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WASTEWATER TREATMENT AT CAMP LEJEUNE

Surface water quality of North Carolina’s rivers and streams is
a paramount issue with the North Carolina Department of Environ-

ment, Health, and Natural Resources (NCDEHNR). Regional water
quality issues and regulations are being administered by the
Division of Environmental Management (DEM). in the Wilmington
Regional Office to ensure compliance with State administrative
codes and policies. Population growth and development of Onslow
County have resulted in an increasing demand on the New River
for wastewater discharge locations and capacities. The result
has been degradation of New River water quality which has
prompted the State to implement more stringent wastewater treat-
ment requirements for dischargers.

Seven wastewater treatment plants within the Camp Lejeune com-
plex handle all sewage flows generated on Base except for minor

quantities disposed of through septic tanks in outlying areas.
All plants are permitted for surface water discharge totaling
13.17 million gallons per day. Six of the seven plants dis-
charge into the New River or its tributaries and the remaining
plant discharges into the Atlantic Intracoastal Waterway (AIWW)

Sewage discharge lines can only be located in surface waters
classified as "SC’. Class SC is saltwater suitable for second-
ary recreation, fishing and aquatic life propagation. Class SA
is saltwater suitable for commercial shellfishing and all Class
SC uses. The AIWW is Class SA and sewage discharge is prohi-
bited regardless of treatment. Recent reclassication of New
River Class SC waters to High Quality Waters (HQW) prohibits
increases in discharge volumes unless stricter effluent limits
are implemented. A map indicating treatment plant locations and
surface water classifications is included in the appendix.

Discharges are regulated by National Pollution Discharge Elimi-
nation System (NPDES) permits issued by NCDEHNR under
authority granted by the US Environmental Protection Agency.
The NPDES permits contain effluent limitations that are required
to be met to protect water quality in the receiving stream under
existing conditions. The effluent limitations contained in the
permits are usually effective throughout the term of the permit.
However, these limits may be changed during the five year term
of the permits if: (I) a water quality concern is documented in
the receiving stream or, (2) the federal guidelines change for
facilities with limits based on effluent guidelines. Effluent
limits are also subject to change at the time of reissuance of
NPDES permits. These changes may result from several factors
such as: (i) more discharges in the immediate area, ,(2) an
increase in total permitted flow in the receiving stream, (3) a
change in the condition of the receiving stream, and (4) an
increase in the understanding of the receiving stream. North
Carolina Administrative Code (NCAC) Title 15: 2H.04@4(c)
states: "The Director may prohibit or limit any discharge of
wastes into surface waters if, in the opinion of the Director,





the surface waters experience or the discharge would result in:

(i) rowths of microscopic vegetation such that chlorophyll-a
values are reater that 40 u/l; or

(2) rowths of microscopic or macroscopic vegetation which sub-
stantially impair the intended best usage of the waters."

Chanes in the current NPDES permits have been implemented by
the State for toxicity under a Peopener clause, and chanes will

be made in future pePmlts for phosphorus limitation based on

current conditions of the New River. A phosphorus limit of 2

m/l is bein implemented in the 1992 permits fop Hadnot Point,
TaPawa Terrace, Camp Johnson, Rifle Range, Onslow Beach, and
Courthouse Bay treatment, plants. The permit for Camp Geier is

scheduled for renewal in 1993 and will include the phosphorus
limit. The decision by the State to incorporate phosphorus lim-
its is based on a study conducted in 1986 by the DEM Water
Quality Section that concluded that there is stron evidence of

severe enrichment problems in the New River and its tributaries
near Jacksonville. The State continued to collect extensive

water quality data as a follow-up to the 1986 study. Camp
Lejeune participated in data collection by providin8 water
samples and analysis for the New River. The collective data
indicate numerous violations of the North Carolina water quality
standards for pH, dissolved oxygen, dissolved ases, and chlo-
rophyll-a in the upper portion of the basin. The study has
recently been completed and supports the State’s position that
surface waters in the upper New River subbasin have reached
their assimilative capacity.

The wastewater treatment plants at Hadnot Point, Tarawa Terrace,
and Camp Johnson are currently exceedln the 2 m/l phosphorus
limit and probably will continue to do so until the plants are
upraded to advance treatment capability or an alternate treat-
ment system such as land application is used. All seven plants
are routinely failin to reduce toxicity levels in the effluent.
Projects for installation of dechiorination equipment at each
plant is under design and is scheduled fop contract award in
early FY 91. Estimated compliance date with toxicity standards
is July 1991 after the dehlorination equipment is put into
operation. The State is also mandatln removal of the Onslow
Beach outfall line slnee it dlschares into the AIWW which is
classified as SA. The outfall llne fop the Camp 8eider plant
may have to be removed as well because of its location in Wilson
Bay where the water quality is extremely poor due to
located upstream. At a meetln with the State held in April
1990, the Regional Supervisor stated that the Camp 8eier joint

venture with the City of Jacksonville are not feasible. An
acceptable alternative may be to pump the Camp Geier effluent
to a discharge point in the lower New River. The State has also
stated that the discharge capacity at the Courthouse Bay plant
will not be increased beyond the current 6@@,@0@ allon per day
limit due to surroundin waters bein classified as SA. This





limitation may have a significant impact on development of the
Courthouse Bay area. A wastewatep master plan study is bein
pursued to determine the best aitepnatives fop wastewatep peat-

ment basewide. The plan will include Peconendations fop treat-
ment, cost estimates fop alternatives, possible environmental
impacts, and estimates of acceptability to the State. The study
scope includes cumPent and future treatment requirements with a
detailed plan fop the next ten years and a general plan for the

followln ten yeams. The master plan will be a multi-phase
study, and the first phase is being negotiated fop evaluation of
current wastewatep treatment plants and identification of the
best three alternatives for facility improvements and environ-
mental compliance. An initial mepomt is anticipated in February
1991, and a final report is anticipated in August 1991. The
first phase of the study will cost approximately SI@@,@@@. The
entire master plan may cost up to S25@,@# dependent upon the
selected treatment alternative(s) The master plan will provide
requirements for a FY 94 MCON project for wasterwater treatment
plant improvements that may cost up to $25,@@@,@@@. The State
has requested a compliance schedule for meetin new discharSe
limits, but a firm schedule cannot be provided until completion
of the master plan study. The Base will be in violation of water
quality standards for phosphorus limits in 1992 and currently is
in violation of toxicity standards. These violations will con-
tinue until compliance is obtained by plant improvements oP a
Special Order by Consent (SOC) is negotiated. Since plant
improvements will not be completed until 1996 or beyond, a SOC
is beyond, a SOC is beln discussed by FAC, EhdD, and SJA. The
State has recommended a SOC and is ready to bein negotiations.
Negotiations may be difficult because the Base does not have a
defined plan of action to meet all discharge requirements. Fol-
lowin is a list of significant actions that have influenced the
current status of wastewateP treatment and environmental com-
pliance:

8 AU8 86 DEM issues dimectlve to remove Onslow
Beach outfall fom the AIWW because of classifica-
tion of "SA" waters.

1 JAN 87 DEM implements policy to educe
nutient inputs to the New Rivem based on mesults
of additional sampling in 1986.

22 DEC 87 DEM Compliance Inspection Report iden-
tifies toxicity of effluent due to high chlorine
eslduals.

3 FEB 88 Base letter %0 NCDEHNR requesting mora-
torium on Notices of Violation fom toxicity until
corrective action can be determined and imple-
mented. (No esponse)

13 APR 88 Receipt of New River water quality
uidance from City of Jacksonville.





14 APR 88 Meeting between DEM, City of Jackson-
ville, Onslow County, and Base on New River water
quality. DEM indicated stricter effluent limits
will be ineorpopated in new permits and recommends
regional concept for wastewater treatment.

AUG 88 Engineering study completed for elimina-
tion of Onslow Beach outfall recommending pumping
of sewage from Onslow Beach and Courthouse Bay to
Hadnot Point plant for treatment. MCON project
submitted in accordance with recommendations.

AUG 88 Engineering study completed on upgrading
Camp Johnson plant recommending pumping of sewage
to Hadnot Point plant for treatment. MCON project
submitted in accordance with recommendations.

JAN 89 Eng+/-neering study completed for identifi-
cation of toxicity reductions alternative at
treatment plants. R-2 projects developed for con-
struction of dechlorination chambers at treatment
plants.

31 OCT 89 Meeting between DEM and Base to dis-
cuss new effluent limitations for discharge into
the New River.

7 DEC 89 DEM provides notification of effluent
toxicity self-monitoring requirements.

29 DEC 89 Letter from DEM stating results of
ongoing New River water quality study and antici-
pate effluent limits.

26 MAR 9 Notification from DEM on 2 mg/l phos-
phorus limit.

24 APR 9 Meeting between DEM and Base to dis-
cuss permitting requirements for renewal of NPDES
permits, toxicity monitoring and Notices of Viola-
tion.

18 MAY 9@ Letter to DEM from Base stating com-
pliance schedule for phosphorus limit is unavail-
able and is dependent upon wasterwater master plan
study.

29 MAY 90 Letter from DEM stating enforcemen
action will be taken if Base does not comply with
phosphorus limit when permits are renewed in 1992
and recommended a SOC.

21JUN 90 DEM recommends the upper New River
receive supplemental classification of Nutrient





Sensitive Waters (NSW) and quality standards for
NSW be met based on Report No. 9@-@4, "New River,
Onslow County: Nutrient Control Measures & Water
Quality Characteristics fo 1986 ISQ" dated
June

31JUL Meeting between A/E and Base to dis-
cuss scope of wastewater master plan. Fee nego-
tiation is expected to be completed in August,

1 AUG 9 Environmental Management Commission
designates New River SC waters as HQW.

Table 1 in the appendix lists current effluent limitations for
wastewater treatment plant NPDES permits. The phosphorus limit
is the only new effluent characteristic parameter that the State
has notified the Base about regarding permit renewals. This
does not mean that the remaining limits will not change if an
increase in discharge volume is requested. For planning and
compliance purposes, the sooner the actual permit renewal is
requested, the sooner the Base will know all effluent limita-
tions.

Table 2 in the appendix lists wastewater treatment plant status.
The plants are in good condition except for the Camp Geiger
facility, which is under repair. The major problems foreseen
with the plants are inability to meet the phosphorus limit at
Hadnot Point, Tarawa Terrace and Camp Johnson, and increasing
discharge volumes at Courthouse Bay, Tarawa Terrace, Camp John-
son and Camp Gelger due to development and modernization of
facilities in the areas.

Failure to comply with NPDES permit limits may result in
enforcement action by the State or the Environmental Protection
Agency (EPA). Also, non-compllance status may result in civil
actions by private citizens and public groups. The Staff Judge
Advocate has investigated the civil and criminal consequences
fop non-compllance with NPDES pePmlts, and the results awe pro-
vided in the appendix. Some type of agreement with the State is
anticipated to prevent violation of permits.

For long range compliance with wastewater treatment require-
ments, the following actions must occur: (I) the Base must
enter into a negotiated agreement with the State oPEPA or both,
(2) a wastewater master plan must be completed, (3) a MCON pro-
ject for upgrading or replacing existing treatments plants must
be programmed and funded, and (4) a continuous dialogue with the
State must be maintained. Execution of these actions will be
very time consuming as well as expensive and will require com-
mitment from all parties involved. Meeting the demands for sur-
face water quality improvements, environmental protection, and
providing adequate sewage collection and disposals systems will
be one of the Base’s major challenges in this decade.
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SE(]E TREATbfENT

TBLE

EFFL LINITATIONS OF CURRENT DES PERMITS

=============== BOD (/L) ITOTAL SUSP. RESIDUE (MG/L) DISSOLVED OXYGEN (/L)I FEC COLIFORH OIL REASE (/L}

PLANT FLOW (H6D) :HONTIY AVO.:EKLY AVO. HONTHLY AVO.:EKLY AV. IHOHTEL,Y AV.:WEKLY AVG.:IfONTHLY AVO.:EKLY AV.IilONTHLY AV.IEKLY AVO.:

:RIFLE RAHOE 0.525 3g.| 45.

IONSLOW DEACH I.lO 30. 45.1

ICOURTHOUSE BAT g.61i 3.1 45.9





SEWAGE TREATMENT

TABLE 2

SEWAGE TREATMENT PLANT STATUS

:CAPACITY:MAX. LOAD:PERCENT PLANT PERMIT :TOXICITY* :PHOSPHORUS:
PLANT (MGD) (MG) :CAPACITY CONDITION RENEWAL:COMPLIANCE:COMPLIANCE: REMARKS

HADNOT POINT 8. 7.4 93

TARAWA TERRACE: I. I. 101

CAMP GIEGER 1.6 1.5

CAMP JOHNSON 1.0 .7

GOOD 1092 NO NO :EXPAND PLANT TO HANDLE 15 MGD
:INCLUDING TT, CJ, CHB & OB.

GOOD 1092 NO NO

POOR 1903 NO YES :REMOVE OUTFALL. PLANT UNDER
:REPAIR.

GOOD 1902 NO NO :COMPLIANCE PROBLEMS DUE TO HIGH
:BOD LEVELS IN INFLUENT.

COURTHOUSE BAY: .6 0.8 130

RIFLE RANGE 0. .3 43

ONSLOW BEACH .2 0.2 94

GOOD 1092 NO YES :MORATORIUM ON INCREASED
:DISCHARGES.

GOOD 1992 NO YES

GOOD 1902 NO YES :REMOVE OUTFALL.

TOXICITY CONTROL EQUIPMENT TO BE INSTALLED IN FY 01.

WASTEWATER MASTERPLAN BEING PURSUED TO DETERMINE THE BEST ALTERNATIVES FOR TREATMENT

SPECIAL ORDER BY CONSENT RECEIVING INITIAL CONSIDERATION.

CONSEQUENCES OF NOT INVESTING: NON-COMPLIANCE, NOTICES OF VIOLATION, ENFORCEMENT ACTION,
DETRIMENTAL ENVIRONMENTAL IMPACT, CITIZEN SUITS.





Subj:

APPENDIX TO WASTEWATER TREATMENT AT CAMP LEJEUNE

CIVIL AND CRIMINAL CONSEQUENCES FOR VIOLATION OF DISCHARGE
PERMIT

1. The Clean Water Act provides various enforcement tools for
the U.S. Environmental Protection Agency (EPA), the states, and
citizens.

2. The EPA or state may institute criminal proceedings against
any person who violates any permit condition or limitation-.
Under the federal Clean Water Act a negligent violation may be
punished by a fine of not less than $2500 or more than $25,000
per day of violation and by imprisonment for up to 1 year. A
person who knowingly violates a permit condition or limitation
may be punished by a fine of not less than $5000 or more than
$50,000 per day of violation and by imprisonment for up to 3
years.

3. Although these criminal penalties are available, it is more
likely that civil enforcement would be used. The civil
enforcement process usually starts with a notice of violation
(NOV). The NOV places the federal facility on notice that a
violation has occurred. An NOV is designed to lead to either a
consent order or a consent agreement.

4. An order, as the term implies, is a unilateral directive
issued to a violator. The EPA will negotiate with violators
before issuing an order but give and take is extremely limited.
EPA has authority to issue compliance orders under the Clean
Water Act. However, as a matter of executive branch policy, the
EPA will not issue orders to federal facilities under the Clean
Water Act. Instead, the EPA will enter into a compliance
agreement. Theoretically, the EPA and the federal facility are
coequal parties. As a practical matter, however, the EPA is ve;y
inflexible and usually insists on essentially the same terms as
appear in their consent orders with two major exceptions. These
exceptions are that (1) the EPA will not seek civil monetary
penalties against a federal facility under the Clean Water Act,
and (2) the EPA will not judicially enforce a violation of the
agreement. (Criminal enforcement against individuals, including
federal employees remains available to the EPA.)

5. The State of North Carolina also has enforcement authority
under provisions of the North Carolina General Statutes. The
enforcement scheme is very similar to the federal scheme except
for the use of different terms. The North Carolina Environmental
Management Commission is empowered to issue unilateral .orders to
persons who cause or contribute to water pollution within the
State. North Carolina calls these unilateral orders "special
orders." The Commission may also enter into bilateral orders.

ENCLOSURg ..(_l._L.)





Subj : CIVIL AND CRIMINAL CONSEQUENCES FOR VIOLATION OF DISCHARGE
PERMIT

These are called "consent special orders" and allow more
negotiation between the parties. The Commission may also accept
voluntary assurances of compliance, an even lesser form of
enforcement. Special orders and consent special orders are
subject to public comment. This provision of North Carolina
is found at North Carolina General Statutes (NCGS) $ 143-215.2.

6. Under North Carolina law, the effect of entering into a
consent special order is that any person who later installs a
treatment works in order to comply with the order is not required
to take or refrain from any further action nor is required to
achieve any further water pollution control results under the
terms of State law for the period of the order. If a person does
not comply with any term or conditions in the order then this
protection is no longer available. In other words, a violation
of the consent special order will take the polluter back to
square one and subject them to normal civil sanctions.

7. I have examined a standard North Carolina consent special
order and note that it contains a section stipulating deadlines
and penalties for failing to comply with the deadlines. Thus, a
violation of the consent special order will automatically lead to
stipulated penalties without requiring the State to seek judicial
enforcement. This is the advantage the State achieves in
entering into such orders. I believe this will be a major
sticking point in any negotiations with the State for a consent
special order. In my opinion, a federal facility may not agree
to penalties under the federal Clean Water Act. I interpret the
waiver of federal facility immunity from state enforcement under
the Clean Water Act as not authorizing penalties. Clean Water
Act $ 313. Section 313 specifically states that federal
facilities are subject only to civil penalties arising under
Federal law or imposed by a State or local court to enforce an
order or the process of such a court. Penalties under a consent
special order are not the processes of a court.

8. If the State is unwilling to enter into a consent special
order absent penalties, they could initiate civil judicial
enforcement under State law in North Carolina courts. Although
North Carolina law provides for civil enforcement in state court,
as a practical matter enforcement will be at the federal level
since the Base would exercise its right to remove any enforcement
action to federal court. Thus a state court should never be in
the position of assessing penalties against Marine Corps Base.

9. Federal judicial enforcement under the Clean Water Act is
quite broad and involves what is known as equitable enforcement.
What this essentially means is that a federal court may enjoin
Marine Corps Base from violating the terms of any permit. The
court could also force a compliance order on the Base. In this
case, any order would become a judicial order and would be

2





Subj: CIVIL AND CRIMINAL CONSEQUENCES FOR VIOLATION OF DISCHARGE
PERMIT

judicially enforced. A violation of the order or an injunction
could result in contempt proceedings. Contempt can be punished
by jail and fines.

10. The Clean Water Ac also provides for citizen suits.
Ordinarily citizens are not able to sue federal agencies absent a
particular and persona1injury to a person. However, the Clean
Water Act specifically overcomes this general rule by allowing
citizens to sue federal facilities. A citizen may sue for any
violation of an effluent standard or limitation. In other words,
any violation of a permit gives rise to a potential citizen suit.
A citizen may not sue if the state or federal government is
diligently prosecuting a civil or criminal action in a court to
require compliance with a standard, limitation, or order. In a
citizen suit, a court may exercise its equitable enforcement
discussed in paragraph 9 and it may impose civil penalties.

11. In my opinion, the consent special order proposed by the
State would not be a judicial enforcement. However, there is a
strong argument that under North Carolina law the special order
sets new effluent standards or limitations. Thus, compliance
with the special order means compliance with effluent standards
and limits, thus, preventing a citizen suit even if the original
permit or state standard had been or would be violated.
Conversely, however, violating the terms of the special order
would immediately give rise to grounds for a citizen suit. This
issue is unsettled. I am aware that an environmental group is in
the process of preparing to sue MCCDC for Clean Water Act
violations.

12. One other matter should be noted. The State consent special
order would protect the Base from any other State water pollution
control requirements during the term of the order. I note that
the language used in the State law specifically refers to State
imposed requirements. In my opinion this still would leave the
Base subject to additional Federal requirements. In other words,
the EPA or Congress could impose more stringent water pollution
control standards during the period of the order and the Base
would be subject to these standards notwithstanding the State
consent special order.

C. H. BEALE
Staff Judge Advocate
Marine Corps Base
Camp Lejeune, NC
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State of North C rolina
Dep rtment of Natural Resources Community Development

Division of Environrnnt
512 North Salisbury Street Raleigh, North Carolina 276!

Jarn G. Mrtin, ’ ebrua’ 19, 19 R.lul ilm$

Commanding General
U.S. Marine Corps Base
Camp Geiger Sewage Treatment Plane

Camp LeJeune, N.C. 28542

Subject: Modification to NPDES
Permit No. NC0062995
USMC Camp Gelger STP
Onslow County

Dear Sir:

On February 18, 1988, the Division of Envlronmental Management issued NPDES
rmlt No. NC0062995 to US Marine Corps. A review of the Permit file has indicated

that an error was inadvertently made in the Permit. Accordingly, we are forwarding

herewith this modification to correct the Permit Number on the cover page of the

Permit.

Please find enclosed an amended cover page which Should be inserted into your
Permit. The old cover page should be discarded. A11 other terms and conditions

contalne4[ in the original Permit remain unchanged and in full effect. This Permit

modification is issued pursuant to the requirements of North Carolina General Statutes

143-215.1 and the Memorandum of Agreement between North Carolina and the U.S.

Envlronmental Protection Agency.

If any parts, measurements frequencies or sampling requirements contained in

this permit are unacceptable to you, you may request a waiver or modification pursuant
to Regulstlon 15 NCAC 2B .0508 (b) by written request to the Director identifying the

.specific issues to be contended. Unless’such request is madewithln 30 days following

receipt of this permit, this permit shall be flnal and binding. Should your request
be denied, you will have the right to request an adjudicatory hearing.

Please take notice that this permit is not transferable. Part II, B.2

addresses the requirements to be followed in case of change in ownerhlp or control of

this discharge.

This permit does not affect the legal requirement to obtain other permits which

be required by the Division of Environmental Management or permits required by the

,islon of Land Resources, Coastal Area Management Act or any other Federal or Local
rernmental permit that may be required.





cc:

If you have any questions concerning this Permit modification, please contact
Dale Overcash (919) 733-5083.

Hr. Jim Patrick, EPA
Wilmington Regional Office
Permit File

Sncerely,

Director





Permit No. NC0062995

STATE OF NORTH CAROLINA
DEPARTHENT OF NATURAL RESOURCES AND COHHUNITY DEVELOPHENT

DIVISION OF ENV.IRONMENTAL HANAGEMENT,

’"PERM I T
TO DISCHARGE WASTENATER UNDER THE

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEH

In compliance with the provisions of North Carollna General Statute 143-215.1,
other lawful standards and regulatlons promulgated and adopted by the North Carollna
Envlronmental Hanagement Commission, and the Federal Water Pollutlon Control Act, as
amended,

US Hartne Corps

is hereby authorized to discharge wastewater from a facillty located at

Camp LeJeune
Camp Geiger Sewage Treatment Plant

Onslow County

to receiving waters designated as the New River in the hlte Oak River Basin

in accordance with effluent limitations, monitoring requirements, and other
conditions set forth in Parts I, II, and III hereof.

This permit shall become effective Hatch i, 1988

This permit and the authorization to discharge shall expire at midnight on February
28 1993

Signed this day February 18, 1988

R. Paul Wilms, Director
Division of Envlronmental Hanagement
By Authority of the Environmental Nanagement Commission
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EFFLUENT LINITATIONS AND MONITORING REQUIREMENTS Final (with diffuser)

During the perlod beglnn|ng after construction of a dlffusend lastin9 unt11 e,xpiratlon,
te pan,tree I$ autorlzed to discharge from outfa11($) ser|al number(s) ooI.
Such d|$charge$ shal] be 11mlted and an|toted by the permlttee as speclfled below:

Discharge Ltmttat|ons (1)

1.6 MGD
30.0 mg/1 45.0 mg/1
30.0 mg/l 45.0 mg/l

5.0 mg/l 5.0 mgll .,.
200.01100 ml .00.0/I00 m

60.0 mg/l**’30.0 rag/1

Flow
BOD, 5Day, 20C
Total Suspended Residue
NH as N
DiSsolved Oxygen (minimum).
Fecal Coliform (geometric .mean)
Resdual Chlorine
Temperature
Total Nitrogen (NO2 + NO

3 + TKN)
Total Phosphorus
Oil and Grease

Continuous Recording
Daily ComposI te
Daily Compos i. te
Daily Compos! te
Daily Grab
Daily Grab
Daily Grab
Daily Grab
Monthly Composite
Monthly Composl te
2/Month Grb

*Sample locations: E Effluent, I Influent, U Upstream,: D Downstream
**Daily Maxlm Limitation

Upstream and downstream samples shall be grab samples.

Stream samples shall be collected three times per week during June, July,

August and September and once per week during the remaining months of the

year.

(1)These effluen limitations apply only to a discharge froma 50-fo0t diffuser pipe.

The pH shall not be less then 6.0 standard un|ts nor greater then ..,,
shall be monitored daily at the effluent by grab sample.

There sha|l be no discharge of floattn9 or vtstble oam. in other than trace amunt$. ;’..





Permit No. NC0062995

F. Toxicity Repener

This permit shallbe modifted or revoked and reissued to

incorporate toxicity limitations and monitoring requirements in the

event toxlclty testing or other studies conducted on the effluent

or recelvlng 8treamndlcate that detrimental effec,ts--may--be
expe.ced in the recetv!ng stream as a result of ths discharge.





State of North Carolina
Department of Natural Resources and Community Development

Division of Environmental Managcrnent
12North Sali:’yStr’t *Raleigh, North Carolina27611 ...

R. lul ilms
Dimaor

Commanding General
Marine Corps Base
Office of AC/S Facilities
Camp Lejeune, NC 28542

Dear

January 30, 1987..
CERTFIEDMAI.
RETURN RECEIPT REQUESTED

Subject: Permit No. NC0063011
Camp Johnson STP
0nslow County

In accordance with your application for discharge permit received on

November 9, 1984, we are forwarding herewith the subject State NPDES

permit. This permlC is issued pursuant to the requirements of North Carolina

General Statute 143-215.1 and the Memorandum of Agreement between North

rollna and the US Environmental Proctlon Agency dated December 6, 1983.

If any parts, measurement frequencies or sampling requirements

contained in this permit are unacceptable o you, you may request a waiver

or modification pursuant to Regulatlon 15 NCAC 2B .0508(b) by written

request to the Director identifying the specific issues to be contended.
Unless such request is made within 30 days followlng receipt of this permit,

this permit shall be final and binding. Should your request be denied, you

will have the right to request an adjudicatory hearing.

Please take notice chat this permit is not transferable. Part If, B.2.

addresses the requirements to be followed in case of change in ownership or

control of this discharge.

This permit does not affect the legal requirement to obtain other

permits which msy be required by the Division of Environmental Management or

permits required by the Divslon of Land Resources, Coastal Area Management

Act or any other Federal or Local, governmental permit that may be required.

If you have any questions concerning this permit, please Contact Mr.

Dale Overcash, at telephone number 919/733-5083.

R. Paul Wilms J
Mr. Jim Patrick, EPA
Wilmington Regional Supervisor





Permit No. NC0063011

STATE OF NORTH CAROLINA
DEPARTMENT OF NATURAL RESOURCES & COMMUNITY DEVELOPMENT

DIVISION OF ENVIRONMENTAL MANAGEMENT

PEEMIT

To Discharge Wastewater Under The

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of North Carolina General
Statute 143-215.1, other lawful standards and regulations promulgated
and adopted By the North Carolina Environmental Management Commission,
and the Federal Water Pollution Control Act, as amended,

is hereby authorized to discharge wastewater from a facility located
at

Cam LeJeune
Camp Johnson Sewage Treatment Plant

Onslow County

to receiving waters designated as the Northeast Creek in the White Oak
giver Basin

in accordance with effluent limitations, monitoring requirements, and
other conditions set forth in Parts I, II, and III hereof.

This permit shall be effective February I, 1987

This permit and the authorization to discharge shall expire at
midnight on January 31, 1992

Signed this day of January 30, 1987

By Authority of the Env ronmental
Management Commission





P::-.mtt No NC0063011

.SUPPLEMENT TO PERMIT COVER SHEET

US Marine Corps Base
Camp LeJeune

is hereby authorized to:

I. Continue to operate a 1.0 MGD trickling filter type

wastewater treatment plant located at Camp Johnson

Sewage Treatment Plant in Onslow County (See Part

condition No. B. of this permit), and

2. Dsha"fro"sd trtmet orks into Northeast Creek

which is classified Class "SC" waters in the .White Oak

River Basin.





A@ EFFLUENT LIMITATIONS AND HONITORIN6 REQUIRENTS Final diffuser)

Dur4ngth pe0d be0tn|no on the effective date of the Permtmnd lasttng uttl expiratLon,

t ts auze dtscbee f outfall(s) sertal nr(o:
Such dtsaes shall 11Md and mnt by e pemtt as slfl 1:

Efflueqt Chacterls(1c 0tscharge Ltettattons

Flow
BOD, 5Day, 20C
Total Suspended Residue

ash
Disolved Oxygen (minimum)
Fecal Coliform (geometric mean)
ResidmLl Chlorine
Temperature
Total Nltrogen (NO2 + NO

3 + TKN)
Total Phosphorus
Oil and Grease

Other-Units (Spectt)
Hon ee .
1.0 MGD
30.0 mgll 45.0 mg/l
30.0 mE/l 45.0 mg/l

5.0 mg/l
I000.0/I00 ml

30.0 mg/l

Hanttorlno Requtremnts

Continuous
2/Month
21Month
2/Month

5.0 mg/1 Weekly
2000.01100 ml 2/Month

Daily
Weekly
_O.uarterly
Qqarterly

60.0 mg/l ** 2/Month

.e. Sample

Recording I o E
ComposIre. E
Compos Ire E
Compost te E
Grab E
Grab E.
Grab. E
Grab E

Composite E
Composite E
Grab E

*Sample locations: E Effluent, I Influent

*Daily Maximum Limit

The pH shall not be less than .6.0 standard untts nor greater than 8.s standard untts and
shall be monitored 2/Honth at the effluent by grab sample.

There shall be no discharge of’ floating soltds or vtstble fore tn other than trace amounts.





State of North Carolina
Department of Natural Resources and Community Development

Division of Environmental Mana-ment
2 North SalisburyStreet Raleigh, North Carolina 2761!

mes G n, Governor ,..3anuarY 30, 1987 (/ilms
CERTIFIED
RETURN RECEIPT REQUESTED

Commanding General
Marine Corps Base
Office of AC/S Facilltles
.Camp LeJeune, NC 28542

Subject:

Dear Sir

Permit No. NC0063002
Tarawa Terrace STP

.Onslow County

In accordance with your appllcatlon for discharge permit received on
November 9, 1984, we are forwarding herewith the subject State NPDES
permit. This permit is issued pursuant to the requirements of North Carolina
’General Statute 143-215.1 and the Memorandum of.Agreement between North

rolina and the US EnvironmentalProectlon Agency dated December6, 1983.

If a6y parts, measurement frequencies or sampling requirements
contained in this permit are unacceptable to you, you may request a waiver
or modification pursuant to Regulation 15 NCAC 2B .0508(b) by written

request to the Director identifying the specific issues to be contended.
Unless such request is made within 30 days followlng receipt of this permit,
this permit shall be flnal and bidlng. Should your request be denied, you
will have the right to request an adjudicatory .hearing.

Please take notice that this permit is not transferable. Part If, B.2.
addresseE the requirements o be followed in case of change in ownership or
control of this discharge.

Thine permit dos not affect the legal requirement to obtain other
permits %,hlch may be required by the Division of Envlronmental Management or
permits required by. the Division of Land Resources, Coastal Area anagement
Act or ary other Federal or Local, governmental permit, that may be required.

If ou have any questions concerning this permlt please contact Mr.
Dale Overcash, at telephone number 919/733-5083.

Mr. Jim Patrick, EPA
Wilmington Regional Supervisor





Permit No. NC0063002

STATE OF NORTH CAROLINA
DEPARTMENT OF NATUEAL RESOURCES & COMMUNITY DEVELOPMENT

DIVISION OF ENVIRONMENTAL MANAGEMENT

PERMIT

To Discharge. Wastewater Under. The

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of North Carolina General

Statute 143-215.1, other lawful standards and regulations promulgated
and adopted by the North Carolina Environmental Management Commission,

and the Federal Water Pollution Control Act, as amended,

US Marine Corps Base

is hereby authorized to discharge wastewater from a facility located

at

Camp. LeJeune
Tarawa Terrace Sewage Treatment Plant

Onslow County

to receiving waters designated as Northeast Creek in the White Oak

River Basin

in accordance with effluent limitations, monitoring requirements, and

other conditions set forth in Parts I, II, and III hereof.

This permit shall be effective February I, "1987

This permit and the authorization to discharge, shall expire at

midnight on January 31, 1992

Signed this day of January 30, 1987

Division of Environmental agement
By Authority of the Environmental
Management Commission





Permit No. NC0063002

SUPPLEMENT TO PERMIT COVER SHEET

US Marine Corps Base
.Camp LeJeune

is hereby authorized to:

1. Continue to operate a 1.25 MGD trickling filter type

wastewater treatment plant located at Tarawa Terrace

Sewage Treatment Plant in 0uslow County (See Part

condition No. B. of this permit), and

2 Discharge from sd teatmnorksintoNortheast Creek

which is classified Class "SC" waters in the White Oak

River Basin.





A. EFFLIRNT LD(ITATIONS AND PEMITORINB REQUIREHENTS Final

Duringthe pertod be0tn|ngon the effective date of the Pez=itand last|ng t11 etratlon,
t tS lurtzed dtschae f outfall(s) sertal nr(s) 1.

, Sh dtschaes shall limed and mnt by e pemtt as sclft 1:

Flov
BOD, 5Day, 20C
TotaX Suspended Residue, NH. as H
DisoXved Oxygen (anmum)
Fecal Coliform (geometric an)

TeersCua
Total NiCKen (2 + NO3 + N)

’ Total Phoapho
011 and Grease

*SampXe locations:

1.25 MGD
30.0 mg/1 65.0 mg/1
30.0 mg/l 65.0 mgll

5.0 mg/l 5.0 mg/l
I000.01100 ml 2.000.0/100

30.0 mg/1 60.0 mg/1

LFru’ency’ Lat,
Continuous
Daily
Daily
2/Month ..
Daily
Daily
Daily
Daily
Monthly
Monthly
2/Month

RecordinE I or E
Composite E
Composite E
Composite E

Grab E
Grab E
Grab E
Grab E

Composite E
Composite E
Grab E

E Effluent, I Influent **Daily Maximum Limit

The pX shall not be.less than 6.0 standard untts nor greater than 8.5 standard untts and
shell be mn|tored daiy at the effluent by grab sample.

There shall be no discharge of rloattng soltds or vtstble foam tn other than trace amounts.





Commanding General
Marine Corps Base

office of ACIS Facilities
..Camp Leeuue, NC 2852 Subject: Permit No. NC0063029

adnot point STP

onsiow Coun’rY

eived on
Dear Sir: NpDES

In accordance with your application for discharge permit rec

the requirements of North Carolina

,ember 9, 198, we are forwarding herewith the subject State

,it. This permit is issued pursuant to

ral Statute I3-215.1 and the Memgrandum of Agreement between North

Carolina and the US Environmental Prot-ection Agency dated December 6, 1983.

If any partS, measurement frequencies or sampling requirements

contained in this permit are unacceptable to you, you may request a waiver

or modification pursuant to Regulatlon 15 NCAC 2B .0508(b) by written

request to the DirectOr identifying the specific issues to be contended-

Unless such request is made within 30 days following receipt of this permit,

this permit shall be flnal and binding. Should your request be denied, you

will have the right to request an adudlcatOrY hearing-

Please take notice that this permit is not transferable" part TI, B.2.

addresses the requirements to be followed in case of change in ownership or

control of this dls.charge"

This permit does not affect the legal requirement to obtain oth.r

permits which may be required by, the Division of Environmental Management o.

ermitS required by the Division of Land Resources, Coastal Area Management

Act or any other Federal or Local governmental permit thai may be required.

concerning this permit, please contact Mr.

If you have any questions
number 9191733-5083"

Dale Overcash,

Mr. Jim Patrick,
WilmlnEOu ReEinal

at te.lephone
Sinc rely





Permit No. NC0063029

STATE OF NORTH CAROLINA
DEPARTMENT OF NATURAL RESOURCES & COMMUNITY DEVELOPMENT

DIVISION OF ENVIRONMENTAL MANAGEMENT

PERMIT

To Discharge Wastewater Under The

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of North Carolina General

Statute 143-215.1, other lawful standards and regulations promulgated
and adopted by the North Carolina Environmental Management Commission,

and the Federal Water Pollution Control Act, as amended,

US MarEne Cops

is hereby authorized to discharge wastewater from a facility locaed
at

Cam.LeJeune
Hadnot Point Sewage Treatment Plant

Onslow County

to receiving waters designated as the New River in the White Oak River

Basin

in accordance with effluent limitations, monitoring requirements, and

other conditions set forth in Parts I, II, and III hereof.

This permit shall be effective Febraas7 I, 1987

This permit and the authorization to discharge shall expire at

midnight on January 31, 1992

Signed this day of January. 30, 1987





P,mit NC0063029

SUPPLEMENT TO PERMIT COVER SHEET

US Marine Corps. Base.. Camp LeJeune

is hereby authorized to:

I. Enter into a contract for construction of a wastewater

treatment facility, and

2. Make an outlet into the New River, and

3. Continue to operate a 8.0 MGD trlckllng filter type

wastewater treatment plant consisting of an influent

grit channel and comminutors, primary clarifiers, dual

trickling filters, anaerobic sludge dlgestors, dual

secondary clarifiers, a chlorine contact chamber, sludge

drying beds, and a flow measuring device located at

Hadnot Point Sewage Treatment Plant in Onslow County

(See Part Ill, Condition No. B. of this permit), and

4. Discharge from said treatment works into the New River

which is classified Class =SC" waters in the White Oak

River Basin.





A. (1). EFFLUENT LIHITATIONS AND HONITORING REQUIREHENTS Final

the effective date of the Permttand lasting unit1 expiration,Ourtng the period beginning on

"---’---- th permitter lS authorized to d|scharge from outfall(s) sertal number(s) OOl.

Such dfscharge$ shall be 11mtod and mon|tored by the permfttee as spectf|ed below:

Efflueqt Chara,cter$ttc$ Dtsch.arge Limitations (1)

K_q/__(_ Other- Unt ts ($pect

NOn!toting Requrements

Flow (l)
BOD, 5Day, 20C
Total Suspended Residue
NH_ ash
DiSsolved Oxygen (minimum)
Fecal Coliform (geometric mean)
Residual Chlorine
Temperature
Total Nitrogen (NO2 + NO

3
+ TKN)

Total Phosphorus
Oil and Grease

5.87 MGD
30.0 mg/1
30.0 mg/1

5.0 mg/l
14.0/100 ml

30.0 mg/l

*Sample locations: E Effluent, I Influent

**Daily MaxlmumLimitatlon

asurement Sample
Frequenc Tpe

Continuous Recordlng
45.0 mg/l Daily
45.0 mg/l Daily

Daily
5.0 mg/l Daily

28.0/I00mi Daily
Daily
Dally
Monthly
Monthly

60.0 mg/l ** 2/Month

(I) These discharge effluent limitations apply only to flows of 5.87 MGD of less.

than 5.87 MGD, See Part I, A. (2) of this permit.

The pH shallflOt be less than 6.0 standard untts nor greater than .5 standard untts and

shall be monitored daily at the effluent by grab sample.

There shall be no d|scharge of float|ng $ol|ds or vtstble foam tn other than trace amounts.

I or E
Composite E
:Composite E
Composite E

Grab E
Grab E
Grab E
Grab E

Composite E
Composite E
Grab E

For flows greater





Ae EFFLUENT LIMITATIONS AND MONITORING REQUIIU34ENTS Final (with’diffuser) Winter: November 1 Hatch 31

Ourtng the pertod beg|nntngon the effective date of the Pmiand last|ng untt1 expiration,

the penntttee ts author|zed to discharge from outfall(s) sertal number(s) OOl..

Such discharges shall be 11ndted and monitored by the pennJttee as spectfted..belo:

Effluent Chact.sttcs .: Dtsch)rge Ltttat|ons.1

I
Flo
BOD, 5Day, 20C
Total Suspended Residue
NH. as N
DiSsolved Oxygen (minimuin)
Fecal Coliform (geometric mean)
Residual Chlorine
Temperature
Total Nitrogen (NO

2 + NO
3
+ TKN)

Total Phosphorus
0il and Grease

Other.IJntts (S ctfy)

8.0 HGD
22.0 mg/1
30.0 mg/1
19.0 n/1
5.0 mg/1
14.01100 ml

33.0 /1
45.0 mg/1
28.5 mg/1
5.0 mg/l
28.0/100 ml

,!

30.0 rag/1 60.0 mg/l **

Nonltorlng Rvqut rnents

Neasurmnent ,Sample Saml,--,requency Type Locatt

Con tinuous
Daily
Dally
Daily
Daily
Daily
Daily
Daily
Monthly
Monthly
2/Month

Recording I or E
Compos ite E
Composite E
Composite E

Grab E
Grab E
Grab E
Grab E

Composi te E
Composl te E
Grab E

*Sample locations: E Effluent, I Influent **Daily Maximum Limit-

hese discharge limitations apply to flow .rates greater than 5.87 MGD up to 8.0 HOD.

The pH shall"not be less than 6.0 standard untts nor greater than 8.5 standard untts and

shall be mnttored dally at the effluent by grab sample.

There shall be no discharge of floattng sollds or vtstble foam in other than trace amounts.
o





(2). FFLUEIq" LXMITATXONS AND HONITORING REUIREHENTS Y:l.nal (wttl diffuser) Summer: April 1 October 31

Duringthe pertod begtnntngon the effective date’ of the Pemitand lasttng unttl expiration,
the pemtttet ts authorized to discharge fro outfall(s) sertal n.mber(s) ool.
Such discharges shall be lttted and monitored by the permitter as spectffed below:

.... Discharge L|mt,tat.ton$ I

8.0 HGD ’
22.0 mg/l 33,0 mg/1
30.0 mg/l 45.0 mg/l
13.O mg/l 19.5 mg/
5.0 mg/1 5.0 mg/ll

14.0/lO0 ml 28.0/100 ml

60.0 mgll **30.0 mg/l

I

SOD, 5Dey, 200C..... Total -SuSpended Residue

Disoled OxTgen
FeX Colfo .(geometric meen)
sidual- lone

-Sample. iocations: E Effluent, I Influent

lnlto.flag Requirements

asurement Sa_2_a_a_a_a_a_a_a ,

_
Frefienc Lo.."
Continuous
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Honthly
Monthly
2/Month

cordtng I
Composite E
Composi te E
Composite E

Grab E
Grab E
Grab E
Grab E

Composite E
Compoite E
Grab E

or E

.**Daily Atximum Limit

I These discharge limitations apply to flow rates greater than 5.87 MGD up to 8.0 HGD.

The pH shall not be less than 6.0 standard untts nor greater than 8.5 standard untts and
shall be mntt0red daily at the effluent by grab sample

There $hall be no discharge of floattn9 solids or vtstble foam tn other than trace amounts.





State of North Carolina
Department of Natu l Resources and Community Development

Division of Environrnentd Managrnent
512 North alisbury ;tzeet Raleigh, North Carolina :27611

Martin, Govemor
SThomasRhodes, ":

Commanding General
Marine Corps Base
Office of AC/S Facilities
Camp LeJeune, NC 28542

Dear Sir

aanuary 30, 1987 .. .i .... :Wms
CERTZFZED MAZL [’cor
RETURN RECEIPT REQUESTED

Subject: Permit No. NC0063037
Rifle Range STP
Onslow County

In accordance with your application for discharge permit received on

November 9, 1984, we are forwarding herewith the subject State NPDES

permit. This permit is issued pursuant to the requirements of North Carolina

General Statute 143-215.1 and the Memsrandum of Agreement between North

Ins and the US Envlronmental Protctlon Agency dated December 6, 1983.

If any parts, measurement frequencies or sampling requirements

.contained in this permit are unacceptable to you, you may request a waiver

or modification pursuant to Regulatlon 15 NCAC 2B .0508(b) by written

request to the Director identifying the specific issues to be contended.

Unless such request is made within 30 days followlng receipt of this permit,

this permit shall be final and binding. Should your request be denied, you

will have the right to request an adJudlcator7 hearing.

Please take notice that this permit is not transferable. Part II, B.2.

addresses the requirements to be followed in case of change in ownership or

control of this discharge.

This permit des not affect the legal requirement to obtain other

permits which may be required by the Division of Environmental Management or

permits requlre by the Division of Land Resources, Coastal Area Management

Act or any other Federal or Local’ governmental permit that may be required.

If you have any questions concerning this permit, please contact Mr.

Dale Overcash, at telephone number 919/733-5083.

Mr. Jim Patrick, EPA
Wilmington Regional Supervisor

Paul Wilms





Permit No. NC0063037

STATE OF NORTH CAROLINA
DEPARTMENT OF NATURAL RESOURCES & COMMUNITY DEVELOPMENT

DIVISION OF ENVIRONMENTAL MANAGEMENT

P E R M I T

To Discharge Wastewater Under The

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of North Carolina General

Statute 143-215.1, other lawful standards and regulations promulgated.
and adopted by the North Carolina Environmental Management Commission,
and the Federal Water Pollution Control Act, as amended,

US Marine Corps Base

is hereby authorized to discharge wastewater from a facili.ty located
at

Cam-LeJeune
Rifle Range Sewage Treatment Plane

Onslow County

to receiving waters designated as the New River in the White Oak River

Basin

in accordance with effluent limitations, monitoring requirements, and

other conditions set forth in Parts I, II, and Ill hereof.

This permit shall be effective February I, 1987

This permit and the authorization to discharge shall expire at

midnight on Jnuary 31, 1992

Signed this day of January 30, 1987

Divlslon of Environmental Management
By Authority of the Environmental
Management Commission





prmit No.’NC0063037

SUPPLEMENT TO PERMIT COVER SHEET

US Marine. Corps Base
Camp LeJeune

is hereby authorized to:

Continue to operate a 0.525 MGD trlckllnE filter type

wastewater treatment plant located at Rifle Ranse SewaEe
Treatment Plant in 0nslow County (See Part Ill,
condition No. B. of this permit), and

ischarEe from said treatment works into the New River

which is classified Class "SC" waters in the White Oak

River Basin.





(1). EFFLUENT LIMITATIO AND MONITORIH6 REQUIREMENTS Final

OuHng the period beatnn|n9 on the effective dace of the Peimnd lasttn9 unt|l expiration’,

the pemtttee is authorized to dtsch.arge froepUtfa.11(s) se..rt.al nueber(s.)..Oo}:_..:
Such discharges shell be 11dted aria monitored by .ne pemlee as speclrlee uemw

uflunnt cha . .Cte stOiCs .0! scharge .L.tm| tattons Honttortn Requtrenents- Other-Units (Specify) l_asurment.. "S.Honthl-Ag Honthy ^vg, wee.ly Avg. FrequencY Locatt 1

O. 525 MGD
30.0 mg/1 45.0 rag/1
30.0 rag/1 45.0 rag/1

5.0 mgl 5.0 mg/1
14.0/100 ml 28.0/100 ml

30.0 rag/1 60.0 mg/l**

OW
BOD, 5Day, 20C
Total Suspeled Residue
lI. as N
Disolved Oxygen (minimum)-
Fecal Coliform (geometric mean)
Residua Chlorine
Temperature
Total Nitrogen (N02 +NO3

+TKN)
Total Phosphorus
O11 and Grease

Continuous
2/Month
2/Month
2/Month
Weekly
2/Month
Daily
Weekly
Quarterly
Quarterly
2/Month

Recording I
Composite E
Composite E
Composite E
Grab E
Grab E
Grab. E
Grab E

Composite E
Composite E
Grab E

or" E

*Sample locations: E Effluent, I Influent.

**Daily Maximum Limit

-:.-;- :" ;-;/ :_-..Tbe pH shall not be less than 6.0 standard units nor ,reaer than 8.5
2/Manth the effluent by grab sample’-=.:==-.---__---_ shall, be monitored at

: ..----== Theme-shall be no discharge of floattn9 soltds or vtstble foae |n other than trace amunts.

sandard units and





State of North Carolina
Department of Natural Resources and Community Development

Division of Environmental Manalnlt
12 North .alisbur Raleigh, North Carolina 27611

Commanding General
Marine Corps Base
Office of AC/S Failities
Camp LeJeune, NC 28542

Dear Sir

January 30, 1987..,.
CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Subject: Permit No’l. NC0063045
Courthouse Bay STP
Onslow County

R. Paul Wilms
Director

In accordance with your application for discharge permit received on

November 9, 1984, we are forwarding herewith the subject State NPDES

permit. This permit is issued pursuant to the requirements of North Carolina

General Statute 143-215.1 and the Memorandum of Agreement betweeu North

olina and the US Environmental Proctton Agency dated December 6, 1983.

If any parts, measurement frequencies or sampling requirements
contained in this permit are unacceptable to you, you may request a waiver

or modification pursuant to Regulation 15 NCAC 2B .0508(b) by written

request to the Director identifying the specific issues to be conteuded.
Unless such request is made within 30 days following receipt of ths permit,

this permit shall be final and binding. Should your request be denied, you

will have the right o request au adjudicatory hearing.

Please take notice that this permi is not transferable. Part II, B.2.

addresses he requirements o be followed iu case of change in owurship or

control of this discharge.

This permi des not affect the legal requiremeu to obtain olher

permits which may be required b7 the Division of Environmental Management or

permits required 5y the Division of Land Resources, Coastal Area uagemeu
Act or any other Federal or Local’governmental permi that may be xequired.

If you have auy questions concerning this permit, please coutc Mr.

Dale Overcash, at elephoue number 919/33-5083.

Mr. Jim Patrick, EPA
ilmington Regional Supervisor

yR. Paul Wilms





Permit No. NC0063045

STATE OF NORTH CAROLINA
DEPARTMENT OF NATURAL RESOURCES & COMMUNITY DEVELOPMENT

DIVISION OF ENVIRONMENTAL MANAGEMENT

PERMIT

To Discharge Wastewater Under The

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of North Carolina General
Statute 143-215.1, other lawful standards and regulations promulgated
and adopted by the North Carolina Environmental Management Commission,
and the Federal Water Pollution Control Act, as amended,

US Marine Corps Base

is hereby authorized to discharge wastewater from a facility located
at

Cam. LeJeune
Courthouse Bay Sewage Treatment Plant

Onslow County

to receiving waters designated as the New River in the White Oak River
Basin

in accordance with effluent limitations, monitoring requirements, and
other conditions set forth in Parts I, If, and III hereof.

This permit shall be effective February I, 1987

This permit and the authorization to discharge shall expire at

midnight on. January 31, 1992

Signed this day of January 30, 1987

Division of Environmental Management
By Authority of the Environmental
Management Commission





Permit No. NC0063045

SUPPLEMENT TO PERMIT COVER SHEET

Camp_LeJeune

is hereby authorized to:

Continue to operate a 0.6 MGD trickling filter type
wastewater treatment plant located at Courthouse Sewage
Treatment Plant in 0nslow County (See Part
condition No. B. of this permit), and

Discharge from said treatment works into the New River

which is classified Class "SC" waters In the White Oak

River Basin.





A. EFFLUDTr LIMITATIONS AND MONITORING REIJI Final

During the period beG|nn|ng bn the ef!ect*ve date of the t’erm*nd lasting unit1 expiration,

the perMttoe t| authorized to discharge from outfall(s) serial number(s) o01.

Such discharges $bell be 11Mtod and non|cored by the.pemtttse 8s specified below.

amr   Stics

0.600 HGD
30.0 mg/1
30.0 mg/1

I,ttortna Ilutrmnents

5.0 mg/1
14.o/1oo ml

30.0 rag/1

*Sample locations: E Effluent, I Influent

**Daily Haximum Limits

Measurement
requency

Continuous
45.0 rag/1 2/Honth..
45.0 mg/1 2/Honth

2/Honth
5.0 mg/1 Meekly

28.01100 ml 21Honth

Meekly
Quarterly
Quarterly

60.0 mg/l** 2/Honth

ecordlng
Compos
Compos1re
Composite
Crab
Crab
Crab.
Crab

Composite
Compoaite
Grab

The pH $hall not be less than 6.0 standard units nor greater than 8.5 standard units and
shall he monitored 2/Honth at the effluent by grab sample.

There shall be no discharge of floating solids or v|s|ble foes. in other than trace amounts.

Lo’lq

lorE.
E
E
E
E:
E
E
E
E
E
E





State of North Carolina
Department of Natural Resources and Community Development

Division of Environmend/lanagcent
512 North Salisbury Street Raleigh, Noru9 Carolina 27611

Commanding General
Marine Corps Base
Office of AC/S Facilities
Camp Leeune, NC 28542

anuary 30, i987
CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Subject:

Dear Sir.:

Permit No. NC0063053
Onslow Beach STP
Onslow County

In accordance with your application for discharge permit received on
November 9, 1984, we are forwarding herewith the subject State NPDES
permit. This permit is issued pursuant to the requirements of North Carolina
General Statute 143-215.1 and the Memorandum of Agreement between North

rolina and the US Environmental Proection Agency dated December 6, 1983.

If any parts, measurement frequencies or sampling requirements
contained in this permit are unacceptable to you, you may request a waiver

or modification pursuant to Regulation 15 NCAC 2B .0508(b) by written

request to the Director identifying the specific issues to be contended.
Unless such.request is made within 30 days following receipt of this permit,
this permit shall be final and binding. Should your request be denied, you
will have the right to request an adjudicatory hearing.

Please take notice that this permit is not transferable. Part I, B.2.
addresses the requirements to be followed in case of change i’ ownership or

control of this discharge.

This permit does not affect the legal requirement to obtlln other
permits which may be required by the Division of Envlronmental Manpgement or

permits required by the Division of Land Resources, Coastal A::ea Management
Act or any other Federal or Loca1’governmental permit that ma, be required.

If you have any questions concerning this permit, please contact Mr.
Dale 0vercash, at telephone number 919/733-5083.

Mr. Jim Patrick, EPA
Wilmington Regional Supervisor

Box r/’,

,:..?, -. ,.-..’-





Permit No. NC0063053

STATE OF NOETH CAEOLINA
DEPAETMENT OF NATUEAL KESOURCES & COMMUNITY DEVELOPMENT

DIVISION OF ENVIRONMENTAL MANAGEMENT

P EEM I T

To Discharge Wastewater Under The

NATIONAL" POLLUTANT" DIscHARGE ELIMINATION SYSTEM

In compliance with the provisions of North Carolina General

Statute 143-215.1, other lawful standards and regulations promulgated.
and adopted by the North Carolina Environmental Management Commission,

and the Federal Water Pollution Control Act, as amended,

USMkr’ine"Corps Base

is hereby authorized to discharge wastewater from a facility located

at

Cam LeJeune
Onslow Beach Sewa8e Treatment Plant

0nslow County

to receiving waters designated as the Intracoastal Waterway in the

White Oak River Basin

in accordance with effluent limitations, monitoring requirements, and

other conditions set forth in Parts I, II, and III hereof.

This permit shall be effective February I, 1987

This permit and the autborizatlon to discharge shall expire at

midnight on January 31, 1992

Signed this day of January 30, 1987





--. Permit No. NC0063053

SUPPLEMENT TO PERMIT COVER SHEET

US Marine Corps Base
Camp LeJeune

is hereby authorized to:

Continue to operate a 0.195 MGD trickling filter type

wastewater treatment plant located at Onslow Beach

Sewage Treatment Plant in Onslow County (See Part Ill,

condition No. B. of this permit), and

." Dischargefrom said treatment works into Intracoastal
Waterway which is classified Class "SA" waters In the

White Oak Eiver Basin.





A. (1). EITLUBIT LIIflTATI01 AND H0fllTORIIII RBIRDENTS Final

Our4ng the po0d be0|nntng n the effective date of the Permind ltst_|g until eira*on,
t 11 auzed dlscae_f.tfal(s) setl nr(0:.
S diseases shall 11M ana mnt by e pet u sly J.

[fflueqt Chae$ic$ Dtarge Ltettattons

Ho e

Ylov
BOD, 5Day, 20C
Total Suspended Residue
l.uN
Disolved Oxygen (minimn)
Fecal Coltfom (geometric man)
Residual Chlorine
Temperature
Total Nitrogen (NO2 + NO

3
/ TKN)

Total Phosphorus
Oil and Crease

0.195 MGD
30.0 mg/l
30.0 mg/l

5.0 mg/l
14.0/I00 ml

45.0 mg/l
45.0 mg/l

5.0 mg/l
28.0/100 ml

60.0 mg/l **30.0 mg/l

_llmltorlna Itequtremnts.

asurement i. ,Sample ample_
FrequencY Type Latnn_
Continuous
2/onth
2/onth
2/Month
Weekly..
2/Month
Daily
Weekly:,
Quarterly
Quarterly
2/Honth

Recording I .or E-
Composite E
Compo8Ire E
Compo8 te E
Crab E
Crab E:
Crab. E
Crab E

Composite E
Composite g
Grab E

Sample locations: E Effluent,

*Daily Maximum Ltit

I Influent.

The pH shall not be less than .o standard untts nor greater han 8. sandgrd untts and
shall be monitored 2/Honth at the effluent by grab sample.

There $ha11 be no dsharge of floating so|4ds or v|slble loan. in other thsn .trace mounts.





Pert III Contnue
’ermit No. NC0063053

F. Toxicity Reopener

This permit shall be modified, or revoked and reissued to

incorporate toxicity limitations and mo’nitorin8 requirements in the
event toxicity testing or other studies conducted on the effluent
or receiving stream indicate that detrimental effects may be
expected in the receiving stream as a result of this discharge.

The issuanceof the permit does not relieve the US Marine Corps
Base from complying vith the requirements of Title 15, North
Carolina Adminstrative Code, Subchapter 2H .0400. TheUSMarine
Corps Base shall continue to evaluatealtrnatives to discharging
to Class nSA" waters and shall submit an acceptable plan that
complies vith the subject regulations by July 31, 1987.
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INTRODUCTION

This study will analyze various options that have been proposed by

the Government to eliminate the application of effluent from the Onslow

Beach Sewage Treatment Plan to the Intracoastal Waterway by direct outfall.

The various options will be discussed, each option will be analyzed to

ascertain its present worth and a recommendation will be maae.





OPTION DISCUSSIONS

Option #i Pump Treated Sewage to Courthouse Bay Outfall

This option would continue to utilize the Onslow Beach STP and

pump the treated effluent to Courthouse Bay where it would be aded to the

Courthouse Bay STP effluent and would outfall into the New River.

A 350 GPM duplex pump station would be installed at the beach.

The effluent would be pumped under the Intracoastal Waterway into an eight

inch PVC force main along existing road right-of-ways to Courthouse Bay.

The force main would be approximately seven miles long.

This conveyance system would easi’y handle the maximum design

output of the Onslow STP. The projected maximum population of Onslow Beach

matches this plant design size.

It is foreseeable that the trend in regulations could possibly

create a problem at Courthouse Bay over discharging into the river at this

point. If such a condition did develop, the Onslow Beach effluent would

require conveyance to another site (probably Hadnot Point STP) for

disposal. This effluent could be handled with the Courthouse Bay effluent

although it would require unnecessary double pumping.

From an operational standpoint, this option would require only the

additional maintenance of a pump station. No additional procedures,

testing or record keeping would be necessary. This small added

maintenance burden could probably be absorbed by existing prsonnel

without too much upheaval.

The discharge permit for Courthouse Bay might require modification





for the additional effluent. This should pose no problem and should be

allowable.

The proposed route of the sewer main follows existing highway

right-of-ways. This should minimize any line construction problems.

tion #2 Pum2 Treated Sewage to Hadnot Point

As in Option #1, this plan would continue to utilize the present

Onslow Beach STP to treat present and future projected flows. A 350 GPM

duplex pump station would be installed at Onslow Beach to convey effluent

via an eight’inch PVC force main under the Intracoastal Waterway and along

major road right-of-ways to the Hadnot Point STP. This flow would be

consolidated with the Hadnot Point treated effluent and ischarged into the

present river outfall.

The location of the Hadnot Point outfail, being much further inland

than the Courthouse Bay outfall, would cause less environmental impact on

the shellfish waters nearer the river inlet. This would appear to be a

better long term solution than Option #1. In the event that all base

sewage treatment was consolidated at a point further inland at a future

date, the Onslow Beach untreated effluent could be pumped in the same

conveyance system and rerouted into the head of the Hadnot Polnt STP for

treatment.

It is foreseeable that tertiary treatment might become a

requirement for river discharge at a future date. Should this requirement

be implemented, the tertiary treatment of the consolidated Hadnot Point and

Onslow Beach flows could be handled at the same location.





The maintenance and operational considerations would be the same

as for Option #1.

Also, as in Option #1, the Hadnot Point discharge permit might

require modification for the auantity allowed. The proposea route Qf the

sewer main is along existing highways and should minimize any problems

associated with line construction.

Option #3 Pum Untreated Sewage to the Hadnot Point STP

It is desirable to consolidate untreated effluents into large

scale treatment facilities to reduce the manpower required to operate and

maintain separate smaller facilities.

The Hadnot Point STP has a design capacity of 8,000,000 GPD and is

presently treating between five and six million GPD. The projected

maximum flow from Onslow Beach which is presently limited by the size of

the Onslow Beach STP is 192,000 GPD. This flow could be easily absorbed by

the Hadnot Point STP.

In the event that development of Onslow Beach would require larger

sewage treatment facilities, the Hadnot Point STP could handle any

foreseeable flow. The more likely scenario is a short term reduction of

the Onslow Beach effluent flow due to relocation of the reconnaissance

personnel to Courthouse Bay. The continued operation of the Onslow

Beach STP will require similar manpower expenditure even if flows fall

to a fraction of the present flow.

This option solves the problems created by uncertainty in

projected flows. The pump station installed would handle any foreseeable





flows. The force main could handle even greater flows by installing larger

pumps. The station and force main would be identical to that needed in

Option #2.

Manpower requirements would be reduced by the elimination of te

Onslow Beach STP but would be somewhat offset by pump station maintenance.

No additional manpower problems should result at Hadnot Point from this

increased effluent.

The proposed route of the force main is the same as for Option #2.

Option #4 Land Application of Effluent by Irri9ation

Land application of the effluent from the Onslow Beach STP by

means of irrigation is a problematic though viable alternative. This would

be accomplished by building a pump station at the Onslow Beach STP to pump

the effluent via a force main to the irrigation site.

At the site the effluent would be stored in a lagoon sized to hold

a thirty day output of the STP. Another pump station would be installed to

supply the stored wastewater to the irrigation system. Wastewater would be

applied through a system of valves to one of several application areas

using permanently installed PVC piping and rotary head sprinklers.

Flowmeters would be needed to monitor amounts of wastewater applied.

Records substantiating application rates, times ano areas ot appllcation

would be maintained.

To avoid build-up of constituents filtered by the Soil, a crop

management program would be necessary A regular program of harvesting the

crop would extract the applied substances from the soil. Biannual testing





of the soil would monitor the levels of critical constituents and the

effectiveness of the crop program. It would be necessary to apply other

nutrients to promote growth of the crops and take up of undesirable soil

constituents.

Based on the application rate of one inch of effluent per unit

area per week, a buffer zone of 200 feet around the perimeter of the spray

area and a holding lagoon site it would require an estimated seventy acres

of dedicated land. Factors which must be taken into account in chosing

suitable ]an include permeability factors, type of soil and depth to water

table, the ability of the soil to trap contaminants and the ability of the

soil to support a crop capable of removing the contaminants from the soil.

Those requirements severely limit the choice of a suitable site. Appendix

A shows several possible sites.

Any site would require testing to confirm the suitability for this

use, however, these preliminary choices have been screened to increase

their probability of acceptance. Any site chosen would be hereafter

precluded from military use.

Even if seventy acres of suitable land could be found on the

island with the STP, it would likely be an undesirable location. The

necessary lagoon an spray areas wouI create a barrier that military

personnel or equipment could not cross. It would not be practical to

spray this effluent adjacent to a recreational area. The mst

desirable soils on the island are deposited dredge spills. Irrigation

fields might interfere with future dredging operations and could
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present problems with the Corps of Engineers.

For these reasons, our proposed irrigation sites are on the

mainland. Either choice would necessitate the crossing of the Intracoastal

Waterway by the force main from the new STP pump station with its aaed

cost.

Maintenance and management of the irrigation system, pump stations

and application program would require additional labor although it should

not require a full time operator. The load application program would

require a lcensed operator to oversee the appl.ication and maintain

records. Further coordination of harvesting contractors and environmental

testing would be needed.

Environmental concerns for such a system are varied and include

soil contamination, groundwater contamination and surface run-off to

surface water systems. As mentioned previously, a biannual soil testing

program would be required to monitor the levels of applied wastewater

constituents in the soil. This list of constituents is fairly lengthy

and analytical costs should be considered as operating expense.

Similarly, groundwater testing should be considered. Monitoring wells

would be necessary to guard against lagoon leakage as well as

infiltration of groundwater by Undesirable irrigation water

constituents. An estimated three monitoring wells would be needed for

groundwater flow determination and for periodic sampling. Biannual

sampling with necessary analytical work should be sufficient unless

problems would arise.





The possibility of surface runoff into surface water systems must

be addressed in site selection and system design. Ditches or berms might

be necessary to prevent runoff if required by the chosen site.

Accessibility to the chosen application site shou be of some

concern. This factor has been taken into account in proposed site

selection, however, the situation is less than ideal. It would likely be

necessary to run the force main along some unpaved roads or trails to reach

the application site.

In he event that this option should be chosen, it would be

necessary to obtain a land application permit from the State and maintain

it.

O_IDtion 5 Subsurface Injection of Effluent

Subsurface injection is a land application alternative that would

require much less dedicated land than needed for spray irrigation. In such

a system the treated wastewater is pumped into absorption fields similar to

septic system nitrification fields under low pressure. Perforated pipe

evenly distributes the water into gravel troughs where it is percolated

into the surrounding soil. A typical loading rate is one gallon of

wastewater/sq, ft./day. In this case with buffer zones, approximately

eight acres would be required. No vehicular traffic would be allowe on

the site and human traffic would be discouraged. It would be advisable to

dedicate such a site to this purpose.

One drawback of this system is the necessity of additional

treatment of the wastewater prior to application. The addition of tertiary





treatment facilities at the Onslow Beach STP would be necessary. This

would be a cost factor as well as an additional maintenance burden.

After treatment, the effluent would be collected at a pump station

and pumped via a force main to a holding lagoon at the application site.

The lagoon would be sized for a two to four week effluent supply.

Application would be accomplished using a low pressure, high flow pump.

The flow would likely be pumped to one of two or more equally sized

distribution networks. Pumping to each network would be regulated to

achieve the roper hydraulic loading rate. Records would be kept to

substantiate application rates.

As with spray irrigation, several factors must be considered in

selecting a site. The primary concerns are permeability, type of soil and

depth to the water table. The requirement for depth to the water table

makes any site on the island marginal if not impossible. The alternative

is to cross the Intracoastal Waterway with a force main to the mainland.

Possible sites for the location of the application area are shown

in Appendix B. These areas have been prescreened for soil type and

water table depth although soil testing would be required to verify a

site for this use. Obviously, it would be desirable to locate the site

as near the present STP as possible.

Should this option be chosen, maintenance requirements would

increase due to added treatment at the Onslow Beach STP, the addition of a

lagoon and two pump stations and the management of the distribution

system. Tertiary treatment at Onslow Beach would require a full time, one
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shift operator to be stationed at the plant. This solution would,

however, handle projected population growth for a few years if not

indefinitely. Before upgrading the Onslow STP, thought should be given to

the condition and life expectancy of the plant and equipment.

The chosen site might present some problems of access for the

force main. These should be considered in light of special Knowledge of

the areas in question.

The ]and application of the effluent would require a permit

by the State’. The conditions of the permit would be continually in

force throughout the project life.

O_gtion #6 Ocean Outfall

There is presently no ocean outfall in North Carolina. The N.C.

Department of Environmental Management warns that the first such outfall

permit application will undergo abnormally intense scrutiny. It is our

feeling that it would also be subject to monitoring by the State that

might be burdensome. One criteria for such an outfall would be that

effluent would not be allowed to be carried to the shore by waves or

currents. Ocean currents are not presently quantifed. We feel that

ocean current data would be necessary in order to be granteo a perm.

Estimated cost of a study to gather the needed information would run in

excess of $100,000.00. Studies that have been made on sediment migration

indicate that material on the ocean floor moves inland from’far out into

the ocean. The assumption is that water-borne or settled matter from an

outfall would also migrate shoreward. This phenomenon occurs outward from

10





Onslow Beach for many miles indicating that an outfall line would need to

be many miles long making it economically unfeasible. In addition to these

concerns, we must consider potential negative impact on marine life. New

studies are being conducted to determine the effects of certain previously

ignored constituents of treated sewage on marine life. Even if a permit

could be obtained using the present criteria, the trend of ever tightening

effluent requirements might result in future prohibition of ocean

discharge.

Finally, the outfal would require that the present treatment

plant remain in operation. In light of possible reduced flows, it might be

wiser to phase out the plant for maintenance and operating cost reasons.

11





CROSSING OF THE INTRACOASTAL WATERWAY

Authority for the approval of the construction of utility lines

under the Intracoastal Waterway is vested in the Corps of Engineers.

It is possible to approve construction under a general permit by

following the guidelines set forth in the permit. These guidelines cover

such aspects of construction as depth of burial and the handling of spoil

material created by dredging. Also addressed is the environmental impact

of the construction on marine life as well as public water supplies.

Shoul conflict arise between desired methods of construction and

the permit conditions, a special permit would be required from the Corps of

Engineers.

In any event, design should take into account the ramifications of

obtaining a permit from the Corps.

In order to reduce the vulnerability to pipe failure of any

treatment scheme utilizing a waterway crossing, it would be desireable to

install two parallel lines with isolation valves. In the event of failure

of one line, the other could be utilized.

The actual pipe installed would likely be ductile iron river

crossing pipe or plastic pipe. The estimated cost of installing these

pipelines is $150,000.00,
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CONSTRUCTION, OPERATION AND MAINTENANCE COSTS

Option #I Pump Treated Sewage to Courthouse Bay Outfall

A. Construction

1. Duplex Pump Station

2. Intracoastal Waterway Crossing

3. Force Main Class 160 B" PVC
36,960 LF @ $7.50/LF

4. Tie in at Courthouse Bay

5. Creek Crossing
2 EA @ $5,000.O0/EA

6. Asphalt Replacement
150 SY @ $15.00/SY

7. Steel Casing by Boring
120 LF @ $55.00/LF

8. Reseeding (Included in Pipe Price)

Sub-Total

Adjustment for payroll taxes, insurance,
bond, sales tax, overhead and profit @ 50%

Sub-Total

Minus ?% location factor

TOTAL EST. CONSTRUCTION COST

B. Operation

Assume 85% motor efficiency

19.87 pump H_2.P
.85 x 9.6 Hr./Day x 365 Day/Yr

x 20 Years x 1.34 Kw/HP x $.04?/KwHR =

$ 40,000

150,000

277,200

5,000

10,000

2,250

6,600

$491,050

245,525

$736,575

$6B5,015

$103,424
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C. Maintenance

2 Manhours/Week x $15.50/Manhour x 52 Week/Year x

20 Years =

Repaint lift station equipment every 5 years @

40 manhours x 4 occurrences x $15.50/Manhour =

Option #2 Pum Treated Sewage to HaOnot Point

A. Construction

1. Duplex Pump Station

2. Intracoastal Waterway Crossing

3. Force Main Class 160 8" PVC
48,04B LF @ $?.50/LF

4. Tie in at Courthouse Bay

5. Creek Crossing
4 EA @ $5,000.O0/EA

6. Asphalt Replacement
56 SY @ $15.00/SY

?. Steel Casing by Boring
120 LF @ $55.00/LF

8. Reseeding (Included in Pipe Price)

Sub-Total

Adjustment for payroll taxes, insurance,
bond, sales tax, overhead and profit @ 50%

Sub-Total

Minus ?% location factor

TOTAL EST. CONSTRUCTION COST

$ 32,240

$ 2,320

$ 40,000

150,000

360,360

5,000

20,000

840

6,600

$582,800

291400

$B74,200

-61194

$B13,006

14





B. Operation

Assume 85% motor efficiency

23.7 pump HP
.85 x 9.6 Hr./Day x 365 Day/Yr

x 20 Years x 1.34 Kw/HP x $.047/KwHR

C. Maintenance

2 Manhours/Week x $15.50/Manhour x 52 Week/Year x

20 Years

Repaint lift station equipment every 5 years @

40 manhours x 4 occurrences x $15.50/Manhou =

Option #3

A. Construction Costs Same as Option #2

B. Operation Costs Same as Option #2

Reduced Manpower caused by Plant Shutdown

2 Manhours/Day x 365 Day/Year x 20 Years x

$15.50/Manhour =

C. Maintenance Cost Same as Option #2

Option #4 Land Application of Effluent by Irrigation

A. Construction Costs

i. Sprinklers
120 EA @ $30.O0/EA

2. Set Sprinklers and Post (Post Included)
120 EA @ $35.00/EA

3. Piping

12" PVC Force Main
4200 LF @ $13.50/LF

15

$123,187

$ 32,240

$ 2,320

$813,006

123,187

-226,300

34,560

3,600

4,200

56,700





4. Fittings

5" PVC Force Main
12000 LF @ $4.00/LF

12x5 Cross 20 EA @ 4?5 Lb.
12x12 Cross 1EA @ 615 Lb.
12x12 Tee i EA @ 450 Lb.

10,565 Lbs. @ $I.50/LB

5. 12" Gate Valve w/Extensions

4 EA @ $900.O0/EA

6. Duplex Pump Station at Onslow Beach

?. Duplex Pump Station at Spray Site

8. Lagoon

9. PVC Force Main to Spray Site

6" PVC Class 160 BOO0 Ft. @ $4.60/FT

10. Strainers or Filters

11. Intracoastal Waterway Crossing

12. Seeding or Planting

67 AC x $500.00/AC

13. Flow Measurement Recorder

14. Monitor Wells

15. Site Testing

16. Clearing (Depending on site choice)

Sub-Total

Adjustment for payroll tax, insurance,
bond, sales tax, overhead and profit @ 50%

Sub-Total

16

48,000

15,858

3,600

40,000

45,000

97,000

36,800

2,000

150,000

33,500

7,000

10,000

1,000

?0000
$624,248

312124
936,3?2





Minus 7% Location Factor

TOTAL EST. CONSTRUCTION COST

B. Operation

Pump Station at Onslow Beach

Assume BO% motor efficiency

11.8 pump HP
.80 = 14.75 HP x 9.6 Hr./Day x

365 Day/Yr x 20 Years x 1.34 Kw/HP x $.04?/KwHR =

Pump Station at Spray Area

Assume 85% motor efficiency

33.25 pump H_P
.85 = 39.1HP x 19 Hr./Week x

52 Week/Yr x 20 Years x 1.34 Kw/HP x $.04?/KwHR =

Personnel to Operate

Additional 20 Manhours/Week x 52 Week/Hear x 20 Years

x $15.50/Manhour =

Annual Groundwater and Soil Testing
$3000 x 20 Years

C. Maintenance

Two Pump Stations @

4 Manhours/Week x $15.50/Manhour x 52 Week/Year x

20 Years =

Repaint lift station equipment every 5 years @

80 manhours x 4 occurrences x $15.50/Manhour =

Additional Cost Considerations:

$870,826

$ 65,101

48,659

322,400

60,000

$ 64,480

$ 4,960
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I. It might be necessary to build a structure for an operator or expand

the pump station for this purpose.

2. Power must be run to the site.

3. The land value must be taken into account.

4. The land must be fertilized depending on crop required.

5. The harvesting of the cover crop must be managed.

6. Uncertainty of suitability of desired site for irrigation and cost of

conveyance to site will affect overall cost.

#5 Subsurface Injection of Effluent

A. Construction Costs

1. Tertiary Treatment Plant Expansion

2. Duplex Pump Station at Onslow Beach

3. 6" Force Main to Lagoon (Worst Case)
3900 LF @ $4.60/LF

4. Duplex Station at Injection Site

5. Injection Piping 12" PVC
191B LF @ $12.90/LF

6. 1-1/2" PVC Perforated Pipe for Laterals
40,000 LF @ $I.50/LF

?. Lateral Fittings
360 EA @ $15.00/EA

8. Trench Excavation
40,000 LF @ $1.00/LF

9. Strainers

10. Backfill with Gravel
3120 TN @ $15.00/TN

11. Fittings 12" Ells
4 EA @ 295 Lb.

$200,000

40,000

17,940

40,000

24,742

60,000

5,400

40,000

2,000

46,800
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12.

13.

14.

15.

11B0 Lb. x $I.50/LB

Valves 12"
4 EA @ $900.O0/EA

Lagoon

Soil Sampling for Site Determination

Clearing & Grubbing (if necessary)

Sub-Total

Adjustment for payroll taxes, insurance,
bond, sales tax, overhead and profit @ 50%

Sub-Total

Minus 7% Location Factor

Total Estimated Construction Costs

With Adjusted Cost of Waterway Crossing

New Total Estimated Const. Cost

Operation

1. Cost of Tertiary Treatment

Additional 20 Manhours/Week x 52 Week/Year x

20 Years x $15.50 =

Estimated Power Cost
$500.O0/HR x 20 YRS =

Pumping Costs

a.

1,770

3,600

75,000

2,000

647,652

323,826

971,478

- s,oo3

903,475

209,25q

$1,112,725

$322,400

I0,000

Onslow Beach Pump Station Assume 80% Motor Efficiency

pump
.80 x 9.6 Hr./Day x 365 Day/Yr

x 20 Years x 1.34 Kw/HP x $.047/KwHR = 39,171
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bo

.80 x .33 HR/DAY x 365 DAY/YR

x 20 YRS x 1.34 KW/HP x $.04? =

Operation of Injection System

1Manhour/Day x 365 Day/Year x 20 Years x

$15.50/Manhour =

Maintenance

Two Pump Stations @

4 Manhours/Week x $15.50/Manhour x 52 Week/Year x

Injection Pump Station Assume BO% Motor Efficiency

20 Years

Repaint lift station equipment every 5 years @

80 manhours x 4 occurrences x $15.50/Manhour

Additional Cost Considerations:

I.

765

113,150

$ 64,480

$ 4,960

Loss of use of 8 acres of land.

2. Uncertainty of suitability of desired sites for injection and cost of

conveyance to site.

3. Power must be run to injection site.

Option #6 Ocean Outfall

This option has previously been determined to be undesirable based on a

preliminary study supplied by this office.
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PRESENT WORTH OF EACH OPTION

Assume an interest rate of 9%, a 20 year life span of all equipment and a

salvage value of $0 at the end of 20 years. Operation and Maintenance

costs shown are annual costs.

O_tion #1 Pum treated Effluent to Courthouse Bay

A. Capital Outlay

B. Annual Operation Cost

C. Annual Maintenance Cost

$615,265

5,171

1,728

Uniform series present worth multiplier (P/A) = 9.2

Present Worth = $685,015 + 6,899 (9.2) $748,486

Option #2 Pum2 Treated Effluent to Hadnot Point

A. Capital Outlay

B. Annual Operation Cost

C. Annual Maintenance Cost

P/A = 9.2

Present Worth = $813,006 + 7,887 (9.2)

$813,006

6,159

1,728

$885,566

O__ption #3 Pump Untreated Effluent to Hadnot Point

A. Capital Outlay $813,006

B. Operation Cost

Utility Cost Manpower Saved (per year)

6,159 11,315 5,156
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C. Maintenance Cost

Present Worth $B13,006 + [-3,428 (9.2)] =

1,728

$781,468

#--4 Land Application of Effluent by Irriation

A. Capital Outlay $B?0,826

B. Operation Cost 24,808

C. Maintenance Cost 3,472

Present Worth $870,826 + 28,280 (9.2) = $1,131,002

Option #5 Subsurface Injection of Effluent

A. Capital Outlay

B. Operation Cost

C. Maintenance Cost

Present Worth $903,475 + 27,746 (9.2) =

If crossing Intracoastal Waterway is necessary:

Add $209,250

Present Worth

$903,475

24,274

3,472

$1,158,738

$1,367,988
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CONCLUSION AND RECOMMENDATIONS

Although cost estimates are difficult in cases such as Options #4

and #5 due to uncertainty of design, it seems quite clear that these

options not only pose problems of land use and operation but are very

expensive as well. Such options can not be recommended. Our initiml

inclination was to avoid these land application options as overly

burdensome and counterproductive to the best use of military training

lands even before financial analysis was done. Either option would

create unusual operational and maintenance problems, possibly

requiring additional personnel. In the case of subsurface

application, the upgrading of the present Onslow Beach STP would

require similar adjustments. The uncertainty of future effluent

flows from Onslow Beach makes any expansion sized to a particular

flow economically risky.

Option #1 is the least expensive of the options. One potential

problem lies in the expected growth of the population of Courthouse Bay.

The projected figures indicate that by 1991, the effluent into the

Courthouse Bay STP from that area alone may exceed the plant capacity.

The addition of treate effluent from Onslow Beach to the Courthouse Bay

Outfall may not compounO the problem, but the trend of protecting nlet

waters may tighten restrictions on such outfalls. If the State refused to

grant an increased outfall flow, this Onslow Beach flow could cause

problems. When, as projected, Courthouse Bay outgrows its treatment plant,

the logical solution would be to transfer the untreated effluent to the
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large Hadnot Point STP. At this time, it would be necessary to maintain

the Courthouse Bay outfall just for the flow from Onslow Bay. If it became

impossible due to tightening restrictions to use the Courthouse Bay

outfall, the Government would be required to pump the Onslow Beach flow to

Hadnot Point aso. At such time it would be logical to abandon the

Onslow Beach STP and pump the effluent untreated to Courthouse Bay. Here

it would be consolidated with the Courthouse Bay inflow and pumped to

Hadnot Point for treatment.

Another undesirable aspect of this option is the continued

operation of the small, inefficient, Onslow Beach STP to service the

uncertain quantity of Onslow Beach effluent.

As the size of the Onslow Beach flow would be easily handled by

the Hadnot Point STP, it seems unwise to choose Option #2 which costs more

than Option #1 or #3 and requires the continued operation of the Onslow

Beach STP. We do not recommend this option.

While costing more, our recommendation is Option #3, the pumping

of untreated effluent from Onslow Beach to be treated at the Hadnot point

STP. This plan eliminates the small Onslow Beach STP and helps consolidate

the base flow. We feel that consolidation into large plants is more

efficient from an operational and a maintenance standpoint. As mentioned

earlier, Hadnot Point can easily handle this flow. In fact, this plant

could handle the projected flows from Onslow Beach and Courthouse Bay.

When and if an expansion becomes needed, this one large plant could be more

cost effectively expanded.
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Although not included in the economic analysis, additional savings

would be realized by the more efficient treating of the effluent at the

|arger Hadnot Point STP.
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I. INTRODUCTION

The purpose of this study is to analyze the sewage treatment situation at Camp Johnson
with respect to capacity, adequacy of treatment, treatment problems and future treatment
requirements.

The present plant is around fifty years old. At the head of the plant is an influent flow
measurement unit with grit chamber. The primary treatment utilizes Imhoff tanks followed
by a trickling filter and secondary clarifier before being c:lorinated by a manual system and
discharged into Northeast Creek near the confluence ,"-. Northeast Creek and the New
River.

The Imhoff tank serves as both a primary clarifier and a digestor. It was the first
technology developed after the septic tank and does an inefficient job of digestion. The
plant presently has no other means of sludge digestion.

Secondary treatment is accomplished by a trickling filter and secondary clarifier. A
trickling filter is not actually a filter but a means of bringing the wastewater into contact
with organisms which grow on the surfaces of the filter rocks. The treatment is provided
by this contact. Excess grease which is being experienced in the wastewater tends to coat
this biological growth and inhibits oxidation of the wastewater. The wastewater passes
from the trickling filter to the secondary clarifier and decanted water from the clarifier
goes into the effluent flow measurement chamber and into the chlorine contact chamber
for disinfection. The settled matter from the clarifier is recycled to the Imhoff tanks where
inefficient digestion takes place. Normal plant operation includes recirculation of some
wastewater from the secondary clarifier to the head of the plant to optimize treatment.

In spite of the age of the plant and a large variance of the BOD and grease content
of the raw sewage, the plant performs within the specified effluent limits of 30 mg/l of
BOD and suspended solids. The plant is currently permitted for one million gallons per
day. A limitation has been placed on oil and grease of 60 rag/liter per day with a monthly
average of 30 mgtliter.

The plant has been physically well maintained and is presently undergoing installation
of new sand sludge drying beds.





II. TREATMENT PROBLEMS

A. Infiltration

Many gravity sewers comprising the collection system for the plant are old and
allow substantial infiltration from rainfall. One operator indicated that an increase of
influent flow of 50% was not uncommon following rain. This problem is being addressed
where particularly bad lines can be identified. The collection line from Knox Trailer Park
is being replaced for this reason. There are, however, no F".,..s to replace other lines at
present.

B. Grease and BOD

Another serious problem is an unusually large amount of grease in the wastewater.
This grease is fouling equipment and causing high BOD levels in the wastewater. It is
attn’buted to the cooking facRities at Camp Johnson. The mess hall currently feeds
approximately 1,200 people per meal. Food waste is processed through two shredders.
One handles scrapings from trays while the other handles the consolidated wastes from
the kitchen. Both machines pulverize the scraps separating the solids from the liquid
portions. Naturally, the liquid contains oil and grease. Both machines discharge into the
sewer system.

A grease trap is employed to remove the grease. The configuration of sewer lines is
not known, therefore we cannot be certain what portion of kitchen waste passes through
the trap. Even if both machines empty into the trap, sinks and floor drains may not. In
addition to regular mess hall waste, waste generated at the nearby cooking school is also
processed through the larger machine.

It has been theorized that the high BOD levels are caused by the large amounts of
grease in the wastewatcr. Historical data seems to indicate that the increased BODlevels
coincide roughly with the installation of the garbage grinders at the mess hall and have
increased since then. All garbage was previously removed from the Base. Other BOD
peaks coincide with the start of the fiscal year when new menu plans arc implemented
and richer foods are often served (see Graph Appendix No. 1). No other theories as to
the source of the higher BOD presently exist. It is our understanding that a similar trend
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to higher BOD levels has been noted all over the Base.
simultaneously installed in many, if not all, mess halls.

Garbage grinders were

While better attention to plant functions such as recixculation rate by operators might
somewhat improve the treatment capabilities of the plant, a better course of action would
be to eliminate the BOD at the source ff feasible. Perhaps even a return to the old policy
of garbage removal should be considered if other methods fail.

The relationship of influent and effluent BOD of the plant seems quite erratic. Effluent
BOD remains relatively steady even though lar?..,= swings in the influent BOD are occurring.
Effluent BOD levels increase in the colder months. Records do not show influent and
effluent BOD on a daily basis and therefore do not provide enough information to evaluate
the relationship between the two. Chlorine, in addition to disinfection, is being used to
reduce BOD. This fact was reinforced recently when experiments were conducted to
reduce residual chlorine. The effluent BOD increased greatly prompting a return to the
policy of overchlorination.

In a plant such as Camp Johnson, the trickling filter is sized to accommodate a certain
amount of BOD and hydraulic loading. Typically a high rate trickling filter can
accommodate a BOD loading of 25-45 lbs. per 1,000 cubic feet of filter media per day
and a hydraulic loading rate of .16 to .48 gallons per square foot of surface area per
minute. Plants are designed based on design flows and some estimation of influent BOD.
(Normal domestic wastewater might be expected to have an influcnt BOD of 200 mg/l.)
The influent BOD at this plant has averaged as high as 650 mg/l for a month (April 1988)
with the previous month average being approximately 275 rag/1. With such variance, it is
easy to understand the difficulty of trying to optimize performance of the plant.

While there is presently no method of controlling the influent BOD, there is a manual
means of exercising some control over the hydraulic loading of the trickling filter. This
is supposedly controlled by optimizing the number of pumps used to feed the trickling
filter. According to Base Maintenance personnel, this would avoid overloading the filters.
Even this rough control is not being maintained due to the unfamiliarity of some operators
with the idiosyncrasies of the plant.
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C. Toxicity

The problem of toxicity of Camp Johnson’s treated effluent to marine life has
recently come to the attention of State regulatory agencies and the base has been required
to submit remediation plans. This problem is common to all base treatment plant
effluents.

Toxicity is defined by actual tests of the effects of the effluent on marine life. If non-
toxic, a solution of 90% effluent and 10% water would -ause no acute mortality of fathead
mirmows or other specified life forms. Tests ru .". effluent from Hadnot Point have
shown the effluent to be toxic. Chlorine residual from disinfection is known to be causing
this toxicity. A random sampling showed the chlorine residual at Camp Johnson to be
much higher than that of Hadnot Point inferring even higher toxicity at this location. The
effluent currently contains as much as 5.0 rag/liter of chlorine. This is an obviously toxic
amount. Modifications must be made to reduce this number to approximately .2 rag/liter.
The broader question is whether or not this will reduce the toxicity to acceptable levels.
It is prudent to test the unchlorinated effluent to determine whether or not any other
harmful constituent is present. This was done and the results indicate that the
pre-chlorinated effluent is non-toxic.

As chlorine is causing the toxic effect, treatment will require automatic control of
chlorine addition, possle dechlorination and continuous measurement of chlorine residual,
or the implementation of a different disinfection scheme.

At the time of this writing, a timetable for detoxifying the effluent had not been set,
but it seems likely that the State will attempt to require progress to be made before the
current discharge permits come up for renewal in 1992.

D. Hydraulic Capacity

The primary factor in planning for the future of Camp Johnson’s wastewater needs
is the projected population and the resulting change in flows. Present flows are quite
erratic due to fluctuations in school populations and infiltration from rains. Since August
of 1986 the average monthly flows hava varied from .335 to .710 MGD. The average daily
flow has been .519 MGD with daily flows ranging from a low flow of .252 MGD to a high
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of 1.207 MGD. This high flow was noted as being caused by "excessive" rain.

The design flow of the plant is 1 MGD. Infrequent flows above this amount do not

constitute serious violations of discharge permits, but equcnt infractions would cause
concern. The infractions certainly encourage more scrutiny by regulatory agencies.

Wc have attempted to make flow projections based on discussions with Base personnel.
The various schools at Camp Johnson have a present population of approximately 3,000
with no projected growth in the next fivc years. For long term planning we feel that a

population of 3,500 should be used.

Traditionally, modernization of school facilities has brought increased water usage even
without population increase. Housing facilities are being upgraded and will result in some
increase. The present mess hall will be replaced in 1992 by a new facility which will serve
1,600 people instead of the present 1,200. The Knox Trailer Park area is to be expanded
to accommodate seventy-five more trailers. The estimated impact of these factors on
wastcwater flow rates is as follows:

Pre-1992

1. Modernization of Facilities

10% of Present Average Flow 51,900 GPD

2. Seventy-Five Additional House Trailers

75 Units x 3 Occupants x 100 GPD 22,600 GPD

Total Increase in Flow 74,500 GPD

Present Average Flow 519,000 GPD

Projected Average Flow 593,500 GPD
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Post-1992

1. 500 New Students

1992 Projected Average Flow x 17% = 100,895

2. Mess Hall Expansion

400 Seats x 40 GPD 16,000 GPD

Total Increase in Flow 116,895 GPD

Average 1992 Flows 593,500 GPD

Future Projected Flows 710,395 GPD

These projections do not include any added infiltration that might result from sewer
deterioration or any reduced infiltration resulting from line replacement.

In view of the fact that the Camp Johnson plant has exceeded its permittable flow in
the past, it is certain that it will happen again. As normal influent flows increase,
infractions will become more likely. The post 1992 average projected flow for the plant
is 710,395 GPD up from a present average of 519,000 GPD taken from the last two years.
Several factors will determine the frequency of design flow infractions such as rainfall,
normal peak flows and school enrollment. The coincidence of rain and high effluent flows
will cause infractions. As an indicator, we have examined the daily flows since August of
1986 and added 191,395 gallons/day (the difference in present and future projected
averages) to see how many days would have produced excessive flows and possle
corresponding warning letters from the State. This number was found to be twenty-one.
Twenty-one infractions in twenty-four months, while not a scientific estimate indicates that
infractions could be expected to increase dramatically. On a monthly basis, the addition
of 191,395 gallons/day to all monthly averages would in no month have exceeded 1 MGD
of average flow. While the State is somewhat tolerant of infrequent infractions that don’t
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cause effluent limit violations, the effluent limits will become increasingly harder to meet
unless the excessive BOD can be controlled at its source. It may be that the Base
administrators have little or no tolerance for periodic infractions in which ease expansion
of treatment capabilities is inevitable.

E. Phosphorous

We have been informed that concern over the excess nutrification of the waters
of the New River and the bodie.,., of water emptying into it in the Camp Lejeune area will
result in new limits being place6 or, the phosphorous content of treated effluents. Harmful
nutrification is the addition to receiving waters of amounts of phosphorous and/or nitrogen
or other substances causing excessive growth of macroscopic or microscopic vegetation per
Section .0214 of North Carolina Administrative Code 2B. Upon issuance of permits in
1992, Camp Lejeune will be required to begin a program or schedule which will reduce
effluent phosphorous levels to 2 rag/liter over a three to five year period.

While nutrification is a major concern in the entire area, it is particularly severe in
Northeast Creek and other areas of low flow where sufficient mixing and dilution of
effluents does not occur. This low mixing causes similar problems with all effluent
constituents and is a limiting factor on quality and quantity of effluent that can be received
safely by a body of water.

The majority of phosphorous (approximately 60%) found in domestic wastewater is due
to detergent use. It is not practical to substantially reduce the mount of detergents used.
Detergents without phosphates exist but some substitutes have been found to be harmful
to humans. Without a large Base controlled laundry, it would be impractical to attempt
any type of restriction of phosphorous input from such sources. Consequently, removal
of phosphorous by treatment will be required to reach the new limits when applied.

Although there are several variations, phosphorous is normally removed with one of
three methods. The first is by flocculation and sealing of the phosphorous. This can be
accomplished by lime, alum or iron ’addition to the raw wastewater, introduction of
flocculation agents with proper floe time prior to secondary clarification or by tertiary
treatment with flocculation, mixing, clarification and then filtration. Different approaches
have advantages but one common disadvantage is increased sludge formation and
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subsequent disposal problems.

The second method of phosphorous removal is accomplished by Sequential Batch
Reaction in which organisms arc starved until they release phosphorous and arc then fed
while being exposed to the phosphorous rich wastewater at which time they eat up
available phosphorous removing it from the waste. This approach would not generate
appreciable new sludge but cannot be adapted to existing conventional treatment schemes
as it also serves as secondary treatment and is an activated sludge process. The batch
nature of the system also would ten .z, overload the chlorine contact chamber requiring
poss]e enlargement of the chambc., : ensure adequate chlorine contact time.

The third method is actually composed of several proprietary treatment schemes
collectively known as biological phosphorous removal. Each is a modification of the
activated sludge process and while some existing activated sludge plants can be modified
to incorporate these treatments, they are generally used with new construction. When
built new it is reported that these plants are not a great deal more expensive than
conventional plants without phosphorous remove. They do, however, require a one time
proprietary fee at present.

The mechanism for phosphorous removal in these proprietary processes is the uptake
of the phosphorous by certain ’Saug" constituents of the activated sludge. The phosphorous
is removed from the system with the normal sludge or decanted from the sludge in a side
stream process which causes the phosphorous to be released by the ’"ougs".

The advantages of these processes are the lack of chemicals and additional equipment
needed to settle out the phosphorous and the avoidance of additional sludge production.
An increase in sludge production of approximately 50 percent could be expected after
implementation of a chemical phosphorous removal system.

During research on the phosphorous removal question we have learned that a new
plant or addition can be constructed that will remove phosphorous during the course of
treatment without an increase in treatment costs by means of a proprietary process.
Money spent for phosphorous remediation at an existing plant could be applied directly
to a central plant expansion without much additional cost for phosphorous removal. The
combination of low phosphorous effluents from the expanded portion of an existing plant
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might be mixed with effluent from the conventional side of the plant to achieve an
acceptable average. This could be more accurately determined by study of existing and
past phosphorous content of the effluent and projections of effluent quality of a new plant
addition. Proprietary removal processes can presently reduce phosphorous to I rag/1.

F. FUTURE PERMITS

The quantification of the dilution and mixing properties of the waters of the area has
not be accomplished. For this reason, the State cannot properly evaluate the dilution
capabilities of the water, at particular points where discharges are being or might be
made. As studies to ascertain the necessary information are very expensive and time
consuming, there are as yet no conclusive results. The Base has been cooperating with
the State to obtain the needed information. Dye testing is presently scheduled for this
fall. The results should be out next spring at which time more will be known about the
dilution and mixing capacities of the subject waste courses.

The effects of this lack of information is a moratorium on increased effluent quantifies
and a conservative approach to effluent quality. We have been informed that any request
to increase flows at Camp 3ohnson would initiate study of the waters. The approval of
such a request, ff given at all, might very well require the extension of the outfall farther
out into the creek where superior mixing and dilution can be achieved as was necessary
at Camp Geiger. Such uncertainties make planning difficult; however, regardless of these
studies or the lack of them, phosphorous removal will be required by the mid-1990’s.

The State is presently seeking to foster cooperation between Camp Lejeune and other
area municipalities to reduce or eliminate the discharge of treated effluent anywhere that
results in inadequate dispersal of the effluent. A successful solution would be a regional
ouffall at the point designated by the State as safe. It is anticipated that this point might
be upstream of the present Hadnot Point Treatment Plant near the area of the hospital.

III. UPGRADE OF CAMP JOHNSON PLANT

In order to continue to utilize the existing Camp Johnson plant, the aforementioned
problems must be addressed. Grease should be removed in an effort to control influent
BOD, toxicity must be reduced, phosphorous must be removed to specified limits and the
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hydraulic capacity of the plant must be considcred. Wc will look at solutions to each
problem separately. Capital costs of implementing each option will bc presented and
projected operation and maintenance costs for a twenty-year period will be given a
present value.

For present value calculations, we will use an interest rate of 8%, a life span of twenty
years for equipment assuming no salvage value at that time.

The uniform series present worth multiplier (P/A) equals 9.82. This
mulitplied by annual O&?* costs to yield a present worth of the O&M.
added to the construction cost to give a total present worth.

figure will be
This will be

A. Grease

The grease situation at Camp Johnson can be handled in three ways. If, however,
it is desired to reduce the actual grease input to the plant, this can only be effectively
handled at the source. We recommend that this be done.

To accomplish this, a careful look should be taken at the kitchen wastewater collection
system at the mess hall. The interception of all kitchen waste lines by the existing grease
trap should be verified. Special emphasis must be placed on lines from the two garbage
grinders. A new grease separator system consisting of one or more separators should be
properly sized and installed to remove more of the grease before it enters the sewer lines.
These separators will require routine maintenance to remove trapped grease. We would
suggest inspection of the sewer lines leading from the mess hall to see if any greasy
residual remains in the lines. Based on the build up of BOD levels of the plant influent
over the period of time since the installation of the garbage grinders, it seems quite
probable that a grease residual does exist (See Graph in Appendix No. 1. Such a residual
could continue to cause a problem even after the source was corrected. It would be wise
to clean the affected gravity sewer to remove this residue. This could best be
accomplished by pressure washing the lines. Such an operation could be done in two
weeks for approximately $14,000.00. This would, however, cause temporary problems by
flooding the treatment plant with the stripped off grease.
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Although we fecl that a well designed and maintained grease removal system should
reduce the grease content of the wastewatcr and will hopefully render the problem
manageable, wc suggest that more drastic measures such as a modification of mess hall
waste disposal practices be sought if necessary to solve this problem.

1. Cost of Implementation

Separator- 1-100 gpm $ 5,000.00

B. Installatir, and Drain Work

TOTAL $10,000.00

Another alternative is to do nothing with the present situation and see that proper
grease separation is incorporated into plans for the new mess hall to be constructed by
1992. We suggest that the new plans be reviewed in any ease, but it might be decided
that modification of the existing system would not be desirable since the facility is to be
abandoned.

We feel that the grease should be removed at the source no matter what other future
plans are implemented. This should improve the conditions at the treatment plant and
these improvements are needed now.

B. Toxici

As discussed earlier, chlorine is the source of toxicity of the wastewater. The present
chlorination system is manually controlled by the adjustment of a feeder valve which allows
a certain amount of chlorine per unit time to enter the wastewater to disinfect it. One
problem with this system is the varying flow at the plant. Operators are instructed to
cheek the chlorine residual of the wastewater every hour. According to one operator,
they are instructed to maintain a residual of 4.0 mg/l. This particular operator increases
the chlorine flow whenever the residual gets below 2.0 mg/l. This is very loose control
of chlorine addition. Ideally only enough chlorine is added to reduce bacteria counts to
acceptable levels. Any chlorine used beyond this amount is wasted and contn’butes to
the high chlorine residual and toxicity. Unfortunately, in this case additional chlorine is
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also needed to further reduce BOD making normal doses impractical.

We have been informed by the State that a chlorine residual of no more than .2 rag/1
will be allowed under the new guidelines. Control of this would begin by determining as
accurately as possle the amount of chlorine necessary to kill unwanted organisms and
supply the necessary BOD reduction. This dosage would be applied at a rate proportional
to the actual flow being treated at the time. A flow measurement device would be
employed to control the rate of chlorine addition. A well designed chlorine addition

system should achieve adequate disinfection with the addition of 8-15 mgtl of chlorine.
The key pln’ase her,. is ’vell designed". A well designed system provides excellent initial
mixing either by introduction of the chlorine under pressure which creates mixing by
turbulence or by means of a mechanical mixer. It also requires adequate contact time
with the wastewater to achieve maximum benefit. A contact time of thirty minutes is
desireable although chlorine contact chambers are often designed for less contact time at

peak flows.

The existing contact chamber at Camp Johnson contains approximately 2,000 cubic feet
of volume. This volume is adequate to provide a thirty minute contact time at a flow of
749,000 GPD. A one million GPD plant such as Camp Johnson’s could experience peak
flows in excess of tltree times this amount reducing contact time to around ten minutes.
This is not adequate to achieve maximum performance from the chlorine even under ideal
mixing conditions.

A review of flow charts at the plant revealed peak flows of approximately 1,400,000
GPD. At this rate the existing contact chamber would allow a contact time of
approximately fifteen minutes. This is not adequate contact time. As flows increase to
the plant, this time will decrease under present conditions.

Under these less than ideal conditions more chlorine than necessary will be required
to achieve adequate disinfection, and reduced BOD, resulting in higher residual chlorine
and toxicity. Under these circumstances, dechlorination will be required. This is generally
accomplished by addition of sulfur dioxide, sodium metabisulfite or other chemicals. To
control the residual and the rate of addition of the dechlorinator, a residual analyzer
would be needed. This device would sample the chlorinated effluent and determine the
chlorine residual. This information would be fed to a microprocess.or that would trim
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rates of addition of the dcchlorinator and the chlorinator to maintain a preset residual.

Chlorine is not the only means of disinfecting effluent. A non-chemical alternative that
would impart no toxicity to the wastewater is disinfection by exposure to ultraviolet light.
Such a system would be composed of banks of ultraviolet light tubes arranged in flow
channels that would assure the necessary proximity of the wastewater to the tubes.
Typically, several banks of tubes are used, some of which would be automatically turned
on and off in accordance to the flow rate being experienced.

The effectiveness of this system and its proper design depend on the ability t.;" the
wastewater to transmit light at a wavelength of 25+ nanometers. A transmittance of 65
70% is needed to achieve good results. The wastewater must be tested to determine

this quality as it is not readily assumed or apparent.

Assuming that the wastewater is acceptable for this type of treatment, other
considerations should be made. The life of the light tubes is variable but should be
considered to be approximately one year. Some tubes will be used intermittently while
some will be used constantly. For this reason it is desireable to have totalizing run meters
on each bank of tubes. Build up on the tubes reduces their effectiveness and tube banks
must be pulled out and cleaned with a degree of frequency that depends on the wastewater
but would likely be once a month.

A system designed for 1 MGD with a peak flow rate of 2.5 MGD would utilize
approximately 170 tubes. At 1 MGD an average of seventy bulbs would be burning and
burning out. At a life span of one year this would require seventy new bulbs per year at
a cost of roughly $100.00 apiece.

There would be no mechanical equipment to maintain or chemical costs associated with
this type of treatment.

Without more detailed study into flow rates and characteristics of the existing wastewater
it is difficult to estimate costs of implementing such a system but it would be much more
expensive than a chlorination and dechlorination controller.

Of concern regarding the addition of chlorine at the plant is another problem.
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Experiments have been undertaken to reduce the amounts of chlorine added to the
wastcwater to see how the chlorine residual would be affected. While these experiments
indicated that the residual could be lowered somewhat while still controlling fecal coliform
to the required 1,000/100 ml, the effluent BOD increased. The experiments were run in
the winter when effluent BOD runs h/gher, but this condition is normal and should bc
evaluated as a worse case. During the experimentation, the monthly average effluent
BOD of 30 mg/l was exceeded.

While it is normal for chlorination to reduce BOD, chlorine should not be required to
reach accepa]: BOD levels. In the case of this plant, however, it is obvious that this is
the case. The requirement of chlorine for BOD removal precludes the implementation
of ultraviolet disinfection.

The above mentioned two options address retrofiring the existing plant to meet the
coming toxicity requirements. The third option is to make plans to pump the untreated
wastewater to a centralized treatment point and seek a Special Order of Consent or
moratorium on the toxicity question at Camp Johnson while the necessary planning and
construction is taking place. Of course, in any event, the toxicity limits must be met, but
it would be wasteful to retrofit and subsequently abandon the Camp Johnson plant.

PRESENT WORTH OF OPTIONS

1. Chlorination and Dechlorination

A. Equipment

1. Expansion of contact chamber $ 20,000.00

2. Flowmeter May be able to adapt present
unit to control scheme

Automatic chlorine feed system, residual
analyzer, microprocessor, automatic
sulphur dioxide feed system, injectors,
and diffusers, piping, agitating mixer
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4. Installation and Wiring

Total Construction

Assume chlorine saved offset by sulphur dioxide
used. (This will not be true ff excess
chlorine is still nccdcd to reduce BOD) 0

C. Operation and Maintenance (Annual)

Maintenance time will be reduced some by
alleviating need to sample residual every
hour but operator will stRl be needed.

2. Technician to maintain electronics

24 Hrs. @ ;18.00
Year Hour

$ 432.00

3. Electricity

2 HP x 8,760 Hr/Yr x .746 KwHr x
$.05/KwHr

654.00

Total Annual O&M $ 1,086.00

Present Worth

48,000.00 + 9.82 (1,086.00) $ 58,665.0O
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Ultraviolet System

A. Equipment

I. Tube racks, intensity meter, flow meter
and auto light switching controls and
totalizing counters sized for 1MGD flow

Operation and Maintenance (Annual)

I. Bulb Replacement

70 Tubes/year @ $100.00/Tube x

2. Operator Cost

8 Hrs./Month x 14.00/HL x 12 Mo./Yr x

(This might be absorbed into duties of
regular operator)

3. Electricity

I MGD Average Flow

100 KwHr/Day x 365 x $.05/KwHr

Total O&M

Present Worth

125,000.00 + 9.82 (10,169.00)

125,000.00

1,344.00

1,825.00

$ 10,169.00

$224,860.00
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C. Phosphorous Removal

To remove phosphorous at a plant like that of Camp Johnson would require chemical
addition and subsequent settling out of the precipitate and handling it as sludge fl’om the
secondary clafifier. Such a system would consist of a liquid alum tank and feeder pumps,
posslc polymer tank with feeder pumps, a 30 minute detention tank with mixers and
controls to regulate the addition of alum and polymer.

The detention tank would empty into the secondary clarifier w? :.re the phosphorous
would settle out. The particulars of chemical addition and pete: age of phosphorous
removal are dependent on the wastewater characteristics. Generally, a lab test is
performed to determine these values. The necessary hardware would remain the same
unless it was determined that no polymer addition was needed. The degree of treatment
necessary would determine the amount of additional sludge produced.

Assuming an 80% removal of phosphorous from 10.0 mg/1 (normal range for domestic
waste) to 2.0 mg/l it would require a weight ratio of approximately 1.1 pounds of aluminum
to 1.0 pound of phosphorous removed. Theoretically, 9.7 pounds of alum is required on
a one to one weight ratio. Multiplying 9.7 x 1.1 gives an adjusted weight of 10.67 pounds
alum per pound of phosphorous removed. This equates to the following:

Pounds of Phosphorous Removed Per Day

1,000,000 Gal/Day x 8.34 #/Gal x 8# Phosphorous Removed 66.7# Phos/Day
1,000,000 # Water

Pounds Alum Needed

66.7 # Phosphorous/Day x 10.67 # Alum 712 # Alum/Day
# Phosphorous

Pounds Sludge Generated Per Day to Remove Phosphorous

66.7# Phosphorous/Day + 712# Alum/Day 778.7#/Day

17





As mentioned earlier, lab tests must be run to determine actual amounts of alum
needed as well as optimum points to add the alum. It seems reasonable to assume that
less than this amount will be needed.

We suggest that consideration must be given to this additional sludge. The capacity of
the new drying beds under construction should be reviewed and a determination made as
to their ability to handle additional sludge. Any new construction requ/red could be costed
accurately by comparing with the project being constructed.

-.-As mentioned before, the removal of phosphorous at Camp Johnsc ..:uld likely be
avoided by submitting plans to the State to consolidate flows at a more tiesireable point
in the future and remove phosphorous at that time.

1. Present Worth of Phosphorous Removal Implementation

A. Equipment

1. Chemical Mixers
2 EA @ $9,000.00/EA $ 18,000.00

2. Detention Tank 20,000.00

3. Bulk Tank for Alum 12,0O0.0O

Dual Metering Pumps for Alum with
Variable Speed (Controlled from
Effluent Flow Meter)

Polymer Batch Tank with Mixer

Dual Metering Pumps with Variable Speed

1,600.00

10,0O0.0O
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Note:
could possly be installed for $60,000.00.

B. Operation and Maintenance (Annual)

1. Operator Cost
4 Hrs./Day x 365 Day/Yr. x $14.00/Hr.

2. Maintenance Technician
52 Hrs./Yr. x $18.00/Hr.

7. Installation 10,000.00

Total Construction $ 81,600.00

An alternate method eliminating the detention tank and mixing in the clarificr

936.00

Co

Note:

Electricity

2 I-IP x 88,760 Hrs./Hr. x .746 KwHr

x $.05/KwHr

Sludge Costs

654.00

1. Assume that sludge handling and drying beds
will be expanded by 50%

Total Annual O&M $22,030.00

Present Worth

81,600.00 + 9.82 (22,030.00) $297,935.00

These costs do not include construction and handling necessary, for extra sludge.
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D. Hydraulic Loading Considerations

While we do not feel that a large investment in the antiquated Camp Johnson plant
to increase its capacity would be desireable from an ideal standpoint, it may represent the
cheapest alternative ff increased capacity is deemed necessary. To accomplish this in
effect an entire new plant would be built beside the present one. For the sake of
uniformity it would likely be a trickling filter plant with primary settling basins and
clarification to replace the Imhoff tanks. It might be desireable to install digestors for the
entire plant. A problem that must be considered is the space prc..’..*.m. Not only would
a parallel plant be needed, but room would also be needed for tLe phosphorous removal
equipment and a new or enlarged chlorine contact chamber. Assuming phosphorous
removal and a .5 MGD expansion, drying beds would require addition of approximately
125% of their present area. Hydraulic complications might be encountered. Space might
require two separate phosphorous removal systems. If the plant is to be expanded, all
upgrades of the present plant should be done simultaneously if possible to better utilize
space.

For comparison purposes, we will formulate an approximate present worth of a plant
expansion of .5 MGD.

1. Cost of .5 MG Plant Expansion (Without Digestors)

A. Equipment

1. Primary Clarification $110,000.00

2. Hi Rate Trickling Filter

3. Secondary Clarificr 110,000.00

4. Recycle Pump Station 35,000.00

5. Sludge Pumps (clarifier Drain) 50,000.00

6. Phosphorous Removal 55,000..00





7. Drying Beds 75% of present bed area.
Refer to recent construction costs.

8. Chlorination Dechlorination
including contact chamber and assuming
use of equipment needed anyway for
main plant 30,000.00

9. Installation Wiring 100,000.00

Total Construction Cost Excluding Drying Beds $615,000.00

B. Operation and Maintenance (Armual)

1. Composite Cost Baed on 50% of Present O&M Cost $ 49,438.00

2. Phosphrous Removal and ChlorinatiortfDechlorination
Based on 50% of Previous Estimates in Report

a. Operator Cost $10,220.00

b. Maintenance Technician $ 684.00

e. Electricity $ 654.00

Total Annual O&M $ 60,996.00

Present Worth

615,000.00 + 9.82 (60,996.00) = $1,213,981.00

Note: These costs do not include construction or O&M costs for increased sludge handling
or for other requirements that might be enforced such as an extended ouffatl line.
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IV. OTHER CONSIDERATIONS

During the course of our research we have identified several situations that might come
into play in making a decision on a course of action in this matter. Although we could
not fully evaluate some of these factors, we will mention them.

In discussing possible expansions of either the Camp Johnson or Tarawa Terrace
treatment plants, we discovered the moratorium on any increases in effluents into
Northeast Creek. Tarawa Terrace, being further upstream tSan Camp Johnson, presently
has no chance of receiving a permit to discharge more ;f2,uent. Any money spent at
either plant would be lost ff in the near future, the plant became overloaded requiring the
conveyance of the untreated effluent to another point for treatment and dosing of the
plant. If the Base decides to keep the smaller plants open indefinitely, these factors
should be considered in planning for changes in Base operations which will effect
wastewater flows.

It appears that the enlargement of the Tarawa Terrace plant to accommodate the
Camp Johnson flow, as stated as an alternative, is not presently permittable by the State.
We feel that it is highly unlikely that it ever would be permittable since it would entail
ouffalling more treated effluent further upstream than is now being allowed. While it is
likely that a larger flow at Camp Johnson would be permittable ff necessary, (this might
require a lengthening of the present outfall) a small plant addition offers no economy of
scale and would become part of a plant that is already fifty years old. Also, additions to
the plant to meet new phosphorous and toxicity requirements also offer no economy of
scale and require similar control equipment that would suffice for a much larger plant.

We feel that before additional monies are spent at these smaller treatment facilities,
consolidation of all base wastewater at Hadnot Point should be considered.

For comparative purposes we will present rough estimates of costs incurred to pump
untreated effluent to the Hadnot Point Treatment Plant and to the area of lift stations S-47
and S-47A, an area that we feel is a logical area to locate a regional treatment plant.

Any lines constructed to convey untreated effluent should consider future consolidation
and size lines accordingly to handle anticipated flow from all sources. These estimates
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will be for lines large enough to convey the effluent from Camp Johnson to the treatment
point. Values will be given in present worth as was done previously.

Force Main to Hadnot Point Plant

.A Construction Cost

1. 12" PVC Force Main Camp Johnson to Hadnot Point
60,000 LF @ $13.00/L,F

2. 12" DI Pipe for River Crossing
1,000 LF @ $24.00/LF

3. Air Release Valves
5 EA @ $5OO.00/EA

4. Ductile Iron Fittings
4,0O0 LB @ $1.50/LB

5. 24" Steel Casing by Boring
550 LF @ $60.00/LF

6. River and Creek Crossing Bridge Pipe Installation
Lump Sum

7. Pump Stations
2 EA @ $60,000.00

Total Construction Cost

B. Annual Operation @ 700,000 GPD

2 Stations @ 6.72 Hr./Day @ 1,736 Gal/Min @
135 lip @ $.05/KwHr

$780,000.00

24,OO0.OO

2,500.00

33,000.00

5o,oo0.o0

120,000.00

$1,015,500.00





Annual Electrical Cost

C. Maintenance (Two Stations)

4 Manhours/Wk x 15.50/Manhour x 52 Wks.

Repaint both stations equipment every 5 years @
80 Manhours x 2 Occurrences x $15.50/Maxthour

Total Annual O&M

Present Worth

1,015,500.00 + 9.82 (24,076)

Force Main to Present Station S-47 Area

Construction Costs

1. 12" PVC Force Main
49,800 LF @ $13.00/LF

2. 12" DI Force Main for River Crossing
800 LF @ $24.00/LF

3. Air Release Valves
4 EA @ $500.00/EA

4. Ductile Iron Fittings
4,000 LB @ $1.50/LB

5. 24" Steel Casing by Boring
450 LF @ $60.00/LF

$ 24,528.00

3,224.00

248.00

$

$1,251,926.00

$647,400.00

19,200.00

6,000.00

27,000.00
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6. River Crossing Bridge Pipe Installation
Lump Sum

7. Pump Stations
2 EA @ $60,000.00/EA

Total Construction Cost

Annual Operation @ 700,000 GPD

2 Stations @ 6.72 Hrs./Day @ 1,73o Gal/Min
@ 115 HP @ $.05/KwHr

Annual Electric Cost

Maintenance

Same as Other Option (Annual)

Total Annual O&M

Present Worth

120,000.00

$861,600.00

20,604.00

$ 3,472.00

$ 24,076.00

861,600.00 + 9.82 (24,076) $1,098,026.00

Any plans to abandon the present treatment plant should result in substantial labor
savings that should be accounted for.

V. CONCLUSIONS AND RECOMMENDATIONS

We feel that unless steps can be taken to limit increases in Camp Johnson’s wastewater
volume, steps should be taken to accommodate larger flows by expansion of the present
plant, ff allowable by the State, or conveyance of the untreated wastewater to a central
treatment location. As stated earlier, this might not be necessary ff frequent flow violations
can be tolerated; however, we feel that the Base will not tolerate these infractions.





Unfortunately, the State cannot offer guidance on the fcasility of expanding the
present Hadnot Point Treatment Plant until dilution capabilities of the New River are
better quantified. This guidance will hopefully be available in the spring of 1989. Until
this information is available wc do not feel that evaluation of alternatives will be
meaningful on any other than a preliminary basis. We suggest that the following
preparations be made in the interim period so that intelligent choices may be made when
guidance is received by the State.

1. Petition the State for tentative permission to expand the Camp Johnson Plant and
ascertain what such permission would require (i.e. extension of the prese, ..:,tfall).

2. Research upcoming capital costs that will be necessary to keep all present plants in
compliance, including costs to maintain or improve other facilities that might become
obsolete ff a consolidation of Base flows is implemented.

3. Formulate estimates of construction and Operation and Maintenance costs for a
centralized treatment facility.

4. Determine the impact on present operator costs and Operation and Maintenance costs
of implementing such a plan.

Begin negotiations in earnest with Jacksonville and other area New River dischargers
to attempt to formulate a plan to centralize area wastewater treatment or at least to
allow access to the Base lands so that discharges may reach optimum ouffall locations.

6. Make necessary long term budget requests to pave the way for anticipated funding.

7. Investigate any availability of State or Federal Funds for implementation of any
desireable plan.

8. Request State verification that present facilities would be allowed to operate out of
compliance if a master plan to centralize treatment facilities were being formulated.

In view of the uncertainty of the situation concerning the New River we recommend
that nothing be done about upgrading of treatment capabilities until the needed dilution





information is available. This includes implementation of toxicity and phosphorous
treatments. If, however, based on our projected flow rates, it is decided that the present
plant can handle future flows with the expected flow infractions, we recommend
immediate implementation of the toxicity control using chlorination and dechlorination by
the addition of sulfur dioxide. As phosphorous controls are mandated, we recommend
implementation of chemical settling as outlined previously in this report with its
corresponding sludge handling increase.

In any event we recommend immediate implementation of source grease removal as
outlined in the previous section. Af’tcr installation of the equ.pmcnt, wc recommend that
the affected sewer lines be inspected closely and pressure ciancd ff needed.

These grease recommendations arc based on our conclusion that grease is causing the
BOD problem. By way of verification, we feel that it might be enlightening to sample
wastewater from the mess hall at strategic times to verify that the high BOD is in fact
bcing caused by the mess hall wastewater. We further recommend that plans for the new
mess hail be reviewed to insure that effective grease removal is being addressed.

In closing, it has been our observation that consolidation of wastewatcr flows to a
central treatment location is viewed by everyone as the most dcsircable long term solution
to the wastewater treatment problem of the Basc. The State also holds this view and
feels that a regional treatment system is extremely desircable. We believe that movement
in this direction will be strongly encouraged by the State.

A modem large facility would offer long term savings in treatment costs as well as
O&M costs and would offer large benefits to the environment, notably the health of the
New River and its tributaries.

We recommend that the Base take a comprehensive look at the advantages and
disadvantages of such an approach before spending money on temporary solutions to
wastcwatcr problems.
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Coliform heading. Add the appropiate monthly limits at the bottom.
At the end of the month, calculate totals, averages, maximns and minimtm.

4. Submit completed forms to laboratory supervisor by the lOth of the following month.





RESULTS OF COMPLIANCE MONIT(DRING

i" - Month

INSTRUCIOES:.
Each day a approximately collect sampiies of plant effluent and
each zest listed in columns----7, by establishhed procedures.

actual time tests were run in column
3. Record =he results in the correct column, on the appropriate line and
sign your name in column 8.
4. Coulmn 2 will be taken from the plant sheets at the end of the month.
5. Completed -/ signed forms, will be returned t=(C) N not later than the

7th of the following month.

(I) (2) (3) (4)

Day Fiow

2 9300

T m
Time (C

(5) (6)
pH-by C1
Me=er DPB

(7) (8)
D .O.-by
Winkl er

O-Tc ro ,

Total
Ave, .,57. 7 ’v(

I hereby certify tha the
alified personnel in

icy con:rol, c,,

O.. .z_

Signature

/ , s <
/? 7, . -?,l ’/- ,6 .o 7,

C.

daEa conEained herein .., obtained by tests run
accordance wiEh all applic::ahle procedures and

OPRATO IN RSPONSIBLE GE
or ORC’s Supervisor





MONTHLY IPOT OIr wSTET’F. 1.1. WATK’P, (LJ.TTy

p. y: /o

INSTRUCTIONS: ..
Complete this form in ink, neatly and clearly or it will be typed.
Head the form with plant name, permit number, month & year. Indicate Total or Fecal

form heading. Add the appropiate monthly limits at the bottom.
i. At the end of the month, calculate totals, averages, maximums and minimums.

4. Submit completed forms to laboratory supervisor by the lOth of the following month.





RESULTS

NSTRUCTIONS :.
Each day at approximately
each test listed in columns----7

OF COMPLIANCE MONITfORING
Month: Year

collect sampiles of plant effluent
by establishhed procedures.

actual time tests were run in column ].

Record zhe results in the correct column, on the appropriate line

sign your name in column 8.
%. Coulmn 2 will be taken from the plant
5. Completed signed forms will be returned
7h of the following .month. :..-’:
if) (2) / (3) (4) (5)

T pH-by CI
Flow Time Meer DP

17

20
21

/ P, 7_

certify Eha
personnel

con:rol.

and

and

sheets at the end of the month.
:m NREA]9 not later t.han

22
23
2
25
26
27
28
29
30’
31
Total
Ave.
Max.
.lin.

I hereb
qualifi

iy

..... (7) (8)
D .O.-by
Winkl er

Z. 3 7, O 6,0 ’.’/
Iq 6.. z,s-

Signature

the data contained herein w.,,a obtained by tests run

OPERATOR INRPONSIBLE ; HARGE
or ORC’ s gIJpervisor





z

7.1

31

INSTRUCTIONS:
let.e this form in ink, nealy and clearly or it will .I typed.
Head the form with plant name, permit nnber, month & year. Indicate Total or Fecal
Coliform heading. Add the appropiate monthly limits at the bottom.

3. At the end of the month, calculate totals, averages, maximuns and minimums.
4. Submit completed forms to laboratory supervisor by the lOth of the following month.





RE. ,LTS OF COMPLIANCE MONI/,

NSTRUC;IOXS:.
Each dav az approximately collect sampiies of plant effluent
ach zest listed in columns -, by establisk procedures.
cord actual time tests were run in coln .

Record he results in the correct coln, on e appropriate line

sign your name in column 8.
4. Coulmn 2 will be taken from the
i. Comple=ed , signed forms will
7th of the following month.

"I) (2) (3) ()

IO
ii
12

17
8
t9
20
21
22
23
24
25

plant sheets at the end of the
be returned.ft:m NREAD not later

(5) (6) / (8)

Winkl er

and

and

month.
than "he

I hereby certify that the data contained j%erein ..,a obtained by tests

qualified personnel in accordance, wih/l licmle procedures
ity conzrol.

OPERATOR IN RSXONSIBL ----or ORC’s Srvisor

run b-
and





z-’7._

2

INSTRUCTIONS:
C,cxnplete t.his fo.-m n nk, ne.atly and clearly or it will be t
Head the form ri_th plant ruwe, permit mxnber, month & year. Indicate Total or Fecal

C,olform headn8. Add the approiate monthly lnits a the bottc.
At the end of the month, calculate totals, averages, max and minimums.
Submit completed forms to laboratory supervisor by the lOth of the following month.





RESULTS O.F COMPLIANCE MON.ID_RINC

7NSTRUCIONS"
Each da’: ac approximately collect sampLes of plant efflue:
:ach test listed in columns--7, by establiskn procedures.

d actual time tests were run in coln 23.
.. Record the results in =he correc= coln, on e appropriate line

sign your name in column 8.
A. Coulmn 2 will be taken from the
;. Completed signed fos will
,’=h of the following month.

’I) (2) (3)

plant sheets at the end of the
be returned t;e NKEAD not later

(4) (5) (6) (7) (8)
D .0 .-by
Winkl er

and

and

month
than the

I he4eby certify that the daa contained herein -.e obtained by r.est, s

qualfied personnel in accordance wih a/-I appIyic.-.ale procedures

OPERTOR/INRONSIBLE
or ORC’s Servisor

run b
and rel a:e





I,NSTRUCTIONS:
Complete this form in ink, neatly and clearly or it will be typed.
Head the fon with plant name, permit number, month & year. Indicate Total or Fecal

i form heading. Add the appropiate monthly limits at the bottoa.
At the end of the month, calculate totals, averages, maximums and minimums.

Sunit completed forms to laboratory supervisor by the lOth of the following month.





RESULTS OF COMPLIANCE MONITfORING

’lant: Month: Year ’-NSTRUCTIOES:.
Each da’: at approximately collect sampiles of plant effluent and

ch zest listed in columns--, by establiskhe4 procedures.
cord actual time tests were run in column 23.

.. Record :he results in the correct column, on r.he appropriate line and
sign your name in column 8.
A. Coulmn 2 will be taken from the plant sheets- at the end of the month.
;. Completed signed forms will be returned tlo NKSAD not la=ur than the

]th of the following month.

"i) (2) (3) (4) (5) (6) (7) (8)

19
20
21
22
23

;24
25
26
27
28
29
30
31
Toal
ve.
ax.

I hereby certify that the data c lined herein .,,a obtained by tests
qualified personnel in accordan with2dl plic:ale procedures and

ity con:rol. C, ._,//
OPERATOR IN PONSIBL.{ HARGE

or ORC’s Spervisor

run h
re] a:e





:,PI’!THI.Y RE.POT OF WASTETR.EA P’.M’fI" WATE-I,

$

C

INSTRUCTIONS:
I. Complete this form in ink, neat]y and clearly or it will be typed.

Head the fomn with plant name, permit number, month & year. Indicate Total or Fecal

iifo heading. Add the appropiate monthly limits at the
A: the end of the month, calculate totals, averages, maximums and minimums.

,. Sub-it completed forms to laboratory supervisor by the lOth of the following month.





RESULTS OF COMPLIANCE MONITfORING

INSTRUCTIONS :.
Each dav at approximately collect sampiies of plant effluent
each Zest listed in column7, by establishh procedures.

cord actual time tests were run in coln 3.
Record :he results in the correct coln, on e appropriate line and

ign your name in column 8.
4. Coulmn 2 will be taken from he plant shees at the end of the moth.
5. Completed signed fos will be returned N not laer than he

7h of he following month.

(I) (2) (3) () (5) (6) (7) (8)

TmD pH-by C1 D.O.-by
Oay Flow Time ( C Meer DP erWinkl Signature

29 CuoO o 3o y. Jcr.
31 l

Ave. 7d Z,/’ V.

I hereby ce:cify ha he data contained herein --; obtained by ests run
qualified personnel in accordanllc::ale procedures ad relaze:
ualicy con:rot. /,

OPERATOR IN RNSIBLE.
or ORC’s Srvisor





INSTRUCTIONS:
I. Complete this form in ink, neatly and clearly or it will be typed.

2. Head the form with plant name, permit number, month & year. Indicate Total or

in Coliform heading. Add the appropiate monthly limits at the bottom.

3. At the end of the month, calculate totals, averages, maximums and minimns.

4. Submit completed forms to laboratory supervisor by the lOth of the following





OF COMPLIANCE MONITCORINGRESULTS

Plant: Month: gf-- Year,

INSTRUCTIONS:.
Each da’: at approximately __, collect sampiies of plant effluent
each test listed in columns 4-7, by establishNe4 procedures.
Record actual time tests were run in column 2].

3. Record :he results in the correct column, on t.he appropriate line

sign your name in column 8.
4. Coulmn 2 will be taken from the plant sheets at the end of the

5. Completed .d signed forms will be retur6ed NREAD not laner

7th of the following month.

(1) (2) (3)

Day
1
2
3
4
5
6
7
8
9

i0
ii

13

(4) (5) (6) (7) (8)

I hereby certify that the
qualified personnel in

lity con:rol.

data contained herein w..,a obt’ained by tests
accord/ace/ith all applier:,le procedures and

_L
f--"/-.x,,

NSBLOYERAiUR IN RESPO [
or ORC’s Supervsor

and

and

month
than the

Signature

<
rela:e





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY

MCBCL 1134,5/8 (REV. 09/87)

PLANT

DATE

NPDES PERMIT NO MONTH

00310 00610 31616 ’0000
FECAL TOTAL

5DAY20*CBOD AMMONIA TOTAL SUSPENDEDRESIDUE COLIFORM OIL&GREASE NROGEN

INFLUENT EFFLUENT EFFLUENT INFLUENT EFFLUENT EFFLUENT EFFLUENT EFFLUENT

MG/L MG/L % MGJt. MG,I. MG/L % MF/100 ML MC,. MG;L

6 :z.o

10

17

21

24

"25

IS’f"
28

29

31

G G

/ 3o

C C

YEAR

ooee5

OMOSPNOROUS

TOTAL

AVERAGE

MAXIMUM

MINIMUM
COMP(C)
GRAB(G) C C C C C
MONTHLY

LIMIT 3’t3 30

EFFLUENT
MC.L

INSTRUCTIONS:
1. COMPLETE THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED.

EAD THE FORM WITH PLANT NAME, PERMIT NUMBER. MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

HE APPROPRIATE MONTHLY LIMITS AT THE BOTTOM.

3 AT THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS.

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.





RESULTS OF COMPLIANCE MONITCORING

Each da’: at approximately collect samplles of plant effluent

each zest listed in columns----7, by establishhe4 procedures.

Record actual time tests were run

3. Record :he results in the correct coln, on e appropriateline

sign your nzme in column 8.
A. Coulmn 2 will be taken from the plant sheets at the end of the

5. Completed signed fos will be returned N not later

7th of the following month.

and

and

month
than

(I) (2)

5
6

8
9

I0
ii
12

hereby certify that the data contained., ___,____heme w.a obtained
alified personnel in accordancercedures

ity con:rol.

OPERAT R IN RESPO_ L (:HARGE

or ORC’s Supe:or

by tests run
and rela:





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY
MCBCL 11345 (REV. 09/7)

I:q_ANT NPDESPERMIT NO.

S DAY 20"C BOD AMMONIA TOTAL SUSPENDEDRESIDUE

INFLUENT EFFLUENT EFFLUENT INFLUENT EFFLUENT

DATE MG. MG/L % MCL MG/L MG/L

13

15

22

23

24

26

27

29

30

IZ

TOTAL

AVERAGE

31618
FECAL

C,OIFOIM

EFFLUENT
MF/100ML

MONTH YEAR

TOTAL
OIL&GRF..ASE NITROGEN PHOSPHOROUS
EFFLUENT EFFLUENT EFFLUENT

G.- ,2,.co /o 3- s-
MAXIMUM

MINIMUM
COMP (C)
GRAB (G) G G C C

MONTHLY

INSTRUCTIONS:

1. COMPLETE THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED.

HEAD THE FORM WITH PLANT NAME, PERMIT NUMBER, MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

APPROP_RI.ATE MONTHLY LIMITS AT THE BOI"FOM.

.T THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS.

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.





INSTRUCTIONS :.
Each da’: at approximately collect samplles of plant effluent

each tet listed in columns---7, by establishhe4 procedures.
run in column 3-

Record actual time tests were

Completed smgneo o -7th of the followin month.

() (2) (3 () (5) ( (7)

lemo D

Ds’ Flow Time Meer )PD Winkler nature

19
20

hereby certify that the data contained herein w.a obtained by tests run

ifedpersonnel n accordplc:alle procedures and rela

lity con:rol. -2"
OPERATOR IN RPONSIBLECHARGE

or ORC’s Spervisor





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY

MCBCL 11345 (REV. 0/B7)

I.ANT NPDES PERMIT NO

FECAL
AMMONIA TOTAL S,USPENDED RESIDUE5 DAY 20"C BOD

INFLUENT EFFLUENT EFFLUENT INFLUENT EFFLUENT

DATE MG/L MG % MGJL MG/L MC.L

9

12

13

14

15

16

17

MONTH

EFFLUENT EFFLUENT EFFLUENT EFFLUENT

MF/100 ML MCNL MG/L MGJL

23

30

31

TOTAL 2,,t 0 (,, "1

MAXIMUM H I’ t"1 .. (m 2 H I’
MINIMUM ,--o O-
COMP (C)
GRAB(G) C C C C C G G
MONTHLY

LIMIT 30 /ooo 0

C C

INSTRUCTIONS:

1. COMPLETE THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED.

:AD THE FORM WITH PLANT NAME, PERMIT NUMBER, MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

APPROPRIATE MONTHLY LIMITS AT THE BoI-rOM.

3. AT THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS.

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.









ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTIILY REPORT OF WASTE TREATMENT PLANT WATER QUALITY
MCBCL 1134 (REV. 09/87)

NPDESPERMIT NO. MONTH YEAR

00310 l 10 31e16
C TOT T

SDAY D MIA IFORM L&GRE NEN U,
INFLUENT EFFLUENT EFFLUE FLUENT EFFLUENT EFFLUE EFFLUE EFFLUE EFFLUE

DATE M % M MG % MF/IML

3

0 %1 o

14

15

16

23

24

25

27

28

30

31

TOTAL . 6el Z--
AVERAGE

MAXIMUM

MINIMUM
COMP (C)
GRAB(G)

/,2.

C C C C C G G C C

_90 o O00 o
MONTHLY

LIMIT

INSTRUCTIONS:

:OMPLETE THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED.

EAD THE FORM WITH PLANT NAME, PERMIT NUMBER, MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

THE APPROPRIATE MONTHLY LIMITS AT THE BOTTOM.

3. AT THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS.

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.





RES.ULTS OF COMPLIANCE MONITfORING

INSTRUCTIONS:.
Each da’: at approxima=ely collect sampiles of plant effluent

each tet listed in columns--7, by establishhe4 procedures.

Record actual time tests were run in column :3.

3. Record -_he results in the correct column, on r.he appropriate line and

sign your name in column 8.

4. Coulmn 2 will be taken from the plant sheets at.the end of the month.

5. Completed signed forms will be returned NRE2d) not later than the

7=h of the following month.

C.13 C2) (3) CA) C5)
Tmp pH-by

Day Flow Time (C) Meter

6
7

9
0
ii
12

2O

22

2

0

and

(7) (8)
D.O.-by
Winkl er

. .lq n, o 13 .F O. 7,5 ,J /, :#...=

hereby certify that the data contained’heI [ein . obtaine y tests run

alfedpersonnel n accordance wh,alc:able procedures and rela"

ali=y con:rol.

OPERATOR IN RENSIBLE’
or ORC’s Suvisor





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY
MCBCL 114,5J8 (REV. 09/87)

PLANT NPDES PERMIT NO

00310 0010

5 DAY 20=C BOD AMMONIA

INFLUENT EFFLUENT EFFLUENT

DATE MG/L MGYL % MGJL

3

9

0

13

16

17

21 , ,; 5
22

23

(=O25

26

27

3O

TOTAL SUSPENDED RESIDUE

INFLUENT EFFLUENT
MG/L MG

FECAL
COLIFORM

EFFLUENT
M ML

m

TOTAL TOTAL
OCL& GREASE NEN S

EFFLUE EFFLUE EFFLUE

MAXIMUM

MINIMUM
COMP (C)
GRAB(G) C C C
MONTHLY
UM,T . 0 C G C C

INSTRUCTIONS:

1. COMPLETE THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED,

lEAD THE FORM WITH PLANT NAME, PERMIT NUMBER, MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

APPROPRIATE MONTHLY LIMITS AT THE BOTTOM.

3. AT THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS.

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.





;TRUC= O S :. / /
Each da:: at approximately __, collect sampiles of plant effluent an4

each test listed in columns &-7, by establishhed procedures.

Record actual time ess were run in column 2-

3. Record :he results in the correct column, .on r.he appropriate line an4

sign your name in column 8.

&. Coulmn 2 will be taken from the pl%nt sheets at the end of the month.

5. Completed signed forms will be returned t NRF_AD not laer than rha

7h of the following month.

() (2) (3) (4) (5) (6) (7) (B)

)H-by C1 D .0. -by

El ow Time Meer DP Winkl er ure

10

I





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY
’MCBCL 11345/8 (REV. 09/87)

DATE

0030 0060

DAY 20"C BOD NIIVlONIA

INFLUENT EFFLUENT
MG& MG.

9

10

11

12

13

I I .c

14

6

19

20

21

23

24

26

27

28

30

00530 36e

TOTALSUSPENDED RESI.DUE COLIFOrm

TOTAL

AVERAGE

MAXIMUM

EFFLUENT INFLUENT EFFLUENT EFFLUENT
MG/L MG/L MG/L % MFtl00 ML

MINIMUM
COMP (C)
GRAB(G)
MONTHLY

LIMIT

.9 GL 13 fz

e{ 7 3 0 9,’ 0

0

L

OIL& GREASE

ooeoo
TOTAL

NITROGEN

9’
TOTA

PHOSI:’tO5

EFFLUENT

MGA.

EFFLUENT EFFLUENT

MCL

0 o

los=.

C C C C G G C C

INSTRUCTIONS:

THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED.

!AD THE FORM WiTH PLANT NAME, PERMIT NUMBER, MONTH & YEAR, INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

THE APPROPRIATE MONTHLY LIMITS AT THE BOl"rOM

3. AT THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS.

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.





[NSTRUCTIONS:.

RES.ULTS O.F COMPLIANCE MONITfORING

Each day at approximately collect samplles of plant effluent and

each test listed in columns-4-7, by establishhe4 p.ocedures.

Record actual time tests were run in column 4.

if 3. Record :he results in the correct column, on r.he’appropriate line and

in column 8.sign your nzme
4. Coulmn 2 will be taken from the plant sheets atthe end of the month.

,i- 5. Complete.d signed forms will be returned tzm NRKAD not later than the

7h of the =ollowing month.

(I) (2) (3) (4) (5) (6 (7) (8)

Tmp )H-by CI2 D.O.-Dy. Day Flow Time (C) Meer DPD: Winkler ,

hereby certify that the data contained herein w.as obtained by tests run

e

or ORCSupervi Sot





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY

MCBCL 1145 (REV.

NPDESPERMITNO

oo31o l oo1o 0o53o

5 DAY20"C BOD J AMMONIA TOTAL SUSRENDED RESIDUE

INFLUENT EFFLUENT EFFLUENT INFLUENT EFFLUENT

DATE MG?L MG/L % MG/L MG/L MG/L

8

I0

14

MONTH YEaR

31616 0000 005

FECAL TOTAL TOTAL
COLIFORM OL &GREASE NITROGEN PHOSINOROUS

EFFLUENT EFFLUENT EFFLUENT EFFLUEN

MF/10OML MG/L MG/L MC.d

8& O

C) 2.7

(C)

I
17

21

24

26

28

29

30

31

TOTAL I
AVERAGE

MAXIMUM I’ -MINIMUM I
COM <C)
GRAB (G) C C C C C G G

MONTHLY
LIMIT 30 30

C C

INSTRUCTIONS:

1. COMPLETE THIS FORM IN INK. NEATLY AND CLEARLY OR IT WILL BE TYPED.

EAD THE FORM WITH PLANT NAME, PERMIT NUMBER, MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

APPROPRIATE MONTHLY LIMITS AT THE BOTTOM.

3. AT THE END OF THE MONTH, CALCULATE TOTALS, AVERAGES, MAXIMUMS AND MINIMUMS

4. SUBMIT COMPLETED FORMS TO LABORATORY SUPERVISOR BY THE 10TH OF THE FOLLOWING MONTH.





’-" RESLTLTS OF COMPLIANCE MONITfORING

NSTRUC?IONS :.
ch dav at approximately collect sampiles of plant eff]ue,nt and

ch zest listed in columns -, by establishhed procedures.
eccrd ac=ual time tests were run in column

.. Record zhe results in the correct column, on he appropriate line and

sign your name in column 8.
Coulmn 2 will be taken from the plant sheets at the end of the mon[h.

i. Completed -{J signed forms will be returned
7th of the following month.

(2) (3)I)

Day FI ow
T m

Time (C

18
19

I hereby certify that the data contained hein ..,ai obtained by tests

qualified personnel in accordance withI/ppic:ale procedures and
ity conzrol. ".

"’ OPERATOK IN R ONSIBLE[ ---- 
or ORC’s Servisor





ENVIRONMENTAL CHEMISTRY & MICROBIOLOGY LABORATORY REPORT
MONTHLY REPORT OF WASTE TREATMENT PLANT WATER QUALITY
MCBCL q1345/8 (REV. 09/87)

PLANT NPDES PERMIT NO

00310 00610

5 DAY20=C BUD AMMONIA TOTAL SUSPENDED RESIDUE COLIFORM

INFLUENT EFFLUENT EFFLUENT INFLUENT EFCLUENT

DATE MG/L MG,’L o MG/L MG/L MG/L %

MONTH

OO6O0
TOTAL

NITROGEN

YEAR

005
TOTAL

PHOSPHOROUS

EFCLUENT EFFLUENT EFFLUENT EFFLUENT

MF/100 ML MG;L MG/L MG4,,.

11

14

5

16

2O

21

23

25

26

28

29

3O

?.5

TOTA 

AVERAGE

MAXIMUM

MINIMUM
COMP (C)
GRAB (G)
MONTHLY
UMIT

C C

INSTRUCTIONS:

1. COMPLETE THIS FORM IN INK, NEATLY AND CLEARLY OR IT WILL BE TYPED.

THE FORM WITH PLANT NAME, PERMIT NUMBER, MONTH & YEAR. INDICATE TOTAL OR FECAL IN COLIFORM HEADING. ADD

HE APPROPRIATE MONTHLY LIMITS AT THE BOTTOM
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Biological phosphorus removal:
A technology evaluation
Mark J. Tetreault, Arthur H. Benedict, Christopher Kaempfer, Edwin F. Banh

In 1984, the U. S. Environmental Protection Agency (EPA)
sponsored a stud)’ to evaluale the effectiveness and reliability of

biological processes that depend on microorganisms to remove

phosphorus. This study focused on field investigations at four

full-scale wastewater treatment plants. Key objectives of the

evaluation were to obtain information about the design, oper-

iion, and performance of biological phosphorus removal tech-
:-. --rlogies; to document achievable effluent phosphorus concen-

trations; and to compare performance ofthe technologies based

on full-scale operating experience. The study began in the spring

of 1984 and continued until August 1985.

One of three proprietary processes is used by 28 of the 30

biological phosphorus removal facilities currently in operation,

construction, or design--PhoStrip, anaerobic/oxic (A/O), and

Modified Bardenpho (Bardenpho)) In April 1984, 5 of plants

in full-scale operation used PhoStrip; one was an A/O plant,

and three were Bardenpho plants. Two operationally modified

activated sludge plants were also identified. Two of the plants

are privately owned; the others -’.re municipally owned. Two

PhoStrip and two operationally modified activaled sludge plants

were selected for detailed investigation. Operalional modifica-

tions used at these plants involved shutting offlhe air supply in

the first stage ofthe aeration basins to provide an initial anaerobic

zone. Neither facility was designed for biological phosphorus

removal.

BIOLOGICAL PHOSPHORUS REMOVAL

All full-scale applications of biological phosphorus removal

technologies axe modifications of the activated sludge process.
These processes use an anaerobic contact period in a cyclic mode

to selec microorganisms that reduce effluent phosphorus through
"luxury" uptake and storage. The A/O, Bardcnpho, and oper-

ationally modified activaled sludge processes are mainstream

processes thal remove phosphorus in the waste activated sludge.

PhoStrip is a sidcslream process that combines biological and

chemical phosphorus removal. All of the processes can bc

adapted for combined phosphorus and nitrogen removal.

PhoStrip process. The anaerobic stripper lank and the lime

reactor clarificr arc key features ofthe PhoStrip process (Figure

). A return activalcd sludge sidestream thal contains 10 to 30%

of the mainslream flow is treated by chemical precipitation of

a phosphorus-rich supcrnatant. Lime dosage mainly depends

on the alkalinily of the wastewater. Chemical usage is reduced

significantly over mainstream chemical precipitation processes

because only a small portion of the waste stream requires trcal-

ment.
Sludge is retained in the stripper, which acts like a gravity

thickener, for a solids detention time (SDT) of 5 to 20 hours.

SDT is defined as the mass of solids in the stripper blanket di-

vided by the mass of solids leaving the system in the undcrflow

per day. Stripper solids arc estimated from the sludge blanket

.depth and underflow solids concentration. In the stripper, bio-

logically bound phosphorus is released from the sludge blanket

into solution.
The soluble phosphorus (sol is transferred to the stripper

superuatant either by recyclint.. ,.)per undcrflow to the stripper

feed, or by clutriation. The clutrianl can be primary, secondary,

or reactor clarificr effluent. Trealmcnl with lime in the reactor

clarificr causes the phosphorus in the stripper supernatant to

precipitate. After the undcrflow is stripped of phosphorus, it is

relurned Io the aeration basin where biological phosphorus up-

take occurs.
Operationally modified activated sludge process. The key fea-

ture of this process is the development of an initial anaerobic

stage in an operating activated sludge system (Figure 2). Influcnl

wastcwaler and recycled sludge arc mixed in this zone to induce

phosphorus release before aeration. Typically, the process uses

a relatively short mean cell residence time (MCRT), less than 6

days. This conccpl emerged during the talc 1960s and early 1970s

al conventional activated sludge plants that recorded high phos-

phorus removals largely by happenstance.’4" The plants used

long plug flow reactors, graduated aeration from inlet to outlet,

and short MCRTs 1.5 to 6 days). Opcralors dclccted phosphorus
release in the fronl end ofthc basins. Though nol known at that

time, heavy organic loadings and inadequate aeration wcrc

causing anaerobic conditions, which in turn caused phosphorus
rele&se.6

In this study, anaerobic conditions arc operationally defined

as an cnvironmcnl that contains less than 0.2 mg/L of both

dissolved oxygen (DO) and oxidized nitrogen (NO,-N). Anoxic

conditions arc operationally defined as an environment con-

raining less than 0.2 mg/L DO, but greater than 0.2 mg/L oxi-

dized nitrogen. One plant studied as part of this evaluation uses

a plug flow basin; the other plant uses separate, complelcly mixed
anaerobic and aerobic basins for effective phosphorus removal

and operates at a 10-day MCRT.

Field investigations at four plmats showed that
nitrification and denitrification are compatible

ith effluent phosphorus levels of mg/L or less.

Phosphorus removal mechanism. Biological phosphorus re-

moval processes depend on a population of microorganisms that

accumulate more phosphorus than is typically found in activated
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Figure lPhoStrip process schematic.

sludge biomass. Measurements of biomass as toal suspended
)lids (TSS) that contain up to "]% phosphorus on a dry weight

is have been recorded for biological phosphorus removal
sludges) For conventional activated sludge, biomass with

to 3% phosphorus is typica.l. Several conditions are necessary
for this luxury uptake to occur. These include anaerobic-aerobic
staging:8’9 phosphorus release in one anaerobic stage in the pres-
ence of a readily biodegradable organic substrate that is simul-
taneously absorbed during this slage;I’** and rapid soluble P
uptake in lhe aerobic basin by polyphosphate-accumulating mi-
croorganisms.

MaraJs postulaled a population selection theory to expla
the presence of these organisms in the activated sludge biomass
of mainstream proeess.6 According to this lheory, polyphos-
phate accumu]alion serves as an eneri" reservoir to sustain the
organisms during the anaerobic stressed state. In the anaerobic
stase, theseorsms gain an advantage over nonpolyphosphate-
accumulating organisms by absorbing the organic substrate in
the anaerobic basin for their exclusive use. Little soluble orsanic
substrate enters the aerobic zone for the nonpo]yphosphate-ac-
cumulating aerobic orsanisms to effectively compete with the
po]yphosphate-accumulafing organisms.

Figure Z---Operationally modlfd activated sludge process schematic.

It is not known yet if there are significant differences in the
phosphorus accumulation mechanism between mainstream and
sidesream processes. UnLike mainstream processes, it seems that
in the PhoStrip process low molecular weight organics in the
sidestream anaerobic reactor are formed by hydrolyzation of
paniculate organics and from ]ysed bacteria during the long
SDT.I Ifso, phosphorus release in the PhoStrip stripper comes
from both polyphosphate-accumulating microorganisms and
lysed bacteria.

In mainstream processes, an anaerobic contact period of to
2 hours is generally used to select for these polyphosphate-ac-
cumulating microorganisms) An SDT of 5 to 20 hours is used
in the PhoStrip process. NOx-N or DO in the anaerobic reactor
inhibits phosphorus release. This reduced phosphorus release
limits phosphorus uptake in the aerobic reactor and has a neg-
ative effect on process performance. DO concentrations greater
than 2 mg/L have been noted as necessary for effective phos-
phorus uptake in the aerobic basin; concentrations greater than
4 mg/L did not significantly increase phosphorus uptake).12’l

Arvin idemified simultaneous chemical precipitation of
phosphorus caused by cations in the wastewater as another factor
that contributes to improved performance. I( Under anaerobic
conditions, phosphorus release increases the driving force for
phosphate precipitation at pH greater than 7. Denitrification
can also occur within microfilms, which causes an increase in
pH and creates microenvironments tl"/at are conducive to phos-
phorus precipitation.

Effluent phosphorus characteristics. Biological phosphorus
removal is analogous to 5-day biochemical oxygen demand
(BODs) removal in that the process converts soluble P to sus-
pended biomass in the aeration basin. Thus, for effective treat-
ment, the suspended biomass must be removed. To illustte,
for 0.7 mg/L effluent soluble P, 0.3 mg/L suspended phosphorus
is rcluired to achieve an effluent total phosphorus (total P) con-
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centration of 1.0 mEJL. Figure 3 shows the ladb.hp"bween
effluent S, phphos ntem of ,dnd
phhos for ucntStwn 0 and 30 m.
Snn 5% phosphors, an uentSnnGon of

6mL orI would ui to achieve this ttmcnt

At a 3% phosphorus content, 10 mLSwod ui.
The relationship twn cucnt TSS, bJom phosphors

ntent, and luble P idu is thefo imnt in defining

achievable cucnt phosphorus conntmtions for the biolocal
phosphorus removal technology.

FULL-SCALE INVESTIGATIONS
Methodology. The evaluation focused on the sidestrcam

PhoStrip process and mainstream anaerobic/aerobic operating

modifications to the activated sludge process. Operating A/O

and Bardenpho plants were not available for detailed investi-

gation; therefore, these processes are not included directly in

this evaluation. However, selected published information on the

performance offuU-scale A/O and Bardenpho plants is included

for comparison.
The plants selected for study ofthe PhoStrip process were the

Lansdale Wastewater Treatment Plant (Lansdale), Lansdale,

Pa., and the f-ittle Patuxent Wastewater Treatment Plant (Lirde

Patuxent), Savage, Md. The operationatly modified activated

sludge plants selected were the Reedy Creek Improvement Dis-

trict Main Wastewater Treatment Plant (Reedy Creek) in Lake

Buena Vista, Fla., and the DcPere, Wise., Wastewater Treatment

Plant (DePere).
Plant selection was based on historical performance and

availability of routine monitoring data, mass balance informa-

tion, plant personnel, and laboratory resources. The investiga-

tions consisted of a review of facility planning and background

information; collection of historical operating and performance

data; and independent testing and analysis at each location to

study specific aspects of the phosphorus removal process. An

analytical quality control program was implemented to ensure

consistent reporting of results from each plant. Table shows

the methods ofanalysis,js’j The two PhoStrip plants used filtra-

1.0

Figure 3--Effect of TSS phosphorus content on etuent suspended

phosphorus eoncentratlon.

Table lMethoda of armlyala.

Measurement perametr Method Refecm"e

Solids (rese:Jues)
Total 20A 15

Total suspended 209D 15

Volatile suspended 209E 15

Phosphorus
Total 424C, F, G 15

Filtrable" 424A, B, F, G 15

Filtrable ortho" 424A, F. G 15

Nitrogen
Ammonia 417A. B, D 15

TKN 420; 417D 15

Nitrate EPA 325.1 16

Nitrate pus nitrite 418C. E, 419 15

Biochemical oxygen demand 507 15

Filtered through ;. ," micrometer pore size membrane filter.

blc orthophosphate (measured as P) as the measure of soluble

phosphorus. The operationally modified activated sludge plants

measured soluble P with the standard filtrable phosphorus pro-

cedurc; this included a digestion sep to reduce soluble poly-

phosphate to soluble orthopbosphate. Soluble P is defined as

the phosphorus filtrable through 0.45-/ pore size membrane filter

according to "Standard Methods.’’zs The actual soluble P con-

ccntration at the PhoStrip plants lies between the total P and

orthophosphate concentrations because polyphosphatc in the

soluble form is not detected by the analysis for orthophosphatc.

However, in this study, orthophosphatc is considered to consti-

tute the soluble phosphorus fraction.

The study team conducted sampling programs over a 4- to

9-week period at each plant during June, July, and August 1984.

The sampling progms emphasized evaluation ofthe biological

phosphorus removal processes, but included other unit opera-

tions and processes where appropriate. Objectives were to define

process operating conditions; achievable ef[]ucnt phosphorus

concentrations; a representative phosphorus mass balance; effects

of nitrification and dcnitrification; effects of the biological re-

moval processes on activated sludge settling characteristics; im-

pacts ofsolids-handling operations; and relative phosphorus re-

movals by chemical and biological methods in the PhoStrip pro-

cess. The team also identified key operating problems at each

plant and documented the methods used to resolve these prob-

lems.
Key plant features. Table 2 presents the unit processes and

operations used at each plant. Figures 4 to 7 arc flog’ schematics

for each plant.
The 9450-m3/d (2.5-mgd) Lansdalc plant uses the PhoStrip

process. There is no primary.’ treatment at this facility: however,

flow is equalized in an on:line basin with a 24-hour hydraulic

residence time (HRT). In this paper, HRT is defined as the for-
ward flow divided by the/basin volume. Contact time is defined

as the actual HRT or the total flow (forward plus recycle flows)
divided by the basin volume. After preliminary treatment,

wastewaler flows to the activated sludgc-PhoStrip system (Figure

4) for BOD and phosphorus removal. Reactor clarifier overflow
and secondary effluent are used to clutriatc phosphorus in the

stripper. Nitrification occurs in the activated sludge process; full

nitrification occurs dunng the summer months. Separate-stage

August 1986
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Table 2Wastewater plant unit processes and operations during field investigations.

Wea|ewetor

treatment
plant Prephoaphorua removal

Unit process or operation

Lansdale, / Barsceenng

Phoephorua removal
Postphoaphorua

removal Sludge handling
Rug-flow activated sludge Ndnhcation Irickling filters/ Grawty lhickeners v,qth hme

Comminulion
Grd removal

On-lane equalization

Lmle Patuxent.,/..,. L Bar screening
Gn! removal
Off-line flow equahzation
Primary clanficalion

Reedy Creek Comminution
Grit removal (aeraled only)
Primary sedimentation

DePere) V}I Grit removal

Tertiary phosphonJs removal processes.

PhoStrip

Step.feed aclivaled
sludge (July 1984)

Plug flow activated
ludge (April 1985)

PhoStp

Plug flow activated
sludge

Anaerobic/aerobic zones

Completely mixed
activated sludge

Anaerobic/aerobic tanks
in series

clatificahon
Suspended growth

denllrff.atlon/posl
aeration/clanfication

Chlorination/dechlorinabin
Suspended growth

nftrification/clarification
Coagulalon/tkx::culaton
Filtration"
Chlorinahon/dechlorination
and poslaeration

Chlorination
Wetlands tre-

Multimedia filtration
Chlorinalion

stabilization /
Vacuum filtralion off-sde

disposal or liquid sludge
spreading

Aerobic digestion (biological
sh.es)

Gravity thickening v,qth

chemical sludge
Filter press dewatering
Off-site disposal
Dissolved air flotation (waste

activated sludge)
Aerobic digestion pdmaty
and thickening waste
achvated sludges)

Land Spreading
Dissolved air lotation
Sludge storage
Plate frame filter Press

dewatering
Incineration

and denitrification are also used. Waste biologicaldges are combined with the waste chemical sludge from theprocess, gravity thickened, stabilized with lime, andthen dewatered or spread on land.
The Little Patuxent facility, a 56 800-m/d (15-mgd) plant,also uses the PhoStrip Process with high-rate activated sludge(Figure 5). Additional treatment includes primary sedimentation,separate-stage nitrification, chemical coagulation/flocculation,and filtration for residual TSS and phosphorus removal (see Ta.ble 2). Partial nitrification occurs in the tim-stage activated sludgesystem. Reactor clarifier overflow is used as an elutriant in thestripper. During the field investigation the activated sludge systemwas operated in a slep-feed mode. However, in November 984,the process was convened to plug flow operation to improvephosphorus uptake. Operating changes in the PhoStrip processwere also implemented at this time. Primary and waste biological

826

sludges were aerobically digested before gravity thickening withthe waste chemical sludge. Thickened sludge is dewatered bybelt filter presses before final disposal.
The 22 700-ma/d (6.0-mgd) Reedy Creek plant serves the WaltDisney World Complex. Primary eflluent is combined with re-turn activated sludge and distributed to four parallel plug flowbasins (Figure 6). The lust third ofeach basin is unaerated, whichresults in DO and NO=-N concentrations less than 0.2 mg/L.Back-mixing provides sufficient agitation to maintain solids sus-pension in the unaerated zone. Nitrification and denitrificatioaalso occur in this single-sludge system. Waste activated sludgeis thickened by dissolved air flotation (DAF) and combined withprimary sludge for aerobic digestion. Digested sludge is spreadon land.
The 53 750-m/d (14.2-mgd) DePere plant uses a convenedcontact-stabilization activated sludge system. Operators shut offair flow to the stabilization tank to provide an initial anaerobicbasin for phosphorus release before treatment in a completely.
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mixed aeration basin (contact tank) for BOD and phosphorus

removal, and nitrification (Figure 7). Basin contents are mixed

with turbine aerators operated without air. This plant has no

primary treatment; raw wastewater is degritted and aerated before

secondar)’ treatment. Waste activated sludge is thickened in DAF
units and stored. Periodically, stored waste sludge is chemically

conditioned, dewatered in a plate-and-frame filter press, and

incinerated.
Table 3 summarizes influent phosphorus and BOD concen-

trations to the biological phosphorus removal process at each

plant during the field investigations. Process influent asprimary

eluent at the Little Patuxent and Reedy Creek plants. The

Lansdale plant process influent was degritted wastewater that

was aerated and stored (equalized) for a minimal HRT of 24

hours before the biologica] phosphorus removal process. Process

influent at the DePere plant was degritled wastewater. As Table

3 shows, the plants operated below design hydraulic Ioadings

during the field investigations.

Data for July 1984 and April 1985 are presented for the Little

Patuxent plant. A comparison of these two sets of data shows

the effects of the operational changes made in November 1984

that improved performance. Data for the July 1984 period are

based on the monthly operating reports and results from special

studies conducted as part ofthe field investigation. Data for the

April 1985 period are based only on monthly operating reports.

These data typify performance during a 6-month period begin-

ning in November 1984. Approximately 20% total P removal

occurred through preliminary or primary treatment processes.

Treatment effectiveness. Table 4 presents final and process

effluent concentrations for BOD, total P, and soluble P or or-

thophosphate. Suspended phosphorus concentrations are also

included in Table 4; these values were calculated from the re-

corded total P and orthophosphate or soluble P concentrations.

Figures 4 through 7 and Table 3 describe tertiary treatment pro-

cesses. Except for the Little Patuxent plant July 1984 1.7 mg/L

secondary effluent total P, all plants achieved mg/L or less

total P in both the biological phosphorus removal process and

final effluents.
As Table ,* shows, the biological phosphorus removal process

effluent and final euent quality, excluding nitrogen, was better

than advanced secondary standards (BOD less than 25, TSS

less than 25, and total P less than i). Final effluent quality was

better than advanced waste treatment standards (BOD less than

10. TSS less than 10, and total P less than I). This degree of

overall trcalment performance was required to achieve the low

euent total P at these plants. Because phosphorus removal is

associated with BOD uptake in both the anaerobic and aerobic

b.sins, phosphorus removal is maximized for a certain set of

Focus on Nutrient Control

operating conditions by maximizing BUDs removal. The low

residual BUDs in the biological phosphorus process effluents (all

but one result less than 8 rag/L) show that BOD removal was

greater than 90%.

Table 5 presents phosphorus removals per unit of BOD re-

moved in the biological phosphorus removal process. Overall

removal including that from chemical removal in the PhoStrip

processes is also shown. These unit removals are based on the

difference between influent BOD and total P, and effluent or-

thophosphate or soluble P and carbonaceous BOD. Unit bio-

logical removals that represent the amount of phosphorus re-

moved in the waste activated sludge for the PhoStrip processes

were calculated from mass balances conducted during the field

investigations.
Values between 0.04 and 0.08 mg phosphorus per mg BOD

(rag P/mg BOD) have been reported for mainstream biological

phosphorus removal processes. 13 The unit values shown in Table

5 indic.:c "hat enhancement was similar at each plant.

T’ :nccntrations that averaged less than 15 mg/L (except

in Ju’.: 1984 at Little Patuxcnt, 26 mg/L TSS), resulted in low

suspended phosphorus concentrations of 0. to 0.8 in the bio-

logical phosphorus removal process euent. Final effluent sus-

pended phosphorus ranged between 0. and 0.6 reg./L; TSS were

between 2 and 8 mg/L. Total P removal through the biological

pfiosphorus removal processes ranged between 74 and 94%; sus-

pended phosphorus accounted for more than 50% of euent
total P at the Little Patuxent and Reedy Creek plants. Average

overall total P removal through the plants ranged between 88

and 97%.
The DePere plant and the Little Patuxent plant (in April 1985)

met their permit limitations of 1.0 and 0.3 mg/L total P, re-

spectively (see Table 4). The Reedy Creek plant does not have

a total P limitation; phosphorus is removed because ofa potential

total P euent limit of 0.65 mg/L The Lansdale plant was out

of compliance with the strict permit limitation of 0.07 mg/L

toal P (0.2 trg/L PO,); however, the plant can achieve an effluent

total P less than rag/L, which is the limit set in a revised draft

permit. The Little Patuxent plant was out of compliance with

the 0.3 mg/L total P permit limit for the entire 13-month his-

torical review period that ended in August 1984..
Table 6 presents nitrification and total nitrogen (total N) re-

moval data for each ofthe plants. As the table shows, nitrification

was almost complete in the biologi_.al phosphorus removal pro-

cesses of all but the Little Patuxent plant; average ammonia

nitrogen (NHrN) removals were 89 to 98%. Average total N
removals through the biological phosphorus removal processes

were between 14 and 83%; based on mass balances, 73 and

34% of the overall total N removal through the Reedy Creek

and DePere plants, respectively, was attributed to denitrificatior.
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Tal)le 3--Phosphorus and BODe concentrations dudng field investigations.

Flow Raw waatawater
total P

concentration,
Plant mg/L Total P

Percent of

me/d (mgd) design

Lansdale 8 350 (2.2) 88 64 5.4

Process influent concentration,
mg/L

Soluble
Soluble P Orlho P BODe BODe

3.1 / 41’
Lle Paluxent
Juy 1984 47 300 (12,5) 83 8.2 6.6
AIDtd 1985 40 880 (10.8) 72 8.8 7.0

Reedy Creek 18 150 (4.8) 80 6.7
DePere 13 250 (3.,5) 49 6.4 5.1

3.7 103 38
4.8 92

5.3 155 85
1.9 150 86

Inhibiled BODs.
Sampling error, total P concentration greater than 6.7 rng/L.
Based on only one parallel Ireatment train in operation.

The remaining total N removed was contained in the waste ac-
tivated sludge. Atl plants except for Little Patuxent were operated
to nitrify. These results indicate that nitrification and nitrogen
removal can occur simultaneously at these plants while they
continue to produce less than mg/L effluent total P. However,
biological phosphorus process effluent contained between 5.8
and 21.0 mg/L total N, which indicates that total N was not
reduced to advanced treatment levels (that is, 2 mg/L total N)
at these facilities without tertiary treatment for nitrogen removal.
This means that combined biological nutrient removal to ad-
vanced levels was not accomplished in a single-stage treatment

Historical performance summary. Figure 8 presents a cu-
mulative frequency plot of biological phosphorus removal pro-

cess performance based on historical average monthly data col-
lected from each plant. This performance is representative of
secondary, effluent quality achievable under optimum operating
conditions.
The Lansdale plant performance is based on 14 months of

PhoStrip operation. It does not include 7 months of operation
during which the PhoStrip process was in a start-up mode or
was shut down for maintenance; effluent total P was greater
than 2 mg/L during these periods.

Table 4--Performance during field Investigations.

The Little Patuxent plant data is based on the improved per-
formance between November 1984 and April 1985 (six data
points). During this period, process effluent tom] P averaged less
than 1.3 mg./t Before this period, process effluent total P av-
eraged 2.0 mg/L and ranged between 1.4 and 3.2 mg/L for the
13-month period ending in August 1984. Both effluent total P
and onhophosphate for these two plants are shown in Figure 8.
Comparison of the total P and onhophosphate performance
curves for the PhoStrip plants shows that suspended phosphorus
constitutes a significant portion of the total effluent concentra-
tion. These results also show that the PhoStrip process produced
an euent containing less than mg/L total P 83 to 93% ofthe
time on a monthly basis, and orthophosphate concentrations
less than 0.5 mg/L 78% ofthe time.

Total P data presented for the operationally modified biolog-
ical phosphorus removal processes represent 16 and 12 months
ofoperation for the Reedy Creek and DePere plants, respectively.
Effluent soluble P is not measured at these plants. Effluent total
P is measured after multimedia filtration at DePere. After ill-
tration, TSS are typically less than rag/L; thus, virtually all
suspended phosphorus is removed. Therefore, the total P in the
filtered effluent is almost entirely soluble. Effluent tom] P was
always less than mg/L and less than 0.65 mg/L 80% of the

ConcenUal/on, mg/L

Orlho- Suapencled Total P
Total Soub phol- phol- removal,

Plant BODe TSS P P phete phorul %

Rnel affluent ncentretlon, m0lL
Overall Permit

Oflho- Suepended Total P limit for
Total Soluble phoa- phol- removal, Total P,

BODs TSS P P phata phones % mg/L

LansOe 3 4 0.8 0.7 O. 85
Lalle Paluxent

July 1984 16 26 1.7 0.9 0.8 74
A,cx t985 6 0.5 O 0.4 93

Reecly Creek 3 13 0.9 0.4 0.5 82
DePee 7 7 0.3 0.1 0.2 4

5 0.8 0.8 0.1 88 0.07

2 8 0 7= 0.1 0.6 9 0.3
2 4 0.3" 0.1 0.2 97 0.3
2 2 0.6’ 91 1.0
3 2 0.3" 0.3 0.1 95
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Table 5--PhoaphonJa removala per BeDsremoved."

Plant Process

Unit rlmol|,m
phosphorus rmoved
per mg BOOs removed

BIologcal" OvereI#

Lansdale PhoStrip 0.041 0.124

I.Jttle Patuxent PhoStrip

July 1984 0.033 0.058

April 1985 0.033 0.078

Reedy Creek Operationally modified 0.04

activated sludge

DePere Operationally modified 0.034

activated sludge

Removed in waste activ.ated sludge.

Includes chemical phosphO,’US removal.

Based on effluent filtered BOOs.

time for the operationally modified activated sludge processes.

This historical performance analysis and the phosphorus removal

performance during the field investigations show that the bio-

logical phosphorus removal processes can consistently and re-

liably achieve less than mg/L effluent total P without tertiary

treatment.
Operating conditions. Table 7 summarizes operating condi-

tions during the field investigations at the PhoStrip plants. Thc

Lansdale stripper operated at a 20-hour SDT; the Little Patuxcnt

SDT was between 7 and 8 hours. Testing indicated that the

Lansdale stripper operated undcr anoxic conditions; nitrified

secondary effluent used as an elutriant cycled NO,-N to the

stripper. Stripper overflow contained up to 3.6 mg/L NO=-N. A
DO profile through the depth of the stripper showed that DO

increased from 0.15 mg/L at the botlom of the stripper sludge

blanket to 0.5 mg/L at thc top ofthe stripper. Measurements at

the Little Patuxcnt plant in July 1984 showed that Lhc stripper

opcrated anaerobically with less than 0.2 mg/L influcnt DO and

NO=-N.
Total return sludge flows (direct return plus stripped sludge

flows) to the activated sludge process averaged between 16 and

5"/% ofthe mainstream flows for the periods studied. Addition-

ally, in April 1985, the Little Patuxent plant began to recycle

stripper undcrflow to supplement reactor clarificr overflow used

for clutriation. This operational change was implemented along

with increased return sludge feed to the stripper. Under these

conditions, the average stripper overflow total P increased from

9.5 mg]L (July 1984) to 20.0 mgJL. Average lime dosage to the

stripper overflow ranged from 100 to 160 mE/L between pH 9

and 9.5; 59 to 83% of the tom] P contained in the stripper over-

flow was removed in the chemical sludge.

Lansdalc’s activated sludge process operates at a low food-to-

microorganism ratio (F:M), 0.16 kilogram BOD per kilogram

mixed liquor volatile suspended solids per day (kg BOD/kg

MLV$S-d). The Little Patuxent plant has a high F:M, 0.5 kg

BOD/kg MLVSS d. During the field investigation, the activated

sludge system at the Little Patuxent plant was operated in the

step-feed mode. This mode of operation, along with low DO

(less than 2 rag/L) in the aeration basin limited the phosphorus

uptake in the basin. Additionally, phosphorus release occurred

in the secondary clarifiers. These factors resulted in poor process
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performance; the average tom] P concentration was 2.0 mg/L

for the 13-month period. In November 1984 the following op-

erational improvements were implemented:

Operation of the activated sludge system in the plug flow

mode (Figure 4),
Increased DO in the acration basin, up to 4 mg/L at the

effluent end of the basin to improve phosphorus uptake in the

basin and prevent phosphorus release in the secondary clari-

tiers, and
lcrcasc return sludge recycle ratio to maintain a minimum

sludge blanket in the seconder3’ clarificrs.

Chemical phosphorus removal in thc PhoStrip proccss was also

increased from 100 kg/d (221 /b/day) to 164 kg/d (361 /b/day).

Unit biological phosphorus removal remained the same at 0.033

mg P/rag BeDs.
Biological sludge production was 1.0 kg volatile suspended

.x,lids (VSS) per kg BOD removed at the Lansdalc plant and- 7 kg VSS/kg BOD at the Little Patuxcnt plant. Highcr sludge

production at the Lansdalc plant, which does not provide pri-

mary sedimentation, was attributed to a higher nordcgradcablc

VSS component in the preliminary treated effluent.

Both of the PhoStrip facilities have experienced lime scang

problems in the clulfiation rturn piping system from the reactor

clarifiers. When scaling occurs, the Lansdale plant temporarily

substitutes ferric chloride and polymer for lime to precipitate

phosphorus and to remove lime scale from the clutriation piping.

The Little Paluxcnt plant shuts down one of the two stripper-

re,actor clarificr units and rccarbonates the system on a batch

basis to remove lime scale from the clutriation piping.

Operational/)’ modified activated sludge. Table 8 presents the

operating conditions for the mainstream activated sludge process

operated in the anaerobic/aerobic mode. The Reedy Creek plant

operated at an F:M of 0.33 kg BOD/kg MLVSS. d, based on

the biomass under aeration. The anaerobic contact period, based

on influent plus sludge recycle flows, was 1.9 hours with a 6-

hour aerobic HRT. The DePere plant was operated with a 3.8-

hour anaerobic contact period at a low aeration basin F:M of

0.12 kg BOD/kg MLVSS.d. The aerobic basin HRT was 14

hours; aerobic contact time was 7.6 hours. This long HRT is

because the DePere plant is hydraulically loaded at only 50% of

the design capadty. Both activated sludge systems were operated

to nitrify with an MCRT of 7.2 days for Reedy Creek and 10.6

days for DePere.
Influent ratios of BODoto-tom] P, soluble BOD-to-soluble

P, chemical oxygen demand-to-total Kjeldahl nitrogen (COD:

Table 6Secondary effluent nitrogen oxidation and re-

moval.

Concentration,

mg/L Removal, %

Plant NH=-N Total N "Ha-N TotBl N

Lansdale 0.2 14.2 98 31

Little Patuxen
July 1984 11.2 19 8 27 18

April 1985 9.5 21.0 44 14

Reedy Ceek 0 7 5 8 97 83

DePere 4 86 89 67
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Figure 8--Biological phosphorus process performance reliability.

IOO

TKN), and BOD-to-TKN are also presentod in Table 8. These
values for both plants are raore than the reported threshold values
for the four ratios respectively, 20, 10, 10, and 4, necessary to
achieve low effluent phosphorus concentrations.2.’ These fa-
vorable wastewater characterislics are key factors in the process
performance of these plants. The high carbonaceous substrate-
to-total P ratios indicate that suicient substrate is available for
phosphorus assimilation in the biomass; COD:TKN is an em-
piricaJ indication that there is sucient substrate available for
denitrification to occur in the anaerobic reactors in excess ofthe
substrate required during phosphorus release. Biological sludge
measurements indicated a phosphorus content of" 3.8 and 2.4%
on a dry weight basis for the Reedy Creek and DePere sludges,
respectively. The Reedy (reek sludge 3.8% phosphorus content
indicates that enhancement occurs in this system. The 2.4%
phosphorus content of the DePere biomass is only marginally
higher than conventional activated sludge. However, because
the DePere plant does not provide primary treatment, b/omass

a low vo[ati]e content (average VSS, 64%). Because the phos-
0linen solids is nonnaJ]y low, ove[J phosphorus

of" the sludge is reduced. On a VSS basis, which is a
indication 6f the active biomass, the DePere sludge con-

830

rains 3.8% phosphorus and the Reedy Creek sludge contains
4.8% phosphorus.

Biological sludge production at the DePcre plant was 0.9 kg
VSS/kg BOD removed and at the Reedy Creek plant, 0.7 kg
VSSIkg BOD removed. The DcPere plant does not provide
primary sedimentation, thus the high sludge production for the
low F:M system (0.12 kg BOD/kg MI-VSS. d) was attributed
to a high nondcgradablc V$S component in the preliminary
treated effluent. Before operationally modifying the activated
sludge process for phosphorus removal at DePcre, chemicals
were added to the activated sludge process to precipitate phos-
phorus and achieve less than mg/L effluent total P. Phosphorus
removal performance has not changed since conversion to the
anaerobic/aerobic biological phosphords removal process. Before
operation in the anaerobic/aerobic mode, the Reedy Crock plant
typicalJy produced 3 to 5 mg/L secondary effluent total P.

FACTORS AFFECTING PERFORMANCE
Before this study, the PhoStrip process had been described as

the only biological phosphorus removal process that could re-
liably achieve an effluent orthophosphate concentration less than

Journal WPCF, Volume 58, Number 8





Tlbie 7--PhoSUtp plant operating

Lnte Juy 1084 Apd11005

PhoStrip process
Striper
SDT, hoots 20 8 7

Feed fow. % of
trew 14 22

Elrti w, % of

feedw 124 121

Elutrlation tale," L/g

TSS. d 0.14 0.72 0.25

Unow, % of

mainstrew 10 14 21

Rece. % 0 0 78

ow.% of

mainstrew 31

Tot P, .6 9.5 .0

16.4 7.2 .’

React ov
Tot P, 3.6 3.9 7.2

hpte, 0.9 0.9 1.2

ewrate. m/m" d

(g/sq ) (1) 46 (11) (0)

Lime dosage, 1 1 1

9.0 9.5 95

Activated sluOge ess
F:M, kg Bkg

MLVSS. d 0.16 0.5 05

MLSS, 1
P:VSS, rcent 3.3 4.0 4.6

MCRT, days 6.5 3.7 2,8

HRT, hours 4.6 2.6 3.0

Return sludge recycle

ratio 0.16 032 0.57, mg 2-3 1.3 2-5

ue pruction, kg
VSSg BO 1.0 0.7

Based on mass of solids in stripper.

Estimated from solids balance.

Calculated based on estimated MLSS,

Based on removed cad:x:)naceous BODs.

mL.=’’’ The proprietary mainstream biological phosphorus

removal processes had been described as capable of achieving

effluent orthophosphate concentrations of less than 2 m&/L,

based primarily on performance at the Largo, ,Fla., A/O plant

and the Palmetto, Fla., Bardenpho plant.2’J

The results of this investigation show that both the PhoStrip

and mainstrcam operationally modified activated sludge process

can produce both effluent total P and orthophosphate or soluble

P concentrations less than mg/L.
PhoStrip process. The PhoStrip process has significant op-

erational flexibility because substantial phosphorus removal oc-

curs through chemical precipitation, which is controlled by the

stripper feed rate and other operating parameters. Phosphorus

removal can occur at lower BODe:total P than are nccessar3. for

mainstream processes that rely entirely on biological phosphorus

rcrnoval. If BODe:total P is too lob there will be inadequate

phosphorus uptake in the aeralion basin. Several factors must
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be controlled to achieve sn orthophosplmtv onentralion less

than mg/L.
Stripper operation. Key stripper operating and design param-

eters are the SDT, elutriation rate, -rid elutriant source. A suf-

ficien SDT is required to release phosphorus in the stripper.

Unlike mainstream biological phosphorus processes where

readily degradable organics are in the process influent, it seems

that low molecular weight organics formed by hydrolysis of par-

ticulate organics from lysed bacteria are needed as substrate for

phosphorus to be released during the relatively long SDT of 5

to 20 hours.6 When NO-N is in the return sludge or elutriant

streams, the SDT must be increased to allow for concurrent

denitrifieation and phosphorus release to occur. Table 7 contains

operating data from the field investigations; stripper feed ranged

between 14 and 34% of the mainstream flow, which spans lhe

recommended design range.
Comparison ofthe April 1985, Little Patuxent plant dam with

the Lansdale plant field investigation data (Table 7) shows that

the performance ofthe two strippers was approximately the same.

Overflows from both strippers contained approximately 20

mg/L total P and 17 mg/L onhophosphate. The Little Patuxent

plant operated at an S-hour SDT under anaerobic condilions,

and elutriation was accomplished by recirculation ofthe stripper

feed (78% ofthe stripper feed flow) and reactor clarifier overflow

(50% of the stripper feed flow), in contrast, the Lansdale Plant

used a combined elutriant flow (30% secondary effluent and

70% reactor clarifier overflow) that was 124% ofthe stripper feed

flow. The anoxic SDT was 20 hours. Under these operating con-

ditions, the elutriation rate was 0.25 L/g TSS-d based on the

solids in the sludge blanket for the Little Patuxent Plant, com-

pared to 0.14 L/gTSS d at the Lansdale Plant. Thus, phosphorus

Table 8Operating conditions at operationally modified

activated sludge plants.

Reedy Creek DePere

Influenl ratios

BOD:total P 23 29

Soluble BOD,,:soluble P 16 47

COD:TKN 11

BOD:TKN 4.7 58

HRT, hours
Anaerobic 3.0 7.5

Aerobic 6.0 150

Contact period, hours

Anaerobic 1.9 38

Aerobic 3.8 7

Sludge, % phosphorus 3.8 24

Activated Sludge System
F:M, kg BODs/kg MLVSS, cP 0.33 0 12

MLSS, mg/L 2100 30(0

MCRT, days 7.2 10 6

Relurn sludge recycle ratio 0.59 0 81

DO. mg/L 2_4 4

Sludge poduction, kg VSS/kg
BOD" 0 7 0 9

Based on lnfluent plus recycle flows (total flow)

Based on aerobic basra volurre only

Based on overall reactor(s) vOlume

Effluent end ot basin

Base."J on removed carbonaceoJs BOD,.
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release was similar at the two facilities under quite different
ppcr operating conditions.

ble 7 shows, stripper performance .at the Little Patuxent
lnt in July 1984 was poor. It ems that lhc high elutfiation

rate of 0.72 L/S TSS. d was excessive for the rae at which or-
lhophosphate was rclcad to the elutalion stream. The reactor

clafifier ovcowwdiluted to an ohophosphalc concenttion
of 7.2 mL cause of the high clutfiation flow and low SDT.
The choice ofelutfiant strums is implant in the design and

oration of the striper. Reactor clafifier overflow and cond-
a emuem contain low phosphors concemralions nece
Io elumatc the phosphors reld from the sludge blanket?
The clumant sources al typically contain signifint
concemraions and little orphic substmte. When nitfifition
cu in the activated sludge system, conda euent al
contains NO,-N. Under the conditions, an extended SDT is
required to ly cells ud a rn urce for th denitd-
cation and phosphors rel; a 0% incr in SDT hm
en recommended for design? Typilly, SDT n vad
over a wide nge by adjusting the sludge blanket depth tween
2 and 6 m (7 to 20 ft).
The PhoSlfip system n remove nitrogen by denitfying the

nitfied conda euent thin is ud an elutdant in the
stpr. The nale plant h orat in this manner.
U ofpdmary euent as an e]ufiant pruces a sream th

significant concentrations of readily readable onics that
could incre phosphors rele. Under Ihe conditions, a
lower SDT could achieve a sific striper oveow phospho
ncemtion. An exended SDT would not ruired to ly
ts for a subsrate murcc. Therefore, a definitive study of the
’.cts of waste stream chactefistics on elmmion may help

deteine whether orational flexibility could incrd by
yawing the elutam characefisti and flows. Thus. variouso
erafing mes can adopted in the activated sludge-PhoStp
system, dending on treatmem ffoance objtives such
nitrification, denidfication, and phosphors remove.
M balance analysis of activated sludge-PhoStdp systems

showed that wte chemi sludge aount for 67% of the
ovel to P remov at the nale plant; the mning 33%
w accoum for i e we aivat sludge. During July
1984, only 42% of (he to P remov at e Lie Patuxent
plant w accoumed for in the wte chemi sludge. In April
1985, dung the improvffoan,wcchemi
sludge acunt for 58% of the to P mo. This
shows incd chemi phosphors removu the im-
proved ffoance.

Average mix liquor susnded phosphos-tVSS mtim
(P:VSS) mngtwn 3.3 and 4.6% at the two Phtdp plan.
The vues convert to 2.3 (ne) and 3.9% (Lie Patuxent)
phosphors on a TSS basis. The nale plant has lower valu
cau 6?% of the phosphorsw removed chemily at this
plant, while less than 60% of the removed phosphors at Little
Pauxent was in the wt chemil sludge.

Typically, P:VSS twn the striped sludge and striper
feed differed twecn 0.3 and 0.6%. A sal microbiol
analysis ofactivated udge mixed liquor and striper undeow

the nale Plant w conducled using Neir sning
ues. The resul showed imllul lhosphate
were ruc sigfindy in the sp undeow

when com m quandd i the mh liquor. Ts fining

confirms phosphorus release by microorganisms in the stripper
and phosphorus uptake by microorganisms in the aeration basin.

,./m.,’r’ctm remo’c/processes. Both operationally modified
activated sludge plants and mainstream proprietary processes
can achieve effluent orthophosphate and soluble P concentrations
less than mg./L. s An A/O demonstration plant at Pontiac.
Michigan. has an effluent total P concentration consistently less
than 0.8 mg/L based on 12 months ofoperation. 17 A Bardenpho
plant in Kelowna, British Columbia, Canada. has produced an
effluent with a median orthophosphate concentration of 0.’]7

mg/L for a 2-year period ending in December 1984. s The plant
was in compliance with the permitted total P limitation of 2.0
mgtL (after filtration) 90% ofthe time. However, Oldham noted
that experiments, such as diverting all influent through one of
the two modules, conducted at the Kelowna plant negativcly
affected overall system performance.s

The performance records at these plants and the field inves-
tir_.ztions at the two operationally modified activated sludge plants
.-how that mainstream biological phosphorus removal processes
can reliably achieve effluent orthophosphate and soluble P con-
centrations less than mg/L under certain operating conditions.
However, the Bardenpho process has yet to demonstrate the
ability to achieve less than mg./L effluenl total P 90% of the
time. Several factor affect this perfornance.

]zasla,afer c/nrncIeri$[ics. The BOD :total P (or soluble
BOD:soluble P) is the major parameter that affects wastewater
treatability for mainstream biological phosphorus removal pro-
ces,ses. Enhanced biololcal phosphorus removal requires enough
readily degradable organic substrate to permit phosphorus release
under anaerobic conditions and subsequent phosphorus uptake
in the aerobic reactor. Soluble BOD is a better indicator ofthe
amount of readily degradable organic substrate available than
BOD, so soluble BODs:soluble P generally provides a better
indicator of wastewater treatability for biological phosphorus
removal. Figure 9 shows the effect ofthese parameters on effluent
soluble P and onhophosphate. The figure includes data from
literature citations and information from a site visit to the Largo
A/O plant as well as from this evaluation.

Typically, the anaerobic conlact period at these facilities was
0.5 to 2 hours. However, the contact period at the DePere plant
was 3.8 hours. This plant, with high influent BOD:total P and
soluble BODs:soluble P of29 and 47, ’pecfively, had an average
residual soluble P concentration of 0.1 mg/L during the S-week
field investigation. Based on BODs:total P for the facilities in
Figure 9, a value greater than 20 or 25 is necessary to consistently
achieve an effluent orthophosphate or soluble P concentration
less than mg/L. The threshold soluble BODs:soluble P to meet
the mg/L soluble criterion is 12 to 5. For BODs:total P and
soluble BODs ;soluble P below these values, orthophosphate and
soluble P vary widely up to 4.5 mg/L. ’s

Figure 10 presents the relationship between influent soluble
BOD:soluble P and biomass phosphorus content on a dry weight
(TSS) basis. As the figure shows, phosphorus content decreases
with an increafing soluble BOD:soluble P because ofthe limited
phosphorus available per unit of biomass. Therefore, biolog-
ical phosphorus removal plants with high influent soluble
BODs :soluble P (greater than 25) cart achieve excellent process
performance, and produce low residual orthophosphate or sol-
uble P concentrations and the associated low TSS phosphorus
content. For example, Table 9 compares the parametcrs for the

.:
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Figure 9Retationship betecn influent BODs:total P, soluble

BODs:soluble P, nd effluent phosphorus concentration.

two operationally modified activated sludge plants. The DePere

plant with very high soluble BOD:soluble P has both low effluent

soluble P and suspended (TSS-related) phosphorus. Thus, with

equal secondary clarifier performance, lower effluent total P is

caused by lower suspended phosphorus concentrations.

No standard definition exists for readily degradable organics.

Soluble BOD is used because it is readily measurable with stan-

chard tests associated with activated sludge processes. The process

influent soluble BOD fraction depends on the level of prelim-

inary and primary treatment, as well as raw wastewater char-

aeteristics. As shown in Table 4, soluble BOD constituted 37

to 55% ofthc BOD in the biological phosphorus removal process

influents. Th Keiowna Bardenpho plant reported improved

process performance when prin)ary sludge thickener supernal,ant

was used to supplement primary effluent as a source for readily

degradable organics.Is

Anaerobic contact. The anaerobic contact period at the Reedy

Creek plant was 1.9 hours during the field investigation. The

anaerobic zone contains 33’ of the volume of Ibc plug flow

basin. The anaerobic and aerobic zones are not physically sep-

arated. The boundary belween zones is defined operationally at
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l:"mre lO---Effect of inJ]uenl soluble BODs:soluble P on phosphorus

content.

the point where DO and NO=-N concentrations rapidly increase

to more than 0.2 mg]L.
At the DePere plant, the contact period typically averages 3.5

to 4 hour. In a special study, NO=-N measurements indicated

that this basin operated anoxically. NO,-N concentrations ranged

between 1.4 and 6.0 mg/L for 4 of the 6 days of testing (3 grab

samples per day) and DO ranged between 0.14 and 0.32 mg/L.

Nine-hour composite samples collected during the special study

showed that soluble BOD uptake and phosphorus release were

occurring under the anoxic conditions. The concentrations of

NO=-N measured in the basin have been inhibitory t.o phosphorus
release in previous studies.6" Results indicated that phosphorus

release was ’eatest when average basin NO=-N concentration

was lowest. However, nitrogen data inconsistencies make these

NO,-N measurements suspect. However, the grab samples, col-

lected al $ a.m. each test day, may not be representative of av-

erage basin conditions.
IfNO,-N measurements are valid, sufficient organic substrate

could be available for both denitrification and phosphorus release

to occur simultaneously. Anaerobic conditions within the bio-

Table 9--Effect of wastewater characteristics on effluent

total P.

Reedy Creek DePere

Soluble BOD:soluble P 16 47

Effluent soluble P. mg/L 0 4 0

TSS. % total P 3 8 2 4

Effluent tota P. mg/L 0 9 0 3

Effluent TSS, mg/L 13 7
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logical floes could perrnit phosphorus release. If suhcient soluble
is available, denitrification may occur outside the floes

ile residual soluble BOD. penetrates the inlerior of the floes
mierocnvironment devoid of NO,-N. Thus, phosphorus

release would occur under anaerobic conditions within the floc
even though bulk fluid conditions are anoxie. This phenomenon
would be analogous to the occurrence of denitrification under
bulk aerobic conditions, which is common in oxidation ditches
and othr activated sludge processes. Therefore, if these as-
sumptions are accurate, only plants with very high influent
BOD:total P or soluble BOD:soluble P could achieve phos-
phorus release under anoxic conditions. Additional study is re-
quired to validate these observations because of the generally
acknowledged negative effects of NO-N on phosphorus release
and the limited data base collected at DcPere.

Aerobic reactor considerations. All of the plants investigated,
with the exception of DcPere, operated in the plug flow mode.
DcPere uses a completely mixed aeration basin. The Little Pa-
tuxent plant changed from step feed to plug flow to impre,’c
phosphorus uptake. Aeration basin HRT ranged between 2.6
and 14 hours. As noted earlier, operation of the Little Patuxent
activated sludge system in the step-feed mode was affected by
low DO that limited phosphorus uptake, a short actual HRT of
less than 2 hours, and influent feeding near the effluent end of
the basin.

At all the plants investigated, plant operators typically main-
rained DO concentrations greater than 2 mg/L. At the Little
,Patuxcnt and Reedy Creek plants, DO was increased to 3 to 5

g,/L at the effluent ends ofthe basins for biomass oxygenation
)re sedimentation to prevent phosphorus release in the sludge

Sludge blankets of less than ft wcrc used in the sec-
clarificrs, but analytical data indicated that some dcni-

Irification occurred. Phosphorus release, however, was not de-
leered, except al the Little Patuxent plant.
The DePere plant maintained DO concentrations gzcater than

4 mg/L as a safety factor against intcrrnittcnt shock organic loads

received at the plant from local industries. The DePerc facility
was the only plant that experienced typical diurnal load fluc-
tuations. Flow equalization is used at the PhoStrip plants !o

dampen diurnal flow and load fluctuations. At the Reedy Creek
plant hydraulic loads remain fairly constant during park oper-
ation, 14 Io 16 hours per day.

Nitrification and denitrificion effects. All of the plants in-
vestigated operated with simultaneous nitrification in the bio-
logical phosphorus removal process. During the field investi-
gation, all plants (except the Little Patuxent plant) completely
nitrified (Table 6). Recycle of NO=-N in return sludge to the
anaerobic zone (or stripper tank) of a biological phosphorus re-
moval process inhibits process performance. An explanation for
this may be that organic substratc is used for dcnitrification and
is not available for phosphorus release. Additionally, in nitrifying
mainstream processes, longer MCRTs are necessary to achieve
nitrification, which reduces sludge production and, in turn, low-
ers phosphorus removal. Although the results of the field in-
vestigations showed that nitrification had negative effects on
phosphorus removal, the two proczsses are not necessarily in-
compatible. The degree ofdenitrification varied in both biological
phosphorus removal technologies evaluated. However, at the
Little Patuxcnt plant, all total N removal was attributed to as-
similation into the biomass wasted from the system.

Figure presents a linear regression between effluent
N and onhophosphatc or soluble P concentrations derived from
data collected during the field investigations, data from hJstoricaJ
operation at the Lansdalc plant, and results from the Pontiac,
Mich., A/O demonstration study. The 0.77 correlation coefficient
shows a clear correlation between these parameters. This regres-
sion analysis indicates that residual concentrations of soluble P
or orthophosphate less than 0.5 mg./L require NO=-N concen-
trations less than 10 mL. Thus, nitrification reduced phos-
phorus removal at these facilities, but only at phosphorus con-
centrations less than mg/L. Figure 11 applies only to main-
stream plants with high BOD :total P (or soluble BOD :soluble

2.0

O LITTLE PATUXENT
O LANSDALE (I. MONTHLY VALUES)
r-i DE PERE
A REEDY CREEK

O PONTIAC AIO PLANT IREFERENCE

EFFLUENT SOLUBLE PHOSPHORUS 0.027 0.0,46 NOX-N 2 0.77 23
O

0
0 O0 i 0

0

2 4 6 8 10 12 14 16 18

EFFLUENT NOx-N mg/I,

Figure I--Effect of effluent NO,-N on effluent ortbophospbate or rmluble P concentration.
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P) and to the PhoStrip proce. Nitrification may tignificantly

reduce phosphorus removal in malnst.ream biological phospho-

rus processes with low BOD:total P. ’"- ’"
Secondary’ clarifitmtico. Suspended phosphorus concentrations

in the secondary effluents were effectively reduced by TSS re-

movals during secondary clarification. Cla.fificrs were of con-

ventional design with relatively small 3- to 4-m (10- to 12-fl)

diameter center wells. Table 10 provides a summary ofclarificr

performance and related data. Generally, these data indicate the

processes operated in the typical range of 16 to 32 m/mS’d

(400 to 800 gpd/sq ft) for secondary clarification. However, under

these conditions, actual effluent TSS concentrations were close

to advanced wastewatcr treatment levels of less than 10 mg/L.

The Little Patuxcnt plant (at 35 mS/m .d) in July 1984 was the

exception, with 26 mg/L TSS. TSS removal performance im-

proved in April 1985, with an effluent concentration of 11 mg]

L. Generally, the average sludge volume index (SVI) was less

than 100 mL/g, although the average at the P,ecd.v Creek plant

was 152 mL/g.

The average secondary effluent TSS at the Lansdalc Plant was

8 mg/L for the 14-month historical period under PhoStrip op-

eration, versus 11 mgtL TSS for a "]-month period when the

PhoStrip process was not operational. Mixed liquor settling tests

with a Kemmercr sampler indicated excellent settle.ability. After

30 minutes of settling supematant contained 2 mg]L TSS. Plant

personnel noted that settleability fluctuales with changes in

PhoStrip operation, which indicates that the anoxic SDT pro-

duces organisms that settle rapidly..Secondary effluent TSS con-

centrations were normally less than 10 mg/L during PhoStrip

operation. Microbiological analysis ofmixed liquor showed levels

of filamentous organisms that indicated good settling sludge.

The Reedy Creek plant applied mgtL chlorine to the return

sludge stream to control filamentous organism growth that

yielded an average SVI of 152 mL/g for the study period. The

reactor mode and operation may be the cause of the poorer

settling characteristics of the mixed liquor solids. Filamentous

organism growth and bulking has been noted in anaerobic/aero-

bic systems with an anaerobic HRT greater than 30% ofthe total

HRT, and in aerobic plug flow reactors with low DO concen-

trations.2’

Biological phosphorus removal processes must be evaluated

for the need for effluent filtration to remove suspended phos-

phorus. As noted earlier, suspended phosphorus is primarily a

function of the biomass phosphorus content. Clarifier perfor-

mance at the plants evaluated during the field investigations

indicated TSS concentrations legs than 10 mg/L could be reached

with conventional clarificrs designed for secondarT treatment.

These findings suggest that conventionally designed secondary

Table 10Secondary clarifiar perqormance pamm(R)tet.

clarifiers can achieve these low TSS concentrations. Deep tankr,,

large flocculator center wells, and minimum sludge blankets will

optimize clarifier performance and adequately.reduce TSS with-

out filtration-22
Solids handling. All of the plants processed solids effectively

and minimized phosphorus recycling back to the mainstream

process. Biological sludges were thickened aerobically or com-

bined with the waste chemical sludge from the PhoStrip process

and gravity thickened. Two plants used DAF units for thickening.

Two facilities used aerobic digestion to stabilize sludges; anaer-

obic digestion was not used. Additionally, the PhoStrip plants

used the waste chemical sludge streams to partition phosphorus

from the liquid stream and prevent recycling to the head of the

plant. Sludge processing return water at the Little Patuxcnt plant

was recycled to the PhoStrip reactor clarificr for chemical phos-

phorus precipitation.
Phosphorus recycling from the solids handling processes was

minimal. Mass balances performed for the biological phosphorus

removal processes showed that percentages of influcnt total P

recycled to the plant were 1% in the Landsdalc #ant, 9% in the

Little Patuxent plant (July !984), less than 1% in the Reedy

Creek plant, and 3% in the DePere plant.

The data for Little Patuxcnt includes recycle of the tertiary

filter backwash. Solids processing of thickened waste activated

sludge and scum at the DePere plant occurs periodically (al>

proximately every 5 weeks) on a batch basis. During this oper-

ation, chemical conditioning wastcwater, filtration returns, and

flue gas scrubbing water all recycle phosphorus to the head of

the plant, which causes effluent total P concentration increases

up to 1.4 mg/L. Phosphorus released from the sludge during

s.orage in the holding tank is chemically conditioned with ferric

chloride and lime before dewatcring and incineration. This pre-

vents recycling most of the phosphorus back to the head of the

ptant. The effluent total P typically returns to normal within 4

days after sludge processing.

DISCUSSION
The results of the field investigations and recent experience

reported at other biological phosphorus removal facilities indicate

that these technologies can achieve less than mg/L effluent

total P. The PhoStrip process was demonstrated to achieve this

level of treatment at low influcnt BOD:total P. Influcnt

BOD:total P for the PhoStrip plants studied as part ofthis eval-

uation were 8 and 14.

Mainstream processes arc more limited by the influent waste-

water characteristics. Process influcnt BOD:total P and soluble

BOD:solublc P arc the chief empirical parameters that show

the applicability of mainstream biological phosphorus removal

Ptent

Side water Efft,,ent

depth, m (ft) TSS, mg/L

Secondary clarfler overflow

rete, rnlrn’d (gpd/$q

SVI
mL/g

Lanscale 4.6 (15)

Little Patuxent
Ju!y 1984 4.9 (16)

Apn; 1985
ReeOy Creek 3.9 (10)

DePere’ 4.3 (14)

15 (380) 7O

Data lot the |,r51 01 two Clardters n se.e$

August 1986

26 35 (86O) 52

11 31 (760) 112

13 15 (360) 152

7 20 (480) 7
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processes to specific wastewaters. Figure 9 indicates that influent
BODs:total P greater than 20 to 25 or soluble BOD$:soluble P

than 12 to 15 is required for an effluent concentration
than mg/L orthophosphate or soluble P. At lower ratios,

.’flluent orthophosphate and soluble P vary greatly because of
factors lhe ratios do not characlerize.

For BODs:total P less than 20 to 25, mainstream process ap-
plications should include separate nitrification facilities to reduce
effects from NO,-N r.ec/ycle. Lower MCRT will provide addi-
tional sludge production for enhanced phosphorus removal.
Based on this technology evaluation, nitrification need not affect
the ability to produce an effluent with less than mg/L total P
for influent BOD:total P greater than 25. However, the design
ofthe anaerobic zone must provide for denitrification. An HRT
greater than to 2 hours may be required. Excessive recycle of
NO,-N Io this zone would inhibit phosphorus release.

In evaluating the plant performances during the field inves-
tigations, it is important to note that actual flows at each plant
were less than design values and effluent TSS concentrations
were less than those permitted. Effluent total P con,etrations
projected to the permitted TSS, based on actual soluble P or
orthophosphate concentrations and the percent phosphorus as-
sociated with effluent TSS, are presented in Table 1. The pro-
jeered concentrations indicate that suspended phosphorus would
compose 40 to 80% the effluent total P. Thus, TSS removal is
critical to achieve an effluent total P concentration of less than

rag/L, regardless of the type of technology applied.

Field investigations at four full-scale facilities showed that
the PhoStrip and operationally modified activated sludge pro-
cesses can achieve effluent total P concentrations less than rag/
L under nitrifying conditions without tertiary treatment.

Effective removal ofboth soluble and suspended phosphorus
were required to achieve an effluent lotal P concentration less
than mg/L. BOD and TSS removals to advanced treatmenl
levels accompanied these low residual phosphorus concentra-
tions.

The PhoStrip process can meet this treatment level at lower
BOD:tota.l P than mainstream processes because of the oixr-
ational flexibility ofsidestream chemical phosphorus removaJ.

Good performance in the operationally modified activated
sludge processes was attributed to favorable influcnt wastewater
characteristics, with BODe:total P greater than 20 and soluble

Table 11--Projected effluent total P concentrations.

Soluble P
or ortho- Permitted Projected

pholphete, TSS, TSS % total.P,
Plant mg/L mg/L phosphorus mg/L

Lansclae 0.7 20 2.3 1.2
Little Patuxent O. 10 3.9 0.5

Creek 0.4 20 38 1.2
0.1 10 2.4 0.4

BOD:soluble p greater than 12 to 15. Lower ratios could reduce
phosphorus removal in these processes.

Nitrification and denitrification were compatible with
phosphorus removal at the plants investigated. Nitrification af-
fected performance, but only in situations where effluent total
P was less than mg/L. Total nitrogen removal to less than 6
mg./L required tertiary treatment.

Sufficient phosphorus uptake in aeration basins was ensured
by DO concentrations greater than 2 mg/L. Sludge blanket levels
were maintained at less than Ifl in secondary clarifiers to min-
imize anaerobic conditions that permit phosphorus release.

Effective solids processing at each facility reduced phos-
phorus recirculation to the mainstream process.
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