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NOTICE

This report has been prepared by the Air Force for the purpose of
aiding study and research. It is not to be used for promotional or
advertising purposes and does not constitute an endorsement of any
product. The views expressed herein are those of the author/reviewer
and do not necessarily reflect the official views of the publishing
agency, the United States Air Force or the Department of Defense.
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PREFACE

This technical report has been written in two volumes due to its
length. Volume I contains the basic discussion, conclusions, and
recommendations. Volume II contains additional material, discussions,
and detailed survey data that have been summarized in the discussion
contained in Volume I. Volume II should only be required by those
agencies/activities that require a more complete technical discussion
and all collected raw data.

A preliminary version of this technical report, EHL(K) 72-23,
"Preliminary Report of Wastewater Treatment and Disposal, McGuire AFB
and Ft Dix NJ," November 1972, was previously distributed. The

preliminary version was limited in discussion and presentation of the
technical data which was not available at the time. This technical
report supersedes the preliminary report and no further reference to
the preliminary report is required.
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APPENDIX A

Related Correspondence

This appendix contains correspondence related to field studies
conducted by USAF EHL/K in September 1972.
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• "' ah e bf Xru Xirg
DEPARTMENT OF ENVIRONMENTAL PROTECTION

DIVISION OF WATER RESOURCES

JOHN ITCH IL.AZA. P,0, 6 OX 1WO," TR.NTON. N-J, 08025

November 22, 1971

CERTII1ED N&IL
rt,uRm wiXF1PT RrEQUESTED

Base Commander
YcGuirc Air Force Base, New Jersey 08741

Dear Sir: Re: MeGuire Air Force Base
Township of New Ilanover

Reference is made to Sec. 21(a) of the Federal Water Pollution Control

Aci whih sgaas o.,,-h PrAl agency... .having jurisdiction over

finy real property or fa2ility,...shall, consistent with the paramount

interest of the United States as determined by the President, insure

compliance with applicable water quality standards and 
the purposes of

this Act..."

In addition, the President's Executive Order 11507 of 
February 4, 1970

establishes that "The Federal Government in the design, 
operation and

maintenance of its facilities shall provide leadership in the nationwide

effort to protect and enhance the quality of our air and water

resources." Also, this Executive Order requires that necessary actions

to abate pollution by Federal agencies be completed or underway 
by

Decesber 31, 1972.

Since New Jersey's water quality standards have been approved 
by the

U. S. Environmental Protection Agency, these standards are, in fact,

also Federal standards as provided for under the Federal Water 
Pollution

Control Act.

We have found that the sewage treatment facility serving the installatio-,X.,

under your command is discharging an effluent in violation 
of these

standards and also in violation of R.S. 58:12-2. There is attached, for

your inforraation, those New Jersey statutes applicable in this 
instance.
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An a conseqttence of the aforesaid,,there is enclosed for service upon

you an Order, in duplicate, made by this Department pursuant to the

provisions of the recited statutes*

Ninrdly acknow4ledlge receipt of this Order by affixing your signature and

date of acceptance on the back of the original and 
return it to this

Deparvv4nlt in the enclosed envelope. The duiplicate may be retained by

Li you.

I. Very truly yours*

COp-4"har es RI. Pike //.X
Director

*6ES: G5
Lnels.

I c.c. 11Honorable Herbert J. Stern
Honorable John N. Mitchell
Mir. Gerald Hansler
Delaware River B3asin Commission
Attorney General Kugler
Dc-nl-Oy Attorney General Stove Gordon

'1 Commissioner Sullivan
Philadelphia DsitCopof Eapineers
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DEPARTMENT OF ENVIRONMENTAL PROTECTION

DIVISION OF WATER RESOURCES

JOHN FiTCH PLAZA. P.O. 3OX 1390. TRENTON. N.J. 00625

ORDER~

WHEREAS, The ew Jersey Department of Environental Protection promulgated the

n"Cassification of the-Surface Waters of the Delaware River Basin, Being

Waters of the State of New Jersey," effective 
July 28, 1967; and

WHEREAS 1ie New Jersey Department of Environmental Protection promulgated "Regu-

lations Concerning Treatment of Wastewaters, 
Domestic and Industrial,

Separately or in Combination, Discharged 
into the Waters of the Delaware

River Basin, being Waters of the State of 
New Jersey," effective

November 17, 1967; and

WHEREAS, The New Jersey Department of Environmental 
Protection promulgated "Rules-

-and Regulations Establishing Surface Water 
Quality Criteria," effective

June 30, 1971; and

MMM7 ,A m, Ju'v 26. 1971 the Water Quality Standards of the 
State of New Jersey

were approved, in their entirety, by the U. S. Env! 
.ron cntal n_P.....ion

Agency pursuant to Section 19 (c)(3) of 
the Federal Water Pollution

Control Act; and

[ WHEREAS, The New Jersey Department of 
Environmental Protection has found through

investigations made by its representatives that the sewage treatment ,plont

owned and operated by the United States 
of America located on the premises

of McGuire Air Force Base, in the Township 
of New Hanover, County of

Burlington and State of New Jersey, does 
not conform to the aoresaid

regulations of the New Jersey Department 
of Environmental Protection and is

inadequate in capacity or unit design to 
properly care for, treat and dis-

pose of sewage received therein before 
an effluent from the said sewage

treatment plant is discharged into South Run, a tributary 
of Crosswicks

Creek, being waters 
of this State thereby 

causing or threatening 
injury

to the inhabitants of this State either in their 
health, comfort or propert,

in violation of R.S. 58:12-2; and

WHEREAS, The New Jersey Department of 
Environmental Protection in consideration 

of

the aforcsaid finds that in order for 
the sewage to be properly, adequately

tnd sufficiently treated and/or disposed 
of said sewage treatment plant

muft be altered, added to or improved 
in a manner approved by the New

Jersey Department of Environmental Protection; 
therefore
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NOTICE TS III-:131:1Y GIVEN by the New Jersey Departmont of ,nviron-,'rit--A, Protection

pursuant to R.S. 53:12-2 to the Uijted Sttd,:; of Amorc-L r 7quir.int, Lhat

the sewage treatment plant located on the primlses 
oV McGuire Air Force

Bae, in the Township of New Hanover; County of' Burlilnrton and State of

17ew Jersey, must and shall, prior to February 29, 1972, cease the dis-

Charge of improperly, inadequately and insufficiently treated sewage into

South Run, a tributary 
of Crosswicks Creek, 

being waters of this 
State in

a it-,ancr approved by the New Jersey Department of Environmontal rotectior

'I, 
and

NOTICE IS 1URTHER GIVEN 
by the New Jersey Department 

of Environmental Protection 
t:

such alterations, additions 
or improvements to the 

said sewage treatment

* ~Plot shall be in conformity 
with the master scwcrarc plan for the County

of Burlington as approved 
by the New Jersey Department 

of Environmental

' Protection.

NEW JERSEY DBPAT_ INT OF 
ENVIRONMENTAL PROTECTION

Charles M. Pike

Director

A td: I,Noverber 22. 1971

i 

A

iiA 
-

.1 

.

j --

* .



DEPARTMENT OF TXE 1AR FORCE
USAF DISPENSARY, McGUIRC

McGUIRE AIR FORCE BASE, NEW JFRSEY 08641 -

SGPIM/ll,t Jandruclko/2693 9 DEC 1,71

Wa te r PolLu. ion Abatement Survey

MAV\C (MlAiASGP)
Attn: Maj Jones

1, Request that qualified personnel from the Regional Environ-
I e n tal UKcalth Iaboratory (Kelly AFB) be placed on TDY to the
USAF Dispensary McGuire, McGuire AFB, N. J., to provide assistance
in water pollution abatement program.

2. Purpose of this request is to ascertain the quality of treat-
menc no-u provided by the McGuire AFB Sewage Treatment Facili-y,
to determine the sources and the type of industrial waste not
presently or adequately being treated, and to follow up on
recommendation made in Water Pollution Survey, McGuire AFB, N. J.,
January 1968, REHL (K) 68-i, as to their effectiveness.

3. This requirement is necessitated by a cease and desist order
(see Atch 1) served on McGuire AFB by the State of New Jersey,

It is our hope that information gained from this assistance survey
will lend insight into the nature of our alleged violation of
the New Jersey's water quality standards.

GLENN R. GRAVES, Capt, USAF MC FS I Atch
Director Base Medical Services Cy ltr, 22 Nov 71
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* DEPARTMENT OF THE AIR FORCE

HEAO0UARTERS AIR FORCE LOGISTICS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433 - I, k",

REPLY TO

ATTH OF: SGP 23 December 1971

SLQ ,. Water Pollution Survey, McGuire AFB NJ

USAF EnvironreiLal Health Laboratory, Kelly

The attached request from McGuire AFB NJ to evaluate the efficacy of
treatment provided by the sewage treatement facility for domestic and
industrial liquid waste is forwarded for your action.

FOvf THE COMMiANDER/

DONALD D. HIGGINS, Lt Col, USAF, BSC 1 Atch
Chief, Cioenvironmental Engineering Division USAF Disp, McGuire/SGPM
Office of the Surgeon Ltr, 9 Dec 71/w.1 atch

w/lst Ind MAC/SGPE 20 Dec

Cy to: MAC/SGPE
USAF Disp, McGuire/
SGPM

A-8



cc APR 7 1972

Trip Report - McGuire AFB NJ 08641

Cormiauder, USAF Env health Lab/CC, Kelly 1 TX 78241
AFLC/SGI,Wright-Patterson AFB OH 45433
IN T1W

1. Plact: McGuire APB NJ 08641, (MIFB) EPA Region II Conference, NYC.

2. Inclusive Dates of Travel: 27 Feb - 2 Mar 1972, McGuire AFZ NJ 08641.

2 Mar - 3 Mar 1972, New York City.

3. Persons Making Trip: Captain J. Tremblay, Il.t N. Lamb.

4. Primary Mode of Transportation: Commercial Air.

5. Purpose of Trip: To conduct a preliminary survey of McGuire AFB NJto determine the need for and scope of future water pollution abatementefforts. To attend a conference of representativez from federal facilitieslocated in Region II, Environmental Protection A-ency (EPA) and discusenvironmental issues with the Region II, EPA's newly established Federal
Facilities Branch.

6. Persons Contacted: (See Attachment.)

7. Observations and Findings:

A. ackground

(1) Earlier Study. In 1967 an industrial waste survey of MAFBwas conducted by the E11L-K. Sources of untreated industrial waste dis-
charges were identified and corrective actions were recommended. ManyiAajor recommendations were accomplished, and most known untreatedindustrial waste discharges were diverted into the base's domestic
sewage plant.

(2) Receiving Stream Standards

a. The receiving stream for the Ft Dix and HAFB secondarysewage effluents is South Run which drains into Crosswicks Creek andthence into the Delaware River. South Run has been classified by NewJersey Do.pt. of Environaental Protection (NJDEP) as non-trout FW-2 waters
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accordivg to a recent report. (Reference Alexander Potter Assoc.
"Study of Sewage Treatment Facilities (Tertiary Treatment), Fort Dix
and 1cGuire AFB," U. S. Army Corps of Engineers, New York, January
1972.)

b. In June 1970 a NJ State representative indicated that
the McGuire and Ft Dix treatment plants should provide 90 percent BOD5
removal with an effluent value never e.zceeding 25 mg/l.

c. On 26 July 1971 NJDEP's latest water quality standards
of 30 June 1971 were approved by EPA in accordance with the Federal
Water Pollution Control Act. The only substantive changes in criteria
for non-trout FW-2 waters pertained to minimum dissolved oxygen content
requircments, temperature limits, bacteriological quality and radio-
activity limits. The minimum daily average of dissolved oxygen is now
5.0 mg/l and not less than 4.0 mg/l at any time, vice the minimum average
of 4.0 ng/l.

(3) NJ State Cease and Desist Order

a. On 22 November 1971 the NJDEP issued an order to McGuire
AFB to "... prior to February 29, 1972, cease the discharge of improperly,
inadequately and insufficiently treated sewage..." from the base's sewage
treatment facility. This order alleged that the MAFB sewage treatment
plant is inadequate to properly treat and dispose of sewage in accordance
with the State's water quality standards. Sui'lar urduri wee iut d to
Ft Dix as well as seven other federal installatiom located in the state
of New Jersey.

b. With the exception of the McGuire/Dix complex, it appears
that the State will be satisfied with agreements from the other seven
installations to join civil-military regional waste treatment systems.
The State's attitude is that such a scheme is not feasible for McGuire/Dix
since their bases are the bulk of the sewered population in the area.

c. Both Ft Dix and MAFB are operating secondary sewage
treatment plants producing a high quality effluent near design efficiency.
Both Dix/MAFB plants combined currently discharge approximately 900 pounds
per day (lb/day)'of 5-day Biochemical Oxygen Demand (BOD5) to South Run.
However, the State authorities have stated that this discharge overwhelms
the stream's assimilative capacity by a factor of at least 10 times. The
State evidently estimates that South Run can assimilate 50 to 100 lb/day
BOD5 . The NJDEP hbas suggested that a combined advanced waste treatment
faciliLy for the HeGuire/Dix complex may solve the quality/quantity problem
of treated wastes into South Run.

d. A consulting engineers study of advanced wasta treatment

2
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for thC 1cCuire/Dix complex was released in January 1972. The obiect of
this r-udy was to evaluate alternative methods of providing zertiary
treatz- nt -blich ..would remove, as a minimura 95 perccnt of the BOD 5 ,
phosphat2s and trace heavy metals. This study recommended a tertiary
treatment pla rt located at Ft Dix to treat the combined secondary efflu,xrii.
from both MHAVE and Ft Dix at an estimated capital investment of .3-ii.in.

1. A review of State water qualicy standards revealed
that no apecific requirement for: phosphate removal currently exists. A
significant part of the advanced treatment facilities recoTrzended in the
study was for phosphate removal. The requirement for phosphate removal
appe:ars to have first been voiced by EPA (Boston) officials (Reference
Federal Water Pollution Control Administration, Northeast Legion, Boston,
Has3. letter, to U.S. Army Corps of Engineers, NY District Engineer, dated
30 July 1970, RE; "Fort-Dix - McGuire Tertiary Treatment Study.")

2. According to the study, Alexander-Potter, the load4ng
of the combined discharge from the Dix/MiAFB advanced .treatmenl facility
would be approximately 380 lb/day BED5 . No doubt, the State authorities
will still consider this discharge to South Run excessive and in violation
of Szate etandards.

B. Preliminary Survey Findings:

1 McCiiSfi,- A-Ir SewAe Tr'e"rw&nt PlAnt!

a. This plant has a rated capacity of 1.25 IGD. A review
of plant operating logs for a one year period ending Aug 1971 revealed
that the mean daily flow (averaged 1.5 MGD) exceeded the plant's rated
capacity more than 60 percent of the time. The plant's flow metering
device has been inoperative for several months. Entries in plant operating
logs since August 1970 have reflected continuing problems with this flow
measuring device.

b. The plant's monthly average BOD5 removal efficiency has,
according to plant logs, ranged from 87 to 90 percent and for suspended
solids - 86 to 90 percent removal. An analysis of plant logs for a recent
12-month period revealed that the plant's effluent has been meeting the
State's effluent quality standard of 25 mg/l BOD 5 approximately 80 percent
of the time. Worthy of raote is that the effluent bOD5 concentration wasNess than 30 mg/l 95 percent of the time, and less than 37 mg/l 98 percent
of the time. The mean daily effluent BOD5 for this 12-month period was22 mg/l, while the tiean daily effluent suspended solids (SS) concentration
was 22 Lg/l. The daily SS concentration was less than 32 mg/l 98 percent
of the Lxaa.

c. Discussions with plant operators revealed that the
anaerobic sludge digesters have not been producing methane for several

3
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months, sInce the breakdown of a gas recirculation system. Green,
undigested sludge has been drawn regularly from the digesters, producing
4n obnoxious odor problem. Additionally, sludge drying bed undordrains
clog and prolongs the sludge drying process.

d. Solids carry over from both primary and secondary
clariflers was cvident during two visits to the plant. Small grease
balla were overflowing the clarifier weirs and collectin, in the chlor ie.
coatact chamber. Evidence of septic sludge deposits in the chlorine
contact chaiber was also noted. This problem most likely results from
hydraulic overloading of the primary and secondary clarifiers. Plant
operators comented that the clarifier overflow weirs are frequently
inundated during peak flow periods.

e. 1AFB currantly has progrxmed an expansion of the
existing sewage plant to accommodate the additional flow generated by
250 more military family housing units proposed for FY 1973, and for
upgrading of the sewage plant to treat present flows (projected design
capacity - 1.9 MGD).

(2) Fort Dix Sewage Treatment Plant

a. A Brief tour of this facility was made. This facility
is a high-rate trickling filter plant and has a rated capacity of 3.0 MGD.
An older Standard-rate, fixed nozzle b1of.ltration plant provides treat-
ment for about 20 percent of the total daily flow. Plant records showed
that the average daily flow through both plants was 4.2 MGD.

b. Operating logs were available only on the newer, high-
rate trickling filter plant. A review of monthly logs revealed that
this plant was producing a high quality secondary effluent, the monthly
average BOD5 remov'al ranged from 82 to 91 percent. The older plant,
however, is suspected of providing lower efficiencies, primarily because
of its intermittent loading.

.c. A concept design was completed in January 1971 to abandon
the old fixed nozzle biofilter and expand the remaining facility to
accoaodate an average hydraulic loading of 5.0 MGD. These modifications
to the Dix sewag plant are scheduled to begin during the summer of 1972.

(3) Untreated Waste Discharges (MAFB)

a. South Run was observed through MAFB. There were numerous
indications of untreated waste discharges into the stream. Oil slicks
were ever present, and solvent and grease odors were noted in several storm
drain outfalls to the strerim. Solvent and paint odors were very noticeable
in the storm sewer flow draining the 2300, 2400, 3000, and 3100 areas.

V
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b. The oil separators at the two aircraft shrck
(BlIdgs 2227 and 1824) were found to be. in a poor repair. Recent problmoas
with a scavangor service contract have resulted in poor conditions at
these twa sites.

c, Indications of frequent fuel spills around the fuel t:i-itr
mainteaince area (Bldg 3206) were apparent. Suvface runoft fro: this area
would no doubt caus unsilghtly oil slicks in nearly treams.

d. Evidence was found of numerous vehicle equipment washrachs
located thioughout the base. Washings from these areas contain oiln, greass
and drgents. These contaminants find their way into the bnse ctorm V(1wer
and ultUately into one of the two main surface drainage creeks on tUv-B.

e. A comprehensive source survey of all base industrial
w&stewioter discharges has been initiated by the Base Bioenviron-ental
Engineer. This survey should verve to identify the sources of untreated
dischargea &s well as to document the volumes and types of iridustrial
waste discharges to the sanitary sewer and those wastes disposed of through
R & M.

(4) Receiving Water Observations

a. On 29 February 1972 the stream course of South Run was
followed from above the Ft Dix treatment plant to the confluence with
Cro iwic&s Creek. South Run is a small stream; normal flow above the
Ft Di., yant outfall is probably less than 0.5 MGD. The entire course of
South Rua is shallo,, and fast flowing with sandy sediments. There is
aijple opportunity for reaeration of the streim. The visual impact of the Ft
Dix - HcGuire complex was that oils and greases overwhelmed South Run and
cnucd diocoloration and odors at the confluence with Crosswicks Creak.
Srall fi-h (killifish family, 1 _rinodontidaa) were observed upstream of
th( Ft Dix plant. No fish were observed anywhere on South Run downstream
of Ft Dix. Sludge worms were found in the sedilmentu at several points
dovmstrea-- of Ft Dix before the McGuire STP outfall. The previous EIIL(K)
study did not assess South Run's biological conditions. The quality of
the receiv4ng waters must be determined by biological parameters prior to

b. The oils, detergents, and other materials in the water
apparently are toxic and are suppressing algal growths and aquatic biota.
A tIorcul<1 evaluation of the stream oxygen curves and other chemical
p2i: crs az well as sampling of algae (plankton and periphyton), aquatic
in\'tebrats, endemic fish and in situ bioassays using test fish are
uecdd i:o lcfini Scuth Run's biological quality.

c. To determine the assimilative capacity of South Run and
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Crosswicks Creek, a clear definition of the quality of unpolluLed area

strea,us is necessary. Preliminary bbservations revealted that analyses

of Jumping Brook and other small streams near Brindle Lake should
provide these background data.

(5) Advanced Waste Treatment Program

a. A conference among MAFB, Ft Dix and Ragion II, 1PA

engineevs was held on 23 March 1972. The McGuire - Ft Dix engineers are

prc6ravu.iing for FY 72 construction of the advanced waste treatment plant

at McGuire. The plant's effluent is to be discharged into Crosswic1.s

Creek below Oakford Lake in New Egypt, NJ. This programming is to include

the provisions for phosphate removal. However, the EPA is to establish

with the State authorities whether phosphate removal As necessarily a

requiremeat for discharge to the South Run or to Crosswicks below Oakford

Lake. If phosphate removal iu not a valid requirement, then the phosphate

removal unit processes could be deleted from the proposed tertiary system.

b. Discussions with the Region II, EPA Federal Facilities

Branch resulted in the EPA agreeing to determine exactly what the NJ

State requirements are for the MAFB - Ft Dix complex. The State is

reportedly finishing work on a water basin plan covering this region.

The EPA Region II plans to review this plan in the coming weeks. EPA

Region II Federal Facilities Branch representatives have agreed to

e4vi.e Ft Dix -- 'XB authorities of any sgnificsnt developments from

discussions with State authorities.

(6) Pesticide Programs: McGuire AFB is a principal port for

overseas flights. Rapid movement of military personnel and cargo results

in the possibility of introducing agricultural pests. The problems are

serious enough to warrant stiff quarantine laws and chemical control
programs to eliminate known pests, and to prevent possible infestations
of them. M'tany pesticides have been used routinely and repeatedly over

long periods. Jany of these compounds are persistent and cumulative
in the environment. An environmental pesticide monitoring program is

advocated and will be outlined elsewhere for base personnel.

8. Recommendations:

A. The Special Projects Division of the USAF Environmental Health

Laboratory (EHiL) should accomplish a field study at MAFB, tentatively
planned for 11 - 23 June 1972. The basic objectives of this study
should include:

(1) Establishing baseline data documenting the present physical,
chc rical and biological characteristics of the receiving waters.

(2) Evaluating present loading and treatment efficiencies for
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both McGuire AFB and Ft Dix sewage treatment plants.

(3) Determinating assimilative capacity of waters receiving

the treated effluents.

(4) Proposing perfcrmance specifications for both MAFB an, 
Ft Dix

sw8ge treatment plants to covlply with Ne! Jprsey State 
water quality

standards.

(5) Evaluating the impact of diverting untreated industrial.

v.aste discharges from the receiving streais to the 
existing and proposed

treatient facilities following necessary pre-treatment.

B. The EhLK should coordinate this survey with New Jersey 
State

auth-oritles through Region II, EPA, as necessary to insure Ft Dix - M4A&B

co-muliaace with present State pollution control requirements. 
Active

participation by the State in this survey is strongly 
recommendcd so that

the survey results could be used by the State to develop 
and justify water

quality standards and concomitant plant performance specifications 
for

both Ft Dix and MAFB discharges.

C. The MAFB authorities should coordinate all aspects of 
the June

field survey with Ft Dix authorities. All sources of untreated waste-

water discharges from Ft Dix should be identified prior 
to the June

survey.

D. The Base Bioenvironmental Engineer should accomplish the:

(1) Industrial waste source inventory for 14AFB as outlined 
during

the preliminary survey. Particular attention should be given to inmediately

eliminating or relocating any non-essential washrack activities 
that do not

have adequate wastewater pre-treatment and sufficient controls 
for discharge

of wastes to the sanitary sewer.

(2) Sampling of stream sediments and base wells for pesticide

residues as outlined during the preliminary survey.

E. MAFB authorities should repair and calibrate the flow meter 
at

the base sewage treatment plant prior to the field survey 
in June.

F. An operation plan will soon be prepared by EIL outlining 
the scope

of the June field survey, defining the study's purpose and objectives, 
and

outliaing the coordination and support requirements.

,/ jAl"LS W. TR12'bLNY, Captai ,USAF, BSC 1 Atch

Proj,act Engineer . List of Persons Contacted

Cy to: bSAF Env Health Lab/CC

McClellan AFB CA 95652
Base Med Officer
McGuire AFB NJ 08641

A-i15



Personnel Contacted
EHL Preliminary Visit-4%oFB NJ

Special Project 72-1, Feb-4iar 1972

A. McCutre AFB, Fort Dix Pernonnel:

Col J. E. Perkinson, MAFB Civil Engineer

Lt Col A. Townsend, lJdFB Surgeon
Capt D. Abraham, Y%FB, Chief Military Public Health

ILt R. Jandrucko, MAF1;, Bioenvironinntal Engineer
Lt Col A. Blaylock, Ft Dix Post Engineer

Mr. E. Porr, HAFJW, Civil Engineering (DEE)
Mr. E. Dion, MAFB, Civil Engineering (DEEE)

Mr. J. Zebrowski, M&Fb, Civil Engineering (DEEL)

Mr. E. Kirschner, MAFB, Civil Enginecring (DEPD)
Mr. E. Herndon, Ft Dix, Chief Engineer
Mr. T. Scott, Ft Dix, Sewage Plant Foreman

TSgt A. Jones, MFB, Sewage Plant Foreman

Mr. R. Gervasoni, MAFB, Entomology Foreman

B. EPA, Region II Conference, NYC

Kt, - John Chase. EPA. Office of Federa! Activities, Washington, DC

iMr. Harvey Falk, OSD, Washington, DC
Mr. Rarry Ike, EPA, Region II, Federal Facilities Br, Edison, NJ

Mr. Ed Ernstrom, EPA, Region II, Edison, NJ

Mr. F. Oliva, NY Dist. Army Corps of Engr, Project Engineer

Mr. R. Mawhrnney, NY Dist. Army Corps of Engr

A
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DEPARTMENT OF THE AIR FORCE

USAF" ENVIRONMENTAL. HEALTH LAtORATORY (AFLC)

KELLY AIR FORCE BASE, TEXA3 713241

NFPt Lo 5 June 1972

sujeCT: 'Irip Report - McGuire AFB NJ - Special Project 72-1

TO: Coiua.der, USAF Enly HeaLLh Lab/CC, Kelly YiB TX 78241

AVLC/SkPE, Wright-Patterson AFB OH 45433

], Ploce: McGuire AFB NJ.

2, Inclusive Dates of Travel: 23-26 May 1972.

3. Persons Making Trip: LtCol Albert M. Elliott & Capt James W. Tremblay.

4. Privary Mode of Transportation: Commercial Air.

5. Pvrpose of Trip: To provide technical assistance to McGuire 
AFB and

Fort Dix authorities in discussions with 
the New Jersey Department of

I,Y-n....mental Protection (NJDEP) and Region 
II, Environmental Protection

Agency (EPA).

6. Persons Contacted: (See Attachment).

7. Observations and FJndings:

a. Background: (See EHL/K Trip Report-McGuire AFB NJ, dtd 
7 Apr 72)-

Volloxing the preliminary survey to MAFB 
in March 1972, the EHL/K recomnended

to Bq USAF that the legal embargo on technical 
discussions with NJDEP be

lifted. On 14 April 1972, permission was granted 
by U. S. Attorney, Newark

N;J through CSAF to conduct technical dialogue 
among all interested parties at

NAUIB in MRy 1972, (Reference CSAF Msg, PREV 15, subj. "McGuire Cease/Dsist

Order," dtg 051727Z May 72). Preliminary discussions among DOD agencies 
were

held at MAFB on 24 May 1972, and a technical 
conference including NJDEP and

E2A representatives was conducted on 26 
May 1972. Detailed minutes of both

6ays' discussiong are to be prepared by 
NAFB authorities and distributed to

All attendees.

b. Army/Air Force Discussions - 24 May: Technical background materials

concerning the NJDEP administrative orders 
were reviewed, and DOD chief legal

counsel's guidance for technical discussions 
with non-DOD agencies was criti-

qued. Alternative courses of action were developed; 
specific questions for

the NJDEP representatives were formulated; 
and a single Army/Air Force spokes

man was selected for the following day's conference.
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.. / .Forc. EPA, NJDEP Discussions - 25 May: Intoductory conments
werie_ made by EPA, NJDEP and DOD representatives. The technical, non-legal
character of the discussions was stressed from the outset. All attendees
agrc.U LI,at the conference objectives were to arrive at a set of future viable
altcrn,tive courses of action and to define as clearly as possible what
a.c!ditii,;al suoportive studies will be required to properly consider these
viabic alternatives. Following detailed discussions of a number of overall
wavcu: ,ua,itv. management schemes, it was agreed that:

, T1he DIX/MAFB engineers will investigate the feasibility of entering
into uaa of the three known regional wastewater treatment plans (North Burlington
County Ocean County and Oakford Lake plans).

2. Concrrently with the above investigation the Army/Air Force is
to stu,c!v a total water quality management concept for the DIX/MAFB complex from
an economic, technical and environmental viewpoint.

d. Post-Conference Discussions - Dix/4AFB/EPA-25 May: The Ft. Dix re-
presentatives indicated that they were going to request guidance/assistance
from 1st Army Headquarters to support any required field investigations.
The EPA zepresentative indicated that in-field laboratory assistance could be
arrangc-d with the EPA's Edison Laboratory. At the request of the Ft. Dix and
1V,FB representatives the EHL/K will coordinate all field investigations re-
qui7ed to support the various water quality management schemes identified
as viable alternatives,

8. Re commendatio.s:

a. The Special Projects Division of the EHL/K should coordinate all
necessary field studies among DOD, EPA, NJDEP agencies to support the follow-
ing alternative water quality management schemes:

i. Separate detention basins for later discharge of stabilized
secondary effluent to surface water courses at higher natural stream flows.

2. Ground water renovation by spray irrigation, overland runoff or
rapid infiltration.

3. Water quality management of South Run (present receiving waters)
by providing an engineered system of flow regulation and selective reclamation/
reuse of stabilized wastewater.

4. Low-flow augmentation of receiving waters.

5. Discharge of treated wastewater effluents to other surface water
courses.

2
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b. Th, objectives of any field studies should include the developn.,Ult of

performance specifications as reciired by current directives (Executive Order

11507, 1OD Directive 5100.50 and USA/USAF implementing directives). Th 1e

soecifications should, as a minimum, provide for conformance with all appli-

cable water quality standards and should be developed in consultation wi.th

NJ.DEP and EPA authorities. (Refercrice paa 5.b.(2)(f), AFR 19-1, "Prote.:tion

and Enhaaceiient of Environmental Quality," 18 Feb 72).

c. Available climatological data indicate that late sumer/ear]y fall

wou.L be the bust time for lower flow conditions in surface water courses.

Prc-survey planning and coordinating among all concerned agencies will be

eu i.-dcland optimum weather conditions for field 8tudies suggest that

late A,ugust to early October be tentatively established as a target date for

accomlishing any required field investigations.4Z

J AMES W. TRi;'IABLAY, Capt USAF, BSC 1 Atch

j roject Engineer List of Persons Contacted

Cy to:

USAF Env Health Lab/CC

McClellan AFB CA 95652

Base Medical Officer

McGuire AFB NJ 08641

Base Civil Engineer

McGuire AFB NJ 08641

Chief, Facilities Engineer

Fort Dix NJ 08640
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PERSON"NEL CONTACTED

EHL/K Visit to MAFR NJ

Special Project 72-1, May 1972

Gol Wigley, 438 MAW, Vice Commander
(Col Perkinson, MAFB, Civil Eng'Incer
LtCol Townsend, MAFB Surgeon
LtCol Blaylock, Ft Dix Post Engineer
Mai Klingenberger, MAFB Civil Engineering
Ist Lt Jandrucko, MAFB Bioenvironmental Engineer
Mr Segal, Hq US Air Force, Wash DC (PREV)
Mr Nixon, Hq Military Airlift Comrnand, Scott AFE IL (DEMP)
1Mr Tke, Region HI, Env Prot Agency, Chief Fed. Fac. Br.
14) IMLnsfield, Region II, Env. Prot. Agency, Fed. Fac. Br.
Mr Giallella, N.J. Dept of Env Protection (DEP)
Mr Kaushik, N.J. DEP
Mr Binder, N.J. DEP
Mr Herndon, Ft Dix Post Engineering
Mr Petrino, Ft Dix Post Engineering
Mr Porr, MAFB Civil Engineering
Mr Zebrowski, MAFB Civil Engineering
Mr Manning, Delaware River Basin Commission
Mir Bloom, North Atlantic District Arny Corps of Engineers
Mr Grippi, Alexander-Potter Gonsuiting Engineers
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DEPARTENT OF THE AIR FORCE -' .J:,'

USAF ENVIRONMENTAL HEALTH LABORATORY (AFLC)

KELLY AIR FORCE BASE, TEXAS 70241

REPLY TO ~/
ATIN OF: CC 20 July 1972

SUBJECT: Trip Repor - McGuire AFB NJ - Special Pro, 72-1

TO: Ccrimnder, USAF Env Health Lab/CC, Kelly AFB TX 78241

AFLC/SGPE, W-PAFB OH 45433

1. Place: McGuire AFB, NJ

U. S. Army Env Hygiene Agency, Edgewood MD.

New Jersey Dept of Env Protection, Trenton, NJ.

U. S. Env Protection Agency Laboratory, Edision NJ.

2, Thclisive P;tes of Travel: 9-14 July 1972.

3. Persons Making Trip: Maj. C. Williams, Capt. J. Tremblay, iLt N. Lamb.

4. Primary Mode of Transportation: Commercial Air.

5. Purpose of Trip: To coordinate technical aspects of water pollution

abatemen- activities of McGuire AFB and Fort Dix New Jersey, and to outline

the purpose, scope and necessary support requirements for detailed field

..... igat ions z A liv MAYP and Fort Dix authorities.

6. Persons Contacted:

McGuire AFB Personnel:

Col. Perkinson, Civil Engineer

LtCol. Townsend, Surgeon

Maj. XKingenberger, Civil Engineering

ILt. Jandrucko, Bioenvironmental Engineer,

Mr. Porr, Civil Engineering
Mr. Zebrowski, Civil Engineering

Fort Dix Personnel:

LtCol. Blalock, Director of Facilities Engr

Mr. Petrino, Chief Engr Directorate of Facilities Engr

Mr. Herndon, Chief, Utilities

Amy Environmental Hygiene Agency Personnel

Col. 11. Taft, Commander

LtCol. D. Muntz, Chief Water Qual Engr Div

LtCol. M. Steinberg, Director, Lab Services

LtCol. W. Ward, Chief Env Chemistry Div

Maj. L. Spangler, Water Qual Engr Div

Maj. C. Sorber, R & D'Activity

Capt N. Lawson, Entomology Sci. & Pesticides Div

Mr. P. Fianu, Env Chemistry Div
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1st rm edical Laboratory

Capt E. Hollos

U. S. Environmental Protection Agency (EPA)

Mr. W. Mansfield, Region II Fed. Fac, Branch

Mr. F. Breenski, Technical Support Branch, Edison Laboratory

Mr. R. Dewling, Surveillance & Analysis Division Laboratory

New Jersey Dept of Environmental Protection

Mr. E, Segesser, Chief Water Resources

Mr. C. Kaushik, Principal Engineer, Water Resources

Mr, N. Binder, Sr. Env. Engineer, Water Resources

Mr. F. Takacs, Principal Biologist, Water Resources

Delaware River Basin Commission

Mr. R. Manning, Resident Engineer

Burl-ington County Health Department

Mr. W. Trommelen, Public Health Coordinator

7. Observations and Findings:

a. Background: (See EHL/K Trip Reports McGuire AFB, NJ, dated 7 Apr

72 and 5 June 72 covering an EIIL/K preliminary visit to MAFB/Dix in late

February and a technical assistance visit to MAFB during conferences held

among all concerned parties in late May) The May conference resulted ia

agreements that:

(1) The Dix/MAFB engineers would investigate the feasibility of

entering into one of the three known regional wastewater treatment plans,

(2) The EHL/K would coordinate all necessary field studies in

support of acceptable water quality management schemes.

(3) The active participants in these field studies would meet

again to coordinate the necessary details.

b. Itinerary: Following is an itinerary of the EHL/K team:

(1) 10-11 July - Discussions with, MAFB/Dix, lst Army Med Lab,

and Region II EPA personnel concerning alternative courses of action and

scope of field studies.

(2) 12 July - Visit to U. S. Army Environmental Hygiene Agency to

discuss analytical support of field studies.
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(3) 13 July - Discussions with NJ Dept of Env Protection on

regionalization schemes, scope of field studies and interim water

quality criteria.

(4) 14 July - Visit to U. S. Environmental Protection Agency

Edison Laboratory to discuss analytical support of field studies.

c. MAFB/Dix/EPA/E1L Discussions - 10/l July:

(1) Regionalization: The MAFB, Ft Dix and EPA representatives

agreed that regionalization would be the best alternative. The NAFB and

Dix engineers had been in contact earlier with the consultant engineers for

the North Burlington County and Ocean County plans. Both consultant fins

have e-pressed interest in the regional plants accepting the Dix/hIAFB raw

waste for treatment. Because of relative distances to these two systems,

the North Burlington County plan is considered more economical. In

addition, the NJ DEP had earlier expressed some objections to transporting

the wastes from MAFB/Dix complex out of the Crosswicks Creek/Delaware River

Basin to the Ocean County regional system. (Reference minutes of meeting

with NJDEP on 25 May 72). The Ft Dix Facilities Engineer expressed serious

concern over the status of an FY 73 project for hydraulic upgrading of the

existing Dix sewage plant in the event that one of the possible regionaliza-

tion schemes materializes. Authorization for the funds appropriated for

this project (in excess of $2.5 million) expires in October 72.

(2) Field Survey Plans: Ft Dix and MAFB requested that the EiL/K

and 1st Army Medical Laboratory continue plans for a field study in September.

The overall scope of the study was discussed, including a comprehensive

stream survey, treatment plant evaluations and pilot studies as necessary

depending on the reaction of the NJDEP during later discussions. General

support requirements by Dix/MAFB were outlined and an agreement was reached

for EHL/K to publish an operation plan including the field survey support

required from Dix and MAFB.

d. ALm/Air Force/EPA/NJDEP Discussions - 13 July:

(1) Regionalization: The NJDEP representatives expressed the

desire for a regional wastewater treatment concept for the Dix/MAFB

complex, and revealed that the North Burlington County Board of Freeholders

had created a regional sewerage authority the previous evening, 12 July 72.

The sewerage authority representative agreed to invite the Dix and MAFB

to the authority's initial meetings. The Dix and MAFB representatives

agreed to submit to the State through appropriate legal channels a summary

of the official Army/Air Force position regarding regionalization, including

a request that the State express its official position concerning interim

water quality criteria. Unofficially, the NJDEP's view is that if the bases

iintry into a regional wastewater treatment scheme is anticipated, and no

significant increases in wastewater flow are expected, the state would not

impose interim requirements resulting in capital expenditures for facilities

Zo be abondoned upon connection to the regional treatment plant. In effect,

the "sta'us quo" could be acceptable to the state under these conditions.

The NJDEP rerresentative pointed out that federal funding of the regional

system through the federal grant- and- aid program would be an important
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issue in the timely realization of any regional wastewater treatment

scheme.

(2) Field Survey Plans. Following a brief EHL/K presentation of
the field survey plans, the State representatives expressed interest in
limited participation in, and observation of the field activities.
Stressed during these discussions was the need for data to prepare an
environmental assessment of the proposed courses of action, particulaily
with respect to the diversion of the waste waters from the Crosswicks
Creek water shed in the case of regionalization. The overall objectives
of the field survey were determined to be the definition of existing water
quality in the receiving stream, the impact of current discharges, the
relationship of existing and desired stream water quality, the development
of performance specifications for each of the two sewage treatment plants
to meet the prevailing water quality criteria of the receiving stream, includ-
ing recommendations for interim specifications, and proposed schemes to
achieve the desired effluent quality.

e. AEHA/EHL/EPA Discussions - 12 & 14 July: The AEHA and EPA

laboratories have agreed to provide analytical support of field studies.

8. Recommendations:

a. The Dix and MAFB authorities should continue their investigations
into the feasibility oF PmterITg into the North Burlington County regional.

wastewater treatment plan. Despite some State reservations, the Dix and
MAFB authorities should further investigate the feasibility of the Ocean
County plan as an alternative in the event that future discussions with the
North Burlington County Sewerage Authority reach an impasse.

b. The Special Projects Division of the EHL/K in cooperation with the
EPA, AEHA, and 1st Army Med Lab will conduct a comprehensive field study
at the Dix/IAFB complex between 12 and 25 September 1972. An operations
plan outlining the scope, purpose, objectives and support requirements of
the field study will be published at the earliest possible date.

/AMES W. . MIBLAY, Zapt Cy to: USAF Env Health Lab/CC
Project tngineer Base Surgeon

Base Civil Engineer
Chief Facilities Engineer
lst Army Medical Laboratory
HQ USAF/PREV
HQ MAC/Civil Engr
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DEPARTMENT OF THE AIR FORCE
USAF ENVIRONMENTAL HEALTH LABORATORY (AFLC)

KELLY AIR FORCE BASE. TEXAS 78241 I i 1

ATTN O,F: cc 18 October 1972

SUBJECT! Trip Report - Special Project 72-1 - McGuire AFB NJ

ro. Cormuander, USAF Env Health La/-C, Kelly AFr, TY 78241 t LC

AFLC/SGPE L Wright-Patterson AFB OH 45433 A
IN TURN ~

1, Place Visited: McGuire AFB/Fort Dix NJ

2. Inclusive Dates of Travel: 10-26 Sep 1972

3, Persons Making Trip:

Maj C. Williams Sgt G. Beere
Capt R. Clegern Sgt R. Suppes
Capt .. Thomas Sgt W. Caskey
Capt J. Tremblay Sgt D. Jones
l/lt N. Lamb Sgt J. Jones
TSgt S. Britt Sgt D. Hodgkinson
SSgt A. Buziak

4. Primary Modes of Transportation:

To McGulre AFB:

9 Sep - 2 personnel and survey equipment - LOGAIR

10 Sep - 10 personnel - Commercial Air

I0 Sep - I person - POV

To Kely AFB:

24 Sep - 2 personnel and survey equipment - LOGAIR

24 Sep - 6 personnel - Mil Air/Commercial Air

24 Sep - I person - POV

25/26 Sep - 4 personnel - Commercial Air

5. Purpose of Trip: To conduct a comprehensive water pollution field

investigation at the request of McGuire AFB/Ft Dix authorities. The

purposc and objectives of this field survey are outlined in the

TLchnical Report, "Water Pollution Survey Operational Plan - MeGuire

AFB, Fort Dix, New Jersey", USAF Environmental Health Laboratory,

Kelly AMI TX, August 1972.
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6, Persons Contacted: (See A.ch 1),

7. Observations and Findings:

a. l_ m ng and Analyses: The field survey was accomplished as

pirned. Composite samples of the Ft Dix and MAFB sewage plants were

obt:Ui. f-Or a 12-day period. Sampling of the receiving waters was
con lict for an 11-day period. Most chemical analyses of these samples

were accomplished in the field, while some samples are currently under

analys-s at the Environmental Protection Agency Laboratory (Edison NJ),

the US. Ariiiy Eivironmental Hygiene Agency (Edgewood Arsenal MD) and the

,ivironmr ital Health Laboratory (Kelly A*FB TX),

(1) Sewage Treatment Plant Evaluations: Both treatment plants

o-e providing good to excellent secondary treatment of wastewaters. Some

inE[i( ieoci.es In suspended solids removal and inadequate effluent disin-

fection were noted.

(2) Enhanced Treatment Evaluations: The feasibility of chemical

additions and activated carbon adsorption for enhanced treatment at both

sewage plants was evaluated. Preliminary analysis of available data

indicates that enhanced treatment is technically feasible.

(3) Receiving Waters Evaluation: Preliminary evaluation of

avai.aolt 5LL*.U. data ILas ravcalcd soe deagraoct4ion of water quality as a

result of Lreated wastewater discharges from the two treatment plants.

Groos pollution, however, was not in evidence.

b. Alternative Treatment Schemes: Land disposal, advanced waste

treatment, and regionalization are three alternative wastewater management

schemes. All three schemes are still considered viable alternatives.

Regionalization is considered the most desirable scheme. The State of

New Jersey authorities have voiced objections to the inter-basin transport

of wastewaters to the Ocean County Sewerage Authority, and the Northern

Burlington County Sewerage Authority is currently experiencing organiza-

tional problems.

8. Concj.usions and Recommendations:

The authorities of both Ft Dix and MAFB were out-briefed by the field

survey team on 25 September. (See Attachment.) Following additional data

analyses, a preliminary technical report of the results of this field

study will be published by the Environmental Health Laboratory.

I'LS W. M-LE iMLAY, Capt, us BSC 1 Atch: Personnel Contacted

B!oenvironmental Engineer
Cy to: Base Surgeon, McGuire AFB NJ 0864

Base Civil Engr, McGuire AFB NJ C

Chief Facilities Engr, Ft Dix NJ(

lct U,S. Army Med Lab (EHES),

A-26 Ft Geo G. Meade MD 20755
USAF/PREV USAF/SGP
MAC/DEMP MAC/SGPE

USAF Env Health Lab/CC, McClellaz



PERSONNEL CONTACTED - MCGUIRE AFB/FT DIX

WATER POLLUTION SURVEY - 10-26 SEP 1972

McCuire AFB Pe rsonnel

*Co) Wentscb, Commander, 438 14AW
*Coil Dalton, Vice-Comander, 438 MAW
*Col Ech.zbarne, Base Commander
*Col Mocttgomery, Deputy Base Commander
*Col Perkinson, Base Civil Engineer

*Lt Cl Gibson, 438 LG
;i,t Col Townsend, Base Surgeon
*Capt E'igh, Clinic Administrator

Capt Abraham, Chief, Military Public Health
*Cap .J adruck-o, Base Bioenvironmental Engineer

;CapL Schnorr, 438 LCM
*Mr. Porr, Associate Base Civil Engineer

Mr.-Camilli, Base Civil Engineering

Hr. Dion, Chief of Engineers
*Mr. Zebro,,ski, Base Civil Engineering

CMSgt Slominski, Superintendent, Sanitation Division

SSgt West, Sewage Plant Operator

_E Y.LL %, £ =. .. ..

Maj Markland, Command Bioenvironmental Engineer

Fort Dix Personnel

Lt Col Blalock, Director, Facilities Engineering

Lt Col Bartley, Preventive Medicine Officer
*Maj Rebello, Facilities Engineering

*Capt Braverrnan, Environmental Sanitarian, Ft Dix Meddac, Prey. Med. Act.

*Mr. Petrino, Chief, Engr Directorate of Facilities Engr"

*Mr. Herndon, Chief, Utilities

Mr. Scott, Sewage Treatment Plant Supervisor

U.S. Ariy Environmental Hygiene Agency Personnel

Capt Graven, Water Quality Engr Division
Mr. Fianu, Engr Chemistry Division

)qt Army Medical Laboratory Personnel

*Capt Hollos, Sanitary Engineer

Sp4 Sobczak, Biology Technician
Sp4 Kosoglow, Chemistry Technician
Sp4 Gaspari, Chemistry Technician

Atch /

*Pcrsoanel atttended out-briefing on 25 Sep 1972.
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Federal EPA (e _I Personnel

Mr. Ike, Chief, Federal Facilities Division

Mr. Mansfield, Federal Facilities Division

Mr. Stavton Federal Facilities Division

State of New Jersev Dept of Environmental 
P-otection Personnel

Mr. Binder, Water Resources, Principal 
Engr

Mr. Takacs, Water Resources, Principal Biologist

Mr. Olson, Water Resources, Asst Biologist

Mr. Lutow, Water Resources, Asst Biologist

Mr. Kotch, Water Resources, Env Field Worker

State of New Jersey-Div of Fish Game and 
Shellfisheries Personnel

Mr. Bolton, Bureau of Fishery Mgt, Asst 
Biologist

Mr. Cramer, Bureau of Fishery Mgt, Fisheries 
Worker

Battelle Columbus Laboratories Personnel

Mr. Carlton, Waste Control and Process Technology 
Division

Mr. Baytos, Waste Control and Process Technology 
Division

Soil Conservation Service Personnel

Mr. Malim, Burlington Co., District Conservationist

Mr. Tharpe, Ocean Co., District Conservationist

Mr. Jat nski, Ocean Co., Soil Scientist

Lakehurst Naval Air Station Personnel

Mr. Newby, Station Forester, Public Works Department

Ocean Authority Personnel

Mr. Gritzuh, Engineering Administrator

Mr. Calderella, Consulting Enginar, Fellows, 
Reed & Weber, Inc.

2
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P-eOion 1I affice
2G Federal Plaza

New York, ..,, York 1Y07

September 7, 1972

'r. rn~tP. z

"rtr':w of Lnvirorr,mntal Protection
TAvision 7f 11at r 7.esources
Trenton. J3,, Jersey 30525

Piferance is made to your letter of August 10, 172 and the rIeet1n in
your office on J)uly 13, 1972, relarding Fort Dix and !icruire Air Force e.
,t t,e -eti it was agreed that Fort Dix and '-Guire PS8 would Indictfc
in writinq their position conc, rnin possible participation in tiN,e propose!
i:orthern 3trlington County Sewage Authority system.

Attached is a letter from Fort Dix indicating their position regarding
this. Ila have not yet received Flcruire's position; ho:ever, we have been
advised it ll! be forthcoming shortly.

It is requested that you confirm in writing the items mentioned in para-

graph seven (7) of the Fort Dix letter; namely

I. Your intention to construct or have constructed a regional sewage
system in the vicinity of Fort Dix. and

2. Your agrecment that funds not be spent at Fort Dix at this tihe for
improvements later to he abandoned and that the Fort Dix wasteeiater
treatment facility should continue to be operated in the current
manner with the existing plant equipment pending connection to
the regional sewage system.

An expeditious answer w,4ould be greatly appreciated. If you have any
questions., please contact us at 212-264-9537 at any time.

Sincerely yours,

Harry A. Ike, P.E.
Chief

lederal Facilities Section

Enclosurp
/# A-29
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lair D -. ,Nrlu 4-,

DEPARTMENT OF ENVIRONMENtAL PROTECTION ,, .--- -

DIVISION OF WATER RESOURCtES

TRENTON. NEW JERSEY 0662S 5-''

Dcember ]4, 1972";

Mr. Geralid M. Hansler .'
il e, :ioxal Administ rat or
7n viro,.ni,)antal Protect,idn Agency ".

R oo,m 64,7..' •
26 nederal Plaza
Now York, NY 10007 ""

Doar Hansler:

This is in response'to your letter of OctobeQr 1,1972 contcern ing the

noeed for the development of a basin plan c.overing the headwaters area
of .z' s <b:ks 1.r :, r&lrtion to th3 prolq emoi acsociated with the

Fort Dix -McGuire Air Force Base waste water discharges in that Basin.

* ":

An investigation of this situation by our: p.taff would indicate that

.Q J!,on to Jale sywr 9stem bein,_ pl__ ed by the Ocean C' un_
.S.j . A , iu ould have a number of qh!viro_nnigntal problems

cia',-d w.ith it, aid we .feel at this point tba this al_ternative shoul_d

T attended a meetin' in"*Northern BurlingtorLCounty sponsored by the

nounty rovernment, i%,hich. included reprojen."tation from Fort Dix and
' _Gu_*-e 9'.r Force Base,' last ';u,''.'nsd;iy ni-hl, .,oeor29. There is
a lorng history of difficu].ties.concerning the este-'olishment of' a
rogional a-ency to constimct a comprehMnsive.rcgi,onal Sewerage syster'l

to se ,rve Northern Bitrlington County. An a,t4e,mot to form a ro-ion-11
authority was frust iated through a referen%diim In the City of Borden-
to;;n, and a county iauthority which was f or.rr6d, -with jurisdiction
limited to this area., hold two meetings and.then. dissolved itself.
At the conclusion of the meeting last 'VTdn6raay evening, I recommended
that the County Lindertake an cnvironncntn1 .,, , ,,  study, examining-
all of the concopt:;,.and alternativor for or,VA.0-i i, an eav irornent ally
z;ouiad water c uali-ty*i,ia,nag,-,cnt orogram fai;*Norl iern Burlington County.
At t1-0i poInt, it appears that this rec om, ,m;da,7 ,ion has been accepted,
a no UIGe -work would b00 carried out with cl,6, Le ,-oordination with the[ iofolu,n Control. Sin.c

a n,,; bcr of a]t r :t.O;havo alroady been i r noet! Led, including ..

etv ] r r ol )c intf, r L , capit"1a costs and c-o!;t'; -)!' operation and ,zmainten,-. ,,:e

a .. .. . u w c o n v i s i o na M ;, ) , ,: ,) c :£ n o f t h i s s t u d y i n

approxi-fiatoly six irontbs after its initiati-6n..•
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, , l.-IocrI(I !. Hansle]' -2- " Thccmbor , 1,972

a t. nca" hfuture the staff of our Dureau of .'ater Pollution Control
11 be iki touch with your office to coordin.te 'tfe enviromnon6al

s.udics wihi'i ;,ll be undertaken, and to guarantee that their scope
and con;;c . ili be coiplete and co:nprehensive and result in an ac-.ept-
able water quaiity management plan, taking ino consideration the
; :re-a.ents of Fort Dix and McGuir-e Air Fo:'ce Base.

Very t A1'7you-'

Charles R,i.."*ikcn':~~Drecto,- s

%A

D -It

A-3



LjNTED STATES E\"V;ONML N, AL PROTECTION AGENCY

2,FEDL.TAL PLAZA

NEW YORK. NEW ' O,." 10007

Dece,,iber 20, 1972.

0 C, u,i I I -i k Inrs o i i
.e V,i Engineer
6cd,,arters 438.Air Base Group (MAC)
I iui,e Air Force Base, New Jersey 08641

aJ r Coonel Perkinson:

:.,ve rcceived a rey to our fetter of.Octoc , 3 to the
i ,;.v Depar-en&t of 2nvirolent l Pratection (NJDEP) concerning

-,,"s l to con,nect the Fort Dix end 1Guire Air Force Base_,. t,Gur ei roc By Aort
,,;st,r :ster systems to the plahned Ocean CQunty Sewerage Authority
. te"I.

DEP takes the position in this .etter that the proposed
10flinection would 'have a number of environnirrtal problems associated

,h it and that this alternative should i6e el.iminated from con-
.I urton at this point. You have alreao received a copy of the

.,e!-,22 ! tter-from the Delaware River 3asin Commission (DRBC)
Sthi office voicing their concern over-'the environmental issues

i /olved in an inter-basin transfer of t-e Fort Dix-McGuire Air
cLase wastewater to the Ocean Countyjsystem. This office

*.,curs w;th the '1DEP and the DRBC in the"ir concern over the
.. ,rLn:ertal issues involved in this matter dnd recommends :1hat

is elternative be eliminated from furthef- consideration and that
-,,ur iistallation actively pursue other alternative wastewater

;,aCement schemes..

Sincerel* .yours,

Rocco D. ..Ricci, P. E., Acti.n-g bi rector

. Division of Air and.Water Programs

i cl o, uro .

NDEP letter of. Dec. 4, 1972

.: J~DEP Per Ll ~
')R 5C U -

A-32 .
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I. GENERAL

A. A field survey was conducted at the Ft Dix/MAFB complex by
the EHLK between 10 and 26 September 1972. Extensive sampling of both
wastewater treatment plants to provide data on the volume and character-
istics of wastes and sewage treatment plant efficiencies was accomplished.

B. Participants in the field survey are listed below:

1. EHLK Personnel

Major C. Williams Sgt C. Beere
Capt R. Clegern Sgt R. Suppes
Capt J. Thomas Sgt W. Caskey
Capt J. Tremblay Sgt D. Jones
Capt N. Lamb Sgt J. Jones
TSgt S. Britt Sgt D. Hodgkinson
SSgt A. Buziak

2. U. S. Army Env Hygiene Agency Personnel

Capt H. Graven Mr P. Fianu

3. 1st U. S. Army Medical Laboratory Personnel

Capt E. Hoilos Sp4 B. Kosoglow
*Sp4 A. Sobczak Sp4 C. Gespari

II. SAMPLING STATION LOCATIONS

A total of 13 sewage plant sampling stations and eight receiving
stream sampling stations were established. Following are location logs
for the field survey sampling stations.

A. SEWAGE PLANT'S SAMPLES

Twenty-four hour and twelve-hour composite samples from the
various sampling locations at both the Ft Dix and MAFB sewage plants
were manually composted hourly in proportion to flow as measured by
existing flow metering devices at each plant. The composite samples
were refrigerated during the collection period. Table B-I is a location
log for sampling stations at both the Ft Dix and MAFB sewage treatment
plants. Figures B-I and B-2 are respectively schematic diagrams of the
Ft Dix and M4AFB sewage plants showing locations of sampling stations.
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TABLE B-i. SEWAGE PLANT SAMPLING STATION LOCATION LOG, mT. DIX/MAFB,
NJ, SEPTEMBER 1972.

FT. DIX SEWAGE PLANT

D-I Raw Sewage
D-2 Primary Clarifier Influent
D-3 Primary Clarifier Effluent
D-4 TF Influent
D-5 TF Effluent
D-6 Final Clarifier Effluent
D-7 Final Effluent
D-A Sludge Influent to Digester
D-B Digested Sludge Effluent to Drying Beds
D-C Digester Supernatant

McGUIRE AFB SEWAGE PLANT

11-i Raw Sewage
M-2 Primary Clarifier influent
M-3 Primary Clarifier Effluent
M-4 TF Effluent
M-5 Final Clarifier Effluent
M-6 Final Effluent
M-A Sludge Influent to Digester
M-B Digested Sludge to Drying Beds
M-C Digester Supernatant
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Sampling Station

* 17

I. 1
L

,r! : ' r ij'
I -J / \

N I

Primary Trickling Final Clari-

Headworks Clarifiers Filters fiers Recirc. Effluent
Pumping Chlorination

Figure B-1. Schematic Flow Diagram - Ft Dix Sewage Plant -

Sampling Station Locations - Sep 1972
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Sampling Station

7271

" ..v-._
- t

I - "I I.

I NI

Primary Trickling Final Effluent
Clarifiers Filters Clarifiers Chlorination

Figure B--2. Schematic Flow Diagram - MAFB Sewage Plant -

Sampling Station Locations - Sep 1972
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B. STREAM SAMPLES

Most all water samples from the receiving waters were composited
by battery-operated, time-proportional samplers over a 24-hour period for
each day. As a result of equipment failure/maintenance, some stream wator
samples were grabbed and have been so identified in data presentations.
Table B-2 is a location log for sampling stations on the receiving waters.
Figure B--3 is an area sketch showing the stream sampling station'locations.

TABLE B-2. SAMPLING STATION LOG McGUIRE AFB/FT DIX NJ WATER
POLLUTION SURVEY, SEPTEMBER 1972

STREAM LOCATIONS

Station Location

S-I Jumping Br Above Confluence with Crosswicks
S-2 South Run Above Ft Dix STP
S-2A Tributary to South Run above Ft Dix STP
S-3 South Run Below Ft Dix STP on McGuire
S-3A Tributary to South Run above MAFB STP
S-4 South Run Below McGuire STP

Crosswicks Cr at Brindle Lake Road
S-6 Crosswicks Cr at Bunting Bridge Rd
S-7 North Run Above Confluence with Crosswicks
S-8 Crosswicks Cr Below New Egypt
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Figure B-3. Area Surface Drainage Ft Dix, MAFB Stream Sampling Station
Locations- Sep 1972
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Iii. STREAM FLOW MEASUREMENTS

All stream flow measurements (width, depth, and velocity) were made
using current meters and accessories. Continuous recording of stream
flows was net possible, so a number of flow measurements were made each
day during the field survey to estimate the average total daily flows
at each stream station.

IV. ANALYTICAL PROCEDURES

Procedures used in sample analyses were in accordance with
"Standard Methods for Examination of Water and Wastewaters," 13th
Edition, 1971, American Public Health Association, New York, New York.
Analyses of samples were accomplished by two different agencies: (1)
USAF Environmental Health Laboratory, Kelly (EHLK) Environmental
Chemist:-y Support Branch; (2) U. S. Army Environmental Hygiene Agency,
(AEHA), Edgewood Arsenal, Maryland. Table B-3 is a list of parameters
determined by the EHLK, the analytical procedures/methods used and
lower detectable limits. Table B-4 is a list of parameters determined
by the AEHA, the analytical procedures/methods used and lower detectable
limits. Table B-5 is a list of biological parameters and the method of
analysis.
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TABLE B-3. ANALYTICAL PROCEDURES USED BY EHL FIELD LABORATORY

Detectable
Parameter Method Notes Limits

1. p111  Standard Methods, 144A
Class Electrode, p. 276

2. Total Oxygen Ionics, Model 225, Total 0-200 ppm-good
Demand2  Oxygen Demand Analyzer linearity

3. Chemical Standard Methods, 220 5 mg/l
Oxygen Oxygen Demand (Chemical),
DefLLId p. 495

4. Biochemical Standard Methods, p. 484- 2 mg/l
Oxygen De- 494
mand 5-day'

5. Biochemical Standard Methods for 2 mg/l
Oxygen De- Biochemical Oxygen
mand (soluble) Demand but using a
5-day' filtered sample,

(Wbatman 41. filter
paper)

6. Total Solids i  Standard Methods, 148A, Practical6  1 mg/l
Total Residue, p. 288; range above
224A Residue on Evapo- 10 mg/l
ration, p. 535

7. Total Dis- standard Methods, 148B, Practical range 6 1 mg/l
solved Solids' Filtrable Residue, above 10 mg/l

p. 290; 224E Dissolved
Matter, p. 539.

S. Suspended' Total Suspended Matter, Practical range 6 1 mg/l
Solids p. 537 above 20 mg/l

9. Total Volatile Standard Methods, 224B, 1 mg/l
Solids' Total Volatile and Fixed

Residue, p. 536

10. Methylene Standard Methods, p. 339, Use one separatory 1mg/l as LAS
Blue' Active Methylene Blue Method funnel. Filter the
Substances For Methylene Blue- chloroform-extract

Active Substance through cotton
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TABLE B-3 (cont'd)

Detectable

Parameter Method Notes Limits

11. Phenols i  Standard Methods, p. .001
502-506, Chloroform
Extraction Method

12. Alkalinityl Standard Methods, p. 1 mg/l
Total as rg/l 52-56 - Potentiometric
CaCO3  Method

G 1;. 3
13. Cyanilie Standard Methods, p. Preserve in .01 mg/l

400 - Preservation field with
of samples with NaOH to raise
NaOH, "Technicon pH to 11 or
Auto Analyzer more. Analyzed
Methodology" at KEHL.

I
14. Turbidity Standard Methods, p. 0.1 JTU

350, Nephelometric units
Method

15. Color1  Standard. Methods, 1 unit
p. 160

16. Chlorine Free Standard Methods, 0 mg/l
Availablel p. 123 (OTA) Method

17. Chlorine Standard Methods, p. 0 mg/l
Residuail 123, 386 (OTA) Method

Method

18. Total Hard- Standard Methods, p. 1 mg/i
ness i  179, EDTA Titrimetric

Method

19. Total Coli- Standard Methods, Agar-based 1 colony/
forms p. 678. Membrane medium 100 mls

Filter

20. Fecal Coli- Standard Methods, Agar-based 1 colony/
forms1  p. 684. Membrane medium 100 mls

Filter

21. Fecal Strep- Standard Methods, Agar-based 1 colony/
tococci4 p. 690. Mehibrane medium 100 mls

Filter
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TABLE 'B-3 (cont?d)

Detectable

Parameter Method Notes Limits

22. Hex 7alent§ Standard Methods, Filter cloudy .01 mg/l
Chromium p. 156 Samples through

Whatman #42
filter paper

23. Cadmium Atomic Absorption
Spectrophotometric
Method, Standard
Methods, p. 129,
211, 418

24. Copper Perkin Elmer .02

25. Chromium "Analytical Methods .05
For Atomic Absorption

26. Iron Spectrophotometry" 0.1

27. Nickel Varian Techtron .04
Atomic Absorption

28. Silver Spectrophotometer .01
Model 1000

29. Manganese .02

30. Aluminum ._10

31. _'Srium 1.0

32. Zinc .01

33. Calcium .1

32. Mercury .005

33. Magnesium .1

33. Lead .05

1APhA, AWWA, WPCF, Standard Methods for the Examination of Water and Wastewater

13th Edition, 1971.
'Ionics, Incorporated Instrumentation, "Instruction Manual Model 225 Total Oxygen
Demand Analyzer," 65 Grove Street, Watertown, Mass, April 1970.
3Technicon Instruments Corporation, "Technicon Autoanalyzer Methodology," Tarry-
town, New York.

4Perkin-Elmer Corporation, "Analytical Methods For Atomic Spectrophotometry,"
Norwalk, Connecticut
SVarian Techtron PTY. Limited, "Instruction Manual For Atomic Absorption Spectro-
pbotometer Model 1000," Melbourne. Australia.
5EPA Water Quality Office, AnalyUical Qality Control Laboratory, "Methods For
Chemical Analysis of Water and Wastes," Cincinnati, Ohio, 1971.
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TABLE B--4. ANALYTICAL PROCEDURES USED BY AEHA LABORATORY

Detectable
Parameter Method Notes Limits

1. Total Organic Standard Methods 138A 1.0 mg/i
Carbon Combustion-Infrared

Method (Tcntative-)
p. 257

2. Oil and Grease Standard Methods 209A
Soxhiet Extraction
Method, p. 409

3.. Total Phosphorous Standard Methods, 223C Pre- (1)
lint Digestion Step for T-
P04 and 223F Ascorbic Acid
Method (Tentative), p. 524
and 532.

4. Ortho Phosphorous Standard Methods, 223F (1)
(as P) Ascorbic Acid Method

(Tentative), p. 532.

5. Total Kjeldahl TeUliaicon Auto Analyzer, (1) oi mg!i
Nittogen (as N) Ind. Method 30-69A.

6. Ammonia Nitrogen Orion's Analytical 0.05 mg/l
(as N) Technique with Ammonia

Electrode 95-10 & Model
801 Digital MV Meter

Notes: (1) The S-I series of samples were clarified with activated carbon
prior to analyses for P04 , NO2 and N03.
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TABLE B-5. Analytical Procedures used in biological stream sampling.

Parameter Method

1. PlanktonI  Standard Methods, p. 726-737.
Wisconsin Net concentratien
Sedgwick-Raft Cell counting

2. Periphyton1'2  Standard Methods, p.743-746
(modified)
Modified Biomass-Chlorophyll
Ratio (Weber, 1971)

3. MacroinvertebratesI  Standard Methods, p. 761-769
identifications: Capt Neil J. Lamb

a) Ponar dredge

b) diverse sampling

4. Effluent bioassaysl Standard Methods, p. 562-575
continuous flow.

5. In-situ stream bioassays Hardware cloth cages (530 cu. in.)
anchored below surface.

6. Endemic Fish1  Standard Methods, p. 771-775
Electroshocking, D.C. pulse,
230V, 2.2 amp.

7. Pesticide Residues -Soxhlet Extraction(Hexane:Acetone)
(USAEHA) -Florisil Column

-Electron-capture gas-liquid chro-
matography
-thin layer chromatography

1
APHA, AWWA, WPCF, Standard Methods for the Examination of Water and
Wastewater, 13th Edition, 1971.

2
Weber, C. I., "Recent Developments.in the measurement-of the Response
of Plankton and Periphyton to Changes in Their Environment," 162nd
National Meeting, American Chemical Society, 1971.
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This appendix contains water sample-data tabulations for composite
samples and grab samples obtained during the September field survey.

I. COMPOSITE SAMPLE DATA

Tables C-i through C-3q are raw data tabulations and statistical
summaries for composite samples from all sampling stations. These
tabulations were compiled by the US AEHA, Water Quality Engineering
Division using a UNIVAC 1108 computer.

A. FT DIX DATA SUMMARIES

Tables Sample Description Pages

C-1 - C-7 24-hour composite samples C-3 - C-13

C-8 - C-14 12-hour composite samples C-14 - C-24

B. MAFB DATA SUMMARIES

Tables Sample Description Pages

C-15 - C-20 24-hour composite samples C-25 - C-34

C-21 - C-26 12-hour composite samples C-35 - C-44

C. RECEIVING WATERS DATA SUMMARIES

Tables Sample Description Pages

C-27 - C-34 24-hour composite samples C-45 - C-68

II. GRAB SAMPLE DATA

Table C-35 contains raw data tabulations for grab samples obtained
during the September field study. Some stream sample data summaries for
grab samples have been included in Tables C-27 - C-34 and are so identified
(see footnote in tabulated data).
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APPENDIX D

Sewage Treatment Plant Historical Data Summaries
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This appendix contains historical data summaries for both the Ft Dix and

MAFB sewage treatment plants.

Sewage plant operating logs for several extended periods were analyzed for

raw sewage flow, effluent characteristics, and unit process and overall

removal efficiencies for Suspended Solids (SS) and 5-Day Biochemical Oxygen

Demand (BOD5 ). These analyses included development of frequency distribution

curves for these selected parameters.

I. Ft Dix Historical Data. The following tables and figures are summaries

of historical data for the Ft Dix Sewage treatment plant.

Table (T)/Figure (F) Title Pag

T-D-1 Ft Dix Sewage Plant Operating D-3
Log Data Summary-BOD5-Aug 70-July 71.

T-D-2 Ft Dix Sewage Plant Operating D-4
Log Data Summary - Suspended

Solids - Aug 70 - July 71.

T-D-3 Ft Dix Sewage Plant Operating Log D-5
Data - Flow, BOD 5 , SS, Effluent
DO and Maximum Temp - Jan - Sept 1972.

F-D-1 Ft Dix Sewage Plant Operating Log Data -D-6

Raw Sewage Flow.

F-D-2 Ft Dix Sewage Plant Operating Log D-7
Data - Efluent BOD 5 .

F-D-3 Ft Dix Sewage Plant Operating Log D-8
Data Effluent ,S.

F-D-4 Ft Dix Sewage Plant Operating Log D-9
Data - BOD5 Removal Efficiency.

F-D-5 Ft Dix Sewage Plant Operating Log D-10
Data - SS Removal Efficiency.
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II. McGuire AFB Historical Data. The following tables and figures are

summaries of historical data for the MAFB Sewage treatment plant.

Table/Figure Title Pa_e

T-D-4 McGuire AFB Sewage Plant Operating Log Data D-12

Summary - Five-Day BOD - Aug 7G-Jul 71

T-D-5 McGuire AFB Sewage Plant Operating Log Data D-13

Summary - Suspended Solids - Aug 70-Jul 71

T-D-6 McGuire AFB Sewage Plant Operating Log Data - D-14

Flow, BOD5, SS, Effluent Dissolved Oxygen (DO),

and Maximum Temp --- March --- Sept 1972

T-D-7 McGuire AFB Average Sludge Conditions - Aug 70 - D-15

Jul 71

T-D-8 McGuire AFB Anaerobic Digester Data - Aug 70 - D-16

Jul 71

F-D-6 Ft Dix Sewage Plant Operating Log Data - Raw D-17

Sewage Flow

F-D-7 Ft Dix Sewage Plant Operating Log Data - D-18

Effluent BOD5

F-D-8 Ft Dix Sewage Plant Operating Log Data - D-19

Effluent Suspended Solids (SS)

F-D-9 Ft Dix Sewage Plant Operating Log Data - D-20

BOD5 Removal Efficiency

F-D-1O Ft Dix Sewage Plant Operating Log Data - D-21

SS Removal Efficiency
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I. CHEMICAL COAGULATION JAR TESTS

A. INTRODUCTION

Jar tests were conducted on selected wastewaters, i.e.,
primary clarifier influent, and secondary clarifier influent and
effluent, from both the Ft Dix and McGuire AFB sewage plants. Alum
was used as the coagulant and sulfuric acid was used for pH adjustments.
The purpose of the jar tests was to determine the treatability of the
wastewaters as regards chemical coagulation, flocculation, and sedi-
mentation. The objective of the tests was to obtain data which could
be used to determine the suitability and applicability of chemical
treatment in the existing sewage plant units and final effluent.

B, METHODS AND MATERIALS

1. The jar test procedures were designed to determine the
optimum pH and alum dosage for coagulation, flocculation, and sedi-
mentation as d?termined by turbidity measurements according to
Eckenfelder.(I) The final part of the procedures includes a jar test
to obtain a "settling curve" based on turbidity measurements when the
wastewater is treated with the optimum alum dosage at the optimum pH.
In addition, various parameters were determined at the start and the
end of the settlinq curvo test procedure.

2. There are five graphs presented in this Appendix for
each wastewater which was subjected to a jar test. A description of
each graph will illustrate the results of the jar test. For example,
concerning the McGuire AFB primary clarifier influent.

a. Figure E-2, "Turbidity Versus pH," was used to
determine the optimum pH, "Turbidity Versus Alum Dose" was used to
determine the optimum alum dosage, and "Final pH Versus Initial pH,"
was used to show the change in pH resulting from the alum application.

b. Figure E-4, "Turbidity Versus Settling Time" for
untreated wastewater (3 test jars subjected to the test conditions but
not treated with chemicals) and for treated wastewater (3 test jars at
optimum chemical dosages). The initial and final chemical parameters
and their respective removal percentages are also shown.

c. Figure E-6 is the same as Figure E-4 except that
the turbidity is expressed as "Percent Turbidity Remaining."

3. A Phipps and Bird jar test apparatus was utilized.
Rapid sampling of the supernatant was accomplished simultaneously in
each jar utilizi a sampling apparatus described in an EPA technology
transfer manual.()
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C. DATA ANALYSES

1. Figures E-l to E-16 describe the results of the jar
tests performed on the primary clarifier influent, and secondary
clarifier influent and effluent at both the Ft Dix and McGuire AFB
treatment plants. The optimum alum dosage was 150 to 250 mg/il and
the optimum pH was 6.0 to 6.5. For all wastewaters the COD, SS,
turbidity, and phosphate concentrations were significantly reduced
over the untreated wastewaters. The alkalinity and pH were reduced
and the total dissolved solids increased as a result of the chemical
treatment.

a. The wastewaters tested were found to be amenable
to chemical treatment. Chemical treatment could be incorporated
into the existing treatment processes or could be applied directly
to the final effluent.

b. The application of chemical treatment to the
primary clarifier influent could result in the disturbance to the
function of the existing plant. The solids loading to the digesters
could be directly increased by as much as 50 percent, the pH in the
digesters could be depressed, and the organic loading to the filters
would be decreased.

c. Chemical treatment in the final clarifiers would
not exert major changes in plant function. The solids loading to
the digester would be indirectly increased, but the organic Jo4ding
to the filters would not be significantly altered. Laughlin(3)
revealed secondary clarifier effluent from a trickling filter plant
(1.5 MGD) treated with approximately 50 mg/l alum resulted in re-
ductions of BOD, SS, and phosphorous from 20 to 10 mg/l, 15 to 10 mg/l
and 8 to 1 mg/l respectively.

d. Chemical treatment applied to the effluent would
have a minimal impact on plant function but would require expensive
construction. Adjustment of final effluent pH would be required
before discharge. The costs of construction and of treatment units
and procurement of chemicals would need to be balanced against a
relatively small improvement in effluent quality. The average BOD
and SS in the effluent during the EHL(K) survey was 22 mg/l and
35 mg/l; the COD and SS solids removal efficiencies obtained on the
effluent by the jar tests were 70 percent and 60 percent indicating
that chemical addition to the final clarifiers could result in final
effluent BOD and SS of 15-20 mg/l and 20-25 mg/l.
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e. Chemical treatmeit of the secondary sewage treatment
plant effluents has been used to accomplish phosphorous removal and pre-

paration of the effluent for subsequent treatment such as sand filtration.
At the Manville NJ sewage treatment plant, 200 mg/l of alum and 0.5 mg/l of

anionic polymor .as used to pretreat settled trickling filter effluent (2 MGD)

prior to application to a Johns-Manville moving bed filter. The effluent BOD,

SS, turbidity and total phosphorous were 12, 15, 7, and 0.51 mg/l respectively

(EPA).( 2 ) This data indicates that in the chemical treatment and sand filtra-

tion of secondary treated effluent will result in a relatively small reduction

in absolute concentration of effluent constituents.

D. CONCLUSION

Chemical treatment represents a means of improving the effluent

quality of both the Ft Dix and McGuire AFB treatment plants. However, such

treatment would not provide a wastewater which is completely devoid of organic

and solid material. Chemical treatment would be most advantageously applied

at influent to the secondary clarifier process. Improved SS and BOD removal

efficiencies in the final clarifiers of both the Ft Dix and MAFB sewage plants

could be realized by addition of chemical feed and coagulation facilities.
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II. ACTIVATED CARBON ADSORPTION ISOTHERM JAR TESTS

A. INTRODUCTION

Batch activated carbon isotherm tests were conducted on filtered
and unfiltered prechlorinated effluent from the Ft Dix and McGuire AFB WWTP'S.
The purpose of the tests was to determine the treatability of selected waste-
water constituents; i.e., COD, TOD, color, and MBAS with activated carbon.
The objective of the tests was to obtain batch isotherms for each constituent
and to determine the ultimate adsorptive capacity of the carbon. Dynamic
column tests were not conducted.

B. METHODS AND MATERIALS

The wastewater was tested in both a filtered (Whatman 41) and un-
filtered condition; the wastewater was analyzed prior to and after filtration.
Two-liter portions of the wastewater were placed into six flasks and dosed
with carbon at .2, .4, .8, 1.2, 2.0 and 3.0 mg/l. A Phipps and Bird jar test
apparatus mixed the contents of the flasks for 60 min at 75 RPM. After this
period, the wastewater samples were filtered to remove the activated carbon
and analyzed for the selected constituents. (See Eckenfelder)(4)

C: fATA ANALYSES

These data were plotted according to the Freudlich isotherm in which
"adsorption of a constituent/gram of activated carbon" is plotted against the
"residual concentration of the constituent." (See Fair, et al) 5)

1. Adsorption Capacities

The adsorptive capacity of the carbon in a column application
can be estimated from the isotherm by extending a vertical line from the point
on the horizontal scale (residual equilibrium concentration of the contaminant)
corresponding to the initial concentration of the contaminant, and extrapolating
the isotherm to intersect this line. The corresponding value on the vertical
scale (mass of contaminant adsorbed per unit mass of carbon) represents the
ultimate amount of contaminant adsorbed where the carbon is in equilibrium with
the initial concentration of contaminant. This condition should exist in the
upper section of a carbon bed during column treatment, and it therefore re-
presents the ultimate capacity of the carbon for the particular waste constituent.

a. Ultimate Capacities

The ultimate adsorptive capacity of the carbon in terms of
pounds of contaminant adsorbed per pound of carbon can be calculated from the
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results of these analyses. The results of Freundlich isotherm analyses are
contained in Tables E-1 through E-6, and Figures E-18 through E-21. Table
E-7 contains the calculated ultimate adsorptive capacities. No TOD analyses
were accomplished for the Ft Dix adsorption tests. The data derived from the
MBAS adsorption tests for both the Ft Dix and MAFB wastes were insufficient
for accurate analyses.

b. Adsor2tion Isotherm Interpretation

Worthy of special note are the differing ultimate capacities
for chemical oxygen demand (COD) for the Ft Dix and MAFB secondary effluents.
The sipificantly lower values for the MAFB effluent (0.156 - 0.293 lb COD/Ib
Carbon) as compared to the Ft Dix effluent (0.307 - 0.372 lb COD/lb Carbon)
most likely are a result of higher adsorption of compounds present in the MAFB
waste from industrial fractions. (See Eckenfelder)(4). The range of the
adsorptive capacity values determined during these field tests agrees with
literature citations; i.e., 0.250 to 0.870 lb COD/lb Carbon (See EPA)(6).

2. The slope of the isotherm may be used to characterize the
adsorption operation being tested. Very steep slopes are characteristic
of very good adsorption of dissolved organics present in higher concentrations.
Slight slopes indicate comparable adsorption over the entire range of organic
concentrations. Higher slopes also indicate that greater adsorption efficiency
in column operations may be expected. The slopes of the COD isotherms for
filtered and unfiltered Ft Dix samples are quite similar and relatively steep.
Conversely, the slopes of the COD isotherm for the filtered and unfiltered MAFB
samples are quite different. The unfiltered sample COD isotherm slope is much
steeper than for the filtered sample, suggesting some inhibitory effect from
the filterable residue.

D. ADVANCED WASTE TREATMENT (AWT) PLANT DESIGN

The design of activated carbon regneration and transport facilities
for the proposed AWT plant was based on the ultimate COD adsorption capacity
of 1 lb COD per lb Carbon. Results of field adsorption isotherm tests indicate
that the ultimate COD adsorptive capacity is far less than this value. Pilot
scale adsorption testing would be required to determine design criteria such as:
contact time, regeneration requirements, ultimate adsorptive capacity, headloss
buildup, hydraulic loading, parallel versus series flow, single versus multi-
stage configuration and process costs.

E. CONCLUSION

Removal of dissolved organic from the secondary effluents of both the
Ft Dix and MAFB sewage plants is technically feasible. Results of activated
carbon adsorption isotherm tests revealed that additional field pilot scale tests
would be required before selecting design criteria for an advanced waste treatment
plant.
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Table E-1. Activated Carbon Adsorption Isotherm Data -

Ft Dix Sewage Plant Secondary Effluent -
EHL/K, Sep 1972*

Sample Carbon COD MBAS Color

No. Dose (gm/l) . (mg/l) (mg/l) (_units)

D-1 0 60 2.40 50

D-2 0.2 22 0.10 5

D-3 0.4 22 0.10 <1.0

D-4 0.8 22 0.10 <1.0
4-3

;"_ D-5 1.2 11 0.03 <1.0
4-

D-6 2.0 11 0.03 <1.0

D-7 3.0 0 <0.01 <1.0

0 55 2.40 50

D-9 0.2 16 0.05 5

D-10 0.4 16 0.05 <1.0

E D-11 0.8 16 0.05 <1.0
4-

-. = D-12 1.2 11 <0.01 <1.0

D-13 2.0 5 <0.01 <1.0
4J

D-4 3.0 16 <0.01 <1.0

*Powdered activated carbon - contact time of 60 minutes at jar test
RPM 75, Unfiltered SS = 30 mg/l; Filtered SS = 12 mg/l
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Table E-2. Activated Carbon Adsorption Isotherm Data -

McGuire AFB Sewage Plant Secondary Effluent -

EHL/K, Sep 1972*

Sample Carbon Dose COD I TOD MBAS Color pH

No. 'j/_l_) (mg/l)_ (mg/l) (units) (units)

M-I 0 70 104 3.6 50 7.8

M-2 0.2 39 65 0.3 5 8.0

M-3 0.4 27 44 0.1 <1.0 8.1

M-4 0.8 11 36 0.1 <1.0 8.0

4J M-5 1.2 16 35 <0.01 <1.0 8.2
4-

M-6 2.0 5 32 <0.01 <1.0 8.2

M-7 3.0 11 28 <0.01 <1.0 8.1

- 0 59 104 3.8 50 7.3

M-9 0.2 32 60 1.65 5 7.8

S M-tO 0.4 22 44 0.10 <1.0 7.9

P M-11 0.8 16 34 0.03 <1.0 7.9

M-12 1.2 11 32 <0.01 <1.0 7.8

M-13 2.0 11 30 <0.01 <1.0 7.7

M-14 3.0 16 29 <0.01 <1.0 8.0

*Powdered activated carbon - contact time of 60 minutes at jar test
RPM = 75, Unfiltered SS = 34 mg/l; Filtered SS = 18 mg/l.
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Table E-3. Freundlich Isotherm Data
Ft Dix - Chemical Oxygen Demand
USAF/K, Sep 1972

(C) (Y) (Y/m)

Carbor. Dose Residual Conc. Adsorbed Adsorbed/Dose
(gi)(g (mg/1) (mgm

Unfil t. Filt. fi t. F-T Unfilt.FiIt.

0 60 55 0 0 - -

0.2 22 16 38 39 190 195

0.4 22 16' 38 39 95 98

0.8 22 16 38 39 48 49

1.2 11 11 49 44 41 37

2.0 11 5 49 50 24 25

3.0 5 16 60 39 18 13

Freundlich Isotherm (Y = AC B)
m

Ultimate (A) (B) Correlation
Adsorption Constant Constant (rz)
(lb/lb Carbon)

Unfilt. Filt. Unfilt. it. Unfilt. Filt. Unfilt .'  Filt.

0.307 0.372 2.226 3.143 1.191 1.203 0.67 0.55
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Table E-4. Freundlich Isotherm Data
McGuire AFB - Chemical Oxygen Demand
USAF EHL/K, Sep 1972

(C) (Y) (Y/m)

Carbon Dose Residual Conc. Adsorbed Adsorbed/Dose
(gm/i) ( 1) (m.gm)

Unfil t. Filt. Unfilt. Filt. Unfif. FiM7.

0 70 59 0 0

0.2 39 32 31 27 155 135

0.4 27 22 43 37 108 92

0.8 11 16 59 43 74 54

1.2 16 11 54 48 45 40

2.0 5 11 65 48 32 24

3.0 '1 6 69 53 23 18

Freundlich Isotherm (Y ACB)

m

Ultimate (A) (B) Correlation
Adsorption Constant Constant (r )
(lb/lb Carbon)

Unfilt. Filt. Unfilt. Filt. Unfilt. Filt. Unfilt. F'ilt.

0.156 0.293 . 18.90 1.59 0.49 1.28 0.82 0.94
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Table E-5. Freundlich Isotherm Data
McGuire AFG - Total Oxygen Demand
USAF EHL/K, Sep 1972

______-(C) kf(Y) (Y/m)
Carbon Dose Residual Conc. Adsorbed Adsorbed/Dose(gm!!) I(; (m.q/Igm)

_ -Un f i'( t . Filt TTn f IIt. -r,,f,#I. ... Inf-t i"I t. ,

0 104 104 0 0

0.2 60 60 44 44 220 220

0.4 44 44 60 60 150 150

0.8 36 34 68 70 85 88

1.2 35 32 69 72 58 60

2.0 32 30 72 74 36 37

3.0 28 29 76 75 25 25

Freundlich Isotherm (Y = ACB)

Ultimate (A) (B) Correlation
Adsorption Constant Constant (re)
(b/lb Carbon)UnfilW.I' Fi,]t. Unfiilt.. Filt. UrnfiTt. F.i Ft. 'Unf iIt.. Filt. i

1.200 1.200 0.002 0.004 2.94 2.72 0.91 0.86
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Table E-6. Freundlich Isotherm Data
McGuire AFB - Methylene Blue Active Substances
USAF EHL/K, Sep 1972

(C) (Y) (Y/m)

Carbon Dose Residual Conc. Adsorbed Adsorbed/Dose
(gm/l) m ii M mi)m)

_ Unfilt. Flit. UffiT I tt FUnfilt. it,

0 3.60 3.8 0 0

0.2 0.30 1.65 3.3 2.15 16.5 10.8

0.4 0.10 0.10 3.5 3.70 8.8 9.2

0.8 0.10 0.03 3.5 3.77 4.4 4.7

1.2 <0.01 <0.01 >3.59 >3.79 >2.9 >3.2

2.0 <0.01 <0.01 >3.59 >3.79 >1.8 >1.9

3.0 <0.01 <0.01 >3.59 >3.79 >1.2 >1.3

BFreundlich Isotherm (Y ACB)
m

Ultimate (A) (B) Correlation
Adsorption Constant Constant (r )
(lb/lb Carbon) !It.- Unfit._ ilt

Unfilt. Filt. Unfilt. Filt. 'Ufit, .T F9t. Unfl't. Fit

0.064 0.026 22.34 11.15 0.471 0.236 0.77 0.82
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Table E-7. Ultimate Carbon Adsorption Capacities
Ft Dix/McGuire AFB NJ - USAF LHL/K
Sep 1972

Pounds Adsorbed/Pound Carbon

Parameter Unfiltered Fi Itered

COD
Dix 0.307 0.372
MAFB 0.156 0.293

TOD
Dix - -
MAFB 1.200 1.20

MBAS
Dix - -
MAFB 0.064 0.026
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I. APPLICABLE WATER QUALITY CRITERIA AND EFFLUENT QUALITY-REQUIREMENTS

Included in this appendix are copies of pertinent federal, State of
New Jersey (NJDEP), and Delaware River Basin Commission (DRBC) criteria con-
cerning water quality and treatment plant effluent quality. Executive Order
(EO) 11507, Department of Defense (DoD) Directive 5100.50, Air Force Regulation
19-1, and applicable Army directives require Ft Dix and MAFB to insure that
their sewage treatment facilities are designed, operated and maintained so as
to conform with all applicable federal, state and local agency water quality
standards adopted pursuant to the Federal Water Pollution Control Act of 1965,
as amended. These directives further require that "performance specifications"
be proposed for each treatment facility to meet the applicable requirements.
Performance specifications are specific limits of discharges that will as a min-
imum provide for conformance with water quality standards.

II. INTERIM PERFORMANCE SPECIFICATIONS

A. BACKGROUND

Discussions with representatives of the Federal EPA and the NJDEP
have resulted in the development of proposed interim performance specifi-
cations for the two sewage plants. These proposed specifications should apply
for the interim period until a final decision is reached concerning the in-
vestigations of a regional wastewater management program involving both Ft Dix
and MAF . Long range perf6rmance soecifications arc not proposed at this time
pri,marily because of the current emphasis on regionalization, the probable
changes in state and federal criteria, and the possible future changes in
mission requirements of Ft Dix or MAFB. If regionalization of wastewater
management efforts in this basin does not materialize, then more stringent,
long-range performance specifications for each of the sewage plants would
have to be negotiated with the NJDEP and the DRBC through the EPA. Sufficient
data and operating characteristics on the two sewage treatment facilities
and the receiving waters are contained in this report to aid in any such
future negotiations.

B. PROPOSED SPECIFICATIONS

Table F-I contains the proposed interim performance specifications
which are based on existing DRBC and NJDEP criteria (see attached documents,
Section IV, this appendix).
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Table F-I. Proposed Interim Performance Specifications

for Ft Dix and MAFB Sewage Treatment Facilities

I Parame ter DRBC/NJDEP EHL/K

BOD5 25 -

BOD5 90 percent removal -

SS 100 -
SS 90 percent removal -

COD - 80
TDS 400
MBAS (as LAS) 3.0
Phenol - 0.015
Oil & Grease 10 -

fHg 0.01 -
Crtotal 0.10 -
Cr+G 0.10 -
Pb 0.10
Zn 0.60
Cu 0.20 -

Ag 0.01
Ni 0.05
As 0.10
CN- - 0.01
Ba 2.0 -
Al - 1.00
Cd 0.02 -
pH 6.5-8.5 -

Fecal Coliforms 300
(Geom. Mean, per
100 ml)

Debris, Scum, Float. none
Materials
Toxicity (1:1 <96-hr TL50

Dilution)

Odor (Thresh. Odor Nr) 250
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III. COMPLIANCE WITH PROPOSED PERFORMANCE SPECIFICATIONS

Tables F-2 and F-3 are, respectively the summaries of the 24-hour
and 12-hour composite sampling data collected durinq the field survey.
The underlined entries in these tables represent lack of compliance with
the proposed performance specifications. Some difficulties were encountered
with the oils and grease analyses and the validity of these data are highly
questionable.
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Table F-2. Ft.Dix and MAFBo Field Survey Data Summaries (24-Hour
Flow - Composite Samples) Sewage Plant Effluents and

Proposed Performance Specification Compliance (Under-
lined Entries Indicate Non-compliance)

Perf. MAFB Ft. Dix

Parameter Spec.1  Range Mean RanQe .ean

BOD5 25 <20.0-26.4 <23.7 <I12.0-<24.0 <20.9

BOD5  90% Rem >70.4->87.7 >80.8 >88.6-92.7 >89.7

SS 100 _22.0-53.0 39. 3 3.0T-46.0 38.3

SS 90% Rem 63.2-81.0 76.5 76.0-86.5 79.7

COD 80 457T3 -' W.T "45T2- 8- - 0.

TDS 400 170-'4 210T- 266-3-T 284

MBAS (as LAS) 3.0 4.2-6.0 5.3 1.6-3.8 2.38

Phenol 0.015 0.0-0 .025 .7 0 <0.OOT-.030 4).012

Oil & Grease 10 89-231 152 19-271 1l5 7

Hg 0.01 -<0.005 <0.005 -<0.005 <0.005

Crtotal 0.10 -<0.05 <0.05 -<0.05 <0.05
Cr+6  0.10 -<0.001 <0.001 -<0.001 <0.001

Pb 0.10 -<0.05 <0.05 -<0.05 <0.05

Zn 0.60 0.01-0.03 0.02 0,01-0.09 0.043

Cu 0.20 0.03-0.08 0.056 <0.02-0.04 0.024

Ag 0.01 -<0.01 <0.01 -<0.01 <0.01

Ni 0.05 -<0.04 <0.04 -<0.04 <0.04

As 0.10 -<0.01 0.01 0.01-0.02 0.015

CN 0.01 -<0.01 <0.01 -<0.01 <0.01

Ba 2.00 -<1.0 <1.0 <1.0-1.20 <1.03

Al 1.00 0.12-0.52 0.22 0.30-6.30 1.397

Cd 0.02 <0.10 <0.10 -< bT-fT <O.-I7
pH 6.5-8.5 6.9-7.5 - 7.2-7.5

Fecal Coliforms 300 160 233

(Geo. Mean/
100 ml )

Debris, Scum,
Float, Material None See Note 2 See Note 2

Toxicity <96 hr See Note 3 See Note 3
TL50

Odor 250 See Note 4 See Note 4 ........

NOTES: 1. All data tabulated in mg/l except for percent removals (%), pH

(pH units) and fecal coliforms.
2. Resuspended solids present in plant effluents (see text).

3. No toxicity in unchlorinated effluents (see text)

4. Odor tests not conducted.
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Table F-3. Ft Dix and MAFB Field Survey Data Summaries (12-hour,
Flow - Composite Samples) Sewage Plant Effluents and
Proposed Performance Specification Compliance (Under-
lined Entries Indicate Non-compliance).

Perf. MAFB 1 Ft. Dix
Parameter Seci* Range Mean Range Mean

BOD 5  25 <12.0-35.0 <24.4 <12.0-28.8 <20.1
BOD5 90% Rem 71.1->89.7 79.9 79.7->95.1 91.2
SS 100 26.0-48.0 35.0 24.0-40.0 32.5
SS 90% Rem 74.8-80.6 77.0 81.8-85.0 82.5
COD 80 98.O--16.0 108.0 7T6*-T079_ 99T4
TDS 400 -- 3 2-  M9 214-284- 260
MBAS (as LAS) 3.0 5.8-10.5 6.86 1.4-2.4 1.94
Phenol 0.015 -- 0-. 025 0.-T9 0.005-0.035 0.019
Oil & Grease 10 83.0-103.0 93.0 52-87 69.5
Hg 0.01 - - -

Crtotal 0.10 -<0.05 <0.05 -<0.05 <0.05
Cr+6  0.10 <0.001-0.10 <0.026 <0.001-0.010 <0.003
Pb 0.10 -<0.05 <0.05 -<0.05 <0.05
Zn 0.60 0.04-0.05 0.044 0.05-0.08 0.066
Cu 0 )A ', M 2 n n -<0402 <0.02
Ag O.Ol -<0.01 <0.01 <0.01-0.02 0.012
Ni 0.05 -<0.04 <0.04 -<0.04 <0.04
As 0.10 . - -

CN 0.01 -<0.01 <0.01 -<0.01 <0.01
Ba 2.00 -<1.00 <1.00 -<1.00 <1.00
Al 1.00 0.18-0.26 0.212 0.48-0.66 0.55
Cd 0.02 <0.01 <0.01 -<0.01 <0.01
pH 6.5-8.5 6.7-6.8 - 7.0-7.4 -

NOTE: All data tabulated in mg/l except for percent removals (%) and
pH (pH units).
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IV. PERTINENT FEDERAL, STATE AND DRBC CRITERIA

This section contains the following documents.

Page
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II, undated .......................................... ................. F-13
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DRBC, January 16, 1972 ................................................ F-30

D. "Regulations Concerning Treatment of Wastewaters, Domestic
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of the Delaware River Basin," N.J. State Dept of Health, Nov 17, 1967.. F-31
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RULES AND REGULATIONS

ESTABLISHING SURFACE WATER QUALITY CRITERIA

June 30, 1971

New Jersey Department of Environmental Protection

Richard J. Sullivan, Commissioner
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STATE OF NEW JERSEY

DEPARTMENT 0.'- ,ON\ N AL

Office of the Commissioner

FOREWO.D

On the following pages surface water quality criteria are set forth

which have been adopted by the New Jersey Department of Environmental

Protection.

These criteria are definitions of acceptable water quality for the

various categories of surface waters i- our state. They are not

intended to be enforcement standards in their own right. They represent

water quality objectives hopefully to be met through a rigorous

enforcement program.

The entry of wastes into a stream cannot be permitted if it will cause

the quality of the stream to fail to meet the criteria. For waterways

that are already polluted all waste treatment effluents and other

soroes of pollution must be upgraded or el.iminated to permit the

restoration of quality as defined by the criteria. In all such cases

standards are imposed upon the effluent in the form of existing treatment

regulations, administrative orders, or where necessary, orders of the

court.

Similar control over effluent quality will be imposed as a condition of

obtaining the required State permit for the construction of any new

industrial or community waste treatment facilities. Such facilities

should have incorporated in them pollution control in keeping with the

currently accepted state of the art. Only by stringent regulation of

effluent quality will we have any chance whatever of causing our waterways

to meet these quality criteria.

Commissioner

Ar~proved: .30 (9?
Filed With Secretary of State: 30 June 1971
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I N T R 0 D U C T I 0 N

The water resources management concept is vital to an effective water pollution

control program. The waters of this State are priceless natural resources

which must be properly managed if they are to be retained useable for their

best purposes.

The basis for st-ch an effort includes establishing a system of defining the

best uses for all surface waters inclUding not only the present but also

possible future uses and recognizing the possibility of a variety of compatible

uses. This then permits the development of quality values or parameters for

such best uses. These two measures are incorporated in the regulations.

The Peneral ralking of uses to he proected for all of New Jersey's iresh,

tidal and coastal waters include but are not necessarily limited to the

following:

(1) Fresh Surface Waters

(a) Those set aside for posterity to represent the natural

aquatic environment and its associated biota.
(b) Public water supply.
(c) Recreation.
(d) Maintenance, migration and propagation of natural and

established biota.
ke.1., ndu 4 -t r s pl

(f) Agricultural water supply.
(g) Navigation.

(2) Tidal Waters

(a) Shellfish harvesting..
(b) Public water supply.
(c) Recreation.
(d) Maintenance, migration and propagation of the natural

and established biota.
(e) Fish passage and survival.
(f) Industrial water supply.
(g) Agricultural water supply.

(h) Navigation.

(3) Coastal Waters

(a) Recreation.
(b) Maintenance, migration and propagation of the natural

and established biota.

In the Water Quality Act of 1965, the U. S. Congress authorized the estab-
lishment of water quality standards for interstate (including coastal.) waters.
The purpose of these standards is the protection and enhancement of the
quality and productivity of the nation's interstate waters to serve a variety

of beneficial uses. This Act, which amended the Federal Water Pollution

Control Act, requires that the States establish standards for their interstate
waters subject to review and approval by the Secretary of the Interior. The

responsibility for this and other water pollution control functions has since
F-0



been transferred from the Secretary of the Interior to the Administrator of

the U. S. Environmental Protection Agency.

The standards serve as both State and Federal standards which are enforceable
under the State water pollution control statutes and the Federal Water Pollution
Control Act, as amended (Section 10).

Tbese 'ater quality standards actually consist of the followin& three mc_ior

a A statement of policy on the protection and enhancement of water
resources including numerical values and narratlve descriptions
of water quality parameters for specific water ues.

'by Classification of surface waters designating specific best use'S.
A plan of implementation and enforcement including treatment and

77 -Lcontrol requirements for all wastewaters discharged into or
affecting surface waters.

The State Department of Health, the agency previously responsible for water
pollution control, adopted regulations effective September 1, 1964 establishing
numerical values and narrative descriptions of water quality parameters for
specific water uses. It is these September 1, 1964 regulations that are to
be amended and updated and will hereinafter be referred to in this document
as "Surface Water Quality Criteria." The other two components of New Jersey's
water quality standards (b and c above) will, if necessary, be amended in the
future and submitted Lo the Adri-al.istrator of the U. S. Envlro-mntal Protectign
Agency for approval.

In addition to the adoption of Surface Water Quality Criteria, the Department
has classified New Jersey's waters, interstate and intrastate, as to their
best intended uses. The water quality standards were submitted to the
Department of Interior on June 27, 1967 for Federal approval in accordance
with the statutory timetable. Subsequently, certain revisions were made in
the original submission. The Secretary of the Interior on March 13, 1968
approved the standards with certain exceptions.

The exceptions contained in the Secretary's approval have been accommodated
In these criteria. The criteria also reflect considerable reliance upon the
findings and recommendations in the "Report of the Committee on Water Quality
Criteria" published April 1, 1968 by the Federal Water Pollution Control
Administ ration.

The Surface Water Quality Criteria also reflect the efforts and opinions of
iembers of the State Interdepartmental Committee on Surface Water Pollution
Abetement. Representation on this Committee includes the Division of
Water Resources, Division of Fish, Game and Shellfisheries, Division of
Parks and Forests, all within the Department of Environmental Protection,
the Division of Rural Resources of the Department of Agriculture, the
Division of State and Regional Planning of the Department of Community
Affairs, and the Division of Economic Development of the Department of Labor
and Industry.

The amended Surface Water Quality Criteria consists of the following:

(a) Statement of policy on the protection and enhancement of water
resources. F-l



(b) Glossary of terms.
(c) Parameters of quality consisting of numerical values and narrative

descriptions for defined water uses.

These criteria do not describe existing quality conditions o' New Jersey's

waterways. They do represent objectives of cleanliness which hopefully can

be achieved through the administrative and enforcement mechanisms available
to the State Department of Environmental ?rcuection.

We believe that these criteria are achievable through rather severe wastewater

treatment requirements that are already in effect in addition to the contemplate&

construction of regional water pollution control projects or the reconstruction

and improvement of existing facilities. Additional measures may be required

to deal with nonspecific pollution sources.

These criteria will provide the basis for protecting and enhancing the quality
of both interstate and intrastate waters; they are compatible with those
adopted by our neighboring states.

Considerable water quality data will be gathered and studies made to permit
a continuing evaluation of the proposed criteria and effluent regulations.
Scientific analyses of such data will, in turn, enable the Department to
expand soecific wastewater effluent quality standards including equitable

load allocation for each approved discharge source. This approach has

already been taken in the Delaware River Estuary area.

These criteria may also be utilized to assist in determining the influence
of man's activities beyond those involving the discharge of used community
or industrial waters. These indirect sources of water pollution include land
development, water impoundments, dredging, landfills and agricultural operations.

It should be pointed out that the criteria are not intended to be applicable
in instances where water quality does not conform to specified values solely
as a result of natural causes.

With the exception of a relatively few toxic substances, tolerable levels
of many toxic substances in waters have not been fully established. In
addition, toxicity may vary depending upon the presence or interaction of
different constituents and the nature or characteristics of the stream or
waterway involved. Therefore, maximum nermissible limits for toxic substances
will be determined by appropriate bioassays in adjiti ql ,.aUA_tehnicaI
guidance.

Because of the complex interrelationships between the physical) chSpical.,
-biolopical and hydroloRical factors affectin _the aquatic environment, utili-
zation of these criteria, particularly where specific numerical fvalues are
involved,p_t_be carried out with great care. Sufficient valid data must

be obtained and assessed to determine with reasonable accurac X levels of
quality for a particular waterway. This cannot be -.thew
ritei_ill be utilIzed lLo_t_. y c] tV "- i,jw tjLn4.f onental

Protection but by other water ollution control and water resource agOT.ies
local boards of hcalth, prvate citizens,civic and other groups.

These criteria and other information will uide the Department in determining
the _requlred depree of trntm.nr,.nd thir fore the ualit of effluent for

all wnqv- treatrm,,ut f *, F-12
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SECTION 1

A STATEM,NT OF POLICY

1.2 Chapter 12 of Title 58 of the Revised Statutes of New Jersey (N.J.S.A.)
58:12-3 provides that no plant for the treatment of domestic or industrial
wat.es or other polluting substance from which the effluent is to flow
into any of the waters of this State, shall be constructed except under
such conditions as shall be established by the State Department of Environ-
mental Protection.

1.2 The protection and enhancement of the quality and function of the waters
of this State into which effluents from sewerage facilities are discharged
is a principal objective of the State Department of Environmental
Protection when considering the approval of designs for proposed sewerage
facilities.

1.3 Waters which are designated to be retained in their natural state and
therefore not subject to any man-made wastewater discharges shall be
protected.

1.4 The protection and enhancement of the State's waterways shall take
precedence over such allowable minimal water quality levels as may be
established.

1.5 In all situations where there may he an impingement of a lesser quality
water upon that of a higher quality of water, the lesser quality of water
shall be upgraded in order to protect or improve adjacent higher quality
waters.

1.6 Existing approved shellfish harvesting areas shall be protected. Tidal
waters that now are at levels of quality below acceptable limits for
shellfish harvesting shall be restored.

.1.7 Any_indt uitydoes not have the .rivi!egeof utilizing_the
1h!oge.iUQa can a ity of surface waters to receive waste discha

1.8 Water is vital to life and comprises an invaluable natural resource
which is not to be abused by any segment of the State's population or
its economy.

1.9 Where existin, water quality is better than the established criteria,
the Department of Environmental Protection in the administration of
its regulations shall maintain the 1ULty Qf -uch watera Alalass--it-

canhe~gmgnstj~Lj_V,l ch~gJa~Uf ble as a ra,s.af-Lne cessary
ecou mic or social development.

_A. The water quality criteria for the main stem of the Delaware River
(fresh and tidal) to and including the Delaware Bay are established in
the current Water Quality Standards for the Delaware River Basin ... opted
by the Delaware River Basin Commission as part of its Comprehensivw, Plan.

1.11 The water quality criteria for the R.aritan Bay shall be those established
for TN-l waters, as a minimum, but that the management of the quality
of the water system comprising the Raritan Bay shall be such as to
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assure that regulations of. the Interstate Sanitation Commission with
respect to dissolved oxygen will be met.

1

1.12 The levels of quality specified for various water uses, where applicable,are expected to be maintained under conditions comprising minimum
confiecutive tieven dny fresh water flows with ten year recurrence intervals

1.13 '111c 11111111mil "ere o__ ofwtewater treatment permitted shall consitof_

the reduction of biochemical oxygen demand by at least 80 perceirt atA l l t l e . .. . . . ... . . . . . . . . . . .. .. . . . . .l g h e r r e q i. . .." " ' ... . . .l ttimer. nigtme natrerequrements wilf ' 1estabished where

1.14 E(foctivo year-round disinfection shall be required for all treated
wiv;towater discharges containing pathogenic organisms.
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SECTION 2

GLOSSARY OF TERMS

2.1 Agricultural Water Supply - Water used for livestock or i:-rigation.

2.2 Anadromous Fish - Fish that spend a part of their lives in the sea or

lakes, but ascend rivers to spawn.

20$ Aguatic Substrata - Soil material and attached biota underlying the

water.

2.4 Biota - The animal and plant life of the region; flo-ca and fauna

collectively.

2.5 Department - New Jersey State Department of Environmental Protection.

2.6 Eutrophic Lake - Lakes with a good supply of nutrients; they may

support rich organic production, such as algae blooms and are commonly

deficient in dissolved oxygen below the thernocline when stratified.

2.7 Industrial Water Supply - Water used for processing and cooling.

2.8 Mixing Zones - Localized areas of surface waters, as may be designated

by the Department, into which wastewater effluents, including heat,

may be di,1i,rged for the purpose of mixing, dispersing or dissipating

such wastewater without creating nuisances or hazardous conditions.

2.9 Natural Temperature - Temperature that would exist in a waterway without

the addition of heat of artificial origin.

2.10 Nontrout Waters - Waters, that because of their physical and/or chemical

and/or biotic characteristics, are not suitable for trout but which, in

general, are suitable for a wide variety of other fish species.

2.11 Primary Contact Recreation - Recreational activities that involve sig-

nificant ingestion risks and including but not limited to the following:

(1) wading, (2) swinmming, (3) diving, (4) surfing, and (5) water skiing.

2.12 Secondary Contact Recreation - Recreational activities where the

probability of significant contact or water ingestion is minimal and

including but not limited to: (1) boating, (2) fishing, (3) and those

other activities involving limited contact with surface waters incident

to shoreline recreation.

2.13 Surface Water Classifications - Surface waters of this State identified

as (1) Fresh (FW), (2) Tidal (TW) and (3) Coastal (CW). This includes
both interstate and intrastate waters.

2.14 Thermocline - The layer in a body of water in which the drop in temperature
equals or exceeds 10 C. per meter of depth.

2.15 Th,,ermal Altcrationo - Te increase or decrease in temperature of surface

waters above or below the natural that may be caused by the activities

of man. F-16



2.16 Trout Maintenance Waters - Waters that support trout throughout the year

or which have high potential for such use pending tha corection of short

term environmental alterationb. Waters in which the biotic community is

manipulated for the purpose of trout maintenance and which are otherwise

not naturally suited for such purposes are not included.

2.17 Trout Production Waters - Waters that are used by trout for spawning

and/or nursery purposes during their first summer; or which are considered

to have h!gh potential for such use pending the correction of short term

Lnvironmental alterations.

2.18 IJiidlife - All undomesticated animals and fowl.
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SECTION 3

SURFACE WATER USE DESIGNATIONS ANrD CRITERIA OF QUALITY
TO BE MAINTAINED IN WATERS SO DESIGNATED

SECTION 3.1 - SURFACE WATER QUALITY CRITERIA FOR FW-1 WATERS

CLASS FW-1 - Fresh waters, including rivers,
streams, lakes, or other bodies of water, that
because of their clarity, color, scenic setting,
or other characteristic of aesthetic value or
unique special interest, have been designated by
authorized State agencies in conformance with
laws pertaining to the use of private lands, are
set aside for posterity to represent the natural
aquatic environment and its associated biota.

3.1.1 These waters shall be maintained as to quality in their natural state
and shall not be subject to any man-made wastewater discharges.
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FW-2

SECTION 3.2 - SURFACE WATER QUALITY CRITERIA FOR n-2 WATERS

CLASS F1-2 - Fresh surface waters approved as
sources of public water supply. These waters
shall be suitable for public potable water
supply after such treatment as shall be
required by the Department.

These waters shall also be suitable for the
maintenance, migration and propagation of
the natural and established biota; and for
primary contact recreation; industrial and
agricultural water supply and any other
reasonable uses.

3.2.1 FLOATING SOLIDS, SETTLEABLE SOLIDS, OIL, CREASE, COLOR A,D TURBIDITY

None noticeable in the water or deposited along the shore or on the
aquatic substrata in quantities detrimental to the natural biota.
None which would render the waters unsuitable for the designated uses.

3.2.2 TOXIC OR DELETERIOUS SUBSTANCES INCLUDING BUT NOT LIMITED TO MINERAL
ACIDS, CAUSTIC ALKALI, CYANIDES, HEAVY KTALS, CARBON DIOXIDE, AMMONIA
OR AIIONT:UM COMPOUNDS, CHLORINE, PHENOLS, PESTICIDES, ETC.

None, either alone or in combination with other Substances, il such
concentrations as to affect humans or be detrimental to the natural
aquatic biota or which would render the waters unsuitable for the
designated uses. None which would cause the Potable Water Standards
of the Department for drinking water to be exceeded after appropriate
treatment.

3.2.3 TASTE.AND' ODOR PRODUCING SUBSTANCES

None offensive to humans or which would produce offensive tastes and/or
odors in water supplies and fauna used for human consumption. None
which would render the waters unsuitable for the designated uses.

3.2.4 p

Between 6.5 and 8.5.

3.2.5 DISSOLVED OXYGEN

(a) Trout Production Waters - Not less than 7.0 mg/i at any time.

(b) Trout Maintenance Streams - Daily average not less than 6.0 mg/l.
Not less than 5.0 mg/l at any time.

(c) Trout Maintenance Lakes - Daily average not less than 6.0 mg/l.
Not less than 5.0 mg/l at any time.

In eutrophic lakes when stratification is present, not less than
4.0 mg/l in or above the thermocline where water temperatures
are below 720 F. At depths where the water is 720 F. or above,
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SECTION 3.2 FW-2

daily average not less than 6.0 mg/l and not less than 5.0 mg/i
at any time,

(d) Nontrout Waters - Daily average not less than 5.0 mg/i. Not less
than 4.0 mg/l at any time.

3.2.6 TEMPERATURE

(a),Trout Production Waters - Natural temperatures shall prevail except
where properly treated wastewater effluents may be discharged. Wh ere
such discharges occur, stream temperatures shall not be raised more
than 10 F.

(b) Trout Maintenance Streams - No heat may be added which would cause
temperatures to exceed 2' F. over the natural temperatures at any time
or which would cause temperatures in excess of 68' F.

Reductions in temperatures may be permitted where it can be shown
that trout will benefit without detriment to other designated water
uses. The rate of temperature change in designated mixing zones
shall not cause mortality of the biota.

(c) Trout Maintenance Lakes - No thermal alterations except where it
can be shown to benefit the designated uses.

(d) Nontrout Waters - No thermal alterations, except in designated
mixing zones, which would cause temperatures to deviate more than
50 F. at any time from natural stream temperatures or more than
30 F. in the epilimnion of lakes and other standing waters.

No heat may be added, except in designated mixing zones, which
would cause temperatures to exceed 820 F. for small mouth bass
or yellow perch waters or 860 F. for other nontrout waters.

The rate of temperature change in designated -mixing zones shall
not cause mortality of the biota.

3.2.7 RADIOACTIVITY

Current U. S. Public Health Service Drinking Water Standards shall apply.

3.2.8 BACTERIAL QUALITY

Fecal coliform levels shall not exceed a geometric mean of 200/10G ml.
Samples shall be obtained at sufficient frequencies and at locations
and during periods which will permit valid interpretation ,f laboratory
analyses.

Appeopriate sanitary surveys shall also be carried out g q supplement
to sucb sampling and laboratory analyses.
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SECTION 3. 3 - SURFACE WATER QUALITY CRITERIA FOP, FW-3 WATERS

CLASS FW-3 - Fzesh surface waters suitable

for the maintenance, :mgration and propa-

gation of the natural and established biota;

and for primary contact recreation; ir.dustrial

and agricultural water supply and any other

reasonable uses.

OTING SOLIDS SETTLEABLE SOLIDS, OIL, GRE COLO. A' TURBIDITY

None noticeable in the water or deposited along the shore or on the

aquatic substrata in quantities detrimental to the natural 
biota.

None which would render the waters unsuitable for the designated uses.

3.3.2 TOXIC OR DELETERIOUS SUBSTANCES INCLUDING BUT NOT LIMITED TO MINERAL

ACIDS L AUSTIC ALKALI, CYANIDES, IEAVY METALS, CARBON DIOXIDE M?-TONIA

OR AMM.IGNIUM COMPOUNDS-, CIILORINE, PHENOLS, PESTICIDES, ETC.

None, either alone or in combination with other substances, in 
such

concentrations as to affect humans or be detrimental to the natural

aquatic biota or which would render the waters unsuitable for the

designated uses.

A3V AnlD Wvt-, OTIr, rS,TPTANrCE,

None offensive to humans or which would produce offensive tastes and/or

odors in fauna used for human consumption. None which would render the

waters unsuitable for the designated uses.

3.3.4 1l

Between 6.5 and 8.5.

3.3.5 DISSOLVED OXYGEN

(a) Trout Production Waters - Not less than 7.0 mg/l at any time.

(b) Trout Maintenance Streams - Daily average not less than 6.0 mg/l.

Not less than 5.0 mg/l at any time.

(C) Trout Maintenance Lakes - Daily average not less than 6.0 mg/l.

Not less than 5.0 mg/l at any time.

In eutrophic lakes when stratification is present, not less than

4.0 mg/1 in or above the thermocline where water temperatures

are below 720 F. At depths where the water is 720 F. or above,,

daily average not less than 6.0 mg/1 and not less than 5.0 mg/1

at aty time.

(d) Nonirout Waters - Daily average not less than 5.0 mg/i. Not less

Lhan 4.0 wgil at any timc.
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SECTION 3.3

3.3.6 TENERATURE

(a) Trout Production Waters - Natural temperatures shall prevail *excep.t.
where properly treated wastewater effluents may be discharged., i4bere
such discharges occur, stream temperatures shall not be raised more
than I F.

(b) Trout Maintenance Streams - No ,heat may be added which wotild cause
temperatures to exceed 2- F. over the natural temperatures at any time
or which would cause temperatures in excess of 680 F.

Reductions in temperatures may be permitted where it can be shown
that trout will benefit without aetriment to other designated water
uses. The rate of temperature change in designated mixi- zones
shall not cause mortality of the biota.

(c) Trout Maintenance Lakes - No thermal alteration3. except where it
can be shown to benefit the designated uses.

(d) Nontrout Waters - No thermal alterations, except in de-{ginatea
mixing zones which would cause temperatures to deviate T;,ore than
50 F. at any time from natural stream temperatures or mre than
30 F. in the epilimnion of lakes and other standing waters.

No heat may be added, except in designated mixing zones, wnich
would cause temperatures to exceed 8020 F. f0r .. mal l1 mauth. ba---
or yellow perch waters or 860 F. for other nontrout waters.

The rate of temperature change in designated mixing zones shall
not cause mortality of the biota.

3.3.7 RADIOACTIVITY

Current U. S. Public Health Service Drinking Water Standards shall apply.

3.3.8 BACTERIAL QUALITY

Fecal coliform levels shall not exceed a geometric meai: of 200/100 ml.
Samples shall be obtained at sufficient frequencies and at locations
and during periods which will permit valid interpretation of laboratory
analyses.

Appropriate sanitary surveys shall also be carried out as a supplement
to such sampling and laboratory analyses.

F-22



Required Changes in Neo Jersey Water Quality Standards.

State/Federal
I ters Classification Required Changes*-

3.1 Class FW-l/A Satisfactory as written- Federal Criteria
contained in 1, 2.1, 2.2, 5 and 6 must
apply.

3.2 Class FW-,2/A

3.2.1 Floating solids; Federal Criteria 1.1, 1.2 & 1.3 must appl,
etc.

3.2.2 Toxi- or Federal Criteria 1.4 & 2.1.2 must apply.
Del erious Subs.

3.2.4 p!I Federal Criteria 2.2.2 must apply.
3, n, n,, Federal Criteria 2,1.1 m USt apply,

specifically:
b. :-6.0 mg/l
c. -6.0 mag/l; Eutrophic Lakes: =5.i

mg/l and 6.0 mg/l
d. :-5.0 vig/l (2.1.1.1c)

Appropriate Federal Criteria contained in
1, 2.1, 2.2, 3, 4, 5, 6 and 7 not cited
above must also apply.

3.3 Class FW- 3/A

3.3.1 Kloating Solids, Federal Criteria 1.1, 1.2 a .. 3 must
etc. apply.

3.3.2 Toxic or Federal Criteria 1.4 & 2.1.2 :,st apply.
Deletcrious Subs.

3.3.4 p1l Federal Criteria 2.2.2 oust c: iy.
3.3.5 D.O. Federal Criteria 2.1.1 must apply,

specifically:
b. = 6.0 mg/l
c. --z6.0 m(/l; r-utrophic 1aKes: :l5.0

nmg/l and - 6.0 w,/.
d. ;5.0 mg/l (2.i.l.lc)

Appropriate Federal rritcria contained it

1, 2.1, 2.2, 3, 4, 5, 6 and 7 not cited
above must also apply.

*1trc rc> r to section of "Rules a,.d Regulations Establishing Surface 'Pater Qualil
u, a., F-23
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Mi nir-um Federa l W,a ter Qual i tv Cri teri a

. G,,neral ,... ,!,(I1, i. ,,  Cri teria'

All surface h' rs h.1 ,Fct cenerally accepted aesth?tic qualifications

and h)ll L. ca:.ile cf suu :ortU>i diversified aquatic life. These waters

shall he free of slbs-nmces a..r,butable to discharges or waste as follows:

1.1 MateriaIs that will scttle to form objectionable deposits.

1.2 Floati C9 Lcbris, oi, scum, and other matter.

1.3 Substarccs producing objectionable color, odor, taste, or

turbidity.

1.4 K.ari;,Is, incl,udinq radionuclicks, in concentrations u-

co;,binLations v;hich r toxic Cr wilich produce undesi r"- I

physio oIi C l rcsponscs in hurizin, fish and ot .r animal

life, Fi"d plants.

1.5 So..s.nc r.:! condi icns or co,pbinations thereof in con-
-ct"e V.-s which produce undUsi)r(Ible aquatIc life.

2. TheCi- .i ..... r''.;.1 i tv'
2. €noci-Fic l!'.1 r,:_it

2.1 For All UOl.,:rs

2. .1 Key FPrdwc Ts

LI .1. Di ssolvc!V C.,yJun (i:3)

a) Cold t;eh '.T.,tr: (Trout S,'vninq)
Nlot 1:ss thn 7.,j r.i!/ frm other than ntural condi Lions.

An Gx,:;:u 1' of ho' thiis t. ....... r.l,v be exnar(cd i- shown in the
i. n111At:echH II, Part E
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b) Cold Fresh .hters (Trout)
"o, less than 6.0 mQ/l except that the DO may .e between 5.0
and 6.0 for not Trore than 4 hours witnin any 24 ho,r period
provked the .: ter quality is favorable in all othe, 'respects

Sr.d normal daily and seasonal fluctuations oc,u>r. T, large
strearis that have some stratificatlr. or that serve orin-
cipally as r:irar tory routes DO levels may rar:e between 4.0
and 5.0 mg./l for -eriods up'to 6 hours, but in no case shall
the DO he below 4".0 mg/1.

c) Fresh V&.or_. (S:rea:s, Unstratified Lakes and Epilimlion
of Stratific,' KLao,.s)
Not. less '-h-o. ii. r/l except that ti,," DO may be be,:een

not -,ore than 1 !=rs %,i thin arw 24

ho,'r periodr Ur,v Jcd h2 water qualit' is favorable in all
other re s .fcts, ut In no case shall the DO be less than
4.0 mg/I.

d) Fr ,.:lJ '!-,er ("vrolir-,nien of Stratified Lakes)
(LO less th.bn 6.0 t;g/l from other th;n natural conditions.

e) '.rine aters (C,;i.sta )
Not less thZn .O rg/] froM other than natural conditions.

f) Es U, ri.e .V1i 'L -  (Estuarics and TidIl Tributaries)
. 1-s ti,. n .!l f-! r',02 otI,-r han natural conditions.

A DO cf h4t.'n 0 and 5.0 irq/l will be rermitted -c or
i mY'ec:ucnt ir s and 1or liilitcd pc riods of time
vdler- sal i reduc d (ne-r the salt line), but at
no tiw.e shall t hc- be *lecss than 4.0 mg/l.
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2.1. 1.2 Temperature

a) Cold Frcsh Waters (Trout Spawning)

Natural temperatures shall prevail except where properly treat-

ed wastewAter effluents may be discharged. Where such discharges

occur, stream temperaturcs shall not be raised more than I'F.

b) Col-L Fresh 1aters (Trout)

No leat ray be adc,d which would. caase temperatures to exceed

2-F over the natural temperatures at any ti:ie or which would

cause tonoraturcs in e.-cess of 68'F.

Rtductit.;n, in ter.-pcr,-itures may be permitted where it can be

shoWn,'n tL1t trout will benefit without detriment to other de-

signated '.atcr uso:i. The rate of LemperaLure change in de-

gn''t.~ zones' s'~' hall not, caus m~"ortalityof thebiota.

c) !'rout :ii.nvonancu "akc s

No thur,tii alteraLius except vhWro it can be shown to bene-

fl L the .diL..gnated uses.

d) FreAi t'.,tc rs (Streams Unstratified Lakes, Epilimnion of Stra-

Lified o3, )

No tiOrnal AOKt;. A,tJi: except in designated mixing zones

whLk.Ai wo. Id cause ta pwraLurc to deviate nore tLhan 5*1F. at

any tjin: Fro:.i natuLuI W ream, tewpo raLure or more than 3F.

in the uplivmon ol ta,kes and other standing waters.

No lhcat be aLdo, except in &cs:ignated mixing zones,

w%.i . .;Jid ca.,a e . : ip..,ratu r ;, to exceed KY. for

i:ku L h o: or eil ,', v i "' I,. r' or 860F. for othcr lion-

Tht, r., , of to::> .. :,': car:', c- ,]e,i<;nat d ,..xin, ! tones
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shall not c-ause ;nortality of the biota.

e) Hypo(-l)r'io'n of Stra-ified Lakes

Unless I special st :dy shows that a discharge of a heated

efiueuf into the hypoi17LI.on or pumping waLer from the

hypo.i.ii.uion (for disiLiar%,ing back into the same watvr body)

will be zesirable, such practice shall not be perAitLed.

i) Estuarinc W.aters

',o heat 111:y h added, xccpt in designatcd mixing zones,

which WoUld cause lt',.Peratures to exceed 85'F., or which

would Ow.,,so the , un.l1y meaa of the maximum daily tempera-

trI-a aL ny z ; it.c, pr[or to t.L! addition of any heat, to be

eNccckk,d by more than 4°'. during September Lhrougi May,

or i,oro1 I Lon .1.5°1V. d].5 lF Junu though August. The rate

of te:pc nrc char, in dLsignated mixing zones shall not

CZW:S ;0 ort .i L of 111,h io7-I .

g,) Marljn c Vi;L.crs.

No 110-LL m11y bo added, e xcep t in designated mixia- zone.;

whi :h wotl]I cau;e tlit celera Lure to exceed 80"F. or wh

wo Ld caii.,, t!w rOthl , Of Ch1 0 x. dIaily t11pCr :.,.e

a i: MV pm or :o It!,,, iti,,, of aly l a t, to 1e exc. d-

cd i,v LiI.In 1'. LIll'uk"l. olayp t - h My; or woro

J 1.1, . IA: I. -it .T:'n h rate of temp-



K'Z.

2.1.1.3 Dissolved Solids

a) Fresh Vaters
V.aximrtvv dissolved solids of 500 ig/l or one tnrd above
(133.) natural characteristic levels, whichever is less.

b) 1arine !!aters
Not applicable.

2.1.1.4 _'issolved Gas

a) Cld ',:aters (Fresh & arine)
Total disslvY, cas pressure not to exceed 110 percent
of existing atwosohcric pressure.

2.1.1.5 Phshorqs as tot.Ail P shall not exceed 1001g/ in any
strcam n,r exccK 50 qg/l in any reservoir, Icke, estu-

ary or Afshore w:tcr, or at any uoint where L einters
thse receiving waters.

2.1.1. ro,cM.d, Colloid:ai or SettleAble Solids: None from vmste
we'tcr sources wiich will cause ckt:position or be delet6r-
ious for" tha e dc;ed uses.

2.1.1.7 Oil and FloEating SuM-ances: N;o residue attributable to

v.'-ste voter nor visible oil film nor globules of grease.

2.1.2 L:dic3ctivity (USPS - Drinking W;!ater Standards shall apply)

2.1.2.1 Gross U':ta 1,M00 licocuries per liter in t.
absence of Strl and alpha emitt:r...

2M.2.2 Radiu-226 3 picocuries per liter

2.1 .2.3 StroritiU;m-90 10 picocuri es per li ter

2.2 Class ,. :,WAters

.1 icro.hinl:o W - shill ,: t o\cc-,!J a (jconetric mean of

200 fecal- col if1or .: (; Q per 100 i;l,
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2.2.1 a) Shellfish - National Shellfish Sanitation Program (NSSP)
micrcbioleical stapndards shall aDply, i.e. shall not ex-
ceed a median of 70 total col iforms (MPN) per I00 ml.

2,2.2 pH - shall be maintaincd between 6.5 and 8.3

pH - !Iarine - 11irrai -.nc, of oH must not be ext.ncc at
any location by ,^,cre than + C.1 pH unit. A,; no time
shall the pH be less than 6.7 or greater than 8.3.

2.2.3 Taste and Odor Producing Substances - None in amounts that
will int,:rfere .:ith use for ori-ary contact recrention, pot-
able water suprl.v or ,ill render any undesirable taste or
odor to edible aquatic life.

2,2.4 Colcr ;;d TurbidIy2. - a. Secchi disc shall be visible at a

2.3 Class [U Wate-rs

2.,,1 --icre;ioi ical 5,,s-il not c>cced a crr;itric r7,cr, ofl O , P -" '  u , C C..' c o 4 -1 , " , : C r 1 . f IC .r -i l l s
10 ... to Lc" ' ,CI C . .. c 1 c ii forms (rrtl)

per lCOi ,! (Feccal colifori cuunts ar preferred).

2 .3 1 a) S'ii2is. - Lio,a , SKIllfish Sari tat ion Progra"I (NSSP)
S;L,a1ncK S ' ':.i 1 :.iv i.. shall not exceed a median of
70 'otal col i -or;' (IH) 1 100 nil

2.*.2 ! .I Ih"ll ;e ilaiit,,riint bE it,.Ler 6.0 and .0

pH I.ari - f ro f w ' : st riot he exktcn (Cc; at
any leca.tic lv :.-re :n '_().1 01 i:nit. At no time
shall the pl! K',: Icss t:,,,a 6.7 or .rxi Lcrr than 8.5.

2.".3 [as i zu or -c iTasi So.st nuns -Odor,e in amounts that
v"ii inter ,iro nt e I Ch, u1'0 -or potable ,ater supply or
.'i 11 rc:idcr any un,c'irab c tasto or odor to edible aquat-
iC life.

2.3.4 Coblor a;l rurWiiity

COld .. 'rs 10 ,, O "r,(JTU)

,) ~ K :, :el.:n"ty its (JTU)

,,r t-sh. h e visible at
. . .. I :21 . r.2 q



3. '-.!ixjnj 7nnes

The total area and/cr voilu7e of a receiving streamr assigned to
mixing zones shall be WNtd to that; which will: (1) not interfere
with biolcgicol ccrm~unitic or ponulations of impDortant species to
a degree which is dagn r:o the ccosystemn; (2) not: diminish other
beneficial uscs disprooortwcazeiy.

4. Zones ofPa'

In river systeps, reqervcoirs, lakes, estuaries and coastal
wa~tars, ::cnes of passae are continuous water routes of the volume,

a nr: qual itv necessary' to allow passoge of frce-swi-,,ing and
dftingj cryinisms& w.ith no significant effects produced on their

pn"a&t ions. These zores -ust be providied wherever mixirng zones
aij olowed.

Wocause* of vairyinccal p0i hsicafl and cKn:ical conditions and
biologcn al bhw2LwQan:, no n:ye v.alu c ca:n be gim: on tin percen tage

ofriorWd rcesoy o ]W passna> oF cri tical,c-sv;i'
an! drifting ;r5Wsms so tha rcglIiC~ible or no ef-,e'cts are procuced
ot. ther.ir r'ohlyins As a qui"Ciny, sXn cm houij be 1limited
to rno moare than 1/4 of cross-ccticnal1 arca and/or vojL:WC- of f CV1 of
sti-cat" or es=ury, laipg a t least i/' ree as a zone of passage.

5. 1 -,i ; Ie T.,,

All mathuds of savale collectioh., prezer\vation, ard analy-
sis sedi~ in appli nq En,y W thn rulcs anj rcqaul aLi ons in these
sta nda rds shol L, ini nc. wi *th thos e urescri bad! in "S tandard
Moethod~s for the Examinaticn & Vater ari 'vaste Vaiter ," Thirtec-Ith
Edi ticni, or any subscea'no H iMtin wi1th olhcr ge:neral ly accepted
Drucedures.

T[he Mua hr qualOlity s ta~nd~ards shall applyv at 0ll tiwos except
dtn i nq i J k' nf1o ar le oss tWc.n the av\er.,~ minimumr seven-

W oW f'low whii ch cccwn-~ oncea in ten yea rs.

Thk 7: ':.::.Krou 2 Or any v.astetr :-,ust !.e
s:h ha' i:: ;1r:t100: ts j s lictab i' .sc t

V; Cri ip Q :cn i ns rY io-: VW Lr ii ty cort.3i ro'J here in to b e
C' F-30



A PUESOLUT,0N to Interpret and quantiy certain aspects of the cc=lssionls
L,:ater Quality Standards.

!:f!NREAS, certain sectioris of the COTmission's Water Quality
Stanid ards 2xpr"ss stream quality obJ.c'ives and effluent requirements in
general nori-quantitative tens; ard

...:..AS, the Comziission Ie'd a public hearing o;- July 28, 7971,on a. pro in<.. :terpretive C-uidz.,ne io. Ito be used in z:..ri,1isteri,
certa.n sot+Ons of its Water Quaity Stidards, and nu,,ou, witr.ZpO'red Za C>-t4fy and their co.Xents and-views have been considerez by
the Cc;isL,.; now therefore

BE iT RESOLVED by the Delaware River Basin Co.ission:

The following numerical definitions shall be uL2d as guide-lines y the Conission staff in ac'ministering sections 2-1,2(l), 2-1.3(l),
2-13(.,), and 2-1.3(4) of the Water Quality Standards:

A. Stream Quality Objectives

(I) Limits.

(( IO IC Sus La;cE-s.

i) The concentration of a toxic substance -,- Basin
waters shall not exceed one-t'..entieth the
TL50 value at 96 hours, as deterined by
appropriate bioassays. except in 'iixir, areas
that may be designated by the Cczl.ission.
Criteria for combinations of toxic substances
will be based upon the same principle.

ii) The substances listed below shall not exceed
the specified limits or one-twentieth of the
TL50 value at 96 hours, whichever is lower.

l-imit mg/l

Arsenic 0.05
Barium 0.0
Cadmium 0.0l
Chromium (hexavalent) 0.05
Lead 0.05
Mercury 0.005
Sel .. > um 0.01
Si Iver 0.05

iii) The concentration of a persistent pesticie 1__
in Basin waters shall not exceed one one-hundredtl

F -- - .. ". ..
istent pesticides are defined as natural and synthetic materials havinq

c.:.-: ^-F n~ froatpr thin or,~ .I~4



of ".e TLa vlue at 9, hours, as deter-
i ned .by appropriate bioassay.

b. Oil. No rea%i Iy visible oil.

B. Eff Iu0nt Qua Ii t, coicet

(0) Suspended sol,ds. For v;unicipal and ir,usrial waste
Tcatment facilities, at, least 90 percent removal as
determined by an :'verage of samples ta'en over each
period of 30 consncutiva days of the year and not to
exceed '100 Tag/1, whichever is less.

(2) Public safety.

a. Temperature. Maximum 1100 F where readily accessible,
to human contact.

(3) Limits.

a. Oil. Not to exceed 10 mg/l; no readily visible oil.

b. Dabris, scum, or other floating materials. None.

C. Toxicity.

i) Not more than 50 percent mortality in 96 hours
in an appropriate bioassay test with a 1:1
dilution, Wastes containing chlorine may be
dechlorinated prior to the bioassay test.

ii) Notwithstanding the results of the tests pre-
scribed in paragraph (i) above, the substances
listed below being accumulative or conservative,!
shall not exceed the following specified limits
in an effluent:

limit mg/l

Arsenic 0.1
Barium 2.0
Cadmium 0.02
Chromium (hexavalent) 0.10
Copper 0.20
Lead 0.10
!e. Ccury 0.01
Seienium 0.02
Zinc 0.60

iii) Persistent pesticides - not to exceed one
one-hunuredth of the TLSQ value at 96 hours
as determined by appropriate bioassay.
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e. BOD.

1) The former INCODEL Standards which were saved
from repeal by Resolution 67-7 remain
applicLble; that is, no discharge shall exceed
a daily average of 50 mg/ in Zone I and 100 mg/1
in Zone 2. A slight deviation .-: ay be pcritted
by the Ccir-ission when it results from reduced
secondary treatment plant efficiency caused by
wastewater temperatures below 59 F (.50 C).

ii) In Zones 2, 3, 4 and 5 a waste Thai) receive
not less than zone percent rcduction in addition
to meeting allocation requiremencs.

2. These guidelines will be acministered in accordance with the
procedures contained in the Commission's Basin Regulations - Water Qurlity
adopted March 7, 1968.

Chai man

Secretary

ADOPTED: January 26, 1972
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NEW JERSEY 0I'ATI, D1 :P.. -. _Z1' OF ..... 'ALV1

DIVIS10', OR C ,. . W,
WATER POLUT10.: CONT;2L itOGiU,4

-. ,LA ,,. COND0ET G L 2,,,. Of ..A2. ., i,RS, i 11-PSTIC AIND .... 1A .,

S6,PA1UTTfLY OR IN COMBINATION, D'CARGED INTO THE WATERS OF TUE DEL\WARi;

RIVER 1ASIN

WEiuso the State Department of iealth is chrged with the responsibilty tol th;

Water Poi;ztien Control Pr-g- , %ncluding the approvl o' ,he cesi nn o'

wa3teciater treatment facilities, x the State of New Jersey, and

WHR,REAS, the Stat Depalrtment of halth diu* -. roi.11.,ate the rule and a cgul:,..L ,
entltled "Regulations E tablis'ir, g Cc:rtai Classificatlo;,6 to be i

to tho Waters of this State and Standards of Quality to be 1.Ain1.!WA' i

Waters zo Classifiod,," effoctiva Septemnbor l, 196h, and aiw-n(rd -id

rules and regulations on JLnua-ri 5, 1966 and March 6, 1967, i4d

W11EREAS, the State Deptrtment of Health did proimylgate regulations bntitlo'

"L X,culation3 Concerning Cla5sification of the Sulface Waters of te

Delawa;e'River Basin, Being Waters of the State of New Jersey,"
offective July 28, 1967, and

K}IEREAS, the Shate Department of Health is of the opinion that the attaihiw.;nt &.itl

mainyenanice of water quality in the Delaware iver Basin as spcciL.ed ay

the aforesaid regulation3 of the Departmcnt in necessary in ordor to

abate a prosent threat to the pulii Iealth, coraport or -rc,- v C

citizens of this State.

NOW, THERINOTE, the State Department of Health promulgates the following ro;uiln-
tions entitled "RegulationG Conccx-ning Treatment of Wastewaters,
and Industrial, Separately or in Canbination, Discharged into the Watvrj

of the Delaware River Basin."

NEW JERSEY STATE DEPARTMENT OF HEALTh

.- ""- .. .. h ,. T,- . . .

toucoe P. Kandi, I.D.
State Commdssioner of Health

Filed with Secretary of State' October 17, 1967

,ffective Datet November 17, 1967
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NFU JERSEY STATE .PATi.ENT OF RZEALTH
DIVISION G CLEAN AIR AND WATCR
WATER PIOLUTION CONTROL PROGRAM,

...-ULATIONS CONC f- L% 1NG ,.ATMENT OF -'ADO*EST IC AND DiDUSTRIAL,

SEPARAVTEIX OR IN COM2-INATON, D6WCTUAR Ei.O TuE WATERS OF THE DELAWARE

RIVi-R BASIN BEING WATERS OF' TnL STATE OF NI, JERSEY

P,tt .C -atiority vested in it i der the provisions of Chapter 12, ,2-.,* 3
of the R.vifed SLatutes, the State Doptr.,oeit of iealth hereby pro,11Ugatea t,

followinr, roguLaIons concerning troatmont of wastewaters, domestic w- d indu.trla'J

separately or in combination, discharged inLto the waters of the Delaware Rivur iX iin.

I. tenrcafort,h, domestic wastos, separately or in combination with induit;1k.1L
wast3c, por to discharge into waters of the Delaware River Basin cla ji-

f4eld -s -2 FW-'1 TVI-1 and 711-2, shal" be treated to a degree provld,n,,
as a In.n1m 1 ninety percent (90) of reduction of bioche,?aical oxygcii .

a .,,I - including any four-hour period of a day when the strcn;th o.

the wastcs to be treated might be expactod to exceed average co.ditinn6; it

is an objective of this regulation that the biochemical ox)con da arc cZ

effluents discharged shall not exceed twenty-five (25) parts per milliou.

iI. }ienceforth, indistrial wastes, prior to discharge into waters of thu

Delaware Iver Basin, classified as FV-2, FW-3, I'V-1 and TW-2, shall be

treated to a degree providin, az a rai!!mum, ninety percent (9CfA) of

rr.duction of biochemical oxguin (uiand a t all times arid such fu--thor

reduction of biochemical oxy;,en dcm,ud as iay be nece8sary to maintii.-

the r,?ceivinr waters., after reaaonaible efiluent dispersion, as specl ieri

in the regulations entitled "Rej'ulations Concerning Classification o "'ll

Surf ce Waters of the Delaware River Basin, Being Waters of the State of

Now Jersey," effective July 23, 1967; it is an objectlve of this reg.i..-
tion that the biochemical oxjgen demand of effluents discharged shall n u4

exceed twenty-five (25) parts per million.

III. Ieuc-,forth, domestic wastes, sparatcly or in combination with indastrial

wn.tes, prior to discharge into the waters of the "main atem" of the

Delaware Rivor shall be treated to n (Ingree providing for confor;riity aith1

"Water Quality Standards for the Delawaro River Baair," as adoptod '(,y t

Delaware River Basin Commission on April 26, 1967 by its Rosolution loo. 67-7,

it iu an objective of this rogJ-iuion that the biochemical oxygen 6e;.an; *

offluonts discharged shall confoiia to all regulations of the Delawt:ro . kvc>A

Basin Comiais.ion especially in relation to allocations of biocnemical oxit,o,-

demand load.,gs.

IV. Henceforth, industrial wastes prior to discharge into waters of the

item" of the Delaware River ;in shall b treated to a degree provi,4-,,aj.

for ,onfority with "Water Quality Stzandards for the Delaware River 6a iz&u

as adopted by the Delaware River basin Corm-ission on April 26, 1967 by it8
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Resolutioni No. 67-7; it is an ol%,jec'v ! f this regulation that the
bo-hn.cal oVro I.. uentS discharged shall conform to allbiocemicl o en demand of u:,"I,, nre

regulations of the Delaware River Basij Conunission especially in rela-

tion to allocation of biochemical oxyge n demand loading.

V. It is rezognized, especially in conneciion with some industrial wastes,

that the pollution load imposed upon the waters of the Basin cannot be

ev:jTut-1d full.. exc!udivoly by the ciochc;micri oxygn demand test;

therefore, each industrial waste probl-ni shall be considurr.d indLvidiilly

and tr'i.tne :nall be required as nued-,d to effect coD,plianco with tie

Water Quality Standards established for the various classificOtions of

waters in the Basin.

VI. Treatment standrds set by these rgul-tiions are the minimxT, acceptable

for tha Dclaware Rtver Basin. Treatment iore intensive than that

_ specified heroinabove shall be provided whenever it is deter;,iin:d by

the State Department of Health that such treatment is necessary.

Filic.d with Secreta'Y of State: October 17, 1967

Effective Date: November 17, 1967
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I. INTRODUCTION

South Run is the receiving stream for the effluents of both Ft Dix
and McGuire AFB sewage treatment plants. South Run originates on the
Ft Dix reservation and flows about 5,5 miles to a confluence with
Crosswicks Creek. North Run, South Run and Jumping Brook are the
tributaries wh:ch form the headwaters of Crosswicks Creek. These
tributaries originate in Burlington and Ocean Counties and flow north
through Monmouth County and then west to the Delaware River at Trenton
forming the northern boundry for Burlington County. Crosswicks Creek
flows about 24 miles, mostly through Collington-Freehold type soils,
which are acid, well-drained, sandy-loam soils with overlaying hardwood
vegetation. Jumping Brook drains an area of bogs and pitch pine and
the waters are strongly acid, red-brown in color (humic acids), and zero
alkalinity. The topography of the area is flat to undulating and ranges
from 50 to 150 feet above sea level.

II. GENERAL

The stream survey was limited to that part of Crosswicks Creek from
the headwaters to a point ten miles downstream. Data were collected on
a preliminary survey in April 1972 and during the main field survey period
between 10 and 26 September 1972, Preliminary data summaries were provided
in November 1972 to all interested parties. The stream survey was initiated
to g therL asic physical chemical and biological data on the stream to:
evaluate the effects of Fort Dix and McGuire AFB wastewater discharges on
the stream; compile standards for future Fort Dix and McGuire AFB waste-
water discharges; establish base line data for comparison with any future
surveys; and, to evaluate the impact on the stream if wastewater discharges
should cease.

III. SAMPLING STATION LOCATIONS

Eight primary sampling stations were selected. Station I on Jumping
Brook was a control for the brown, acid waters. Stations 2, 3 and 4 were
located on South Run; Station 7 was on North Run; Stations 5, 6 and 8
were on Crosswicks Creek. The stations were located from above the Ft
Dix sewage treatment plant outfall to 0.5 miles below New Egypt. The
location of each station is shown in Figure G-1. The tributaries to
Crosswicks Creek are narrow, shallow and fast flowing. The reach from
Station 5 to Station 8 includes a stretch of sluggish, deeper stream and
a broad, shallow area called Oakford Lake. Figure G-2 contains cross-
sections of the streams at the eight sampling stations.

IV. PHYSICAL AND CHEMICAL CHARACTERISTICS

Automatic composite daily samples were collected at each station for
seven days (12-18 September) and grab samples were collected for four days
(19-22 September). Exceptions were due to equipment malfunctioning at
which time grab samples were substituted for composites. After reviewing
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the results, the grab sample results were noted to be similar to the
composite sample results and consequently all results were treated as
composites for data summaries. All analytical results for day 9
(September 19) were discarded from data summaries because heavy rainfall
and flooding corrupted all samples. Appendix C contains stream water
sampling data and statistical evaluations. Table G-1 is a summary of
chemical analyses Data.

A. FLOW MEASUREMENTS

A U.S. Geological Survey (USGS) gauging station is located on
Crosswicks Creek at Extonville NJ (Lt. 400 08' 15", Long. 740 36' 02",
just upstream from highway bridge on Extonville Road). The drainage area
for this station is 83.6 square miles. The drainage area for South Run
in the vicinity of the Ft Dix/MAFB main cantonement areas is estimated
to be 5.3 square miles. The ratio of these two drainage areas is 0.0634.

1. Historical Data. The natural flow in South Run in the
Ft Dix/VAFB vicinity may be estimated by multiplying the ratio of the
South Run drainage area (5,3 sq mi) to the total Crosswicks Cree rainage
area (83.6 sq mi) by the gauged flow measurements at Extonville. ') Using
this method with USGS flow data, two frequency curves for the natural
flow in South Run were generated. Figure G-3 is an average daily flow
duration curve, and Figure G-4 is a consecutive day low flow frequency
curve. Table G-2 contains a summary of 7-consect.tive-day low flows at
Extonville for various recurrence intervals. Worthy of note is the
10-year, 7-day low flow estimate for South Run, 0.915 MGD.

2. Field Survey Stream Flow Measurements. During the September
field survey stream flow measurements were made using a velocity - area
method. Figure G-5 is a graph of the mean daily flow measurements
obtained during the course of the field survey for each stream station.
The increased flows noted beginning on the afternoon of 18 September
resulted from intense rainfall (1.32 inches in 30-hour period 18 and 19
Sep). Table G-3 contains the mean daily flow for each stream station for
the dry (no precipitation) period of the field survey. Included in this
tabulation are the estimated volumes of stream flow unaccounted for by
actual stream measurements. The total of unaccounted for discharges to
the receiving waters was approximtely 3.75 MGD. In general, these
unmeasured discharges may be attributed to natural surface drainage from
low-lying areas and from ground water flow to the surface water courses.

B. TEMPERATURE

The shallow waters of the receiving streams are directly affected
by changes in atmospheric temperatures. Table G-4 lists selected tempera-
ture measurements of the receiving waters for the field survey. Very
little change in stream water temperature due to STP effluents was
measured during the survey, however, some temperature differences may
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Table G-2. USGS Flow Measurements at Extonville NJ
and South Run

Recurrence I 7-Consecutive Day Low Flow (MGD)
Interval

ears)c- At Extonville In South Run

20 12.8 0.819

10 14.3 0.915
5 16.4 1.049

2 21.2 1.356

1.01 42.9 2.745
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Table G-3. Mean Daily Flow - South Run, North Run,
Crosswicks Creek - Ft Dix/McGuire AFB
Field Survey, September 1972

Measured Measured Discharge Unmeasured Disc-harge
Stream Stream Flow Point Flow Between Flow
Station (MGD) MGD) ___.(MGD)

S-2 0.3

S-2A 0.5

D-7 3.0

S-3 4.9 S-2 - S-3 1.1

S-3A 0.15

M-6 1.30

S-4 7.8 S-3 - S-4 1.45

S-1 1.10

S-5 8.4 S-4 - S-5 -0.5

S-6 10.0 S-5 - S-6 1.6

S-7 2.9

S-8 13.0 S-6 - S-8 0.1
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Table G-4. Selected Water Temperature Measurements,
Crosswicks Creek, Ft Dix and McGuire AFB NJ,
September 1972

Day (September ,
2 1312 13 14 15 16 1 17 18 19 20 21 1 23

Mean Daiily T I II I I1
Air Temperature 19.5123 124.7120.5121.7126.5124.5 1214115.7116.4118.9113.5

Station Water Temp erature, 0C -

1 21 20.5 20.5121.5 23 122.5 - 19

2 l&5 20.5 18 18 20.5 21 21 - 17

3 21 - 17.5 17 21 22 22 - 17 - 15

4 21.5 21 19 21 21.5 - - 19 - 15

5 21.5 19.5 18 21 22 22 - 18 - 15

6 21.5 - 18 21 18 22 -13.5 - 15

7 18.5 - 16.5 19.5 17 21 16 - 14

8 17 20 - 18 20.5 18 22 - 14

*All water temperatures measured at 0800.
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result in winter months when STP effluents may be warmer than the
receiving waters. The temperatures in Jumping Brook were generally a
few degrees warmer than other waters. This phenomena probably resulted
from warmer waters in Brindle Lake being the source of flow for Jumping
Brook.

C. pH

The pH measurements at the stream stations are summarized in
Table G-5. The selected control on Jumping Brook (S-I) was atypical
with a mean pH of 4.1. The pH of South Run and North Run was usually
within the 6.7 to 7.0 range. Crosswicks Creek waters had a pH of 6.8
to 7.1 and reflected the influence of the North Run and South Run
discharges more than the low pH input of Jumping Brook.

D. DISSOLVED OXYGEN AND OXYGEN DEMANDS

1. Field Survey Analysis

New Jersey Water Quality Standards for the Crosswicks Creek
watershed state the Dissolved Oxygen (DO) will not be less than 5.0 mg/l
on a daily average and never less than 4.0 mg/l at any time. Dissolved
oxygen was monitored with continuous-recording DO equipment and with
portable DO meters for the ten-day field survey period in South Run,
North Run, Jumpinq Brook and Crosswicks Creek. The DO measurements for
the survey period are listed in Tables G-6 to G-13 by station. The DO's
were rather constant and high for the survey period in North Run and
Jumping Brook. State DO requirements were met in South Run except for
two days when the mean daily DO was below 5 mg/l and hourly measurements
revealed DO at less than 4.0 mg/l. Low dissolved oxygen conditions
existed at Stations 6 and 8 in Crosswicks Creek much of the time in
violation of state law. The State DO criteria were violated all of the
time at Station S-6. An insopleth of dissolved oxygen concentrations is
presented in Figure G-6. Mean hourly DO data was utilized for this
isopleth. The critical DO problems at Station S-6 are obvious in this
plot of data.

a. Daily DO Fluctuations

Figure G-7 presents typical 24-hour DO fluctuations at
all stream sampling stations (17 Sep was the day chosen for comparison;
S-8 was 22 Sep). No diurnal/nocturnal DO fluctuations were observed at
Stations 1, 7, 6 and 8. Diurnal increases/noctural decreases in DO were
observed at Stations 2, 3, 4 and 5 with the peak DO shifting to later in
the afternoon with distance downstream. The diurnal dissolved oxygen
increases are a result of photosynthesis by algal cells in the stream.
These algal cells probably originate in the golf course ponds on the
upper reaches of South Run and from sloughing-off the trickling filters
of both sewage plants. The algae populations found in the plankton
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Table G-5. Summary of pH Measurements at Stream Stations, Crosswicks
Creek, Ft Dix and McGuire AFB NJ, September 1972*

Day (September)
Station 12 13 14 15 - 16 17 18 19

X 4.2 4.1 4.0 4.1 4.3

1 Max 4.5 4.2 4.2 4.2 4.8
Min 3.7 3.7 3.5 4.1 4.2

X 6.4 6.6 6.6 6.6 6.6 6.7 6.6
2 Max 6.6 6.6 6.7 6.7 6.7 6.8 6.8

Min 6.4 6.5 6.5 6.5 6.6 6.6 6.4

7.0 7.1 7.1 6.9 6.9
3 Max 7.1 7.4 7.4 7.2 7.0

Min 7.0 7.0 7.0 6.8 6.8

Y 7.1 6.8 6.7 6.8 6.8 6.7 6.7
4 Max 7.2 6.8 6.8 6.9 7.0 7.0 6.9

Min 6.9 6.7 6.6 6.7 6.7 6.5 6.5

7.1 7.2 7.1 7.3 7.1 7.1 7.0 6.9
4 ,Ax 7. 72 .4 7'5 7.4 7.3 7.1 7.0
Min 7.0 7.1 6.9 7.3 7.2 7.0 6.9 6.8

Y

6 Max no pH measurements
Min

Y 7.1 7.1 7.0 6.9 7.0 7.0 6.9
7 Max 7.2 7.1 7.0 7.0 7.0 7.0 7.1

Min 7.0 7.0 6.9 6.9 6.9 6.9 6.6

X 6.9 6.9 6.9 6.8 6.8 6.8
8 Max 7.0 7.0 7.0 6.8 6.9 6.8

Min 6.8 6.8 6.8 6.8 6.8 6.8

*Each mean (K) represents 12 readings (every 2 hours) for each
24 hour period.
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Table G-6. Dissolved Oxygen Data (mg/i) by Two-Hour Interval for
Sample Station S-1, Jumping Brook, Ft Dix/MAFB NJ
September 1972

Mean

Date Dissolved Oxy en(mql ) DO by
(ep)_ 12 __3 14 15 16 17, .18 19 20 21 hour
Time

0200 7.6 6.2 6.8 7.1 6.9 6.5 6.8
0400 7.6 6.2 7.0 6.9 7.7 6.5 7.0
0600 7.8 6.3 7.0 6.8 7.5 6.6 6.9
0800 7.8 6.1 7.0 6.6 6.8 6.4 6.4 6.5 6.7
1000 7.9 6.3 7.2 6.8 6.6 6.5 6.9
1200 7.9 6.4 7.4 6.9 6.6 6.4 6.9
1400 7.4 7.0 6.9 6.4 6.4 6.8
1600 7.3 6.9 7.1 6.6 7.2 6.9 6.4 6.9
1800 7.0 6.0 7.2 6.8 7.3 5.5 6.6
2000 7.3 5.8 6.9 7.1 7.1 5.6 6.6
2200 7.5 6.5 6.9 7.2 7.0 6.4 6.9
2400 I 7.5 6.3 6.9 _ 7.2 6.9 6.6 6.9
24-hr
mean 1 7.3 7.1 6.6 7.1 1 7.0 7.0 6.6 6.5

Table G-7. Dissolved Oxygen Data (mg/i) by Two-Hour Interval for
'Sample Station S-2, South Run, Ft Dix/MAFB NJ, Sep 1972.. . . .... ..... .. ........... . i M e a n

Date Dissolved Oxygen (mg/i) DO by
(Sep) 12 13 14 ,! .. 17 !8 "9 Hour ....
Time

0200 5.3 4.7 4.6 6.2 5.2 5.2
0400 5.4 5.0 4.3 5.0 5.8 5.1
0600 5.4 4.8 4.5 4.9 5.3 5.0
0800 5.0 5.4 5.0 5.3 5.2
1000 6.7 6.7 6.9 6.1 6.1 6.5
1200 4.8 8.3 7.9 8.5 7.6 5.8 7.2
1400 8.6 7.5 8.9 8.6 5.9 7.9
1600 8.3 7.7 8.7 7.3 8.0
1800 7.6 7.5 6.7 7.8 5.9 7.1
2000 5.9 5.4 5.4 7.1 5.1 5.8
2200 5.0 5.1 4.4 6.6 4.9 5.2
2400 5.3 5.0 4.6 6.5 5.0 5.3
24-hr
mean 6.0 6.5 5.9 6.7 6.0 5.6

G-20



Table G-8. Dissolved Oxygen Data (mg/l) by Two-Hour Interval for
Sample Station S-3, South Run, Ft Dix/MAFB NJ, Sep 1972

Me an
Date Dissolved Oxygen (mg/l) DO by
(Sep) 12 13 14 15 16 17 18 19 20 hour
Time

0200 3.6 4.6 3.2 5.6 4.2 5.0 6.6 5.4 6.6 4.8
0400 3.6 4.4 2.7 5.6 4.8 5.2 5.2 5.8 4.5
0600 4.6 4.2 2.7 5.1 4.7 5.3 5.3 5.6 4.5
0800 11. 5.2 6.1 6.0 5.8 6.0 6.8 6.6 6.0 6.6
1000 13. 7.2 15. 9.4 5.8 6.6 6.2 9.0
1200 5.1 8.9 13. 7.6 6.0 6.6 6.3 7.1
1400 5.1 8.2 13. 14. 7.6 6.2 6.9 6.2 8.4
1600 5.1 5.4 20. 12. 6.1 5.9 6.9 7.0 5.8 8.2
1800 4.1 7.8 4.7 8.1 6.7 5.9 5.6 6.5 6.6 5.2 6.1
2000 4.4 6.3 4.2 6.1 3.8 4.8 5.4 5.9 6.2 4.5 5.2
2200 3.9 6.1 4.0 5.6 4.1 4.7 5.3 6.1 6.3 4.0 5.0
2400 3.6 5.4 4.0 5.6 4.0 5.0 6.9 5.8 6.2 3.6 5.0
2 4- h r .. ........5.5

mean 4.5 5.3 6.4 6.9 8.0 5.9 5.7 6.5 6.3 5.5

Table G-9. Dissolved Oxygen Data (mg/1) by Two-Hour Interval for
Sample Station S-4, South Run, Ft Dix/MAFB NJ, Sep 1972

Mean
Date Dissolved Oxyqen (mq/ DO by
(Sep) T2- 13 14 15 16 17 18 119.,20 1 21 22 23 hour
Time

0200 1.7 5.0 4.9 4.8 5.7 7.2 6.8 5.2
0400 1.4 4.8 5.1 4.8 5.7 7.1 6.5 5.1
0600 1.2 4.8 4.8 5.2 7.0 6.4 5.0
0800 5.2 5.9 5.2 5.7 5.6 5.2 7.2 5.9 6.5 5.8
1000 6.9 7.2 6.5 8.3 9.1 5.2 7.3 6.0 7.1
1200 6.4 7.9 6.5 10. 1. 5.2 6.8 7.5 7.7
1400 5.2 7.5 7.7 11. 11. 5.7 7.2 7.1 7.5 7.8
1600 3.1 7.5 7.6 7.5 11. 9.1 5.2 7.8 6.7 7.0 7.2
1800 2.6 6.4 7.6 6.9 9.2 6.8 4.4 7.7 6.0 6.9 6.4
2000 2.1 5.9 6.9 5.2 6.8 5.5 3.4 7.7 6.0 7.0 5.6
2200 1.9 5.6 6.5 4.7 5.7 3.2 7.6 5.8 6.9 5.3
2400 1.9 5.3 6.0 4.8 5.4 3.0 7.4 6.8 5.1

mean 3.1 5.1 6.5 5.9 7.3 7.5 4.5 17.61 6.7 6.8 6.6 1
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Table G-10. Dissolved Oxygen Data (mg/1) by Two-Hour Interval for
Sample Station S-5, Crosswicks Creek, Ft Dix/MAFB NJ,
September 1972

I Mean
Date Dissolved O.) n n DO by
(Sep 12 13 14 15 16 17 18 19 20 21-22 hour

0200 6.0 5.4 4.5 4.5 5.1
0400 6.0 5.3 4.4 4.6 3.1 4.7
0600 5.9 4.0 4.4 4.0 2.9 4.2
0800 5.8 4.4 4.6 4.4 4.2 3.4 4.5
1000 6.5 4.9 5.1 4.0 5.6 3.4 ,4.9
1200 8.8 5.9 6.0 5.3 6.4 3.7 6.0
1400 8.2 7.8 8.8 6.9 6,8 4.3 7.1
1600 5.6 8.2 5.8 8.8 6.7 4.3 6.6
1800 6.9 8.7 7.7 5.3 5.7 5.0 6.6
2000 7.3 6.7 6.3 4.8 4.5 5.2 5.8
2200 6.5 6.2 5.6 4.3 3.7 5.3
2400 6.2 5.6 4.9 4.4 3.2 4.9
24-hr _____I
mean 7.2 6.2 6.1 55.0 .0 4.0

Table G-11. Dissolved Oxygen Data (mg/i) by Two-Hour Interval for
Sample Station S-6, Crosswicks Creek, Ft Dix/MAFB NJ,
September 1972

Mean
Date Dissolved Oxygen (mg/l) DO by
(Sep) 12 13 14 15 16 17 18 19 20 21 22 hour
Time

0200 2.7 3.0 2.4 2.6 2.7
0400 2.8 2.9 2.5 2.6 2.7
0600 2.8 2.9 2.5 1.9 2.5
0800 2.6 2.8 2.9 2.6 2.7 2.7
1000 2.7 2.7 2.8 2.6 2.4 2.6
1200 2.9 2.9 2.6 2.6 2.1 2.6
1400 3.4 3.2 2.6 3.0 2.2 2.9
1600 3.6 3.4 2.8 3.2 2.5 3.1
1800 4.1 3,6 2.8 3.4 2.8 3.3
2000 3.5 3.4 2.9 3.2 3.2
2200 3.4 3.3 2.5 2.9 3.0
2400 3.2 3.1 2.4 2.9 2.9
2 4 ' h r T 2 .

mean 3.3 3.1 2.8 2.8 2.4
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Table G-12. Dissolved Oxygen Data (mg/1) by Two-Hour Interval for
Sample Station S-7, North Run, Ft Dix/MAFB NJ, ep 1972

Mean
Date Dissolved Ox ( DO by

Se 2 131 14 15 16 17 18 19 20 21 hour

0200 7.1 7.2 6.6 7.2 6.9 7.0
0400 7.1 7.2 6.6 7.1 6.8 7.0
0600 7.1 7.2 6.6 7.3 7.0 7.0
0800 6.9 8.2 7.3 7.2 7.1 7.3
1000 7.5 7.5 7.4 6.6 7.2
1200 8.21 8.6 7.7 7.3 7.5 7.5 7.6
1400 8.4 8.3 7.4 7.0 7.7 7.5 7.7
1600 8.6 8.1 6.9 6.9 7.5 7.6
1800 7.1 7.8 6.9 7.0 7.4 7.2
2000 7.1 7.7 6.9 6.8 7.4 7.2
2200 7.1 7.5 6.7 6.9 6.7 7.0
2400 _ 7.1 7.4 6.6 7.1 6.7 7.0
24-hr I
mean _ 7.7 7.6 7.2 7.1 7.1 7.2 6.9 .. . .1 . ...

Table G-13. Dissolved Oxygen Data (mg!1) by Two-Hour Interval for
.... Sample Station S-8, Crosswicks Cr., Ft Dix/MAFB NJ, Sepn72

MWean
Date Dissolved Oxygen Mg/i) DO by
Sej_ 12 13 14 15 16 17 18 19 20 21 22 23 hour

Time

0200 4.5 4.0 4.7 4.3 3.9 4.3
0400 4.2 3.9 4.4 4.0 3.7 4.0
0600 4.5 4.0 4.5 4.5 3.7 4.2
0800 4.7 3.2 3.6 3.7 3.4 3.2 4.2 6.8 4.6 4.2 4.2
1000 4.7 4.2 6.3 4.9 5.0
1200 4.8 4.6 5.9 4.8 5.0
1400 4.8 4.6 5.4 3.9 4.7
1600 5.0 4.5 5.2 3.9 4.6
1800 5.2 4.4 6.1 5.4 3.4 4.9
2000 4.9 4.4 5.6 4.8 4.9
2200 4.6 4.4 5.4 4.5 4.2 4.6
2400 4.6 4.2 4.9 4.2 4.0 4.4

mean 4.8 4.5 4.0 1 5.6 4.4 5.4 1 4.2 3.9
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determinations do not fully explain the phenomenon. Stream Stations
S-7, S-2, S-4 and S-5 were found to have higher algae concentrations.
The reaeration of North Run was likely great enough to overshadow
algal influence on dissolved oxygen. The algal populations on the
trickling filters at Ft Dix and McCuire STP's likely increased the
diurnal dissolved oxygen concentrations in the effluents and in the
stream.

b. Oxygen Demand in the Receiving Waters

Figure G-8 presents the mean daily dissolved oxygen,
BOD5, and COD by stream station and the UOD of one grab sample. The
BOD, UOD and COD concentrations are all elevated in the stream as a
result of the sewage plant effluents. The BOD 5 loading on the stream
increased from 11 pounds per day in South Run (S-2) to 580 pounds below
Ft Dix (S-3) and 800 pounds per day below McGuire (S-4). Known BOD5
loadings in addition to the STP's include North Run (S-7), 77 pounds per
day, and Jumping Brook (S-1) at 150 pounds per day. The oxygen demand
in Crosswicks Creek would be expected to decrease downstream as normal
biological activity satisfied this demand. However, additional
unidentified flows increased the volume of Crosswicks Creek and these
flows add more BOD 5 to the stream resulting in a measured 1,116 pounds
of BOD5 per day at Station S-8 in Crosswicks Creek. This data is
consistent with the decreasing dissolved oxygen in the stream. Figure

n proscnts thc u11timate oxygen demand analyses of nornina arab samples
from the receiving waters on 21 Sep. The control stations (S-1 and S-2)
and North Run (S-7) had low oxygen demanding properties. The two sewage
plants add a heavy oxygen demand to the stream which impacts on the
dissolved oxygen. The UOD had been mostly satisfied after 2 days of
water travel (S-8), but the DO of the stream was still depressed at
this point.

2. Theoretical Modeling of Dissolved Oxygen

a. Background: In the past, pollution of surface waters
was thought of only in terms of the dissolved oxygen (DO) in the waters.
The assimilative capacity of a stream was, and to some extent still is,
considered to be its ability to absorb certain concentrations of oxygen
demanding materials without the DO being depleted below a specified level.
A much broader concept of stream pollution has been evolving in recent
years, with serious considerations to its effects and causes. Despite
these broader concepts, the DO in a stream still holds much fascination,
perhaps rightfully so, to the ecologist concerned with the evaluation of
surface waterways.

t . Formulation of Oxygen Sag Curve: Most sanitary engineering
texts(2s3j4p&)present basic formulations of the classical oxygen sag curve
equation. The development of this equation and its anplication dates back
to 1925 and has been credited to Streeter and Phelps. ,7,8) Following

G-26



71

i
DC 4 j/

21

16.1

144

122

980 ]0 "---,

8

UOD $6

4
2

112

84
70

UOD 56

42
28
14

42
36

COD 30

24
18
12
6

1'p I p,•iI

S-I S-7 S-2 S-3 S-4 S-5 S-6 S-8
Stream Station

Figure G-8. Mean Daily Dissolved Oxygen (DO), BOD 5 , and COD
Concentrations, and UOD Concentration From One Grab
Sample at Stream Sampling Stations, Ft Dix/MAFB NJ
Field Survey, September 1972

G-27



200 i F Di STP L

I li t._ (Below~F Di STP)
__ 0100-

- ~ (Beow- MAi B STP

I ~ -=Station S-2
14 1 - iih (Above Dix STP)

0 0 20 3
Elapsed Time (days.)

200 -i I . .L

I- I () IMAFB STP

I 4.+ !~~j~. i ~j(Below MAFB STP)

I I I * 9.(Jumping Brook)
--~Staion S-

0 10 20 30
Elapsed Time (days)

200-

100 1~.1~'I z
0 (Below Jump,Br)

- ~)-(±] Station S-6

S-8) and North Run (S-,7), Septerber 21, 1972.

G-28



is the "Streeter-Phelps" equation Limitations on the use of this
formulation are presented by Fair, et al) 5

KILo
KKI (e-Klt - e-K2t) + Doe-K2t

Where

D = Oxygen deficit in time t, mg/l
Do = Initial oxygen deficit at point of discharge, mg/l
Lo = Initial concentration of the organic matter in the stream

(ultimate 20 day BOD in mg/i)
KI = Coefficient of deoxygenation (per day)
K2 = Coefficient of stream reaeration (per day)
t = Time of water travel, days

The interplay of the deoxygenation of polluted waters and their reaeration

from the atmosphere creates a spoon-shaped profile of the DO deficit along

the path of the water movement. Figure G-1O presents the classical DO sag

curve and its components.

Oxygen Sag

Oxygen Supplied
by Reaeration

Oxygen Required (BOD)

Time or Distance

Fiure G-10. Dissolved Oxygen Sag-Curve and Its
Components
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(1) Deoygenation-Coefficient: The deoxygenation
coefficient is not a constant value b- varies with the particular waste
under study. Typical values for K1 are presented below:

K1 (per day)

Secondary Effluent 0.05 - 0.23
Strong Wastewater 0.39
Weak Wastewater 0.35

The values of KI may be estimated by a time series of BOD determinations.
A number of methods have been developed to determine the value of Ki from
experimental field data. Two suh rethods reported in the literature are:
the "meho of moments" by Moore£ u) et al, and the "graphical method" by
Thomas'. 1) The variation of KI with temperature can be formulated n
accordarce with the van't Hoff-Arrhenius equation. (theta = 1.047)m5)

(2) Coefficient of Stream Reaeration: The value of K2
varies with the water surface exposure, the Volumeof-water, the rate of
vertical and horizontal mixing and temperature. Two literature references
provide independent methods of estimating the value of K2. O'Connor and
Dobbins(l) proposed the approximate formula:

(DLU) I/2

Where,

DL Diffusivity of oxygen in water

= 8.1 x 10- 5 ft/hr at 200C

U = Stream velocity, ft/hr

H = Dept of flow, ft

Churchill, et al,(12) have proposed the following relationship:

K2 = (5.026)(V).
969/R 1.673

Where,

V = Mean velocity, ft/sec

R = Mean hydraulic radius, ft
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There is appreciable variation in literature values for K2 . Typical values
for K2 range from 0.20 to 10.0 per day, the lower values representing de9 p
slow-moving waters and the higher values, shallow swift-flowing streams.Z 41
The Churchill, et al, formulation gives generally lower values for K2 than
does the O'Connor and Dobbins formula. Inherent in these empirical
formulas is the weakness of applying them to situations beyond the limits
of the original experimental observations. As with the deoxygenation
coefficient, the variation of K2 with temperature can be formulated in
accordance with the van't Hoff-Arrhenius equation (Theta = 1.031).
Streeter's original approach to determination of K2 was to determine all
other factors in the sag curve formula - K1 , Lo, Do, D, and t - and
calculate the reaeration coefficient by insertion of trial values of K2
in the sag formula to obtain a calculated check on the noted deficit, D.
This procedure, however, has the unfortunate result of combining all
measurement errors, but the procedure is still used.

(3) Limitations

Aside from the difficulties of estimating the values
of deoxygenation and reaeration coefficients, the Streeter-Phelps equation
falls short of precise description of the DO profile in a given stream
when other oxygen consuming factors come into play. Three such factors
include nitrification, oxygen demand from bottom deposits, and oxygen
variations caused by algal photosynthesis and respiration by aquatic
organi sins.

(a) Nitrification: In 1935 Streeter( 7 ) and many
others since have concluded that the nitrogenous stage of the BOD curve
exhibits a lag in streams similar to that in laboratory bottles, where it
usually starts only after five to ten days. The second stage of the BOD
reaction was considered to be of little or no consequence in stream reaches
close downstream from waste discharges where the greatest oxygen depletion
occurs. Investigators since, however, have found that nitrificati?n can
have a significant impact on the stream oxygen demand. Courchaine 13)
found that the nitrification of organic and ammonia nitrogen immediately
below a secondary treatment plant accounted for 75 percent of the down-
stream oxygen demand. O'Connell, et al, also found similar situations.(14)
The quantitation of the nitrification process in streams is complicated
by departures from the orderly progression of the nitrogen cycle from
organic nitrogen decomposition to ammonia and the successive oxidation of
ammonia to nitrite and then to nitrate. Quantifying the relative changes
of nitrogen forms can, however, be a useful indication of whether nitri-
fication, or second stage BOD, is in progress in a given stream.

(b) Bottom Deposits: Sludge deposits in a stream
can result in concentrated oxygen demand in limited reaches of streams
and can impose heavy drafts on DO of the water passing over them. Detailed
stream bed observations may reveal significant sludge deposits that may
contribute to a corruption of the application of the Streeter-Phelps equation.
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(c) Photosynthesis: Diurnal variations in stream
DO caused by algal photosyntesis-indrepiration can completely obscure
the effect of reaeration of a stream from the atmosphere. Wide diurnal/
nocturnal variations in DO clearly implicate the effects of photosynthesis.

c. Field Determination of Deoxygenation Coefficients and
Carbonaceous BODL

A series of successive day BOD determinations were made
for all stream stations and M sewage plant effluents. Both the "mMthod
of moments" by Moore, et al, and the "graphical method" by Thomas 10)
were employed to estimate the coefficient of deoxygenation, K1, for each
station. Table G-14 presents the calculated values for KI for each
station. Also included are tabulated values for the ultimate oxygen
demand (BODL) based on the estimated values of Ki and also from the
ultimate oxygen demand (UOD) analyses of grab samples from each station
(Fig G-9)

(1) Deoxygenation Coefficient. With the exception of
the estimated values for Ki for the MAFB effluent (Station M-6) and for
Jumping Brook (Station S-1), the two methods used to estimate the
deoxygenation coefficient yielded similar values for each sampling station.
In general, the estimated K1 values characterize the stream as containing
relatively stable, weak wastewaters. Estimating the coefficients for the
Jumn;,, Brnok waters (S-!) Ad for the MIAFR ffluent (1-6) was difficult
based on the collected data. No explanation is clearly apparent for the
difficulties with the MAFB effluent, while the highly acid/zero alkalinity
conditions of the Jumping Brook waters may have interfered with the field
measurements.

(2) Carbonaceous BODL. Calculated values of BODL also
characterize the stream waters as stable, weak wastewaters. The disparity
between calculated and measured BODL values for the stream stations can
be accounted for by recognizing that the measured values are based on grab
sample UOD analyses. An analysis of Figure G-9 reveals that the second
stage of the BOD curve, the nitrification stage, took place beginning at
about 10 days.

d. Field Determination of Stream Reoxyenation Coefficients

Estimates of the stream reoxygenation coefficients (K2)
for four reaches of the receiving stream were made using the two methods
described earlier. 11,12) Table G-15 contains a description of each stream
reach, the raw data used to estimate the values of K2, the approximate
times of water travel for each reach of the receiving streams, and the
estimated reoxygenation coefficients based on the two methods. The lower
values estimated by the Churchill, et al, method are more consistent with
the range of values for K2 found in the literature.
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e. Fitting of Oxygen S-ag Curve to Field Observations

An attempt was made to fit the classical DO sag curve(5 )

to the field observations in the four reaches of the receiving stream.
The daylight (12-hour) mean and daily (24-hour) mean DO concentrations
recorded at the various stream stations were used to compare with the
predicted DO concentrations based on the sag curve analyses. The
calculated'values for K2 were originally used in the preliminary sag
curve fitting process, and the predicted DO concentrations did not fit
the measured values well. Following a number of iterations of lower
values for K2, closer correlation was found between the predicted DO and
the measured DO in the stream. Table G-16 contains the raw data input
used in the DO sag curve analysis for the four reaches on the receiving
stream. Worthy-of special note are the estimated values for the
reoxygenation coefficients (K2) used in the final analysis. (See Table
G-16) These K2 values are consistent with the literature references cited
earlier. Figure G-11 is a DO profile of the receiving waters, including
the 24-hour, the 12-hour mean DO concentrations and the predicted DO profile
based on the Streeter-Phelps equation. With the corrected values for K2 ,
the classical DO sag curve correlates closely with the measured values on
the stream for the first two reaches in South Run below the Ft Dix plant
discharge. The DO sag curve equation does not, however, adequately describe
the DO profile in the final two reaches of the stream from the confluence
of Jumping Brook (Station S-i) and Crosswicks Creek through Oakford Lake to
Station S-8. Significant sediment deposits were noted in these two reaches
and, along with photosynthesis and nitrification could account for the
depressed DO in these two reaches of the stream. No attempt was made to
mathematically account for these factors in the sag curve analyses. The
sludge deposits in these two reaches are considered to be transient and
result at least partially from the settleable solids discharged from the
two upstream sewage plants. During periods of turbulence in these stream
reaches, caused by dramatic increases .in stream flow, these sediments would
no doubt be scoured and translocated further downstream, to exert an oxygen
demand at a later time. Reduction in settleable solids discharged from the
two sewage plants should diminish the oxygen demand resulting from bottom
sediments.

3. Theoretical Permissible BOD Loading

The critical reach in the receiving waters (where minimum DO
occurs) falls within reaches 3 and 4. Although the Streeter-Phelps
equation does not adequately describe the DO profile within these two
reaches, some valuable information may be obtained from estimating the
allowable BOD loading of the stream using the rate constants for
deoxygenation (Kj) and reaeration (K2) calculated in the above analyses.
Permissible BOD 5 daily mass emission rates (PDMER) were estimated
according to Fair (5) for the critical reach in Crosswicks Creek that would
maintain the DO at or above 5.0 mg/l. The BOD5 PDMER is determined by the
magnitudes of the following parameters: (1) flow (2) temperature (3) stream
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Table G-16

RAW DATA OXYGEN SAG CURVE ANALYSES
FT DIX/MAFB NJ, SEP 1972

Reach
1 2 3 4

Ft Dix STP IAFB STP South Run Crosswicks Ck
Discharge to Discharge to Discharge to to Oakford L.

Description South Run 3outh Run Crosswicks Creek & North Run

Flow (MGD) 3.0 1.3 7.8 10.0
BOD5 (mg/1) 21.0 20.0 12.0 12.0

S DO (mq/) 4.5 5.3 6.6 6.0
Temp (OC) 22.0 24.5 22.1 20.1
BOD5 Rate
Constant @ 200C 0.055 0.10 0.31 0.30

S (per day)

C,. , ,, ¢ -h

"lo ("CD) 0.8 6.4 29
BOD5 (mg/1) 4.0 14.0 6.0 5.0
DO 6.1 8.0 7.0 7.0
Temp (oc) 21.5 23.0 21.6 17.6
Velocity (fps) 0.733 0.817 0.559 0.200
Depth (ft) 0.30 0.53 1.11 3.00

' Reaeration
=' Rate Constant

@ 200C (per
day) 13.52(10.0)1 12.71(2.0)1 2.51(0.1)1 0.23(0.1)1

NOTE: ' Final values of K2 used for curve fitting.
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reaeration capacity (4) the deoxygenation rate constant (5) the initial
stream DO and (6) the minimum allowable DO. Figures G-12 through G-15
are graphs of the calculated PDMER's in the critical reach of Crosswicks
Creek for varying flows, temperature and initial stream DO. Table G-17
contains data used in generating these graphs. Figure G-16 is a graph
of the BOD 5 PDMER probability based on probable flow (See Fig G-3) in
the critical reach of Crosswicks Creek for temperatures varying from 120C
to 300C and for the boundry conditions of initial DO ranging from 100
percent saturation to 5.0 mg/l. Table G-18 contains tabulated permissible
BOD5 concentrations and PDMER's for the critical reach in Crosswicks Creek
to maintain a minimum DO of 5.0 mg/l at the critical, low-flow (7-day,
10-year) condition for stream temperatures of 12, 20 and 30 degrees C.
The critical flow condition should occur in the fall when ambient and
stream water temperatures approximate 160C. Assuming the initial stream
DO in the critical reach is approximately 80 percent saturation, the total
permissible daily mass emission rate approximates 300 pounds of BOD 5 per
day. The NJDEP may accept this estimate of the receiving stream's BOD5
assimilative capacity or on the basis of these analyses the NJDEP may
establish some other estimated BOD 5 stream assimilative capacity. Once
such action is complete, then the NJDEP should allocate some fraction or
all of the stream's BOD6 assimilative capacity to the Ft Dix and MAFB
discharges based on other known significant waste discharges.

E. NUTRIENTS AND ORGANIC CARBON

Figure G-17 illustrates the nutrient concentrations and total
organic carbon (TOC) in the receiving waters. Table G-19 is a summary of
the nutrient loading on the receiving waters in pounds per day of nitrogen
forms and phosphates.

1. Eutrophication is the term used to describe enrichment of
waters by nutrients. The fertilizing elements contributing most to
eutrophication are nitrogen and phosphorus. The source of these nutrients
that cause water pollution are primarily sewage plant effluents, and
storm water runoff from agricultural lands.

a. The ammonia nitrogen introduced into the aquatic
environment will be subjected to oxidation, assimilation and other losses.
However, if oxygen is available and other environmental factors are
favorable, a vigorous nitrifying flora will develop which will oxidize
the ammonium ion to nitrite and nitrate. Through photosynthesis, the
nitrates are utilized and converted into organic nitrogen in plant cells.(

15)

b. The phosphates are a major element of municipal sewage
due to detergents containing phosphates. Phosphates also enter the aquatic
ecosystems through agricultural drainage and runoff from surface-applied
fertilizers. Phosphates seldom exhibit toxic effects upon fish and other
aquatic life and may be beneficial to fish culture by increasing algae
and zooplankton; however, nentrations exceeding 0.03 mg/l may support
undesirable plant growths. 6
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Table G-17. Data Used to Estimate Permissible Daily BOD 5 Mass
Emission Rates, Ft Dix/MAFB Survey, September 1972

Temperature (OC)
Parameter 12 20 30

Deoxygenation Rate Constant 0.207 0.30 0.475
Ki (per day)

Reoxygenation Rate Constant 0.19 0.23 .293
K2 (per day)

Saturation 10.83 9.2 7.63
DO (mg/l
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2. The two sewage plants add an average of 732 pounds of nitrogen
and 312 pounds of phosphates per day to the receiving stream. This results
in stream ammonia concentration of 5-7 mg/l where normally less than 0.1
mg/l ammonia is present and 6-7 mg/l phosphates where normally less than
2.7 mg/il phosphates are found. When speaking of the assimilative capacity
of the stream for receiving wastewaters, the nutrient loading is a
significant consideration. A mass balance of the reach studied in this
survey revealed that after 30 hours of water travel the total nitrogen
and ammonia concentrations in the stream were decreasing while the nitrate
and phosphate concentrations were beginning to increase. Thus, the full
effect of this loading would be expected to have further influence on the
oxygen dynamics of Crosswicks Creek well downstream of New Egypt.

3. The total organic carbon was increasing at Stations S-5 and
S-6, but decreased at Station S-8. Due to an EHLK) rodification of the
standard analytical procedure for organic carbon, 1i) the results do not
accurately reflect the presence of biomass or plankton populations. The
organic carbon concentration'would be expected to increase at Station S-8
as nutrients are utilized to form more algae. As the numbers of algal
cells increase, nuisance conditions occur such as surface scums and an
algal-smothered benthos. The results may be foul smelling waters and
unsightly streams.

F. HEAVY METALS

Analyses for 15 heavy metals were accomplished on the stream
waters. Results are tabulated in Appendix C. No problems with metals
pollution were detected by these analyses.

G. SURFACTANTS, PHENOLICS AND OILS AND GREASES

Specific in-stream limitations on surfactants, phenols and oils
are not outlined in New Jersey water criteria. The data are summarized
(Figure G-18) to show the impact of effluent discharges on these parameters.

1. Surfactants are solutes which have the property of lowering
the surface tension of water. The surface-active agents include soap,
detergents, emulsifiers, wetting agents and penetrants. The source of
most surfactants result from the popularity of synthetic detergents.
In mid-1965, the detergent industry completed its full-scale conversion
from alkyl benzene sulfonate (ABS) to the more biodegradable linear alkayl
sulfonate (LAS). Since this change-over, the number of detergent-caused
foaming incidents has dropped sharply. Appreciable foaming has been
observed at surfactant concentrations as low as 0.75 to 1.0 mg/l.
Concentrati nsas low as 0.3 mg/l may be deleterious to game fish
production.(16) No deleterious effects attributable to surfactants were
detected, but concentrations were as high as 2.0 mg/l in South Run.
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2. Phenolics are a group of organic compounds that are widely
used as commercial disinfectants and as solvents on aircraft washracks.
Phenolic compounds may affect fish in two ways; first, by a direct toxic
action, and second, by imparting a taste to fish flesh. Concentrations
less than 0.2 mg/l should not iterfere with fish and aquatic life. The
daily men concentrations in the receiving waters were less than 0.2mg/l . (16)

3. Oils and other petroleum products may be harmful to fresh-
water aquatic life in many respects including destruction of fish, benthic
organisms, and algae; tainting of fish flesh, and interference with normal
oxygen concentrations and reaeration.(16,18) High oils and greases
concentrations were found in the stream, but irregularities in the data
make these analyses questionable.

H. SEDIMENTS

1. Heavy Metals

a. Historical

Trace metals in natural surface waters are related to
soil composition in a watershed, but wastewater discharges influence the
heavy metal cmnosition in polluted waters. Trace metal composition of
soils and sediments will vary with the type of'parent rocks, clay and
organic composition and general water chemistry. Organic materials and
clay particles bind metals while sand does not. The Crosswicks Creek
watershead is primarily composed of fine sandy soils with mixtures of
sandy loam. Many biological and physical processes lead to the deposition
of metals in bottom sediments. Sediments act as a concentrated reservoir
of metals f om which they enter the food web of the aquatic community.

b. Preliminary Survey

Samples of sediment from five points in South Run were
collected in April 1972 and analyzed for twelve metals. Table G,20
contains a summary of these heavy metals analyses. No heavy metals
pollution was obvious from these samples, although an adequate control
showing background levels was not available.

c. Field Survey

Sediment samples were collected at all stream stations
and analyzed for seven heavy metals and organic content. The results
are listed in Table G-21. The sediment was primarily sand with very
low organic content. No evidence of metals pollution was obvious from
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Table G-21. Heavy Metal Composition of Submerged Soils, Crosswicks
Creek, Ft Dix and McGuire AFB, NJ, September 1972.

Parameter (.ug/g dry wt)Stream

Station I  Total % Organic
Ag Cd Cr Cu Hg Ni Pb Matter

7L 0.04 0.15 1.19 0.23 0.092 0.50 2.61 1.1
7R 0.03 0.16 1.39 0.37 0.085 0.43 2.22 6.0

IL 0.60 0.15 1.64 0.67 0.269 0.13 2.90 0.8
IR 0.12 0.15 0.59 1.48 0.075 0.06 2.97 1.0

2L 0.10 0.34 2.83 6.49 0.185 0.44 26.24 4.8
2R 0.04 0.28 3.22 2.65 0.025 0.30 53.27 3.6

3L 0.17 0.73 3.30 2.27 0.114 <.05 19.57 1.0
3R 0.22 0.31 6.65 1.93 0.013 0.16 10.13 8.5

4L 0.14 0.36 0.33 0.61 3.155 0.10 0.7c 0.8
4R 0.16 0.34 3.30 1.37 ).012 0.35 12.19 0.8

5L 0.30 1.01 1.26 3.89 3.105 0.28 2.58 3.0
5R 0.95 0.91 3.01 4.17 3.054 0.37 20.02 3.0

6L {0.05 0.19 1.51 0.63 3.062 0.36 0.58 3.8
6R 0.24 0.26 1.66 2.34 ).025 0.24 3.78 1.4

8L 0.07 0.16 1.20 0.71 ).074 0.32 2.78 1.2
8R 0.06 0.16 1.48 0.73 r.106 0.31 3.75 0.8

1 L and R indicate sample from left or right of stream center,

facing downstream.
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these samples. Some fluctuations irr metals concentrations were noted,
but many factors enter into these fluctuations. The chromium concentra-
tions at all stations were ten times lower than the previous samples
from the preliminary survey. EHL(K) analytical chemists could not find
ai analytica" error and the difference is unexplainable.

2. Pesticides

a. Historical

Increased environmental awareness has prompted
surveillance of aquatic ecosystems for pesticide residues. Pesticides
may enter streams by aerial drift, application technique and storm water
runoff. The following pesticides have recorded usage in recent years at
Ft Dix and McGuire AFB: Abate carbaryl, chlordane, dalopon, DDT,
diazinon, dieldrin, malathion, and silvex. Of the persistent chlorinated
hydrocarbon insecticides, dieldrin and chlordane have been used extensively
for Japanese Beetle (Popillia japonica) grub control.

b. Preliminary Survey

Sediment samples were collected from five locations on
South Run in April 1972 for preliminary pesticide screening. Two samples
from each cross-section were collected. Results of analyses are listed
in Table 1-22. DT and m.t.olites were present in all samples at levels
consistent with the background concentrations found by the National Soils
Monitoring Program (Wiersma, et al, 1967). Only a trace of dieldrin was
detected. Chlordane was found,throughout South Run with increasing
concentrations downstream. The impact of these chlordane concentrations
cannot be fully evaluated, but additional samples during the actual field
survey did not confirm these results. The results, therefore, are not
fully explainable.

c. Field Survey

Sediment samples were collected (two per station) from
ten selected stream stations in September 1972. The samples from Crosswicks
Creek were analyzed by the U.S. Army Environmental Hygiene Agency and
results are presented in Table G-23. DDT levels were much lower than the
concentrations found in the preliminary sampling. No chlordance residues
were detected, but lindane residues were found in two tributaries. The
source of lindane is unknown, but presumably is local contamination. The
difference between preliminary sampling results and field survey results
is unexplainable, but flooding and subsequent scouring plus different
analytical laboratories could be consequential.

V. BIOLOGICAL CHARACTERISTICS

A basic ecological tenet concerning pollution of any environment is
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that pollution depletes the diversity of animal and plant life.(19,20)
Some pollutants increase the concentration of plants and animals (biomass)
living in a given area, but decrease the variety of kinds. Other types
of pollution simply decrease both the diversity and the biomass. Domestic
sewage pollution generally has the former effect. The biological
characteristics of Crosswicks Creek were determined by surveying the
diversity and numbers of macroinvertebrates. Pumpkinseeds (Lepomis
gibbosus) were used for in situ bioassays at each station.

A. AQUATIC MACROINVERTEBRATES

Aquatic macroinvertebrates are those animals without an internal
skeletal structure that are retained on a U.S. standard sieve No. 30 and
are found in an aquatic environment. These animals include the arthropods,
annelids and mollusks. Two different types of sampling were accomplished:
quan'itative benthic sampling with a 9" x 9" Ponar dredge; and non-
quantitative sampling with nets, seines"and forceps.

1. Quantitative Benthic Sampling

Two samples were collected at each station (each side of
middle) with a standard Ponar dredge. Samples were of a similar volume
(a 9" x 9" by 2" deep). The identification and numbers of
the macroinvertebrates are listed in Table G-24. The control stationIc i A~- t a-L ..the .. 0 1 -,1 - - eftiv he benhti animals oh

11 SupPO 6 ,je ,,j . .4 .. ... e .rwi.s.e
the stream benthic fauna was quite uniform throughout, consisting of
pollution-tolerant forms. Figure G-19 illustrates an analysis of the
benthic macroinvertebrates by the number of qro ps, the number of animals
and Margalef's Index of Diversity (d = S-1). 21) At stream Stations 5

TnIT
and 6 the benthic fauna consisted of large numbers of Tubicicid worms
(sludge worms). These sludge worms are highly indicative of waters
polluted with domestic wastes. The low number of animals collected at
Station S-4 likely results from the chlorine residual in the McGuire
effluent.

2. Diverse Macroinvertebrate Sampling

Macroinvertebrates were collected from a 10 yard reach of
stream at each station. Sampling was nonquantitative, but was intended
to qualitatively collect ecotypes. The specimens are listed by group
and numbers for each station in Table G-25. As expected, a greater
diversity of animals was collected. The analyses of these samples are
illustrated in Figure G-20. The diversity was greatest at Stations 7,
1 and 5. South Run (Stations 2, 3 and 4) had the least number of groups.
Station S-4 had the most groups indicative of pollution, while Station S-3
had the least number of clean-water forms. In Figure G-20 the adult
animals that were not restricted to the water and those obtaining air from
the surface were not considered in the analytical procedure. The result
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Table G-22. Pesticide Residues in Submerged Soils, South Run,
Ft Dix/MAFB NJ Preliminary Survey, April 1972

Downstream Distance
from Ft Dix Outfall Pesticide (bg/g dry wt)

(ft) DDE DDD DDT- Chlordane Dieldrin

10 (L)l .49 .40 .05 5.15 ND

10 (R) .11 ND2  ND 1.00 ND

7100 (L) [S-3] 3  .12 .15 .02 1.36 ND

7100 (R) .33 .11 .09 2.65 ND

12,100 (L) .05 ND ND 1.34 ND

12,100 (R) .13 ND ND 12.31 ND

15,600 McGuire Outfall

16,800 (L) [S-4] - - - -

16,800 (R) .11 .03 .30 9.94 .01

25,600 (L) .48 .31 .18 35.71 ND

25,600 (R) .30 .26 .04 22.27 ND

I(L) and (R) denotes samples from left and right of stream, facing downstream2ND = none detected

'[S-3] = Same as Field Survey Stream Station 3
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Table G-23. Pesticide Residues in the Submerged Soils, Crosswicks
Creek, Ft Dix/MAFB NJ, September 1972'

Pesticide (Pj/g ..ry wt)

Stream Station 0,P-DDE .P,P-DDE 0,P-DDT P,P-DDT Lindane

7L ND ND ND ND ND

7R ND ND ND ND ND

IL 0.14 0.07 1.1 2.6 9.9

IR 0.15 Tr Tr T ND

2L ND 0.09 ND 0.19 ND

2R ND 0.049 0.052 0.046 ND

Tributary 1

3L ND ND ND ND ND

3R ND ND ND ND ND

Tributary 2

4L ND ND ND ND ND

4R ND 0.02 0.51 0.41 ND

5L ND Tr Tr Tr ND

5R ND 0.06 ND ND ND

6L ND ND ND ND ND

6R ND 0.03 ND ND ND

8L ND ND ND ND ND

8R ND ND ND ND ND

Tributary I L) ND 0.05 0.053 0.13 0.06
(R) ND ND ND ND ND

Tributary 2 (L) ND ND ND ND ND
(R) ND ND ND ND ND

'Analyses accomplished by U.S. Army Environmental Hygiene Agency
(USAEHA/RE)
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shows North Run and Jumping Brook with the greatest number of organisms
indicative of clean water. South Run has a low number of pollution
sensitive organisms. Some improvement of water quality based on the
indicator organisms is evident at stream stations 6 and 8 on Crosswicks
Creek.

B. PLANKTON

Plankton are minute plants and animals suspended in the water.
Samples were collected and the algae, diatoms, zooplankton and fungj
counted as described by "Standard Methods of Wastewater Analysis",
Sedgewick-Rafter Technique. The plankton as counted at each station
are enumerated in Table G-26. Figure G-21 is a presentation of total
plankton per liter of stream water by station. Figure G-22 gives a
further breakdown by algal, fungal and zooplankton groups per station.

1. The saprophytic fungi derive energy from nonliving organic
sources. Dense populations indicate organically enriched waters. High
fungal populations were found at Stations 3 and 4 in South Run. The
population decreased in Crosswicks Creek and none were found at Station
8.

2. Algae and diatoms are good indicators of nutrient-enriched
waters. Dense algal and diatom populations were present at all stations
indicating nutrient enriched waters thloughout the watershed.

C. PERIPHYTON

Periphyton are the assemblage of minute organisms that grow on
the surfaces of submerged substrates in aquatic habitats. Periphyton play
an important role in the limnological processes of a stream because these
organisms are the major primary producers in that environment. Periphyton
appears as a constant feature in unmodified streams and is composed
primarily of algae. As the level of organic pollution increases, the
algal species change and the algae are replaced by filamentous bacteria
and other nonchlorophyll bearing "consumer-type" organisms. The total
biomass and total amount of chlorophyll increase with the organic
enrichment, but also an increase in the biomass-to-chlorophyil ratio
results. This ratio, termed the "Autotrophic Index" because it is a
measure of the self-feeding or food-producing organisms (e.g., alg)
provides a simple, yet highly significant index of water quality.£VL, 3)
The Autotrophic Index (AI) was calculated from biomass (TOC) and
chlorophyll-"a" measurements of the periphyton-which grew on artificial
substrates (glass slides) placed in the stream for ten days. Table G-27
contains data from periphyton sampling and the AI for each station. The
data indicate:

1. Jumping Brook is a clean, unpolluted stream.
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Table C,27. Production of Chlorophyll "a" and Total Organic

Carbon by Periphyton - Autotrophic Index, Crosswicks Creek,

.Ft Dix and McGuire AFB, NJ, 12-21 September 1972.1,2,3

Total Organic Chlorophic

Station Carbon (g/m2) (g/m) Index

1-L 0.061 2.04xl0- 4  299
1-R 0.033 3.56xl0- 4  93

Y= 196

2-L 1.817 2.55xl0-3  712
2-R 2.422 7.89x.0-3  307

X= 510

3-L 4.585 8.32xl0-3  551
3-R 6.315 1.llxl0 -2  571

X= 561

-4
4-L 0.123 3.88xl0 317

4-R 0.059 interference -

X= 317

5-L 15.571 4.63x0-3  3363

5-R 19.031 5.08xl0-3  3749
X= 3556

6-L 3.114 J 2.87x10- 3  1085

6-R 3.114 2.59x10- 3  1201
X= 1143

7-L 2.076 6.51X10-3  319
7-R 3.633 7.16xl0 -3  508

X= 414

8-L 6.401 5.16xi0 3  1241

8-R 2.372 interference -

X= 1241

.NOTES: 1 Periphyton samplers designed by EPA personnel
2 Analytical method - unpublished technique of Keup
.3
4 Autotrophic Index - TOC/Chlorophyll "a"
L and R indicate sample from left or right of stream
center, facing downstream.
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2. South Run is organically enriched, even upstream of the Ft
Dix outfall. The AI increases downstream of Ft Dix, but decreases
downstream of McGuire's outfall. This decrease is suspected to result
from the toxic effect of the chlorine residual in the McGuire effluent.

3. The consumer type organisms (filamentous bacteria) are most
prevalent at Station 5 in Crosswicks Creek, but the water quality improves
downstream although it is still poor quality downstream of New Egypt.

4. The Al of North Run was low indicating good quality of water.

D. FISH POPULATIONS AND IN SITU FISH BIOASSAYS

Fish are dependent on the stream invertebrates for food and on
the proper cheil;ical and physical environment for survival. Fish
populations are a reflection of the rest of the food web, but also fish
have long life cycles and conditions d%rectly or indirectly adverse to
the fish have long term ramifications. R' Sewage pollution reduces the
variety of fish, but certain tolerant species increase in abundance.
Generally, predatory fish are replaced by scavenger-type fish and regions
of severe oxygen depletion may be devoid of fish entirely. The waters of
Crosswicks Creek are to be "suitable for the maintenance, migration and
propagation of the natural and established biota" as specified by the
New Jersey Surface Water Quality Criteria. (See Appendix F.) To determine
t.C n Crs And type, of aquatic vertebr'ates present, electroshocking and
collecting was accomplished with the aid of personnel and equipment from
the State of New Jersey, Division of Fish Game and Shellfisheries (Bureau
of Fishery Management) and the NJ Department of Environmental Protection.
Fish and other aquatic vertebrates wer scollected from a 200 feet reach
of stream at each station, identified ) and counted, and released
unharmed. Some specimens were retained for chemical residue analyses.

1. Table G-28 lists the numbers and kinds of vertebrates
collected at each station. North Run supported the greatest variety and
mass of fish, reflecting the high quality of the water. Jumping Brook
also was a stream of high quality with a good variety of vertebrate
species. Jumping Brook actually harbored the unique fish fauna native
to the acid-"tea-colored" waters of the area. Jumping Brook (Station 1)

was the only place in the watershed where pickerel, mudminnow, pirate
perch, banded sunfish and tessellated darters were collected. These
species should be dispersed throughout the watershed, but they cannot
survive in polluted waters. Fish life in South Run and the downstream
portion of Crosswicks Creek was very different from that in Jumping Brook.

Only the pollution tolerant killifish and bullheads were found in South
Run. The stream was devoid of fish downstream from McGuire's outfall.
Only semi-aquatic frogs were observed in this reach. The stream quality
improved somewhat in Crosswicks Creek, but fish life was represented
only by pollution-tolerant, trash fish. Although weights were not obtained,
Crosswicks Creek did obviously support the greatest mass of fish, including
medium sized carp, eels, and bullheads.
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Table G-28. Aquatic Vertebrates Collected by Electro-shocking in
Crosswicks Creek, Ft Dix and McGuire AFB, NJ, September
1972.

Stream Station

Kinds of Vertebrates 7 2 3 4 6

Number of Animals

Amerttan Eel, Anguilla rostrata 8 2 5

Eastern Mudminnow, Umbra pygmaea 1

Chain Pickerel, Esox niger 2

Carp, Cyprinus carpio 32 5 2

Golden Shiner, Notemigonus crysoleucas 4 15 4 4

Shiners, Notropis so. 2

Spottail Shiner, Notropis hudsonius 6

Creek Chub, Semotilus atromaculatus 2

White Sucker, Catostomus commersoni 1

Creek Chubsucker, Erimyzon oblongus 4

Brown Bullhead, Ictalurus nebulosus 1 2 2

Pirate Perch, Aphredoderus sayanus 2

Banded Killifish, Fundulus diaphanus 42 5

Banded Sunfish, Enneacanthus obesus 6

Pumpkinseed, Lepomis qibossus 2

Tessellated Darter, Etheostoma olmstedi 2

Snapping Turtle, Chelydra serpentina 1

Leopard Frog, Rana pipens 1 1

Green Frog, Rana clamitans 1 2

Bullfrog, Rana catesbeiana 1

Total Kinds 8 8 1 2T 2 5 4 A
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2. Pumpkinseeds were seined from Hip's Folly pond on the upper
reaches of the West Branch to South Run and placed in hardware cloth
cages (8 fish per cage) at each of the stream stations. Table G-29 lists
the mortality of the pumpkinseeds over an eight day exposure period.
Survival was best in a small tributary (Station 2A) to South Run. The
sunfish survived well in the stream reach between the Ft Dix outfall and
McGuire outfall. This indicates that the 'lack of native fish is due to
toxic discharges not observed during the field survey or chronic discharges
that make the stream untenable over longer periods of time than the eight
days. Immediately downstream of the McGuire outfall, all fish died within
three hours. The McGuire effluent was acutely toxic to fish. Bioassays
using the same species in the effluent prior to chlorination revealed no
toxicity and no mortality. The high chlorine residual in the effluent
effecitvely kills most stream biota. Mortality of the pumpkinseeds was
about 50 percent after eight days in Crosswicks Creek at Station 5. There
was 80 percent mortality at Station 5 which is explained by the data
showing an oxygen depletion at that point in the stream. Conditions for
sunfish survival were improved downstream below Oakford Lake. The
pumpkinseed mortality in Jumping Brook likely is a result of nonadaptability
to the low pH. The high mortality in North Run is unexplainable since the
same species was collected in that stream.

E. PESTICIDE RESIDUES IN FISH

Several fish were selected for preliminary screening of the
persistent, organo-chlorine pesticide residues. Results of these analyses
are listed in Table G-30. Residues of the ubiquitous DDT and metabolites
were present in all species. The concentrations of DDT and metabolites
ranged from 0.028 to 1.316 jig/g. The U.S. Department of Interior's
National Pesticide Monitoring Program found 6.47, 4.89 and 3.71 ppm DDT
and metabolites in brown bullheads in 1967, 1968 and 1969, respectively,
from the Delaware River at Camden NJ (Henderson, et al, 1969 and 1971).
The residue of DDT and metabolites found in the Brown Bullhead from
Crosswicks Creek was 0.398 ppm. This concentration is quite low. The
chlordane and PCB levels were also very low.

F. BACTERIOLOGICAL ANALYSIS OF RECEIVING WATERS

1. Concurrent to the bacteriological analyses being accomplished
on the STP effluents, similar studies were being performed on samples
taken from each of the receiving water and control stations. This study
was designed to determine whether the sewage outfalls affected the sanitary
quality of the receiving waters.

2. Samples were collected at each station for ten consecutive
days and analyzed for total coliforms, fecal coliforms and fecal
streptococci by the membrane filter technic as referenced in Materials
and Methods, Appendix B. Problems with incubation temperatures and culture
media for the fecal streps invalidated many of the analyses. The New
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Table G-29. Mortality of Pumpk-inseed.,(Lepomis gibossus) Caged
in Crosswicks Creek, Ft Dix/McGuire AFB NJ
September 1972

Percent of Fish Mortality
Hours of Fxposure

Station 2 3 24 48 72 96 120 144 168 192

1 - - 0 50 56 56 56 56 56 56

2 - 31 37 62 93 93 93 93 93

2A - - 0 0 0 0

_1 100

3 - - 25 25 31 31 31 31 37

_2 0 0 14 29 29

-3 38 100

4 - - 100

5 - - 37 37 37 50 50 56 56 56

6 - - 56 75 81 -

7 - - 50 50 56 62 69 75 75 93

8 31 37 50 50 50 62 62 62

'Located ten feet downstream of Ft Dix Outfall.2Located 30 feet upstream of McGuire Outfall.3Located 30 feet downstream of McGuire Outfall.
4 Cages vandalized.
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Table G-30. Pesticide Residues in Fish Collected in Crosswicks
Creek, Ft Dix and McGuire AFB NJ, September 1972

Pesticide {P/dn w..

Fish Station DDE DDD DDT Ch ordane PCB

Carp 5 .049 .038 .018 .227 ND

Brown Bullhead 6 .185 .163 .050 ND ND

American Eel 7 .026 .020 .032 ND ND

American Eel 7 .529 .394 .393 ND 1,314

Brown Bullhead 7 .011 .010 .007 ND ND

Jersey Department of Environmental Protection, Division of Water Resources
conducted a stream survey from 2 May to 21 September 1972 and published a
preliminary report in Octob-r 1972. The bacteriological data is summarized
and reproduced in this report for comparison with this Laboratory's
bacteriological examination of the waters.

3. Table G-31 summarizes fecal coliform findings. The New Jersey
Surface Water Quality Criteria for FW-2 waters specifies that "Fecal
coliform levels shall not exceed a geometric mean of 200/100 ml." This
level is grossly exceeded in North Run. The control stations had low
levels of fecal coliforms. The Ft Dix sewage plant effluent violated
this criterion with a geometric mean of 233 fecal Coliform colonies per
100 ml. This level dropped rapidly as evidenced by the low levels of S-3.
McGuire's sewage plant effluent contained low levels of fecal coliforms
(160/100 ml). The fecal coliform level was observed to increase considera-
bly in Crosswicks Creek. The source of these fecal coliforms was not
discovered.

4. In addition to fecal coliforms analyses were accomplished for
fecal streptococci and total coliforms. The presence of fecal streptococci
(Table G-32) indicates the presence of warm-N9ded animal pollution. The
fecal streptococci do not multiply in water,£0o therefore, increases of
fecal strep bacteria in the stream is a result of additional pollution.
Control Station S-2 had high levels of fecal strep indicating fecal
pollution from animals, possibly pets. Fecal strep concentrations were
very low in South Run, but high in Crosswicks Creek. This indicates
contamination of Crosswicks Creek by either wildlife or domestic animals.

G-68



Table G-31. Data Summaries of Fecal Coliform Analyses of
Receiving Waters and Sewage Plant Effluents, Ft Dix
and McGuire AFB NJ by EHL/K (September 1972) and NJ
DEP (May-September 1972)

Fecal Coliform
EHL/K NJ DEP

Station NI  Range GM N Range GM

s-7 7 50 - 19,600 2,475 9 80 - 1,300 418

S-1 6 10 - 40 21 5 <20 - 330 <35

S-2 7 80 - 2,500 203

D-7 6 20 - 1,100 233

S-3 7 20 - 6,400 137

M-6 6 20 - 1,000 160

S-4 7 20 - 3,500 168 8 50 ->24,000 >261

S-5 7 20 - 2,600 301 9 80 - 17,000 811

S-6 7 80 - 16,000 628 9 170 - 16,000 952

S-8 7 20 - 8,000 226 9 80 - 2,400 821

'N = Number of Samples
2GM = Geometric Mean
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Table G-32. Data Summaries of,Fecal Steptococci Analyses of
Receiving Waters and Sewage Plant Effluents, Ft Dix
and McGuire AFB NJ by EHL/K (September 1972) and
NJ DEP (May-September 1972)

Fecal Streptococci

EHL/K I NJ DEP
Station N1  Range GM21 N Range GM

S-7 2 1180 - 2480 1711 9 22 - >2400 >252

S-1 2 <5 - 220 <33 5 23 - 350 73

S-2 2 780 - 1100 926

D-7 2 <10 <10

S-3 2 <10 - 20 <14

M-6 2 <10 - 30 <17

S-4 2 <5 - 10 <7 8 8 - 350 47

S-5 2 110 - 760 289 9 8 - 3500 175

S-6 2 140 - 700 313 9 140 - 1600 415

S-8 2 620 - 3440 1460 9 23 - 1600 413

T--Fi= Number of Samples
2GM = Geometric Mean
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The total coliform data (Table G-33 correlates well with the above
discussion, indicating heavy bacterial pollution in North Run, moderate
pollution of South Run, and heavy bacterial contamination of Crosswicks
Creek. The ratios of fecal coliform/fecal streptom5£i geometric means
are suinmariz.d in the text, Table G-34. Geldreich.1I states that in
wastes of human origin, the ratio of number of fecal coliforms to fecal
streptococci is greater than two-to-one, while such ratios for wastes
from nonhuman animal sources tend to be less than one-to-one. Application
of this theorem to the field survey data, indicates that S-1, S-2 and S-8
are not polluted by human wastes; S-7, S-5 and S-6 are possibly polluted
by some human fecal material; D-7, S-3, M-6 and S-4 show definite pollution
by human fecal bacteria.

G. EFFLUENT BIOASSAYS

The bioassay studies accomplished during this survey utilized
continuous-flow monitoring of effluent toxicity. Two species of fish
were used at each sewage treatment plant for these tests.

1. Experimental Animals

a. Fathead minnows (Pimephales promelas), which are the
standard test fish at the EHL(K), were obtained from the National Fish
Hatchery at Uvalde, Texas and flown in an insulated, aerated container
to ,Mcu-re AB/Ft D iX for these bioassays. Subadult fish ranging in
weight from 0.45 - 1.20 g (mean weight = 0.64, standard deviation = 0.190)
were used in these tests.

b. Pumpkinseeds (Lepomis 2bsus) were seined from Hips
Folly Pond (man-made reservoir, upper reaches of South Run) on Ft Dix for
in the bioassays. Subadult fish ranging in weight from 1.75 - 9.50 g
(mean weight = 5.75, standard deviation = 2.338) were used in these tests.

2. Bioassay Test Procedure

a. Effluent bioassays were dynamic-type receiving sewage
treatment plant final effluent (prior to chlorination). The effluents
were delivered to flow-through chambers where fish were exposed as
listed in Table G-35.

b. Controls were an integral part of the bioassays. Fathead
minnows and pumpkinseeds were held in well water from deep wells on McGuire
AFB under static conditions concurrent to the dynamtc tests. The water
was collected in polyethylene carboys prior to chlorination or any other
treatment. The control water chemistry is presented in Table G-36.

c. All bioassays were aerated to prevent low oxygen stress.
All exposure chambers were 1-gallon plyethylene containers and flow rates
were adjusted to 25 ml/minute to give 2.5 hours detention time.
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Table G-33. Data Summary of Field Survey Total Coliform Analyses,
Receiving Waters and Sewage Plant Effluents, Ft Dix
and McGuire AFB NJ, Septemb er 1972

Total Coliform

Station Ni Range - Geometric. Mean

S-7 7 1,700 - 126,000 44,778

S-1 6 20 - 16,000 547

S-2 7 16,000 - 100,000 39,820

D-7 6 4,600 - 21,000 7,382

S-3 7 200 - 88,000 11,590

M-6 6 2,000 - 240,000 10,292

S-4 7 100 - 120,000 16,769

S-5 7 6,000 - 69,00 31,988

S-6 7 29,000 - 135,000 54,305

S-8 7 2,000 - 102,000 29,824

'N = Number of Samples
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Table G-34. Ratios of Geometric Means for Fecal Coliforms/Fecal
Streptococci as Analyzed in the Receiving Waters
and Sewage Plant Effluents, Ft Dix and McGuire AFB
NJ by EHL/K (September 1972) and NJ DEP (May-
September 1972)

Fecal Coliform/Feral Streptococci Ratio

Station EHL/K NJ DEP

S-7 1.4 1.7

S-1 0.6 0.5

S-2 0.2

D-7 23.3

S-3 9.8

M-6 9.9

S-4 24.0 5.6

S-5 1.0 4.6

S-6 2.0 2.3

S-8 0.2 2.0
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Table G-35. Fish Bioassay Exposure Data, Ft Dix/MAFB Survey
Se tember 1972

No. Exposure No. Fish/ Exposure Time
Chambers Chamber -(Consecutive Hours)

McGuire AFB I
Fathead Minnows 5 5 175
Pumpkinseeds 4 6 114

Ft Dix
Fathead Minnows 1 25 96
Pumpkinseeds 1 25 96

d. Bioassay test fish were counted as dead when gill
movement ceased and no response was elicted to touching.

Table G-36. Chemistry of Control Water From Deep Well on
McGuire AFB Used for Fish Bioassays

pH 6.6 units
Alkalinity 44.0
Color 20.0
Turbidity 2.0
Hardness (CaC03) 144.0
Dissolved Solids 120.0
COD 0.0
Kjeldahl Nitrogen <0.5
Ammonia Nitrogen <0.1
Nitrites <0.1
Nitrates <0.1
Phenols 0.015
MBAS <0.01
Chromium <0.05
Hexavalent Chromium <0.001
Copper <0.02
Aluminum 0.48
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I. McGuire AFB Inventory

Following (Tables H-I - H-4) is an industrial waste source inventory
for MAFB compiled by the MAFB Bioenvironmental Engineer. The data are
compiled by building number, the generating activity, approximate volumes
of each contaminant when known, and the methods of ultimate disposal.
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TABLE H-i
INDUSTRIAL WASTE SOURCE INVENTORY, MAFB NJ

BLDG FUNCTION CONTAMINANT DISPOSAL

17-08 Fire Dept Oil Drums to Salvage

PAX Term Detergent 6 gal/wk

Cafe Rewatd-Chlorinated 30 lb/wk Sanitary Sewage
Rapid-Dri 2 gal/wk Sanitary Sewage
Cleansing Powder 32 oz/wk Sanitary Sewage
Bleach-Na 12 qts/wk Sanitary Sewage
Ammonium Hydroxide 12 qt/wk Sanitary Sewage

17-32 Flt Contr Boraxo Sanitary Sewage
Floor Wax 1 gal/wk Sanitary Sewage

Floor Wax Remover 1 gal/wk Sanitary Sewage

Oil 500 gal/wk Bowser
Fasolv Degreaser Oil Separator Into Sanitary
PD 680 27 gal/wk Oil Separator Into Sanitary
Alkali 55 gal/wk Oil Separator Into Sanitary

(6850-935-0995)
Carbon Rewover Oil Separator Into Sanitary
(6850-803-6420)

Detergent Sanitary Sewage
(7930-999-2417

18-23 Fuel Sys JP-4 Fuel 10 gal/wk Oil Separator
Rpr

18-03 Protective Ketone Ft Dix Landfill
Coatings (6810-281-2762)

Lacquer Ft Dix Landfill
Dope Thinner
Water From Sprayer Upon Grass

18-16 Prop Maint Oil Bowser

Varsol Bowser
PS 66 Bowser
Speedy Dri Dumpster
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TABLE H-2

INDUSTRIAL WASTE SOURCE INVENTORY, MAFB, NJ

BLDG FUNCTION CONTAMINANT DISPOSAL

18-17 Eng Shop Oil Bowser
Fuel Bowser

18-09 Rail Shop Naptha Evaporation

18-11 Ni Nat Guard Cleaner MIL-C-25769 Sanitary Sewage
Oil Bowser
Varsol Sanitary Sewage
Gunk Sanitary Sewage

26-04 Consol Dine Compound 5,400 lb/mo Sanitary Sewage
Hall (7930-531-7847)

Rinso 24 gal/wk
(7930-619-9575)

Powder 24 cans/wk Sanitary Sewage
(7930-243-5940)

22-01 Acft Cleaner 175 Sanitary Sewage
gal/wk (685-
935-0995)

22-02 Acft Cleaner Com- Sanitary Sewage
pound 1 ga/wk

22-03 Oil Oil Sent to Bldg 22-01
Oil Separator

22-05 Fuel Bowser to POL
PS-661 Solvent Ramp Drainage to Oil

Separator

22-40 Acft Corros M.E.K. 20 gal/wk Into Floor Drains to Oil
Control PD 680 800 gal/wk Separator & Then to
Washrack Toluene 10 gal/wk Sanitary Sewage

Acft Cleaner 200 Note: Soluble & Miscible
gal/wk Compounds Bypass the Oil

Turco MIL 25769F Separator.
330 gal/wk

Stripper 35 gal/wk
(8010-815-2970)
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TABLE H-3
..... _ INDUSTRIAL WASTE SOURCE INVENTORY, MAFB NJ

BLDG FUNCTION CONTAMINANT DISPOSAL

22-50 Eng Oil 300 qt/day Bowser

22-51 Eng Oil 300 qt/day Bowser

32-09 Hyd Shop Hyd Fluid 25 gal/mo Bowser
Solvent 50 gal/wk Bowser

Surgical Soap Sanitary Sewage

IRAN Dock Oil Bowser

Aero Rpr Naphtha 1 gal/wk Evaporation
(6810-238-8119)

M.E.K. 5 gal/wk Evaporation
Sweeping Compound Ft. Dix Landfill
100 lb/wk

32-06 Refuel Maint JP-4 Fuel 300 gal/wk Underground Tank + Drain
115 AvGas to

145 AvGas
Aeft Cleazling Storm Drains
Compound 55 gal/
wk

34-28 Heater Rpr Paint Thinner 2 r-d1 ;Storm Drains
gal/wk

Fuel Oil 2 gal/wk Ft. Dix Landfill
Acetone 2 gal/wk Bowser to Salvage

34-40 Heavy Equip Acft Cleaning Com- Storm Drains
Rpr pound

Oil 440 gal/mo Salvage
PS-661 27 gal/mo Salvage

33-37 Test Cell JP-4 Fuel Drainage Ditch to Stream
Oil
Hyd Fluid
Acft Cleaner 55 gal/
mo

PS-680 Bowser
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TABLE H-4

INDUSTRIAL WASTE SOURCE INVENTORY, MAFB NJ

BLDG FUNCTION CONTAMINANT DISPOSAL

34-101 Paint Shop Thinner 80 gal/mo Ft. Dix Landfill

Latex Paint Washed Into Stream

Oil-Base Enamel Ft. Dix Landfill

34-31 Power Prod Diesel Fuel 100 gal/wk Bowser

Maint Gasoline Bowser
Oil Bowser
Solvent Bowser

Acid-Battery Dilute 1,000:1 & Wash
Into Stream
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II. Fort Dix Inventory

Following (Table H-5) is an inventory of vehicle wash racks on Fort
Dix compiled by the Fort Dix Medical Department Sanitarian.
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TABLE H-5
INDUSTRIAL WASTE SOURCE INVENTORY, VEHICLE WASHRACKS, FT. DIX NJ

BLDG FUNCTION CONTAMINANT/DISPOSAL

5372 TMP 1. Drainage - Into storm sewer.
2. Cleaning Agents - Liquid soap approx 3

gallons/vehicle; 150 vehicles/day.
3. Discharge volume: 3450 gal/day.

4302 363rd Trans. 1. Drainage - runoff into dirt road.

2. Cleaning Agents - None.
3. Discharge volume: 900 gal/day.

4465 85th Yed 1. Drainage - Storm Sewer.
Bn. 2. Cleaning Agents: Liquid soap.

3. Discharge Volume: 207 gal/day.

5723 532nd MP Co. 1. Drainage - Storm.Sewer
2. Cleaning Agents: Liquid Soap.

3. Discharge volume: 500 gal/day.

5880 759th ie _ 1 DrainagBn Into sumD.

2. Cleaning Agents: Liquid soap.

3. Discharge volume: 690 gal/day.

5924 5th AIT Bde 1. Drainage into ditch in wooded area

behind washrack.
2. Cleaning Agent: Liquid soap.

3. Discharge volume: 2300 gal/day.

NOTES: 1. Cleaning Agents: Only soap used. Manufacturer of liquid soap

unknown. Also use solution of detergent, general purpose, Fed

Spec P-D-22A, Type I Powder, Manufactured by Edick Lab. Estimate '

3 gal/vehicle.
2. Discharge volume: Estimate based on approx 23 gallons of water

used/vehicle, since water is left running during washing of

vehicle. Maximum usage based on maximum number of vehicles.

3. Any oil, grease, etc., discharged into system comes from wash-

ing of vehicles.
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I. General

There are a number of advantages in returning treated wastewaters to the
land, including: reduced costs over advanced waste treatment schemes; the
soil-plant complex is an effective renovation media capable of using both
excess water and nutrients; less degradation of surface water courses results;
the treated waters are returned to the ground waters for reuse, and some economic
return may be realized through crop production. If properly designed and well
managed a land irrigation system will return renovated waters into either the
surface or sub-surface water resources. Land disposal systems may be used where
the waste contains pollutants which can successfully be removed through organic
decomposition in the soil-plant complex, and by adsorptive, physical, and
chemical reactions with earth materials.

A. System Objectives: Two approaches with differing objectives are
apparent.

1. Agricultural Irrigation: This approach involves the application
of water or effluent for maximum economic return from the cropping season.
In this approach water is used on a seasonal basis and is greatly influenced
by rainfall patterns. In this approach the amounts of water applied are generally
small in relation to the disposal need. Small scale agricultural irrigation of
the MAFB golf course is currently practiced, using chlorinated effluent from the
sewage treatment plant.

2. Effluent Irrigation: This approach is the disposal of the maximum
amount of effluent which can be renovated by the soil-plant filter without de-
trimental effects to the surface or ground water, soils or crops. In general,
the particular soil's permeability or hydraulic conductivity will determine the
amounts of water passing through the soil. However, the amount of application
will be determined by the capability of the plant-soil complex to remove potential
pollutants. In general, this approach also demands near maximum crop production
to insure maximum removal of pollutant materials.

B. General Considerations of Disposal Site Selection: The prime con-
sideration for site selection is the. ability of the organic and earth materials
to properly renovate the applied wastes. Particularly important with the
effluent irrigation approach are: the exchange capacity of the soils, soil
texture; drainage; bedrock; presence of fractures, porosity; the variable depth
to the water table, its direction of flow and rate of movement and its quality.

II. General Description of Burlington and Ocean Counties

-Most all of the Ft Dix Military Reservation lies within Burlington County,
New Jersey. The east third of the Reservation lies within Ocean County.
Essentially all of the Reservation, however, lies within the Delaware River
drainage basin. All discussions in this preliminary evaluation are limited to
Burlington and Ocean Counties. This should not necessarily imply that other
nearby land areas would not be acceptable for effluent land disposal, but the
scope of this work is presently limited, and time would not permit more extensive
investigations.
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III. Two Possible Disposal Sites

Two forested areas within the confines of federal boundries have been
suggested as possible sites for effluent land disposal. (See Figure 1-1)

A. Area One: One of these areas is in the southeast portion of the
Ft. Dix MiTtary Reservation and approximates 350 acres. This area is roughly
triangular in shape and is bordered on the south and east by the Reservation
boundry and on the north U. S. Highway 70. Both surface and ground waters in
this area are within the Delaware River Basin drainage area. The surface
elevation (0 to 5 percent slopes) ranges from 140 to 150 feet above sea level
and the high ground water table aquifer is between 10 and 20 feet below the
ground surface. The soils are generally sandy and the area is densely vegetated
with pine oak forest.

B. Area Two: The second area has similar characteristics, and is located
on U. S. Navy property on the common boundry between Ft. Dix Military Reservation
and the Lakehurst Naval Air Station Reservation and includes approximately 650
acres. This area is also roughly triangular in shape and is bordered on the west
by the common boundry of Ft. Dix and Lakehurst Military Reservations, on the south
by the southern boundry of the Naval Military Reservation and on the east by a
forest fire break on the Naval Reservation property. The ground surface elevation
(0 to 5 percent slopes) ranges from 100 to 150 feet above sea level. The high
ground water table ranges between 5 and 15 feet below the ground surface. The
vegetation is generally pine-oak forest and the soils are sandy. Most all of this
area falls outside uf the Delaware River Basin and is contained in the Toms River
Basin which flows to the Altantic Ocean.

IV. Preliminary Evaluation of Potential Disposal Sites

A. Location: The closest optimum location to the waste source should
be selected to minimize pumping costs, pipe costs, etc.

B. Adjacent Land Use:

1. General: The possibilites of blowing spray, ddors or other aspects
of spraying dictate the cirtical evaluation of adjacent land use. Areas where
housing or other building development exists or is anticipated should be avoided.
Particular attention should be paid to adjacent area ground water users to assure
that present or future downgradient beneficial uses of ground waters are protected
and properly monitored to prevent the use of any ground waters which may become
contaminated. Additional land areas near the optimum disposal site. are desirable
for future expansion.

2. Specific: Some beneficial uses of adjacent lands of Area 1 in-
clude public highways, U. S. Army communications units, and residential develop-
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ments. Area 2 is quite isolated and adjacent land uses are limited to military
field training operations. The general direction of ground water flow in these
two areas is toward surface water course drainage. No major potable water pump-
age is currently practiced from the ground water aquifer.

C. Climatology and Meterology

1. General: A number of weather/climate elements are considered to be
critical in certain phases of effluent land disposal operations. These elements
include: precipitation, average air temperature, freezing air temperature, snow
cover, ice cover, frozen ground, wind, relative humidity, and evaporation and
transpiration.

2. Specific: In general, the central portion of New Jersey has a
humid climate with re7atively long hot summers and comparatively mild winters.
Total annual precipitation approximates 42 to 48 inches. Long term records
show a rather uniform 3-5 inches of precipitation each month. The mean monthly
temperature ranges from approximately 32 degrees F in January to 75 degrees F
in July. The mean annual temperature is 54 degrees F. The average number of
days without killing frost approximates 150 days. The vegetative growing seasons
begins in late March and terminates in late November. Table 1-1 contains a
climatological data summary of records from McGuire AFB. Between April and
October approximately 190 days should be available for spray irrigation. Between
November and March a minimum of an additional 55 days should also be available.
In total, approximately 245 days each year should be available for spray irrigation.

D. Geology

1. General: Effluent disposal sites should be located in stable
geologicalform5ations that are not subject to collapse or to immediate induce-
ment of applied wastewaters to the ground waters. A knowledge of the geological
formations underlying a proposed disposal sites is very important in judging
the suitability of any site.

2. Specific: The bedrock geology of Burlington and Ocean Counties
varies from the northwest with complex unconsolidated sand silt and clay de-
posits to the southeast with few clay lenses. The surface geology varies in
the same direction from discontinuous Kansan (?) glacial deposites in the north-
west containing fine sand and silt to discontinuous Illinoian glaciation along
the Atlantic coast continuing a mixture of sand and gravel.

E. Soils

1. General: A knowledge of the detailed characteristics and depth
of soil is critical in determining the degree of applied wastewater renovation.
Most preferable foreffluent land disposal are deep, well drained, loamy soils.
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Extremes such as sands, silts, clays, and shaly and stony phases are generally
unacceptable. Coarse, sandy or gravely soils permit the wastewater to pass
through too quickly for adequate renovation, while soils with high clay content
tend to reject infiltrating water, resulting in excessive surface runoff,
elevated ground water table, and inadequate renovation.

2. Secific: Basically three major soil types prevail - Freehold-
Collington, Lakewoodand St Johns. All three are sandy in general composition.
The Lakewood soils predominate in the area of the Ft Dix Military Reservation,
and are formed on the dry sands of the seaward portion of the State. Most of
these areas remain in the pine-oak forest, and there is little of these lands
under cultivation. The permeability of these soils ranges from 0.2 inches per
hour (Freehold-Collington) to greater than 6.3 inches per hour (Lakewood).

F. Iiydrology

1. General: In conjunction with a proposed site's soil renovative
capacities, its hydrologic capabilities must also be evaluated. Subsurface
formations must have the capacity to transmit the applied water and renovated
effluent that has moved through the superficial soil mantle. When vertical
movement through the subsurface soil profile is restricted by impermeable soil
layers or seasonally high water tables, tile drainage or lateral movement may
permit continued operations. Upon reaching the prevailing ground water table
the applied wastewater can be expected to move laterally away from the site
with dilution and dispersion being the only continuing renovative processes.
Vertical mixing and dispersal into the water table normally will be minimal.

2. Specific: Precipitation is the source of all ground waters in
this area. In Ocean County about 40 percent of the precipitation infiltrates
to the zone of saturation. In Burlington County a smaller percentage of the
precipitation infiltrates to the ground water table since most aquifers are
presently undeveloped and essentially full. The ground water aquifer ranges
seasonally in elevation from the ground surface to depths of 40 to 50 feet
below the ground surface. In the areas where the St Johns soils predominate
generally a high water table prevails. The seasonal high water table for both
of the other predominant soil types is greater than 5 feet below the ground
surface. Available data on the ground water quality in this area reveals that,
in general, these waters are acceptable as primary drinking water sources.
Very little municipal pumpage of the ground water aquifer occurs in Burlington
County, while only slightly more pumpage occurs in Ocean County. Stream flow
in this area consists largely of base flow derived from ground water discharge.
During periods of little or no precipitation, base flow accounts for virtually
all stream flow.

G. Topography

1. General: A proposed site's topography must be adaptable to the
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agricultural operations, if any, to be'performed, the erosion control measures

installed, and the desired level of applied wastewater renovation of the dis-

posal system.

2. Specific: Most of the land in these areas is less than 220 feet

above sea level, 7loping south easterly from a maximum of approximately 200 
feet

in the northwest to the mean sea level along the Atlantic coast.

H. Agricultural Practice

1. General: Forested area, grasslands, and cultivated crop areas

are acceptable for effluent land disposal. Essentially there are no restraints

on the choice of vegetative cover with the exception that it should 
provide

high evapotranspiration, induce acceptable nutrients removal, and prevent erosion

from surface runoff. When agricultural use of a crop is anticipated, the species

to be used, the harvesting frequency the relative crop toxicities and nutritional

adequacies should be considered. System down-time for crop harvesting and re.-

planting or field maintenance should also be considered in the determination 
of

land areas required for storage and effluent disposal. Two forest vegetation

regions predominate in central New Jersey; oak-hickory in the northwest to pine-

oak in the north central to coastal region. The pine-oak region which pre-

dominates in these two counties is coincident with the infertile, droughty, 
sndy

soils.

2. Specific: Approximately 30 percent of the dvailable land ar.A of

Burlington County is dedicated to agriculture. The principal crops in Burlington

County are fruits, vegetables, cranberries and blueberries. Dairy farms con-

stitute -the bulk of livestock farming in Burlington County. Most of the area in

the vicinity of the Ft Dix military reservation is timberland. Agriculture in

Ocean County is a minor factor (less than 7 percent of the available land 
area).

Cranberries and blueberries are the two principal crops. Most agriculture in

Ocean County is related to the poultry industry. There are not significant

agricultural land irrigation systems in either county.

I. Vegetation

A variety of forage crops, especially certain grasses have been

studied extensively under effluent disposal practices. The crop production,

toxicities, nutrient removal capabilities and'overall responses to treated

sewage effluent irrigation have been documented. The use of woodlands as

an area for waste disposal and as a means of nutrient removal has not been

studied intensively. The Pennsylvania studies are recent and give clues to

what may be expected under certain conditions.

1. Nutrient Removal: Although trees may be expected to bring
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nutrients and water from greater soil depths than will other types of vegetation,
the actual removal of nutrients, particularly the nitrogen forms, may be expected
to be very limited since frequent harvesting of woodlands is not practiced and
nutrients are retained in the system ultimately building up in the recharged
ground waters. Elements recovered from the deep soil layers by the tree roots are
returned to the soil surface in the annual leaf fall. Even periodic tree harvest-
ing removes little of the nutrients because more than 95 percent of the nitro-
gen and ash constituents are in the tree foliage and young branches that remain
on the ground. The most efficient means of nutrient removal is through the re-
moval of annual forage crops. The buildup of nutrients in the ground waters may
be anticipated from predominantly sandy forest lands effluent irrigation disposal
operations, unless the system is designed to reduce the nitrates through de-
nitrification. Conditions favoring denitrification can be established by alter-
ing the sequence of irrigation applications to create short periods of soil
saturation thereby promoting the anaerobic evolution of nitrogen gas. The
tolerance of the tree species for these short periods of inundation would have
to be fully evaluated. Because phosphorous is readily fixed by most soil types
and held in an unavailable form, no problem with phosphorous accumulation should
be anticipated.

2. Evapotranspiration: Little is known about the evapotranspiration
of trees under continuous optimium moisture supply. The annual water losses for
pine-oak forests in the eastern part of the United States have been estimated at
between 25 and 35 inches. Under more optimum moisture conditions this evapotrans-
piration rate may be substantially higher. In the Pennsylvania studies, water
losses within the biologically active zone were estimated at I inch per week
during the growing season. Any water naturally or artificially applied to the
land surface in excess of those water requirements would be potentially avail-
able for ground water recharge. During the nongrowing season the potential for
recharge is greatest because both evaporation and transpiration are reduced.
The Pennsylvania studies concluded that at an annual application rate of 100 inches
the ground water recharge amounted to 90 percent of the applied effluent.

3. Toxicity to Trees: Some work has been done on toxicity in seedling
trees but little is known about element buildup in mature stands of trees. Many
variables come into play, including tree content, microorganisms and the inter-
action of the elements themselves. Hydrogen sulfide which is known to be toxic
to trees, may result from the anaerobic reduction of sulfates normally found in
treated sewage effluents.. Other possible toxicants would include chlorine, selenium,
boron, arsenic, copper, and sodium. At the Seabrook Farms operation in southern
New Jersey, a mixed oak forest was essentially converted to a marsh grass environ-
ment because of water saturation at the root zone.

V. Estimated Land Area Requirements

A. The total land area required is based on the time available in any given
year for land application. Wastes generated during non-application periods
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(during periods of excessive precipitation, freezing conditions, high water
table, etc.) must be stored. The total volume of wastewater from Ft Dix and
MAFB was estimated to be 1,642 million gallons per year (5,037 Acre-feet per
year). Figure 1-2 is a graph of land area requirements for varying periods
of available time for land application. (See Table 1-2). These data were
derived on the basis of certain assumptions.

1. Waste Volumes: Ft Dix - 3.0 MGD
MAFB - 1.5 MGD

2. Spray Irrigation Application Rate: 2-inches/week @ 0.25 inches
per hour for 8 hours per week.

3. Evaporation from storage ponds equals precipitation.

4. Storage pond depth: 10 feet.

B. Review of long-term climatological data reveals that between 27 to
35 weeks per year are readily available for spray irrigation. The total land

area required based on the above analyses would range from 1,368 acres (27
weeks) to 1,030 acres (35 weeks). Experience gained by the Pennsylvania pro-

ject involving land disposal in forested areas indicates that year-round (52
weeks/year) application may be possible in the area of Ft Dix and MAFB. For
design purposes, however, more conservative estimates of available application
periods are probably warranted.

C. The two proposed land disposal sites combined would provide approxi-
mately 1,000 acres. Provided at least 70 inches of treated waste could be
applied each year, (35 weeks at 2-inches/week) the two proposed areas combined
would provide sufficient land area.

VI. Applicable Standards and Criteria

Official standards for land disposal have not been adopted by the State
of New Jersey, Department of Environmental Protection (NJDEP) or the Delaware
River Basin Commission (DRBC). However, the DRBC has adopted (Dec 1972) ground
water quality standards (See DRBC Resolution No. 72-14, Atch I-1) and the NJDEP
has unofficial guidelines used in the evaluation of proposed spray irrigation
projects (See NJDEP "Elements of Submission for Approval of Spray Irrigation
Facilities," Atch 1-2).

VII. Conclusions

1. Available climatological data indicates that 27 to 35 weeks per year
are available for land disposal operations in the general area of the Ft Dix
Military Reservation.
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2. Two proposed parcels of federally owned lands combined would
provide the minimum estimated area required to dispose of the secondary sewage
effluents from Ft Dix and MAFB. These land parcels are relatively close to
the main cantonement areas and since they are federally owned and accessible,
right-of-way and easement costs for pumping and transport facilities would be
minimal.

3. In general, the climate, geology, and topography in these areas
are acceptable for land disposal operations. However, detailed on-site in-
vestigations of these or other proposed areas would be required to determine
assimilative capacities of the soil/vegetation complex, the critical hydrological
constraints, and the controlling system design considerations.
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Attachment I-I

Delaware River Basin Commission Resolution No. 72-14,
12 December 1972
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NO. 72-14

A RESOLUTION to amend the water quality standards in relation to protection
of ground water.

WHEREAS, protection of ground water quality in the Delaware
Basin is a necessary feature of water resources management, and will
contribute to environmental improvement generally; and

WHEREAS, the Commission wishes to augment its water quality
standards by the addition thereto of new provisions relating to ground
water, and a public hearing on proposed text of such provisions was held
by the Commission on November 8, 1972; now therefore

BE IT RESOLVED by the Delaware River Basin Commission:

1. The Commission's Administrative Manual, Part III, Basin
Regulations-Water Quality, is amended by the addition thereto of a new
Article 2-4 to read as follows:

Article 2-4

Ground Water--Basinwide

Section 2-4.1 Application. This Article shall apply to the
ground water of the Delaware River Basin.

Section 2-4.2 Description. Ground water shall include all
water beneath the surface of tie ground.

Section 2-4.3 Water Uses. The quality of ground water shall be
maintained in a safe and satisfactory condition for use as domestic,
agricultural, industrial, and public water supplies, and as a source of
surface water suitable for recreation, wildlife, fish and other aquatic
life, except where such uses are precluded by natural quality. Other uses
may be designated by the Commission.

Section 2-4.4' Ground Water Quality Objectives.

(1) Nondegradation of Ground Waters. It is the policy of the
Commission to prevent degradation of ground water quality. In implementing
this policy, the Commission will require the best water management determined
to be practicable. No quality change will be considered which, in the
judgment of the Coimission, may be injurious to any designated present or
future ground or surface water use.

(2) Limits. The ground waters of the basin shall not contain
substances or properties attributable to the activities of man in concen-
trations or amounts sufficient to endanger or preclude the water uses to
be protected. Within this requirement, the ground waters shall be free
from substances or properties in concentrations or combinations which are
toxic or harmful to human, animal, plant, or aquatic life, or that produce
color, taste, or odor of the waters, Concentrations at any point shall not

'be degraded by the activities of man to exceed values specified by current
U. S. Public HealLh Service Drinking Water Standards.

1-15
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Section 2-4.5 Ground Water Quality Control.

(1) Controls. The processing, handling, transportation, disposal,
storage, excavation or removal of any solid, liquid, or gaseous material
on or beneath the ground surface of the basin shall be conducted in such
manner and with such facilities, in accordance with such regulations and
requirements as 'the Commission may prescribe, as to prevent any of the
criteria or requirements of this Article from being violated.

(2) Limitations.

a. No substances or properties which are in harmful or toxic
concentrations or that produce color, taste, or odor of
the water shall be permitted or induced by the activities
of man to become ground water.

b. Heat discharges which may adversely affect ground
water shall be regulated by the Commission.

C. Notwithstanding any other criteria or requirements of
this Article, the Commission may establish requirements,
conditions, or prohibitions which, in its judgment, are
necessary to protect ground water quality.

d. Certain activities otherwise prohibited by paragraph (1)
of this section, such as approved solid or liquid waste
disposal systems or fertilizer applications for farming

.a t ices, may be permitted suhet to Sc, h ,, qi e.-n

as may be prescribed.

2 This resolution shall take effect immediately.

Mari eK. GA ar~d,
at Chirmp 1 roem

W. Brinton Whitall, Secretary

ADOPTED: December 12, 1972
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Attachment 1-2

New Jersey Department of Environmental Protection - Elements
of Submission for Approval of Spray Irrigation Facilities,
Undated.
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NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATER POLLUTION CONTROL

ELEMENTS OF SUBMISSION FOR APPROVAL OF SPRAY IRRIGATION FACILITIES

A. WASTE

1. Analyses of wastewater for color, odor, pH alkalinity or
acidity, nitrite N, nitrate F, aimonia N, total N, chloride,
suspended and total solids and ash, P0 4 , detergents, phenols,
COD, ether solubles, hezvy metals (specific), total and fecal
coliform and 5-day BOD should be submitted wherever applicable
or possible.

2. Information should be provided on waste generation including
a detailed summary of the processes or treatment methods
involved, changes in character of the waste, rate of genera-
tion and fluctuations thereof on seasonal, daily and hourly
bases, and the ability of the waste generation rate to be
controlled without: substantially disrupting plant operations.

3. Any anticipated changes in the character or generation of
waste should be outlined in detail including, where relevant,
population data, changes in treatment facilities, and/or
changes in type ori scale of industrial processes.

4. Technical and economic studies should be provided demonstrat-
ing that spray irrigation is either the only or the most
satisfactory means of waste disposal.

B. SPRAYING SITE

l. DocumentaLion of the'applicant's ownership of the land to be
utilized or, alternately, permission to do so must be
submitted. Information on zoning and value of the land,
developement of land in the area, and the applicant's possible
future need of land for expansion should be included in orderto establish the continued availability of the spraying site.

2. Documentation must also be provided which will show that local
health authorities,are aware of and will permit the'proposed
spray irrigation.
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3. Any other uses of the spraying site should be specified.
Those include farming, grazing, recreation and disposal of
solids. If crops are grown, a description of farming
procedures should be provided giving the types of crops
grown, the types, frequencies and amounts of pesticide
and fertilizer applications, and information on harvesting
or picking of crops stating periods involved and whether
spray irrigation must be curtailed. The applicant should
also specify any restrictions on the use of the land and the
present and anticipated uses of adjacent lands.

4. A map should be submitted showing the spraying site, the
spraying region or fixtures, the buffer zone and any
naarby residences or businesses.. A 500 foot clearance in
all directions is required, but if weather data indicates
that there is a prevalent wind direction, it is desirable
to provide additional clearance in the downwind direction.
It may also be permissible to relocate the spraying area
upwind in order to dos o. An evaluation of possible odor
problems should be included.

5. Security provisions at the spraying site should be out-

C. ASSIMILATIVE CAPABILITY OF SOIL

1. The soil strata should be evaluated in relation to the spray
irrigation fields. This should include an interpretation of
Soil Conservation Service data plus the results of site
borings. Data submitted should also include the permeability
of the soil before spraying (and after if this can be
determined) and the presence of. any clay layers.

2. The applicant should also provide an evaluation of the bedrock
geology in relation to the spray irrigation fields.

3. Data should be submitted describingthe prevailing hydrologic
conditions in the area of the spray irrigation fields.
U.S.G.S. readings should be included along with the results
of sampling at least one on-site well. All uses of ground-
water in the area should be specified.

4. Analyses should be performed on groundwater obtained from
potable water wells located in the down gradient of the
spray irrigation fields.
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5. An evaluation should be made of the possible effects of the
effluent on the soil strata and groundwater of the sprayirrigation fields. This should include the effects of soil
microbial activity upon the efffuent and the degree of
filtration of solids during percolation. An oxygen balance
should also be performed for the system using effluent CODdata. One very iraportant consideration is the possiblebuildup of nitrates in an underground potable water supply.

6. Effects of seasonal and daily weather variations upon theoperation and performanoce of the spray irrigation fields
should be determined. National Weather Service rec6rds
for five or more preceeding years should be included. Periods
of frozen ground (temperatures below 25*F) should besummarized by frequency, duration.and durations of thawing
intervals. Precipitation data should also be included andanalyzed, particularly if trucks are used for transporting
or spraying effluent.

D. SYSTEIM DESIGN

1. The means of transporting and distributing waste should be
explicitly described, preferably with construction plans.

2. The spraying sequence including loading rates, land
utilization scheme, and basic spraying technique should
be described.

3. The system's ability to function during inclement weather andunder other adverse conditions such as power failure must
be demonstrated. Data indicating sufficient holding capacity
and commensurate accelerated spraying performance should be
correlated with weather data in order to do this. Freezingof liquid in pipes is an important consideration if the
system is not to be used continually. Backup trucking-and/or
pumping systems must be available.

4. The number of personnel involved in the operation and mainten-
ance of the system should,be specified.
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E. SYSTEM PERFORMANCE

1. A format for monitoring should be provided. This should
include a listing of on-site and off-site wells, surface
waters and system effluents to be sampled, the frequency
of such sampling and the tests to be performed. A map
showing test wells should be submitted.

Douglas F. Wright
Enforcement Unit
Bureau of Water Pollution Control
New Jersey State Department of

Environmental Protection

E46: imk
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