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Lo +JTRODUCTION

The fire fighting training program'for U.S. Navy personnel includes field ex-
ercises involving the extinguishing of oil fires burned on the surface of water
pools. A 6% solution of the chemical compound known as "Aqueous Film Forming
Foam" (AFFF), frequently referred to as "light water', is used alone or in a com-
bination with Purple K Powder (PKP), potassium bicarbonate, to extinguish the fire.
The Fleet Training Center Flre‘Flghting School in Norfolk, Vlrglnla, conducts varlous
shipboard fire tralnlng exercises for U.S. Vavy Atlantic Fleet personnel. In addition

“'to open tank flres, other ‘simulated shipboard type structures are utlllzed for fire

training. The exlsting Flre Flghtlng School Facilities (FFS) are located adJacent

r:to the Hampton Roads anltatlon Dlstrict s (HRSD) Army Base Wastewater Treatment Plant,

ia publicly owned treatment works (POTW)

Construction.of 1$2 8 mllllon f1re flghtlng school has been completed on a site -

“fadJacent to the ex1st1ngﬁschool.,(Flgure 1). New shipboard and 31m11ar open pool

~air and water em1331ons.3 An existlngfstructure, No. 9 Aircraft Flight Deck, has been

‘rétained and 1nterfaced with the new acllltles. (Flgores 2 and 3).

wastewater pretreatment;system.-~Wastewater generated from fire flghtlng exercies

treatment system, consistlng of grav1ty oil/water separatlon with mechanlcal 011

removal followed by chemlcal addltlon and dissolved air flotation (Figure 4) would not
be sgitable for direct discharge. Further biological or phy31callchem1£al treatment
would be necessary to.redoce the organic content of the waste. Prior work indicated
additional treatﬁent could effectively be accomplished ia conjunction with either

1

sanitary or organic- industrial wastes in a biological wastewater treatment system.






‘Praviots treatability work in the area of AFFF and fi;e fighting school waste
providad considerable information on the treatability and toxicity of pure AFFF, but
little was available on the actual fire fighting wastewater that wogld be generateo.
The best available information relative to the disposal of wastewater containing AFFF
can be summarized as follows:2~/

a. AFFF is toxic to oyster larvae above 100 mg/l and to fish .above 1000 mg/1.
Limiting concentration for biological treatment.éystems under Eonditions of continuous
feeding and/or shock loading has been determined.. » :
's~;;;3' b. There is no standard analyticai ﬁethod for measuring AFFF'concentrations in

fﬁhixed wastewaters at concentration'levels in the expected range.

c. " There ie-ho-oischarge standard for AFFF concentrations in treated effluents.
“There are no.huﬁan health exposure standards forrAFFF. Dilution has heearthe common
pfactlce for disposal of AFFF contamlhated wastewaters. fh'f;or: 2

i d. The fea31b111ty of recovery and reuse technology for AFFF has not been

.o e. -AFFF contaihs a high percentage of surfactants and a small percentage of

ihorocarbons. A.typ1cal analy51s of the AFFF used in this study shows a BOD (S—day)
f 210,000 mg/l' CcoD of 500,000 mg/1; Surfactants as MBAS of 41,000 mg/l.v

£, Wastewaters from fire flghtlng schools contaln hydrocarbons (fuel 011) -and

BACKGROVUN";I‘)}
In August, 1976 application was made to thevHampton Roads Sanieatioh District
;g’for acceptance of wastewaters generated by the new Fire Fighting School (FFS).
Afrer reviewing all current available data on the anticpated effluent
quality, treatability and toxicity of the waste, HRSD requeste& that th; Navy con-—
duct additional treatability and bioassay studies on the FFS wastewater. The objective
‘of these studies was to further characterize the effluent . quality, degrad—

ability and toxicity both before and after the FFS wastewater has undergone con-—

ventional pure oxygen biological treatment; and to determine if the FFS wastewater
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pretreatment scheme would meet the HRSD requirements and pretreatment llmlts.'

(Table 1). The requirements were to preclude upsetting the HRSD biological

pure oxygen treatment facility and increasing the toxicity of the POTW effluent.

This study indicated that chemical coagulation and dissolved air flotation pre-

treatment will allow the FFS to meet all existing HRSD standards.

To provide the necessary information requested by HRSD, the Civil ﬁngineering

Laboratory (CEL), Port Hueneme: CA in coordination with the Atlantic Division, Naval_
~‘Facilities Engineering Command, Norfolk, VA, developed a test and evalnation program-
" for resalution of theléastewater problem; As shown in'Figure S35 theistudy was »

d1v1ded into three maln parts, namely, (a) chemlcal addition avd dissolved air

hfloatatlon (DAF), (b) Unlon Carbide's UNOX pure oxygen process to simulate the POTIW,

*frand (c) oyster larvae bloassay tests. Bench scale Jar tests were conducted to define

optlmum cnemlcal dosages by Puricons, Inc. of Berwyn, PA. In-house support was"

prov1ded by the Dav1d W. ‘Taylor Naval Ship Research and Development Center (NSRDC)

: Annapolls, MD, and the Naval Research Laboratory (NRL), Washlnaton, DC. Contracted

= work and their assocxated tests were as follows:

Contractor Test

Chemical addition and coagulation.

Southeast Applled Research (SEAR)

‘New Orleans, LA Chemical addition coagulation.

‘The Plelkenroad Separator Co. i) o
Houston, T A Chemical addition, coagulation/and DAF.

nion Carbide Corp. ,“
;v‘Tonawanda, NY

UNOX process.

“Bionomics (EG&G), Pensacola; FL Oyster larvae bioassay.

TT 1. DISCUSSION _ : 2
a. Wastewater generation - Structure No. 9, Aircraft Flight Deck, was selected

for evaluation in this study as the worst case condltlon, as this structure will
utilize the largest volume of AFFF in the new FFS. The structure is 50 feet in

diameter and approxlmately 1.5 feet deep containing an average of 20,000 to 25,000







gallons of water. Water is used to'support the %-% inch pad oil layer burned during
the fire exercises. Varying quantitiee of gasoline are applied to the pad oil before
each fire exercise to ignite this oil.

After gasoline ignition, the pad oil burns until 60 to 80% of the pit is ignite&_
{preburn). The fire fighting teams then advance on the structure to extinguish the
oil fire. (Figure 6 and 7). Wastewater generated during 3 to 4 such fire cycles

comprises a complete training exercise. The existing FFS was operated by Fleet

Training Center personnel in a manner to simulate proposed procedures and conditions

expected in the new'facility.

b. Dlssolved Air Flotation (DAF) - The Pielkenroad Company operated the 10

: PM pilot dissol"d alr flotation (DAF) unit for the study. To optimize the DAF -

pretreatment portion:of the study, bench scale jar tests were performed on FFS

astewater by Puricons, Inc., to obtaln optlmum chemical dosages for coagulatlon/

locculation and flotatlon of the wastewater.,

i Ca Surfloc‘Process - Southeast Applied Research (SEAR) tested their proprie-

ary flocculantiald Surfloc, in the DAF process. NSRDC and NRL provided technical

upport in the areaiof chemical additlon.

d. Pure Oxygen Biologlcal Treatment System - Bench scale operations for the

_.Ey; A single stage pilot scale unit was utilized to conduct biological oxidation

reatablllty studieshw

e. Aralytical Work 8’9’10 ~ Primary analytical parameters for monitoring

iunit process performance were Chemical Oxygen Demand (COD), Biochemical Oxygen

Demand (BCD), Total Suspended Solids (TSS), Surfactants as Methylene Blue Active

Substances (MBAS), oil and grease (0/G), and pH. Oyster larvae bioassay of various

samples utilizing embryos of the eastern oyster (Crassostrea Yirginica) were per-—

- formed at the Bionomics Laboratory in Pensacola, Florida.
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IVq FIRE FIGHTING SCHOOL WASTEWATER CHARACTERIZATION

‘

‘Based on infofmation collected by.the Fleet Training Center, Norfolk, VA,,
projected daily wastewater generation rates and concentrations of AFFF in the
anticipated overall fire fighting school wastewater are shown in. Table 2.

. Predicted flow rates in the new FFS of 25,000 to 50,000 GPD were utilized.

for design purposes.. The 50,000 GPD is an extreme figure but is used as a basis

LS

= “
for the study and ultimate design to account for peak flow periods.

The proper concentratlon of AFFF in water for fire extlngulshlng is 62., The

»pro;ected concentratlon of 1.8% in Table 2 1nd1cates that dilution from the water

'smoke abatement system, wastewaters from other fire. fightlng tralnlng structures

=

ot utilizing AFFFﬂﬁand mlscellaneous coollng waters will dilute the overall ratlo

"_f_,,_’AFFF to FFS wastewater in the full scale facilities.

No correlatlon exists between the preburn time and

re presented ins Tablj_3

he structure d1d ‘no interfere with subsequent fire flohtino events. The average

Table 5 characterizes the FFS waste for nutrients and sulfate. The level of

S o

rients in the waste was low; however, sulfate levels did increase i the DAF

.~ effluent waste stream. The fluorocarbon solubilizing group is, most often, a

_ sulfonate compound (i.e., sodium fluorocarbon sulfonate) where the sulfonate group

is soluble in water with the fluorocarbon group soluble in fuel or 0il.3 1Increased







sulfate levels are thought to result from the breakdown of the solubilizing group in
the DAF treatment process and from the sulfate associated with influent oil and grease
particles. Table 5 presents the average'level of heavy metals'measured in the waste-
water.which are insignificant for discharge to a POTW.
The AFFF compound is produced under Military Specification and is characterized

by a stable fluorocarbon tail which can either be organic or inorganic, anionic,
- cationic, nonionic, amphoteric, water soluble and/or oil soluble.' ln addition to

the AFFF contribution, polluants generated from the combustlon of the oil, (i e.,
particulates, heavy metals, BOD, COD, ete.) result from this fuel oil’ and the -
gasoline used. The pure AFFF compound (3-M's FC-206), used during the course of
'_thls study, has a COD value of 590 000 mg/1, a BOD value of 210,000 mg/l and a sur-
;.factant value of 51, 000 mg/l as MBAS.. The loglcal assumption was;that the values of
T-BOD COD and surfactant would increase in the 25,000 gallon water pool in Structure
1‘9 after each event. On October 35 1977 after 21 fire fighting events, the values_'»'.

A-of BOD, COD and surfactant in the burn plt should have been approximately 9, 000

”6 000, and 600 mg/l, respectlvely. However, as shown :in Table 4 ‘actual. readlngs were

fabout 3% OOO 4, 000 and 30 mg/l A substant1a1 amount of the AFFF -as measured by these

parameters, remained: assoclated with the floatlng 0il layer. Wastewater was collected.

_»from the surface overflow at the structure and from a center draln after each fire

- event to simulate the new school operation.:

o 5 =28

frﬁ. BENCH SCALE COAGULATION OF FFS WASTEWATER .

Standard jar tests were performed by Puricons Inc., Berwyn, PA, ro‘determine
which coagulating and flocculating agents that would provide the best remonal_of
pollutants from the FFS waste. Optimum dosages were determined for alum as the prime

E 4 4
coagulant and two types of cationic, anionic, and nonionic organic polymers. The alum

was selected as a primary coagulant based upon previous-work.1 The program determined

the effectiveness of varying dosages of alum, polymers and combinations of alum and

: polymers.







, FFS wastewater contains high levels of surfactants. Organic polymers may also
act as a Precipitating agent for surface>active materials of opposite charge. Hence,
higher concentrations of polymers, than are notmally used, were included_in the study.

Since alum imparted acidity to the FFS waste, addition of alkali in the form of
caustic soda (sodium hydroxlde) was necessary to maintain the optimum pH range (6 to

7) for flocculation. . .

The program was ori°1nally planned to study air flotation; but, in tests with
the first samples of FFS waste, the floc floated spontaneously w1thout air flotation.

The results: of the bench scale work are summarlzed below:

1. Alum (alumlnum.sulfate) appeared.to be an effective coagulant at 120 mg/l

SIS At %
S’wastewater and the reductlon of the levels of the various

,fof clarification'of

'(;;contaminants. Due- to he low alkallnlty in the wastewater, approx1mately 80 mg/l

"*of sodium hydrox1de was added to adjust the pH to the optimum 6 to 7 range.v

: :53- 2. There was n0r51gn1f1cant difference in the action of cationic, anionic and

7¥non10n1c polymers in comblnatlon w1th alum, with regard to the removal- of oil and

~ grease, COD, BOD and MBAS; Of the six polymers tested Purifloc N—ZO (Dow Chemical
,\Co ) a nonionic polymer and Mangifloc 835A (Amerlcan Cyanamld Co.) an anionic polymer

,'_excelled in p*oduclng compact floc together with alum.

‘3. - The only 31gn1f1cant effects of polymer addition, compared to the;use of

"‘alum only, are:

- the fofmation of a more conglomerated floc

- higherdéemoval of 0il and grease
No advantageslmere found in the use-of polymers as,floeculation;aids over the
use of alum only in theiremoval of BOD, COD and MBAS.
4. Use of Primafloc C-3 polymer without alum is possible, but at a much higher

dosage level. None of-the other polymers produced floc when used alone.

VI. DISSOLVED AIR FLOTATION - PTLOT PLANT OPERATION

The pilot DAF unit was sized to hold approximately 750 gallons of water. (Figure 8).






An influent flow rate of 10 GPM was used.resulting in an overall detention time of
appréximately one hour. The recycle rate of treated effluent was approximately 3.5
GPM or 357%. Pressure was maintained at approximately 75 psi. A schematic pf the
pilot plant arrangement isvshown in Figure 8. Adjustable chemical feed pumps were
used to introduce alum, polymer, and sodium hydroxide into the raw water before it
reached the DAF unit. »A baffled flocéulator, built into the DAF unit, afforded the
quiescent period necessary fo; adequate floc formation. g

Based up&n the jar testing program, alum at z concentratién of 120 mg/l was add;d

to the raw wastewater followed by either cationic or nonionic polymers at dosages of

3 mg/l. Sodium hydroxide was added to maintain a proper pH (6-7).

In the SEAR process, Surfloc chemical addition and sodium hydroxide were injectediﬂ

into the inlet sidefof”the punp with alum added in the outlet. Sodium hydroxide is

_used to improve the solubility of the Surfloc and was added to produce a desired inlet
. vater of pH 9. -Alum was added to further reduce the water solubility of the Surfloc =

~ which must be added as a sodium salt to achieve dispersion in the water. Additionally,

alum provides particle charge disruption for coagulation.
As shown in,Iab}e'é, no one chemical flocculation approach was. proven clearly

“more effective than another. Even with one approach such as alum plus cationic

- .polymer, there was:-an extreme vafiability in the data such as 28% to 74Z BOD removal .

"jF(i.e., 1000 to 360 mg/1)7in the éffluent and 16% to 60% COD removal. --0il and grease

jiifemoval is consistently high with 2418:mg/l, remaining for all runms except>whgn no
chemicals were épplied. | ‘ ‘ -

Comparison of Table 4 with fhe ?rétreatment guidelines, Table 1, indica;es com—
pliance of the DAF effluent, even for the worst case situation studied. However, a
‘surcharge may be applied for the high levels of BOD in excess of 250 mgfl.
" With the holding and equaiization capacity in the new FFS fécilities, AFFF and
other wastewater Eontaminants would be diluted from other wastewater sources.

The projected concentration of AFFF should approximate that shown in Table 2.







The ratio (0.5) of this projected concentration (1.8%) in the overall FFS facility

to the average concentration of AFFF used at Structure No. é during the course of this
study (4.1%) was used to predict the attainable effluent quality of the pretreated
wastewater. This predicted effluent from the overall FFS facility is shown in Table
e '

MBAS removal rates were on the order of 10 - 40% with effluent values.consist—'
.ently in the 15-50 mg/l range! One data-point.for the SEAR prdcess indicates 48 mg/1
effluent MBAS Vhich was higher than the influent valuevof 40>ng/l. This high MBAS
rﬁ.llevel indicates thatlthe Surfloc chemical was not effective in removing surfactants

from the waste.

. VII. SLUDGE CHARACTERIZATION . . iR 5

s

During the-cours#’of this study, float/sludge materlal generated in the DAF

treatment was collected and analyzed w1th the follow1ng results. ‘;‘5‘*

e T

a. Sludoe Qﬂa’tity‘— On average, 25 gallons of sludge material was generated

. per hour from 600 gallons of FFS wastewater. It was noted that this float/sludge

A

x

A 3 o) ¥ ' { T | .
{he il b e AR by A s e ) s o A e - e S ik e

(TablD 8) after th detentlon period ranged from 0.6% to 8. ZZ with an average of 4.4%.

Float material detentlon time is critical for volume reductlon. The cons1stency of

- the float materlal upon generatlon is such that only severe gravity slopes (1 vy

£ 245 ) were effectlve 1n transportlng this material from the DAF unit. A sludge

2 thickening (compactlon) tank has been provided adjacent to the DAF units in the new ‘

'_:FFS facility. Two relatiyely high MBAS levels on October 19 and 20 were obtained

«%~during tne operation with Surfloc in the SEAR process. The.average heavy metal content

© of the sludge, presented in Table 8, indicates low concentrations of metals which will
|
\
|

not limit sludge disposal options.






, , €. Sludge Dewatering - The pilot plant study did not include evaluations of alter-
native sludge treatment methods such as-thickening, mechanical dewatering, incineration,
land disposal, etc. vHowever, information was collected describing the sludge charac-
teristics (Table 8) to provide a preliminary'basis for design of a sludge:dewatering
systen.

Thickening of the float/§ludge material is hot an accuragf description of the
volume reduction process that occurred during the pilot study. The volume reduction.
process (Figure 9) is a foam collapse step rather than typicai gravity thickening. The

Ufloat material, wheﬁ héla for 4 to 6 hoﬁis, collaﬁsed from a 80% foam/20% sludge mixture

.. to a mixture contaiuing-approximately 10% foam and 90% sludge. »

o ‘d. Ultimate Sl&éée‘Disposal -‘Feésible sludge disbosal techniques pﬁder con-
~QSideration include oéjsite dewateri#g by mechanical equipﬁent or sand dfying beds,
fvéontract disposal vi;:Eruck hauling, direct discharge to existing sludge hanéling
w."ﬁ"f'va:é'i.li'ties, and inéingréfion and landfiii.g The direct'diséharge and,inciﬁeration méthods
5:aré cﬁrrently proposé“lfor the Norfqlk FFS. - The POTW has dewétering équipment and

'f;facilities within ﬁuﬁéihg distance of the Norfolk FFS. The direct ﬁumping of sludge

P £

-to‘the POTW for fiﬁalf;reatment is currently being discussed.

- VIII. PURE OXYGEN BIOLOGICAL TREATABILITY STUDY

Summary
. An eight week UNOi System treatability program was conducted to determine the

P - e

f;;ffects of FFS wastewater on a pure oxygenkactivated sludgeAsysfem to be éohstrncted
at the Army Base POTW:L The performancé of the oxygen activated sludge system, when
‘subjected to varioﬁs:&ilutions of FFS wastewater, was évaluated. The following
parameters were monitored during the study; 5 day BOD, COD, TSS, and the Methylene
: : T
Blue Active.Substancé (MBAS) removal capabilities of the system. The biomass éettling

and thickening characteristics of the activated sludge were also investigated.

B. Treatability Facilities and Process Monitoring

1. Treatability Facilities - A schematic diégram of the UNOX System treatability .
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reactor used is shown in Figure 10. Full scale UNOX Systems utilize a covered, staged
aeration basin for contact of oxygen gas and mixed liquor. High burity ox&gen (20-98%
by volume) enters the first stage of the system and flows concurrently with the waste—
water being treated. The treatebility reactor used in this study had only one un-
covered gas-liquid stage and was operated as a complete mix unit. The reactor contains
a sparger/impeller contacting unit consisting of a sparger for introduction of the high:
purity oxygen aerating gas and a marine type propeller used as®the primafy mixing
device. .

UNOX Systeme generelly:operate at lower pH leyels then do ait activated-sludge
system because the carbon dioxide which is generated by the metabolism of the biomass

“is prevented from escébing directly to the atmosphere in the covered tanks. The»gas

stpace composition of the«UNOX System vent is typically 10-15% CO (by volume)., The
;orrespondlng 1ncrea§e- n;dlssolved CO2 tends to depress the pH of the systemf How—d

d;eﬁer, the reaetor'ueed;”é.this study was open—topped. To simulate the mixed liquor

-Tgondigione of the fuii;;eéle Army Base system, an appropriate mixture of,CO2 and 02

.was fed to the reactor;Sd;that the pH of the system was maintained at the anticipated

- full scale pH of 6.5- 6‘ 8..

- Mixed liquor from, he b1010°1cal reactor flowed to a center feed clarifier whlch

1 contalned a perlpheralf

e;fluent weir. —The clarifier had a thickening area of

0 025 square feet for settled solids. Clarifier'underflow solids were withdrawn with

ca variable speed flnger pump for recycling. Sludge wasting was performed on a batch

7ba51s either from thefrecycle sludge line or from the mixed liquor.

'WJZ{; The wastewater wae‘pumped into the first stage by a variable speed flnger pump
150 that a range of feed tates, and a comparable range of liquid detention times, could
be simulated. 2

Both influent Army Bdse T.P. wastewater and FFS wastewater were flown to Union

Carbide daily. The two.streams were then combined in the appropriate proportions to

serve as the feed to the treatability reactor.
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2. Process Monitoring -~ The process monitoring for the UNOX treatability system

took twe forms: Analytical and Operational. Table 9 summarizes the analytical mon-
itoring and results obtained during the FFS study.

Operational monitoring took the form of measuring and calibrating influent and
recycle flow rates as well as monitoring sludge wasting. Determination of pH and ;
temperature on the influent, effluent and mixed liquor and dissolved oxygen
concentrations in the mixed l;quor were performed daily. Settiing éharaéteristiCS
and 30 minute settled volumeé with solids concentrations were also obtained. During
each phase of the treatability study, two gallons of refrigerated effluent Gere'sﬁipped

to the Bionomics lab for oyster larvae bioassay.

- C. Biological Treatment Phases:

Table 9 summarizes the UNOX pilot plant performance for all phases of the program.
‘?%The-treatability reactor was seeded on September 6, 1977 with activated sludge from
_w tUnion Carbide's Development Laboratories in Tonawanda, NY. For the first five days

- .. of operation (Start—-up Phase), the system was fed only Army Base influent wastewater.

 The average influent wastewater characteristics for the start—up phase were 258

“mg/1 BOD, 438 mg/1 COD, 0.57 mg/l Methylene Blue Active Substance (MBAS), and 152 mg/1

ZTSS. During this period, the system opeiated at a retention time of 2;52 hr at an
fé?e;age biomass_loading of 0.93 1b BOD/day/1b MLVSS, and 1.58 1b COD/day/lb MLVSS. :
i Effluent.quaiiﬁy?éuring-start—up avéraged 79 mg/1 BOD, 135 mg/1 cob,1d;i7<ﬁg/i
ﬁBAS.and é? mg/1 TSS, corresponding to BOD removals qf 727%, COD removals of 69Z, MBAS -
-~ﬁ:?emovals of 70% and TSS removals of 83%.
- The last two days of the étart—up period might be considered as ﬁhe Basis for
‘predicting the performance of the oxygen activated sludge system in the absence of

the FFS wastewater, altﬁough it is not known whether the sytem had achigved steady
’state after three days of.operation. Substrite removals were quite low over the entire
start-up phase; .By September 10, the effluent concentrations were 25 mg/1 BOD, 84
mg/1 COD, 0.07 mg/1l MBAS, and 18 mg/l TSS. These effluent concentrations indicatéd

that 887% of the BOD, 80% of the COD, 87% of the MBAS, and 897 of the influent TSS had

12






béen removed by the system.

Phase I demonstrated operation forveight days at 300:1 dilution of untreated FFS
wastewater. The total substrate removals during this phase averaged 737% for BOD,
75% for COD and 837% for MBAS; with final effluent concentrations of 42 mg/l BOD,
108 mg/1 COD, 0.09 mg/1l MBAS, and 29.mg/l TSS. The average biomass loadings during
this phase were 0.38 1b BOD/day/lb MLVSS and 1.0l 1b COD/day/lb MLVSS.

Phase II consisted of se&én days of operation with considé}able less dilution
(100:1 of IFS waste). The average loading during Phase II was 0.51 1b BOD/day/lb MLVSS
‘and 0.86 1b COD/day/lb MLVSS. Final effluent concentrations were 21 mg/l BOD. 86 mg/L

'COD, 0.11 mg/l MBAS and 15 mg/l TSS. This corresponds to 89% BOD removal, 76% CdD

"“I;removal and 812 MBAS removal. = v
' Phase III began on September 26 and continued through the remainder of the stﬁdy.
IFeed to the- treatablllty reactor con51sted of 50:1 dilutlon durlng this phase. Four

"fsubpnases of Phase III were deflned to evaluate FFS wastewater subjected to various

>5pretreatment«methods. During Phase IITI, untreated FFS wastewater was blended with

J*”iArﬁy Base influéntiﬁaste to serve as feed to the reactor. Effluent quélity during

'ffthese six days’ averaoed 65 mg/1 BOD 153 mg/l COD, 0.17 mg/1l MBAS and: 38 mg/l TSS.
5yIThe organic r,movals were 767% BOD, 76% COD, and 73% MBAS, while the biomass loadings
_'kaveraged O.66-IB{BOD5/day/lb MLVSS, and 1.59 1b COD/day/1b MLVSS." The.relativgly
.'p60r efflpenfﬁa&éIIﬁinwas the result of "solids bridging" in the clarifier. However,
if"the days on ﬁhiéﬁtSOIids bridging occurred are excluded from the anélysis, the

e average effluené'quélity improves significantly, as evidenced by the parenthetical values.

‘leshown in Table 9.

Phase III B-1 demonstrated operation for thirﬁeen days at'SO:l.dilution of FFS

- waste which was pretreated in DAF without chemical addition. The substrate removals

. during this phase averaged 83% for BOD, 71% for COD, and 70% for MBAS with final-
effluent concentrationsvof 50 mg/1 BOD, 139.m°/1 CoD, 0.19 mg/1 MEAS .and.39 mg/1 TSS.
The average biomass loadings during this phase were l 12 1b BOD/day/1b MLVSS and 2.14 1b

COD/day/1b MLYSS. Solids bridging occurred frequently during this phase.‘
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Phase III B-2 consisted of six days demonstrating performance at the same (50:1)
dilution of DAF effluent pretreated with alum and cationic polymer. The average
loading during Phase III B-2 was 0.26 1b BOD/day/1b MLVSS and 0.87 1b COD/day/lb
MLVSS. Final effluent concentrations were 40 mg/l BOD, 122 mg/1l COD, 0.14 mg/1l MBAS
and -42 mg/1l TSS. This corresponds to 73% BOD removal, 69% COD removal and 757 MBAS
removal. However, the rather high average effluent concentrations are primarily due
to one day of shock loadihg. ~If this day is not included in tLe average values,
the system may be considered to have produced acceptable effluent qualityAduring thie
phase (see Table 9). - -

DurinoiPhase III B-3, FFS wastewater pretreated in the DAF with Surfloc was

isiused. The blomass 1oad1ng durlng these eight days averaged 0.30 1b BOD/day/lb

5;e MLVSS, and O. 70-lb COD/day/lb MLVSS Effluent quallty for this phase averaged 16

3 mg/1 BOD, 54 mg/l COD 0.14 mg/l MBAS and 15 ma/1 TSS. The organie:re@ovaie were

92% BOD, .88% COD,gand 807 MBAS.Ew, oo . uipe et R

: - The mixed llquor settling ratee over the course of the entire study averaged 5.3

ft/hr at an average MLVSS concentration of 6,290 mO/l. The sludge_volume 1ndex (mg/gm)>;

averaged 43 durlng the study, 1nd1cat1ng very good thlckenlng propertles of the sludge.\;;
The results: ebtalned durlng thls portion of the study indicate that acceptable

effluent quallty may be obtalned.from the pure oxygen Army Base POTW with a dilution

‘of the untreated FFS wastewater by 100 to-‘Y, It appears that acceptable effluent

quality mayﬂalso»be»obtained at lower wastewater dilutions, when thelFFS wastewater is .

pretreated~by dissolved air flotation utilizing chemical addition.

IX. FIRE FICHTIVG 'SCHOOL OYSTER LARVAE TOXICITY STUDY

Toxicity tests were conducted to determine the effect of selected samples from the

FFS study on embryos.of eastern oysters (Crassostrea virginica). The crlterlon for

«ffect was reduction of the number of normal embryos (those which developed to the
fully-shelled, straight-hinged veliger stage within 48 hours) as compared to the
number of control embryos in various test concentrations. Results of each test

are expressed as a 48-hour EC50 (the concentration of effluent estimated to be effective

14






in preventing normal development of 50% of the exposed embryos).

11,12,13,14

A. Materials and Metho?s
1. Test material - All samples were stored at 5°C from time of receipt until
testing began. Concentrations are reported as percent (%) of test material in
seawater, based on volume: volume measurements. Sample description and a summary of
the toxicity data.ere shown in Table 10.
L "

2. Test Animals - Oyster embryos were obtained by induced spawning of adult

- oysters naturally condltloned in the field or at the Bionomics Marine Research

""Laboratory (BMRL) n”flowing, unfiltered seawater.

3. Test Cendltlons - Methods for testing with the 48-hour oyster embryos were '

All concentrations.and the control were triplicated. Test jars ééntéiﬁed 900

‘of’

alntalued at 20=f 1°C in a light and temperature controlled environmental chamber,

After 48 hoﬁrs bf’exposure, the embryos from each test chamber were collected in

37’pm sieve, rinsed into a plastic bottle with filtered seawater, and preserved with

neutralized formalln.? Tha number of normally developed counts of three* 1-ml subsamples

from' each triplicate'test concentration and a control-yielded a total:of ‘nine.counts. per

" treatment.
4. Statistical Analysis — When data were amenable to the moving average method of

.-analysis (Harris, 1959), this was used for calculating 48-hour EC50's and 95%Z

15






eonfidence limits. When data were inappropriate for moving average analysis, the 48-
hou; EC50's and 95% confidence limits.ﬁere calculated by probit analysis; that is,
each test concentratign was converted to a logarithm and the corresponding percenfage
reduction of normal embryos was converted to a probit-(Finney, 1971). The 48-hour

EC50 and 95% confidence limits were then calculated by linear regression.

B. Toxicity Data Analysis

e
Acute (48-hour) toxicity tests were conducted with embryos of eastern oysters on

- twenty samples collected from selected phases of the FFS study. In each test, the

"% number of normal embfyos in the control was compared to the number of normal embryos

‘ in the effluent concentrations and differences were expressed as percentage reduc-

;}oﬁ_of normal emﬁtyds. Then, a 48-hour EC50 was calculated, along>with 95% con-

. The toxicitj of the samples ranged across four ordersvof magnitude'(Table 10)

The most tox1c sample was FFSW - Pretreated (alum plus nonionic polymer) 10/27/77'
the 48-hour ECSO_was"0.06A. The least tOKlC effluent was FFSW - Pretreated (alum

pius cationic pdlymér), 10/18/77; the 48-hour EC50 was 51%.

Sl

Yo

- A Toxicity Potentlal Index (TPI) was defined in order to compare'thg toxicity.

W?data and is expressed.ﬁf

i Toxicity Potential Index (TPI) 0100
_ (% dilution for EC50)

& _'»g' r.-*»‘jv'f P

T BT

" In effect, thgznumerical‘value:oﬁ the computed TPI is thg numbgr,pf,times the
{particular sémplé-requires dilution to meet 1 x EC50 cfiﬁerion. 'The p;q§é§ed criferlgn
Ltq be met iSiQ;Qi;EEgb;; il i? _ S ; Srs 2 5 :
Indices were‘éalculated from the>toxicity data and plotted in Figures 11 and 12.
. . Figure 11 describes toxicity relationships of both untreated and pretregted FFS wasté.
All the FFS pretreatment variations reduced waste toxicity except the DAF test run
with alum plus nohionic polymer. The DAF test run withhalum plus cationic polymer
provided the bést reduction in toxicity on one run but rather poor results on another.

DAF with SEAR process provided comsistently gocd results.

16






Figure 12 presents toxicity data for untreated and treated sewage with and without
FFS waste. Note that untreated sewage toxicity is decreaseo in two cases by UNOX
treatﬁent to a level about 10 times the EC50. This, however, is still 1,000 times
the proposed.criterion. Addition of various:concentrations of FFS pretreated and
untreated waste to the UNOX process adds variability to effluent toxicity with the
best results providea ty the DAF with the SEAR's process.

A more conceptual view of these toxicity relationships is‘presenteqvin Figure
13; Relative toxicity is presented in the diamond shape. The vertical dimension is.
.'a measure of-the geao‘toxicity of a waste stream. The horizontal dimension is a

_measure of the variation in toxieity around the mean. (DAF with the SEAR's.process

“toxicity data were used for thlS analy31s) It is apparent that FFS pretreated

38675 e g ﬂ-_ £ v

N :M_;,.’.

imean tox1c1ty.ﬁfThe'result1ng UNOX effluent w1th FFS waste is on the same order as

P o 00 |

OX effluent w1th_v FFS waste. eIt is also 1mportant to note that FFS waste was

»added in a ratio. of 50 l for the biological treatability studies whlch assumes a FFS

aaste flow of 300 000 gpd which is 6 times more volume than progected from the new

TFS fac111ty. 5F104~ratevfrom the new facility will. be 50 to 100- gpm and the toxicity

ata 1nd1cates that the- blologlcal system can adequately treat these flows.~»..

* CONCLUSIONS

2. There oasinolsigoificant difference in the actlon of cationic; aniooic, and
nonlonlc polymers in combination with alum in removing oil and grease COD BOD, and
MBAS. |

3..The onlyrslgnificant effects of polymer addition at dosages of 3 mg/l are;
- the formation of a dense floc ‘

- higher removal of 0il and grease

17







No advantages were found in the use of polymers as flocculation aids over the use of
alum only in the removal of BOD, COD and.MBAS.

4. No one chemical DAF pretreatmeﬁt approach clearly provides consistent removal
of COD, BOD, TSS and surfactants, but all test runs comply with POTW pretreatment
requirements; . '

5. The DAF with SEAR's Surfloc addition provided consistent tox1c1ty reduction.

- -.

However, the DAF w1th SEAR Surfloc pretreatment tends to add surfactant to the waste—

water -

6. FFS waste had no effect on a pure oxygen blologlcal treatment system in

%

Env1ronm _tal Impact Assessment. Evaluate air pollutlon potent1a1 sdil A

absorotlon and blodegradatlon capac1ty and assess FFSW effect on 3011 mlcroorganlsms

~and vegetation.

A

6. Develop new AFFF formula: Investigate AFFF substitutes that are less toxic,
easier to dispose: of and are a more effective fire fighting agent. Develop new AFFF

formula for testing.
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TABLE 1. HRSD PRETREATMENT LIMITS

CALENDAR CALENDAR
MO. AVERAGE#* DAY MAXIMUM**
PARAMETER (mg/1) : (mg/1)
Arsenic _ 0.1 0.1
Boron 1.d o 30
Cadmium 5 . 0.1 - : 0.£
Chromium, Total 2.0 b 5.0
Copper o '  : 2.0 '>5.0
Cyanide : : : 0.5 | 3.0
é;Leé& £ 1.0 ‘ : £ 2.0
Mersuiy'; 501 : ., 0o02 - ﬁ RS _;
.Nic.i‘?l Bio v L o =i
f:iPhenﬁiié:EAﬁﬁo;ng;- VA 1.0. = 7 .71 .Z.OIA
- SilRar 0.25 0.5
;Zinq‘:v .2.0 .;- : 5.0
55011 % Greace (Noz;-Sapqq;fi;ble) 100 100
L»pH-‘ LSS 26.6~9.O bH‘units 23 6.0-9.0 pH units

:ﬁfi*" Average of éﬁ&jhumbér'of daily values obtained during a calendar month.

" #%  Maximum for any sample obtained during'any calendar day.






TABLE 2. PROJECTED AFFF & WASTEWATER GENERATION

AFFF (gal) Wastewater (gal) Concentration (Z)

Mondag i e dn. 134 S e Y0625 i o

Tuesday 3904 sl 24,100 536~ B

Wednesday 5212 o B, 185" Ltrr o 1A354 .
o~ 35,620 '

>1926;9







FIRE FIGHTING EXERCISES 3
' (FIRE RATE WAS 500 GPM FOR ALL FIRES CONDUCTED )

Date

Hose

Fire Cycle Time (min)@ﬁﬁﬁAFFF Usuge

Waste Volume
(gal)

'13:0ct 77 |

Connection¥

Close g

410 .
480 b
410 ©

433

18 Oct 77

Far '

425

440
425 7%

430

19 Oct 77

Close

600 -
455 1
750

601

20 Oct 77

Far

580
500
795

697

21 '0et.. 77

'Close

B

500
460
315 -

425

Avg_of ALl Fires Monitored (8/77-10/77)

Wl ' :
Close = Hoses connected to the closest hydrants near the AFFF proportioner,
Far = Hoses connccted to farthcuc hydrants from the AFTF proportioncr.

. NOTE: Approwinately 10 gal of AFTF were used per exercise (three or more ‘fire cycles) for nozzle check out and familiarization.
Included in final usage figures. AT 3 ¢ i .

431

Applied AFFF
Concentration (%)

-3






TABLE 4,

NASTﬁWATFR CHARACTERIZATION
AND - :

DAF _PILOT PLANT RtSULTS

OIL & GREASE

: 80D (a) CODb 58 SURFACTANTS AS MBAS pH
DATE ¥INF  EFF %R ' ¢ INF EFF 4R INF  EFF - ZR INF EFF. %R INF _ EFF %R INF EFF
9/30 : gl R :
No chemicals 425} +521,2:°16.5 22 7.3 215
10/14 T | - " e
* Alum only 1,648 124597 43 28 16 43 6.35 6,08
10/13 1 LR g Rl T ST R s ] y
Alum + Catonic 1,413 1,009 28 2,004 1,740 106 16,6 1% 8, 542049 16,55 6.5.: 61 25 17 32 6,45 561
10/18 S : A | 2 B : :
Alum + Catonic 1,406 300 74 3,748 1,489 60 12.6'° 5,13 759 130 14 89 o 15.8 .58 6.32 6.11
AVG 1,410 085 50 2,906 1,614 38 15 | RO 73 20> .75 32 16 45 6.4 9.8
10713 : : _ : : : ;
Alum + SEAR 736 448 394 2,602 1,560 42 L4 By 19V Pr 188 B0 ‘84 33 20.2 39’ 6.79 .62
10/20 ' L O e [ L e ] e
Alum + SEAR 713 621 13 5,180 4,094 21 45 29 36 52 24 54 40 48 - 6,71 S
AVG F25 5538 206 3, 89122827 32 43 19 57 120 - 27 69 36 34 - 6.7 6,1
10/21 ; ' . _ . 3
Alum + Nonionic . |877 645 26 3,788 },119 18 b4 e - 46 015 67 42 35 17 6.74 6.17
10/27 5 3 . & ; i : . i ; i ~. & ; ol |
Alum + Nonionie 1,450 151 89 2,951 1,832 26 361 17,5 95 316 11 96 27 2971 6.78 3.7
11/2 ' LR 30 ' ! ) i : ‘ !
Alum + Nonioniec [4,070 444 . 89 2,851 2,188 23 101 2.3 .79 ¢ 41 40 - 27 17.4 36 6,40 6,51
AVC 2,132 415 68 . 3,196 2,406 22 169 9.9 86 134 22 82 42728 22 0.6 6,1
3 L
TOTAL AVG(b)|1,480 0614 59 3,227 2,208 28 91 12.} 66 EISTR 1075 31 23 26 6.0 6.0
% INT = Influent }‘ i (a) Results are in mg/l unless otheruise noted.
EFF ~ Effluent e b e .
Removal - (b) TOTAL AVG - Average of all influent analysis and avcrnge of only the efflucnt

/R = Per Cent

from Pilot Plant runs utilizing nlum + polymers







TABLE 5. WASTEWATER CHARACTERIZATION
: - AND ;
'DAF PILOT PLANT RESULTS
NUTRIENTS AND HEAVY METALS

Parameter” fala B
NH,C | Bu e < o 3.8
NO, i 0% - I 2 e
0.2 0.06
1523 8.1
0.43 0.03
0.3 : 0.03
e RGPS
005 . 0.005
o ~0.01
i 1 0.05
0,02 5 oo
o0 i 0 o0z
A e
0

(a) - Results are in mg/1 unless otherwise noted.

® -

SR

Inf = Influent; Eff = Effluent

(c) Avé%ége of all influent analysis and average of only the

effluent analysis from pilotvplant runs utilizing-alum + polymers. :

g






' ’ L TABLE 6. BENCH SCALE COAGULATION TESTS
ALUM PLUS POLYMERS

COD BOD MBAS OIL & GREASE

CQAGULANT ppm 02 ppm 02 ppm ppm
Original (untreated) s 3830 2620 .35 960.
Alum only 350 5 ' 330 26 e 78'
Alum + Primafloc C3 (cationic) 340 320 ~28 ‘ TR

Klum + Hercufloc 834 ((:ationic) 340 310 i o 3% ;
Alum + Prlmafloc AlO (anlonic) 340 320 B - s aees : 50
‘Alum + Mignitlon 835A (aqlonlc) 320 290 - 26. ar .y
: e »iﬁ‘Alum-+ Purifloc N20 (nonionic)"4330 290 : 25"f};jﬁlf 47
Alum + Hercufloc 827 (nonic ic) P T 28 B e

-_iiOil & Grease

10 10 15
TSS 5 8 20
MBAS R 8 £ 79 ' 24

NOTE:

Example calculation for BOD:

From Table 4; Avg. Eff. BOD 615x0.5 = 307 (projected wastewater
concentratlon) :







)

' DAF_FLOAT/SLUDCE MATERIAL

10/14 15,512 291
10/13 9,091 163

10/18 . 5,800 2 249

10/19 2,544 119,923 1,950

10/20 2,474 . 130,410 590

10/21 4,128 44,298 Hi4,046 255

10/27 . 16,610 = 13,670 5,928 . | 88

11/2 20,350 52,132 20,312 58,880 1.72 166

L AVG v 8,713 © 56,979 i tif17 710084 ias 9644 (g 8y 494
Cd(a) . Cr(Total) Cu Pb Hp Ni Zn ;

AVG % 0,07 (YT 0,37 R 118 A 16700 00,002:80000.37 1 A3l w ?
('a) kesults are in mg/l unless otherwise noted, '
v







TABLE 9. UNOX SYSTEM : =
PERFORMANCE SUMMARY

PARAMETERS =~ & % e : < = i : .

PHASE : et S i NN “WEA % IMB-1 . ° mMB-2 . B~
. Duration, days HESRESE e e 8« . e g ARt L c gl

. Oxygenation Tims s = : Tns : e

Q, hrs. ' 3.16 ~- "3.06 ST Sx 2.45 . -
i Q+R, hrs. 1.74 . .0 :1.69 ., x. - 1,68 ok
.. -. = Recycle Fraction’ (R/Q), 52 .. E st I3 s
.77UFY - Blomass Loading e b S TIPS
ey 1b. BOD;/day/lb MI.VSS R 0.51 . 0.66 : b % 5
15, COD/day/1b. MLVSS 1.01 0.86 1.59 2.14

Organic Loading . 34
. BOD;/day/1000 ft

Solubla, mg/l
Chemical Oxygen D mand
= Toral, mg/l-3

© " Soluble, mg
" Suspended Solids -
- Total, mg/1

E: .FLUENT CONCENTRATION -

" Biochemical Oxygen Demand
“Total, mg/1 -~

- Soludle, mg/l :
heuwal Oxygen. Demand

Total, mg/l .86 . 153 (67)* =139 :
Soluble, mg/1 55 13(E3)r 99 80 (69 a3

Suspended Soltds

2 5 Total, mg/l -
e Volatﬂe, mg/.l

42 (28)*- o -
31 (15)~ 20
. 8.14(0.15)* 9. 14

R

15 =38 (1g)* i 39
12 0 7 43 (22w g sk
0.11 9.17(0.13)* g.19

ased veclatiinss Wil out), 89 - - :TE78 (BB)% i 83 -

: ‘73 (86)> - 92
(Based on total in - soluble out), 94 89 (31)* 89 85 (91)*» 93
Chemical Oxyyen Demand R =
(22sed on total in - total out)‘ s 5 76 76 (35)* 71 : 69 (33)* 83
T (2asad on totzl in ~ soluble out), : 86 83 : 8L (85)* 79 Ga sl SEAeY S ig0ia
" Suspended Solids rim _ ; : : A : i ! |
. o*al % 5 275 87 69 (82)* 77 83 (92)* 95
Volatilz, % e o : .72 90 - 62(75)* " 76 72 (38)~ 9z
Methylane Blue Active Subs"ance, % ; 83 81 2 73478)* 70 75 (74)* §0
Sludge Volume Index e 46 52 24 42 33 - 37
Initial Settling Veloclty : ; : > : ; ;
Stirred (10 RPH), ft/hr, 50T 6.0 4.8 6.6 S.5 32 4.8

* Excluding days of system upset






TABLE 10. TOXICITY RESULTS

. 48-hour EC50 957% Confidence Limits
Sample (Z Sample) . (Z Sample)
1. HRSD Army Base (AB) Influent - :
Raw Sewage 9/14/77 : 0.4 0.2 - 0.5
2. Fire Fighting School Wastewater (FFSW) -
Untreated 9/14/77 % =ty 0.1 » - 0.01L - 0.5
3. FFSW - Untreated 10/20/77 i 0.2 _ ©0.03 - 1.1
4. FFSW - Untreated 11/2/77 B (KE Seeaee Sl WL N,
5. FFSW — Pretreated (No ehemicals) 9/30/77 6.0 - 14.0
6. FFSW'; Pretreated (alum. nly) 10/11/77 101 = 2.4
g FFSW - Pretreated (al.' us“cation1c .J : : v 3
polymer) 10/13/77'* i :340.05 ~ 0.5 . o
8. TFFSW - Pretreated (al _}ei’ationic
polymer)’“*10/18/77u Y 2.3 - 100 2
9. FFSW -‘Pretreated (S /SEAR process) : :
10/19/77 S 1.8 - 8.8
10.  FFSW — Pretreated (S c/SEAR process)' :
10/20/77 o . : 2.1 -9.8
<11 lFFSW - Pretreated (alu lus nonionic
: polymer) 10/27/77 0.01 - 0.1
12 FFSW ;rPretreated ('i‘ us nonionic :
polymer) 11/2/77 3 2.7 - 6.3
13 .UNOX Effluent - Stér up' and acclimation L R
to AB influent 9/11/77 7.0 =30
14. UNOX Effluent — Phas 0.2 = 7.3
15. UNOX Effluent - Phase IT - 0.4 - 16
16. UNOX Effluent - (a) Phase IIT A e 5.A 0,1 27
(b) Phase III B-1 e o St
(c) Phase IIT B-2 SRS 99 : 4.0 - 89
(d) Phase III B-3 7.2 0.6 — 83
5.6 Gl = . 1.8
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