co-
lumbia River basin and the Missouri River
basin since the 1960s and 1970s. In the early
1980s, Corps field offices were directed to
evaluate gas supersaturation at their projects
in accordance with the guidelines outlined in
ETL 1110-2-239, subject: Nitrogen Supersatu-
ration, dated 15 September 1978. The Balti-
more District evaluated the potential of gas
supersaturation at all of its projects and con-
cluded that no problems were anticipated.

An unexpected event occurred in the tail-
water of the Jennings Randolph Lake project
in late May 1990. Severe fish kills were ob-
served in the fish-rearing pens within the still-
ing basin even though the project was
discharging only 4,200 cfs. First, it was as-
sumed that chemical toxicity, especially alu-
minum and pH, had caused the problem, but
later it was found that gas supersaturation had
caused the fish kill.

This paper describes the gas supersaturation
problem at Jennings Randolph lake and dis-
cusses alternative measures for prevention.

Background

Jennings Randolph Lake is located on the
boundary between Garrett County, Maryland,
and Mineral County, West Virginia, on the
North Branch Potomac River. The project was
authorized by the Flood Control Act of October
1962 under the name of Bloomington Lake. Its
purposes are to provide water quality control

in the North Branch Potomac River, industrial
and municipal water supply for the Potomac
River basin, flood control protection for the
North Branch communities, and recreation as-
sociated with the lake, downstream, and sur-
rounding facilities. The construction of the
project was completed in 1981.

Water quality in Jennings Randolph lake is
poor to fair. Acid mine drainage (AMD) in the
watershed degrades pH. The pH in the reser-
voir typically ranged from 5.5 to 6.7 during the
early 1980s. Recently, the pH has improved
somewhat (6.1 to 6.9), and tailrace water quality
has become fair to good. The nutrient loading
in reservoir is moderate for nitrogen and very
low for phosphate. During the planning stage,
no fish were expected in the reservoir; how-
ever, a few fish have been observed in the lake
and tailwater in recent years.

The Maryland Department of Natural Re-
sources initiated a fish-rearing operation in
net pens installed in the stilling basin during
August 1989. Floating devices were installed
along the left wing wall. Ten net pens made
of nylon and sized 20 by 15 by 10 ft were
installed on the floating devices. Currently,
80,000 to 150,000 trout ranging from yearling
to adult size are being raised, and their
growth rate is excellent (1 in. per month).

It has been observed that fish mortality rate
at Jennings Randolph Lake increases with an
increase in outflow rate. This mortality increase
is associated with gas supersaturation and is
related to gas bubble diseases, which occur
when fish are exposed to prolonged periods of
water containing supersaturated gases. Major
external symptoms of gas bubble diseases are
exopthalmia or pop-eye, bubbles in the caudal

1 U.S. Army Engincer District, Baltimore; Baltimore, MD.
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fin, hemorrhage, and emboli in gill blood
vessels.

Basic Process
of Gas Supersaturation

The cause of gas supersaturation is air en-
trainment within a water jet that plunges into
a significant depth of water. The entrained
air is transported as bubbles to the bottom of
the stilling basin. The bubbles become dis-
solved in the water under hydraulic pressure;
the result is gas supersaturation in the re-
leased water. The magnitude of gas supersatu-
ration depends upon the type of hydrostatic
structures, magnitude of discharge, and depth
of water in the stilling basin.

The saturation rate in the stilling basin dif-
fers with water depth. Hydrostatic pressure in-
creases with water depth, and the saturation rate
decreases with greater hydrostatic pressure.

The saturation level reaches its highest level on
the surface because of minimal hydrostatic pres-
sure and reaches its lowest level on the bottom
because of maximum hydraulic pressure.

Figure 1 illustrates the relationship between
gas supersaturation versus outflow measured
1 ft deep from the surface in the stilling basin.
Gas supersaturation reaches 110 percent with
discharge of 1,500 cfs and 117 percent with
2,500 cfs. When outflow exceeds 3,500 cfs,
the saturation reaches around 120 percent ac-
cording to graph.

Gas bubble diseases occur when fish are
exposed to saturation levels of 110 percent or
above. Degrees of gas bubble diseases in fish
depend upon duration and saturation level.
Fishery biologists from the Maryland Depart-
ment of Natural Resources have observed that
trout exposed to saturation levels of 115 percent
for a few hours have experienced minor dis-
tress; and severe distress and mortality occur
when fish are exposed to saturation levels
greater than 120 percent for the same period.

The rearing fish nets drift upward with an
increase in the discharge rate. Fish in the
rearing pens, therefore, have more exposure
to higher saturation levels when discharge
rates are increased.
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Figure 1. Relationship between gas supersaturation and outflow rate
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Most of the time, the operation plan for
Jennings Randolph Lake limits the outflow to
1,500 cfs or less. However, outflows sometimes
exceed 2,500 cfs in the spring and summer.

Mitigation
for Gas Supersaturation

Methods for mitigation of gas supersatura-
tion are categorized as follow: (a) opera-
tional modifications to reduce its magnitude
and frequency, (b) structural measures to pre-
vent its formation, and (c¢) remediation after
supersaturation has occurred.

Operational modifications

Operational modifications for minimizing
gas supersaturation levels include controlling
the discharge rate and the frequency of high
volume discharges. A reservoir operational
plan, which is a reservoir guide curve, is a
major tool. The Jennings Randolph Lake proj-
ect does not have a strict reservoir guide curve.
Typically, the project has been operated to ob-
tain maximum benefits for water quality in the

lake and downstream utilizing 51,000 acre-ft
of water quality storage. The pool fluctuates
storing large inflows for later release to aug-
ment flows by 200 to 500 cfs at downstream
control points for water quality purposes.

The pool is generally maintained around
the full conservation pool (elev 1,466 ft) dur-
ing the April through June period. The pool
sometimes drops 20 to 60 ft below the conser-
vation pool during other times of the year.
Figure 2 shows a plot of typical pool eleva-
tion versus time in Jennings Randolph Lake.

A vacant storage approach is one of the op-
erational modification methods frequently
used in the spring and summer. This method
evacuates the 3,000 to 4,000 acre-ft of storage
from the conservation pool in advance when
inflow is expected to be high in order to re-
duce the discharge rate and its frequency .

Another operational modification method
is temporary use of flood control storage.
Under this method, the flood control storage
of 2,000 to 3,000 acre-ft is used for a short
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Figure 2. Operating ranges of pool elevation for water quality operations, Jennings Randolph Lake
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period to store minor rapid rises in inflow,
gradually released afterwards.

Structural measures

Structural measures for controlling gas su-
persaturation include modifying structures to
prevent the plunging of air-entrained flow into
the stilling basin and keeping fish in deeper
water. Methods for preventing plunging are
installing a flip bucket on the stilling basin tra-
jectory and lowering the tailrace water level.

The flip bucket (Figure 3) would deflect
the flow across the surface of the tailwater
rather than allowing it to plunge deep into the
stilling basin. Its effectiveness is somewhat
dependent upon the discharge rate. The de-
flector becomes ineffective if it is inundated.
The flip bucket should be designed to effec-
tively handle the maximum discharge capac-
ity (16,500 cfs) from the tunnel.

The existing stilling basin, however, has a
performance problem unrelated to gas super-
saturation. When outflows exceed 7,000 cfs,

an unstable flow condition is created in the
tunnel. As a result, rough waves of 4 to 6 ft
high are created in the stilling basin. When
the outflow exceeds 9,000 cfs, riprap by the
wing walls are washed out. Under these condi-
tions, installing the flip bucket for control of
gas supersaturation would probably make the
stilling basin performance worse.

Lowering the tailrace water level would
reduce gas supersaturation by reducing the
depth of the plunging to water. The computa-
tions for stilling basin design were checked,
based on the guideline from EM 1110-2-1602
(15 Oct 80). Figure 4 illustrates the stilling
basin profile and Table 1 shows the computa-
tions for tailwater elevation versus hydraulic
jump elevation. Lowering of the tailwater level
between d2 and 0.85d2 might significantly
reduce the gas saturation level without a prob-
lem of stilling basin performance. The existing
tailrace water levels are 8.8 ft deeper at the
discharge rates of 12,000 cfs and 19.6 ft at
5,250 cfs than the maximum required for ac-
ceptable stilling basin performance. Creating
the proper tailwater levels for various discharge

Deflector on Trajectory

Figure 3. Concept of flip bucket
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Table 1
Computations for Tailwater Elevation Versus Hydraulic Jump Elevations
Apron CTW.
Q Elev. Y X wb \A d1 Ft d2 0.85D2 Elev. Difference
{cfs] [ft} [ft] [ft] [ft] [fps] [ft] [ft] ft] [ft] ft]
18000 1184  -52.27  90.99 64 79.6 3.53 7.5 37.20 31.62
) 1221.20 1215.62  1225.00 3.80
12000 1184  -52.27  90.99 64 74.4 2.52 8.2 29.40 24.99
1213.40 1208.99 122220 8.80
8000 1184  -51.27  90.99 64 70.3 120 1.3 18.60 15.81
1202.60 1199.81  1220.00  17.40
6850 1184  -51.27 9099 64 69.0 1.04 119 16.98 14.43
1200.98 1198.43 121930  18.32
5250 1184  -51.27  90.99 64 67.1 082 13.0 14.70 12.50
1198.70 1196.50 1218.30  19.60
3650 1184  -51.27  90.99 64 65.0 0.59  14.9 12.14 10.32
1196.14 119432 121710  20.96
2600 1184  -51.27  90.99 64 63.4 043  17.0 10.13 8.61
119443  1192.61 1216.30  22.17
1000 1184  -51.27  90.99 64 60.5 017 256 6.06 515
1190.06 1189.15 121420  24.14
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rates requires significant modifications of the
outlet channel, especially shape and size of
cross section. The slope of the outlet channel
is steep enough so that it would not be a prob-
lem to lower the tailwater level.

The replacement of the nylon net pens with
a steel net pen may also help to reduce fish
mortality. The steel net would be subjected to
less uplifting compared with the nylon rearing
nets while large discharges are made. Fish
would find a deep place on the bottom for
hiding and would be able to avoid the higher
saturation level.

Use of a steel wire cover in the pens for
forcing fish downward is another method to
reduce the adverse effects of gas supersatura-
tion. When the steel wire cover is installed
2 ft below the surface, fish are forced to stay
2 ft below the water level. As a result, fish
are exposed less to supersaturation, which is
at its highest close to the surface.

Remediation

Supersaturation can be removed from water
by creating a highly turbulent aerated flow
condition. This method would be effective
removing supersaturation on the downstream
reach of the river, but not in the stilling basin.
Below the dam on the North Branch Potomac
River, the river is characterized by rough beds
having many boulders and a steep slope. When
large discharges are made, turbulent conditions
are naturally created, and gas transfer occurs
along the river. The supersaturated release
from the dam is reduced along the river. The
saturation level at Barnum, which is located
1 mile downstream from the stilling basin, is
reduced to 108 percent when the saturation
level at the stilling basin is 117 percent.

Discussion

The operational modifications are the least
costly alternatives, while the structural modi-
fications are the most complicated and costly
alternatives. Every effort has been made to in-
stitute operational modifications. These methods

38

Lee

are able to reduce the magnitude and durations
of the saturation level, but the problem still
remains because the project has many opera-
tional constraints in order to archive to other
project purposes. Combining the operational
modifications and the structural modifications
may solve the problem.

The deflector is most widely used at major
projects, especially in the Pacific Northwest
and at the Henry S. Truman project in the
Missouri River basin. Based on the present
stilling basin performance, the flip bucket
may create a severe problem with stilling
basin performance, especially during high
discharges. Consequently, the flip bucket is
not recommended.

Lowering the tailrace water level would be
less complicated than installing the flip
bucket; however, there are two other prob-
lems. One is the disruption of the fish-rearing
pen operations because the areas at fish rear-
ing net pens may become too shallow, and the
other is the adverse environmental impact as-
sociated with riverbed excavation.

Replacing a steel net pen and covering a
steel wire cover is the least in cost among the
structural modifications, but these methods
are cumbersome for maintenance.
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Water Quality Changes as a Result
of Coldwater Releases in Lake Moomaw

Mark H. Hua’gins1

| Introduction

Lake Moomaw is the Commonwealth of
Virginia’s premier trout fishery reservoir where
citation catches of brown and rainbow trout are
common. In addition to the coldwater fishery,
the reservoir also supports a self-sustaining
warmwater fishery of largemouth and small-
mouth bass, crappie, catfish, and yellow perch.
This “two-story fishery” has attracted anglers
from a large area and provides an economic
boost to the surrounding area.

From April 1981 to September 1989, the
reservoir released ambient stream temperatures
ranging from 4.5 to 22.2 °C. This operational
scheme has effectively provided for a trophy
trout fishery within the reservoir while main-
taining downstream low-flow augmentation
water quality needs. In October 1989, release
temperatures were modified in response to re-
quests from the Commonwealth of Virginia for
the establishment of a downstream coldwater
fishery. This paper documents some observa-
tions made as a result of this modification.

Study Area

Lake Moomaw and Gathright Dam are
located in Alleghany and Bath counties in
western Virginia about 13 miles upstream of
Covington, VA. The reservoir is formed by
an impoundment of the Jackson River in the
upper portion of the James River Basin. The
purpose of this project is for flood control,
low-flow augmentation, and recreation. The
surface area of Lake Moomaw is 1,025 ha

(2,500 acres) with a drainage area of 89,400 ha
(345 square miles). The mean depth is 15 m
(49.2 ft) with a maximum depth of 45 m
(147.6 ft). The watershed for the reservoir is
mostly forested and lies entirely within the
George Washington National Forest.

Gathright Dam is a rolled, rock-filled
embankment, 78 m (257 ft) high and 357 m
(1,170 ft) long with a 5.3-m (17.5-ft) diam
outlet tunnel. Releases are controlled by a
multiport intake tower with 10 water quality
intake ports located at nine different elevations
spanning 23 m (75.4 ft). Two floodgates are
located at the bottom of the tower. The filling
of the reservoir began in December 1979,

with normal pool operation starting in April
1982.

The operation of Gathright Dam from April
1982 to October 1989 consisted of releasing
water with temperatures that approximated
the ambient or predam stream temperatures.
This was accomplished by selecting the water
quality port closest to the objective tempera-
ture. In effect, this operation allowed the re-
tention of sufficient cold water to allow for a
“two-story fishery.”

At the request of the State, operations were
modified in October 1989 to provide down-
stream release water temperatures suitable for
a downstream coldwater fishery. Objective re-
lease temperatures below 15.5 °C were made to
provide for the trout-stocking program initiated
by the State in December 1989. Releases,
made through the multiport dual wet-well
intake structure, were obtained by selecting
the water-quality port closest to the objective

1 ys. Army Engineer District, Norfolk; Norfolk, VA,
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temperature. This method of releasing cold
water was based on results from a WESTEX
model study performed in 1978. This study
indicated that withdrawing from the port(s)
closest to the desired discharge temperature
would have a higher probability of maintaining
coldwater storage throughout the year than
withdrawing simultaneously from the top and
bottom ports. In addition, it is less likely that
releases from the port(s) closest to the desired
discharge temperature would contain signifi-
cant iron and manganese concentrations.

In May 1991, the Department of Game and
Inland Fisheries contacted the Norfolk District
to request that the releases be modified to a
high-low port scheme in an attempt to preserve
trout habitat within the reservoir while also
maintaining the downstream coldwater fish-
ery. An analysis performed by the Common-
wealth of Virginia indicated that trout habitat
within the reservoir was significantly decreased
by “pulling water from the thermocline.”

In response to the request from the Common-
wealth of Virginia, the procedure for providing
downstream coldwater releases was modified

on 15 June 1993 to blend water from the upper
and lower water quality ports. This change
from the previous operation is an interim
measure not to exceed 2 years to evaluate the
potential for better maintaining the in-lake
coldwater fishery and to evaluate any possible
adverse impacts on the Jackson River down-
stream coldwater fishery and the downstream
water quality.

Observations and Discussions

The results of reservoir monitoring data are
presented in Figures 1 and 2. These figures
display the time history of dissolved oxygen
and temperature at monitoring stations (see
Figure 3) M-1 and M-4 from 1983 through 1993.
The upper portion of the figures represent the
21 °C contour, and the lower portion represents
the 5-mg/L dissolved oxygen contour. The area
above the 21 °C contour represents tempera-
tures exceeding 21 °C, while the area below this
contour represents temperatures less than 21 °C,
Similarly, the area above the 5-mg/L dissolved
Oxygen contour represents concentrations ex-
ceeding 5 mg/L, while the area below this con-
tour represents concentrations less than 5 mg/L.

0.07] l 210 \ 210 \ 210 k 210 \ 210 \
21.0 210 21.0 21.0 210 210
10.077
v
3 4
]
g
~ 20.07
=
o)
U -
a 50 5.0 50 5.0 5.0 5.0
5.0
30.0~ 5.0 5.0 5.0 5.0
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
Figure 1. Station M-1
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Optimal trout habitat that enhances the pro-
ductivity and growth of trout has been identi-
fied by the Commonwealth of Virginia as water
temperature below 21 °C and dissolved oxygen
concentrations at or above 5.0 mg/L. This zone
of optimal trout habitat is represented by the
area below the 21 °C contour and above the 5-
mg/L dissolved oxygen contour.

The most obvious change in the tempera-
ture profiles as a result of providing down-
stream coldwater releases from 1990 to 1993
is the increase in the depth of the 21 °C con-
tour by about 3 m (9.8 ft). This increase in
depth of the 21 °C contour has effectively re-
duced the volume of trout habitat available
within the reservoir. The modification in the

Water Quality '94

method of providing downstream cold-down
releases by blending the releasing water with
upper and lower water quality ports in 1993
does not appear to have either a beneficial or
adverse effect on the 21 °C contour within the
reservoir.

The dissolved oxygen contour is somewhat
erratic in a year-to-year comparison because
of the many mechanisms that affect its con-
centration and distribution. The general shape
and size of the 5-mg/L dissolved oxygen con-
tour between 1990 and 1993 are reasonably
close to the shape and size of contours in pre-
vious years. Therefore, the coldwater release
scheme does not appear to affect the dissolved
oxygen distribution.
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Trail Creek Sedimentation Study

Richard Sutton’

Introduction

The need for channel maintenance dredging
arises from the periodic buildup of shoal
areas in the Federal channel that create navi-
gation hazards. At the present time, the sedi-
ment being deposited in the Michigan City
Federal channel includes silt from the Trail
Creek watershed, sloughage of channel sides,
and deposition of littoral drift at the harbor
entrance. This deposition is not uniform
throughout the channel areas. Apart from the
outer harbor entrance, where littoral drift is
the primary sedimentation source, there are two
sources believed to contribute to sediment
deposition. The principal source is movement
of sandy materials from Trail Creek down-
stream into the Federal channel. Secondary
sources of deposition are from combined sewer
overflows, urban runoff, and other discharge
flows. These materials combine and are depos-
ited in the Federal channel. The net result of
this process is that the sediments in some por-
tions of the Federal channel are contaminated
and not suitable for open-lake disposal. It is
believed that sediments upstream of the Federal
channel are clean and become contaminated
as they travel through the Federal channel.
Capturing these sediments before they enter
the Federal channel by constructing a sediment
trap will result in a substantial reduction in the
volume of sediments deposited, reduce the
frequency of required maintenance dredging,
and provide clean sediments suitable for bene-
ficial use. The location of the proposed sedi-
ment trap is immediately upstream of the
Federal channel.

Watershed Characteristics

Trail creek is a small tributary to Lake Mich-
igan and drains approximately 59.1 square
miles. The long-term average flow for the
stream is 72.6 cfs. Approximately 70 percent
of land use in the basin is agricultural, begin-
ning from the source until the creek reaches
the city limits. The remaining 30 percent is
heavily developed, and land use is mainly urban
residential and industrial. Soils within the
Trail Creek basin are composed mostly of sand.
All soils within the basin are highly transmis-
sive because of their high sand content.

There are 10 combined sewer overflow
(CSO) structures that discharge to Trail Creek.
The city Sanitary Department is currently un-
dertaking a plan to separate sanitary and
storm sewers. The completion of this project
should alleviate one of the larger sources of
river sediment contamination within the
Federal channel.

Data Collection

In September 1991, a sampling program
was implemented by the U.S. Army Corps of
Engineers (USACE) to determine the physical
and chemical characteristics of the sediments
both within the Federal navigation project and
upstream of the Federal channel. The purpose
of the data collection was twofold. By sampling
both within and out of the Federal channel, a
transition point may be established between
uncontaminated and contaminated sediments.
Additionally, the data provide information for

1 ys. Army Engineer District, Chicago; Chicago, IL.
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use in the development of a sediment transport
model.

The U.S. Geological Survey (USGS), under
contract with USACE, has been operating and
maintaining a sediment gauge on Trail Creek
in order to determine sedimentation rates up-
stream of the Federal channel. Sedimentation
data gathered from this gauge will be used to
develop a sediment discharge rating curve.
The rating curve provides information needed
for modeling studies.

A total of 19 sediment grab samples, 7 sed-
iment core samples, and 3 soil core samples
were collected. Thirteen locations were in the
Federal channel, and thirteen locations were up-
stream of the Federal channel. A core sample
was taken at the proposed sediment trap loca-
tion. Other samples were taken throughout
Trail Creek to provide a characterization of
the entire system. The three soil core samples
were collected at upland sites in order to de-
termine background contaminant levels spe-
cific to the Trail Créek basin. These samples
were taken at sites representative of three
basin land-use types: woodland, urban mixed
use, and industrial. The results of the testing
are summarized in Table 1.

chemical constituents in Trail Creek sediments
are below both statewide sediment background
levels and ambient soils from the Trail Creek
basin, indicating anthropogenic sources are
not impacting this region of the creek.

Overall, sediments upstream of the proposed
sediment trap (just upstream of the E street
bridge) contain substantially lower chemical
concentrations than sediments collected from
the Federal channel. Both the nutrient and
metal concentration profiles gradually in-
crease inside the Federal channel, reaching a
peak in the area of the first turning basin.

Sediment Transport

Sediment Loading

Records of dredging operations and sounding
data gathered between 1970 and 1992 were
used to estimate the average annual sediment
loading to the Federal channel. The average
represents the total sediment loading to the
Federal channel and does not differentiate be-
tween sedimentation from land erosion in the
channel, sedimentation in the outer harbor
from littoral drift, or deposition from up-
stream Trail Creek. Sediment loading to the

Table 1
Contaminant Distribution Trends | sediment Chemistry Averages
. State Upland Trail Federal
Because the location of the proposed Parameter  Background  Soil Creek  Channel
sediment trap is imm.ed.iately upstream of | 1otal ON <0.1 0.46 0.15 0.32
the Federal channel, it is useful to exam- TKN 1,500 440 251 209
ine the chemical data in two groups, the jotal P 610 273 145 338
) 3N — <0.3 8.5 63.5
Federal channel and Trail Creek. Table 1 Hg 0.44 0.05 <0.02 0.10
presents average sediment chemical con- ;’b 150 25.1 3.3 16.3
centrations in Trail Creek, the Federal v ;?O 394 ;78 ;067
channel, soil samples collected in the As 29 4.2 1.7 1.7
Trail Creek basin, and Indiana statewide Cd 1.0 08 0.6 1.8
back d1 s. S back dl Cr 50 4.3 31 12.1
ackgroun CVC.S. tate bac gl:oun cv- Cu 20 17.3 4.2 16.1
els were determined by the Indiana De- PCBs 0.022 <0.02 0.04 0.09
partment of Environmental Management Notes:
(1988/1989), Table 1 indicates that sedi- Al units milligrams/kilograms dry weight unless otherwise noted.
. : Upland soil concentrations are averaged from three samples.
ments in the F_ederal Channel_have hlgher Federal channel concentrations are averaged from 13 samples.
average chemical concentrations for 11 Trail Creek concentrations are averaged from 13 samples.
of 13 parameters compared with Trail State background levels taken from Indiana 305(b) Report.
. . . PCBs = polychlorinated biphenyls.
Creek sediments. Also, the majority of s - polychlorinated biphenyls
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Federal channel was estimated to be 8,078 tons
per year.

Within the Federal channel, the major
sources of sediment loading are urban runoff,
combined sewer overflows, and other urban
discharges. If runoff from these sources is
the major contributor to sedimentation within
the channel, a sediment trap located upstream
of the channel would not be beneficial. There-
fore, it is important to quantify the amount of
sediment delivered to the channel from urban
sources. The quantity of suspended sediment
moving into the Trail Creek navigation chan-
nel from upland areas of the Trail Creek basin
was determined by the USGS (USGS 1992).
Statistical analysis of the suspended sediment
data indicated an average annual sediment
loading of 6,180 tons per year just upstream
of the Federal channel. Other minor sources
were estimated to contribute 700 tons per year,
bringing the total load delivered to the Federal
channel to 6,880 tons per year. Based on these
estimates, approximately 1,198 tons per year,
or approximately 15 percent, of the total esti-
mated sediment loading to the Federal channel
comes from sources along the channel.

Sediment Transport Model

A sediment transport model was developed
in order to predict the feasibility of construct-
ing a sediment trap upstream of the channel.
The one-dimensional sediment transport
model, HEC-6, developed by the U.S. Army
Hydrologic Engineering Center, was used.
The HEC-6 model was used to simulate sedi-
mentation in Trail Creek for a 20-year period
using mean daily flows measured from a
USGS stream gauge.

Two simulations were run for the 20-year
period; one with a generic sediment trap in
place, one without the sediment trap. Both
simulations assumed 96,807 tons of sediment
was dredged from the channel, to a depth of
2 ft below project depth. Four subsequent
dredgings were simulated, one every 5 years.
In each of these five events, the channel was
dredged only to project depths. The “modeled”
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sediment trap consisted of a stretch of channel
beginning just upstream of the Federal channel
and extending 2,300 ft. This portion of the
channel was dredged 6 ft below project depth
and to a width of 80 ft. As before, dredging
of the trap was performed at 5-year intervals,
down to project depth.

The results of the model simulations are
shown in Table 2. The numerical results
should not be construed as absolute values. A
one-dimensional, steady-state model will pro-
vide an order of magnitude estimate only.

Table 2
Sedimentation Model Results
Amount of Sediment Dredged

No Trap With Trap
Year Channel Trap Channel
1969 96,807 71,671 96,807
1974 6,140 25,470 0
1979 25,294 34,102 0
1984 28,086 28,994 0
1989 24,619 26,777 0
Total 180,946 187,014 96,807
Total? 84,139 115,343 0
Residual® 48,366 30,694
Inflow to Lake* {75,870 82,304

Note: All units are tons.
' Total volume of sediment dredged including initial
dredging in 1969.

Total volume of sediment dredged excluding initial
dredging in 1969.

Volume of sediment that accumulated between project
depth and depth of overdredging.

Volume of sediment (silt and clay) that flows into
Lake Michigan. A “no action” simulation (no dredging)
produced a sediment inflow to lake of 82,523 tons.

Without the sediment trap, 84,139 tons of
material were dredged during the 20-year
simulation, excluding the initial dredging.
Additionally, 48,366 tons of residual sediment,
which accumulated in the channel between the
project depth and the depth of overdredging,
was not dredged. A total of 132,505 tons of
sediment were deposited in the Federal chan-
nel during the 20-year simulation, or about
6,625 tons of sediment per year. This value is
approximately 82 percent of the average annual
amount of sediment deposition calculated
from dredging records and sounding data.
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The 20-year simulation that included the
sediment trap resulted in no need for dredging
within the channel, although residual sediment
did accumulate below project depth. Con-
struction of the trap required the removal of
71,671 tons of material. The total amount of
material dredged from the sediment trap during
the 20-year simulation was 115,343 tons. The
model indicated that the sediment accumulated
in the trap would be predominantly coarse-
grained material with about S-percent fines.
Interestingly, the total amount of sediment to
reach Lake Michigan remained essentially the
same in the presence of a sediment trap. This
is because only coarse-grained sediments will
have sufficient terminal velocities to settle out
of suspension in the trap. The smaller fine-
grained particles, with substantially lower
terminal velocities, remain in suspension and
continue downstream. The model shows that
only silts and clays reach the lake. Again,
the model results provide order of magnitude
estimates, utilizing a single trap size.

Conclusions

The intent of this investigation is to make
a reconnaissance level assessment of the
practicality of building a sediment trap. The
20-year sedimentation model simulation shows
that the proposed sediment trap, 2,300 ft long,
80 ft wide, and depth of -12 ft LWD, could
collect large quantities of upstream sediments
before they travel into the navigation channel.
Hence, the trap would reduce the amount of
maintenance dredging required. For a de-
tailed description of this study, see the final
report issued by the Chicago District (USACE
1992). A more detailed analysis is needed to
get a better estimate of the potential effective-
ness of the sediment trap. This study would
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include a calibration of the model based on
dredging records over the entire channel, the
impact of higher short-term flows, and the ef-
fect of varying lake levels. Also, the physical
size of the sediment trap should be varied, and
the corresponding results analyzed on a cost-
benefit basis to determine the optimum size.
The cost-benefit analysis would weigh a one-
time construction cost against maintenance
costs required to keep the trap functional and
continued dredging of the Federal channel
without the sediment trap.

This initial, reconnaissance level report is
intended to be only the first of many activities
that need to be completed before a decision
on whether or not to build a sediment trap is
made. A feasibility report and ultimately con-
struction of a prototype trap will allow for ver-
ification and refinement of the sedimentation
model and provide useful information on both
cost and function of the proposed sediment
trap.
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Effects of Motorized Watercraft on Sediment Quality at
Fox Chain O’Lakes in Northern lllinois

John Yagecic1 and Philip B. Moy1

Introduction

During 1992, the U.S. Army Corps of Engi-
neers, Chicago District, investigated the im-
pacts of motorized watercraft on water and
sediment quality in the Fox River Chain
O’Lakes. This investigation was part of an
ongoing effort to develop an Environmental
Impact Statement on the impacts of motorized
watercraft on the Chain O’Lakes.

The focus of this paper will be on the im-
pacts of motorized watercraft on sediment
quality at the Chain O’Lakes. This paper and
the accompanying presentation will present
pertinent literature, the Plan of Study, collec-
tion and analysis of the samples, the results,
and lessons learned in the process.

The Chain O’Lakes

The Fox Chain O’Lakes is located in north-
ern Illinois, approximately 60 miles northwest
of Chicago; it consists of nine interconnected
lakes located on the Fox River in Lake and
McHenry counties. The Chain O’Lakes was
created when the McHenry Dam was con-
structed on the Fox River in 1907, raising the
water level and connecting the lakes. Addi-
tional channels were cut between the lakes.
Figure 1 shows a conceptual map of the
Chain O’Lakes.

Environmental Impact Statement

The Chicago District enacted a 1-year
moratorium on processing new permits for
construction of boat slips in the Fox River
Chain O’Lakes. During that moratorium, the

Chicago District prepared an Environmental
Impact Statement (EIS) on construction of
new docks in the Chain O’Lakes. The pur-
pose of the EIS was to determine if motorized
watercraft affect water and sediment quality.
The results of the EIS will be used to initiate a
District permit-processing policy for construc-
tion of new boat slips on the Chain O’Lakes.
The EIS presented the cumulative environ-
mental impacts of potential permitting actions
in the area. In addition, waterway manage-
ment recommendations were developed in the
EIS for use by local governing bodies.

The primary focus of the sediment quality
investigation was impacts at refueling areas.

Sediment Quality Investigation

Most earlier studies assessed the impact of
motorized watercraft on water quality. The
parameters of concern suggest impacts might
also be associated with sediment.

Gasoline from boats could lead to a sedi-
ment quality problem. Wagner (1991) esti-
mated that two-cycle engines built prior to
1975 accumulate roughly 55 percent of the
fuel in the crank case and discharge it into
the water. Newer engines have a much higher
efficiency and are estimated to discharge less
than 1 percent of their fuel. Because of the
durability of engines built prior to 1975,
Wagner and others have estimated that as
of 1991, roughly 25 percent of the pre-1975
boat engines were still in use.

The Chicago District contacted marinas in
the Chain O’Lakes area and found that nearly

1 yU.s. Army Engincer District, Chicago; Chicago, IL.
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all sold lead additives for gasoline. Boat en-
gines manufactured prior to 1977 require lead
additives. The marinas contacted indicated
that they sold the lead additive, and one ma-
rina even indicated that they had a special
storage tank into which the additive was di-
rectly mixed.

There is also the potential for impacts from
engine exhaust. Jackivicz and Kuzminski
(1973) indicate that as much as 70 to 80 per-
cent of the lead burned in pre-1975 engines is
released through the exhaust. If 55 percent of
the fuel is ejected into the water (Wagner
1991) and 70 to 80 percent of the lead from
the burned fuel is also released as exhaust,
this suggests that as much as 85 to 90 percent
of lead in the fuel was, and still is, released
into the environment. Other studies found lit-
tle or no increase in lead concentrations in the
water column, but did not examine sediment
quality.

In their study of dredge material disposal
options, Kothandaraman et al. (1977) found
that background lead concentrations in Chain
O’Lakes sediments were approximately 20 mg/
kg in sediment deposited prior to 1840 and ap-
proximately 60 mg/kg in sediment deposited
after 1840. These authors attribute the in-
crease in lead concentration to the advent of
engines that burn leaded fuel. They found
sediment in one marina in Pistakee Lake
with lead concentrations of approximately
442 mg/kg.

Objectives

The objective of the study was to quantify
the impacts of recreational boating on water
and sediment quality and distinguish boating
impacts from baseline conditions.

Methods

The sediment quality investigation focused
on refueling areas. It is reasonable to assume
impacts associated with spillage of fuel, fuel
additives, and exhaust emissions (PAHs)
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would exist at higher concentrations in refuel-
ing areas, where boat traffic would be heaviest.

Two marinas were chosen for sediment
and water collection. The stars shown in Fig-
ure 1 on Pistakee Lake and between Channel
Lake and Lake Marie indicate the locations of
the two marinas. Two sets of samples were
collected at each marina, one in July, the
other in September. Both sampling expedi-
tions occurred immediately after busy boating
weekends.

Samples were collected in a roughly radial
pattern as shown in Figure 2, using a petite
ponar dredge for the sediment samples and a
Kemmerer bottle for the water samples. The
sediment samples were analyzed for lead,
zinc, cadmium, chromium, aluminum, poly-
nuclear aromatic hydrocarbons (PAHs), and
total organic carbon (TOC). The water samples
were analyzed for benzene, ethylbenzene,
toluene, and xylene (BTEX).

%

7/

Z

%

VZ

Z

“Z ,

V24

7
Z &)
7

AN
\

DA

27
7

f//

U

Vi

Z

27

K

7

Z

7//
¥

W
N

@ Water and Sediment Samples

® Water Samples Only

Figure 2. Sediment and water-sampling pattern

Water Quality '94




There was a statistically significant rela-
tionship (p < 0.05) between concentration of
lead in the sediment and distance from the re-
fueling pump. The concentration of lead de-
creased as distance from the pump increased.
Statistical analysis showed correlation coeffi-
cients of r = 0.69 for marina 1 and r = 0.71
for marina 2. Figure 3 shows a three dimen-
sional plot of the lead concentration in the
sediment at marina 1. The concentration of
lead at marina 1 ranged from 19.7 to 413 mg/kg.
At marina 2, the lead concentration ranged
from 30.5 to 60.5 mg/kg. The other metals
were detected at elevated concentrations, but
appeared to have no relation to location of the
refueling station. Chromium concentrations
ranged from 14.4 to 767 mg/kg in marina 1
and from 11.7 to 227 mg/kg in marina 2. Cad-
mium ranged from 1.95 to 6.78 mg/kg at ma-
rina 1 and from 2.75 to 4.87 mg/kg at marina 2.
Zinc ranged from 16 to 125 mg/kg at marina 1
and from 5.87 to 98.3 mg/kg at marina 2. Alu-
minum ranged from 2,220 to 12,200 mg/kg at

marina 1, and from 3,040 to 5,670 mg/kg at
marina 2. PAHs were not detected in any of
the sediment samples. TOC was present in
the sediment samples, but did not appear to
be related to the location of the refueling area.

BTEX analysis of the water samples indi-
cated detectable concentrations of toluene at
both marinas, benzene and xylene only at ma-
rina 1, and no ethylbenzene at either marina.
The BTEX concentrations were not related to
distance from the refueling location.

Discussion

The BTEX analysis did not indicate the
presence of water column impacts at the refu-
eling areas. In retrospect, it would have been
more appropriate to analyze the sediment sam-
ples for Total Recoverable Petroleum Hydro-
carbons (TRPH). It is likely that the BTEX
constituents are too volatile to observe in the
water column under most conditions, while

TRPH analysis would have captured

Lead (mg/kg)

the less volatile petroleum constitu-
ents in the sediment.

Though the farthest sampling
point was approximately 200 ft from
the refueling station, there was no
correlation between distance from
the pumps and parameters other than
lead. Thus no conclusions can be
drawn regarding potential source or
migration of these contaminants. Ad-
ditional stations, perhaps ranging to
one-half mile away, might provide a
better comparison of background con-
taminant levels relative to concentra-
tions near marina refueling stations.

Conclusions

Spillage or leakage of leaded gas-
oline additives is contributing to in-
creased lead concentrations in
sediments near refueling stations on

Figure 3. Lead concentration in sediment
near refueling point
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the Fox Chain O’Lakes. Lead con-
tamination from watercraft engines
through the discharge of exhaust or
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unburned fuel would tend to be widespread,
but the relationship observed between lead
concentrations and fuel dock location in this
study suggests refueling areas are a point-
source of lead contamination in lake sediments.
Removal of contaminated sediment, improve-
ments in fuel delivery systems, and gradual
elimination of engines that require leaded
fuel will help improve sediment quality near
recreational marinas.
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Finger Lakes Biological Response Study

Daniel B. Wilcox!

Introduction

The Corps of Engineers has a mission to
manage the physical and chemical conditions
of regulated rivers. The Finger Lakes Habitat
Rehabilitation and Enhancement Project was
designed to improve aquatic habitat in a set of
Mississippi River floodplain lakes affected by
construction and operation of the Mississippi
River 9-Foot Channel Navigation Project. I
would like to describe a study of the Finger
Lakes that goes beyond routine water quality
monitoring and habitat evaluation to determine
some of the ecological responses to manage-
ment of an aquatic system.

Upper Mississippi River System
Environmental Management
Program (UMRS-EMP)

The UMRS-EMP was authorized by the
Water Resources Development Act of 1986.
The EMP was originally authorized for 10 years,
and the program was extended for an addi-
tional 5 years through the year 2002. The pro-
gram is a partnership between the Corps, the
National Biological Survey (NBS), the U.S.
Fish and Wildlife Service (USFWS), and the
five UMRS States. Approximately two-thirds
of the $19.5 million annual EMP funding is
directed to Habitat Rehabilitation and En-
hancement projects (HREP).

HREP Projects

HREP projects are nominated for construc-
tion by the EMP partner agencies. The pro-
jects are planned by the Corps in coordination

with the States, the USFWS, and the NBS.
The projects are designed and constructed by
the Corps St. Paul, Rock Island, and St. Louis
Districts. The projects employ a variety of
river habitat management measures, including
hydrologic modification, dredging, island
construction, and vegetation planting. Over
60 HREP projects are in various stages of
planning, design, construction, and comple-
tion. All of the projects are being monitored
to determine project performance: the degree
to which habitat objectives are met. A few of
the projects have been selected for more inten-
sive biological response studies, to determine
the response of vegetation and animal popula-
tions to the habitat management measures,
and the causal mechanisms influencing them.

Finger Lakes

L.ocation

The Finger Lakes (Figures 1 and 2) are a
connected system of five abandoned channel
floodplain lakes immediately downstream of
Lock and Dam 4 on the Upper Mississippi
River (river mile 752) near Wabasha, MN.

Preproject Conditions

Conditions in the Finger Lakes have been
investigated during 2 full years of pre-HREP
project investigations (Barko et al. 1993,
1994). The lakes were isolated from river
flow by construction of the Lock and Dam 4
earthen dike in 1934, The lakes cover 176 ha
at low water and are shallow with an average
depth of just over 1 m. The lakes have a high

1 U.S. Army Enginecer District, St. Paul; St. Paul, MN.
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bottom area to volume ratio, are eutrophic,
and some are heavily vegetated. Water entered
the lakes when the tailwater stage at the lock
and dam rose and through a culvert in the dike
installed in the 1960s into Lower Peterson
Lake.

Water quality conditions were quite differ-
ent between the lakes receiving flow and those
that did not. Lower Peterson and Schmokers
Lakes had flow. Conditions in them were
riverine. First, Second, and Third lakes were
heavily vegetated with macrophytes. Clear
Lake was influenced by groundwater inflow,
supported blue-green algae blooms, and had
few macrophytes.

Winters in Minnesota are cold, with below
0 °F air temperatures common in December
through February. Ice cover lasts from early
December well into March. In northern rivers,
many lentic fishes such as largemouth bass,
bluegills, and crappies need winter refugia.
Many fishes have limited ability to maintain
position in flowing water at temperatures ap-
proaching 0 °C (Bodensteiner and Lewis
1994). Availability of overwinter habitat is
thought to be a limiting factor for lentic fishes
in the UMRS (Pitlo 1992). The Finger Lakes
support resident populations of bass, bluegills,
and crappies, but suitable winter habitat condi-
tions were constrained by cold temperatures
(near 0 °C) in the flowing portions of the sys-
tem and dissolved oxygen depletion in the
nonflowing lakes (Figures 3 and 4). Fish kills
have occurred in the Finger Lakes during late
winter.

In summary, the problems with aquatic
habitat conditions in the Finger Lakes prior to
HREP project construction were as follows:

® Isolation from river flow.
® Shallow depth.

® Low-water temperatures during winter
in the flowing parts of the system.

@ Dissolved oxygen depletion during
winter in the nonflowing parts of the
system.

Water Quality '94

Finger Lakes HREP Project

The Finger Lakes HREP project objectives
are to improve winter habitat conditions for
centrarchid fishes and to reduce winter fish
kills. The project consists of three new gated
culverts through the Lock and Dam 4 earthen
dike to convey water into the lakes. The
existing culvert into Lower Peterson Lake
was retrofitted with a control gate.

Finger Lakes HREP
Biological Response Study

The study is an interdisciplinary, inter-
agency cooperative effort that began in 1991.
The U.S. Army Engineer Waterways Experi-
ment Station Eau Galle Laboratory, the U.S.
Fish and Wildlife Service National Fisheries
Research Laboratory, La Crosse, WI, and the
U.S. Fish and Wildlife Service Environmental
Management Technical Center, Onalaska, WI
(both now in the National Biological Survey),
and the Minnesota Department of Natural Re-
sources are study participants.

Study objectives are to determine system
response to flow introduction:

® Physical/chemical conditions.
® Vegetation.
® Fish.

® Macroinvertebrates.

Another objective was to determine the
optimal flow rates through the culverts to
suitable overwintering habitat for centrarchid
fishes. The fisheries investigations were de-
signed to determine if the project-induced
changes in habitat conditions result in changes
in centrarchid fish populations.

Bathymetry, substrate type, and vegetation
surveys were performed. Physical/chemical
conditions were monitored year-round, and
intensive spatial surveys were conducted to
determine the spatial distribution of aquatic
habitat conditions. Figure 5 illustrates Third
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Figure 5. Spatial distribution of dissolved oxygen
within Third Lake, Finger Lakes, December 27, 1991

Lake in a typical pre-HREP project state of
winter anoxia. The hydrology of the system
was monitored, and winter dye studies were
performed to determine flow paths and rates
of hydraulic exchange.

Fish sampling by fyke nets and electrofish-
ing revealed a typical UMRS backwater fish
assemblage, dominated by bluegills and crap-
pies. Population sizes were estimated in the
spring and fall by mark/recapture. Creel sur-
veys were conducted to determine exploitation
rates. Growth rates and diet were determined.
Radio telemetry tracking of fish movements
revealed the patterns of habitat use.

Diet studies showed that the Finger Lakes
were a benthic-based food web. Macroinverte-
brates were found primarily on aquatic plants
and in the sediments within plant beds.
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Telemetry studies showed that both blue-
gills and crappies have winter habitat prefer-
ences:

Prefer  Avoid
Dissolved oxygen, mg/L >2 <1
Current, cm/s 0 >1
Water temperature, °C >3 <1
Flow Rates

Flow rates through the culverts were set to
attain the balance of overwintering conditions
needed by fish. Observed rates of winter oxy-
gen depletion of 0.2 to 0.3 mg Lt day'l, OXy-
gen concentration of the inflowing water (>10
mg/L in winter), and lake volumes were used
to calculate the needed culvert flow rates to
maintain target dissolved oxygen concentra-
tions of >3 mg/L. Flow rates needed to offset
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winter oxygen depletion while avoiding low-
water temperatures were quite low, in the
range of 2 to 5 cfs for each lake.

Conclusion

Project construction was completed in No-
vember 1993, and the culvert flow rates were
set. We have already observed major changes
in winter habitat conditions in the Finger
Lakes, with increased volume of suitable over-
wintering habitat for lentic fishes. We will
continue monitoring to document changes in
the system. It is difficult to forecast biologi-
cal responses to the hydrologic modifications
because of the many interacting factors, but
we will determine the “bottom line” changes
in physical/chemical conditions, vegetation,
macroinvertebrates, and fish populations.
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Assessing Water Quality Impacts of Columbia River
System Operating Strategies

Bolyvong Tanovan' and Nancy Yun!

Introduction

The Columbia River System is a vast and
complex combination of Federal and non-
Federal facilities upon which Northwest resi-
dents have become dependent for power
production, irrigation, navigation, flood con-
trol, recreation, fish and wildlife habitat, and
municipal and industrial water supplies. Op-
eration of the Federal Columbia River System
is the responsibility of the Bureau of Reclama-
tion, U.S. Army Corps of Engineers, and Bon-
neville Power Administration. The System
Operation Review (SOR) is a study and envi-
ronmental compliance process used by the
three Federal agencies to analyze the impacts
of alternative system operations and river-use
issues. Its goal is to achieve a coordinated
river system operation that better meets the
current and future needs of all river users.

Most of the new needs emerged from ac-
tions required to enhance the survival of the
anadromous fish on the main stem Columbia/
Snake rivers. These actions included releas-
ing more flows and lowering reservoirs to
increase water particle velocity (and hence
reduce juvenile fish time of travel) and provid-
ing more spill to pass more fish over the rela-
tively safer spillway route. In one alternative,
spill as high as 80 percent of daily average
flow was proposed. New system operating
criteria and constraints must be defined now
so they can be accounted for in the next round
of Columbia River Treaty negotiations with
Canada. The first Treaty-related agreement to
expire, beginning in 1998, is the Canadian
Entitlement Allocation Agreements, which di-
vides power benefits between Canada and the

United States. Directly affected is the opera-
tion of the 14 Federal dams on the Columbia
and Snake rivers that have major influence on
multiple-purpose system operation.

A three-stage process—scoping, screening,
and full-scale analysis—was developed to ad-
dress the many issues relevant to the SOR. A
total of 90 system operation alternatives de-
veloped during the scoping were studied in
the initial analysis. Preliminary analysis and
screening eliminated many of these alterna-
tives from further consideration. The follow-
ing seven operating strategies including 21
alternatives were analyzed in the full-scale
study: (a) Operation before the listing of
Snake River salmon stocks; (b) Current
(1993) Operations; (¢) Flow Augmentation to
provide more water to move juvenile fish
more rapidly down the river; (d) Stable Stor-
age Project Operation to minimize pool fluctu-
ations for recreation and resident fish; (e)
Natural River Operation to increase river ve-
locity by drawing down one or all four lower
Snake River reservoirs to near original river-
bed levels; (f) Fixed Drawdown to draw down
these reservoirs to spillway crest; and (g) Fed-
eral Resource Agency Alternatives to reflect
operating strategies proposed by the fishery
agencies.

Methodology
General
Because water temperature, dissolved gas,
and sediment are both important to fish and

can be affected by system operation, the water
quality impact assessment of SOR system

1 U.S. Army Engineer Division, North Pacific; Portland, OR.
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strategies was concentrated on those three pa-
rameters. Three different models covering the
United States portion of the Columbia/Snake
rivers system were used to predict impacts.
Periods of emphasis were July-September for
water temperature, April-September for total
dissolved gas, and January-December for
sediment. Current system operations served
as the baseline.

Project Data

Data on project outflows, reservoir pool el-
evations, and spill were developed separately by
a system hydroregulation model, HYDROSIM,
based on the regulation objectives specified
for each alternative. These data covered a
50-year (1928-77) continuous simulation pe-
riod, but only a selected number of years
were used. Attempts were made to select a
number of years that cause the alternatives to
experience their best and worst performances
at least once. Five flow years were selected
for water temperature simulation, six years
for total dissolved gas, and three years for sed-
iments. The five flow years selected included
1929 (low), 1959 (medium high), 1962 (me-
dium low), 1973 and 1974 (high). They pro-
vided a typical range of low-to-high pool
elevations and flows at three major storage
projects (Grand Coulee, Dworshak, and
Brownlee). Three different weather condi-
tions (below average, average, and above av-
erage temperature) were used in conjunction
with each of the five simulated flow years.
For dissolved gas, the years selected for the
analysis were 1974 (high); 1938, 1959, and
1962 (average); and 1973 and 1977 (low).
For sediments, 1973 was selected to be the
low flow, 1959 the medium flow, and 1974
the high flow years.

Risk and Uncertainties

During the screening phase, probabilistic

_ analysis was used to test the sensitivity of model
outputs to changes in model coefficients and
data input. Maximum and minimum values
for each variable, as well as probabilities of
occurrence of each possible choice represented
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on the decision trees (a reflection of risk),
were specified. A cumulative frequency
distribution depicting the magnitude and prob-
abilistic results for each impact was then gen-
erated. Similar analysis on a full-scale model
would have to rely on Monte Carlo simulation.
Because of the large number of variables in-
volved and the need to develop the required
computer routines, the analysis was not
performed.

Performance Indices

Performance indices were defined based
on the number of days the predicted impacts
exceed a given threshold during the simula-
tion period. For water temperature, the
threshold was the upper range of tolerable
temperature for anadromous fish during the
April through September period (17.2 °C or
63 °F). For total dissolved gas, the threshold
was the current State standard of 110-percent
saturation. Because this level is usually not
lethal for fish species whose normal habitat is
in water deep enough to provide adequate hy-
drostatic pressure compensation, two higher
levels (120 and 130 percent) were also used.
For sediments, performance indices were de-
fined as total sediment transported in the first
and fifth year of operation (initial high impact
and equilibrium state, respectively).

Ratings

Alternatives were rated in terms of how
they were predicted to affect each of the three
parameters based on the performance indices.
This was done separately for each parameter
and each runoff year by ranking the alterna-
tives from 1 to 3 or 4 depending on the spread
of the alternatives performance indices. The
combined rating reflected by the sum of the
annual rankings for all flow years represented
the alternatives overall performance with re-
spect to that particular parameter. At this
point, the combined rating was translated into
a system of “index of overall impact” based
on a relative scale going from -2 to +2. By
definition, the index of overall impact for the
current operation (base case) was set equal to
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0; all other alternatives were then assigned an
index of overall impacts based on that defini-
tion and in direct proportion of their own total
ratings. Each scale was interpreted as follows
in relation to the base case: -2 = worst; -1 =
worse; 0 = no change (from the base case);

1 = better; and 2 = best.

For dissolved gas, indices of overall impacts
were assigned separately as outlined above for
the 110-, 120-, and 130-percent saturation
thresholds. The final indices of overall im-
pact were then calculated as weighted sums
of the individual indices. Weighing coeffi-
cients were 1.0, 1.5, and 2.0, respectively, to
more heavily penalize alternatives that excess
higher thresholds. For sediments, indices of
overall impacts were directly related to the
predicted volume of sediments transported.

Computer Modeling
Water Temperature Modeling

For water temperature, the one-dimension
HEC-5Q model covering the Columbia/Snake
rivers main stem from Grand Coulee and
Brownlee Reservoirs to Bonneville Dam was
used. This model was calibrated using data
for the years 1984, 1985, and 1990, which rep-
resent lower Snake River’s above average,
below average, and average temperature
years, respectively. Model output included
daily water temperature at all dam locations.
The target temperature for Dworshak Reser-
voir outflow was set at 45 °F, a temperature
designed to maximize downstream tempera-
ture reduction and yet not too cold for fish im-
mediately below the project.

Dissolved Gas Modeling

The model used for this parameter is GAS-
SPILL, a one-dimension model covering the
Columbia and Snake rivers from Chief Joseph
and Lower Granite dams to Bonneville Dam.
GASSPILL was calibrated using daily data
for 1984 and 1986, two of the most recent
above normal spring runoff years observed in
the Columbia River basin. Boundary condi-
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tions (contribution from Canada and the
upper Snake River above Lower Granite
Dam) had to be assumed.

Sediment Modeling

Sediment modeling was only done in con-
junction with drawdown alternatives and cur-
rent operations only. HEC-6, a one-dimension,
steady flow, mathematical sediment transport
model was used in this case. It was calibrated
for Lower Granite Reservoir using data for
the 1975 normal reservoir operations and the
1992 drawdown test. To enable estimation of
long-term accumulated effects, a 5-year simu-
lation duration with an arbitrary rearranging
of the three individual years was used. The
results of the sediment studies were used as
input to the HEC-5Q model to estimate sedi-
ment trapping efficiencies of the Lower
Snake River dams operating under the pro-
posed drawdown alternatives.

Analysis Results

Sample results shown below (Table 1) are
numbers of days the given thresholds are ex-
ceeded during the multiyear simulation pe-
riod. They are related to Alternative 7a, one
of the 21 alternatives assessed in the full-
scale analysis.

Risk and uncertainties analysis was only
conducted for the screening, using a commer-
cial package software named SUPERTREE.
Major variables included hydrology (what
size runoff will occur), initial conditions at
the start of the simulation based on what can
be expected from headwater areas of Canada
and Upper Snake River, and weather condi-
tions. Sample graphical results are shown in
Figure 1.

Comparison
of Alternatives

Application of the methodology outlined
above is illustrated in Tables 2 and 3 for
water temperature analysis.
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Table 1
Sample of Summa

ry Results

Water Temperature

(Threshold = 17.2 °C)

Location

DWR BRN OXB HCD LWG LGS LMN IHR GCL CHJ WEL RRH RIS WAN PRD MNW MNO JDA TDA BON
Max 42 80 81 84 86 87 88 89 62 63 65 778 78 80 81l 91 94 93 93 91
Ave 8 74 74 74 83 83 84 88 39 46 51 59 60 66 67 771 89 88 89 89
Min 0 72 71 €% 80 80 81 85 0 3 27 41 44 47 49 62 85 75 78 81
Dissolved Gas (Threshold = 110%)
Station: CHJ WEL RRH RIS WAN PRD LWG_LGS IMN THR MCN JDA TDA BON
Max 57 57 54 89 89 95 152 138 146 139 103 94 82 95
Ave 29 26 22 43 37 49 145 130 135 128 56 37 24 23
Min 20 15 10 25 18 31 136 123 116 110 30 18 3 0
Sediments (Predicted Sediment Load in tons at Snake River RM 120, inside Lower Granite
Reservoir, lst and 5th years).

2 Month-Drawdown

4.5 Month-Drawdown

lst Year 5th Year lst Year 5th Year
Minimum Pool 500,000 500,000 1,000,000 500,000
33 ft 900,000 700,000 2,100,000 900,000
Natural streambed 4,400,000 1,400,000 4,700,000 1,500,000
TORNADO DIAGRAM CUMULATIVE FREQUENCY DISTRIBUTION
Description 110, 116. 122. 128. 134. 140. 1.0 +
Initial TDG% 1 4
at GCL L ] 0.8 +
Initial TDG % 1 ::4
at LWG 0.6 +
Standard Error 1 3
Spill 1 3 0.4 +
Hydrology 1 5
(1=dry, 5=wet) o 0.2

Base Value=118.3

+. +.

+
1]0. 122. 134. 146. 158. 170.0
— EV=122.0

4. 4+ +-

0.0

Dissolved Gas

Figure 1. Dissolved gas tornado diagram and cumulative probability distribution
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Table 2
Comparison Based on Water Temperature—Individual Years
.......................... Runoff Conditions ...vvuuuunweoumeneunennunnn.
Low .-.. MEDIUM LOW .... MED.HIGH HIGH
1929 1962 1973 1959 1974
NO ALT EXC GR ALT EXC GR ALT EXC GR ALT EXC GR ALT EXC GR
1 5b 1266 1 5b 1266 1 5b 1284 1 5b 1282 1 5b 1305 1
2 6c 1282 1 6d 1340 2 1b 1313 2 6d 1305 2 4a3 1356 2
3 6a 1290 1 4b3 1341 2 6c 1314 2 6b 1308 2 la 1360 2
4 4b1 1309 1 4bl 1342 2 6a 1320 2 6a 1310 2 7Ja 1368 2
5 4b3 1309 1 6c 1345 2 4bl 1328 2 6c 1310 2 b 1374 2
6 5a 1314 2 4c 1348 2 4b3 1328 2 b 1312 2 3b 1379 2
7 6d 1315 2 6b 1348 2 6d 1339 2 4a3 1314 2 3a 1382 2
8 2a 1316 2 4al 1350 2 5a 1345 2 la 1316 2 6c 1386 3
9 2b 1316 2 4a3 1350 2 6b 1349 2 4al 1316 2 6d 1386 3
10 2¢ 1317 2 6a 1350 2 la 1354 3 4c 1316 2 4b3 1387 3
11 4al 1320 2 2b 1353 2 4al 1356 3 4b3 1317 2 6a 1388 3
12 4a3 1320 2 5a 1356 2 4a3 1356 3 4bl 1319 2 2a 1390 3
13 6b 1323 2 3a 1358 2 2b 1364 3 3a 1324 3 7o 1390 3
14 4c 1324 2 7o 1360 2 2a 1366 3 5a 1327 3 2c 1391 3
15 3a 1348 3 2a 1363 2 4c 1366 3 7o 1330 3 7Je 1391 3
16 lb 1353 3 7c 1363 2 2c 1368 3 2a 1334 3 6b 1392 3
17 7a 1373 3 2¢ 1365 2 3a 1395 4 2b 1337 3 4c 1393 3
18 3b 137¢ 3 la 1366 2 e 1397 4 2c 1337 3 4bl 1385 3
19 la 1380 3 b 1366 2 7o 1404 4 3b 1352 4 2b 1398 3
20 7o 1434 4 7a 1376 3 3b 1422 4 7c 1360 4 4al 1400 3
21 T7c 1446 4 3b 1385 3 7a 1366 4 7a 1366 4 5a 1416 4
Note: NO = Number; ALT = alternatives; EXC = Number of days exceeding the threshold at all
locations; GR grouping (rank).

Table 3
Comparison Based On Water Temperature—All 5 Years Combined

Ranking for Individual Years SUM FOR INDEX O

NO ALT LOW MD.LO MD.LO MD.HI HI ALL 6 OVERALL

1929 1962 1973 1959 1974 YEARS IMPACT
1 la 3 2 3 2 2 12 0.2
2 1ib 3 2 2 2 2 11 0.5
3 2a 2 2 3 3 3 13 0.0
4 2% 2 2 3 3 3 13 0.0
5 2¢ 2 2 3 3 3 13 0.0
6 3a 3 2 4 3 2 14 -0.3
7 3b 3 3 4 4 2 16 -0.8
8 4al 2 2 3 2 4 13 0.0
9 4a3 2 2 3 2 2 11 0.5
10 4bl 1 2 2 2 3 10 0.8
11 4b3 1 2 2 2 3 10 0.8
12 4c 2 2 3 2 3 12 0.2
13 5a 2 2 2 3 4 13 0.0
14 50 1 1 1 1 1 5 2.0
15 6a 1 2 2 2 3 10 0.8
16 6b 2 2 2 2 3 11 0.5
17 6c 1 2 2 2 3 10 0.8
18 6d 2 2 2 2 3 11 0.5
19 EES 3 3 4 4 2 16 -0.8
20 b 4 2 4 3 3 16 -0.8
21 Tc 4 2 4 4 3 17 -1.0
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Trade-Off Summary Ranking” was intentionally left blank, as no
composite ranking based on all three parame-

The final comparison of alternatives for ters was assigned at this stage of the analysis.
water temperature, total dissolved gas satura- Such a ranking would have to be based on di-
tion, and sediment transport is summarized in rect as well as indirect impacts. Graphic dis-
Table 4. Drawdown alternatives are indicated ~ Play .Of th? summary trade-off results is
with an asterisk. The column labeled “Overall provided in Figure 2.

Table 4
Summary Comparison Based on Overall Performance Indices
. Indices of Overall Impact ..
N. ALT WATER DISSOLV. SEDIMENT OVERALL
TEMP . GAS LOAD RANKING INTENDED OBJECTIVES OF THE ALTERNATIVES

1 la 0.2 0.2 0 ? 1983-91 operations

2 1b 0.5 0.2 0 optimize power

3 2a 0.0 0.1 0 1992-93 operations, Columbia/Snake fish

4 2b 0.0 0.1 0 ditto,+ Libby Sturgeon

5 2c 0.0 0.0 0 1993 operations, Columbia/Snake fish

6 3a ~-0.3 -0.1 0 meet flow target for fish

7 3b -0.8 -0.6 0 ditto+ upper Snake water

8 4dal 0.0 -0.2 0 recreation, resident fish, wildlife

9 4a3 0.5 -0.5 0 ditto+ Anadromous fish

10 4bl 0.8 -0.3 0 ditto+ Anadromous.fish

11  4b3 0.8 -0.6 0 ditto+ Anadromous fish

12 dc 0.2 -0.5 0 ditto+ Anadromous fish

13 Sa * 0.0 1.5 -1.6 Anadromous fish (2 months drawdown)

14 Sb * 2.0 1.6 -2.0 Anadromous fish (4.5 months drawdown)

15 6a * 0.8 0.3 -1.0 Anadromous fish (2 months, 4 reservoirs)

16 éb * 0.5 0.4 -1.3 Anadromous fish (4.5 months, 4 reservoirs)

17 6c * 0.8 0.1 -0.3 Anadromous fish (2 months, Lower Granite only)

18 ed * 0.5 0.1 -0.6 Anadromous fish (4.5 months, Lower Granite)

19 Ta * -0.8 -1.3 -0.3 Anadromous fish (flow targets) :

20 b -0.8 -0.0 0 Anadromous fish

21 Tc -1.0 -0.2 0 Anadromous fish

Index of Overall Impact

Best 2.0
1.5

Better 1.0
0.2}

No O.dﬁ
Change
-0.5

Worse -1.0

-1.5 H

worst -2.0
7a 1b 2a 2b 2c* 3a 3b 4al 4a3 4b1 4b3 4c 5a 5b 6a 6b 6c 6d T7a7b T7c

Notes: (*base case) = sesseses drawdown ........

Legend:ii water temperature
dissolved gas A LTERNATIVES
sediments

Figure 2. Comparison summary for water temperature, total dissolved gas, and sediments transport
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Conclusions

SOR requires assessment and comparison
of 21 alternatives based on predicted impacts
on three water quality parameters. This task
was accomplished using a numerical rating
procedure based on performance indices de-
fined as number of days HEC-5Q, HEC-6,
and GASSPILL models-predicted impacts ex-
ceed selected threshold values. The rating fur-
ther led to the determination of a relative
ranking system that relates the impacts of al-
ternatives to those of the current operations
used as base case. The resulting trade-off
summary table has proven to be a practical
and objective basis for decision makers and
others to rank and select the recommended al-
ternative(s). From the analysis that has been
performed, more than one alternative will be
required to provide optimum water quality
conditions in the Columbia River basin. Even
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within a given alternative, system regulation
during extreme flow years may need to be dif-
ferent from that used in an average year.

Bibliography

Bonneville Power Administration, U.S. Army
Corps of Engineers, and U.S. Bureau of
Reclamation. (1992). “Columbia River
System Operation Review. Screening
Analysis,” Volume 1, Description and
Conclusions.

. (1993). “Columbia River System
Operation Review. Preliminary Draft En-

vironmental Impact Statement,” Draft
No. 2.

. (1993). “Columbia River System
Operation Review. Water Quality Techni-
cal Appendix,” Draft No. 2.

Water Quality '94




Drawdown of Lower Snake River Reservoirs:
Sediment Erosion and Resulting
Water Column Impacts

by
Thomas D. Miller,' Thomas H. Martin? and Lester L. Cunningham1

Abstract

Drawdown and operation of the four run-of-the-river reservoirs on the Lower
Snake River below normal operating elevations is proposed as a means to improve
salmon smolt outmigration conditions. Reduced cross-sectional areas resulting
from lower pool elevations may reduce downstream travel time of juvenile fish
because of increased velocities, potentially increasing their survival. This measure
would, however, increase the sediment load because of exposed bank erosion and
scouring of sediments deposited during normal operations, potentially impacting
outmigrating smolts.

The Corps of Engineers, Bureau of Reclamation, and Bonneville Power Admin-
istration are currently reviewing Lower Snake River drawdown as an alternative
strategy in the Columbia River System Operation Review (SOR). Various pool
elevations have been evaluated, including full-pool as base case, drawdown to
33 ft below normal, and drawdown to preimpoundment river level. The sediment
loading estimation process required the integration of three theoretical computer
models and a Geographic Information System (GIS) to predict sediment inputs from
all sources and to track the water column and sedimentation effects downstream to
Bonneville Dam. The Corps of Engineers Hydrologic Engineering Center’s HEC-6
Sediment Transport Model provided streambed scour inputs from Lower Granite
Reservoir. A spreadsheet-based Bank Erosion Model predicted sediment loading
from the exposed banks by erosion processes including surface erosion of exposed
mudflats, wave erosion, slumping and mass wasting, and tributary delta incision.
Scour and bank erosion loads from the other three Lower Snake reservoirs were
extrapolated from the Lower Granite results based on the sediment deposition
history of each pool. The recently enhanced version of the HEC-50Q Reservoir Water
Quality Model used daily inputs from HEC-6 and the Bank Erosion Model to
simulate estimated water column concentrations and transport.

1 U.S. Army Engineer District, Walla Walla; Walla Walla, WA,
2 Enserch Environmental, Inc., Bellevue, WA,
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Suspended sediment concentration maxima at Lower Granite Dam for the base
case, 33 ft, and natural river level drawdown simulations were approximately 40,
80, and 3,000 mg/L, respectively. It was predicted that the majority of sediment
transported from lowered Snake River pools was deposited in McNary Reservoir,
immediately downstream from the confluence of the Snake and Columbia rivers.
Daily results of lead, DDT series, silt, ammonia, and phytoplankton are being used
in parameter threshold exceedence frequency analyses. Direct comparison of
percentage of days that a parameter exceeds the selected threshold for each
alternative and flow regime results will result in ranking of alternatives. Predict-
ably, alternative comparisons show that sediment and associated contaminant
transport was directly related to depth and duration of drawdown and to the number
of reservoirs involved.

68 Miller, Martin, & Cunningham Water Quality '94




Smithland Locks and Dam—A Dredging Case Study

Gordon R. Lance

Introduction

The purpose of this paper is to explain how
the construction of a new navigation project
on the Ohio River inadvertently created the
worst dredging problem in the Louisville En-
gineer District. This is in spite of some care-
ful planning to avoid this problem.

Smithland Locks and Dam

The Smithland project retained upper pool
and went into service in 1981. This project is
the newest in a series of replacement locks
and dams on the Ohio River. Smithland re-
placed two antiquated manually operated
wicket dams that date back to the 1920s.
Those projects had been rendered obsolete by
the increase in the size of the tow fleets oper-
ating on the Ohio and the power of the newer
towboats. The new dam has a maximum lift
of 22 ft, which classifies it as a “high lift”
lock in Ohio River parlance. The project has
two locks, each 1,200 ft long by 110 ft wide,
and is the only such “twin lock” project in the
world. The dam consists of 11 tainter gates
located adjacent to the locks and a 1,570-ft-
long fixed weir. The tainter gates are each
110 ft wide by 36 ft high. River traffic nor-
mally passes through the locks, but during
periods of extreme high water, tows can pass
over the fixed weir.

The project is located on the Ohio River
918 miles below Pittsburgh and 63 miles above
the mouth of the river at Cairo, IL. The dam
is only 2 miles upstream of the mouth of the
Cumberland River and 16 miles above the
mouth of the Tennessee River at Paducah,
KY.

1

A general location map is shown on Figure 1.
Figure 2 is a sketch of the project showing some
of the features of the project.

The river was changed significantly by the
construction of Smithland. Prior to Smithland
Locks and Dam, there was an island upstream
of Cumberland Island near the Iilinois shoreline
known as Dog Island. The main navigation
channel was down the left descending bank of
the Ohio and around the left side of Cumber-
land Island through what is known as the Ken-
tucky chute. High-water traffic had the option
of going around either side of Cumberland Is-
land. In general, this traffic preferred the right
side of the island, known as the Illinois chute.
During the design process, someone got the
bright idea of constructing the locks on Dog
Island, thereby saving considerable money on
in-river cofferdams. For this plan to work, how-
ever, it was necessary to abandon the existing
navigation channel. All traffic would be shifted
to the right descending bank of the river and
the Illinois chute would be used below the dam.
The Kentucky chute would continue to be used
for access to the Cumberland River. Precon-
struction conditions are shown on Figure 3.

The design team was aware of the tendency
of the sand bottom of the Ohio River to move
from time to time. Since the project involved
shifting the navigation channel across the river,
special caution flags were raised. Accordingly,
provisions were made in the model study pro-
gram to investigate potential reshaping of the
riverbed in response to the new project. It was
clear that the project plan should include what-
ever features were necessary to keep the new
channel open, thereby minimizing dredging
requirements.

1 U.S. Army Engineer Division, Ohio River; Cincinnati, OH.
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Figure 1. Location of project
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Figure 2. Smithland Locks and Dam
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KENTUCKY

Figure 3. Pre-Smithland conditions

Model Study

Like all Ohio River navigation projects, a
physical model study of flow and navigation
conditions was commissioned at the the U.S.
Army Engineer Waterways Experiment Sta-
tion (WES) in Vicksburg, MS. The model
covered the Ohio River from River Mile
016.5 to 925, and the lower 4 miles of the
Cumberland River. The model had a scale of
1:150 and was molded out of neat concrete.
As is normal in these types of studies, several
iterations of lock and dam configurations were
evaluated, along with additional design assis-
tance with the dam cofferdams and with the
closure section of the fixed weir. The model
study was eventually published by WES as
TR HL-83-19 (Franco and Pokrefke 1983).

Fixed-bed models of this type can provide
only a limited amount of useful information
about the movement of bed material and can
only infer how the riverbed will reshape itself
in response to a structure in the channel. One
can trace bottom currents with dye and identify
eddy-type depositional areas with neutrally buoy-
ant particles, but no useful information about

Water Quality "94

bottom scour can be provided. Realizing this
limitation and knowing of the concern about the
new navigation channel, WES converted the
model to a moveable bed model by replacing the
concrete bed of the river with a thick bed of coal.
The hydraulic gradient in the model was steep-
ened to get the coal to behave like the prototype
riverbed. A yearlong representative hydrograph
was selected for design purposes, and a number
of different features were evaluated. While the
bed was converted to a moveable condition, the
streambanks and all islands in the model retained
their concrete skins.

Gleaning useful information from moveable
bed models is as much an art as it is a science.
Uncertainties and localized differences about
bottom gradations and the energy required to
mobilize those materials exist. Representation
of the multiple gradations of bed materials
with a single material obviously introduces
other uncertainties. Test cycles tend to be long,
so the number of plans that can be evaluated
is also limited. With all these reservations
and limitations, this type of model represents
the state-of-the-art study tool with respect to
sand bed river channels.
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Considerable time and effort were devoted
to this phase of the model study, and at least
14 different plans were evaluated. The study
objective was to develop a “self cleaning”
channel down the Illinois chute, a concept
sketched on Figure 4. Most of the tainter gate
discharge was to be down the Illinois chute.
This would maintain moderate scouring veloci-
ties necessary to prevent deposition in the
chute. The final plan consisted of two dikes at-
tached to the river wall of the lock, and seven
additional dikes in the upper portion of the
Ilinois chute. The chute dikes were included
to maintain necessary chute velocities. The two
dikes attached to the Kentucky shore near the
head of Cumberland Island Towhead had been
in place for some time and were not a part of
this project. The two dikes off the lower lock
wall were designed to shift the eddy deposits
away from the immediate lower lock approach.

There was an old dike in the river that once
had connected Dog and Cumberland islands.
This dike was known locally as “Shreve’s
Dike” because it was attributed to Captain
Henry Shreve, who had served as the Superin-

tendent of Western Waters in the 1820s and
1830s. All of the model tests conducted at

WES were based on the removal of this old
dike. A note requiring removal of this dike
was included in the project plans.

The Problem

After a few years of operation, it became
apparent that something was seriously wrong
at Smithland, specifically in the lower ap-
proach to the lock and all down the Illinois
chute. Very high levels of dredging were re-
quired in this area. For the first few years, this
problem was attributed to initial adjustment of
the system; but by the end of the decade, it was
obvious that the river in the project area was
not preforming as anticipated. Not only were
heavy sand deposits occurring in the navigation
channel, but the head of Cumberland Island
was retreating at an alarming rate. The owner
of the island lived directly across the river in
the community of Smithland, Kentucky, and
he was not pleased with what he was seeing.
In fact, he later sued the Government for ad-
verse possession of his property and won.

ILLINOIS

S OIKE FIELD
PRECY

SMITHLAND 2
LOCKS & DAM

KENTUCKY

' S
SOk
SMITHLAND

Figure 4. Self-cleaning channel
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The results of an inspection of the area in
1990 by the writer and others are shown on Fig-
ure 5. The head of Cumberland Island was
actively failing, with slabs of soil falling into
the water every 20 min or so. The failing face
of the island was vertical, standing some 15 ft
above the water surface. A very strong current
was sweeping across the face of the island and
flowing down the Kentucky chute. Soundings
taken adjacent to the island showed 10 to 14 ft of

water immediately adjacent to the failure surface.

The most ominous aspect of this situation
was the apparent tendency of the tainter gate
discharge to cut across the head of the island.
If that current ever became the predominate
path for the gate discharge, keeping the Illinois
chute open would become very costly. The re-
treat of the head of the island was complicating
this matter as the “channel” across the island
was continually expanding. The locks cannot
be approached from the Kentucky chute.

It was obvious that something had to be
done. The first step was to find out what was
causing the problem and then develop the
lowest cost solution to the problem. The
study process involved consulting the histori-
cal record on the area, taking soundings, and
consulting WES. Mr. Tom Pokrefke of the
Hydraulics Laboratory at WES, one of the au-
thors of the WES report, was very helpful
with this problem.

Historical Record

It turned out that the Louisville District
had accumulated a wealth of historical infor-
mation about this reach of the river as part of the
Smithland design process. Most of the data in
the District’s files had been compiled by Mr. Le-
land Johnson, a Corps historian in Washington.
Mr. Johnson’s report had been commissioned to
estimate how much stone was involved in the
construction of Shreve’s dike. The report con-
tains a series of old maps and cost estimates and

tells an interesting story of navigation in this
area dating well back to the beginning of the
steamboat era on the Ohio River.

The oldest useful map of the area was pre-
pared in 1832 by a Corps of Engineers officer
named Captain Richard Delanfield, operating
under the direction of Henry Shreve. The
main, or “low water,” channel of the Ohio
River was through the Illinois chute, and the
head of Cumberland Island was connected to
the Kentucky shore by a massive sandbar.
The town of Smithland (which was shown
about the same size it is today) is clearly sited
on the Cumberland River. According to
Johnson’s report, traffic on the Cumberland
River was very limited, while Ohio River
traffic was beginning to boom. The general
situation shown on Captain Delanfield’s map
is sketched on Figure 6.

Apparently, people in Smithland desper-
ately wanted to be located on the busy Ohio
River rather than on a backwater river like the
Cumberland. This would allow the commu-
nity to grow and prosper. In order to do this,
however, it would be necessary to remove
the sandbar at the head of Cumberland Island
and relocate all Ohio River traffic to the
Smithland waterfront. Someone prevailed on
Congress to include a special project to ac-
complish that objective in an 1831 equivalent
of a rivers and harbors act. A stone dam, to
be known as Cumberland Dam, was author-
ized for construction across the upper end of
the Illinois chute. Funding was provided and
the dam was built by the Corps of Engineers
under the general supervision of Captain Shreve.
The dam had to be enlarged and extended sev-
eral times before it finally shifted the low-water
channel to the Smithland waterfront. One of
the military officers that worked on this project
in the late 1830s was a young Virginian
named Robert E. Lee. A sketch of the appar-
ent original position of the dam is shown on
Figure 7.

1 Unpublished Memorandum, 1981, Leland Johnson, “History of the Construction of Cumberland Dam,

1831-79.”
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Although the dam finally did perform as
planned, the town of Smithland never did grow
into another St. Louis or Pittsburgh. Ohio
River steamboat pilots did not like using the
Kentucky chute because of the extra maneu-
vering required. This situation became worse
after the practice of pushing barges developed.
Whenever the water was high enough, pilots
reverted to the Illinois chute, and a number of
accidents in the 19th century were attributed
to attempts to run the dam with insufficient
water.

The situation had been stabilized for a long
period of time when the construction of the
Smithland Locks was started (see Figure 3).
Cumberland Dam had been buried in a massive
sandbar that now connected Dog Island with
Cumberland Island. The low-water pool had
been raised and stabilized in 1930 by the con-
struction of Lock and Dam 52, some 18 miles
downstream. Low-water traffic was using the
Kentucky chute, but continued to run the
Illinois chute whenever the water was high
enough. The head of Cumberland Island had
grown in an upstream direction to form a
point. This growth caused the island to meet
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a lateral extension of the dam that had been
added to the left side of the dam to prevent
flanking channels from developing in the
sandbar. Two dikes at the lower end of the
Kentucky chute were doing a good job of
keeping the lower end of that chute open.
These dikes were constructed in 1888, but
had been first proposed by Captain Lee in
1839. The community of Smithland was the
same size it had always been.

Soundings

It is the practice in the Louisville District
to take soundings only in that part of the river
within the navigation channel. In this case,
however, soundings of most of the river
below the dam and above Cumberland Island
were made early in 1990. The bottom config-
uration found in that survey is shown in Fig-
ure 8. It was obvious that only a limited
portion of Cumberland Dam had been re-
moved during the construction of Smithland
Locks. A short section of Cumberland Dam
immediately off the nose of Dike No. 1 had
been completely removed. The exposed soft
bottom in that gap had eroded. About 500 ft
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Figure 8. Soundings taken in 1990

of Cumberland Dam adjacent to that gap had
been decapitated to a fairly consistent eleva-
tion, about 27 ft below lower pool. The left
abutment of the dam was untouched, as was
the lateral extension of the dam. An ominous
deep channel was forming immediately off
the rapidly failing head of the Cumberland
Island. This deep channel and the strong cur-
rents in the area obviously were preventing
stabilization of the failing bank.

According to oldtimers familiar with the
construction of the Smithland project, work
on the dike was terminated because of funding
limitations and other contract problems. The
contractor had experienced a great deal of dif-
ficulty locating the dam because of the massive
sandbar that had been formed in the area. The
sand from the bar would collapse into any exca-
vation opened by the contractor’s clamshell.

The 1990 soundings show that this massive
sandbar was now completely gone, and the
dam was now easy to locate.
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Consultations with WES

Personnel at WES are never pleased to find
that a project that has been through such an
extensive modeling process is not performing
properly. After some review, probable reasons
for this unacceptable performance became ap-
parent. The most obvious problem is that
Cumberland Dam had not been removed as
planned. WES had not modeled the situation
that might develop for such a condition. The
second reason was a little more subtle. The
model had been evaluated with a moveable
bed, but with concrete banks and islands. The
process of bank failure and retreat had not
been included in the WES studies. As a mat-
ter of note, no existing physical or computa-
tional models are available to study the most
common type of riverbank failure found on
the Ohio, which is failure by internal erosion.

While the model had not predicted proto-

type behavior, it remained a key document in
dealing with the problem.
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Remedial Construction

The plan developed to fix this problem was
pursued as a construction deficiency. That plan
is shown on Figure 9. The plan consisted of
two phases. Phase 1 was to be first pursued;
if that did not fix the problem, then Phase 2
would be necessary. Phase 1 consisted of re-
moval of all of Cumberland Dam except the
extension off the left abutment. All of the
stone taken from the dam would be used to
form a “V” shaped, or “chevron” dike outlining
the old pointed upstream nose of Cumberland
Island. The minimum length of the “legs” on
the dike was to be 600 ft. If there was insuffi-
cient stone in the dike, then new riprap was to
be purchased. If extra stone were found in
the dam, then the Illinois leg of the chevron
dike was to be extended. If all went well, a
sandbar would develop between the chevron
dike and the head of the island. This sandbar
should stop the retreat of the island by reduc-
ing the crosscurrent and allowing failed bank
materials to accumulate and flatten the slope.
The tainter gate discharge would then be
firmly directed down the Illinois chute.

If Phase 1 was insufficient to correct the
condition, then Phase 2 would be pursued.
This element consisted of extending the right
side of the chevron dike down to Cumberland
Island. This would definitely “harden up” the
left side of the chute and positively redirect
the current down the right side of the island.

It is believed that the removal of Cumber-
land Dam and the redirection of flow down
the Illinois chute will substantially reduce the
frequency and magnitude of necessary dredg-
ing, with its environmental consequences, for
the following reasons. First, the plan tends to
be more closely aligned with the “natural”
bedforms in the river as shown in the 1832
map. The second reason for optimism is that
the plan would restore the river to the condi-
tions analyzed in the model, as the stone
dikes would mimic the concrete islands in the
model.

Results

Only partial results of this effort are
known at this time. Phase 1 was carried out
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Figure 9. Proposed remedial project
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in 1992. There was sufficient stone excavated
from the dike to provide for both 600-ft legs of
the chevron, and to extend the Illinois leg by
500 ft. After this phase was completed, a
strong current remained around the lower end
of the new chevron dike, and the retreat of the
head of the island continued. The dike appar-
ently was not long enough to extend into the
deep-water channel forming upstream of the
island. Since Phase 1 proved to be ineffective
by itself, Phase 2 was initiated as a separate
contract. That work is now underway. In an
additional attempt to restore the head of the
island (and to also find a place to deposit
dredged material), the District is now deposit-
ing dredged sand from the lower approach
area behind the new dike.

Lessons Learned

Probably the most important lesson to be
learned from this effort is to expect the unex-
pected when dealing with shifting riverbeds.
The District was correct to concern itself with
the consequences of a major shift in river
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channel, and the moveable bed model was
(and remains) the evaluation tool of choice for
such matters. These models are imperfect, so
their results must be used with caution. Accu-
rate model predictions of prototype behavior
can be very sensitive to what might appear as
minor changes in the project. Sometimes the
use of fixed model boundaries can provide
misleading guidance. Special care and judge-
ment must always be exercised in applying
model results to prototype situations. Even
if things do not go as predicted in a model,
that study can provide invaluable insight to
an emerging problem. Also, careful monitor-
ing of new installations is necessary to nip
emerging situations in the bud.
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Caesar Creek Lake Water Quality
and Modeling Study

Joseph A. Bohannon!

Introduction

The Water Quality Group, U.S. Army Engi-
neer District, Louisville, has made a long-term
commitment to water quality modeling. The
model of choice is CE-QUAL-W2. The Water
Quality Group plans to model at least one
reservoir per year until all 20 projects of the
Louisville District have been modeled. The
next modeling project will be Taylorsville
Lake in Taylorsville, KY, for which consider-
able data have already been collected from
previous studies. In addition, sample collec-
tion will begin in April of this year at Monroe
Lake in Bloomington, IN. Modeling for this
project should begin early next year.

Development of CE-QUAL-W2

CE-QUAL-W?2 has been under continuous
development since 1975. The early versions
of this model were known as LARM (Later-
ally Averaged Reservoir Model). The initial
application of LARM was on a reservoir with
no branches. Subsequent modifications to
allow for multiple branches and the ability to
handle boundary conditions for estuaries re-
sulted in the GLVHT (Generalized Longitudi-
nal-Vertical Hydrodynamics and Transport)
model. GLVHT has been successfully used
to simulate temperature distributions and cir-
culation in water bodies and has been applied
to a variety of aquatic systems. The addition
of water quality algorithms by the Water Quality
Modeling Group at the U.S. Army Engineer Wa-
terways Experiment Station (WES) resulted
in version 1.0 of CE-QUAL-W2.

Background on CE-QUAL-W2

CE-QUAL-W2 is a numerical, two-
dimensional, laterally averaged hydrodynamic
and water quality model. It describes vertical
and longitudinal distributions of thermal energy
and selected biological and chemical materials
in a water body through time. The primary
reason for selecting this model is its ability to
define water quality gradients in two dimen-
sions. In most Corps reservoirs, significant
variations in water quality conditions occur
along both longitudinal and vertical axes. Al-
though developed for reservoirs, another asset
of the model is that it can be applied to other
systems, such as lakes, rivers, and estuaries.

The model is capable of simulating the dy-
namics of up to 20 water quality constituents in
addition to temperature, density, and velocity.
The model calculates water volumes, surface
elevations, densities, vertical and longitudinal
velocities, temperatures, and constituent con-
centrations as well as downstream release
concentrations. Required input data include
initial conditions, reservoir geometry, physical
coefficients, biological and chemical reaction
rates, and time sequences of hydrometeorolog-
ical and inflowing constituent loadings.

Constituents are arranged in four levels of
complexity-conservative (noninteractive), in-
teractive (oxygen-phytoplankton-nutrients),
simulated pH and carbonate species, and simu-
lated total iron. This allows for considerable
flexibility in application of the model. The
model simulates the interaction of physical

1 U.S. Army Engineer District, Louisville; Louisville, KY.
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factors (flow and temperature), chemical fac-
tors (nutrients), and an algal compartment.
Many constituents are simulated primarily to
include their effects upon other constituents.
Essentially, the model deals with the major
physical, chemical, and biological processes
that occur within an impounded body of water.
It is particularly applicable to reservoir projects
that involve correlation of numerous parameters
and considerable technical data.

Time Requirements/Problems
for First-Time Users

The application of CE-QUAL-W?2 requires
knowledge in the following areas:

® Hydrodynamics.

Biology.

Chemistry.

Numerical methods.

Computers and FORTRAN coding.

Statistics.

Data assembly and reconstruction.

Water quality modeling requires not only
knowledge in these areas but experience in
their integration. Application of the model
for the first-time user is a complicated and
time-consuming process. The modeling team
needs to be an interdisciplinary group with
knowledge in as many of the above-listed
areas as possible. Also, involvement of sev-
eral people on the team minimizes a drop in
proficiency in the event a team member
leaves or is transferred.

Time Requirements
for Model Runs

Yearly model runs require 1 to 2 hr based
on the number of constituents turned on. Plot-
ting and viewing requires another hour for a
total time of 2 to 3 hr. The LOTUS graphing
package proved inadequate for displaying
model runs. At the recommendation of WES,
AXUM software was purchased to expedite

80

Bohannon

the graphing functions. However, there is a
learning curve associated with using AXUM
for the first time. Although initial set-up is
time consuming, this graphics program makes
processing and viewing of calibration runs
much easier.

Turnaround Time
for Laboratory Samples

Optimum turnaround time on samples re-
quiring laboratory analysis is 3 to 4 weeks.
Delays in getting back results are usually due
to inconsistencies between computerized test
requests and labeling of samples turned in to
the laboratory. Accurate and consistent coding
of samples prevents problems in tracking down
missing test results. Also, determine in ad-
vance what the detection limits are for vari-
ous laboratory procedures. Otherwise, actual
numerical values from laboratory analyses may
not be reported because they are less than
the detection limits preprogrammed into the
computer.

Bathymetry of Reservoir Basin

Setting up the bathymetry for the model re-
quires detailed digitizing. The accuracy of
the bathymetry is critical to the success of the
model. The data points provided are utilized
in determining the computational grid for the
model. The grid consists of a series of verti-
cal columns (segments) and horizontal rows
(layers), with the number of cells equaling the
number of segments times the number of rows.
The basic parameters used in developing the
grid are longitudinal spacing (delta x in meters)
and vertical spacing (h in meters). Vertical
spacing can vary from model to model; but
once established, it remains constant through-
out the reservoir. Horizontal spacing can
vary with each branch of the reservoir. Each
cell also has an associated average width.

Mapping for Caesar Creek was performed
by the Survey and Mapping Section of the
Louisville District. It was done from pertinent
topographic maps and is very detailed because
of the intent to also use it for a sediment survey.
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Because of the man-hours required, the pro-
cess was both time intensive and expensive.
However, mapping for modeling purposes only
does not normally have to be that detailed.

Application of CE-QUAL-W2

The model is designed to be applied to a
wide range of water bodies. It is best suited for
relatively long and narrow reservoirs that dis-
play water quality gradients in both the longitu-
dinal and vertical directions. Each reservoir,
though, is unique and exhibits its own particu-
lar hydrodynamic characteristics. It is impera-
tive to study the water quality data and to
determine what’s going on from a limnologi-

cal standpoint before applying CE-QUAL-W2,

Proficiency at calibration of the model for
a given reservoir is gained primarily through
experience. Initial calibrations, involving
basic parameters such as dissolved oxygen
and temperature, are somewhat mechanical.
Subsequent calibrations pertaining to biologi-
cal functions and nutrient dynamics are more
complicated and are often more of a devel-
oped art than a science. Because of the inter-
relationships of various constituents,
calibration runs eventually reach a point of di-
minishing returns.

Additional Problems
in Working with Model

It was initially planned to make “mock”
calibration runs using previous years’ data
from both a wet year and a dry year. This
would provide experience seeing how the
model reacts under variable conditions. This
opportunity was lost because of falling behind
schedule for various reasons—field sampling,
attendance at meetings, delayed laboratory
results, etc.

Revisions were made to CE-QUAL-W?2
and the user’s manual during the course of the
Caesar Creek study. The user’s manual was
changed and updated twice. The surface water
reaeration formula was reworked by Tom
Cole of WES, as was the pH-alkalinity-CO,
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interaction. Both of these modifications were
undertaken to facilitate application of the
model to Caesar Creek Lake.

Benefits of Model Application

A number of informational benefits accrued
from the development of the model for this
reservoir. One was the demonstration of the
presence of a metalimnetic minimum in the
lake. It was also discovered that basic constit-
uents such as dissolved oxygen and tempera-
ture can be calibrated with a high degree of
accuracy. We obtained insight into the com-
plex biological and chemical interactions at
work in an aquatic ecosystem. We learned
that phosphorus is a limiting nutrient for algal
growth and development. Also, collection of
sufficient inflow nutrient data is imperative
to the continued use of the model. CE-QUAL-
W2 is a powerful tool for evaluating current
and future water quality conditions as affected
by changes in nutrient input, particularly
phosphorus.

Lessons Learned

Dedicated Computer

Modeling requires a computer with suffi-
cient speed and memory designated solely for
model work and nothing else. The minimum
configuration is an 80386/80486 PC with a
math coprocessor. A minimum of four mega-
bytes of memory is necessary.

A hard disk with 10 to 15 Mb of available
space is also needed. For an 80386 PC or
greater operating under DOS, the user must
have a 32 bit FORTRAN compiler with a
DOS extender. If using Unix or OS/2, the
user must have a FORTRAN compiler com-
patible with his operating system.

Dedicated People
Modeling with CE-QUAL-W?2 is an ongoing

and time-consuming process. It must maintain
a priority status in order to meet scheduled
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deadlines. Members of the modeling team
must be flexible in working modeling respon-
sibilities into their schedule of activities when
necessary. The modeling effort for Caesar
Creek Lake was most productive when all
members of the team were present and work-
ing together to make calibration runs and
solve problems.

Laboratory Results

Prior to beginning the study, specify to the
testing laboratory the detection limits needed
for reportable data. Make sure they are com-
patible with the laboratory procedures being
utilized. Also, make sure the laboratory can
provide satisfactory turnaround time on water
samples submitted. This will help expedite
set-up and calibration of the model and reduce
unnecessary delays.

Computer Resource Person

It is extremely helpful to have a person on
the modeling team who is knowledgeable of
computers and FORTRAN programming. In
lieu of this, you should have someone readily
accessible, either in person or by phone, to an-
swer questions when needed.

Model ltself

Be sure sufficient time and funds are allot-
ted at start-up for the development of the ba-
thymetry. When making calibration runs with
the model, be sure to identify each run and
keep track of changes in a logbook. This will
help avoid confusion and prevent repetition of
the same changes. Finally, when plotting and
viewing, make sure the graphing software can
display the results in the desired format.

The importance of sampling of inflow wa-
ters needs to be emphasized over that of lake
samples. Inflow data drive the model, while
lake samples are used to compare observed
versus simulated constituent values for model
calibration. The more inflow data available,
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the easier is model calibration and use. Inclu-
sion of the effect of storm events on inflow
water quality is also recommended. Storm-
induced variations in inflowing materials, es-
pecially nutrients and sediment, are useful in
evaluating best means of land-use practices.

Recommendations

Continued use of CE-QUAL-W?2 is strongly
recommended as an important part of the
Corps’ water quality and environmental studies.
Improved strategies for maintaining water
quality in Caesar Creek Lake are possible with
CE-QUAL-W?2 because the model has the
capability to integrate all the different factors
involved. Experience gained in applying the
model to Caesar Creek Lake will be beneficial
during application to the Corps’ other projects.
CE-QUAL-W?2 should be utilized as the pri-
mary tool for all actions and decisions that
may affect the future water quality of the
IESErvoir.
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Metropolitan Nashville Regional
Environmental Engineering Study

Tim Higgs1

Introduction

The Nashville District recently completed
a reconnaissance level planning study of envi-
ronmental problems in the Metropolitan Nash-
ville area. The District was to “conduct a
regional environmental engineering study to
identify and quantify point and nonpoint
sources of pollution and associated sources
that contribute to pollution problems.” The
study area was defined as the watersheds of
three large Corps lakes in the Nashville area:
O1d Hickory, Cheatham, and J. Percy Priest
lakes. Primary purposes of the study were to
define the nature and extent of environmental
problems in the lakes and watersheds and iden-
tify at least one viable measure to improve each
problem. This paper presents a summary of
some problems evaluated during the study.

Description of the Cumberland
River Basin

The study area consisted of the watersheds
of three of the nine large Corps water resource
projects in the Cumberland River basin of Ten-
nessee and Kentucky. These nine projects com-
prise a system of reservoirs that produce both
regional benefits such as navigation, flood con-
trol, and hydropower and regional and local
environmental effects because of alterations
of the natural flow regime and water quality.

Water resource projects in the Cumberland
River basin can be broken into two general
classes: main stem reservoirs operated pri-
marily for navigation and hydropower and
tributary storage projects operated primarily
for flood control and hydropower. Each class

of reservoirs has a different set of environmen-
tal problems and opportunities. Old Hickory
and Cheatham lakes are main stem projects at
Cumberland River miles 216.2 and 148.7, up-
stream and downstream of Nashville. J. Percy
Priest Lake is a tributary storage project on the
Stones River, a tributary of Cheatham Lake
just east of Nashville. The watersheds of
these projects were interpreted to include all
stream reaches to the next upstream Corps
project(s). For example, the Old Hickory
watershed included the tailwaters of Cordell
Hull and Center Hill dams.

Regional Land-Use Patterns

Land uses within the study area have
changed significantly since the first Corps dam
was constructed in 1943. As the population of
Metropolitan Nashville increased, many areas
have been converted from agricultural to
urban/suburban land uses. In general, agricul-
ture has declined across the region. As part of
this study, 1985 LANDSAT images were classi-
fied by a local university to aid in the evaluation
of potential impacts from nonpoint source pol-
lution. The watershed of each lake was sub-
divided so that a ranking of potential impacts
could be made. This evaluation is expected to
be repeated periodically to look at trends.

In general, land uses change from urban to
rural as you move away from the Nashville
area. For each lake, significant areas of the
watershed have exhibited a higher rate of urban
development. For example, the population
of Rutherford County, which is part of the
J. Percy Priest watershed, increased by 38 per-
cent during the 1980s. The downstream portions

1 U.S. Army Engineer District, Nashville; Nashville, TN.
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of the Old Hickory and J. Percy Priest water-
sheds and the upstream portion of the Cheat-
ham Lake watershed contain more urban
development. The outlying areas are a mix of
forested and agricultural areas.

One problem with the land-use classification
scheme used in this study was that many
areas of less dense residential development
were classified as open-mixed land use be-
cause of the resolution of the data. It was felt
that this underestimated the actual area im-
pacted by suburban/urban land usage.

Nonpoint Sources of Pollution

Several factors make it difficult to quantify
impacts from nonpoint sources. Many impacts,
such as bank erosion or stress on aquatic life,
are gradual and subtle. Water quality varies
dramatically during storm events. Sources
such as construction sites are temporary in na-
ture. Under base-flow conditions, a stream
may appear to be of high quality; therefore,
habitat-biological surveys are often the best
monitoring method. Reservoir models may
be needed to consider impacts of nutrients
and sediment on downstream water bodies.

Because of these difficulties, nonpoint
source control efforts are not a high priority
for State and local regulatory agencies. In
Tennessee, enforcement mechanisms are set
up for dramatic impacts, such as fish kills or
long-term discharge permit violations, where
damage documentation can be built over time.
For nonpoint source construction problems, a
“ticket-writing” approach is needed to help
ensure that best management practices (BMPs)
are utilized to minimize impacts from develop-
ment since it is often difficult to show impacts
from an individual site.

Many stream and lake reaches in the study
area have been degraded from unstable storm
water conveyance systems, removal of riparian
vegetation, and increased runoff rates. Most
rural counties have little in the way of design
standards for subdivisions. Some local govern-
ments have building codes that address these
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problems on paper; but in reality, no oversight
is provided to ensure that standards are followed.
In addition, the recent storm water permit re-
quirements for construction sites greater than

5 acres have provided little control to date since
this program is largely voluntary on the devel-
opers part with little oversight by the State regu-
latory agency. The result is widespread areas
with eroding drainageways, streams with severe
bank erosion, and embayment areas choked
with sediment from watershed sources. Even
with the haphazard controls, most of the regions
streams are of relatively good quality, but many
could be of better quality.

Impacts from urban nonpoint sources are a
common problem across the Nashville area
since there exists little or no control on urban
development. An “ideal” nonpoint source
control program was outlined in the study re-
port based on review of similar programs from
other urban areas such as Washington, DC. A
successful program requires a coordinated
local, State, and Federal effort with local
agencies driving the program. The approach
recommended in this report is to utilize a “wa-
tershed management program” that identifies
and protects significant resources in a water-
shed, provides comprehensive cost-effective
restoration of past man-induced impacts, and
minimizes future impacts by effectively en-
forcing existing building codes and storm
water permit rules. Several key watersheds
in the region were identified as in need of de-
tailed evaluation and restoration efforts.

J. Percy Priest Lake
and Watershed

J. Percy Priest Lake is located just east of
Nashville on a Cumberland River tributary,
the Stones River. The drainage area of the
lake is 892 square miles. The project is oper-
ated to maintain a relatively constant summer
recreation pool level. Hydropower generation
may be curtailed for long periods of times
(months) because of low inflows during dryer
months. This is necessary if summer pool
elevations are to be maintained. The lake is
considered eutrophic, partly because of high
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background phosphorus levels from geologic
conditions in the Stones River basin. Strong
thermal stratification develops in the lake,
with dissolved oxygen (DO) usually absent
below a depth of 15 to 20 ft.

J. Percy Priest
Tailwater Restoration

The 7-mile tailwater of J. Percy Priest is
highly impacted by the operation of the dam.
The lower 4 miles is backwater from the Cum-
berland River (Cheatham Lake). The lack of
a minimum flow release from the project im-
pacts aquatic habitat, and poor quality of hydro-
power releases violates water quality criteria
on a seasonal basis.

Alternatives for providing a continuous
minimum flow release from the project were
evaluated. The recommended alternative was
to provide a continuous flow from the project
by a floating syphon system that would release
higher quality surface water from the lake
under summer pool levels. The initial goal is to
release 10 to 15 cfs, which also matches the
preproject historical low flow (3Q20). During
winter months, this release would be provided
by slightly cracking a spillway gate since the
syphon system would not work under winter
pool levels because of the lift required.

To address hydropower releases, a system
of six localized mixing devices (LMDs) were
installed in 1988. The LMDs work by pushing
high-quality surface water down into the with-
drawal zone of the hydropower units. To date,
this system has not been operational because of
structural design problems. Currently, an
architect/engineer (A/E) contractor is rede-
signing the structural mechanism that holds
the LMDs in place. Coupled with the contin-
uous flow syphon discussed in the previous
paragraph, the Stones River downstream of
the dam should be vastly improved for both
habitat and water quality.

Water Quality '94

Old Hickory Lake and Watershed

O1d Hickory Lake is a main stem reservoir
that develops thermal stratification in its lower
half. The degree of stratification is primarily
controlled by releases from upstream projects
during summer months. Average annual de-
tention time of the project is about 11 days,
but can increase to 30 days during the summer
months. Hypolimnetic DO levels have been
as low as 2 mg/L during periods when deten-
tion times increase above 20 days. As aresult,

DO levels of hydropower releases can be as

low as 4 mg/L. Old Hickory Dam is consid-
ered the control point for DO levels on the
main stem Cumberland River.

A secondary influence on DO levels in the
lake is nutrient loadings from the local water-
shed. Much of the lower local watershed has
experienced rapid urban development, with
several tributaries listed by the State as
threatened because of urban nonpoint impacts.
Eutrophic conditions develop in the lake, and
algae-related taste and odor problems peri-
odically occur in water systems using the
Cumberland River in and downstream of Old
Hickory Lake.

Old Hickory Dam Water Quality
(DO Levels)

Probably the most significant regional
water quality problem that can be controlled
by the Corps’ operation is the quality of re-
leases from Old Hickory Dam. Low DO lev-
els from the project increase wastewater
treatment requirements on dischargers to the
Cheatham Lake pool, including Nashville.
Both structural and operational methods to im-
prove DO levels were evaluated as part of this
study. The U.S. Army Engineer Waterways
Experiment Station assisted in the review of
structural methods. Two objectives examined
were meeting DO criteria (5.0 mg/L) from the
project and supplementing release DO levels
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above the criteria (to 6.0 mg/L) to benefit
waste assimilation for downstream dischargers.

The recommended structural method for
both objectives was a pulsed hypolimnetic
oxygenation system because of the advective
nature of Old Hickory Lake. This method
was compared with the operational method
described in the following paragraph to deter-
mine the best alternative for meeting DO
standards from the project.

The District has developed a Cumberland
River system model for temperature and DO.
The dissolved oxygen routing model (DORMII)
simulates the basin by routing releases from
three upstream storage projects through the
four main stem projects. By using the
DORMII model, minimum flow criteria have
been developed to keep detention time through
Old Hickory Lake low enough to prevent viola-
tions of DO criteria from the project. A set
of bi-weekly flow criteria was developed and
has been adopted into the operation of the
reservoir system. Conditions are monitored
through critical periods to adjust main stem
flow requirements based on current meteoro-
logical conditions. It should be noted that if
watershed nutrient loadings increase, this flow
criteria may not be adequate. The average an-
nual cost of implementing this criteria was
estimated to be $8,800.

Fisheries Impacts in the Upper
Old Hickory Lake Pool

At the request of the Tennessee Wildlife
Resource Agency (TWRA), the District evalu-
ated methods for improving conditions for
sauger and paddlefish spawning in the upper
reaches of Old Hickory Lake. The river reach
impacted consists of the upper 15 miles of the
lake below Cordell Hull Dam. The TWRA
provided initial continuous flow recommenda-
tions intended to maintain adequate velocities
to reduce sediment accumulation in spawning
beds during the spawning period (April). The
District evaluated the recommendations and
performed operational tests to determine if
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the hydropower units could be operated in the
flow range needed. After this review, a con-
tinuous flow of 4,000 cfs (one generator at
50-percent capacity) could be provided with-
out mechanical problems. The District is cur-
rently in the second of a three-trial period for
this operation. The success of the operation
will be monitored by TWRA by measuring
the amount of young fish impinged at the in-
take screens of a downstream power plant.

Center Hill Dam Tailwater

The second largest inflow to Old Hickory
Lake is the Caney Fork River. Releases from
Center Hill Dam at mile 26.6 produce a cold-
water put-and-take trout fishery. Alternatives
for improving water quality conditions in the
lower Caney Fork River were examined during
this study. Actions are needed to address
both quality (DO and temperature) and
aquatic habitat (minimum flow and substrate).
The existing minimum generation