AD~A101 808 CORPS OF ENGINEERS WASHINGTON DC 1372
OCEEDINGS OF A SEMINAR ON WATER QUALITY EVALUATION. 22-24 JAN—E‘I’C(U)

UNCLASSIFIED

—







R,

‘ UNCLASSIFIED
.' SECURITY CLASSIFICATION OF THIS PAGE {When Data Entered)
: i REPORT DOCUMENTATION PAGE ‘ BEFORE COMPLETING FORM
[T, REPORT NUMBER 2. GOVT ACCESSION NOJ 3. nzcm:W‘
" WALY (84
. 4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

PROCEEDINGS OF A SEMINAR ON WATER QUALITY

EVALUATION 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e) ‘

Committee on Water Quality
Collection of 25 individual papers
\'4

. 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
~ AREA & WORK UNIT NUMBERS
2 US Army Corps of Engineers
| The Hydrologic Engineering Center

‘ 16
‘ 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
) 22-24 January 1980
b 13. NUMBER OF PAGES

236

14, MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 1S. SECURITY CLASS. (of thia report)

; Unclassified
15a. DECL ASSIFICATION/ DOWNGRADING

’J SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)
% Distribution of this publication is unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, It different from Report)

18. SUPPLEMENTARY NOTES

Seminar for Corps of Engineers Staff held in Tampa, Florida on 22-24 Jan. 1980

19. KEY WORDS (Continue on reverae side if necesaary and identify by block number)

Water Quality, Reservoirs, Ocean, Estuary, Great Lakes, Dredged Material Disposa#,
Tampa Bay, Rivers, Gas Transfer, Case Studies.

20. ABSTRACT (Continue on reverse side If y and {de fy by block number)

Topics addressed during the seminar included Corps policy, monitoring
network design, oxygenation, thermal and turbfdity studies. Other topics
included site preparation, dredge material disposal, and gas transfer character-
istics of hydraulic structures.

T R o

L rtea

5 DD "5 1473  EoiTion OF 1 NOV 85 15 OBSOLETE

: ' SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

SRR [ -
v




e e e e e b R

@,

=

ROCEENINGS OF A SEMINAR
—

ON

WATER QUALITY EVALUATION,
z =z =

22-24 January 198§,
Tampa, Florida,

e -
Accession For
) NTIS GRA&I r. |
) N DTIC TAB O
7/ 7 g ’ Unannounced O
k\/{/):l / e Justification _ |

. " | Distribution/_

Availability Codes

vail and/or
Dist Special j

U.S. ARMY CORPS OF ENGINEERS 3

St

COMMITTEE ON WATER OQUALITY ]
WASHINGTON, D.C.




et e e i gt e AT WY 2 O

FOREWORD

,/.

A two-day seminar gﬂ/ﬁater Quality Evaluation was held in Tampa, Florida,

; too
on 22-24 January 1980.:3 The purpose of -the. seminar was to provide a forum for

Corps of Engineers personnel who are routfne1y involved in water quality evalua-
tion. Topics 63&ressed during the semﬁﬂar:included Corps policy, monitoring net-
work design, oxygenation, thermal and turbidity studies. Other topics included
site preparation, dredge material disposal, and gas transfer characteristics

of hydraulic structures. Twenty-five papers presented during the seminar are

_contained heretn. < - - . -7

The conference room, individual rooms and all local tour arrangements
were organized by Mr. Juiian Raynes from the South Atlantic Division office
with the invaluable assistance of Mr. Willie Canaday of the Tampa Area Office.

These seminar proceedings in addition to the general seminar coordination
were organized by Mr. R, G. Willey of the Hydrologic Engineering Center. The
seminar was co-sponsored by the Hydrologic Engineering Center and the Committee
on Water Quality.

The views and conclusions expressed in these proceedings are those of
the authors and are not intended to modify or replace official guidance or
directives such as enaineer regulations, manuals, circulars, or technical

letters issued by the Office of the Chief of Engineers.

R. G. Willey
Editor
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THE COMMITTEE ON WATER QUALITY
BY
JANICE E. RASGUS!

The Committee on Water Quality has been in existence four years.
It was formally established in December 1975. During the past year and
a half, the Committee met 3 times. Several ER's and ETL's which provide
guidance on various aspects of water quality management at water control
projects have been completed by the Committee. These regulations are as
follows:

1) ER 1110-1-261, Control of Field Testing Procedures, dated 28
September 1979. The purpose of this ER is to insure that reliable data
are being generated for Corps water quality studies. It also assigns
technical laboratory supervision to Division labs.

2) ER 15-2-10, Committee on Water Quality, dated 25 May 1979.
This ER describes the objectives and responsibilities of the Committee
and outlines its consulting services.

3) ER 1110-2-1402, Hydrologic Investigation Requirements for Water
Quality Control, dated 15 September 1978. This regulation outlines
specific hydrologic and water quality investiga‘®ion requirements to be
pre?ented as part of the Survey Report and the Phase I and Phase II
GDM's.

4) ETL 1110-2-244, Water and Wastewater Laboratory Quality Control,
dated 14 May 1979. This ETL provides guidance on laboratory quality
control procedures to be employed by Corps laboratories conducting water
and wastewater analyses.

5) ETL 1110-2-239, Nitrogen Supersaturation, dated 15 September
1978. This ETL provides guidance for the evaluation and identification
of those projects with hydraulic structures having the potential to
produce nitrogen supersaturation.

6) ER 1110-1-8100. Laboratory Investigations and Materials Testing,
dated 30 August 1974. This ER has been revised and will be released
shortly. This regulation prescribes the responsibilities and procedures
for laboratory investigations and materials testing services.

Much of the work of the Committee is done by four Work Groups.
During CY 1979 the Work Groups were quite active and accomplished the
following:

1) Work Group I drafted guidance on field measurements and laboratory

analytical techniques to be used in detecting dissolved gases. An ETL
containing this guidance will be released shortly.

1North Central Division, Vice-Chairman, Committee on Water Quality

Paper 1
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2) Work Group II drafted an ETL on "Quality Control of Field
Sampling for Evaluating the Physical and Chemical Characteristics of
Surface Water and Sediment.'" This ETL will also be available soon.

3) Work Group III began formulating procedures which would establish
water quality as a necessary item to be considered in the development of
water control plans.

4) Work Group IV organized the "Water Quality Evaluation" seminar, f
evaluated water quality training needs and recommended training courses
to meet these needs. One such course which will be offered 23-27 June
1980 at HEC is called "Water Quality Aspects of Water Control."

In addition to the Work Group activities, several members of the
Committee participated in a consulting session with the Chicago District
on the Chicagoland Underflow Plan. A series of questions and issues
were raised by the District. The Committee responded to each one of
these and made recommendatioms.

Members of the Committee should be contacted with any questions,
concerns, suggestions or requests for consulting services. These will
be brought to the attention of the Committee for discussion. The members
of the Committee on Water Quality are:

Dr. Mark Anthony - ORD

Mr. Charles Bradshaw -LMVD
Mr. John Bushman - OCE

Mr. Richard DiBuono - NED
Mr. Harry Dotson - SPD

Mr. Earl Eiker - OCE

Dr. Rex Eley - WES

Mr. John Grace - WES

Mr. Howard Reese -~ MRD

Mr. David Legg - NPD

Mr. Thomas Maisano - NAD
Dr. Harlan McKim - CRREL
Mr. Jim Gottesman - OCE
Ms. Janice Rasgus - NCD
Mr. Julian Raynes - SAD v
Mr. Charles Sullivan - SWD i
Mr. Jerry Willey ~ HEC




RESERVOIR RELEASES

by
Earl E. Eiker &/

There has been an increasing national concern for protecting and
preserving the environment. Review of past and present legislation
reveals a trend that follows this growing concern. Initially,
legislation was aimed at avoiding adverse impacts on the environment but
provided neither true directives, nor procedures for enforcement. Words
and phases such as "if possible," "practicable", and "reasonable," made
legislation weak as far as initiating action. As interests and concerns
increased, legislation became more action-provoking, and provided
enforcement procedures. Legislation now requires environmental quality
(EQ) to be a major consideration in resource development, and management
activities. Because of its interrelationship with many aspects of EQ
(Fish and wildlife, public health, water supply, recreation, etc.), water
quality (WQ)'in particular, has become & major environmental concern.

Viv
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The first WQ efforts were directed toward public health and water
supply (Water Pollution Control Act, 1948 PL 80-845). The Corps and
. other agencies developed policies, programs and studies to investigate
{ and solve problems in this area. Knowledge gained through these studies
. provided a better understanding of pollution and stream sanitation, and
broadened the focus on WQ concerns.

More recent environmental legislation, beginning with passage of the
' Federal Water Pollution Control Act Amendments of 1972 (PL 92-500) and
culminating with the Clean Water Act of 1977 (PL 95-217) has had a
somewhat different thrust. Water quality improvement of all the nations
waters has become the National goal. Of particular significance in PL
92-500, was section 313 which required Federal agencies to comply with
the substantive requirements of state and local laws for pollution
abatement. This legislation was reinforced by issuance of Executive
Order 11752 which directed Federal agencies to provide leadership in the
nationwide goal to protect and enhance the quality of our nations water
resources. The Clean Water Act of 1977 (CWA) strengthened section 313 by
4 requiring Federal agencies to meet both substantative and procedural
requirements of state and local pollution abatement laws. Even more
importantly, the CWA placed responsibility for meeting these requirements
on heads of Federal agencies and provided procedures for citizen suits in
cases of non-compliance. Once again these provisions were reinforced by
issuance of an executive order, in this case EO 12088, Federal Compliance
with Pollution Control Standards.

Recently, the movement to improve environmental quality received

further executive support. On July 12, 1978 the President sent a
directive to all Federal agencies involved in water resources developument

| 1/ Hydrologic Engineering Section, Engineering Division, OCE

Paper 2
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potential operation of the Richard B. Russell Dam, and the continued
operation of Clark Hill and Hartwell Dams on the Savannah River, until
the defendants complied with applicable Federal laws. The plaintiffs
alleged that discharges from the dams will, or do, violate Section 301 of
the FWPCA of 1972. According to Section 301 of the FWPCA, it is unlawful
to discharge a pollutant into waters of the United States, unless certain
permits are obtained - including a NPDES permit, as provided in Section
402 of the Act. They claim that the dams are, or will be, point sources
of pollutants into the Savannah River, and that the discharges do not, or
in the case of R.B. Russell will not, meet Georgia and South Carolina
Water Quality Standards. 1In order for the Court to determine whether a
402 permit is required, a determination must be made as to whether the 11
releases from a dam will involve "the discharge of any pollutant by any '

person..."

basis for this motion was the Government's position that operation of
these hydroprojects does not "add" pollutants from a point source, as
required by Section 301 of the Act. The motion for dismissal was heard
in South Carolina District Court in July 1978. The Court ruled that
Clark Hill and Hartwell were dismissed from consideration in the suit due
to the plaintiffs' failure to meet a procedural technicality. However,
in regard to Russell, the Court found that, if it can be proven that
impoundment results in the change of the chemical quality of the water, .
as the plaintiffs allege, then the discharge of this water will result in ;
the addition of "pollutants” into the Savannah River as defined by
section 502 (b) of the Act. Further, if the plaintiffs' description of
the discharge pipes could be proven correct, the dam would be considered
a point source because the discharge pipes could be defined as such under
Section 502 (14) of the Act. Discharges that are made without a NPDES
permit will thus be in violation of the CWA, and subject to appropriate
sanctions. Because of these findings, the dismissal was denied. The
suit is still awaiting hearing at this time.

In February 1977, the Government filed a motion for dismissal. The l>

In a related action, in February 1978, the National Wildlife ]
Federation (NWF) petitioned EPA "to designate and set uniform effluent
limitations for discharges from hydroelectric dams." The NWF viewed the
dams as point sources of pollution, that should be regulated, under
Section 402, of the FWPCA. They supported this view by fitting reservoir
activities to the criteria for "point sources of pollution" as defined in
Section 502(12), and (14) and (19) of the Act. No action was taken by
EPA, and in 1979 the NWF took their case to court. At this time, the
case is in the District of Columbia Court awaiting a hearing. i

.

The outcome of these cases may have a significant impact on Corps
vater resources developwent projects. The Russell project probably will
not be enjoined because plans to oxygenate the release waters have been

Paper 2
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included in the design. However, existing projects may be subject to
NPDES permits in the future, if the courts rule in favor of the
environmental organizations, which seems very likely at this time.

In response to the President's memorandum on instream flows, an
Interagency task force was formed under the chairmanship of the
Department of Interior, to address the directives contained in the
memorandum. A series of reports were produced by the Task Force
including one which identified numerous Federal projects as having
problems with quantity and/or quality of release water. Several Corps
projects were included in this report. The Instream Flows report was
submitted to the Secretary of the Department of Interior in May, 1979.
Subsequently, Secretary Andrus requested that each agency provide
additional information on the identified problem projects. This
information was to include, in part, corrective actions being taken or
proposed alternatives that may be selected, to remedy the identified
instream flow problems. 1In response to Secretary Andrus's request, the
Corps provided the above information. Information was collected from
Division offices during September 1979, reduced to a composite form, and
fowarded to the Assistant Secretary of the Army, CW, for his review and
transmittal. Although Assistant Secretary Blumenfeld forwarded the
information to Interior, he was not satisfied that it presented a
complete picture of the problems, and ongoing corrective activities. He
believed that the Corps is addressing instream flow problems more fully
than described, and that these actions should be documented and
incorporated into a systematic, Corps~wide approach. Accordingly,
Secretary Blumenfeld requested that the Director of Civil Works prepare a
plan of action to uniformly address instream flow problems.

Before such a plan can be developed, however, a comprehensive list of
problem projects is needed in order to delineate the magnitude of
reservoir releases problems. Individual problems can then be prioritized
and addressed for resolution.

To achieve this, a Plan of Action (POA) was prepared in January
1980. This effort will be initiated with an Engineering Circular (EC)
which will be sent to Division and District offices shortly. The EC will
direct that a project by project evaluation be made, including estimated
costs and specific authorities required to resolve problems. Divisions i
will be required to submit their responses in Part II of the Annual
Division WQ reports (due 1 February 1981) pusuant to ER 1130-2-334,
After Division reports are reviewed, and the required actions and costs
determined, consideration will be given to putting a line item for
instream flow programs in the budget. 1In this manner Congress will be
advised of the magnitude of expenditures necessary to prevent and
alleviate instream flow problems below Corps projects.

Paper 2




In Summary, the described trend of legislation, the Presidents
memorandum and ongoing litigation indicate a changing direction in the
requirements on our activities., In the future we may be required to
comply with State Water Quality Standards and to meet instream flow needs
with reservoir releases at all our water control projects. Our policy
therefore, must reflect this possibility. Division and District offices
must work more closely with the States and EPA Regional offices to
develop workable WQ Standards for reservoir releases and criteria with
which to determine downstream flow requirements. If reservoirs are
declared point sources of pollution, coordination will also be necessary
to develope "Best Practical Treatment" guidelines. As a winimum we
should press for consideration of factors such as ambient WQ conditions,
existing and prospective water uses, fish and wildlife needs, public
" health, and economic impact during the development of these guidelines.
3 Finally, whether we are ultimately required to meet instream flow needs
at every project or not, our problems should still be clearly documented, :
the least costly alternative solution should be determined and the '
reasons for accepting or rejecting this alternative clearly defined. i :

Yol

‘3 Only in this way will we be able to adequately coordinate our activities - ]
‘ with the States and other Federal agencies and meet the intent of current : )
% legislation. 1
;
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Section 404(b) Testing
By
Robert Piercel

In October of 1978, I was asked to chair a working group of Corps
personnel from across the country. Formation of this group resulted
from the realization by OCE that the field was dissatisfied with the
draft revision to the 404(b) Guidelines circulated shortly before by
EPA. The group's responsibility was to review EPA's testing guidance

and to develop a Corps proposal that was acceptable to both the field
and OCE,

puring the intervening period, the group has drafted a testing
package, held workshops at which most Districts were represented,
formally requested field comments and made mumerous refinements to the
proposal. EPA was continuously apprized of our progress and received
copies of each iteration as it was developed. We have met with EPA on
several occasions, discussed our testing package, answered questions
and explained the rationale behind the various procedures.

I would like to describe to you the basic testing procedures that
may be implemented in the not too distant future. Unfortunately,
everything I say is tentative and 1is subject to changes made by EPA or
the public following comment on the Guidelines., That which I will
describe, however, is based on the discussions, modifications and
agreements reached at our last meeting with EPA.

First, as a background, I would like to briefly discuss the basis
for development of the Guidelines and then the testing procedures
which are now in force, i.e., the 5 September 1975 Guidelines.

Section 404(b)(1) of the Clean Water Act of 1977 directs the
Administrator of EPA in conjunction with the Secretary of the Army to
develop guidelines governing the specification of sites for the
discharge of dredged and fill materiasl. These guidelines were to be

based upon criteria comparable to criteria applicable to ocean
discharge under Section 403(c).

Don't confuse this section with Sec., 103 of the Marine
Protection, Research and Sanctuaries Act of 1972, which directed EPA
to publish the Criteria under which ocean discharges now are
regulated. The CWA was promulgated shortly before the MPRSA, and
though superceded by Section 103 of the latter, Section 403 has been

retained in the law and serves as a basis for the development of the
Section 404(b) Guidelines.

1Biologist, Enviromnmental Branch, North Atlantic Division




The criteria listed in Sec. 403 are as follows:

(A) the effect of disposal of pollutants on human health or
= welfare, including but not limited to plankton, fish, and
i shellfish, wildlife, shorelines, and beaches;

(B) the effect of disposal of pollutants on marine life
p- | including the transfer, concentration, and dispersal of
pollutants or their by-products through biological, physical,
and chemical processes; changes in marine ecosystem diversity,
productivity, and stability; and species and community
population changes;

4L .

(C) the effect of disposal, of pollutants on esthetic,
recreation, and economic values;

(D) the persistence and permanence of the effects of
disposal of pollutants;

— e otai e

(E) the effect of the disposal at varying rates, of
: - particular volumes and concentrations of pollutants;

(F) other possible locations and methods of disposal or
recycling of pollutants including land-~based alternatives; and

(G) the effect on alternate uses of the oceans, such as
mineral exploitation and scientific study.

It should be evident that the need to consider lethal effects,
i bioaccumulation, alternatives and mitigation is founded on the Law
| and not in the Guidelines themselves.

On September 5, 1975, EPA published its first set of guidelines
in conformance with Section 404(b)(1). Although tests were described
(some in more detail than others), selection of an appropriate test
for any situation was essentially at the discretion of the District
Engineer., Thus, the Guidelines stated that the District Engineer
’ could use, specify or require:

1. Elutriate Tests;
% 2. Water Column Bioassays;
3. Benthic Bioassays;
4., Total Sediment Analysis (Bulk);
S. Biological Community Structure Studies; and/or
6. Bilological Indicator Specles.
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In addition, the Guidelines indicated that EPA would publish a
manual covering testing and sampling procedures, calculations and
references., The manual has yet to be developed. In May 1976, WES,
through the DMRP, published Interim Guidelines for implementing Sec.
404(b)(1). However, use of this report apparently never became
widespread. The end result was that most of us never went beyond the
use of elutriate and bulk sediment analyses and we prepared 404(b)
evaluations that were less than thorough.

EPA and OCE evidently preceived a lack of commitment to the
spirit of the Clean Water Act and decided that substantial revisions
to the Section 404(b) Guidelines were in order. The initial Corps
effort was at the Washington level, but was later transfered to the
working group with active FQOA participation. EPA headquarters,
however, never has delegated the development of the testing portion
of the Guidelines.

The working groups basic intent was to develop a testing package
that would give a clear and unequivicable guidance on the appropriate
test or tests needed to characterize the material to be discharged:
which test to start with; under which situations additional tests are
necessary; and when enough tests had been run. The underlying
philosophy was to prescribe the minimum amount of testing necessary
to protect the environment.

We wanted to take the onus of selecting the proper test away
from the D,E., while leaving him with the flexibility to modify tests
in a reasonable fashion as needed. At the same time we did not want
him unnecessarily open to criticism for performing insufficient or
incorrect tests, 1t was the belief of the committee that EPA's
proposal was not sufficiently structured to provide these
assurances,

In order to accomplish these goals we categorized discharges by
the type of operation and the level of contamination in the dredged
material and at the discharge site. The heart of this scheme is the
precategorization evaluation. As the name implies it is the first
step in the process and 1s the mechanism by which the discharge is
placed into the proper category. In addition, during this
evaluation, the contaminants of concern that may be present in the
dredged material are identified.

"Contaminents of Concern” is the term which collectively refers
to specific pollutants listed under Section 307(a) and other
potentially toxic pollutants. The testing procedures do not cover
such water quality problems as nutrient loading or coliform
contamination. If such factors are potential problems, they also
must be considered in making the factual determinations. They can
generally be assessed independently of analyses for contaminants of
concern.




During precategorization the permitting authority critically
examined various factors to determine if there is reason to believe
that any contaminants of concern may be present in toxic amounts or
that there will be a degradation of water quality resulting from the
discharge,

Factors to be considered in making this determination include:

(1) Identification of potential routes of specific contaminants of
concern. This can be based on maps, aerlal photographs, and other graphic
methods that show watercourses, surface relief, proximity to tidal
movement, private and public roads, location of buildings, agricultural
land, municipal and industrial sewage and storm outfalls, etc;

(2) Pertinent results from previous tests on the material at the
extraction site or on samples from other similar projects in the vicinity,
when there are similarities of sources and types of contaminants, water
circulation and stratification, accumulation of sediments, general sediment
characteristics, and potential impact of the aquatic environment, as long
as no known changes have occurred to render the comparisoms
inappropriate;

(3) The probability of past substantial introductions of contaminants
from land runoff (e.g., pesticides);

(4) Records on spills of toxic substances or substances designated as
hazardous under Section 311 of the Clean Water Act (see 40 CFR 116-119).

(5) Records indicating substantial introduction of pollutants from
industries;

(6) Pertinent and applicable research results and monitoring
programs;

(7) Natural deposits of contaminants of concern; and

(8) Source and previous use of materials proposed for discharge as
£111, '

1 cannot overemphasize the importance of the precategorization
evaluation. Not only is it the determining factor for the level of testing
(and therefore the cost) required for each project, but to a great extent
it will establish the credibility of the permitting authority in its
overall duty to implement the Clean Water Act.




Briefly, the five categories for dredged material are:

1. Discharge without potential for Environmental
contamination;

2. Open water discharge with level of contamination similar to
the discharge site;

s 3. Contained or confined discharges;

4, Open water discharges with potential for harm to the benthic
environment; and

5. Discharges with potential for harm in the water column.
Categories 1 to 4 can be entered directly, Category 5 would be
entered only from another Category.

I will discuss these Categories in more detail later, but first,
let me give you an example of the precategorization process. This
diagram (Figure 1 ) depicts a "typical” coastal riverine and
estuarine system, Two rivers merge to form a large embayment that
discharges into the ocean. The cross-~hatched areas represent cities.
Located at various points are eight dredging operations, five open
water (D) and one upland (U) discharge sites. The arrows represent
the direction of the currents (it is tidal through a portion of the
reach).

The smaller upstream city has industries which discharge
contaminants of concern, A and B. These were identified through the
EPA 402 files. The large, more industrialized city discharges CoC,
C,E,F and G. Based on aerial photographs, maps, current patterns and
other sources of information, we have determined that the drainage
basins above sites 1 and 5 are moderately forested, without heavy
agricultural activity and have no industrial sites. Sites | and 5
are composed primarily of fine grain sediments. While the discharge
site for 1 is fine grain, the discharge site for 5 has a course grain
substrate. Since there 1s no reason to suspect the presence of CoC
in toxic amounts, the projects would meet the requirements of
Category 1 and not require testing. Proceeding directly to the
factual determinations, we would evaluate the physical effects
of the discharge. Site 1 is fine grain on fine grain and we expect
recolonization of benthic specles to occur rapidly. Site 5, however,
1s fine grain on course grain and more consideration would have to be
given to the advisability of using this discharge site. Generally,
like on like grain size is preferrable.
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Sites 2,3 and 4 are all contaminanted by one or two CoC's. Site
2 with the disposal site adjacent is a prime candidate for Category 2
having no reason to believe that a difference in levels of CoC would
exist between the dredging and discharge sites., Similarly, site 4
would be expected to be less contaminated than the disposal site,
therefore, qualifying for Category 2. Site 3, however, while
initally fitting into Category 2, may require additional tests under
Category 4 and possibly 5 because site three may be more contaminated
than the porposed discharge site.

Dredging sites 6 and 7 are both proposed to be discharged at
D(7). The material at site 7 is removed from sources of CoC, is in a
high energy area and therefore, falls into Category 1. Site 6,
however, is suspected to be contaminated with CoC's, C,E,F and G.
Knowing that site 6 will be more contaminated than D(7) we would
proceed immediately with the tests prescribed in Category 4 and then
5.

We could also consider sites 7 and 8 for upland containment (U).
Since site 7 falls into Category 1 for open water discharge, testing
normally would not be required if we go upland. Since site 8 is
contaminated we would proceed with the tests prescribed in
Category

I hope now that you understand the general concepts of the
precategorization evaluation., In the remaining time I would like to
quickly discribe the tests involved in each Category. Keep in mind as I
cover each procedure, that the decision to specify or not to specify a
disposal site 1s never derived in any category. The tests simply provide
the technical information needed to make the factual determinations. The
decision to specify or not is based on the factual determination.

Category 1 deals strictly with materials removed from sources of
contamination., These can be either course of fine grain materials. 4
Although no testing is required, the direct physical effects of the )
discharged need to be considered in making the factual
determinations.

Category 2 is appropriate when CoC's may be present, but the
availability of the contaminants from the discharged material are 1
believed to be not substantively greater than at the discharge site,
and thus, will not result in increased harmful effects to the
resident community other than the direct physical effects. The ;
appropriate tests are chemical comparisons of the concentrations of :
the contaminants of concern extracted from the dredged material with i
extracts of sediments from the discharge site and with the receiving
water (Figure 2). 3




The primary purpose is to compare the bilologically available
fraction of CoC's in the sediments. Secondarily, the release into
the water column is determined to define the size of the mixing zone.
1f the tests prove the hypothesis that the concentration of CoC in
the discharge is not substantively greater than at the discharge site
and the mixing zone is acceptable then testing is completed and we
can proceed to the factual determination, If it is substantially
greater, then the tests in Category 4 must be applied. If the mixing
zone is unacceptable then we propose that the tests in Category 5
would be applied. EPA disagrees with this position if the CoC has an
applicable water quality standard. This debate, is too lengthy to
continue at this point in time. We believe, however, that the number
of instances when Category 5 would be entered from 2 is very
limited.

The extraction process will be specified in an updatable
appendix to the Guidelines. For many of the common CoC's 1s a water
elutriate extraction would be applicable, For some of the more
exotic substances, other solvents may be specified.

Category 3 is applicable to any contained or confined discharge,
when the return is into 404 waters and the material does not fall
into Category l. Since there is no concern for benthic impacts, the
tests in this category is designed to assess the impacts of the
effluent on the water column. The test is a comparison of CoC's in
the receiving water with either a standard or modified elutriate,
determined by the retention time of the effluent (Figure 3).

Should evaluation of the test results indicate that
concentrations of the CoC's in the elutriate are not substantively
greater than in the receiving waters than testing is completed and
the factual determinations can be made. If there is a substantively
greater increase and there is sufficient information after
calculation of the mixing zone to assess the impacts on the water
column, then testing would continue in Category 5. Again, EPA
disagrees with this approach if the CoC's are subject to water
quality standards.

Category 4 would be appropriate when CoC's have been identified
in amounts which have the potential for substantive environmental
harm after deposition of the dredged material. Our concern is
primarily for the benthic community. Both bioassay and
bioaccumulation analyses are required.




The bioassay compares survival of appropriately sensitive
organisms in sediments to be dredged with similar reference sediments
from the discharge site and a control (Figure 4). A minimum of one
benthic and one epibenthic species will be utilized.

Depending upon the historical precedence for discharging the
sediments at the proposed discharge site, bioaccumulation will be
assessed either in the field or in association with bioassay tests,
using organisms with a demonstrated propensity for accumulating the
CoC's identified in the precategorization evaluation.

If Category 4 is entered directly then Category 5 testing is
acquired to assess water column impacts. I1f Category 4 is entered
from Category 2 then water column bioassays may not be needed and
some of the CoC's may be eliminated from bioaccumulation analyses.

Remember that decisions on specification of discharge sites are
only made through the factual determinations. Thus, there is no
pass/fail point per sec in this or any category. The tests provide
the information necessary to complete the factual determinations.

The last Category, 5, is never entered directly from the
precategorization evaluation., Since research to date identifies
benthic effects as the major impacts associated with dredged material
discharge, this Category should seldom be needed and be resorted to
last.

The test protocol calls for a comparison of organism survival in
the unfiltered elutriate with survival in an unfiltered composite
sample from the water-column at the receiving site (Figure 5). A
minimum of one vertebrate and one invertebrate appropriately
sensitive species will be used. Should statistically significant
decreases in survival in the elutriate be observed then the mixing
zone will be calculated based on the 96-hour LC50 of the elutriate.
No further testing 1s needed.

That in a nutshell is the testing procedure for dredged
material. Discharges of fill are much less complicated to deal with,
We have established two categories into which fill can be placed;

a. Discharges without potential for environmental harm
(6); and

b. Discharges with potential for environmental harm (7).
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The first category (6) covers materials that have been
identified through the precaterorization evaluation to be derived
from uncontaminated sources or the contaminated structure is designed
to prevent leaching, No testing is required.

Category 7 is used when there is a potential for leaching of
contaminants of concern., The test is a comparison of a water
leachate of the fill material with appropriate existing standards or
criteria. No dilution factor or mixing zone determination shall be
considered. There are no other tests for fill material,

The general philosophy underlying the fill material is that the
loss of aquatic habitat 1is a serious enough pertubation that
contaminated fill should not be used unless completely contained so
as to prevent leaching. Unless this proviso is met, other sources of
uncontaminated fill must be found.

As 1 stated in the beginning of my presentation, this testing
scheme is tentative, EPA appears to be amenable to the general
procedures and format that we have developed. At this time the only
consequential difference we appear to have deals with the
applicability of water quality standards. However, even if EPA's
position prevails, we do not believe that it will have a serious
impact on implementation of this program.

I cannot even hazard a guess at the date when the new Guidelines
will become effective, since the date for publishing the testing
package in the Federal Register is unknown. We are pushing for a
phasing in the requirements to provide time for the Districts to come
on line. Since this entire testing package falls under the umbrella
of the 1975 Guidelines, however, Districts have the perogative to
begin implementing it now. I would hardily encourage you to think
along these lines. Even if this testing package does not make the
final cut, I believe that more testing requirements, including
bioassays and bioaccumulation, are inevitable,




Figure 1

Typical coastal riverine
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FIGURE 2

SCHEMATIC REPRESENTATION OF CATEGORY 2 TESTING

i Elutriate of Elutriate of Receiving Water
Discharge Site Dredged
Sediment Material

Y Y
. Compare Concentrations Compare Concentrations
'y of Contaminants of of Contaminants of

Category 4

:? Concern Concern

; Go to Factual Determinations or Determine Size of !
Y Mixing Zone

t

-

.

S vy

!

Go to Factusl Determinations or
Category 5

i A

The concentrations of contaminants of concern in the elutriate of the
material to be dredced are compared to concentrations in the elutriate
of sediments at the discharge site to assess the potential for benthic
impacts and the neeé¢ to test further in Category 4. Concentrations in
the dredged material elutriate are compared to concentrations in the
composite receiving water and the size of the mixing is determined to
assess the potential for impacts in the water-column and the need to
test further in Category 5. Details are provided in 230.23 (b).
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| FIGURE 3

SCHEMATIC REPRESENTATION OF CATEGORY 3 TESTING

E Elutriate of Receiving VWater b
' Dredged Material 1
N 4,
‘ Compare Concentration of )
Contaminants of Concexn [+ )
Y Determine Size of Mixing Zone
]
: Y
4 Go to Factual Determinations or Category 5
| ?
il The concentrations of contaminants of concern in the elutriate or modified
1 elutriate of the material to be dredged are compared to concentrations ‘
in the receiving water and the size of the mixing zone is determined to
. assess the potential for impacts and the need to test further in Category 5.
p Details are provided in 230.23 (c).
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FIGURE 4

SCHEMATIC REPRESENTATION OF CATEGORY 4 TESTING

Dredged Reference
Material Substrate

Compare Survival (and Bioaccumulation
Potential) of Benthic Species

!

Go to Factual Determinations or Categoxy S5 (See 230.22(d)(4)))

Survival (and bjoaccumulation potential) of benthic and epibenthic
species in the material to be dredged are compared to survival (and
bicaccumulation potential) of the same species in the reference
substrate to assess the potential for benthic impacts. Details are
provided in 230.22(d).
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FIGURE 5

SCHEMATIC REPRESENTATION OF CATEGORY 5 TESTING

Elutriate of
Dredged Material

Receiving water

Compare Survival of "

Aquatic Species

!

Determine S$ize of ixing Zone|

!

Go to Factual Determinations

Svrvival of aquatic species in the elutriate of the material to be
dredged is compared to survival in the receiving water and the size of

the mixing zone is determined to assess the potential for impacts in the
water~column. Details are provided in 230.22(e).
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STATUS OF THE ENVIRONMENTAL AND
WATER QUALITY OPERATIONAL STUDIES (EWQOS) PROGRAM

by

Jerome L. Mahloch1

Introduction

The EWQOS Program was initiated in FY 78 and has completed 2 years
of applied research on high priority environmental quality problems
assoclated with Civil Works activities of the Corps of Engineers (CE).
The major objective of the EWQOS Program is to develop new or improved
technology to solve environmental quality problems while meeting project
purposes. Products of the program will be applicable to all functional
elements of the CE (i.e., planning, engineering, construction/operations).
During the past 2 years, a majority of the effort associated with the
program has been directed at literature reviews, planning and initial
efforts associated with the long-term field studies, and preliminary or
background laboratory studies to establish the direction of technology
development and demonstration for the remainder of the program. In
FY 80 and for the remainder of the program, products will be produced
in a form directly usable by field offices, and a concentrated effort
will be maintained on technology transfer activities to meet the program
objective.

For purposes of discussing the status of EWQOS, notations used in
organizing the program into coherent work packages will be employed.
This organization is summarized in Table 1. Program hierarchy for this
summary, Table 1, consists of projects and subordinate work units
labeled as shown in the Table., Program status will be discussed by
either project or work unit, as appropriate.

1Program Manager, EWQOS, Environmental Laboratory, USAE Waterways
Experiment Station.




3 TABLE I
]
Eafas STA 1S SUMMARY, FY 79
) o o T Tomplel T T Cost T B ° - .
Prosect Tatie Wb vevefalk i Mude of Londuct*  tion tc Date Status |
E { Predictive Tecnniyues tor determining Environmentat "
tffects '
1A Reservoir Hydroad,ranigs .
1. Uewelon and ver 1%, tecrnniues for IL, HL; WES Sep 80 $ 96,000 Active H
d descriatng inflom mieing pracesses |
b 2. Develop and verity techriyue, for b, WES Sep &1 1£9,000 Active .
descriping aternal reseevor amixing i
BrOLES S - |
3.0 Imprave and vootf, chy ol hydrodynamic M, WES Sep K3 151,000 Active, interim guidance on use of '
mode1ing tecrmigue, for reseryoyr. physical models prosided during FY 7%
4. improve and verfy vwltidimensional Hl, WES, HZC: Contract, Sep 83 167,000 Active
hydrogynamic @atrematical models J. [. Edinger Asso., Inc.
4. Develop and veri€. techninues for de- HL, WES Sep 81 50,000 Active, literature review and data
seribing pumpbacr mix-ng processes evaluation being performed
6. Mohifrcation of niC.e HEC Sep 78 25,000 Complete, Users Manual published
7. The behavior of fine ~ediments in ML, WES Sep 82 60,000 Active
reserveirs
8. Forecasting the deyelopment of reser- Hl. WES sep 82 55,000 Active '
voir deltas :
. 3
1B. Improved Genceriptinn of fcoiogical and \ i
Water Quality Processes t
E
1. Improve and verify understanding and Et, WES Sep 83 238,000 Active, fisheries algorithms compiete, [
descriptions for reservoir ecological FWS-National Reservoir Titerature review for benthic, z00- | 1
processes Research Progam plankton, and phytoplankton ongoing !
USEPA; Las VYegas
2. Develop and verify description for EL, WES Sep 83 338,000 Active
aerobic/anaerobic chemical processes
3. Develop and evaluate improved descrip- EL. WES Sep 83 ~- Initiate in FY 80
tions for important erological processes
unigue to rivers
4. Formation and hreakup of reservolr ice CRREL Sep 83 132,000 Active
cover and effects on thermal energy
budget computations
IC.  Mathematical Water Quality and [cological
Predictive Techniques 1
1. lmprove and verify existing one- EL, HES Sep 83 315,000 Active, revised mode! documentation
dimensional reservoir water quality and completed in FY 79
ecological prediction techniques s
2. Develop and evaluate multidimensional [L, WES Sep 83 .- Initiate in fY 80 ,
reservoir water quality and ecological §
predictive techniques 4
3. lmprove and verify riverine water qual- &L, WES Sep 83 .- Initiate in FY 80 H
ity and ecological predictive techniques .
4, Field test of the WQRRS river water HEC Sep 80 95,000 Active
quality module ¢ {

10. Determination of Loadings to Reservoirs

1. Evaluation of existing techniques EL, WES Sep 79 26,000 Complete, final report to be published
for predicting annual loadings to in FY 80
reservoirs
TE.  Simplified Techniques for Predicting EL, WES Sep 83 66,000 Active, Phase ! data base compilation
Reservoir Water Quality and Eutrophication completed
Potential
11.  Reservoir Uperational and Management Techniques b
I1A.  Management of Nuisance Algal Blooms in
Reservoirs 4
1. Define and evaluate major causes of EL, WES Sep 79 100,000 Complete, results to be published in |
nuisance algal blooms in CE reservoirs FY 80, input to IIA.2 i
2. Develop and evaluate reservoir spera- EL, WES Sep 83 -- Initiate in FY 80
tional and management methods for
controlling algal blooms
3. Evaluation of plant-mediated phosphorus EL, WES Sep 80 145,000 First phase experiments completed
release from sediments and effects on o
algal growth
11B.  Guidelines for Determining Releases to Meet i
Environmental Quality Objectives ' )
1-4. Guidelines for determining reservoir EL, WES; FWS-National Sep 83 535,000 Active, sites selected, data col- | i
releases to meet environmental Reservoir Research lection ongoing to establish baseline ! u
quality objectives Program: Contract, conditions !
Or. James Ouke, )
Consultant L
11C.  Operational and Management Strategies
for Reservoir Contaminants .
1. Survey of the nature and magnitude of EL, WES Sep 79 20,000 Complete, input to 11C.2
reservoir contaminant problems
2. Fate and effects of major chemical EL, WES Sep 80 30,000 Active

contaminants in reservoirs

. _ {Continued}

* Avbreviations used in this column are defined as follows:

EL - Environmental Laboratory USEPA - U, S. Environmental Protection Agency
HL - Hydraulics Laboratory CRREL - Cold Regions Research and fngineering Laboratory

WES - Waterways Experiment Station USAE - U, S. Army Engineer
HEC - Mydrauwlics En?ineering Center LSU - Louisiana State University
FWS - Fish and Wildlife Service
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EWQOS STATUS SUMMARY, FY 79 (Concluded)

Project Title/Work Unit/Task

1.

vl

Vil

11D.  Reservoir Regulation Techniques for Water
Quality Management
1. Reservoir regulation constraints for
water quality management

2. Reservoir regulation techniques
for water quality management

3. Reservoir system regulation for water
quality control

11E.  Environmental Effects of Fluctuating Reser-
voir Water Levels

1. Vegetation for reducing effects of
fluctuating pool levels

1IF.  Reservoir Site Preparation

1. Develop procedures for reservoir site
preparation and filling

Engineering Techniques for Meeting Reservoir Water
Quality Objectives

I11IA. Techniques to Meet Environmental Quality
Objectives for Reservoir Rcleases

1. Evaluate field reaeration data at
existing structures

2. Develop techniques to determine the
reaeratfon potential of structural
modifications

4. Describe the selective withdrawal
characteristics of various outlet
configurations

111B. In-Reservoir Techniques for Improvement of
Environmental Quality

1. Evaluate the effectiveness of reservoir
mixing/destratification techniques

2. Environmental effects associated with
reservoir mixing/destratification
aeration/oxygenation techniques

4. Evaluate the effectiveness of reser-
voir aeration/oxygenation techniques

Environmental Assessment Techniques for Project
Planning and Operation) Requirements

IVA.  Alternative Techniques for Environmental
Analysis

IVB.  Data Management and Indices for Environ-
mental Assessment

1. Review and evaluate data management
techniques applicable to environmental
assessment

2. Evaluate selected biological indices
that have potential appiication to
impact assessment

Environmenta) Impacts of Waterway Activities

VA, Environmental Impact of Selected Channel
Alignment and Bank Revetment Alternatives
on Waterways

vB. Impacts of Navigation Activitieson Waterways

Materway Project Design and Operation for Meeting
Environmental Objectives

VIA. Operationa) Procedures for Waterway Projects
to Attain Environmental Quality Objectives

1. Identify, document, and evaluate the
effects of waterway operational pro-
cedures on environmental quality

VIB. Destgn and Construction Techniques for
Waterway Projects to Attain Environmental
Mater Quatity Qbjectives

1. Ildentify, evaluate, document factors in
design and construction of waterway proj-
ects affecting environmental objectives

Long-Term Comprehensive Field Studies

VIIA. Reservoir Field Studies; Field Studies for
Environmental and Water Quality Aspects of
Reservoirs

1. DeGray Reservoir

2. Red Rock Reservoir
3. fau Galle

4. dest Point Reservoir

VIIS. Msterway Field Studies; Long-Tm Field
Studies Associated with the Environmental
Quality of Waterway Projects

1. Tennessee-Tombigbee
2. Mississipp! River

Mode of Conduct

EL, WES

HL, WES

HEC

EL, WES

EL, WES

KL, WES

KL, WES

HL, WES

KL, WES

EL, WES

HL, WES

EL, WES

EL, wES

EL, WES

EL, WES

EL, WES

EL, WES

EL, WES

EL, WES: USAE District,
Rock Island; Arkansas
Water Resources Research
Center

EL, WES; Contract, FWS
Co-op Unft at LSU

CompTe-
tion

Sep 78
Sep 81

Sep 83

Sep 83

Sep 83

Sep 82

Sep 81

Sep 82

Sep 81

Sep 82

Sep 83

Sep 83

Sep 80

Sep 83

Sep 83

Sep 13

Sep 80

Sep 80

Sep 83

Sep 83

Cost

to Date

$ 68,000

87,000

60,000

389,000

25,000

165,000

141,000

280,000

150,000

145,000

115,000

60,000

95,000

1,440,000

Status

Complete, internal working document,
fnput to 110.2 and 110.3
Active

Active

Site selected and planted, literature
review complete, flood trials inftiated

Active

Active, report being reviewed

Active, Miscellaneous Paper - Gas
Tracer Measurements of Reaeraton;
cation to Hydraulic s

Active, revised design guidance
available

Active, first phase evaluation
published (TR E-79-1)

Initiate in FY 80

Active

Active, EC published, review of appli-
cable methods being conducted

Complete, survey report to be published
in FY 80

Active
Active

Active

Survey complete

Survey completed

Final selection complete, pilot
surveys and initial data base complete,
full-scale data collection under way

Final selection complete, pilot
surveys and initfal data base complete,
full-scale data collection under way
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Program Status

Accomplishments related to reservoir hydrodynamics (IA) include work
on describing reservoir inflow and internal mixing, physical modeling of
stratified reservoirs, the effects of scale distortion in physical models,
and evaluation of two-dimensional hydrodynamic models which resulted in
selection of one model for further development. Work related to reservoir
biological and chemical processes (IB) that has been completed includes
a literature review on phytoplankton, zooplankton, and benthos dynamics,
laboratory studies of anaerobic processes, initial coding and testing of
an anaerobic algorithm for reservoirs, and work related to the effects
of 1ce cover and thermal energy exchange across the sediment-water inter-
face. Accomplishments in modeling (IC) include the incorporation of sub-
routines for variable layers, suspended solids, and fisheries within the
one-dimensional reservoir model plus development of a user manual,
including guidance on data preparation, coefficient selection, and output
interpretation. Monte Carlo methods developed for the one-dimensional
model have been applied in several specific project studies. A compi-
lation of existing data sets and available methods for predicting annual
loadings to reservoirs has been completed (ID) and work (IE) was initiated
on the compilation and evaluation of data sets from reservoirs for the
development of simplified techniques, such as coliform transport. Currently,
water quality and associated physical data have been compiled and summarized
for over 300 CE reservoir projects,

Many of the work units within Project I represent efforts that ‘will
continue during FY 80. Emphasis will be placed on the hydrodynamics of
pumpback mixing, improvement of two-dimensional hydrodynamic models, and
development of techniques for the transport of suspended solids in reser-
voirs (IA). Within the remaining work units on modeling (IB and IC),
work will be initiated on chemical processes related to partitioning of
constituents between the soluble and particulate phases, initial evalua-
tion of critical ecological processes in rivers, development of multi-
dimensional water quality and ecological models for reservoirs, and an
evaluation of selected riverine models. Work will continue on the develop-
ment of simplified techniques, such as nutrient loading models, based on
the assembled data base,

Accomplishments in Project II include an evaluation of control methods
for nuisance algae (including state programs), which 1s currently being
published, and completion of work on internal cycling of nutrients by
aquatic plants (IIA). Field studies (IIB) to develop release criteria
for both flood control and hydropower projects were performed and the
effort coordinated with methods developed by the U. S. Fish and Wildlife
Service Instream Flow Group for determining minimum stream flow requirements.
Field studies (IID) of the use of vegetation to control impacts of fluctu-~
ating reservoir pool elevations have been initiated. A literature review
on this work unit has been completed and published in addition to initial
guidance on vegetation to be used. Reservoir regulation work (IID) has
developed management techniques to meet water quality objectives; work
on regulation for temperature objective is complete.

4
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Work in FY 80 will include selection of nuisance algae control methods
for demonstration and field evaluation (IIA), continued field studies at
release sites and completion of a literature review and summary of reservoir
tailwater habitat requirements (IIB), and reservoirs with vegetation trials
(IIE). Contractor evaluation of major containment problems at reservoirs (IIC)
will be completed, work on reservoir fisheries management will be initiated,
and laboratory studies related to reservoir site preparation will be intensi-
fied.

Accomplishments in Project III include the field evaluation of reaera-
tion for nonhydropower projects, initiation of work to determine the reaera-
tion potential of structural modifications, and improvement in the capability
to describe selective withdrawal under varying designs, plus updated design
guldance and input to a revised outlet works manual (EM 1110-2-1602).

Work related to improvement of in-reservolr water quality involved evaluation
of mixing/destratification techniques and aeration techniques. Initial
guidance on reservoir destratification has been published. Results of

work within Project III have been applied to several projects. During

FY 80, work will continue on evaluation of various outlet works, selective
withdrawal design, reservoir destratification/mixing, and work on the
ecological effects of reservoir destratification/aeration will be initiated.

Accomplishments in Project IV include review documents for critical
variables in the four accounts under Pinciples and Standards and environ-
mental assessment methodologies, a legal review of quantitative approaches
to environmental assessment, elevation of current environmental data
management practices in the CE, plus initiation of a compilation of bio-
logical indicators and environmental indices for riverine systems. Two
EC's have been published to obtain field input on work related to environ-
mental assessment. Work in FY 80 will concentrate on completion of an
evaluation of envirommental analysis techniques applicable to the ER 1105~2-200
series planning regulation and evaluation of the feasibility of the use
of biological indicators or indices for riverine projects.

Accomplishments in Project V include completion of a short-term field
study of Section 32 demonstratiqn projects (Omaha District) and a litera-
ture review of the environmental effects of waterways projects that will
be completed during FY 80, The development of techniques to evaluate
environmental impacts of principal waterway activities will continue into
FY 80, concentrating on habitat evaluation procedures. Short-term field
study sites will be surveyed and selected to complement and extend the
applicability of results for the long-term studies (VIIB),

Accomplishments in Project VI include completion of an evaluation
of current design and operations technology for waterway projects from
available literature, CE Division and District offices, and other
Federal agencies. Guidance has been developed on environmental considera-
tions for channelization projects. As results are synthesized from
Project V and Work Unit VIIB, guidance will be developed for improved
design and operation of selected waterway projects.
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Accomplishments in the Reservoir Field Studies (VIIA) include selec~
tion of four study sites: DeGray (Vicksburg District), Red Rock (Rock
Island District), Eau Galle (St. Paul District), and West Point (Mobile
District). Following site selection, available data on all projects were
compiled and analyzed. Field studies have been initiated at all field :
study sites under varying operational and seasonal conditions. Detailed ﬁ‘
studies were concluded at DeGray and Red Rock sites to provide input to P
other work within the program. Detalled analysis of sampling require-
ments to define environmental quality at these sites has been conducted.
Field studies will be continued at all reservoir sites throughout the
program. Work within the Reservoir Field Studies includes design of
sampling programs, exchanges between reservoir compartments (e.g.
embayments), within compartment dynamics, and general response of a reser-
volr to varying project conditions. Work within the Reservoir Field
Studies may be characterized by routine monitoring plus intensive studies
designed to answer specific questions and are designed to provide input
to EWQOS Projects I-III. Additionally, information attained from the
Reservoir Field Studies is expected to provide guidance to Division and
District offices on sampling, testing, and analysis of environmental data
from reservolr projects.

Accomplishments in the Waterways Field Studies (VIIB) include selec-
tion of two primary study sites: the lower Mississippi River (river
miles 480-530, Vicksburg District) and the Tennessee~Tombighee Waterway
(Mobile District). FExtensive field studies have been conducted at both
sites. For both sites, especially the Tennessee-Tombigbee, extensive
coordination activities were conducted to determine specific study areas
within the project to complement ongoing studies by the District. For
the lower Mississippi River study site, specific attention is being directed ‘
at the envirommental effects of dikes and revetments. Work will define .
the various aquatic habitats within the study reach, quantify the effect
of CE activities on the study sites (including before and after comparisons),
and develop techniques for obtaining data specifically related to environ-
mental Impacts of dikes and revetments, Activities within the Tennessee-
Tombighee study site will produce data on the effects of navigation channeli-
zation (bendway cutoffs) on water quality, sediment transport, fisheries,
and benthic communities. Comparable bendway cutoffs will be studied to
determine the effects of location as well as an experimental structure
to control the sedimentation within a cutoff bendway. Sampling, testing,
and analytical guidance will be provided to Division and District offices
as an end-product from the Waterway Fileld Studies. Results of these studies
will be employed to develop improved design or operation guidance for
waterway projects, and provide input to Projects V and VI,

Work within Project VIII has concentrated on coordination activities
and is responsible for overall Program Management. Coordination activities
have included 13 Federal Agencies or Departments, and 25 State environ-
mental agencles, plus numerous regional-and local groups. Intensive coordi-
nation and assistance activities with the U. S. Fish and Wildlife Service,
specifically the In-stream Flow Needs Group and Habitat Evaluation
Project have been conducted under Work Unit VIIIB.
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Summary

EWQOS 1is directed at solving high priority environmental quality
problems affecting the CE and has been designed and conducted to
responsive to field office requirements including extensive technology
transfer activities. Tangible benefits expected are reduced time and
resource requirements to solve environmental quality problems (i.e.

) directly affecting projects schedules) plus documentation of environ-
mental benefits accrued by technology developed under EWQOS.
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SYSTEMATIC DESIGN OF
INLAND WATER QUALITY NETWORKS:
STRATEGIES FOR THE CORPS OF ENGINEERS

By
Michael Koryak1

INTRODUCTION

Within a broad perspective of economic and institutional constraints and
historical water quality conditions, the design of water quality monitoring
networks has traditionally been a subjective process. Decisions as to the number
of stations in a network, station locations, sampling frequencies and parameter
coverage are based primarily on the intuitions and judgment of the individual
designers.

In recent years a widespread interest has developed on the subject of more
rational criteria for the systematic design of water quality monitoring networks.
Probably the most prolific authors on this topic are a Colorado State University
centered group. The following reference represents a current comprehensive
coverage of the subject, and is recommended for anyone wishing to examine the
avallable techniques in more detail:

Sanders, T.G., Ward, R.C., Loftis, J.C. and Steele, T.D., 1979. Design of
Water Quality Monitoring Networks. Colorado State University, Fort
Collins, Colorado.

The techniques and concepts they discuss are for the most part intended for
application in the design of fixed-station, long-term monitoring networks of
inland riverine systems. At several points this discussion will focus on
techniques from Sanders et al, 1979, which appear to be applicable to the
specific monitoring needs of the Corps of Engineers.

MONITORING OBJECTIVES

Before designing a system, it is essential to attempt to define the desired
objectives; that is the way that the data will eventually be utilized. This
initial step of network design is probably the most subjective and potentially
controversial part of the process. Admittedly, while surveys can serve multiple
purposes, I personally conceptionalize two basic categories of water quality
monitoring objectives which require correspondingly different strategles. These

1Linnologist, Water Quality Section, Hydrology and Hydraulics Branch
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two categories of obJjectives and appropriate survey strategies are summarized
below:

Purpose Survey Strategy
1. Water Quality Characterization Routine
and Trend Identification
2. Deterministic Water Quality Synoptic
Investigations
Scheduled:
riverine
limnologic
effluent
Unscheduled:
riverine
limnologic
effluent

Routine monitoring to characterize water quality conditions and trends is
normally accomplished by long~term, fixed-time increment sampling at permanent
station locations. Such surveys are also usually routine in the sense that they
have no date at which they are designed to terminate. They are usually riverine
and this type of survey allows for effective application of standard statistical
analyses.

A pervasive emphasis on routine monitoring evolved as a result of the Water
Quality Control Act of 1965 (P.L. 89-234). Implementation of P.L. 89-234
resulted in both the establishment of stream standards as the basis of water
quality management, and the creation or reorientation of federal, state and local
agencies across the United States.

Passage of the Federal Water Pollution Control Aét Amendment of 1972 (P.L.
92-500) shifted emphasis in regulatory water quality management from strictly
stream standards to a combined.stream and effluent standard basis. Therefore,
most agencies began to more frequently complement routine surveys with synoptic
surveys. With enforcement-oriented agencies this primarily involved effluent
and receiving water monitoring. Such effluent surveys can be scheduled when
dealing with chronic pollution, or unscheduled as during unique pollution events.
They will normally be short term or have a designated termination date.

The term effluent is used here in the traditional sense and is not intended
to include the outflow of Corps dams. Limnologic surveys are here defined as
those which include a vertical dimension, and I have lumped short-term basic
reconnaissance into the synoptic strategy category.

The Corps of Engineers has rather limited enforcement authority and,
therefore, has limited justification for looking up peoples pipes with scheduled
effluent surveys. Nor do we have a clearly defined mission to simply charac-
terize water quality conditions and establish trends as does the U.S.G.S., state
snvironmental resource agencies and some river basin commissions. Therefore,
except when a Corps project is directly involved, or when other agencies efforts
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are not adequate for Corps needs, scheduled effluent and high frequency routine
sampling by the Corps could duplicate the efforts and usurp the authorized
responsibilities of other agencies.

By process of elimination the Corps of Engineers monitoring activities
should probably emphasize riverine and limnologic synoptic surveys, and with my
personal conception of the agencies mission, these surveys should be hydro-
logically and operationally oriented.

In the Pittsburgh District, the monitoring approach is towards intensive but
short-term specific flow and operation surveys. Of 870 established Corps of
Engineers stations in the District, only 30 could clearly be considered as
routine. Seventeen of these are year-round, semi-monthly analyses of existing
and proposed reservoir outflows, and nine are year-round, semi-monthly reservoir
inflow stations. The purpose of these 26 stations is basically water quality
characterization and trend identification. The other 4§ remaining stations fall
into a multipurpose category. These are 24-hr./day remote sensing stations.
They are utilized for trend identification and for the day-to-day water quality
operation of a system of reservoirs. Without the latter synoptic element to
their use, it is doubtful that the District could economically justify the high
cost of these stations. The other 840 stations are all primarily synoptic
riverine and limnologic.

In addition to Corps stations, we have a number of daily reporting stations
that are sampled by municipal and industrial water users. The information from
these sources is again used as criteria for day-to~day reservoir operations.

A monitoring system matrix, as shown in Figure 1, can be helpful in
allocating resources and in establishing a monitoring strategy appropriate to
specific purposes. To be truly representative, such a matrix can be expanded to
include the entire process of monitoring activities from network design to sample
collection, laboratory analysis, data handling, data analysis and eventual
information utilization.

LOCATION AND NUMBER OF STATIONS

Among the criteria that may be utilized to determine the locations and
numbers of stations are: historical water quality data, water use priorities,
fisheries, flow, political or jurisdictional boundaries, population density,
industrial concentrations, agricultural or other land-use practices, or the
location and area of influence of Corps projects.

The following procedure can be used to systematically subdivide river
networks into portions which are relatively equally weighted in terms of any
chosen criteria. The major criteria weighted centroid where a first hierarchy
station is to be placed would be located in that link whose magnitude is closest
to:
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N + 1

M'i: 2

M = magnitude of link
where: i = hierarchy level

N = criteria value

Links are defined as the length of river between successive criteria reference
points (i.e., outfalls, etc.).

If the first hierarchy link were erased, two systems result which are
approximately equal in weighted magnitude. The upstream portion has a magnitude

for which the centroid is:
Mi + 1

M:H-l = P

For the downstream portion the centroid may be found by selecting the link
which is closest to:

M,-M +1
M, oS4
i 2
Md = magnitude where the basin is divided on the downstream side
where: Mu = magnitude where the basin is divided on the upstream side
Mi = alternate possible centroids

The following example of an application of Sharp's procedure was taken from
Sanders et al, 1979, and is based on the number of outfalls which discharge into
the Connecticut River and its tributaries. A map of this river showing the
cumulative distribution of outfalls is shown in Figure 2. The major outfall
centroid within Connecticut would be placed at:

_ 151 + 1

Mi--—2-——--76

In this particular case, the outfall closest in magnitude to 76 was number 69 at
mile 81 on the mainstem and a first hierarchy station was placed at this location
(Figure 3). Note that the authors were oriented so as to automatically place a
first hierarchy station at a political boundary, then for the upstream half, the

second hierarchy station is located at:

_69 + 1 _
My="55—=135

and the upper third hierarchy is found at:

3.5_'.'_1:18

M3 = >

Turning to the lower half of the basin, the second hierarchy is selected
from outfalls.
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and
M3 > = 21

The same type of analysis can be done for any number of criteria besides
outfalls. For instance, the cumulative BOD loading of the river is shown on
Figure U4, and the station locations and hierarchy levels selected from the BOD
criteria are shown on Figure 5. Note the close resemblance between the stations
selected on the basis of outfalls with those selected on the basis of BOD
loading.

The technique is very interesting and truly objective, but we've never used
it and I don't believe that we ever will because it is entirely inadequate for our
purposes. Note that the location of a dam (Holyoke Dam) is indicated in every
plot. This dam was included in all the plots, but only for the purpose of
illustrating techniques to determine microlocations for sampling stations.
Microlocation determination was presented as an alternative to the convenience of
bridge sampling. There will be no attempt here to present these microlocation
techniques or expound on the problems of bridge sampling, as accessibility is
considered to be an entirely ligitimate real world critieria in sampling station
location selection.

But getting back to the point, the design and cperation of a large mainstem
dam on a river can influence the oxygen budget of the stream as much as tens or
hundreds of outflows and cannot be ignored. If the project is Corps of
Engineers', then inflow, outflow and probably pool stations become essential. To
put 2 hydrologic slant to the monitoring system, major downstream tributaries
would automatically be considersd, as water quality varies along with the
relative flow contributions of these tributaries to the mainstem. Also, the
centroid procedure ignores the important concept of a control station.

Generally, I still believe that the traditional above and below major
tributaries, industrial areas, municipalities and projects criteria will gener-
ate far more meaningful information than the centroid technique.

SAMPLING FREQUENCY

Pomeroy and Orlob (cited in Sanders et al, 1979) have suggested that six
equally~spaced samples per year are required to characterize stream water quality
variables which have an annual cycle. These six samples per year could be used as
a rough guideline for the minimum acceptable frequency for most routine sampling
purposes.

Wastewater treatment plant and hydropower operations can induce both daily
and weekly cycles. Diurnal variation in photosynthesis and respiration creates
diurnal periodicities for dissolved oxygen, and sometimes pH, acidity, alkalin-
ity and other parameters. Sanders et al, 1979, state that it is important to
avoid taking all samples at the same point in a c¢ycle in order to avoid biasing
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the data. For example, a mean computed from samples taken at cycle-peaks could
be much larger than the true mean. While this statement is certainly correct,
the recommendation reflects a bias towards routine surveys. For a deterministic
analysis, one different approach would be a reduction in stochastic level. That
is, for instance, the computation of multiple means if necessary, such as
seperate means for hydropower generation and non-generation periods.

Flow and drainage area are also functionally related to the variability of
water quality, smaller watersheds usually demonstrating more rapid water quality
change than larger ones. Again, Pomeroy and Orlob defined sampling frequencies
as functions of drainage areas and the ratio of the maximum flow to the minimum

flow.

Without citing quantitative data, it was recommended that watersheds with a
drainage area greater than 1,000 square miles should be sampled at least 12 times
a year, whereas a watershed which drains 10 square miles should be sampled 104
times a year. They also suggest that streams with high maximum flow to minimum
flow ratios require more sampling than streams with low maximum flow to minimum
flow ratios (Figure 6). A Corps of Engineers synoptic sampling program would
perhaps mcst appropriately be designed to collect samples within specific flow
ranges.

No matter what or how you are sampling however, water quality variation at
some point becomes a stochastic process, where the law of diminishing economic
returns per unit effort will eventually come into effect, For example, as shown
in Figure 7, there is a rapidly diminishing expected confidence interval width
for random sampling frequencies in excess of 20 per year for the eight different
stations on the Green River. Unless some deterministic (synoptic) sampling
strategy is introduced, more than 20 samples per year at any of these stations
might, therefore, be statistically and economically difficult to justify.

PARAMETER COVERAGE

Parameter selection is perhaps more difficult to generalize upon than any
other aspect of monitoring network design. Usually the choices that must be made
are self evident or site specific. Several crude generalizations appropriate for
Corps of Engineers monitoring systems are that water temperature and dissolved
gas concentrations (particularly oxygen, carbon dioxide and nitrogen) are highly
sensitive to water resource engineering manipulations. Channel modifications
and impoundment can effect these parameters directly or indirectly, and induce a
wide range of secondary quality effects.

Besides such cause-effect relationships, another important point to con-
sider is that many or most chemicals in aqueous solution tend to occur in various
aggregated groups. This tendency makes it possible to facilitate water quality
reconnaissance and to refine sampling schedules by utilizing different indicator
parameters. For example, in the Upper Ohio River drainage basin we utilize
specific conductance as an indicator of a wide range of acid mine drainage
related parameters including iron, manganese, trace heavy metals, acidity,
sulfates, TDS, hardness, etc. When elevated values of this conservative and
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easily measured parameter are detected in the field, ther more extensive param-
eter coverage of the affected area, upstream reconnaissance, or closer depth
increment sampling in a reservoir can be justified.

This type of indicator is particularly useful in limnologic surveys. The
Pittsburgh District, for instance, routinely takes vertical profiles of water
temperature, dissolved oxygen and conductance at its reservoir projects with
cabled probes. The number, degree and depth of discontinuties in the water
temperature, dissolved oxygen, and conductance vertical profiles is then used as
a partial criteria for the number and depth of the more expensive and time
consuming metals, nutrients and biological samples to be collected.

Biological samples also serve as very useful indicators. While the number
of chemical and physical parameters that can realistically be monitored is very
limited, the number of potentially harmful contaminates and circumstances is
extensive. Also the chemical samples only reflect conditions for the short-term
periods when the samples are actually collected. Aquatic organisms on the other
hand tend to integrate all of the stresses placed on the aquatic system and
reflect combined effects over extended time periods. Benthic macroinvertebrates
are particularly suitable as indicators because of their relative immobility and
frequently long-life cycles. I realize the tremendous problems that sometimes
occur with interpretation of results. In addition, there is a wide range of
sampling and identification procedures in use that detracts from intercomparison
of the results of different researchers. However, these samples still remain as
value verification of chemical monitoring results and can indicate inadequacies
in the chemical-physical data interpretations.

SUMMARY

Probably the most definitive conclusion that could be made is that there are
relatively few firm guidelines available for the systematic design of water
quality monitoring networks. Flexibility and good judgment are essential and the
process will probably always remain largely subjective and site specific.
However, I don't believe that there are many networks planned or presently in
existence that could not profit from a close examination of institutional goals,
and the appropriateness of station locations, sampling frequencies and parameter
coverage.
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COASTAL SAMPLING PROGRAM DESIGN
BY RICHARD JACKSON'J/

Nineteen—-eighty is the year of the coast, and I believe that during this

year, we will see an increased attention to our activities and programs

in the coastal area. 1 believe, therefore, that it is important that the
work that we do in the coastal area be done as best we can and that we pay
‘ particular attention to those activities which are in the public eye during

this year. This discussion will present, as a base, the procedures for

j
»d designing a water quality survey in coastal areas. First, I'll list the
; proper steps to be taken in design; them I'll highlight those aspects which
are particularly importamt to coastal studies, as opposed to inland studies,

K: which were covered earlier.

What is the Coastal Area? The coastal area can be defined as the nearshore

'1 ocean, estuarine sounds, and bays, in which the Corps of Engineers does work.
' The kinds of activities that we are traditionally engaged in include

> baseline studies for survey reports. There we are concerned with impact

! analysis, identification of rare or unique areas, areas that can be modified
to provide for environmental enhancement. We also conduct baseline studies
L for Section 404(b) analysis. Corps of Engineer districts do wonitoring in
~ coastal areas for maintenance dredging, and collection and analysis for
ocean dumping, both for the transport of material for ocean dumping and site
designation studies in the nearshore ocean. All of these kinds of
j activities are typical of those in which Corps of Engineers districts are

involved in coastal areas.

1
~/ Chief, Engitonnantnl Resource Branch, Wilmington District

5 A PYIRE T YR N GATER D  ~ mt. ANENIET




The process of sampling design can be viewed as a series of steps taken in
sequence. Those steps are: (1) define the objective; (2) collect
background data; (3) prepare preliminary plans; (4) conduct field

reconnaissance; and (5) prepare the final plan.

Define the Objective. Many of you are familiar with the term

"management by objectives" as a business management tool. The same kind of
concept holds true here. Management by objectives says that if you don't
know where you're going, you're not likely to get there. So we want to
define the problem and formulate an accurate statement of the objective for
doing the water quality work. Our concerns here may be to establish
baseline or benchmark from which future changes can be measured; to monitor
impacts of existing activities; to provide input for mathematical models or
input to physical models; or to provide management data for decisions. An
important aspect is the scope of the studies that we make, that is, to what
extent will we try to answer the key questions, and here, of course, we are
limited by time and by money available to do work. In sampling design we

must be realistic and establish goals which are reasonable.

Once our objective is established, then we need to coordinate the
statement of the objective and the need with those who have an expertise or
special interest in our sampling. These people may include the
Environmental Protection Agency (EPA), the various offices of the State in
vhich we are doing the work, the Coastal Engineering Research Center,
Waterways Experiment Station (WES), or a local university. We need to reach
a consensus on the problem definition and the statement of objective before
we proceed with the next step. The consensus we seek is somewhat the
completion of a scoping kind of activity, such as is defined in our current

NEPA regulations.




Collect Background Data. The next step in our sampling program design

f is to collect background information. All sources should be checked:

3
'i STORET, the U.S. Geological Survey Water Quality Data Reports, Sea Grant

? publications, individual agency files, other agency EIS's, and NOAA's ;
Environmental Data and Information Systems. Check all sources. Check with

local industry and universities for unpublished data that may be found in

NN
it

manuscripts, in thesis, unpublished dissertations. All of these sources can

contain valuable information on the study area in question that can be used

in preparing our sampling program design. Always look for maps and

photographs which can be useful for locating sampling stations and give us a

better information base. We want here to be looking at the USGS quad
sheets, orthophoto quads, the ASCS photos, National Ocean Survey and even

county road maps. ) ]

Prepare the Preliminary Plan. The purpose of this step is to bring

together information that we have compiled, couple it with our expertise and

our statement of the problem, and mold them into a workable plan that can be
reasonably accomplished. One of the questions that we will have to address
in this step is: What are the parameters that we will be be measuring?

That goes back to the object of the study itself. For instance, if we are ﬂ
interested in whether State water quality standards are being met or not, ;
then we will certainly go to the standard, and it will define clearly those
parameters which we ought to bs measuring. So the statement of the
objective of the study defines for us, in many instances, those water
quality parameters to be measured. Other questions to be answered are

the method of analysis, collection techniques, and instrumentation. Will 1
we have to train technicians to do special sampling or special care in the 1
collection or in the analysis? Do we need to alert them to any special 1
precautions to avoid contamination of the sample? Think about all of these

at this step in preparing the preliminary plan.




One of the most important aspects of preparing the preliminary plan is
the station location. This concept deals with the spatial distribution of
the parameters that are selected for analysis. Each station essentially
represents some area or reach in which we assume a homogenous condition to
exist. The factors that we need to be especially aware of in coastal areas
are horizontal and vertical stratification and existence of point sources
of pollution or inflowing streams. In many cases, inflowing streams
provide for horizontal stratification that needs to be taken into account.
Also, in terms of vertical stratification, especially in estuaries, we may
find temperature and salinity changes in vertical directions. These
changes can cause our stations to be nonrepresentative. Statistical
methods are available for selecting stations. The prerequisites for
statistical sampling or statistical methods are a good knowledge of the
variability of the parameters, confidence level for the data that we have
and the population distribution, If the population is normally
distributed, then we can, of course, go to random sampling for our
stations. 1f the sample is not homogenous, then we may use a
stratified random sampling. Before launching into statistical sampling
though, I think we need to consider some questions that will be important.
What decisions will be based on this data; that is, what is the sensitivity
to errors of our population estimate? Do I really have enough information
to estimate the mean and the standard deviation, and do I really have
enough money to collect meaningful, statistically valid data? If not, then
how do we choose sample station locations? Judgment, knowledge, and
experience are important, along with the advice of others, in identifying
stations nonstatiscally. We make assumptions about the population and we

select stations to fit our needs,

Now another question we want to deal with is the frequency data
collection. How often do we collect data at our station? Background data
on tides, seasonal, and even daily differences become important. Our
knowledge of how the various parameters change with time guides us into
making a determination of the frequency. Data can be collected on a

continuous basis, daily, periodic intervals during the day, during flood
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tide onlv, etc. At the end of this step, we should have a written
description of the problem, the objective, and the sampling effort. We
should have maps showing sample station locations, parameters to collect,
method of collection, methods of analysis, frequency of sampling, and our
best estimate of the time and cost. We should have all of that put
together, in essence, in a scope of work so that if we wanted, we could go

out and contract with someone for this work.

Conduct Field Reconnaissance. The next step in our sampling program

design is to conduct a field reconnaissance. This is an important step.

It cannot and should not be passed over for this step confirms those
assumptions we just made in designing the preliminary plan. We need to
determine locations for lodging, sources of water, dry ice, electricity, or
any other special needs for the sampling effort. Locate boat ramps, etc.
Take your boat with you. Run through several of the sampling stations;
physically go out and try to anchor on the station and see how long it
takes to run through a collection. Make observations of the current
conditions, tides, waves, and boat traffic. The purpose of the
reconnaissance is simply to make sure that your plan will work. You don't
want to get into the field and find out that you have a sand bar where your
station is on low tide. Where there is some reason that program will not

work, it can be found out through the reconnaissance.

Prepare the Final Plan. The last step in sampling program design is to

prepare the final plan. This process is somewhat iterative in that we want
to review again the statement of the problem, the objective and then, using
the observed field data from our reconnaissance, make adjustments in the
plan. Many times we will find that these adjustments are critical to the
success of the sampling. All that now remains is to implement the plan.
Make sure that we monitor the fieldwork for compliance. Make sure that you
go out and watch and see that the technicians are collecting the samples as
you asked them to do. Be aware of Murphy's Law: (a) Nothing is as easy
as it looks. (b) If anything cam go wrong, it will. (¢) It always takes

longer than you think it will.
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There are some special concerns in sampling program design for coastal
- areas. One of these is tides. Tides are important for nearshore areas
where station access at low tides must be confirmed. It should also be

noted that parameters change with tides and can make an important

L difference. Strong flood tide currents can force rivers to flow upstream.

Strong ebb tide currents can make navigation treacherous. All these

- | concerns will be important in designing your program and in implementing

the program in a safe way. Seawater can interfere with standard tests.

| Check the analysis method to make sure that you don't have an interference

with the seawater. Strickland and Parsons is a good reference for 3
f” seawater analysis of water samples. Then, of course, corrosion is always 4
important in coastal areas. Equipment must be constantly maintained or it

will not work. Winds, waves, weather often cause problems. Northeasters

or other strong coastal storms can make our sampling impossible. So when

3 you are designing your program, don't forget to account for these kinds of ]
"} conditions and allow for some contingency or some bad-weather day estimate.
In coastal areas the equipment that is used is often larger and heavier
than that used in freshwaters. This equipment may require davits or other
o machinery on board that is not used inland. I believe that most ocean work

will have to be done by contract since most Corps office districts do not

have large vessels with the special equipmen: to do ocean work. Finally, I

think we need to review or beware of the seasoral occurrence of biological ‘
species where they are involved in our sampling eficri. For instance, many
of the anadromous fish are in the estuary or passing through only at a
certain time of the year. The same is true of other species which only

spend a part of their life in the estuary. The rest of their life is spent

My A S L

either in the ocean or in some other area.
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In summary, a water quality sampling program in the coastal area needs to
be formulated, using a set of five steps: (1) Define the object; (2)
collect the background data; (3) prepare preliminary plan; (4) conduct
reconnaissance; and (5) prepare the final plan. A conscientious effort,
following these five steps and being aware of special concerns or
precautions for the coastal areas, can result in an excellent program that

will provide meaningful data within a cost effective framework.




PROTOTYPE STUDY: 1OXYGEN INJECTION SYSTEH2
BY RANDALL C. MILLER" and JAMES W. GALLAGHER

INTRODUCTION

The Savannah District, U.S. Army Corps of Engineers, operates and maintains two
multipuerse hydroelectric projects on the Savannah River between Georgia and South
Carolina.” The Hartwell Dam and Lake project, the most upstream project 1s located
approximately 7 miles below the confluence of the Tugaloo and Seneca Rivers about 7
miles east of Hartwell, Georgia. The lake has a surface area of 55,950 acres and a
storage of 2,550,000 acre-feet. The plant was placed in operation in 1962 as 264~MW
plant, operating at an average head of 180 feet. The Clark Hill Dam and Lake project
is located about 67 miles downstream of Hartwell. Clark Hill Lake has a surface area
of 71,000 acres and a storage of 2,510,000 acre-feet of water. Clark Hill was placed
in operation in 1952 for peaking power, but is also required to maintain average daily
flows above a certain level for navigation on the Savannah River. Installed capacity
at Clark Hill is 280 MW at an average head of 146 feet. Currently the Savannah
District 1s constructing the Richard B. Russell Dam and Lake project 30 miles below
Hartwell Dam and 38 miles above Clark Hill Dam. When completed Russell Lake will have
a surface area of 26,653 acres and a storage of 1,026,244 acre-feet of water. Russell
i8 currently authorized as a 300-MW peaking plant, although feasibility studies for
inclusion of pumped storage are presently underway. If pumped storage is authorized
for the Richard B. Russell project, pump turbines will be installed with an additional
capacity of 300 MW. Average generation and pumping head will be approximately 145
feet with the upper end of Clark Hill Lake serving as the pumping forebay.

Like most deepwater bodies, these lakes undergo, or in the case of Russell Lake
will undergo, lake stratification. This phenomenon results from the difference in
densities between the surface and subsurface water which is induced by the temperature
variation in the water column. As the tributary and surface waters warm, the dif-
ference in density between the surface and bottom waters begins to restrict vertical
circulation of the lake. As the result of this restriction of circulation, three
layers develop: the epilimnion, the well mixed surface layer which receives oxygen
from the atmosphere; the hypolimnion, the bottom strata which is typically below the
zone of light penetration, and lacking free circulation with surface waters, has no
potential to renew dissolved oxygen concentrations which are gradually exhausted
through respiration and decomposition of blological activity; and the thermocline,
wvhich is the transition between the upper and lower strata and which exhibits the
maximum temperature gradient.

In all these projects the turbine intakes are located far below the surface in the
hypolimnion, so that water level fluctuations for flood control do not affect power
generation. Therefore, it ig this lower layer of water that is released from these
projects year~round, and during the summer, the waters released have progressively
reduced oxygen levels.

The location of the intakes in the lower layer of the lakes has made possible for
the public living in the southeast the desirable benefit of cold water trout fishing
not otherwise available in southern latitudes because of the excessive summer tempera-
tures characteristic of streams in this region. In an effort to take advantage of
these unusual cold water conditions in the reaches of the river below these projects,

lc(!hief » Hydrology and Hydraulics Branch, U.S. Army Engineer District, Savannah,
A

2 Rydraulic Engineer, U.S. Army Engineer District, Savannah, GA




the state regulatory agencies have in the past designated these areas as trout streams
requiring that the water temperature not exceed 70° F, and the daily average dissolved
oxygen level be maintained at 6 ppm (parts per million) and not fall below 5 ppm. But
herein lies the problem: the same deep impoundment which releases the cold water
needed by the trout to live during the summer heat cannot at the same time by natural
means insure enough oxygen in bottom waters to make downstream releases satisfactory
for trout.

Interagency Involvement

This problem has received much attention from Federal and State agencies. On
23 March 1972, the U.S., Environmental Protection Agency (EPA) called a conference,
entitled the Middle Reach Savannah River Enforcement Conference on the matter of
pollution of the interstate waters of the Savannah River and its tributaries from
Clark Hill Dam to 75 miles downstream from Augusta, Georgia. Based on information and
testimony presented at the conference, the conferees unanimously agreed on several
conclusions and recommendations.” One conclusion was that the releases from Clark
Hill Dam may violate water quality standards of the Savannah River, especially with
respect to dissolved oxygen and disolved minerals. The conferees recommended that the
Corps of Engineers, in cooperation with the EPA, should investigate possible viola-
tions caused by releases from Clark Hill Dam, and report to the conferees their find-
ings and any necessary remedial action which must be instituted to correct any defi-
ciencies. On 28 March 1973, the Savannah District reported to the Chairman of the
Enforcement Conference the results of their investigation. This report concluded that
the releases from Clark Hill Dam meet all established water quality standards except
the dissolved oxygen standard during the late summer and early fall months due to
thermal stratification. A joint EPA - Corps of Engineers task force was then formed
to investigate and recommend means of resolving the problem at Clark Hill. After
reviewing possible solutions to the Clark Hill water quality problem, it was decided
that oxygen injection would provide the best method for a solution.

During this time the Savannah District was involved in coordinating the planning
of the Richard B. Russell Dam and Lake project with the States of Georgia and South
Carolina. One concern of the State of Georgia was that the operation of the project
be in compliance with state water quality standards. The cost-sharing agreement
between the State of Georgia and the Federal Government for the development of the
recreational areas of the project included the stipulation that the operation of the
project will meet state water quality standards. In addition, in July 1972, the
Georgla Department of Natural Resources requested the formation of a technical commit-—
tee to analyze the water quality matters relating to the Richard B. Russell project.
The objective of the Committee, officially titled the Joint Federal-State Technical
Committee on Water Quality at Richard B. Kussell Lake, was to evaluate the thermal and
dissolved oxygen characteristics of the Richard B. Russell project, with and without
pumped storage, as an intergral part of the Hartwell-Clark Hill Reservoir System,
including the following specifics:

a. Maintenance of Federal and State Water Quality Standards.

b. Maintensnce of a cold water fishery in a 10-mile reach downstream from
Hartwell Dam.

¢« Development of a warm and cold water. fishery within Richard B. Russell
Lake.

d. Maintenance of a warm and cold water fishery within Clark Hill Lake.
2
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In its final report the Committee observed that, the above water quality objectives
could be met with the artifical addition of oxygen.

Reponding to this need for a method capable of meeting state water quality
standards in hydropower releases, the Savannah District, for the past 5 years, has
investigated the feasibility and conducted field tests of an oxygen injection system
at Clark Hill Lake.

Feasibility Study

A quantification of the dissolved oxygen deficiency at Clark _Hill and an examina-
tion of alternative solutions was performed by Speece in 1974, The total quanti-
ty of water discharged on the average was determined to be 13,500 acre-feet. Assuming
that in the critical period occasionally the released water would be totally devoid of
oxygen, 6 ppm of dissolved oxygen would have to be provided daily. Therefore, a
maximum 110 tons of oxygen would have to be artifically supplied. Based on the
recorded seasonal dissolved oxygen variation in the releases from Clark Hill Dam,
7,500 tons of oxygen would have to be supplied seasonally to maintain a dissolved

oxygen level of 6 ppm.

The alternative solutions examined 1included surface aerators, diffused air
injection, spillway aeration, penstock air injection, multilevel penstock intakes,
submerged welirs, oxygen injection into the penstocks, side stream oxygenation,
localized destratification of the lake, pulsed oxygen injection through fine pore
diffusers into the reservoir at the face of the dam (with the oxygen injection rate
matching the water discharge rate), and continuous oxygen injection through porous
diffusers into the lake at a point several days travel time upstream of the dam. The
latter alternative was identified as the most feasible alternative. With an on-site
Government~owned cryogenic plant to supply the oxygen, the initial capital cost of the
system was at that time $2.2 willion with a yearly operation and maintenance cost of

$73,000.
Field Test

As a first step in testing the performance of oxygen injection through fine pore
diffusers, a small scale system capable of providing sufficient oxygen for the
discharge of one turbine was installed adjacent to th% dam face and operated in a
pulsed mode by Speece, et al, in the summer of 1975. This made it possible to
rapidly monitor the oxygen level in the discharge and determine the oxygen absorption
efficiency immediately.

Three oxygen diffuser racks were constructed. Basically, each rack was a pipe
frame which served as a structural support for the individual diffusers as well as a
manifold to distribute the oxygen from the supply hose to each diffuser. The diffuser
plates were porous carborundum having an area of 1 square foot each. Ten diffusers
per rack were located 10 feet on center. The standard permeability of diffusers was 2
feet per minute at 2 inches of water pressure. The bubble size generated under these
conditions was approximately 2 mm diameter. The diffuser loading rate was 2,400
pounds of oxygen per diffuser (1 ft2) per day at 140 feet of submergence. This 1is
equivalent to about 4 actual cubic feet per minute per square foot of diffuser at this
depth and oxygen loading rate.
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The three diffuser racks were positioned 10 feet from one intake. A bridle of
1/4-inch cable was attached to the rack to facilitate placement. A l-inch flexible
hose supplied gaseous oxygen to each rack from a liquid oxygen tank located on the dam
face. Oxygen was metered to each rack and the dissolved oxygen content was monitored
at a point in the draft tube beneath the turbine wheel. Lowered oxygen absorption
efficiencies were noted when discharges were made from the turbine with i+¢ intake 10
feet from the racks. However, marked improvement in oxygen absorption efficiency was
noted when discharges were made from the turbine with its intake 120 feet from the
racks. It was concluded that maximum oxygen absorption efficiencies were obtained by
insuring that the bubbles in the rising plume were not swept prematurely into the pen-
stocks. This required that the diffuser racks be located at least 100 feet horizon-
tally from the intake. Dissolved oxygen concentrations of 6-8 ppm with oxygen absorp-
tion efficiencies of 85 percent were obtained with the diffuser racks located at least
100 feet from the intake.

It was concluded from these tests that it was technically feasible to dissolve
oxygen in a pulsed mode that was matched to the water discharge rate. However, as
mentioned earlier, the feasibility study recommended continuous oxygen injection at an
upstream point in the lake over pulsed oxygen injection at the face of the dam.
Pulsed injection of oxygen to match the water discharge rate involves matching the
peaking discharge pattern which normally occurs less than 12 hours each week day and
even less on weekends. With on-site cryogenic oxygen being produced in the gaseous
state at a uniform rate, compression and storage would need to be provided to match
the production with the usage rate. This would increase the capital costs of the oxy-
gen production facility. Therefore, it was decided that field tests should be
conducted to evaluate the feasibility of continuous injection into a diffuser system
located approximately 1 mile upstream of the dam.

The field tests of the continuous 1injection system began the next summer.5
The tests were divided into three phases. Phase I was an evaluation of the oxygen
absorption efficiency of various diffusers. The experimental system constructed on
the face of the dam consisted of an ll-foot diameter bubble collection hood with
off-gas totalizer and analyzer. The diffuser to be tested was lowered to the bottom
of the lake. Oxygen was fed to the diffuser at rates of 0.3, 0.6, 1.0, 2.0, and 3.0
acutal feet per minute. The bubble collection hood was positioned above the diffuser
at heights of 10, 50, and 130 feet. The gas collected from the diffuser through the
hood was measured and analyzed for percent of oxygen. In this way, the oxygen
absorption efficiency of each diffuser was determined. In this test diffusers with a
standard permeability of 0.5 to 2.0 fpm were identified as the optimum diffusers.

Phase II involved tests of the diffuser racks to determine the elevation in the
water column at which the oxygenated water would come to equilibrium. The three
diffuser racks from the pulsed injection test previously described, along with two
racks constructed to the same specifications, were located about 300 feet in front of
the penstock intakes. The racks were aligned roughly parallel to the dam about 60
feet apart. A manifold was mounted on a raft and distributed vaporized liquid oxygen
to the racks from the liquid oxygen storage tank located on the face of the dam.
Oxygen was injected at rates varying from 57 to 100 pounds per minute, and temperature
and dissolved oxygen profiles were taken in the forebay while monitors on the seven
draft tubes recorded the dissolved oxygen variations in the turbines. The data
revealed that B0 percent of the oxygen remained in the hypolimnion, accessible for
downstream release, when injected at these rates.

Phase III of the study involved installation of nine diffuser racks at a locatfion
approximately l-mile upstream of the dam in water approximately 130 feet deep. Due to
the availability of the diffusers, 10.0 fpm diffusers were installed in these racks
rather than diffusers in the 0.5 to 2.0 fpm range identified as optimum in the Phase 1
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study. The diffusers racks were placed in semicircular pattern with a spacing of
about 100 feet on center. Again, vaporized liquid oxygen was fed from a liquid oxygen
storage tank through a manifold mounted on a raft to the oxygen diffuser racks.
Oxygen was injected at a rate of 100 tons/day which would have been sufficient to
provide a dissolved oxygen concentration of 6 ppm in the average discharge from Clark
Hi1ll Dam. Temperature and dissolved oxygen concentrations were recorded at fixed
sampling stations within the lake between the dam and the diffuser rack location, and
also 1/4 mile upstream from the diffuser racks where background profiles were
obtained. The automatic dissolved oxygen monitoring system which sampled water
passing through the turbines was also operated during this phase of study. Oxygen was
injected continuously for a period of 8 days after which time the lake began to
destratify terminating the test. The highest dissolved oxygen concentration recorded
in the turbines was 4.1 ppm which occured about 6 days after oxygen injection started.
The background dissolved ofygen before oxygen injection commenced was 0.5 to 0.8 ppm.
Only about 30 to 40 percent of the oxygen that was injected appeared to eventually
reach the turbines. The low oxygen absorption efficiency was due to two factors.
First, as stated earlier, the diffusers on the rack were not the most efficient as
determined in Phase I of the study. Second, the close semicircular spacing of the
diffuser racks and high injection rates per diffuser caused localized destratification
in the vicinity of the diffuser racks which resulted in the dissolved oxygen-rich
water coming to equilibrium in the upper level of the lake where it was unavailable
for dissolved oxygen enrichment of the turbine discharges. It was determined that
improvements in the performance of the oxygen injection system could be realized by
lowering the injection rate per diffuser by quadrupling the number of diffusers per
rack, equipping the racks with the optimum 2 fpm diffusers, and spreading the racks
across the lake cross section.

These improvements were made to the system and field tests were conducted in the
summer of 1977. The nine racks were fitted with 40 square feet of diffusers of 2 fpm
standard permeability. The racks were placed across the lake cross section one mile
upstream from the dam and the racks being spaced approximately 300 feet apart with the
first rack located approximately 1,200 feet from shore. The manifold from the test of
the previous year was eliminated and a 3-inch diameter oxygen supply hose was floated
on the surface of the lake and guyed with anchors. This supply hose delivered vapor-
ized 1liquid oxygen from the storage tanks on the shore to the diffuser racks via
l1-inch diameter hoses. Oxygen was injected continuously for 30 days at a rate of 100
tons/day, and disolved oxygen and temperature were monitored in the lake and the tur-
bines. During this period of oxygen injection, dissolved oxygen concentrations of 4
to 5 ppm were maintained with an absorption efficiency of 50 percent. Although this
represented an improvement over the results from the previous year, the goal of 6 ppm
dissolved oxygen was still rut achieved and the absorption efficiency was still unac-
ceptable. Although the lske did not destratify in the vicinity of the racks, pumping
of the oxygenated water ocu:.red causing it to reach the surface where it warmed and
returned to an intermediate layer generally above the turbine withdrawal zone. It was
determined that the pumping was due to the four—sided diffuser configuration of the
racks, and that the pumping could be eliminated by installing baffles over the dif-
fuser racks to deflect the oxygenated plume or by employing a linear diffuser config-
uration,

The results of the 1977 test led to the small scale tests performed between July
and September 1978 to evaluate the effects of plume deflectors, loading, rate, and
diffuser configuration on the performance of the oxygenation system. During
these tests, oxygen was injected for an 8-hour period from 12 midnight to 8 a.m.
through a "ribbon" diffuser 40 feet long and 1 foot wide located perpendicular to the
face of the dam. To identify the zone where the oxygen-enriched water came to
equilibrium, dissolved oxygen profiles were taken at 0, 100, 200, and 400 feet from
the diffuser rack in the morning before the turbines began discharging. To compare

5
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the effectiveness of this modified diffuser configuration with the four sided square
configuration used in the 1977 test, a diffuser rack used in the 1977 study was also
installed and operated at the face of the dam. The oxygen loading rates applied to
the diffusers were 125, 250, 375, 500, and 2,000 pounds per square foot of diffuser
per day. At the beginning of the tests, it was discovered that the 250 and 500 pound
per foot2 day loading range was optimum; therefore, the majority of the testing
was conducted in this range. Three different baffle configurations were evaluated: a
l-inch diameter PVC pipe grid with 1/2-inch clear spacing, 1 1/2-inch wood slats with
1 1/2-inch clear spacing, and 6-inch wood slats with l-inch clear spacing. All of the
plume baffles consisted of a frame 6 feet wide and 40 feet long and were evaulated at
25, 50, and 75 feet above the diffuser. Primarily, the data collected from these
tests indicated that the linear diffuser configuration is superior to the four sided
diffuser configuration in depositing the oxygenated water in the withdrawal zone. The
most effective plume deflector was the PVC configuration. However, generally the
effects of the baffles on the behavior of the oxygenated plume were minimal.

Planned Further Studies

The small scale tests of 1978 indicated that a linear configuration of diffusers
is effective in decreasing the excessive pumping of oxygenated water. This linear
configuration will be employed in a full scale prototype by the use of a proprietary
“"dome diffuser” system. This system 1is currently being fabricated and installed at
Clark Hill Lake 1 mile upstream of the dam. This system consists of 7-inch diameter
dome diffusers bolted to a PVC baseplate on a 4-inch schedule 80 PVC pipe by a hollow
bolt that serves as both a fastener and an orifice which throttles the oxygen filling
the dome. Oxygen is fed through the 4~inch PVC pipe, which serves as the mounting for
the diffusers as well as the supply manifold, then through the orifice to the
diffuser. The diffusers have a standard permeability of 2 feet per minute, and they
are spaced l-foot oncenter. Twenty-five hundred feet of the diffuser system will be
installed across the lake cross section in 100-foot sections. Flexible hose will
separate each section and the system will be positioned 10 feet off the lake bottom.
The testing of this prototype will be conducted between August and September 1980.
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TABLE ROCK TAILWATER TROUT FISHERY -~ 1
VALUE, USE, AND DISSOLVED OXYGEN PROBLEM

By
A. Stephen Weithman,2

James R. Whitley,3 and

Mark A. Haas4

INTRODUCTION

Lake Taneycomo was formed in 1913 when the Empire District
Electric Company built Powersite Dam on the White River in Taney
County, Missouri (Fig. 1). Taneycomo (Table Rock Tailwater) was
transformed from a warmwater to a coldwater lake in 1958 when Table
Rock Dam was constructed upstream by the U.S. Army Corps of Eng-
ineers. Water (3 to 139C) is discharged at a rate of 20 to 15,000
DSF into Lake Taneycomo from Table Rock Lake through four penstocks,
51 meters below the surface. The cold water resulted in a sub-
stantial decline in the warmwater fish populations. Subsequently,
the Missouri Department of Conservation stocked rainbow trout
(Salmo gairdneri) and successfully established a coldwater fishery
(3Y. The U.S. Fish and Wildlife Service has provided about 45%

of the trout.

Lake Taneycomo is 32 kilometers long, and has a surface area
of 700 hectares. The upper 5 kilometers are shallow, with depths
directly related to water releases from Table Rock Dam. The max-
imum depth of the lake is about 12 meters, near Powersite Dam.
Lake Taneycomo is long and narrow, and current is often strong
at Branson, about 14 kilometers downstream from Table Rock Dam.

The Missouri Water Pollution Board established a minimum
standard of 6 mg/l for dissolved oxygen in Lake Taneycomo after
holding public hearings between 1966 and 1968. The Missouri Clean
Water Commission revised the water quality standards for Missouri
in 1973 and submitted them to the Environmental Protection Agency
for approval as Federal Water Quality Standards. They were approved
and the minimum standard for dissolved oxygen in all trout waters
in Missouri, including Lake Taneycomo, was set at 6 mg/l.

1 This research is being conducted by the Missouri Department of
Conservation (MDC), Fish and Wildlife Research Center, 1110
College Avenue, Columbia, MO, 65201, with 100% funding provided
by the U.S. Army Corps of Engineers -- Little Rock District.

A final contract report (DACW03-78-C-0057) will be submitted

by 3 November 1980.

FPisheries Research Biologist, MDC.
Water Quality Research Supervisor, MDC.
Fisheries Biologist, MDC.
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Dissolved oxygen concentrations below 6 mg/l1 have been
measured in upper Lake Taneycomo periodically each fall since
1959, The low levels are caused by the discharge of oxygen de-
ficient water from the hypolimnion of Table Rock Lake. The pattern
is predictable; only the severity changes from year to year.
Reasons for the differences are related to the amount of rainfall,
temperatures in the hypolimnion of Table Rock Lake, the amount or
kind of organic material washed in or produced, and the amount and
pattern of water releases. The problem at Lake Taneycomo did not
become acute, however, until after 1968 when levels of dissolved
oxygen below 2 mg/l were often recorded.

The U.S. Army Corps of Engineers has attempted in various
ways to alleviate the low dissolved oxygen situation at Lake Taney-
como. Surface water was released over the spillway of Table Rock
Dam. However, this warm water did not mix well with the cold
turbine discharge and the technique was discontinued.

An air injection system, consisting of ten large diesel-
powered air pumps, was installed in 1971 in the turbines to deter-
mine its feasibility. The air injection equipment was used in the
fall of 1972 in conjunction with restricted generation rates in an
attempt to maintain dissolved oxygen levels above 5 mg/l, 5 kilo-
meters downstream from Table Rock Dam. The efficiency was less
than expected and the system only furnished enough oxygen for two
of the four turbines when they were operated at full capacity.

The Corps of Engineers also tried to raise dissolved oxygen
levels by diffusing air into Table Rock Lake just above the dam.
This technique failed to increase dissolved oxygen significantly
in the turbine discharge. Injections of pure oxygen were tested
in 1973. Sufficient oxygen could be injected to raise the dis-
solved oxygen level to 6 mg/l, but the system was less efficient
than expected. When generating at full capacity, about 6.8 metric
tons of oxygen per hour were required to maintain the dissolved
oxygen in the discharge at 6 mg/l. The cost for the oxygen at
this rate was $8,000 every 24 hours. Limited oxygen supplies and
higher prices in 1974 curtailed this effort.

Another experiment involved the passage of water through the
sluice gates at Table Rock Dam in 1978. The turbulence of the
water increased the level of dissolved oxygen, but it also killed
fish near the dam and increased turbidity. A serious drawback of
this technique is the potential for structural damage at Table
Rock Dam due to cavitation. Therefore, future use of this method
is unlikely.

The current operating policy calls for a combination of
techniques to maintain 4 mg/l of dissolved oxygen in the Table
Rock Dam discharge. Reduced water releases in the fall provide
maximum benefits from incorporation of air through the vent tubes.
A small supply of liquid oxygen is also mainta’ned for emergency

use.




The research described in this paper was proposed to deter-
mine and quantify the effects of varying levels of dissolved
oxygen on the Lake Taneycomo trout fishery. We have five main
objectives: (1) develop a socioeconomic profile of the study area;
(2) estimate the socioeconomic value of the Lake Taneycomo fishery;
(3) determine angler success and effort for 1 year; (4) estimate
the effect of low levels of dissolved oxygen on angler success;
and (5) quantify the indirect economic impact of low levels of
dissolved oxygen on the area economy.

This report is an overview in which we present preliminary
results of our 28-month study. The project is scheduled for
completion in November, 1980, and a final report of the results
will be available.

SOCIOECONOMIC VALUE OF THE FISHERY

The study area is defined as the geographic area under the
direct economic influence of the Lake Taneycomo fishery. We used
Taney County because it is within this area that Lake Taneycomo
anglers and their groups spent time and money. The population of
Taney County is rural, with below-average income. Since the 1950's
and the addition of two large reservoirs, the area has become an
important retirement center. The tourist industry has grown con-
siderably and has become the foundation of the area economy. Sales
in the retail trade and service industries currently account for
about 70% of the business activity in the area.

We conducted a telephone survey of 500 Lake Taneycomo anglers
to determine their characteristics, activities, and preferences,
and to isolate that portion of economic activity which can be
directly attributed to the Lake Taneycomo fishery. Interviews
were conducted each month from 1 June 1978 to 31 May 1979 to select
a representative sample. Names of heads of households used for
telephone interviews were collected at random from people observed
fishing on Lake Taneycomo. Anglers were telephoned within 1 month
so details of their trips could easily be recalled.

Anglers who were residents of Taney County (n=55) had lived
in the area an average of 7 years and were 56 years o0ld on the
average. Over half (51%) were retired. The annual family income .
of resident anglers averaged $15,270. More respondents (26%) !
moved to the area because of trout fishing at Lake Taneycomo ‘
than any other reason. Resident anglers averaged 104 days of
fishing a year at Lake Taneycomo.

Anglers who were non-residents of Taney County (n=445) have i
been going to the area an average of 9.7 years, with 13.5% visiting
for the first time. The average non-resident made 9.7 trips per
year to the area and stayed an average of 5,1 days. Over half
of the non-resident anglers (54%) traveled over 322 kilometers

-4-

Paper 8




Racl ]
W .. -
IR PR

one way to get to Lake Taneycomo. Some non-resident anglers and
their groups (43%) participated in activities other than trout
fishing while in the area. The most popular attractions were
country music shows (17%), Silver Dollar City (16%), sight-seeing
(14%) , and shopping (1l1%). Trout fishing was the most enjoyable
activity (93%) and primary reason for the trip (61%) for many
non-resident heads of households. The average non-resident
angler was 47 years old with an annual family income of $24,550.

If they could not fish for trout, 26% of the groups would
return just as often, 40% would return but not as frequently, and
34% would never return to the area. We also asked respondents
about the quality of fall fishing in order to obtain specific
details about the effect of low dissolved oxygen in the fall.

Of the 332 anglers who had fished at Lake Taneycomo in the fall,
17% thought fishing was good, 20% thought fishing was poor, 14%
mentioned a dissolved oxygen problem, and 43% had no comment.

We chose four methods to determine the economic value of the
Lake Taneycomo fishery to anglers and to the Taney County economy:
(1) market value of the fish; (2) summation of gross angler ex-
penditures; (3) income multiplier technique; and (4) the consumer
surplus approach. Expenditures of resident and non-resident
anglers were combined for methods 2, 3, and 4.

The market value of fish technique is based on the assumption
that the value of a fishery equals the value derived by selling the
fish in an open market. Crutchfield (1) proposed this technique
in the early 1960's. Replacement costs have been established for
rainbow trout by the North Central Division of the American
Fisheries Society (2). We applied these values to the average
trout population in Lake Taneycomo (100,000 fish ranging from 10
to 70 centimeters in total length). The market value is about
$230,000.

The use of gross expenditures as a measure of the value of
a fishery has been popular in the past because the figures repre-
sent what an individual is actually willing to pay for recreation.
Our estimate of daily angler expenditures is $11.17 + $0.84*
per person in the Lake Taneycomo area. Annual gross expenditures for anqlers
totaled $2.7 million. Including other group members, the value is $3.7
million.

The income multiplier technigque has been used in a number
of situations to calculate net benefits to the area. Net benefits
inciude total direct and indirect (multiplier) income derived
from anglers minus the costs of importing goods. On a regional
basis, this method takes into account that some money will be
exported to purchase goods and pay taxes, while what remains will
continue to circulate. Applying multipliers developed for south-
western Missouri, the estimated value of the Lake Taneycomo
fishery is $7.2 million.

* This range in values represents the 95% confidence interval.
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The consumer surplus approach involves recording the origin
and expenses of a random sample of people who use the resource.
In theory, the value of the experience is worth at least as much
as the expenses incurred by the visitor from the greatest distance,
or he would not have made the trip. Beyond this distance, the
expense of the trip exceeds the expected benefits and no one
attends. We assume that the benefits are the same for everyone,
regardless of distance traveled or expense incurred. Within the
maximum distance traveled, consumer surplus is the value realized
by each person over and above their expenses. Living close to the
resource results in a high consumer surplus, and a high ratio of
benefits to costs. A model of visitation was constructed bhased
on distance traveled and total population within each of 11 con-
centric rings around Lake Taneycomo. After a value is determined
for each unit of distance traveled, consumer surplus is summed for
everyone from areas in which people are drawn to the resource.
The consumer surplus was estimated to be $9.2 million for the
Lake Taneycomo fishery.

We recommend the consumer surplus approach of the four
methods used to valuate the Lake Taneycomo fishery. This method
gives the most reliable estimate of direct economic benefits to
the area and indirect benefits to anglers and their groups. The
market value of fish approach does not take into account the rec-
reational value of the fishing experience. Another problem is
that the species and size distribution of fish needed to replace
the population may not be available., Gross expenditures represent
at best a minimum value for the recreation experience. These data
are useful to establish trends or look at specific segments of the
area economy. The income multiplier method is an improvement over
the use of gross expenditures because it takes into account the
circulation of money after it is spent. This technique is approp-
riate for analysis of net economic benefits to the area.

ANGLER EFFORT AND SUCCESS

Two types of angler counts were made to meet our objective
of estimating angler effort: (1) total counts -~- all anglers on
Lake Taneycomo at a given time; and (2) partial counts (made twice
daily) -- all anglers within a 1l.2-km zone of Lake Taneycomo. A
positive relationship (R2=0.85) exists between the partial counts
and total counts. These counts and the daily pattern of use were
the basis of estimating total angler effort. Anglers spent approx-
imately 240,259 days or 1,119,679 hours fishing at Lake Taneycomo
from June 1978 through May 1979. About 21% of the effort was for
rainbow trout.

Alr temperature, an indicator variable for season, was the
only variable we tested which was significantly related to angler
effort on a weekly basis (R2=0,72). Angler effort increased with
increasing temperature. This result was expected because people
take family vacations in the summer -- the period of greatest use
and highest temperatures. Effort in the spring and fall was

-6- paper 8




intermediate. Only the dedicated fishermen were present in the
winter,

Angler effort is related to angler success on a seasonal
basis. Prior to the dissolved oxygen problem, angler success and
effort were nearly identical in the