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FOREWORD

The U.S. Environmental Protection Agency was created because of increas-
ing public and governument coacern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled land
are tragic testimonies to the deterioration of our ngtural environment. The
complexity of cthat environment and the interplay of its components require a
concentrated and integrated attack on the problenm.

Research and development is that necessary first step in problem solu-
tion, and it involves defining the problem, measuring its impact, and search-
ing for solutions. The Municipal Environmental Research Laboratory develcps
new and improved technology and systems to prevent, treat, and manage waste-
water and solid and hazardous waste pollutant discharges from municipal and
coumunity sources, to preserve and treat public drinking water supplies, and
to minimize the adverse economic, social, health, and aesthetic effects of
pollution. This publication is one of the products of that research and is a
most vital communications link between the researcher and the user community.

Numerous unit processes have been tested and demonstrated for treating
aunicipal wastewaters, and public and industrial water supplies. However,
these applications do not accurately duplicate the conditions associated with
contamiratcd groundwater and leachate treatment. The purpose of this research
was to test the applicability of several unit processes to the types of
groundwater and leachate currently beirz discovered and investigated around
the country. The results of this investigation will aid furure efforts to
formulate viable, cost-effective solutions to groundwater contamination
problems.

Selected wastewater treatment processes were evaluated in bench-scale
tests using contaminated groundwaters and leachates from four hazardous waste
problem sites. The processes investigated were selected on the basis of an
extensive literature review and desktop analysis of 18 candidate processes.
This preceding work is described in a report emtitled "Concentration Tech-
nologies for Hazardous Aquecus Waste Treatment" (EPA 600/2-81-019). The
prozesses reported here include adsorptiom, biological treatment, coagulation
and precipitation, filtration, ozonation, sedimentation, and stripping. The
processes were used singly and in various process train configurations.

David G. Stephan, Director
Hazardous llaste Engineering Research Laboratory
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PREFACE

Our Nation faces a rising incidence of poor hazardous waste disposal
practices that are harmful to groundwater resources and their beneficial uses.
The contamination source must be controlled to mitigate further damage at a
particular problem site. At many sites, it also is necessary to prevent
further contaminant migration and to provide water of sufficient quality and
quantity to meet uscr demands. One way to accomplish these goals may be
treatment of the contaminated groundwater.

Numerous unit processes have been tested and demonstrated for treating
municipal and industrial wastewaters, contamination resulting from sudden
material spills, and public and industrijal water supplies. However, these
applications do not accurately duplicate the conditions associated with
contaminated groundwater treatment. The purpose of this reszarch was to test
several unit processes judged in an earlier phase of this projezt ro be most
applicable to the types of groundwater problems currently being aiscovered and
investigated around the country. Tests were conducted using contamirated
waters from four problem sites for hazardous waste disposal. The intent was
to investigate process performance under various wastewater matrix conditions
-- not to optimize perfcrmance at a particular site. The work demonstrated
that site-specific conditions must be investigated to evaluate process per-
Zormance accurately.

The results of this iavestigation will aid future efforts to formulate
viable, cost-effective solutions to groundwater contamination protlems.
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ABSTRACT

Selected wastewater treatment processes wsre evaluated in bYeach-scale
tests using contaminated groundwaters and leachates from four hazardous weste
problems sites. The processes investigated were selected on the basis of an
extensive literature review and desktop analysis of 18 candidate processes.
This preceding work is described in a report entitled "Concentration Tech-
nologies for Hazardous Aqueous Waste Treatment"” (EPA 600/2-81-019). The
processes reported here include adsurption, biological treatment, coagulation
ard precipitation, filtration, ozor.ation, sedimentation, and stripping. The
processes were used singly and in various process train configurations.

Wastewaters used in the studies wore obtained from the following probiem
hazardous waste uisyosal sites:

o Ott/Story Site, Muskegon, Michigan - Past chemical company 1isposal
practices caused contamination of groundwater with dozens of organic
priority pollutants, a large portion of which are volatile.

° Gratiot County Landfill, Gratiot County, Michigan - Polybrominated
biphenyls were disposed of at a =zunicipal/industrial landfill.
Investigations had shown that PBB's had entered the groundwater.

o Marshall Landfill, Boulder, Colorado - Leachate from a municipal
landfill containing industrial residues threatened a surface water-
way that conveyed water from a reservoir to a public water supply
system. Organic priority pollutants were found in the leachate.

o Olean Wellfield, Olean, New York = An aquifer serving as a municipal
water supply source was contaminated with trichloroethylene.

Procass performance was measured under a range of operating conditions.
Total organic carbon (TOC) was generdally used as a surrogate for routine
process monitor:ng, but specific compounds were examined at selected tizr s.

The report provides details of the study methods and process perfoirance
results. A general conclusion was that site-spe:ific conditions greatly
influecce process performance. Thus site-specific s:tudlies should be conducted
in most cases to evaluate and select a viable, cost-effective approach for a
particular problem site.

This r~port was submitted in fulfillment of Contract No. 68-03-2766 by
Michael BRaker, Jr., Inc., under the sponsorship of the U.S. Environmental
Protection Agency. This teport covers ithe period Harch, 1979 to December,
1983, and work was completed as of Decemper, 1983.
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SECTION 1

INTRODUCTION

PROJECT BACKGROUND

This document 1is the third and final major report resulting from a
program to evalvate and verify concentration techniques for hazardous con-
stituents of aqueous waste streams. The first two were entitled: ‘'Cocn-
centration Technologies for Hazardcus Aqueous Waste Treatment," (EPA-600/
52-81-019, March 1981), and "Management of Hazardous Waste Leachate" (EPA
Technical Resource Document SW-871, September 1980). Taken together, the
three reports mirror increased and significant attenticn focused on hazardous
wastes during the past 4 to 5 years. Hence the following discussion is
intended to describe not only how the three reports fit together, but also the
historical setting that guided their formulation.

As originally conceived, this program was to identify, evaluate, and
verify those promising technologies that could te used to concentrate rela-
tively dilute hazardous aqueous waste streams before detoxification or dis-
posal. Though this purpose has been maintained and successfully achieved
within the context of the three reports, several major developments have had
considerable impact on the focus of the overall program., For example, during
the period when a contractor was being selected to conduct this program
(summer of 1978), media attention first focused on Love Canal. Moreosver, in
the early stages of the project (spring of 1979), it became cliear that Love
Canal was not an isolated problem. Because of rising awareness of potential
implications of poor hazardous waste disposal practices, reports of additional
problem sites began to mount.

As a result of this growing concern, the House Subcommittee on Oversight
and Investigation of the Interstate and Foreign Commerce Committee conducted
kearings designed to determine the magnitude of the hazardous waste disposal
site problem. Following the hearings, the subcommittee conducted a "Waste
Disposal Site Survey" and issued their report in October 1979, The survey
found that the 53 chemical ccopanies queried (1,605 plants) produced approxi-
nately 66 million tons of process wastes in 1978 alone. Since 1950, these
companies had disposed of about 762 millicn tons of chemical wastes in 3,383
locations. Cf these sites, 32 percent (1,099) were known to be closed, and
another 9 percent (319) may be closed. The closed-site inventory of wastes
was believed to be about 100 million tons. ~rurthermore, it was estimated that
about 4.8 million tons were taken by private haulers to unknown destinatioms.

In a separate assessment, the U.S. Environmentas Protection Agency (EPA)
concluded that between 30 and 40 million metric tons of hazardous wastes would



be generated in 1980. This annual generation rate was expected to double by
the year 2000. EPA believed that there were as many as 32,000 hazardous waste
durrp sites throughout the country. Of these, 1,200 tc 2,000 were thought to
present possible health or environmental problems.

These estimates prompted acute public concern, which resulted in (1) the
promulgation of strict regulations in November 1979 implementing the provi-
sions of the Resource Recovery and Conservation Act of 1976 (RCRA), and
(2) passage of the Comprehensive Environmental Response, Compensation, and
Liability Act of 1°80 (CERCLA). Eventually, in the fall of 1982, EPA issued a
list of 419 abandoned hazardous waste sites, the cleanup of which would be
funded by the $1.6-billion program known as the Superfund.

The present research program began just as the magnitude of the problems
of hazardous waste sites were being recognized. The project progressed as
knowledge of the nature of the problems started to become refined, and final-
ly, program results were able to be focused at four Superfuad sites. In these
final stages, treatability studies were performed on actual groundwater and
leachates contaminated by several different types of hazardous wastes. The
end result of the program is that a number of unit processes capable of having
broad application in concentrating aqueous contaminants at hazardous waste
disposal sites were identified and evaluated. This report focuses on the
final gstages of the program in which these unit processes were demonstrated in
bench-scale treatability studies for four Superfund sites. In one ca<e, the
treatavility studies were conducted onsite for an 18-month period.

Before introducing the scope of work conducted in the final stages i the
program, work conducted earlier in the project is briefly discussed.

EARLIER WORK

In work for the first report, "Concentration Technologies for hazardous
Aqueous Waste Treatment", it was €found that the wmost uvidespread hazardous
waste problem faced by the public sector is contamination from unsecured waste
disposal sites. This contamination generally is in the form of leachates and
contaminated ground and surface waters. However, there is no such thing as a
“typical" hazardous waste problem--each site 1is unique. Research efforts
showved that of the problem sites examined in the early stages of this project,
wastes encountered weve diverse in terms of composition and concentration~-
varying from site to site and often varying over time at any given site.
Waste streams at scme sites contained a broad spectrum of organic and inor-
ganic compounds, while others had only a few constituents of concern. These
waste streams generally fell into one of the foiicwing two compositicn cate-
gories: hignh organic - low inorganic or lowv organic - i.igh inorganic.

On the basis of an extensive literature review and desktun analysis, the
following unit processes were identified as having potential broad application
in concentrating aqueous hazardous wastes:

o biological treatment

[



o chenical coagulation
o membrane processes

o resin adsorpticn

(] stripping.

Although not a concentration technology, because of its demonstrated ability
tc enhance treatability of numerous organic compounds, chemical oxidation
(e.g., ozoration, possibly with UV irradiation) also was judged to have
potential application. Generally, the above processes must be supplemented
with ancillary processes such as sedimentation and filtration.

Because of the diversity of waste streams, it was evident that {a most
cases no single unit process would be sufficient to treat the contamination
problems encountered. As a result, five process trains were formulated &s
being broadly applicable to most types of known contamination. These were:

o biological treatment/carbon scrption
o carbon sorption/biological treatment
o biophysical treatment

.} meabrane/biological treatment

o stripping/carbon sorption.

It further was concluded that because hazardous waste contamination
problems differ substantially from place-to-place, treatability studies in
some form almost always are a prerequisite to selection of an optimum treat~
ment approach. Hence, in order to demonstrate the applicability of the unit
processes and their combinations, it was decided that it was important to
evaluate thegce methods at actual hazardous waste problem sites. Results of
this decision are reported herein.

Based upon the findings of the first stages of this project described
above, EPA requested that they be 1incorporated into a technical resource
document on the "Management of Hazardous Waste Leachate". This manual was
intended to provide guidelines for permit officials and owners and operators
of hazardous waste management facilities. Leachate was defined as the liquid
contained within a landfill or impoundment which percolates into surrcunding
soil and is collected for subsequent treatment.

The manval provided a logical thought process for arriving at reasonable
treatuent process trains for specific leachates. Furthermore, sufficient
factual information was provided so that manual users could readily identify a
few poteatial treatment alternatives which «could be refined to make a final
chcice. The manual began with a brief discussion of factors that influence
leachate generation. This was followed by data on leachate characteristics at



actual waste disposal sites. Major options for dealing with hazardous waste
leachate were identified.

A major section of the manual dealt with technology prufiles for proces-
ses having potential application to leachate treatment. These process des-
criptions were supplemented by treatability data, information on by-products,
costs, and process applicability. Factors which influence treatment process
train selections and a suggested cpproach for systematically addressing such
selections were discussed. A few hypothetical ond actual leachate situatiovns
were used as examples for applying the approach to the selection of appro-
priate treatmeat processes. Other sections of the manual addressed moni-
toring, safety, contingency plans/emergency provisions, equipment redundancy/
backup, pernits, and surface runoff.

The manual was prepared concurrently with the treatability studies
conducted at the Otr/Story site. As a result, the manual profited from
experience gained during the laboratory and field work. Conversely, the
manual helped to structure subsequent treatability studies at other locations.

TREATABILITY STUDIES

The capability of the unit processes 1identified as having potential,
either individually or as process trains, to treat contaminated groundwater or
leachates was demonstrated at four Suparfund sites. These were:

"] Oce/Story Site, Muskegzon, MI

o Gratiot Cour.ty Landfill, MI

o Marshall Landf£1ill, Boulder County, CO
o Olean Wellfield, Olean, NY.

The objective was to investigate process performance under various
wagstewater natrix conditions =-- not to optimize performance at a particular
site. The work demonstrated that site-specific condi{tions must be {nvesti-
gated to evaluate process performance accurately. Results of these studies
are the subject of this report.

At the Ott/Story site, groundwater was severely contaminated by numerous
organic compounds. Because of the complex nature of the problem and the
willingness of the current site owner to cooperate with EPA. extensive treata-
bilicy studies were conducted on-site for an 18-month period. Activated
carbon and resin adsorpticn, aerobic and anaerobic biological treatment,
chemical oxidation, and stripping were investigated at the bench scale. The
process train which performed best was granular activated carbon adsorptjon
followed by activated sludge t:-eatment. High levels of treatment were main-
tained for short neriods of time,

The Gratiot County landfill p.oblem favolved contamination of groundwater
by polybrominated biphenyls (PBB). PBB c:on!2ninaticn was the result of :tae
disposai of PBB in the landtill by a chemical company. Because P3B 1s

4



relatively insoluble, PBB contamination was found to be asscciated primarily
wvith sediment and not with the water in sanples taken in this study. There-
fore, it was concluded that physical separation processes should effect
significant leve's of PBB removal.

At the Marshall landfill site, low levels of hazardous material con-
tanination were found within high-strength organic contamination indicative of
sanitary landfills., 1he primsry method used in these treatability s:tudies was
granular activated carbcn sorption. Results of these efforts were inconclu-
sive.

Groundwater at the Olean wellfield was contaminated by trichloro-
ethylene from an unkrown source. Treatability studies showed that air strip-
ping was the most cost-effective method for removing the con-
taninant.

The report which follows describes the methodologics used at each of the
four sites to screen treateent methods, discusses the advantages and disadvan-
tages of the unit processes in differing situations, end recommends potential
approaches for other applications.



SECTION 2

CONCLUSIONS

Each site with hazardous aqueous waste problems (e.g., leachates or
contaminated surface or groundwater) is unique in terms of problem
nature, magnitude, and potential solutions. Moreover, individual unit
process periormance is specific to the wastewater matrix, and this matrix
cannot be accurately duplicated with a synthetic wastewater. Thus,
treatablility studies using actual site wastewaters were necessary i>r a
good assesswert of unit process perxYormance and for development of
process design criteria.

A single uuit process is not capable of treating the complex wastewater
matrix present at many problem sites. In such cases, a train of wuait
processes nust be assembled.

The effluent quality objectives for treating hazardous waste leachates
and contaminated groundwater must be asscssed from several perspectives.
In many cases, it was found that even though the effluent had a high TCC
concent:-ation (several hundred milligrams per liter), organic priority
pollutants were absent at typical detection levels. The presence of
non-priority organics and their irpact when treated water is discharged
either to a surface water body, groundwater, or publicly-owned treatmeat
works (POTW'S) must be assessed. It may not be possible or necessary to
attain the effluent TOC levels typically associated with POTW discharges.
Attention should be focused instcad on the toxicity and risk associated
with a particular level of effluent quality, and this assessment should
be integrated with the treatment process evaluation procedure to assure
selection of a cost-effective treatment approach. Pursuing th: assess-
went in this manner also necessitates that bench or pilot-scale treat-
ability studies be conducted using site-specific wastewater.

Available literature describing the performance of unit processes is
limited. Much of the currently published information describes evalu-
ations using either single compourd syathetic solutions or gross indi-
cator parameters when a complex wiastewater matrix is eaployed. Infor-
mation from full-scale treatment cperations is limited by the paucity of
these operations uJand ccnfidentielity constraints imposec Yy process
vendors and private sector clients. Available literature can serve only
as a starting point to desiga a site-specific evaluation study; it should
not be used to decide the degvee of treatment that can be achieved
cost-effectively or for final design purposes. Informition in this
report shkould therefore be used for initial technology screening and for
foroulating site-specific evaluations, not for identifying the preferred
option for a problem site, even 1f the situations are similar.

6
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Air stripping successfully removed wvolatile organic priority pollutants.
In one cass, numerous volatile priority pollutants and in another case
trichloroethylene were reduced from miiligram/liter levels to non-
detectable levels. Air emission considerations must be assessed on a
case-by-case basis to determine process viability and cost-effectivaness.

For a groundwater having a high TOC concentration (480-610 mg/l), steam
stripping resulted in a severalfold concentration of waste stream organ-
ics in the stripper overhead. However, bottoms stream flow was only six
percent less than the feed flow and bottoms TOC ranged from 300 to 400
ng/l. This may have been Zue partly to cperational limitations of the
laboratory-scale apparatus.

Granular activated carbon (GAC) pruvided high degrees of organic priority
pollutant removal. However, when treating a groundwater with a high TOC
concentration (about 1,000 to 2,000 mg/l), GAC could not sustain high TOC
removal levels. For example, TOC removal declined to less than 50
percent after processing five bed volumes; within 100 to 160 bed voiumes,
TOC removal decreased to 10 to 15 percent. LEven when TOC rerosval had
declined to 35 percent and effluent TOC was about 600 mg/l, generally
greater than 98 percent organic priority pollutant removal stili was
attained.

Carbonaceous adsorption resins demonstrated TOC breakthrogh character-
istics similar to those of GAC. However, TOC breakthro.gh occurred more
rapidly.

Biological treatment processes alone were capable of achieving only
minimal TOC removal, even though attempts were made to acclimate the
process and assure proper operdting conditions. TOC remcvals by the
activated sludge process slightly exceeded removals provided by aar
stripping alone. An anaerobic biological =reatment process could not be
sustained on raw contaminated groundwat:r even under conditions believed
to be suitable for anaerobiz processes. At the Ott-Story site, bio-
inhibitory substances rather than usable substrate limitations wero
believed to Le responsible for affecting biological process performance.

GiC pretreatment of raw groundwater permitted development of an aerobic
biological treatment process that was capable of further treating GAC
effluent. Greater than 95 percent TOC removal was achieved by this
process during the period in which GAC removal of TOC exceeded 30 per-
cent. After this initial per..d, process train performance declined as
GAC performance declined. Several organic priority pollutants were
detected in off-gas from activated sludge reactors; these included
methylene chloride, 1,2-dichloroethane, benzene, tetrachloroethylene, and
toluene.

Anaerobic treatment (upflow anaerobic filter, UAF) of GAC-pretreated
groundwater was possit'e, but performance daclined as GAC performancae
declined. Overall, the GAC/UAF process train pcrformed more poorly than
the GAC/AS process train, with an upper TOC removal limit of 81 percent.
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Pretreatment by ozone oxidation did not appear to enhance either adsorp-
tion or aerobic biological treatment processes.

Laboratory-scale tests generally require coasiderable quantities of
vastewater. When actual wastewaters are being used, logistical prob.ems
riy arise and errors may be introduced because of transformations during
sanple storage. Acceptable alternative preservation techniques are
limjited because most will affect unit process performance. Freezing
samples shortly after ccllection and thawing them at rocm temperature
Just before use worked well for sample preservation in one situation and
very poorly in ancther. Chliecks should be built into the technology
evaluation studies to assess potential errors assoc:ated with the scudy
methodology.



SECTION 3

GENERAL METHODOLOGY

TECENOLOGY EVALUATION PROCEDURE

Ag described in Section 1, earlier phases of this work involved idenci-
fication and desktop evaluation of unit processes potentially suitable for
coucentrating hazardous constituents of aqueous waste streams. Results of
that evaluation have been published in a report entitled "Concentration
Techrologies for Hazardous Aqueous Waste Treatment” (1). The following con-
clusions from that report form the general premise for the technolegy evalu-
ation activities reported herein:

(]

Concentration technologies judged to have the greatest bioad spec-
trun potential are chemical precipitation, flocculation, sedimen-
tation, filtration, iological treatment, carbon adsorption, and
resin adsorptior.

Reverse osmosis, stripping, and ultrafiltration are believed to have
more limited and specialized applicability.

Ion exchange for removal of inorganic species also may have poten-
tial but usually, competing processes such as chemical precipitation
are more economical.

Since hazardous waste contamination problems differ substantially
from place-to-place, treatability studies in some form are almost
always a prercquisite to selection of an optimum treatment approach
and/or for developing design criteria.

Much of the experimental data on chemical treatability has been
generated from pure compound systems. Removal from multicomponent
systems may differ substantisally.

Several concentration prccesses are promising for treatment of
hazardous aquecus wastes. However, for the application of interest,
often a single unit process will not be sufficient. In such in-
stances, process trains must be utilized.

Based upon these conclusions, it was decided that contaminant streams
used for the technology evaluations should be representative of the matrices
pr2sent at actual problem sites rather than pure compound systems. bSynthesis
o% such complex matrices was judged to be infeasible because of the varfous
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nuances associated with actual contaminated groundwater and leachates.
Consequently, it was decided that use of waters from actual hazardous waste
problem sites would provide the most representative and useful information on
the performance of treatment processes.

Technologies can be evaluated either at laboratory benchk-scale or at
pilot plant scale. Bench scale studies were used in this effort covering a
wide range of independent variables because the objective was to assess the
performance of a number of unit processes under various conditions and not to
optimize a process for treating a particular waste stream.

Two alternative methods of conducting bench-scale technology evaluations
were identified:

1. shipping contaminated water to the Baker/TSA laboratory for experi-
mental studies, and

2. establishing a technology evaluation laboratory at the problem site.
During the course of this research, both anproaches were used.

In most cases, laboratory evaluations began with batch tests of individu-
al unit process. For selected unit processes or process combinations, batch
sequential or continuous flow studies were undertaken. Physfcal~chemical
systems were operated for sufficient periods of time to reflect steady state
conditions. Biological treatment processes were operated to assure steady
states with acclimated biocultures. Study procedures varied depending upon
the contaminant stream being studied; details are discussed below.

Monitoring treatment process influent and effluent chemical character-
istics was recognized at the outset to be potentially complex and costly.
Much of the literature reviewed during the earlier phases of this contract
described process performance on the basis of broad measurements such as COD
and failed to address the effects on specific chemical compounds. Accord-
iagly, it was recognized that specific compound data must be developed to
improve the existing information base. To accomplish this within project time
and budget constraints, indicator/surrogate parameter measurements were
supplemented with specific compound analyses; the former were examined rou-
tinely and the latter were peasured at critical times during process eval-
uations. Total Organic Carbon (TOC) was used as a surrogate when the waste-
water was predominantly organic; either heavy metals or organic priority
pollutants were analyzed when removal of specific compounds was of interest.
TOC was selected as a surrogate parameter because accurate results could be
obtained rapidly and relatively inexpensively; this allowed timely control of
laboratory study direction. Analytical procedures are discussed in greater
detail below.

SELECTION OF TESTING SITES

During the first phase of this contract, hazardous waste problem sites
where public agencies are (or would be) involved in some capacity in remedial
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actions were identified (1). This effort enzbled development of a list of
potential sites for obtaining contaminated waters for technology evaluations.
As the study progressed, additional problem sites were 1identified. If
background data were provided and they indicated the presence of a problem
potentially amenable to treatment by concentration technology, the site was
added to the candidate list. Criteria used to select the test sites included:

] availability of quantitative data describing problem nature and
magnitude,

o absence of pending litigation which would limit information trans-
fer,

o cooperative relationships between current site owners and the
regulatory agencies, and

o intention to undertake, or at least study, implementation of reme-
dial measures.

Using these criteria, the following sites were selected as sources of
contaminated water for bench-scale technology evaluations:

o Ott/Story Site, North Muskegen, Michigan;

o Gratiot County Lancfill, Bethany Township, Michigan;
o Marshall Landfill. Boulder County, Colorado; and

o Olean Wellfield, Glean, New York.

Descriptions of each of these sites and the investigations undertaken using
each wastewater are presented in more detail elsewhere in this report.
Table 1 summarizes site characteristics and the technoliogies examined.

ANALYTICAL PROCEDURES

As stated earlier, TOC was used regularly as a surrcgate parameter to
monitor organics in a gross fashion while specific organic and inorganic
compound analyses were performed at selected times In addition, several
parameters were measured frequently to characterize operating conditions of
the unit process being tested.

TOC was measured with an Ionics Model 1258 Total Carbon - Total Organic
Carbon Analyzer. All samples were analyzed almost immediately after collec-
tion. Except for vacuum filtration of selected unit process effluents to
renmove suspended solids and required dilution to allow analysis on the pre-
ferred instrument detection scale, there was no preservation, modif{cation, or
storage of samples prior to testing. Before selecrinn of vacunm filergtion
for snlids separation, potential stripping of volatile organics was examined.

11
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TABLE 1.

SITE CHARACTERISTICS AND STUDY SUMMARY

Qte/Story
North Muskegon, Michigan

Cratfot County landfil?
Sethany Towmship, Michigen

Narahall Lendfill
Roulder, Colorado

Olean Velifteld
Olean, Wew Yorbh

BITE CHARACTRARISTIUS:

Pollutante of Concera

Laborstory Study locatton

Vaste Streas Sempling

Sample Nardling

rontasisated groundwster

auserous organic prior-
ity and now-priority
countituente

sreplen vithéravn from two
exfoting vells; collected
28 needed at 1 to ) day
intervals

sasplen from Individual
wvells couposited for
lab etudies

genarally stored 1 to )
dove In glase or poly-
ethylane contaloese

contaninated groundvater

PO8 and several
heavy metals

Baker/TSA lah, Beaver, PA

withérawa from exieting
vell by stale agency
statf

shipped to Bader/13A oa
several occasions fn %
gal expanded poly-
propylene carboys tmmed-
fately after collection;
generally recelved one
day alter collection

carboyes frosen upon
veceipt; thaved at
1wom tempecrature vhea
ueeded

seepage dralning
from landftl}

avesroun organie
priortty pollutants

Baler/TSA lsb, Besver, PA

sanpled by cownty ageacy
eataff at pond comsrtucted
to ispound scepage

shipped to Babe:/T3A on
soeveral occasfone I» 9
sol eapanded puly-
propylens catboys tmmed-
fately after collection;
generally recelved one
day after collection

inittally carboys wvere
frosen upon teceipt; howe
aver, hecovee of signifi-
cant T0C loss during
thaving, woopened carbnys
from subsequent samplings
were stored at room
teaperature until uned

contenlnated growndveter

trichicroethylene (TCE)

Saber/TSA lab, Beaver, PA

canpled by pruject stafll
and wunicipal engloyees
st dlscharge line from
city vate: viill

shipped to Baber/TEA
fottfally te 0.9 gat
glsse bottles; later
213 gal ohipped ta 33
gal drwas

stored tn closed sampling
container st To0om tespelr-
ature vatil naed

(Cont tm.~d)
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TABLE 1. (Continued)

ote/Scory Cratiot County landfill Karshall Landfil) Olean Yellffeld
ften North Muskegon, Michigaa Bathany Township, Michigan Boulder, Colorado Olesn, Mev York
TECUNDIOGTES PXAMINED:
adsorption
granuler sctivated carbon X 3 X X
povdered activated catdon X X
resins X  § X
biological
attivated aludge H ]
tedckling filcer X
anacruble filter
coagulation/precipitation X
filzeation | § X
ozonation ]
steipping
114 X 1
steam
sedimantation X X
unit processes combined
into process trains X X




Organic priority pollutant analyses were performed by more than one
laboratory during the course of this contract. All analyses were performed
according to EPA protocol (2,3) using combined gas chromatography-mass spec~
trometry (GC-MS) and gas chromotography (GC).

Heavy metal analyses were periormed by Baker/TSA using flame or graphite
furnace atomic absorption spectrophotometry techniques. Other analyses during
the project (e.g., pH, suspended solids, aamonia nitrogen) were in accordance
with Standard Methods (4).

EXPERIMENTAL APPARATUS

The technologies itemized in Table 1 were evaluated at the bench scale
using equipment matching the conditions to be investigated. The following
briefly describes the experimental procedures and apparatus used ia the
evaluation of each technology; additional details are provided when the
site-specific results are presented.

: It should be noted that throughout this report, units of measure which
typically are associated with unit process operation have been used; for
vxample, hydraulic loading to granular activated carbon columns is reported in
gallons per minute per square foot of surface area. A table to convert to the
International System of Units (SI) is provided in Table 2.

Adsorption - Activated Carbon

Cranular Activated Carbon —

Granular activated carbon (CAC) adsorption studies pzenerally began with
batch {isotharm testing followved by continuous flow, small diameter column
studies. Isotherm tests were undertaken to determine:

o comparative performance of different sorbents,
o approximate contact times,

o effect of wastewater composition matrix, and
o approximate sorbent dose rates.

Data were used to develop Freundlich adsorption isotherms according to the
equation:

x/m = kclln
Where: x = amount J>f solute adsorbed

m = weight of carbcn

¢ = equilibrium concentration of solute in
solution aftar adsorption

k, n = constants

14



TABLE 2.

CONVERSION FACTORS

To Convert From To Obtain
Customary Unit Multiply By SI Unit
cf 2.832 x 10-2 o’

fe 3.048 x 10-' a

°p (°F-32) 0.5556 °c

gal 3.785 x 10-2 o

gal 3.785 1

gpd 3.785 x 10-3 nJIDay
gpd 3.785 1/day
gpm 6.308 x 10-> a/s

gpm 6.308 x 10-2 1/s

gpa/ sf 6.790 x 10-° n/8/m
gpa/sf 6.790 x 10-1 1/s/w?
inch 2.54 x 10 o

1b 4.536 x 10-! kg
1b/1000 cf 1.602 x 10 g/u
1b/day/cf 1.602 x 10 kg/day/m3
1b/day/s£ 4.883 kg/day/m’
sf 9.290 x 10-2 o’
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Continuous flow studies were undertaken to examine the effects of hydraulic
and solute loading rates, and contact times, and to develop solute break-
through curves,

Two granular activated carbon sorbents were used during the course of
this study:

o Filcrasord 300 (FS-300) - Calgon Corporation
o GAC 30 - Carborundum Corporatiou
Properties of these carbons are summarized in Table 3.

For isotherm tests, carbons were used in the powdered form. Cranular
carbons were pulverized and screened; that portion passing through 325 mesh
screen was used for isotherm tests. After classification, the powdered carbon
vas oven drled overmight at 105°C, cooled, and stored in a desiccator until
needed. A slurry of this powdered carbon was prepared with distilled water
and used in the isctherm tests.

For bdatch 1{1sotherm tests, an aliquot of contaminated water and the
desired dose of carben were contacted in capped glass bottles of 100 or 250 ml
capacity. Mixing was accomplished using a platform shaker operated at either
180 or 280 excursions/minute depending upon the carrier tray load. Mixing
time and wvastewater pH also were varied during the studies. After the pre-
scribed contact period, powdered carbon was removed by filt-ation through
Whatzan f2 paper. WwWastewater pH was adjusted only at the start of the contact
period.

It should be =acted that preliminary tests investigated mixing with a
six-paddle stirrer at 100 rpm and with a magnetic stirrer. However, these
techniques wer? not utilized because they did not provide adequate contact at
high sorbent doses aad allowed rclease of volatile organics f-om the open 900
ml glass beckers.

For the contircous flew studies, 1,70 or 2,54 ¢m diameter glass columns
operated individuallv and 1in series were used. Bed height was varied by
arranging the colu=ns in series. Sampling ports were provided before the
first column, at =id-points between columns in series, and after tle last
column. Feedwater was pumped to the first colurm either from a storage
container or an upstream process using a chemical metering pump; column
effluent was discharged to laboratory drains, fed directly to a subsequent
treat=ent proc.ss, or stcred and fed over a perind of time to a post-treatment
process. Prior to filling the columns, a weighed amount of CAC was mixed with
distilled vater and soaked to degas the carbon. Columns then were charged and
backwashed. Studies were conduuzted under a vented hood when volatile con-
stituents were knowa or suspected to be present in the wastewater. Figure 1
illust-ates a typical GAC concinucus flow experimental apparatus.
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TABLE 3. GRANULAR ACTIVATED CARBON PROPERTIES

_ GAC
Filtrasorb GAC
PROPERTIES 300 30
U.S. Standard Series Sieve Size
Larger than No. 8 (max.) 152 152
Smaller then No. 30 (max.) 4z 52
lodine Number (og/g) (min.) 900 900
Abrasion Number (m=in.) 75 70
Mean Particle Diaxeter (amin.) 1.5 - 1.7 1.5 - 1.7
Effective Size (=) 0.8 - 0.9 0.35
Water Soluble Ash (max.) 0.52 NA
Moisture Content (max.) 2.0% 2.02
Base Material bituminous coal coal
Total Surface Area
(N, BET Methanol, m?/gm) 95C - 1050 900 - 1000
Apparent Density (1b/ft3) NA 32
Backwashed and Drained Density (1b/ft3) 26 - 27 27

NOTE: Properties defined by manufacturer's specification literature.

NA: Not Available
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Powdered Activated Carbon ~-=

Studies of powdered activated carbon (PAC) also involved batch isotherm
tests 28 described for GAC studies. HRowever, continuous flow studies involved
addition of PAC to activated sludge reactors for concurrent adsorption and
biological treatment.

The two carbons used for these studies were:

o Hydrodarco C (HDC) - ICI Americas, Inc.

o Nuchar SA -~ Westvaco
Table 4 surmarizes properties of these carbons.

In continuous flow studies, PAC was added to the aeration chamber of the
activated sludge reactor and removed from the settling chamber with the
settled sludge floc. Various PAC doses were tested; study conditions also
were contrnlled to evaluate various hydraulic retention times and activated
sludge mixed liquor suspended solids concentrations. Opecration of the acti-
vated sludgs system is described later.

Adsorption - Resin

Batch isotherm and continuous flow column adsorption studies were con-
dyczed using the following polymeric and carbonaceous resins produced by Rohm
and Haas Corporation:

o Amberlite XAD 4 -~ polymeric

o Ambersorb XE 340 - carbonaceous

o Ambersorb XE 347 - carbonraceous

o Ambersorb XE 348 -~ carbonaceous

Properties of these resins are presented in Table 5.

Isotharn and column stucdies were conducted in a manner similar to those
descridbed previously for GAC.

Biological Treatment

Biological treatment processes investigated included:
o activated sludge
o trickling filter

] upflow anaerobic filcter

19



TABLE 4. POWDERED ACTIVATED CARBON PROPZRTIES

TYPICAL PROPERTIES

PAC

-ﬁydrodarco C Nuchar S-A

Partical Sfze (min X =325 mesh)

Tamped Density (g/ml)
Apparent Density (kg/m3)
Surface Area (m?/gm)

. pH

Water Solubles (X)

Ash (X)

Total Pore Volume (cmi/g)
Base Material

Iodine Number (min)

70 65-85
0.70 NA

NA 385~415
550 1400-1800
10.5 4-6
5.5 3-4

NA 4-8

NA 2.2-2.5
lignice

NA 8C0

NOTE: Properties defined by manufacturer’'s specification iiterature.

NA: Not Available
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TABLE 5. PROPERTIES OF AUGGRPTION RESINS
PROPERTIES Aaber sorb Anmbersorb Ambersord Anberlite
XE-340 XE-347 XE-348 XAD-4
Appearance black, spherical black, spherical black, spherical hard, hydrated

Tntal Surface Arca
(M, BET method M2/gm)
Bulk Density (lbs/cu ft)
Particle Density (g/cwm’)
(Hg displacement)
Skeletal Density (g/cm?)
(g displacement
Pore Voluze (g/cm’)
Particle Stze
(U.S. Sieve Series
Crush Strength
(kg/Particle)
Ash Content (M)

Average Particle Djameter (mn)
True Het Density in Distilled

Nater (gm/1)

Averaye Pore Diancter (Anystroms)

non-dusting

400

»

0.92

1.34
0.34

20-50

GT 3.0
LT 0.5

non-dusting

350
43

1.05

1.85
0.41

2¢-50

GT 3.0
LT 0.5

non-dusting

opaque beads

725
4«

0.30-0.45

1.02
40

§

Greater Than
less Than

Properties detin2d by manufacturer’s spocifications,



Activated sludge process investigations included conventional activated
sludge, conveational activated slidge with the addicion of powdered activated
carbon (PAC) to the aeration chamber, and activated sludge seeded with Pheno-
bac®, a commercial nutant bacteria product. All biological systems were
operated on a continuous flow basis using either raw wvastevater or wastevater
pretreated in different ways. Attempts were made to acclimatz the systems to
the wastevater beinz investigated prior to assessing process performance.

For activated sludge studies, either 350 al Swisher reactors (Figure 2)
or one liter reactors (Figure 3) were used. The smaller reactors generally
wvere used to screen the feasibility of aerobic biological treatmeut or when
available wastewater quantities were limited, necessitating reduced through-
puts while still operating at the desired hydraulic and organic loading rates
and retention times. They also facilitated examination of the extent of
stripping of volatile organics due to aeration because two Swigsher units, one
operated with activated sludge biomuss and one containing only wastewater,
could easily be operated in parallel. It should be noted that several prob-
lems were experienced with the Swisher reactors:

o Because flow rates were small, the quantity of effluent produced
over a reasonable period of time grecatly limited effluent analytical
testing ootions.

o Close control of the mized liquor suspended 3s0lids (MLSS) was
difficult because the quantity of samplas vequired for MLSS analysis
would severly deplete the volume of sludge remaining in the reactor.

Despite these problems, the reactors were relatively easy to maintain and
useful for screening the feasibility of aerobic biological treatment.

Larger reactors were used during the PAC addition studies, when longer
duration runs were intended, when larger quancitfes of treated effluent were
required for priority pollutant analyses, and when better mixed liquor sus-
pended solids (MLSS) control was desired.

Two sizes of trickling filter apparatus were used: a 4.9 cm diameter by
58 cm long plexiglass column, and a 2.54 cm by 122 cm glass column. Each
ccantained a rock media and was operated in a downflow mode. Although this
configuration factlitated influent dosing, maintaining an aerobic environment
proved to be difficult. The filter discharged to a clarifying apparatus from
which settled sludge was recycled back to the fflter or vasted. Be ause of
difficulties associated with their operation and poor pecformance, studies
using a trickling filter were terminated and are not discussed further herein.

Anaerobic biological treatment was iavestigzted using a heated, packed
bed anaerobic filter operated in an upflow mode., Figure 4 schematically
{llustrates the reactor and gas collecticn system. C(oerating criteria are
discussed in Seczion 4 where process performance is reviewed.

For the aercbic systems, seed sludge initially was obtained from mucici-
pal wastewater treatment facilities. To acclimate the biomass, the processes
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were operated on 8 munici{pal wvastevater feed for scme period of time and chen
were gradually converted to the fcodwater being used in the {nvesatigation,
When necessary, feedvater composition was nndified by pH adjustment (with
dilute phosphoric or sulfuric acid) and nutrieut addition.

The angerobic filcter inf{tially was filled one-half full wirh sludge from
a vell-operated runicipal wastewater treatment sludge anaerobic digester and
onerated for eight davs on rav ounicipal scwage before converting to ground-
wvater pretreat2d by GCAC adsorption. Feed later was converted to raw contam-
inated groundwater. Operating details are given in Section 4.

Piltracton

When wvastevaters contained suspended solids that were expected to inter-
fere with the operation of the primary treatzent process (e.g., plugging of
CAC adsorption column), granular media filtration was used for pretreat=ont.
Columng of various sizes wvere loaded with white sand which passed a No. 40
sieve (<0.0165 in. particle size) and operated in a gravity downflow mode,
Qzonation

tvaluation of vzonation was conducted on a batch basis. The process was
used as the primary treatment process and as a pretreaiment technology.
Figure 5 {llustrates a schematic of thc ozonation assembly., A Welsbach Model
T-408 laboratory scale ozone generator was operated under the following condi-
tions:

() ozone production using afi{r feed

o ozone gags flow rate - 2 1/min

o ozone dose ~ approximately 2 g/hr (generator operating at 90 volts)

(] glass reactor vessel with fritted glass diffusers

(] tatch volume - 7.5 to 15 1.
Studfes using contaminated groundwater began after preliminary studies with

distilled water to assure gooc -ixing and ozone transfer. Ozone wmeasurements
vere made according to Standard Methods (4) using the Iodometric Method.

Stripping’

Alr Stripping --

Alr stripping techaiques included diffused aevaticn as well as stripping
under mechanfical nixingz and quiescent conditions in open containers. Air
stripping generally vas investigated whenever strirping was judged to bde one
of several svenues of contaminant removal asscciated with a particular treat~
ment technology; for example, during diffused aeration activated sludge
treatment or ozonation. In these situations, either a stripping reactor was
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operated in parallel with the primary process being investigated (for activat-
ed sludge a parallel Swisher or larger reactor was operated) or the primary
process reactor was operated solely to investigate stripping (the ozonation
reactor was operated with air rather than ozone).

Steam Stripping --

A packed column, continuous flow apparatus was used to evaluate steam
stripping; Figure & illustrates a schematic of the system. Although numerous
variables affect systex performance, the primary operation parameters inves-
tigated were feed flow rate and overhead flow rate., Maintenance of steady
state corditions proved to be difficult and the apparatus was not capable of
operating in the desired overhead to teed flow ratio range of 0.02 to 0.05.

Operating and performance details are discussed in Sectiom 4.
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SECTION 4

STUDIES USING CONTAMINATED GROUNDWATER FROM THE OTT/STORY SITE

BACKGROUND

At the Ott/Story site in North Muskegon, Michigan, groundwater has been
contaminated by the disposal and poorly controlled storage of chemical produc-
tion wastes by previous owners of a chemical production facility. The present
owner, Cordova Chemical Company, cooperated with the State of Michigan in
carryving out efforts to remove contamination sources; characterize site
geohydrology, groundwater quality, and contaminant plume migration; and iden-
tify and evaluate remedial action options for management of contaminated
groundwater. Results of the study described herein weve pmade availabie to the
Michigan Department of Fatural Resources (DNR) as they evoived to assist that
agency in its evaluations. Subsequently, the Ott/Story site was declared a
Superfund site by the U.S. Enviroanuental Protection Agency.

Most of the technology evaluations discussed herein were periormed using
composite samples obtained from two wells in the contamination plume: wells
OW9 and Wl7d. Groundwater compcsition differed substantially at the two well
locations as 1illustrated by the data contained in Table 6. Groundwater
composition at other points in the plume also varied widely from that reported
in Table 6. 1able 7 presents a summary of contaminated groundwater compo-
sicion data measured at various points in the plume.

Identified organic compounds at the measured concentrations listed in
Table 6 do not account for the measvred TOC concentrations.

Chromatographs of several GC/MS analyses for priority pollutants in
samples from studies using composite groundwa%er from wells OW9 and W17d were
examined to investigate the presence of non-priority organics. Several
phenolic, aniline, phthalate, and organic acid compounds were indicated.
However, because extraction procedures used for priority pollutant amalyses
are not suitable for extracting all non-priority organic compounds, other
organics present cannot be identified and thus, a comprehensive estimate of
constituents comprising groundwater TOC cannot be prepared. The legal and
health effects significance of non-pricrity pollutants in raw groundwater, and
in partially treated groundwater are unknown.

TECHNOLOGY EVALUATIONS

As described in Section 2 and summarized in Table 1, the following
technologies were evaluated using groundwater from the Ott/Story site:
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TABLE 6. COMPARISON OF ORGANIC POLLUTANT ANALYSIS
OF RAW GROUNDWATER FROM WELLS OW9 AND
W17d (mg/1)*

Well Well

Parameter ow9 wizd
Vianyl Chloride (P) 2.23 0.044
Methylene Chloride (P) 0.60 0.086
1,1-Dichloroethylene (P) 0.18 0.044
1,1-Dichloroethane (P) 1.03 0.12
Chloroform (P) 0.87 0.20
1,2-Dichloroethane (P) 103. 5.58
1,1,1-Trichloroethane (P) 0.13 0.05
2-Ethoxypropane 0.18 ND
Trichloroethylene (P) 0.01 ND
Benzene (P) 0.12 1.83
Perchloroethylene (P) 0.01 0.15
Toluene (P) 0.24 0.29
Chlorobenzene (P) 0.022 D
2-Chlorophenol (P) 0.12 0.051
Phenol (P) 0.091 0.067
Benzyl Alcohol 0.06 ND
Benzoic Acid 6.80 ND
Hexanic Acid 0.95 ND
Cresol ND 0.065
Methyl Propyl Phenols 37. 18.
1,2-Dichlorobenzene (P) ND 1.6
Aniline 0.089 0.075
Methyl Aniline 2.6 ND
n,n-Dicethyl Aniline 19.6 29,
2-Chloroaniline 0.075 ND
Camphor 20.7 16,
Benzonitrile 0.0!'9 ND
Substituted benzenes 9.7 11.
1,4-Dichlorobenzene (P) ND 0.075
TOC 1620~-2400 171-270

(P) - a priority pollutant
ND - not detected at a detection limit of 0.010 mg/1
% - Wells located about 900 feet apart withim the contamination area;
typical analysis
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TABLE 7. OTT/STORY SITE GROUNDWATER GENERAL CHARACTERIZATION

Parameter Composition Ranger*
pH 10-12
BOD 300 - 1600 ng/l
coD 5400 - 8300 mg/l
TOC 200 - 2100 mg/l
NH3-N 50 - 200 mg/1
Organic N 110 mg/1
Chloride 500 - 4100 og/l
Conductivity 18,060 umhos/cm
™S 12,000 mg/1

Volatile Organics:

Vinyl chloride* 140 - 32,500
Methylene chloride* <5 - 6570
1,1-Dichloroethylene* 60 - 19,850
1,1-Dichloroethane* <5 - 14,280
1,2-Dickloroethane* 0.350 - 111 =g/1
Benzene* 6 - 7800
1,1,2=Trichloroethane* <5 - 790
l1,1,Z2,2-Tetrachloroethane* <5 - 1590
Toluene* <5 - 5850
Ethy!l benzene? <5 = 470
Chlorobenzene* <5 - 140
Tri{chlorofluoromethane* <5 - 18
Chloroform 1400
Trichloroethylene 40
Tetrachloroethylene 110

Acid Extractable Organics:

o-Chlorophenol#* <3 - 20
Phencl* <3 - 33
o-sec-Butylphenol###* <3 - 83
p-Isobutylanisol*»* or
p-Acetonylanisol®** <3 - 86
p-sec-Butylphenol*#*# <3 - 48
p-2-oxo-n-Butylphenol <3 - 1357
m-Acetonylanigolas* <3 - 1546
Isopropylphenol*** <3 - 8
1-Cthylpropylphenol <3
Dimethylphenol* <3
Benzoic acid <3 - 12,311
(Continued)
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TABLE 7. (cuntinued)

Parameter Composition Range*#*
Methylphenol 40
Methylethylphenol 20
Methylpropylphenol 210
3,4-D-Methyiphenol 160

Base Extractable Organics:

Dichloxrabenzene* <10 - 172
Dimethyianiline <10 - 17,000
m-Ethylaailine <10 - 7640
1,2,4-Trlchlorobenzene* <10 - 28
Naphthalenex <10 - 66
Methylnaphthalene <10 - 290
Camphor <10 - 7571
Chloroaniline <10 - 86
Benzylamine or o-Toluidine <10 - 471
Phenanthr=ne* or

Anthracene* <10 - €70
Methylaniline 310

®*A pzioricry pollutant
®%A]11 conceatrations in pg/l except as noted
#kkStruyctures not validated by actual compounc
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] adsorption - granular activated carbon
- povdered activated carbon resins

o biological treatment - activated sludge
anaerobic filter

] ozonation

] stripping - air
- steam

Efforts commencud with preliminary investigations focused on pretreatment by
neutralization, chemical coaguilation, and precipitation; methods of sol-
ids/1liquid separation; and volatility concerns. Following this, batch studies
of ind{ridual unit processes were undertaken. Sequential batch studies and
continuous flow studies of one unit procezs and trains of processes then were
undertaken.

In the following sub-sections, results are organized and reported pri-
marily by unit process. However, because numerous process train evaluations
were made, it is most useful to report certain results by process train rather
than by individual unit process.

Preliminary Studies

Results of preliminary batch investigations in the area of chemical
neutralization, coagulation, and precipitation first are summarized below.

1. Small amounts of fine sediment and silt were present in the ground-
wvater samples. This material did not have associated measurable TC
or TOC content. It settled slowly under quiescent as well as
stirred conditions. Attempts to coagulate this sediment with ferric
chloride and several polymers produced no effect either in app-~ar-
ance or in TOC reduction in the supernatant liquid.

2. Samples in contact with 5 gm/l powdered activated carbon for five
minutes filtered more readily and appeared clear and colorless, even
when TOC removals were less than 15 percent.

3. Samples stored for two days in full, sealed glass flasks showed TOC
reductions of O t. 7 percent.

4, Reductions in TC and TOC concentrations in raw groundwater by separ-
ation using vacuum filtration, gravity filtration, and centrifugir;
all were very slight. Vacuum filtration was selected for use 1.
subsequent studies (when solid/liquid separation of this type was
necessary) because it was the most convenient technique and did not
appear to induce significant stripping of volatile organics.

5. Studies on volatilization of organics were conducted for periods of
48 hours using open quiescent, stirred, air sparged, and closed
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containers at the prevailing groundwater pH of about 10 and adjusted
pH values of 7.5 and 6.0 with the following results:

a. less than 7 percent TOC reductions in closed containers,

b. 20 to 25 percent TOC loss from quiescent samples at all pR
values and from stirred and sparged samples at pH 10.

c. 40 percent TOC loss from stirred and sparged samples at pH
values of 6.0 and 7.5.

The preliminary investigations led to the conclusion that careful sample
handling was necessary to minimize experimental error due to loss of vcolatile
organics and for protection of laboratory personmnel, All work was conducted
in fume hoods using glass containers to the maximum extent possible.

Air and Steam Stripping

Since chlorinated hydrocarbons were of key concern at the Ott/Story site,
technologies found useful {n the treatment of similar constituents in drinking
waters seemed appropriate for use in this research. Techniques for the
removal of halogenated hydrocarbons from drinking water previously have been
summarized (5). Ott/Story site groundwater differed qualitatively from
drinking water in that it contained chlorinated hydrocarbons, aromatics and
gimple organic acids analogous to drinking water "chlorinated hydrocarbon
precursors"”, and uncharacterized high molecular weight "non-priority" pollu-
tants.

Simple aeration and steam stripping are considered viable approaches for
volatile halogenated hydrocarbon removal in drinking water (5). Since most of
the priority pollutants at the Oct/Story site were associated with the vola-
tile fraction {Tables 6 and 7), air stripping would provide the simplest
approach for removal of bulk hazardous constituents. Steam stripping with
reflux would provide a greater degree of volatile halogenated hydrocarbon
removal and also allow for recovery and concentration of such materials in the
condensed overhead stream thus abating a potential air pollution problem.

Air Stripping--

Air stripping experiments were carried out 11 a series of 2.5 1 Plexiglas
reactors which were equipped with porous airstcnes to sparge the groundwater.
Data shown on Table 8 illustrate that all volatile priority pollutants were
reduced to non-detectable levels after air sparging. In addition, activated
carbon treatment of the air sparged efiluent resulted in virtually ccmplete
removal of the remaining base neutral and acid fraction priority pollutants.
Therefore, it was concluded that technology similar to that suggested by EPA
for drinking water applications (5), would be applicable to removal of prior-
iey pollutants Srom the Ott/Storage groundwater. However, a signifizant
organic residual as measured by TOC remained after air stripping and the air
stripping/carbon sorption batch treatment sequences.
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TABLE 8. REMOVAL OF GROUGNDWATER ORGANIC
POLLUTANTS BY AIR STRIPPING

Concentration in:

Sparge
and
Alr Carbon
Raw Spar- Sorp-
Ground- ging tion
Type Compound water Eff1! Ef£1°2
v Methylene 0.07 ND 0.50*
Chloride
v 1,1-Dichlo- 1.6 ND ND
roethane
v 1,1=-Dichlo- 1.0 ND ND
roethylene
v Chloroform 2,0 ND ‘ND
v 1,2-Dichlo- 14 ND 0.01
roethane
v 1,1,1=-Tri- 0.28 ND ND
chloroethane
v Trichloro- 0.05 ND ND
ethylene
v Benzene 5.3 ND ND
A Perchloro- 0.19 ND ND
ethylene
v Toluene 3.6 D ND
v Chloro~ 0.18 ND ND
benzene
v Ethylbenzene 0.02 ND ND
v 1,1,2-Tri- 0.05 ND ND
chloroethane
B/N Dichloro- 0.05 ND ND
benzene
B/N Methylani- 0.24 0.53 ND
line

(Centinued)
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TABLE 8. (contiaued)

Concentration in:

Sparge
and
Alr Carbon
Raw Spar- Sorp-
Ground~- ging tion
Type Compound watar Effl! Eff12
B/N Ethylanilene 3.8 0.60 ND
B/N Trichloro- 0.01 ND ND
benzene
B/N Naphthalene 0.01 ND ND
B/N Dimethyl- 15.0 0.61 0.08
aniline
B/N Campher 3.9 0.47 0.01
A Chlozophenol 0.03 0.01 ND
A Phenol 0.01 0.01 ND
A Methylphenol 0.04 0.03 ND
A Methylethyl- 0.02 0.02 ND
phenol
A Methylpro- 0.28 0.28 ND
pylphenol
A 3,4-Dimethyl~ C.12 0.14 ND
phenol
A Benzoic Acid 0.30 0.02 ND
TOC 720 641
Footnotes:

TAir sparge for 48 hr at pH 6.0

2p1r sparge for 48 hours at pH 6.0 followed by 2 hr
contact with 50 g/l dose of FS 300 carbon

V = Volatfle Priority Pollutant

B/N = Base neutral extracted fraction

A = Acid extracted fraction

ND = Not detected (detection limit - 0.0l mg/l)

* o Possible sample contamination during extraction



Steanm Stripping--

Figure 6 illustrates the continuous flow, packed column steam stripping
apparatus. Independent operating variables were reboiler temperature and
overhead:feed flow ratio. The apparatus was operated at feed stream flow
rates of 40 to 80 ml/min, overhead (condensate) flow rates of 3.5 to 9.2
ml/min (overhead:feed flow ratios of 0.064 to 0.14), influent TOC concen-
trations of 480 to 610 mg/l, and time durations of 1l to 4 hours after estab-
lishing steady-state operation within the available operational controls.

Figure 7 presents a summary of results on a TOC basis. Average TOC in
the stripper bottoms ranged from 300 to 400 mg/l1 and was virtually independent
of overhead to feed ratio. This represented an approximate 34 percent overall
TOC concentration from feed stream to stripper bottoms.

Steam stripping resulted in a concentrated overhead product which, at an
overhead:feed ratio of 5 percent, had a TOC of about 4,000 mg/l. This repre-
sents a concentration of organics by a factor of 10 to 13 times and flow
reduction to 5 percent of the feed value, While the laboratory-scale dis-
tillation column experienced stability problems at overhead:feed ratio of less
than 6.4 percent, commercial scale units can operate at much lower ratios,
thus providing for even further enrichment of the volatile priority pollutant
and TOC fractions.

Conclusions regarding steam stripping are summarized below:

o Strazam stripping is an energy intensive operation with marginal
eavironmental advantages over simpl: aeration.

o Stean stripping removed a greater fraction of TOC from the bulk flow
than air stripping. Air sparging resulted in about 1l percent
volatilization of TOC from the bulk flow with removal of virtually
all volatile priority pollutants. Steam stripping resultad in
removal of about 34 percent of TOC from the bulk flow with recovery
of these organics in a more concentrated overhead product.

(] The environmental health and regulatory significence of materiais
remaining in air and steam stripper bottoms are unknown. The
environmental health and regulatorv significance of air emissions of
small quantities of volatile priority pollutants also are unclear.
Air stripping appears to be an acceptable pretreatzent technique if
ailr emissions are judged insignificant. Aerated groundwater may
require further treatment for oxygen demand, trace organic, and
heavy metal removal before discharge.

o As will te shown below, while air stripping was considered an excel-

lent choice for the fourth site studied {Clean, N.Y.), it did not
appear to completely resolve problems at the Ott/Story site.

38



4000

OVERMEAD CONDENSATE

TOC (mg/L)
~
o
o
o
i
L]

/srmwsn BOTTOMS
-

- Loy
006 008 010 0:2 O0J4
OVERHEAD: FEED RATIC

Figqure 7, Continuous Steam Stripping of Contaminated Groundwater
at Study Site.

39



Adsorption

Igotherm Studies~-

Table 9 summarizes isotherm studies completed and atudy conditions for
euch. Tests were performed using raw groundwater (including composites and
individual samples from wvells OW9 and W17d) and groundwater pretreazed by
aeration, ozonation, blological treatment, and various sorbents. Variables
investigated included sorbent, sorbent dose, pH, and zontact time. Results
are presented in Tables 10 through 17; isotherm data are plotted according to
the Freundlich equation on Figures 8 through 15.

Prior to conducting tne studies listed in Table 9, prelinminary tests were
performed which indicated that:

o Adsorption equilibrium is achfeved after about 2 hours and 4 hours
of contact for carbons and resins, respectively,

o Sorbents did not contribute significant concentrations of soluble
organics to adsorption study filtrates. In studies in which distil-
led water was contacted with powdered FS-300 carbon and XE-347
recin, filtrate TOCs were 0 and 21 mg/l, respectivelv.

Examination of the isotherm batch contact study 7ata resulting from use
of raw composite groundwater indicates the following:

o Freundlich isotherms for all sorbents are steceply sloping straight
lines when plotted on a logarithmic scale.

o Generally, carbons had slightly greater adsorption capacities than
the resins at all pH values studied. 1In addiction, carbons were
capable of achieving slightly lower effluent TOC concentrations than
were the resins.

(L) With regard to TOC removal efficiencies, carbons all performed about
the same (See Table 10). Greater removals were observed at pH 10
and pH 4 than at pH 7,

o XE-347 performed slightly better than the other resins, with slight-
ly better TOC removal at pH 4. 1In part, the poor wetting of XE-340
may have 3ffected its performance.

o No sorbent was capable of achieving greater than 62 percent TOC
removal even at sorbent doses as high as 100 g/1.

These results show that sorption alone 1s not capable or achieving high
degrees of TOC removal from raw groundwater. This, in part, could be expected
based on the presence of numerous soluble, 1low molecular weight organic
compounds in the groundwater.

Similar, although less extensive, isotherm studies were completed using
composite groundwater pretreated by aeration, ozonation plus activated sludge,
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TABLE 9. SUMMARY OF ISOTHERM STUDIES

Heatavatep Cairhon Sorbeats - IIQ Condit jons Sen in Jorbeatp o Eﬂ tnﬂl“..
Contact Initie) Resuits Cantect [Inttiat ity
Sorbent [ doses Tine ™0 ] Serbenl [ tosee Ties b, 4 -
131} [[ 11} tog/l) Idle Pigese [(14]] ) fog/i) _Ysble Figery
Baw Composite UNY/Wl74) 3 00 9.43 0.3, 3, 30, 100 ? «0) 10 ] RAD~4 19 0.5, 3, %0, 10 L] s 11 ]
1. 0.3, 3, 30, 100 ) [ 11] 10 ’ ? 0.3, %, 30, 100 L] e? n »
q. 0.3, 3, %0, 100 2 4% 10 10 q 0.5, §, 30, 100 L} L 12 1) |}
e 9.43 0.5, %, %0, 100 ? 0} ] [ ] =30 10 0.4, 3, %0, 100 [} 708 [ 1] L]
7. 0.9, %, %0, 100 ? (1] 10 L] ] 0.%, §, %0, 100 L] ¢ n »
4. 0.9, 5, %0, 100 ] %0 10 L] q 0.4, 3, %0, 10 L] E 1] n 10
GAC 30 .85 0.3, % %, 100 3 ) 10 [ ] 28-300 10 0.5, %, W, 100 [} [41] n [
7. 0.5, 8, 50, 100 2 [ 2]} 10 L ] ? 0.5, 8, 30, 105 e % 1] 1]
4. 0.9, 5, %0, 100 ] 0 10 10 q 0.3, 3, %0, 100 L] 5 n 10
Wucher 8-4 0.1 b, 9, 1%, %0, %0 ] e 1] ] 38-347¢e) .7 1] L] (1] 1] L}
wc [ 1% ] 0 1.3 (e ] " ’
3-300 .. ] 3.5 00 (1]
Composite ICWY/VWII4) 3 100 %6 05,93, %, 106 3 940 ” 13 RAD-¢ 9.6 0.9. 5, %0, 106 2 0 n n
pretreated by seratios
e .. ] 2.9 % 14 n
3-30018) [ 0 2 (1] 1 1
Compuatita ANV Y) s 00 2.4 0.9, 9, 50, 108 H "’ 13 1 ZAD-4 9.6 0.9, 3, %, 18 2 L] ” [ 1]
prelrested Ly csonetion 22-340 9.6 0.5, 9, %, 108 3 ”» n 11
P LA} 9.4 0.3, § %0, 108 3 [ 1) [F] 11}
Composite {OWO/M]74) s %0 ) 0.3, 93, %, 100 2 m n 12
pretreated by ozonstion
and oct lvated sludge
Composite [OWI/VIL 24D m o0 {c) 0.9, 3, %, 100 ] 92 [} ] 13

ansercliic filler

Cont jaued)
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TABLE 9. (Continued)
Wastowsler Carton Gortents - Study Condittons Sesin Soibeats - Study Condit jons
Contact Pesults Contect Sesulte
S.rbent [ doses Time taittal on Sortwat ot doaca Tiee  iattial [
g/ Ang) togs1) Tovle Pigute 19/1) o) (eg/d)  Table Figure
Composite [OWI/W12d) 12-347 [ ] ] ] P "~ a3
pretseated by IDC
catlon edsorpl ion
Composite (OW9/M174) 3 300(a) 9.7 0 3 (1] 13 n
pretreated by RE-347
resin adscrplion
ON9 Groundvater 73 300 9.4 S, 10, %0, 100 e 190 11 1) RAD-¢ .4 100 q 1020 1] 1
7.0 s, 10, 30, 100 L} u2o 1 " 7.0 100 L) 1020 ] 0
HC 0.4 s, 10, 50, 100 L} 1870 (1] n ng-340 o.4 100 [} 1020 16 1 1]
1. s, 10, %, 100 [] 1220 119 13 ? 100 [} 1820 " 13
Wuchar S-A 9.4 s, 10, %0, 100 (] 1020 16 n 1t-347 2.4 100 (] 1020 1] 1]
1.0 3, 10, 80, 100 L} o 1. 3 1.0 100 (] 1820 1. 3]
3 00 .6 $ 0.5 3, 2, ¢ 2007 -
N9 Groundvaler s 30 e.} L) 1 1077 [}]
pretrested by activated
sludge
W78 Groundvater s 300 .9 ] 0.5,1, 2, & 10 TAD~§ .3 ) .8, 8,2, ¢ 230
.4 0.3, 3, %0 ] 2% 1 13 °.4 1 1 n 1] 19
7. 0.5, 3, 0 1 0 1% 18 ? ] ] 0o 1] 10
owe 2.5 ) 0.%.%, 2, ¢ 1% 18-340 9.3 1) 0.5,1.2, 6 20
’.¢ 0.5,3 % } 30 13 19 .4 ] ) %0 1e 13
7. 0.9, 5, W |} 7o 16 [ 1] ? s 1 220 te 1¢
Nuchar 8-A 9.3 s 0.5,1, 2, ¢ 350 x2-347 .9 ] 0.5, 3,2, ¢4 %0
¢ 0.9,5, % |} 2% 1 11} 9.4 ) 1} 30 16 13
7. 0.9, S, %0 ) im (1] " 7 3 1 o 1 [ L]

{Cont inved}
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TABLE 9. (Csuriraed)

Wastovaler Cathon Sorbents - Study Conditions Sesin Sorbents - * tudy Conditions
Contact Resuite Contect Besuits
Sorbent [} doses Tine fottial on Sordemt e Goses Tias Iaitisl o
9/ [191] 1e3/1) Tadle_Tigure 1321) r)  (wg/ Tahle
Wi7d Groundvater 73 300 .7 ] ) ” 13
pretrealed by activated
aludys
ta} Organic printity pollutents also analysed (c) p¥ mot recorded, estineted (0 be 7.2 to 2.4

({b) ¢t pot tocotded, estimated to be 2.3 to 7.6



TABLE 10, CARBON SORPTION ISOTIIERM DATA USING RAW COMPOSITE GRO!UNDWATER
DOSE TOC TOC SORBED LOADING TOC REMOVAL
SORBFNT Mig/1) C_ (mg/1) (nq/1) X/M  (=g/q) (L))
pH 9.45 'pll 7.0 pi 4.0 pH 9.85 pH 7,0 pil 4.0 pH 9.85 pH 7.0 pH 4.0 pH 10.0 pH 7.0 pH 4.0
BLANK 0 603 641 690 16.4 13.1 14.1
FS 300 0.5 504 557 593 99 84 27 198 168 194 35.7 31.7 39.0
5.0 388 441 421 215 200 269 43.0 40.0 53.8 55.9 9.1 52.8
50.0 266 326 326 337 315 364 6.74 6.30 7.28 8.9
~ 100.0 248 - - 355 - - 3.55 - -
&
HDC 0.5 574 635 641 29 6 49 58.0 12.0 98.0 4.8 0.9 7.2
5.0 457 502 526 146 13w 164 29.2 27.8 32.8 24.2 21.7 23.8
50.0 306 362 367 297 279 223 5.94 5.58 6.46 49.3 43.5 46.8
100.0 271 - - 332 - - 3.32 - - 55.1
GAC 30 0.5 541 575 599 62 66 21 124 132 182 10.3 10.3 13,2
5.0 370 454 417 233 187 273 46.6 37.4 54.6 38.6 29.2 39.6
50.0 271 326 308 332 315 382 6.64 6.30 7.64 55.1 49.1 55.4
100.0 230 - - 373 - - 3.73 - - 61.9
Nuchar S-A pH 10.1
0.0 736
1.0 653 83 83.0 1i.3
5.0 558 178 35.6 24.2
15.0 491 245 16.2 23.3
30.0 452 284 9.47 38.6
50.0 429 307 6.14 41.7




TABLE 11. RESIN SORPTICN ISOTHERM DATA USING RAW COMPOSITE GROUNDHWATER

DOSE TOC TOC SOKBED LOADING 0C REMOVAL

SORBENT M(g/1) Cf (ng/1) x (ng/g) /M (mg/1) )
pH 10.0 pHi 7.0 pH 4.0 pH 10.0 pH 7.0 pH 4.0 pH 10.0 pH 7.0 pH 4.0 pH 10,0 pH 7.0 pH 4.0

BLANK 0 715 567 551

XAD-4 0.5 654 7 s11 61 S0 40 122 100 80 8.5 8.8 7.3
5.0 593 455 413 122 112 118 4.4 22.4 3.6 17.1 19.8 al.4
:: 50.0 487 3es 365 228 179 185 4.56 3.6 3.7 31.9 31.6 33.6

100.0 448 - - 267 - - 2.67 - - 37.3
XE-347 0.5 598 528 517 117 39 34 34 78 68 16.4 6.9 6.2
5.0 570 438 399 145 129 152 29.0 25.8 30.4 20.3 22.8 7.6
$0.0 404 292 264 3l 275 287 6.22 5.5 5.7 43.5 48.5 52.1

100.0 331 - - 384 - - 3.84 - - 53.7
XE-340 0.5 670 534 534 45 33 17 90.0 66 k1 6.3 5.8 3.1
5.0 620 494 483 95 3 68 19.0 14.6 13.6 13.3 12.9 12.3
50.0 537 449 376 178 118 175 3.56 2.4 3.5 4.9 20.8 31.8

100.0 537 - - 178 - - 1.78 - - 24.9




TABLE 12. ISOTHERM DATA FOR COMPOSITE GROUNDHATER
PRETREATED BY OZONATION OR AERATION

SAMPLE SORBENT SCRBENT FPINAL T0C SORBENT OVERALL
DOSE T0C SORBED LOADING TOC
nig/1) Cf(lqll) X(ng’/1) XMizeg/g) REMOVAL(N)*
Rav Grouzdwater 1050
Grounfvater
after ozomation 1020
Groundwater
after aeration 1020
Pretreated by 7S 300
Ozonation 0 985
0.5 900 as 170 14.3
H 815 170 k1) 22.4
S0 633 352 7.0 39.7
106 573 412 3.9 45.4
IAD ¢ 0.5 984 1 2 .3
s 942 43 8.6 10.3
S0 882 103 2.1 16.0
106 852 133 1.2 18.9
XE-3490 0.5 970 15 30 7.6
5 50 35 7 9.5
50 920 65 1.3 12.4
106 888 97 0.9 15.4
XE-347 0.5 985 [} 0 6.2
S 930 55 11 11.4
S0 830 155 3.1 21.0
106 730 255 2.4 30.5
Pretreated by FS 300 0 940
Aeration (2.5 ir 0.5 876 64 128 16.6
aeration) L 754 186 372.2 28.2
SO 609 33 6.6 42.0
106 560 380 3.6 16.7
XAD 4 0.5 925 15 30 11.9
S 912 28 5.6 13.1
S0 850 90 1.8 19.0
106 767 173 1.6 27.0

* Calculated on the tasis of raw groundwater TOC and final TOC after adsorption.
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TABLE 13, ISOTHERM DATA FOR COMPOSITE GROUNDWATER PRETREATED
ANAFROBIC FILTER BY OZONATION/ACTIVATED SLUDGE AND UPFLOW

SORBENT DOSE FINAL TOC SORBENT TOC REMOVAL
M(g/1) C‘(nqll) LOADING BY SORPTION
/M (ng/q) L Y]

Sample: Effluent from Ozonation/Activated Sludge, TOC of 282 mg/1
(Raw Groundwater TOC vas 606 mg/l1)

0 27 - -
0.5 233 82 15

5 144 26 47
50 20 S.1 93
100 6 2.7 98

Sample: Effluent from Upflow Anaerobic Filter, TCC of 592 =g/l
{Raw Groundvater TOC was 778 mg/1)

0 592 - -
0.5 530 124 1¢

5 475 23.4 20
50 337 5.1 43
100 289 3.0 51

Raw Groundwater: 50/50 Composite of OW9 and W17d
Sordent: FS 30
Contact Time: 2 hr
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TABLE l4.

BATCH STUDIES OF SORPTION AND
AIR STRIPPING

TOC REMOVAL DURING SEQUENTIAL

STUDIES

Aeration followed
by Carbon Sorption

Carbon Sorption
followed by
Aeration

Carbon Scrption
followed by
Resin Sorption

Conditlicns
of Study

Results

Sorbent
Loading

(mg/g)

Aerate 48 hr at
initially adjust-
ed pH 6.0; 5 g/l
dose HDC carbon
for 2.5 hr at

pH 6.2

Initial TOC: €50

TOC after aeraticn:

346, TOC after
sorption: 199 (Cf)

First sten TOC
removal: 477

Overall TOC
removal: 692

29.4

SO0 g/l dose FS 300
carbon for 3.5 hr
at initially ad-
Justed pH 6.5;
aerate 48 hr at

pH 8.0 to B.7S

Initial TOC: 600
TOC after sorption:

259 (Cf). TOC after

seration: 189
First step TOC
removal: 57%

Overall TOC
removal: 682

6.82

50 g/1 dose HDC
carbon for 3.5 hr
at initially ad-
justed pH 6.5;

50 g/ duse XE-
347 resin for 1
hr ac pH 8.0

Initial TIC: 600
TOC after carbon
sorption: 288 (Cf
TOC after resin

sorption: 237 (cf)

)

First step TOC
rexoval: 527

Overall TOC
removal: 60%

First step: 6.24

Second step: 1,02
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TABLE 15. REMOVAL OF TOC AND AND SPECIFIC ORGANIC POLLUTANTSS
DURING SEQUENTIAL BATCH STUDIES
Pollutant Concentration (mg/l1)
Study Al Study B2
Raw Resin Carbon Raw Aeration Aderation
Compound Wastewater Sorption Sorption Wastewater Effluent Carbon
Effluent Effluent Sorption
Effluent
TOC 638 455 332 720 6641 301
Methylene 0.06 ND ND 0.07 ND 0.503
Chloride
t,1-Dichlo-~ 1.2 ND ND 1.6 ND ND
roethane
1,1-Dishlo- 0.06 ND ND 1.0 ND ND
roethylene
Chloroform 1.4 ND ND 2.0 ND ND
1,2-Dichlo- 111 0.23 0.01 144 ND 0.01
roethane
1,1,1-Tri- 0.12 ND ND 0.28 ND ND
chloroethane
Tricholoro- 0.04 ND ND 0.05 ND ND
ethylene
Benzene 7.8 0.17 0.01 5.3 ND ND
Perchioro~ 0.11 ND ND 0.19 ND ND
ethylene
Toluene 2.6 ND ND 3.6 ND ND
Chloro- 0.14 ND ND 0.18 ND ND
benzene
Ethylberzene 0.01 ND ND 0.02 ND ND
1,1,2-Tri- 0.16 ND ND 0.05 ND ND
chloroethane
(Continued)
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TABLE 15,

(continued)

Pollutant Concentration (mg/1)

— Study Al Study B2
Raw Resin Carbon Raw Acration Aeration
Compound Wastewater Sorption Sorption Wastewater Effluent Carbon
Effivernc Effluent Sorption
Effluent
Dichloro- 0.09 ND ND 0.05 ND ND
benzene
Methylani- 0.31 ND ND 0.24 0.53% ND
line
Ethylaniline 3.3 ND ND 3.8 0.60 ND
Trichloro~ 0.01 ND ND 0.01 ND ND
benzene
Naphthalene 0.01 ND YD 0.01 ND ND
Dimethyl- 17.0 0.25 ND 15.0 0.61 0.08
aniline
Camphor 4.0 0.04 ND 3.9 0.47 0.0l
Chlorophenol 0.02 ND D 0.03 0.01 ND
Phenol 0.01 ND ND 0.01 0.01 ND
Methylphennl 0.04 ND h1) 0.04 0.03 ND
Methylethyl- 0.02 ND ND 0.02 0.352 ND
phenol
Methylpro- 0.21 ND ND 0.28 0.28 ND
pylphenol
3,4-Dimethyl- 0.16 ND ND 0.12 0.14 ND
pnenol
Benzoic Acid 0.17 ND 0.18% 0.30 0.02
Sorption Capacity 7.32 6.12 6.8
(mg/g)
TOC Removal (%) 29 276 536
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NOTES

1 Study A involved resin sorption followed by carbon sorption. Conditions
during the study stages were:

Sorbent: XE-347 FS 300
Dose: 25 g/1 50 g/1
Contact Time: & hr 2 hr
Wastewater pH: 9.7 9.7

2 Study B involved treatment by aeration followed by carbon sorption.
Aeration accomplished by sparging for 48 hr at pH 6; aeration effluent
contacted with FS 300 carbon at 50 g/l dose for 2 hr.

3 Sample believed to be contaminated with methylene chloride

“ Questionable results

5 Snecific organic analyses focused on priority pollutants. A few non-
priority compounds were detected by the procedure and were quantified;
however, no effort was made to identify all non-priority pollutants.

6

Removal attributable only to the unit process

ND - Not Detecred at detection limit of 0.0' mg/l
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TABLE 16. ISOTHERM SORPTION DATA ON GROUNDWATER FROM WELLS OW3 AND W17d

o Groundwater 'V 178 Groonasater '
SoRaDT 0oL T0C TOC SORRID 0C REMOVAL [ 3 TOC S0RAID 70C RDWOVAL
C w0 Xtng/1) aMmiag/q) “a) (AL g/l 2/mieg/q) w
fg/1) pH 94 pn?7.0 pH9e pHIO o4 pHIO pNO4E pH?20 lg/l) gNOE opN70 pHOY MIO pR9S pNIO pNO4 ph)O
A ] 1} 1820 o 130 20
s 300 s 1647 1390 17 10 e €50 [N X 0.3 1% " 0 (1] 10 18 [T I I ]
10151 1512 102 08 0.2 A 168 15.0 s " 0 I 190 1.8 5.0 D M4
s na e %7 0.9 1.3 X0 3.6 % 10 19 2w o W w3 e B
10 s 1130 08 “: 1.0 [ R T X I TN ]
Wchar 8-A 8 (LTI TY T I 01 ©®2 @2 1.0 1.0 [ XY 12 ” () [ LT L5 (178 BN )
10 16y e 0 m 00 23 1o 1% ] © " e I 00 N6 e B3
0 1% b W (1] "2 e 33 x %0 1] (LI T B | ) (1S BN N B R (N |
100 nar 1216 08 (Y] 0 e W2
e s 1o 110y us s no o0 .. 8.3 0.8 1] [}] [t} 100 8o 2.6 11
0 1% 1587 144 m e 1 7.9 (1) H [}} B us Ne % N7
0 188 [T I} ) [} [X) . »r na 50 ’ 1 m no [ R B S N
100 nw  ue % o 5. [ I TN ..
xE-340 100 141 153 ns s ) .9 1.0 158 s 1 167 [ 1 8 106 N3 NI
x8-347 1000 1302 ne  us [3}] 9.2 (7S B I I TN ) s 100 1% % » €0 60 10 e
AD-4 100 4 100 M3 m e 3 1o 14 s 150 3] 0 0.6 W0 D0 e

(1) Conmtact Time =+ & br
(2} Contect Time - 1 B¢



TABLE 17. 7YSOTHERM SORPTIOW DATA FOR OW9 AND
W17d GROUNDWATERS PRETREATED BY
ACTIVATED SLUDGE

T0C TOC Capacity TOC
Sample cf(mgll) Adsorbed X/M(mg/g) Removal
X(ong/1) <)
Blank -~ OW9 CGroundwater 1077 - - -
pretreated by activated
sludge
OW9 Groundwater 744 333 66.6 30.9
pretreated by activated
sludge
Blank - W17d Groundwater 99 - - -
pretreated by activated
sludge
W17d Groundwater 12 87 17.4 87.9
pretreated by activated
sludge
Sorbent: FS 300 Carbon
Dose: 5 g/1

Contact Time: 1 hr
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and anaerobic treatment by upflow filter. Results are presented in Figures 1l
and 12 and Tables 12 and 13. Operating conditions for these pretreatment
processes are described in subsequent sections pertaining to the unit process.

Results of these studies indicate that, in general, Freuandlich isotherms
are steeply sloping straight lines when plotted o a logarithmic scale.
However, pretreatment by czonation plus activated sludge (03/AS) resulted in
an isotherm which changes slope sharply iundicating the presence of adsorbates
with different sorption characteristics. Except inm the case of ozoma-
tion/activated sludge pretreatment, sorption characteristics were not affected
by the different pretreatment methods even though initfal TOC concentrations
varied considerably as a result of pretreatment. Except for the ozona-
tion/activated sludge pretreatment case, sorbents were not capable of achiev-
ing effluent TOC concentrations of less than 290 mg/l or TOC removal effi-
ciencies of greater than 51 percent at sorbent doses of up to 100 g/l. Where
comparisons were made between carbon and resin sorbents, carbon alwsys had
better sorption capability.

Figure 16 summarizes the best activated carbon and resin sorption results
from the aeration and ozonation pretreatment studies.

Sequential/Batch Studies

Prior to undertaking continuous flow column adsorption studies, the
following batch sequences were examined: (1) air stripping followed by carbon
sorption, (2) carbon sorption followed by air stripping, and (3) carbon
sorption followed by resin sorption. Wastewater TOC concentration following
these treatments remained hizh (greater than 189 ng/l).

Results of the sequential experiments raised questions with regard to the
nature and composition of the residual TOC. Therefore, it was deemed naces-
sary to perform some specific compound analyses to gain better insight. To
extend the investigation, additional separate carbon and resin sorption and
sequential air sparging-carbon sorption batch experiments were ccnducted. Raw
wastewater and treatad waters were analyzed for organic priority pollutants.
Results of these studies are summarized bLelow:

o Carbon adsorption reduced almost all organic priority pollutants to less
than GC/MS detection limits. An exception was benzoic acid, which would
not be expected to be removed by carbon. TOC removal capacity compared
favorably with earlier results.

o Resin sorption proved to be only slightly less effective than carbon
sorntion. TOC removal capacity compared favorably with earlier results.
Most organic priority pollutants were reduced to below detection limits.
All were reduced by at least 98 percent, however, several still remained
at 170 to 250 mg/1.

o Carbon treatment of air stripped groundwater generally resulted in re-
duction to less than detection limits for the organic priority pollutants
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remaining after stripping. All were reduced by more than 98 percent.
TOC adsorption capacity was similar to previous tests.

o Despite good removals of organic priority pollutants, a significant
residual TOC (301-455 mg/l) was measured in all treated samples. This
residual represents unidentified, non-priority organic pollutants.
Specific organics breaking through most consistently were 1l,2-dichloro-
ethane, benzene, dimethylaniline and camphor.

o Preaeration followed by granular activated carbon egorption appeared to be
effective for the Ott/Story Site removing volatile priority pollutants,
and virtually all acid and base/neutral substances. Residual TOC values
remained high, however.

A limited number of isotherm adsorption studies were conducted using OW9
and W17d groundwater samples individually (See Table 16 and Figures 13, 14,
and 15). The isotherms again are steeply sloping lines. Results indicate
that:

t

o pH adjustment made very 1little difference in TOC adsorption with the
exception that XAD-4 performed slightly better at pH 9.4.

o Carbons performed much better than resins for both waste streams and at
both pH values.

(V] The three carbons performed similarly with FS-300 and Nuchar SA having
slightly greater equilibrium adsorption capabilities.

o At the maximum dose tested, TOC removals from OW9 and W17d groundwater
were 39 percent and 95 percent respectively and resulting TOCs were about
1100 mg/1 and 10 mg/l, respectively.

As a result of the isotherm and sequential batch studies, it generally
was concluded that adsorption is a unit process applicable to the situation at
the Ott/Story Site. Carbon adsorptica _alone and resin sorption to a lesser
extent were capable of achieving high degrees of organic priority pollutant
removals. However, the adsorption process alone was not capable of reducing
groundwater TOC concentrations to levels typically acceptable for direct
discharge to a surface water,

Based upon the steeply sloping straight line of the adsorption isotherms,
it 1s assumed that carbon capacity is not fully used; thus, residual organics
are not sorbable. Pretreatment by various unit processes with adsorption used
as a polishing process provided additional TOC removal. Results of continuous
flow process trains employing adsorption in the pretreatment as well as
polishing modes are presented later.

Continuous Flow Studies - -

Table 18 provides a comprehensive listing and summary of continuous flow
adsorption studies. For this series of studies, adsorption was used as the
primary treatment process, for pretreatment, and for post-treatment. When
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TABLE 18. CONTINUOUS FLOW ADSORPTION STUDIES

HYDRAULIC LOADING

CUMULATIVE EMPTY BED BED

RATE SORRENT CONTACT  VOLUMES
SORBENT WASTEWATER (2/02.pin) COLUMIS DEPTH TIME PROCESSED COMMENTS
{cm) (ain)
FS 300 rav coaposite (OW9 and W174) 81 1 90 11 351 See Pigure 17
2 180 22 175
3 270 33 117
[ ] 360 a4 [:1]
PS 300 rav composite (OW9 and W174) 81 1 90 11 248 See Figure 19
2 180 22 124
3 276 33 83
[ ] 360 a“” 62
FS 300 rav composite (OW9 and W174) 81 1 90 11 503 See Pigures 18, 20 and
2 180 22 251 Table 19; activated
3 270 33 168 sludge used as post-
treatpent
FS 300 rav composite (OW9 and N174d) 81 1 90 11 625 See Figures 18 and 20;
180 22 i activated sludge used as
3 270 a3 208 post-treatrent
XE-347 rav coaposite (OW9 and W17d) 81 1 48.3 6 121
2 104.2 13 56
3 156.3 20 38
XE-347 rav composite (OW9 cnd W174d) 8l 1 S0 6 106 See Figure 19
2 100 13 53
3 150 20 35

(Cont inued)



99

TABLE 18. (Continued)

CONTINUOUS HYDRAULIC LOADING CUMULATIVE EMPTY BLD

FLOM STUDY RATE SORBENT CONTACT  VOLUMES

NUMBLR SORBENT NASTEWATER (l/-z.ll.n) COLUMNS DEPTH TINE PROCESSED COMMENTS

(cm) (min)
? 3 300 rav composite (OW) and W174) 81.6 1 93 11 121 Activated sludge used as

2 183.5 22 61 post-treataent
3 272 33 [}

a FS 300 rav coaposite (OW9 and W174) 3.35-4.23 1 89 226 210 See FPigure 20; Activated
sludge used for post~
treataent

9 FS 300 raw coaposite (OW9 and W174) 2.96-5.10 1 as 213 220 See Figure 20; Activated
sludge used for post-
trestment

10 FS 300 rav composite (OW9 and W174) 3.74-4.73 1 es 223 197 Activated sludge used for
post-treatzent

11 FS 300 coeposite (OW9 and W17d) 1.57-1.96 1 81.5 458 101 See Figure 20; activated

pretreated by czonation sludge used for post-
treatment after adsorption

12 FS 300 composite (OW9 and W17d) 1.96-2.21 1 30 143 76 See Figure 20

pretreated by ozonation
and activated sludge
13 FS 300 composita (UK? and W12d) 82 1 79 10 100 See Pigure 20

pretreated by activated sludge

{Cont inued)
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TABLE 18. (Continued)
CONTINUOUS HYDRAULIC LOADING CUMULATIVE ENPTY BED BED
FLOW STUDY RATE SORBENT CONTACT  VOLUNMES
NUMBER SORBENT NASTEWATER (1/a2.a1n} COLIMNS DEPTH TIME PROCESSED COMMENTS
(cm) (ain)

1 FS 300 OW9 Groundwater 2.82-4.1} 3 80 240 82 Gee Pigure 22; Activated
sludge used for post-
treatseat

15 FS 300 OM9 Groundwater 2.77-3.7% | 97 296 63 Sece Figure 22; Activated
sludge used for post-
treatmsent

16 FS 300 rav composite (ON9 and N174) 1.96-3.92 1 68.5 203 65 Uptlov anaercbic filter
then activated sludge
used for post-treatment

1? FS 300 rav coaposite (OW9 and W174) 2.56-4.53 1 78.% 238 34 Upflow ansorobtc ftliter
then activated sludge
used for post-treatment

18 FS 300 N174 groundvater 81.6 1 8s 11 122 See Figure 22

2 167 H ! 6
19 FS 300 OW9 groundeater 3.55-4.44 1 69 182 23 See Figure 22; upflow

anaerobic filter used for
post-treatment




used as the primary process, three or four carbon columms were arranged in
series and operated at a constant hydraulic loading rate of about 2 gpm/ft2,
(See Table 2 for SI ccaversion). When used &8s part of a continuous process
train, a single carbo~ column operated at a loading rate dictated by the other
unit operations was used. Based upon results nf the isotherm studies, FS=300
granular activated carbon (GAC) and XE-347 ca.bonaceous resin were selected as
sorbents to be further {investigated throughout the continuous flow study
phase.

During the course of conducting the studies listed on Table 18, it wvas
noted that TOC rapidly broke through the adsorption system; this is illus-
trated on Figures 17, 18, and 19, Effluent TOC values of less than about 100
ug/l could be achieved only within the first three to ten bed volumes of
loading. Removal efficiency decreased rapidly to less tham 50 percent.
Therefore, with influent TOC ranging from 6G0 to 1000 mg/l (in the composite
of OW9 and W17d), an effluent TOC of 300 to 5C0 mg/l was typical after a shert
period of operation.

Figure 17 illustrates the progression of TOC breakthrough through a
system with four columns in series. These results are typical of the adsorp-
tion precess in general and of other studies conducted during investigations
at the Ott/Scory site,

Figures 19, 20, and 21 illustrate TOC adsorption by GAC and XE-347 resin
for selected studies under different conditions 4s summarized in Table 18.
These data {ndicate that:

o Operating at empty bed contact times (EBCT) from 10 to 226 min had no
consistent effect on the adsorption of TCC. This also is demonstrated by
the results of studfes with two columns in series (Figure 19) and three
columns f{n series (Figure 20, 21, In these studies, the equilibrium
weight of TOC adsorbed per unit veight of carbon in the first columm
(having an EBCT of 1l min) of the series was equivalent to the adsorption
of the entire bed (having an EBCT of 22 min for two columns and 33 min
for three columns) at any point along the carbon loading curve.

(] The adsorption capacity of XE-347 was lower than that of FS-300 under
similar study conditions. Adsorption capacity of FS-300 and typical TOC
breakthrough characteristics were not affected by pretreating the waste-
water with ozone.

o Carbon adsorption capacity appeared to be slightly improved by pre-
treating with a process train consisting of ozonation f{ollowed by acti=~
vated sludge. However, improvement in capacity was only slightly better
than demonstrated by activated sludge pretreatment alone.

Despite the inability to maintain high levels of TOC removal, GAC adsorp-
tion demonstrated substantial organic priority pollutant removals. As indi-
cated on Table 19, even when loaded &si 111 mg TOC/g carbon, FS-300 continued
to sustain high levels (83 percent or better) of priority pollutants removal
at TOC removals of only 35 percent and effluent TOC concentrations of greater
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TABLE

19. TOC AND PRIORITY POLLUTANT DATA FOR

GRANULAR ACTLVATED CARBON/ACTIVATED
SLUDGE PROCESS TRAIN

Collected on Collect on Collected on
Day 2% Days 9 and 10%* Day 17%
Rawv GAC Raw GAC AS GAC AS
Ground- Effl. Ground- Effl., Effl. Effl. Effl.
water vater

Average carbon loading 19 111 233
vhen sample collected
(mg TOC/g Carbon)
Parameter (mg/1):
TOC 637 380 929 604 90 770 183
Total Cyanide NA NA 0.11 0.21 0.23 0.23 0.20
CNA NA NA <0.0% <0.05 <0.05 <0.05 <0.05
Total Phenol NA NA 10 <0.16 <0.10 <0.10 <0.10
Methylene chloride 2.1 0.029 14 0.01 ND 0.16 ND
1,1-Dichloroetkene 1.6 ND 0.06 0.01 ND ND ND
1,1=Diczhloroethane 2.4 ND 0.17 0.02 ND ND ND
Trans~-1,2-dichloro~

ethane 0.06 ND 0.04 ND ND ND ND
Chloroform 9.8 ND 0.70 0.06 ND ND ND
1,2=Dichloroethane 72 ND 25 1.4 ND ND ND
1,1,1-Trichloroethane 7.6 ND 0.39 c.04 ND 0.05 ND
Trichloroethylene 0.06 ND 0.03 ND ND ND ND
Benzene 1.2 ND 1.5 0.02 ND ND ND
1,1,2-Trichlorcethane 0.11 ND 0.07 ND ND ND ND

(Continued)
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TABLE 19. (Continued)

Collected on Collect on Collected on
Day 2% Days 9 and 10% Day 17#
Raw GAC Raw GAC AS GAC AS
GCround- Effl. Ground- Effl. Effl. Effl. Effl.
water water

Perchloroethylene 0.49 ND 1.9 ND ND ND ND
Toluene 2.3 ND 0.97 0.05 ND 0.01 ND
Chlorobenzene 0.23 ND 0.29 ND ND ND ND
Phenol 0.025 ND 0.028 ND ND ND ND
2-Chlorophenol 0.040 ND 0.036 ND ND ND ND
2,4-Dichlorophenol 0.010 ND 0.010 ND ND ND ND
1,2-Dichlorobenzene 0.085 ND 0.077 ND ND ND ND
Dibutyl phthalate ND ND ND ND 0.05 ND ND

NA - Not Analyzed

ND - Not Detected

No other priority pollutants detected at 0.01 ag/l detection limit
* -~ Refers to Adsorption Study No.3 as illustrated on Figure 18
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than 600 mg/l. At 71 bed volumes, representing a loading of 233 mg TOC/g
carbon, the only priority pollutants detected in the GAC effluent were meth-
ylene chloride, 1, 2-dichloroethane, and toluene.

The significant differences in the adsorption characteristics of ground-
waters from two different wells at the Ott/Story site are illustrated in
Figure 22. Organic materials in W17d, as measured by TOC ccacentration, were
more readily sorbed by FS 300 than was TOC in Wl7d. Moreover, the sorption
characteristics of OW9 were comparable to the OW9/W17d composite, indicating
that some compovnds in either OW9 or W17d are preferentially adsorbed to the
exclusion of other compounds despite the fact that sufficient opportunities
for adsorption still exist,

During the course of the continuous flow adsorption studies, results were
found to correlate well with isotherm data previcusly presented. Moreover,
priority pollutant removals were in agreement with other published data sum-
marized in an earlier project report (l1).

Biological Treatment Activated Sludge

A number of antivated sludge treatability studies were conducted. These
included use of a biomass acclimated to raw contaminated groundwater, sludge
seeded with Phenobac®, addition of powdered activated carbon to the activated
sludge aeration chamber, and pretreatment of the groundwater by carbon adsorp-
tion or ozcnation, Table 20 summarizes the operating conditfons and results
of these studies. Time was allowed between studies for acclimation to new
study conditions.

Several attempts were made to acclimate an activated sludge culture to
the raw groundwater. Mixed liquor, obtained from the preaeration basin of the
Muskegon County wastewater treatment plant, was fed a mixture of raw municipal
wastewater and groundwater. Cver the course of about nine weeks, the fraction
of groundwater in the feed was increased from O to 100 percent in approxi-
mately 10 percent increments. Hydraulic vretention time {in the aeration
chamber was about seven hours and mixed liquor suspended solids averaged about
3300 mg/l during this period. To assure adequate nutrients, nhcsphorus, as
phosphoric acid, was added to provide a TOC:N:P ratio of about 100:17:5.
Hydrochloric acid or sodium hydroxide were used to keep the pH in the range
6.5 - 7. Daily pH adjustxment was needed due to the high alkalinity and
buffering capacity of the water.

Attempts to develop an acclimated culture were minimally successful. As
system influent contained a greater f{raction of groundwater, slignt loading
fluctuations resulted in growth of a poorly settling, light colored, fila-
mentous biomass. As shown on Figure <3, once the systems were acclimated to
the extent possible, TOC removal ranged from about 35 to 60 percent., Eifluent
TOC concentrations ranged from 174 to 472 mg/l as shown in Figure 24. How-
ever, subsequent studies indicated that the strippirg effect of diffused
aeration could account for about two-thirds of the removal. Performance (TOC
tvemoval) at retention times of 4.3 to 8.3 hr and about 16 hr did not appear to
be significantly different.
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TABLE 20. STUDIES OF THE ACTIVATED SLUNDGE PROCESS
OPERATING CONDITIONS REMOVAL
No.
STUDY REACTOR HRT (hr) TOC LOADING of T0C RINOVAL COMMENTS
NO. NASTEWATER TYPE AVIR RANGE  ©g/1 1b/1000cu. ft./dsy Dats AVER RANGE
AVER AVER RANGE Points
1 rav composite (OW9 and W17d) R 4.6 3.0-9.8 651 09 134-301 0 S0 40-57
2 rav composite (OW9 and Wi7d) R 4.3 .6-4.4 6403 m 135-280 6 @ 0@2-8
3 rav cosposite (OH® and W17¢) R 4.6 4.0-6.2 622 208 134-236 8 37 30-40
4 vaw coaposite (OWY and W12d) 8 6.0 5.0-7.9 533 138 96-205 26 ¢ 35-69
s rev composite (N9 and W174) s 6.1 4.3-8.0 538 127 80~-208 2 51 41-48
6 rav composlite (ON9 and W17d) S 6.9 3.3-14.6 543 15?7 45-2719 11 43  25-64
? rav composile (CW9 and ¥174) R 8.3 6.9-10.4 6 114 94-145 6 46 42-49
] rav composite (UN9 and W17d) R 15.6 10.8-18.2 611 62 52-79 ? 61 52-60
9 tav coeposite (OW9 and W179) R 1§.1  13.9-17.8 664 62 $3-76 8 63 $59-70
" rav ccaposite (OW9 and W174) R 4.3 3.4-5.2 645 228 184-266 ] 42 35-¢9 Trace elements added
sl 1av cozposite (OW9 and W124) S 5.7 1.3-9.7 517 156 74-625 20 48 37-58 Phenobac® culture
12 compoaite (W9 and W12d) GAC
prutreated 8 4.3 3.0-5.6 212 68 43-23 ? 90 79-93 LEffluent from GAC Study 2
13 conposite (W9 and Wi74) GAC
prutsested 8 4.8 3.4-5.,6 20} 69 37-94 ? 90 77-100 Effluent fros GAC Gtudy 2
1¢ coaposite (OW9 and W17d} GAS
pretreated 8 5.0 4.5-6.0 392 119 41-156 6 88 72-98 Effluent from GAC Study 2
15 cuoposite (OW9 and W17d) GAC
pretreated R 6.2 5.6-6.4 489 124 63-183% 10 87 61-100 Efflucnt from GAC Study S
16 coaposite (OW9 and H17d) GAC
pretreated R 6.1 5.3-7.3 489 128 $5-19§ 10 8% 6)-100 Efftuent from GAC 5tudy 3,
PAC in seration chexber
1? conposite (OW9 and W174) GAC
pretreated R 8.0 17.0-9.3 647 122 97-143 ? 7% 65~79 Effluent froa GAC Study 3
18 composite (OW9 and W17a) GAC
pretreated R 8.2 17.3-10.84 647 120 94-137 ? 71 63-74 Effluent froa GAC Study 3,

PAC residual in seration
chasber

(Continued)
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TABLE 20. (Continued)
OFERATING CONDITIONS REMOVAL
Ho,
STUDY REACTOR HRT (hr) TOC _LUADING of T0C_REMOWAL COMMENTS
NO, WASTEMATER TYre AVIR RANGE  mg/] 1b/1000cu.ft./day Data AVER PANGE
AVER AVER RANGE FPoints

19 cosposite {ON9 and W17d) GAC

pretreated R 5.9 35.6-11.1 370 92 39-231 13 87 62-100 Effluent from GAC Study &
20 composite (ON9 and W17d} GAC

pretreated R 16.7 9.8-23.9 03 9 14-72 20 78 58-99 LEftluent from GAC Study ¢
21 composite {C# and W17J) GAC

pretreated R 6.0 35.6-8.¢ 63 107 66-146 1] 69 93-81 Effluent (rom GAC Study ¢
1 coaposite (UN9 and W17d) GAC

pretreated R 6.6 3.1-7.0 430 107 €6-146 ] 9  §3-22 IEfffuent from GAC Study ¢
23 composite (0V9 and N174) gesin

pretreated R 4.0 3.9, 64,0 520 197 152-243 2 79 %, 82 [Iffluent from rosin Study S
24 coaposite (OH9 and W17d) resin

pratreated R 8.8 7.3,10.4 3520 a7 83-9 2 80 73, B3 Efflusnut fron resin Study S
a5 composite (OW9 and W17d) resin

pretreatcd H] 0.5 4.4, 4.6 105 160 94-226 2 68 54, 74 [EKffluent from rosin Study 6
6 conposite (OW? and W17d) reain

pretieated R 9.% 48.9,11.5 538 86 47-119 3 72 53, 79 [Etfluent froa resin Study 6
n composite (OWY and WI17d) GAC

pretreated R 7.7 6.2-9.8 319 (1] 33-116 10 9) 47-100 Effluent from GAC Study ?
28 compasite (ON9 and W174) GAC

pret-eated R 8.6 7.6-8.9 1379 66 56-89 9° 83 76-88 UCffluent from GAC Study 7
29 composite (09 and W17d) GAC

pretroated R 8.6 7,6-9.86 490 1] 30-12) 3 76 54-100 ECffluent (roa GAC Study 6
30 composite (OWY and WI74) GAC

>retrested R 8.9 6.0-11.9 542 98 $7-163 a1 82 59-100 E3flueny from GAC Study 9

. used for GAC Study 12

{Cont 1nued)
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TABLE 20. (Continued)
OPER\TING CONDITIONS REMOVAL
Mo.
STUDY REACTOR IIRT_(hr) TOC_LOADING of T0C_RFMOVAL COMNDITS
NO. WASTEWATER TnyE AVER RANGE =g/} Lb/1uv00cu.ft./day Data AVER RANGE
AVER AVZR RANGE Points
31 composite (OW9 and W174) GAC
pretrcated R 7.9 7.3-9.8 762 139 110-202 24 76 49-98 Efflusnt fros GAC Study 10
n composite (OW9 and W174) R 17.2 1),9-20.8 $? 51-72 ] 60 63-8) PAC aCded to asration
chasbar
33 compasite (UN9 ana W174)
ozone pretgeated 8 1.7 16.3-29.2 519 ” 14-77 22 2  33-66
3 cumposite (ON9 and W174)
o20ne pretreated 8 9.7 4.9-1.1 777 206 102-304 a3 8  30-€1
35 composite (OW9 and Wi174)
ozone and GAC pratreated 8 6.5 5.8-7.8 5¢0 1)1 65-209 23 % 21-78 Bffluent Crom GAC Study 11
36 coapoaite (UW9 and W17d)
vsone pretzcated S 5.3  4.9-%.0 861 43 209-266 H 44 30-358 Activated sludge efflusnt
» cosposite (OW2 and W174)
GAC end UAT pretreated R 9.7 6.3-12.8 9% 13 3-3 17 37 079 BRifluenc from GAC Study 36
38 composite (OW? and WI74)
GAC and UAF protreated ] 9.8 17.2-12.8 69 11 2-16 10 40 0-100 Effluent from GAC Study 17
39 ON9 groundwater 8 6.3 S5.6°7.8 1347 M) 244-410 13 10 12-82
40 ON9 grouidvaler 8 12,1 10.8-13.9 1907 236 193-299 13 0 10-67
[1} OM3 groundwvater 8 13,1 11.2-15.4 1992 "ns 179-279 9 %6 35-65
4 OW9 groundwater GAC pretreated R 10.4 9.3-11.6 126} 182 75-300 [} 12 34-62 Eifluest from GAC Study 24
[} OW9 groundwater GAC pretreated R 10.4 8©.8-11.9 13y 191 151-237 ? $S 32-8! URifluent from GAC Study 1S
(1} Wi7a groundwater 8 5.9 95.8-6.6 181 «” 32-6¢ 13 93 30-72
(14 174 qroundvater 8 10.4  9.7-11.2 2 » 2€-40 13 83 23-18
[13 W174 groundwater 8 18,1 12.1-17.1 228 1] 16-34 S @2 22-%
R = 1 liter reactor unit
§ = 250 ml Swisher unit
GAC = Granulor Activated Carhon

Upllov Anaercbhic Filter
Povdered Activaled Catbon



TOC Ramovad (%)

v Phenobac Study No. Il 57 HRT

O AS Study WNo3. 1&2 45HRT
1o + AS Stedy No. 3 46HRT

w AS Study Ho. 4 60HRT
90—1 O AS Study No. 9 16.1 HRT

X AS Study No. B I5.6 HRT
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70" 0 :\

\\é , " B
oy o ’
% »
v 9
X *
50‘1 v
0
40 o 6
30
20
10
T T | T T e T T T T T T 1
20 40 60 80 100 120 140 160 180 200 220 220 240 280 280 300
Ibs TOC,_/ 1000 13 day

Fiqure 23, Activated Sludge TOC Removals.




8
(mg /1)

TOC

500

400
Ronge of Data for
Phenobac System
3004
2C0
v Phenobac Study No. I}
0 AS Study Nos.l 82
+ AS Study No. 3
*x AS Study MNo. 4
B X AS Siudy No. 5
4 AS Study No. 6
© ] T T S T T L 1 T T L T T T T
o 20 40 €0 80 100 120 140 1€0 180 260 220 240 260 280 300
- Ibe TOC_ / 1000¢1 3 day
igure 24, Activated Sludge Effluent TOC Concentrations.

1
320

sy

AL s Bt M o




A commercially available bacterial culcure adapted for hydrocarbon degra-
dation also was studied. Phenobac® provided by Polybac Corporation was se-
lected because of its reported suitability for the type of wastewater occur~
ring at the Ott/Story site. The culture was prepared according to Polybac's
instructions. Both the Phenobac® system and the conventional activated sludge
systen were fed only raw groundwater. Operating conditions are shown im Table
20. The Phenobac® system achieved an average TOC reduction of about 48
percent with a range of 37-58 percent. There was no observed advantage to the
use of Phenobac® hased on effluent TOC.

Adsorption Pretreatment/Biological Treatment Process Trains

Adsorprion/Activated Sludge System —-

As a result of marginal performance by both conventional activated sludge
and Phenobac® systems using raw groundwater, additional actjvated sludge
studies were conducted using groundwater pretreated by (a2) sorption using
granular activated carbon (GAC), (b) organic resin, (c) chemical oxidation via
ozone, (d) GAC and ozome, (e) GAC and upflow anaerobic filter processing and
(£) the addition of powdered activated carbon (PAC) to the aeration chamber.

Studies 12 through 22 and 27 through 3! summarized in Table 20, were
conducted to study the influence of GAC pretreatment on activated sludge
performance. Although a variety of operating conditions were investigated,
results were found to be fairly consistent. Figure 25 illustrates performance
of the activated sludge process in the GAC/activated sludge process train
during studies 15 through 22 and 31. Figure 26 summarizes daily results;
these data are judged to be representative of all studies. To normalize
variations in wastewater composition from run to run, influent loading to the
GAC/activated sludge process train is presented on the basic of cumulative TOC
loading per unit weight of activated carbon.

It was found that GAC pretreatment of raw groundwater permitted develop-
ment of a culture of aerobic organisms capable of further treating GAC efflu-
ent. In excess of 95 percent TOC removal was achieved by this process train
during the period when the GAC process accounted for at least 30 percent of
the TOC removal. After this initial period, process train performance de-
clined as GAC performance declined. These data indicate that some fraction of
TOC began to leak through the system after a short period of operation. The
fraction of TOC which leaked through the GAC system was not toxic to activated
sludge (AS). These organics did not appear to be removed or reduced either
biologically or by the air stripping associated with AS aeration.

Operation of the AS portion of this procaess train at hydraulic retention
times (HRTs) ranging frem & to 16 hr, with or without the addition of powdered
activated carbon to the biological reactor, or with or without Phenobac®
addition seemed to have little impact on process train performance (based upon
TOC removal). Overall system performance was maintained at 75 to 85 percent
TOC removal (effluent TOC of 100 to 185 mg/l) for about 21 days. This repre-
sents processing of more than 110 BVs for the GAC process and 46 retention
tines for the AS process. Results of these studies are fllustrated in Figure
27. Although not {llustrated in the figure, Phenobac® subsequently was added
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to one of the reactors during the course of this run. There was no difference
in TOC removal between the Phenobac® reactor (operated at 6 hr HRT) and the
conventional AS reactor (operated at 16 hr and 6 hr HRTs). As TOC leakage
from the GAC process increased, biological process removal performance dimin-
ished. Conventional AS and Phenobac® reactor effluents contained about 200
mg/l TOC when this phase of the study was completed. Visual observations and
typical mixed liquor analyses (MLSS and MLVSS) suggest that the biological
systems could survive in and utilize GAC pretreated groundwater even after GAC
performance had declined to about 10 percent TOC removal.

During the entire two month duration of this phase of study, TOC removal
by the GAC/AS process train varied from 100 to 74 percent. Effluent TOC could
be maintained at levels less than 100 mg/l only for short periods of time and
only when GAC performance was at its peak. Limited analyses, houwever, suggest
that high levels of organic priority pollutant removals can be attained even
with effluent TOC concentrations of 100 to 200 mg/l. Table 21 presents
resvlts of GC/MS analyses for organic priority pollutants conducted at several
times during the ouperation of the GAC/AS process train. Almost all organic
priority pollutants detected in raw groundwater were removed consistently to
less than the level of detection (0.0! mg/l) by the process train. One
consistent feature of these data and previoucs GC/MS analyses from batch carbon
adsorption studies is the early leakage of 1, 2-dichloroethane. A few other
compounds (benzene, m¢thylene chloride, and toulene) also were detected to
have Sroken through in soae batch and cont.nuous flow studies. The acid and
base neutral extractable compounds generzlly did not break through the GAC
process.

Data in Table 21 indicate that the activated sludge process completely
removed the few organic priority pellutants leaking through the GAC system
even though overall TOC removal declined. The ccntinued remcval of organic
priority pollutants may be due to stripping, biological degradation, or
adsorption to sludge floc.

As expected, neither the GAC nor AS process effected removal of either
total cyanide or CN,. Hcvever, greater than 99 nercent total phenol removal
was observed, which '1s consistent with results of previous studies.

An off-gas sample from the aeration chamber of the activated sludge
reactor was collected using a cold trap (acteone and dry ice) to condense and
freeze off-gas vapors. Air flow to the reactor was approximately 2 l/m and
the collection period was feur hours. The following organic priority pollu-
tants were detected in this sample:

Methylene Chloride 1.02 ug/l air
1,2=-Dichlorcethane 1.04 ug/l air
Benzene 0.250 uz/1 air
Perchloroethylene (tetrachloroethylene) 0.125 ug/l air
Toluene 0.0875 ug/l air
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TABLE 21. TOC AND SPECIFIC POLLUTANT DATA FOR
GRANULAR ACTIVATED CARBON/ACTIVATED

SLUDGE PROCESS TRAIN (mg/1)

{Dates of Sampling shown on Figure 27]

Raw GAC Raw GAC AS GAC AS
Compound Ground- Effl. Ground- Effl. Effl. Effl. Effl.
water water
9-16 9-16 9-23 9-23 9-24 10-1 10-1

TOC 637 380 229 604 90 770 183
Total Cyanide NA NA 0.11 0.21 0.23 0.23 0.20
CHA NA NA <0.05 <0.,05 <0.05 <0.05 <0.05
Total Phenol NA NA 16 <0.16 <0.10 <0.10 <0.10
Methylene chloride 2.1 0.029 14 0.01 ND 0.16 NC
1,1-Dichloroethene 1.6 ND 0.06 0.01 ND ND ND
1,1-Dichloroethane 2.4 ND 0.17 0.02 ND 134)] ND
Trans-1,2-dichloro-

ethane 0.06 ND 0.04 ND ND ND ND
Chloroform 9.8 ND 0.70 0.06 ND ND ND
1,2-Dichloroethane 72 ND 25 1.4 ND 0.05 ND
1,1,1-Trichloroethane 7.6 ND 0.39 0.04 ND ND ND
Trichloroethylene 0.06 ND 0.03 ND ND ND ND
Benzene 1.2 ND 1.5 0.02 ND ND ND
1,1,2-Trichloroethane 0.11 ND 0.07 ND ND ND ND
Perchloroethylene 0.49 ND 1.9 ND ND ND ND
Toluene 2.3 KiV) 0.97 0.05 ND 0.01 D
Chlorobenzene 0.23 ND 0.029 ND ND ND ND
Phenol 0.025 ND 0.028 ND ND ND ND
2-Chlorophenol 0.040 ND 0.036 ND ND ND ND
2,4-Dichlorophenol 0.010 ND 0,010 ND ND ND \D
1,2-Dichlorobenzene 0.085 ND 0.077 ND ND ND ND
Dibutyl phrhalate ND ND ND ND 0.05 ND D

NA -~ Not Analyzed
ND -~ Not Detected

No other priority pollutants detected at 0.0l mg/l detection limit
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XE-347 resin also was examined as a pretreatment adsorption process.
Operating conditions for resin adsorption were as follows:

o 3 colums in series

o columns were 2.54 cm diameter and contained resin bed
depths of 48.3 cm, 55.9 cm, and 52.1 cm, respectively

o total BV = 792 cm?
o downflow operation at 41 to 50 ml/min (3.11 to 3.79 BV/hr)
o EBCT ranged from 19 to 16 min

When the pretreatment proccss was converted frem GAC to XE-=347, there was a
rapid loss in TOC removal capacity. A second resin trial produced similar
results. Irc both cases, TOC removal diminished to less than 59 percent after
about five bed volumes wera loaded and appeared to stabilize at 10-20 percent
removal for at least 120 BV. The shape characteristics of the TOC break-
through curves are similar to those of GAC except that TOC removal declired
much more rapidly. The period of operation with XE-347 resin was from day 2
through dey 27 in Figure 25. Subsequently the adsorber -was switched to
activated crabon whereupon overall performance improved substantially. As
shown on Table 22, activaced sludge units folluwing resin pretreatment were
not able to produce effluents containing less than 100 mg/l TOC.

Adsorption/Anaerobic Biological System--

Anaerobic biological treatment was believed to be a candidate treatment
process because of the high organic content ¢i tne groundwater and because the
air pollution potential associsted with volatile priority pollutant stripping
in the activated sludge process could be avoided.

Operating conditions for the upflow anaerobic filter (UAF) apparatus,
which is described in Section 3, were as follows:

o organic loading rate 26.4 to 52.9 lb TOC/1000 ft3/d
o hydraulic flow rate ~ 1.15 to 2.0 ml/min

o EBCT ~ i13.1 to 22.8 hr

o temperature ~ 35°C

Periormance of the GAC/UAF process train is illustrated in Figure 28. TOC
removals by the process train and individual processes are summarized below:

average range

TOC removal by GAC/UAF train: 66% 38-81%
TOC removal by GAC process: 31Z 10-46%
TOC removal by UAF precess: 50% 12-672
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TABLE 22. TOC REMOVAL BY XE-347 RESIN

Wastewater Column 1 Column 2 Coiumn 3
Processed BV Z TOC BV 4 TOC BV Z TOC
(L) Loaded Removal Loaded Remcval Loaded Removal
12.2 20 5.68 38.5 3.79 57.0
6 24.5 16.3 11.4 23.7 7.58 23.0
12 30 9.6 22,7 18.5 15.2 20,0
17.5 71.4 25.2 33.1 35.6 22.1 39.9
24.9 102 10.4 47.2 17.8 31.4 19.0
29.8 122 10.4 56.4 16.0 37.6 19.0

Columns recharged with virgin resin

2.46 8.57 31.9 4.49 43.9 2.95 66.7
4.92 17.1 19.9 8.98 29.8 5.89 23.9
9.92 34.3 18.7 18.0 24.6 11.8 33.9
14.8 51.6 15.8 27.6 21.1 17.7 25.7
17.2 59.9 10.9 31.4 18.6 20.6 23.0
22.1 77.0 8.2 40.3 16.9 26.5 16.9
27.0 .3 8.2 51.1 14.8 32.3 18.0
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UAF effluent TOC increased as TOC leakage from the GAC pretreatment process
increased. Results of one six hour batch air stripping study indicated that
UAF effluent contained about 40 percent (117 mg/l) strippable TOC at the time
the sample was collected. Overall, the GAC/UAF process train, with an upper
TOC removal limit of about 81 percent did not perform as well as the GAC/AS
systen.

Selected operational data (TOC loading, effluent pH, sludge pH, sludge
total alkalinity, volatile acids concentration, and gas production) are
indicated in Figure 29, Gas production during the study averaged 505 ml/g TOC
fed. In an attempt to briang sludge pH into a range reported to be most
optimal (pH 7.2 to 7.6), tne GAC influent pH was ad )usted to pH 7.0 to 7.5.
This had no apparent effect on performance.

Figure 30 4llustrates performance of a process train consisting of
GAC/upflow anaerobic filter/activated sludge. These results indicated that
performance of the AS process in the train is inversely proportional to GAC
performance; that is, as leakage from the GAC column increased, the amount of
overall removal attributable to the AS process increased. Data indicate that
this largely may be due to stripping in the aerobic system. Batch air strip-
ping tests showed minimal TOC removal from the UAF effluent when the GAC
system waes performing at its highest levels, whereas, 40 percent TOC removal
by stripping was reported when GAC performance was poor. Performance of the
entire system was not as good as the GAC/AS process train; i.e., it did not
maintain low effluent TOC levels (less than 50 mg/l) for as long as the GAC/AS
train. However, both systems appear to be able to produce effluent TOC levels
below 100 mg/l for equivalent durations.

Chemic.:l Oxidation Pretreatment with Ozone

Preliminary batch grounduater ozonation studies were conducted under the
following conditions using a Welsbach Model T-408 laboratory scale ozone
generator:

o ozone production using air feed

° ozone gas flow rate - 2 l/min

[\ ozone dise - approximately 2 g/hr (generator
operating at 90V)

o contact time ~ up to 9 hr
o batch volume -~ 15 1
After conducting studies with distilled water to assure good mixing, ozone

transier studies using groundwater were completed. Ozone measurements were
made according to Standard Methods (4) using the Iodometric Method.

After several preliminary batch ozonation studies which indicated little
reduction in groundwater TOC (which would be expected in view of the parameter
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being measured and the mechanisms of the ozone reaction), studies were made to
determine if ozonation enhanced either adsorption or biological treatment.

Effects on adsorption were determined by ozonating a batch of raw ground-
water and then conducting adsorption isotherm tests using activated carbon
(FS-300) a-3d resins (XAD-4, XE-340, and XE~347). To ueasura the effect of
stripping during ozonation, a parallel system was operated at the same gas
flow rate feeding air rather than ozone and adsorption isotherms wvere pre-
pares. Operating conditions for these studies were as follows:

o air or ozune gas flows - 2 1/min

o air or ozone contact times - 2.5 hr

o groundwater Latch volume - 7.5 1

o ozone dose - about 2 g/hr (at 90V)

o sorbent doses - 0.5 to 106 g/l

o sorbent contact time - 2 hr

o sample temperature - 22 to 25°C

o sample pH -~ 9.6
Results are summarized in Table 23. No clear difference ir adsorption process
perforuanze was observed with the two pretreatment ctechniques (aeration and
ozonation). As before, results did indicate better TOC removal by activated
carbon than by resins.

Ozonation as a pretreatment before blologlcal processes also was exam-
ined. Batch ozonated groundwater served as feed for an activated sludge

process, and as feed for a GAC/AS process train.

Figure 31 1illustrates results for a representative portion of these
studies. They indicate that:

(] preozonation did nct inmprove AS performance which remained at about 40 to
50 percent TOC removal.

o preozonation did not improve performance nor extend TOC breakthrough
characteristics of the GAC process.

Post-Treatment with Granular Activated Carbon

To provide a prelirinary assessment of GAC as a pulishing rather than a
pretreatment process, an isotherm study was conducted with effluent from the
0./AS train using FS-300 povered activated carbon. Then, a continucus flow
GAC column was placed on-line to form a 0,/AS/GAC process train. Results of
the isotherm study, conducted with 0,/.S” effluent (282 mg/l TOC) after two
hours contact time are presented below?

95



TABLE 23. SUMMARY OF BATCH OZONATILN AND ADSORPTION STUDIES

SAMPLE SORBENT SORBENT PINAL T9C SORBENT OVERALL
Da E T0C SORBED LOADING T0C
(g/1) (!t (mg/1) X(ng/1) X/M{ng/g) REMOVAL (%)

Rav groundwater - - 1050 - - -

Blank-groundwater - 1020 - - -

after ozonation

Blank~groundwater - 1020 - - -
atter aeration

Blank-ozonation - 985 - - -
and shaking
Blank-aeration - 940 - - -
and shaking

Ozonated FS 300 0.5 900 85 170 14.3

S 815 170 34 22.4

50 633 352 7.0 39.7

106 573 412 3.9 45.4

XAD 4 0.5 984 1 2 6.3

L] 942 43 8.6 10.3

L] 882 103 2.1 16.0

106 852 133 1.2 18.9

XE=340 0.5 970 15 30 7.6

S 950 35 7 9.5

S0 920 65 1.3 12.4

106 888 97 0.9 15.4

XE=-347 0.5 98S 0 4] 6.2

S 930 55 11 11.4

50 830 155 3.1 21.0

106 730 255 2.4 30.5

Aerated FS 300 0.5 876 64 128 16.6

5 754 186 37.2 28.2

50 609 331 6.6 42.0

106 560 380 3.6 46.7

XAD ¢ 0.5 925 15 30 11.9

L 912 28 5.6 13.1

S0 8t0 20 1.8 19.0

106 767 173 1.6 27.0

a. Calculated on the basis of rav groundwater TOC and final TOC after adsorption
Sorbent contact time - 2 hr

Sampla pH -~ 9.6

Sample temperature - 22 to 25°C 96
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| c /M
carbon dose final foc (mg/1) TOC adsorbed (mg/g carbon)
1] 274 -
0.5 g/1 233 82
s. g/l 144 26
50. g/l 20 5.1
100. g/1 6 2.7

These data are illustrated by the icotherm shown in Figure 32. Comparing some
of these data with previously presented sorption isotherm data for raw ground-
water and ozone pretreated groundvater suggests that much lower effluent TOC
concentrations can be produced by the process train of 0_,/AS/GAC. However,
continuous flow operation of the 0,/AS/GAC process train 3howed no advantage
to GAC polishing. Under the fof&cuing operating conditions for the GAC
process, the 03/AS/GAC process train was less efficient than the GAC/AS train:

hydraulic loading rate: 0.5 gpm/ft2
EBCT: 2.3 hr

72 BVs processed (~65.9 mg TUC loaded/g GAC)
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SECTION 5

STUDIES USING GROUNDWATER FROM THE
GRATIOT COUNTY LANDFILL

BACKGROUND

The Gratiot County Landfill located rear St. Lcuis, Michigan was used
primarily for disposal of municipal solid waste; however, between 197! und
1973 122,000 kg (269,000 pounds) of waste containing 60Z to 70% polybromin-
ated/biphenyls (PBB) also was disposed there (6). As a result of a previous
PBB incident in Michigan iam 1977, the Departxzent of Natural Resources (MDNR)
began investigating site conditions. PBB and other contaminants were i1ound in
the shallow groundwater aquifer; isoconcentration contour maps were prepared
for several parameters. Table 24 summarizes groundwater quality in the middle
sand aquifer.

Because one remedial wmeasure under consideration at Ccatiot County
Landfill involved encapsulation by installation of an impermeable cover and
subsurface barrier and a well point system for groundwater withdrawal, MDNR
expressed interest in the on-going Baker/TSA groundwater treatability proje-nt.
CGroundwater quality at Aratint County Landfilil differed considerably from that
at the Ott/Story site; thus it was believed that this waste stream would
provide a differenc set of conditions to evaluate selected technologies. The
technologies judged to be suitable candidates were granular activated carbon
adsorption, coagulation/precipitation, sedizentatior, fiitration, ion ex-
change, and reverse osmosis.

PROCELURES

Of the nuuerous existing monitoring wells, well DW-7 was selected for use
in this study because previously it had yielded emong the more highly contam-
inated samples and also because the volume yield was sufficient to collect the
quantities of groundwater necessary for erperim:ntal studies. Samples from
well DW-7 were collected by MDNR personnel. 7he procedure involved evacuating
five well volumes using a manual bailer, allowing the well to recharge, and
then sampling. Samples were placed in 18.9 1 (five gallon) polyet:ylene
carboys, and shipped to 3aker/TSA's laboratory in Beaver, Pennsylvania. The
time span between sample collection and receipt at the laboratory was about 24
hours. No preservatives were added at the time of collection or receipt.
Instead, one carboy from the sampling batch was seirected for ifmmrdiate use and
others were frozen until needed. As required, carboys were allowed to thaw at
room temperature prior to use. Freezirg was judged to be the most suitable
preservation method to minimize transformations which would affect technology
evaluations without detrimentally affecting wzste stream properties. Prior to
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TABLE 24. GRATIOT COUNTY LANDFILL QUALITY OF MIDDLE SAND AQUIFER

(1)

PARAMETER

CONCENTRATION RANGE (mg/l)

PBB

0.012 - 0.12 pg/1

Chemical Oxygen Demand 1.0 - 140
Total Dissolved Solids 290 - 710
Total Organic Carbon 0.90 - 24.0
pH 7.1 - 11.6
Ammonia Nitrogen 0.02 - 0.59
Total Yjeldahl Nitrugen 0.02 - 13.0
Chloride 1.0 - 39.0
Sulfide 0.01 - 1.2
Hardness 35.0 - 760.0
Chromium £.06% - 0.40
Iron - 6.91 - 80.0
Nickle 0.010 - 0,11
Lead 0.001 - 0,58
Zinc 0.2 - 87.0
Cadmium €.002 - 0.049
Phenol 0.003 - 0.28
Bromine 0.002 - 1.9
Arsenic 0.003 - 0.038
(1)

Source: Michigan Department >f Natural Resources. Hydrogeologi-

cal Investigation and Engineering Alternatives for Control Measures

Gratiot County Landfill tlichigan.

Resource Recovery Division,

Department of Natural Resources, Lansing, Michigan. June. 1979,
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freezing, a representative sample was withdrawn and analyzed for PBB, and
total snd dissolved metals including most priority pollutant metals. Results
were compared with drinking water standards and other water quality criteria
to identify areas of concern and principal parameters to wmeagure treatment
process effec iveness. Initial technology evaluations then were designed.

Granular media filtration was evaluated on a batch basis using a 50 ml
buret containing 23 ml of white sand which passed a No. 40 sieve (“0.0165 inch
particle size)., Flow rate was 9.5 ml/min. (approximate surface loading rate
of 1.8 gpm/ft.2). Sample collection spanned the period between the passage of
74 through 99 bed volumes.

CGravity sedimentation was examined on a batch basis by monitoring quies-
cent settling in a one liter beaker. Turbidity initially was used to measure
performance. Results indicated that turbidity decreased from 150 NTU to 100
NTU in 15 minutes and stabiiized at about 85 NTU after 1 to 3 nours. Subse~
quently supermatant samples were drawn after 1 hour for analysis of the uetals
of concern.

Following batch evaluation of granular media filtration and gravity
sedimentation, the following continuous flow studies where initiated:

o sand filtration ¢ "ing a 2.54 cm ID by 32.5 cm Plexiglas column

] granular activated carborn (GAC) using a 1.9 cm ID by 133 cm Plexi-~
glas column

) sand filtration followed by GAC using columns similar to those
described above

Once these studies had begun, raw zroundwater being used was found to
have low metal concentrations and no PBB at a detection level of 0.001 mg/l
(although 0.68 mg/kg of PBB was measured in sediment filtered from the ground-
water sanples). Therefore, in view of the raw groundwater quality, continuous
flow evaluations were discontinued.

RESULTS

Analysis of samples initially received at the Baker/TSA laboratory
indicated that metals were predominantly in tha insoluible form. 7Thus, batch
evaluation of granular media filtration and gravity sedimentation were exam-
ined first. Results along with raw groundwater quality data are summarized in
Table 25. Only the petals found to exceed interim primary drinking water
standards or water quality criteria were used to monitor process performance.
Granular media filtration and gravity sedimentation (without pH adjustment or
chemical additives) provided significaut removal of the insoluble fraction cf
the metals.

It was concluded that these physical separation procesres effectively
remove metals associated with silt in the sample. Because PBB also appears to
be associated with the siit, it 1is expected that these processes also would
achieve significant levels of PBB removal.
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TABLE 25. GRATIOT COUNTY LANDFILL GROUMDWATER METALS CONTENT ~ RAW AND TREATED

Raw Typical Sand Gravity Sedimentation
Croundwater Well Filtration Supernatant
Pairameter Total® Soluble pw-7°¢ Effluent Total® So.l.ubleb
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
Arsenic <0.02 <0.02
Beryllium <0.002 <0,002
Cadmium 0.02 0.01 <0,003 0.01 0.02 <0.01
Chromium 0.05 <0.02 0.024 0.07 <0.02
Copper 0.20 0.02
Lead 0.11 <0.03 0.58 <0.03 <0.03
ilercury 0.0001 <0.0005
Nickel 0.10 0.06 0.011 0.04 0.04
Selenium 0.055 0.008
Silver <0.01 <0.01
Zinc 12.8 1.56 3.1 2.88 3.00
Iron 31.6 <0.03 7.1 0.20 2.28

a. Sample was digested for total metals

b. Sample was filtered and acidified before analysis

c. Hydrogeological Tnvestigation and Enginceiring Alternatives for Control Measures
Gratiot County Landf1i]1, Michigan Resource Recovery Division, DNR, Lansing, MI.
Final Report June, 1979 Exhibit 14, Parts J=0



SECTION 6

STUDIES USING LEACRATE FROM THE MARCHALL LANDFILL

BACKGROUND

Marshall Landfill located in Bould2r County, Colorado is a privately
operated, predominantly municipal solid waste landfill that accepted some
industrial wastes froa surrounding light manufacturing and fabricating indus=
tries. 1In 1979, seepage was observed to be draining from the fill into a
small surface waterway used to convey water from Marshall Lake to the
Louisville Reservoir which 1is part of the drinking water supply for
Louiswille, a nearby Boulder County municipality. Analysis of the seepage
indicated the presence of numerous priority and non-priority organic compounds
et concentrations varying from less than detection levels to about 6 mg/l.
Table 26 summarizes available seepage and groundwater composition data at
several sampling locations at the landfill.

PROCEDURES

Seepage collected in an impoundment designated as Lagoon 2 was selected
for use in laborstory technoslogy evaluations. Although limited composition
data were available for this location, the TOC was significant (168 mg/l).
Moreover, an adequate volume of sample for use in treatability studies could
be collected casily and dependably which was not the case for other locations.
Samples were collected by Boulder County Health Department personnel in
five-grllon polyethylene carboys, express air shipped to the Baker/TSA lab-
oratory and initially either used immediately or frozen. However, it was
found that freezing altered sample composiiion. Samples frozen and then
thawed at room temperature had TOC concentrations up to 58 percent lower than
the concentration prior to freezing. As a result, it was necessarv to store
subsequently obtained samples in tightly closed, five-gallons shipping con-
tainers at room cemperature until needed for use in the study.

The evaluation protocol using Marshall Landfill seepage 1is outlined
below:

(1) Batch adsorption isotherm tests with 0.5 to 2.5 g/l doses of the
following sorbents:
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TABLE 2o.

ANALYSES OF WATERS AT MARSHALL LANDFILL

Concentration (mg/l)

Contaminant Well 1 Leachate Seep Lagoon 2
methylene chloride 2.00, 2.183 0.061, 0.200
1,1-dichloroetharne 0.100, 0.413 0.045, 0.100, 0.194 *
1,2~dichloroethylene 0.053 0.050, 0.130
benzene 0.100 0.011
toluene 0.724, 1.200 <0.010, 0.020
ethylbenzene 0.0100, 0,110 *
1,1,1-trichloroethane 0.021 0.100, 0.227
chlorobenzene *
vinyl chloride 0,182 <0,.010, 0.014
trichlorofluoromethane 0.112 <0.010, 0.078
1,1,2,2-tetrachloroethane *
2-cthoxypropane *
trichloroethylene 0.300, 0.616 0.010, 0.040, 0.053
chloroform * *
chloroethane * <0.010, 0.018 *
1,2-transdichloroethylene 1.C00, 5.65 <0.010, 0.202, 0.062
1,2-dichloropropane 0.014
methyl chloride 0.010
dichlorodifluoromethane 0.292 0.C65
tetrachloroethylene 0.300, 0.616 0.035, 0.1000, 0.162
1,3-dichloropropylene *
bis(2-ethylhexyl) phthalate <0.010, 0.012 *
acenaphthane *
butylbenzyl phthalate *
di-n-butyl phthalate 0.033 * *
diethyl phthalate 0.217 * 0.0'2
phenol 0.088 0.272 *
2,4-dimethylphenol *
acrolein *
TOC 168

*Detected at less than 10 ug/l
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(2)

(3)

(4)

(5)

RESULTS

activated carbon: Calgon FS-300
Westvaco Nuchar SA
Darco HDC
resins: Rohm aad Haas XAD-4 (polymeric)
Rohm and Haas XE-340 (carbonaceous)
Rohm and Haas XE-347 (carbonaceous)

Lerobic biological treatment using the activated sludge

process - A culture of activated sludge organisms was obtained from
a large publicly owned treatment works having a substantial indus-
trial contribution. This sludge was used to seed a Swisher reactor
which then was fed Lagoon 2 wastewater at a rate that wmaintained a
hydraulic retention time of 6 hours. Attempts to acclimate an
activated sludge culture to raw seepage continued over a four-week
period.

Continuous flow adsorption tests - Continuous £low granular acti-
vated carbon (GAC) systems consisting of two or three colummns in
series were operated. Columns were 1,90 ecm ID (0.75 in). The
'two-column system was loaded with approximately 167 g of FS-300 GAC;
the three-column system contained about 268 g of FS-300 GAC.
Additional system operation details are provided below.

Activated sludge treatment of CGAC pretreated seepage - A process
train consisting of one 1.9 cm (0.75 in) ID GAC column containing
about 87 g of FS-300 GAC followed by a one liter activated sludge
reactor was used to determire if GAC pretreatment enhanced activated
sludge performance irn a manner similar to the results found at the
ott/Story site.

Air stripping - Batc!: air stripping was evaluated by aerating
wastewater for up to 24 hours.

Batch Adsoroation Isotheims

Results of adsorption isotherm studies are presented in Figure 33 and

Table 27.

resins.

The activated carbons effected better TOC removal than did the
This 1is similar to the results obtained at the Ott/Story site. The

three carbons performed similarly. Of the resins considered, the XE-347 resin
produced noticeably better results than the others.
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TABLE 27. TISOTHERMS AT PREVAILING pH (7.95) -~ MARSHALL LANDFILL

Conditions: T = 22°C
initial TOC = 168 mg/l

Sorbent Dose (mg/l) Equilibrium TOC mg TOC sorbed/g
(mg/1) of sorbent
Carbons
Calgon FS-300 0.5 113 102
5.0 26 28
25.0 10 6.2
Nuchar SA 0.5 108 112
5.0 43 24
25.0 23 5.6
Darco HDC 0.5 126 76
5.0 49 23
25.0 18 5.8
Resins
XE-347 0.5 155 18
5.0 43 4.2
XE-340 0.5 152 24
£.0 148 3.2
25.0 145 0.76
XAD-4 0.5 150 28
5.0 140 4.8
25.0 119 1.8
Blank - 164 -
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Activated Sludge Treatment

Although nutrient levels, pH, dissolved oxygen concentration, and heavy
metal concentrations were determined to be within acceptable ranges for
aerobic biclogical trcatment, attempts at activated sludge acclimation to raw
groundvater were unsuccessful as measured by TOC removal and biological solids
growth, Influent and effluent TOC averaged about 93 mg/l and attempts at
maintaining sludge solids ty frequent reseeding were unsuccessful.

Continuous Flow Carbon Adsorption

Based upon adsorptioca 1sotherms, continuocus flow systems using FS-300
granular actiivated carton (GAC) were further evaluated. Operating conditions
for systems with two and three columns in series are outlined below:

2-Column System 3-Column Sysiem
Column Diameter, cm (in) 1.90 (0.75 )
GAC Contents, g Column 1 -~ 87 Column 1 - 90.5
Column 2 -~ 80 Column 2 ~ 93

Column 3 - 85

Contact Time, min. Column 1 ~ 6.7 Column 1 - 18.1
Column 2 -~ 6.2 Column 2 - 36.7
Column 3 - 53.7
Hydraulic loading rate 1.54 (2.24) 0.59 (0.86)
1/m?/sec (gpm/ft?)
Bed Volume, ml Column 1 - 174 Column 1 - 181
Column 2 -~ 160 Column 2 -~ 186

Column 3 - 170
Influent TOC during these studies ranged from 126 to 182 ag/l.

For the 2-column system, resulcs aire presented in Tatle 28 and Figures 34
and 35. At a svstem empty bed contact time (EBCT) of about 13 minutes, 91
percent TOC removal was achieaved int:‘ally; however, after processing about 50
bed volumes (BV), removal had decreased to 70 percent. Effluent TOC was about
40 mg/1.

Results for the 3~column system are presented on Figures 36 and 37; a

comparison with the 2-column system is shown in Figure 35. These data indi-
cate siightly better pcrformance at the increased contact <ime. During
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TABLE 28.

CRANULATED ACTIVATED CARBON PERFORMANCE - TWO COLUMN SYSTEM
(MARSHALL LANDFILL SEEPAGE)

Total Systen

Column 1 Colunr 1 and 2

Cumula- Cumula- Influ- Cumula- Efflu- TOC . TOC adsorbed Bed Efflu- TOC TOC adsorbed Bed
tive tive ent tive TOC eont TOC Removal {mg TOC/g Volunes aent TOC Reaoval (mg TOC/g Volumes
Operating Flov TON, Loadtng (ag/1) ) carbon) Processed {mg/1) 1 ) carbon)  Processed
{Min)

15 -39 137 53 21 85 6 2.2 12 91 3 1.2
30 .78 137 106 23 83 1.2 4.5 18 87 .6 2.3
60 1.56 137 212 25 82 2.4 8.3 19 86 1.3 4.7
120 3.12 157 415 36 74 4.9 17.8 24 82 2.5 9.3
180 4.68 137 638 a3 69 7.3 26,17 26 81 3.8 14.0
240 6.24 137 851 47 66 9.8 35,7 29 79 5.1 18.7
300 7.8 137 1064 53 61 12.2 4"0.6 28 80 6.4 23.4
360 9.36 137 1277 52 62 14.7 53.% 31 7 7.6 28,0
420 10.92 137 1490 55 60 17.1 62.4 32 77 8.9 32.7
480 12.48 126 1647 59 53 19.4 71.4 30 76 10.1 37.4
540 14.04 126 1884 65 48 21.7 80.3 32 75 11.3 42.0
600 15.6 126 2081 69 4 23.9 89.2 35 " 12,5 46.7
660 17.16 126 2278 69 4s 26.2 98.1 38 70 13.6 Sl.4
720 18,72 126 2475 69 [ &) 28.4 107.0




11T
TOC Remaining, C/Cq

1.0

0.8 -

e
&
1

Column 2 effluent

Column 1 effiuent

L]
0 16 30 46 60 76

Bed Volumes Procaesaed

Figute 34. ' Breakthrough Curve - 2 Column GAC System.

90 106

120



TOC Removal (%)

100

686G+

[
40
2 column system:
ki + Column 1 e
O Total system
20—
3 column system:
© Column 1
- & Columns 1 & 2
@ Total System
° 1 i § T T T
0 20 40 60 80 100 120

Mg TOC loaded / g carbon

Figure 35. GAC Performance-2 and 3 Coiumn Systems.

112

L
140



£1T
*wa3lsA§ wmNTo) ¢ -3IDUBWIOCIIAF HVH

'9¢ 2anBy3

Etfiuent TOC mg/L

‘2°W

100~

80 -

40-

20

First column effluent
8econd column effluent
Third column effluent

Last sample before backwash

0@ 8 b e

Sampling of system effluent for
priority poliutants (8ee Table 29

] | | 1 B |
40 60 80 - 100 120 140
mg TOC loadod / g carbon



91T

120+

1004 100
r TOC Removal (%) [-
A
A
80- - 80
S
[+ ]
£
g eo- - 60
=
€
®
2
w
40 ) Effluent TOC (mg/d) -40
®
®
20- - 20
0 L) ) ' ¥ \J ] 0
0 60 100 150 200 260 300

Figure 37.

1'0OC Removal vs. Seepage Volume Processed - 3 Column GAC System.

(%) IvACwWOY D01



operation of the 3-column svstem, the lead columm frequently plugged with silt
present in the seepage. When this column was backwashed, temporary improve-
ment in TOC removal was otserved (see Figure 36).

To evaluate removal of organic priority pollutants, samples of raw
geepage and effluent from the 3-column system were obtained at three points on
the operating curve as shown cn Figure 36. These points correspoad to TOC
breakthroughs of about 52, 102, and 222. Priority pollutant and TUOC results
are summarized in Table 29. Priority pollutants detected in the raw seepage
but not detected in the carbon column effluents were: benzene, 1,2-dichloro-
prcpane, ethylbenzene, tetracholorethylene, toluene, diethyl phthalate,
Compounds detected in at least one effluent sample but in not the raw seepage
were: 3,3-dichlorobenzidene, anthracene, bis(2~-culoroisopropyl)ether, di-n-
octyl phthalate, phenanthrene, isophorone. Other pollutants were partially
sorbed but were detected in at least one effluent sample. No trend of in-
creasing priority pollutant breakthrough with increased TOC breakthrough is
apparent.

To illustrate »sbserved variations in GAC system performance, results of
evaluations using Marshall Landfill seepage and groundwater from the Ott/Story
site are compared on Figure 38, At comparable TOC loadiug rates and operating
conditions, TOC adsorption per unit weight of GAC was approximately two times
greater for the Marshall Landfill seepage than for the Ott/Story site.

Granular Activated Carbon and Activated Sludge Process Train

During the two-month duration of study, a process train consisting of GAC
adsorption followed by activated sludge treatment reduced TOC levels to 20
mg/l. However, the GCAC column alone reduced the TOC to 23 mg/l, showing that
the activated sludge process did not contribute appreciably to TOC removal.

Alr Strigging

As 1ndicated by the data summarized below, air stripping (via batch
aeration) achieved minimal TOC removal.

Aeration Time TOC TOC Renoval
(Hr.) (vg/1) (€3]
0 137 -
6 120 12
24 126 8

This result was not unexpected since, as can be seen from inspection of
Table 29, Marshall Landfill leachate did nct contain high conceutrations of
volatile priority pollutants but rather contaired primarily phenolics, aro-
matics, and heavier priority pollutants with low vapor pressures.
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TABLE 29. TOC AND PRIORITY POLLUTANT ANALYSES FOR THREE-COLUMN GAC SYSTEM (2)

(MARSHALL LANDFILL SEEPAGE)

GAC System Effluent ®

Raw Sample 1 Sample 2 Sample 3
Parameter Seepage
TOC (mg/1) 175 7-12 19-20 39-43
benzene 1
chloroform 5 1
1,2-éichloropropane 1
ecthylbenzane 2
methyiene chloride 8 3 2 6
tetrachloroethylene 1
toluene 2
4-nitrophenol 17 11 3
p-chloro-m-cresol 3 2
his (2-ethylhexyl) phthalate 16 16 4
diethyl phthalate 2 1
di-n-butyl phthalate 2
3,3'~dZchlorobenzidene 4
anthracene 1
bis (2-chlorobenzidene) ether 11 3
di-n-octyl phthalate 3
ptenanthrene <1
isophornne 5

(NOTE: Absence of daca indicates that the parameter was not detected at
the det: ‘tion limits emploved.)
(a) Concentrations are ug/l except where nnted
(b) Samples were obtained three times during system operztion as
follows (See Figure 36 ):
Sample 1 - over the duration when 1 to 3 mg TOC were loaded per g
of carbon
Sample 2 - over the duration when 15 to 17 mg TOC were loaded per
g of carbon
Sample 3 - over the duration when 41 to 42 mg TOC were loaded per
g of carbon
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SECTION 7

STUDIES USING GROUNDWATER FROM THE OLEAN WELLFIELD

BACKGROUND

In late 1981, three wells providing 70 percent of the drinking water
supply for the City of Olean, New York were found to contain 120 to 250 ug/l
of trichloroethylene (TCE). Subsequent testing at other private wells in the
area detected TCE at concentrations of 2,000 to 9,000 ug/l. As a result, the
city had to revert to using its 60-year old filtration plant to treat an
alternate surface water supply source. To aid those relying on private wells,
smail scale activated carbon adsorption systems were installed at some private
hores with individual wells; their performance was monitored dy the city and
county. Local officials requested and received Superfund status for the site
to aid problem investigation efforts and the installation, monitoring, and
maintenance of the 1individual carbon treatment systems. Because of the
nationwide prevalence of TCE contamination of drinking water supplies, ground-
water from the Olean Wellfield was selected as the fourth contaminant stream
to be used to evaluate treatment technologies.

PROCEDURES

Samples from Olean well 37M were collected by municipal personnel. These
samples were placed in six completely full one-half gallon glass containers,
and shipped overnight to the Baker/TSA laboratory in Beaver, Pennsylvania.
Analyses indicated that the groundwater had a COD of 4.8 mg/l and a TCE
concentration of 46 ug/l, well below the anticipated concentration of 200-250
ug/l. It was speculated that, because this well had not been used for some
time, the configuration of the TCE contamination plume may have changed from
that found during earlier problem assessments. Using these samples, batch air
stripping tests and adsorption isotherm studies were conducted at the Baker/
TSA laboratory. A second set of samples was later obtained from the combined
flow of city wells 37M and 38 M by City of Olean personnel under the super-
vision of the Cattaragus County Health Department. These samples were placed
in VOA vials, two of which were air-shipped to the Baker/TSA laboratory and
were subsequently found to contain 90 and 95 ug/l of TCE.

Based upon this analysis and results of the air stripping and adsorption
isotherm studies, it was determined that approximately 250 gallons of ground-
water would be required to develop a granular activated carbon (GAC) break-
through curve for TCE using a bench scale system. Arrangements then were made
to obtain the required quantity of groundwater. The sample was collected from
a sample line (with a flow of 1-5 gpm) tapped into a main line served by wells
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37M and 38M (main line flow was 1,400 gpm). The sample line was used to fill
five 55 galion steel drums; once filled to overflowing they were tightly
gsealed and shipped overnight to the Baker/TSA lsboratory. Sample collection
encompasgsed approximately 3.5 hr.; cumulative flow through the main line was
302,000 gallons. Analysis of the contents of the fifth drum collected 1indi-
cated a TCE concentration of 117 pg/l. The sealed, steel drums were stored at
ambient temperature at the laboratory until used.

Isotherm studies were repeated with this batch of sample. Continuous
flow GAC colurm studies then were conducted. Study conditions are described
below.

During the course of this study, the U.S. EPA Office of Drinking Water
conducted a pilot test of air stripping at Olean. Data from the pilot tests
were used to calibrate aa EPA developed mathematical model for estimating
design parameters and treatment costs for volatile organic compound removal by
packed column air stripping. A brief description of the EPA model as well as
field test results are contained in Appendix A.

RESULTS

Adsorption Isotherm Studies

Adsorption isotherms were prepared for Westvaco Nuchar and Calgon Filtra-
sorb 300 carbons, and Rohm and Haas carbonaceous resin XE-340. Samples were
contacted with the sorbent for two hours at 20°C using a platforn shaker
operated at 180 excursions/mirute. Sorbent doses were O, 4, 20, 40, 120 and
200 mg/l. At the end of the contact period, samples were filtered and placed
in VOA vials.

Figure 39, which compares Olean isotherm data with a single constituent
TCE sorption isotherm reported by EPA (7), shows good agreement between the
results (EPA zlso used Filtrasorb 300). The Nuckar carton, a powered carbon,
exhibited somewhat poorer T E absorption characteristics. Resin sorption dzta
do not show a clear trend and are not plotted. Since there were indications
that the manufacturer planned to discontinue this product, additional work
with resins was not undertaken.

Continuous Flow Carbon Adsorption

Continuous flow granular activated carbon (GAC) column studies were
conducted using two columns in series; however, to facilitate observation of
TCE breakthrough the first column was divided into three segments. Operating
data for the columns are givea below:
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Cumulative Average

Carbon 3 Cumulative Total Bed Volumes Effluent
Column Volume (enm ECBCT (min.) Procssed TCE
1A 123.8 3.1 6907 ND
1B 255.8 6.4 3345 ND
1c 387.7 9.7 2206 NT
2 793.1 19.8 1078 ND

(ND - not detected)

This systcew was operated urntil the supply of contaminated well water was
exhausted. No TCE breakthrough was detected at that time. However, summar-
ized below is the theoretical TCE breakthrough calculated on the basis of
publis?ed Freundlich isotherm parametere for a constant TCE concentracion of
100 ug/1:

Bed Volumes Effluent TCE
Processed Concentration (ug/l)
2000 1
5000 5
7750 10

This suggests that some breakthrough should have been detected during the
experimental study. It was observed that volatilization losses of TCE from
the storage ccntainers prior to anu during use reduced the actual influent TCE
concentration below 100 ug/l. Monitoring of these contairers indicated that
TCE losses ranged up to 51% with che average loss being 34Z (27 ug/l). These
monitoring results were used to calculate the actual TCE load applied to the
carbon. The loading on Column lA at termination of the run was calculated to
be 0.762 mg TCE/g carbon. This should have resulted in a theoretical effiuent
TCE concentration of 3 pug/l. The measured value was <lug/l

Total plate counts (48 hours) w-~re made of carbon effluent to investigate
the possibility of biological growth in the GAC columns and subsequent contam-—
ination of the treated water. The following samples were assayed:

GAC column influent during the

procesaing of BV 2556- 3803 5500 colonies/l ml
Colunn 1A effluent after 2556 BV 57,000 colonies/! ml
Column 1A effluent after 3,456 BV 10,000 colonies/1 m)
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These data indicate elevated plate counts following GAC treatment. This may
partially explain the non-detectable TCE 1levels in the carbon effluent.
Further study in this area for health effect determination may be warranted
wvhen carbon adsorption systems are planned for the treatment of residential or
small scale water supplies.

EPA Modeling of Packed Air Stripping

The Olean site was an ideal situation for evaluation of advanced TCE
removal techniques. During the course o’ Baker/TSA studies at this site, the
State of New York Department of Health requested further EPA research involve-
ment resulcing in a field evaluation of TCE removal by packed column air
stripping. Operation of the field pilot system and development of a mathe-
matical model for the system was carried out by the EPA Office of Drinking
Water - Technical Support Division.

Appendix A contains a reproduced report describing the EPA field work and

evaluation. Their results show that greater than 99 percent TCE can be
removed by air stripping economically.
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APPENDIX A

PACKED COLUMN AIR STRIPPING PILOT TEST
OLEAN, NY - MAY 25, 1982

The United States Environmental Protection Agency (EPA), Office of
Drinking Water (ODW), Technical Support Division (TSD) 1s conducting a program
for evaluation of packed colummn air stripping for removal of volatile com-
pounds from contaminated water supplies. TSD has constructed a portable pilot
packed column air stripping system which is used to generate data for field
evaluation of the treatment process. This report discusses one in a series of
pilot packed column air stripping field tests. This field test was conducted
May 25, 1982, at Olean, NY. The contaminant monitored was trichloroethylene
in levels ranging from 170 to 210 ug/l. The packing material evaluated was 5
cem (2 in.) plastic saddles.

In November 1981 a portion of the City of Olean's water supply was found
to be contaminated with tricl.loroethylene. Subsequent analyses revealed that
three of Olean's four municipal wells were contaminated with trichloroethylene
In excess of 100 pg/l. These three wells, which supplied 70% of the City's
water supply, were shut down and a 60-year old filtratioa plant was returned
to service. The City is investigating the source of the conitamination and
possible treatment alternativas. The TSD pilot system was used to evaluate
the treataent alternative of packed column air stripping.

The TSD pilot packed column air stripping system (shown in Figure A-1)
consists of a 0.6 m (2 ft.) diameter aluminum column packed with 5.5 m (18
ft.) of 5 cm (2 in.) plastic saddles. Eighteen sample ports were installed at
0.3 m (1 fr.) futervals along the column height to sample the center 0.3 m (I
ft.) of the coiumn. This sampling system alloved monitoring the concentration
profile of trichloroethylene along the column height. The column was designed
to operate at air to water volume ratios of 10, 15, 25, 50, 75, and 150.

The field evaluation at Olean consisted of operation at the 6 air to
water ratios shown in Table A~-l. At Olean, 20 samples (including influent and
effluent) were collected at each air to water rario for a total of 120 samp-
les. Fiftv-six of these samples were analyzed by the liquid-liquid extzraction
GC technique for trichloroethylene. These data were plotted, as shown 1in
Figure A-2, as concentration vs length of travel through the packed column.
From Figure A-2 it was observed that an effluent concentration of less than 1
ug/l could be obtained despite the high influent concentration of 200 ug/l.
From Figure A~2 it was observed that the concentration declined, as expected,
as the water passed through the packed column. It was also apparent that
increasing the air to water ratfo improved the removal efficiency.
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Not so apparent in Figure A-2 was the phenomena that at high air to water
ratios the concentration profile was linear; whereas, at low air to water
ratios the concentration profile was curvilinear. A transition from linear to
curvilinear was observed from the high to the low air to water ratio. This
curvature was due to the air becoming saturatel with trichloroethylene in the
lower sections of the stripping column. When this happened, the packed column
was unable to effectively remove trichloroethylene from the water phase. This
condition was forced in the pilot system so that Henry's coefficient for
trichloroethylene could be determined in the field conditions experienced at
Olean.

A data analysis procedure has been developed to determine Henrv's coef-
ficient, the mass transfer coefficient, and the influent concentration from
the concentration proftles shown in Figure A-2. The procedure consists of
estimating the above three parameters by fitting a concentration profile math
model to the data points using a non-linear multi-regression analysis. Equal
statistical weight is allowed for each data point. The math model is shown
below and plotted along with the data points in Figure A-2. The relative
standard deviation between the model and all the data points was 6%.

Concentration Profile Math Model:

X, = X, * (R*A) -1

2 (R*B) - 1
Where: A = exp Z* K'La * (R-1)
L R
K
B = exp ZT* La * (R - 1)
L R

R =G" *H= (Gpa/MWa) * H
™ P, (LFpw/Miw) P,
Where: G = Alr loading (m3 m_z sec-l)
L = Liquid toading (m3 m-z sec-l)
pa - Density of air (Kg m-3)
v = Density of water (Kg m-s)
MWa - Molecular weight of air (28.8 Kg KM'I)
MWw = Molecular weight of warer (18.0 kg KM-I)
ZT = Packing height (m)

Z = Location within column measured from
bottom of column (m)
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K, - Mass transfer coefficient (sec-l)

XT = Influent concentration (ug 1-1)

L

xz = Concentration at location Z (ug 1~
R = Stripping Factor

G" - Alr molar loading (KM m-z see-’)

L" - Liquid molar loading (KM m-z sec-l)

H - Henry's coefficient (atm KM nzo KH-I air)

P - Operating pressure (1 atm)

The Henry's coefficient was estimated as that value which results in the
minimum relative standard deviation between the concentration profile math
model and the data points, determined by an iteration procedure. The relative
standard deviation (RSD) was computed as follows.

2

X1 - X

N
z
RSD = /\ L X

i=1 Z
N

Where: RX’SD

Relative standard deviation
X1 = Concentration profile data point

XZ = Concentration profile math model

N = Number of data points

This ralatfonship is shown in Figure A-3 for the 10:1 air to water ratio.
Throughout Figure A-3 the influent concentration and mass transfer coeffi-
cients were determined by a regression analysis. This relatfonship revealed
that a minimum relative standard deviation occurred at 3.47. This minimum
relative standard deviation indicated that the estimated value for Henry's
coefficient was 175 atm KM H,0 KMl atr (0.13 atm m3 H,0m 3 air).

The wass transfer coefficients for each air co water ratio were deter-
mined by a method similar to that used in determining Henry's coefficient.
The relationship between the relative standard deviation and each mass trans-
fer coefficient are shown in Figure A-4. In Figure A-4 the influent concen-
tration was optimized chroughout while the Henry's coeificient was held
constant at 175 atm. Similar to Figure A-3, the minimum points indicated the
best fit values for the mass transfer coefficients. The best fit values for
the mass transfer coefficients are included in Table A-l.
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From Figure A-4 it was observed that a trend existed between the best fit
value for the mass transfer coefficient and the air to water ratios. For
volatile compounds, such as trichloroethyleme, this trend is generally be-
lieved to be due to the liquid loading. On~ of the key parameters in design-
ing a packed column air stripping system is this relationship between the mass
transfer coefficient and the liquid loading. Examination of this data set
revealed that the relationship wvas log-log linear between liquid loadings
n.005 through 0.026 o3 2 gsec ! (7.3 through 38 gal. min~! £t~ 2), Above
0.026 m3 m 2 sec ! liquid loading the relationship was not linear. This was
probably due to hydrauiically overloadiug the packed column. This relation-
ship is shown in Figure A-5. A linear regression of the data between liquid
loadings 0.005 and 0.026 m3 m 2 sec”! resulted in a correlation coefficient
of 0.996 —- an excellent fit. The equation of the besr fit line was as
follows,

0.59

KLa = 0.12*L (for 5 cm plastic saddles)

Where: KLa = Mass transfer coefficient (sec !)

L = Liquid loading (w3 m 2 _sec-ll
for 0.005<L<0.026 m3 m 2 sec !

The economics of removing trichlorocetrhylene from the contanminated water
supply at Olean, NY, was eveluated using a cost optimized design procedure
developed by TSD. The design parameters for the City of Olean, NY, are as
follows.

Flow 0.14 m3 sec™! (3.25 MCD)
Temperature = 10.6°C
Interest Rate = 102
Amortization Time - 20 years
Towe: Cost - 6¢ KW/hr
Henry's Coefficient - 175 atm KM B,0 KM~! atir
Safety Factor for
Henry's Coefficient = 1.1
Safety Factor for RLa - 1.1 for 5 cm saddles

(1.25 for 2.5 cm saddles)

Safety factors are assigned which are based upon the closeness of fit of the
data poin%s to the model. Based on the results of this field work with the
appropriate safety factors applied, the packed column size and estimated ccst
are shown in Table A-2.
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Table A-2 presents a series of packed column air st:ipping systems and
cost estimates for trichloroethylene removal efficiencies from 80 to 99Z. The
packed column systems shown in Table A-2 are based on the KL equation and
Henry's coefficient. The cost estimate indicated that 99% trfEhloroethylene
removal can be obtained with a total production cost of 1.9¢ m? (7.2¢ per
1,000 gal) using 5 cm (2 1ir,) plastic saddles.

The packing material investigated in this study was 5 cm (2 in.) plastic
saddles. TSD has also investigated at other municipalities trichloroethylene
removal using 2.5 cw (1l in.) plastic saddles. The Henry's coefficient of 175
ato observed at Olcan, NY, was in excellent agreement with Henry's rozfficient
observed at these other municipalities. The relationship between the mass
transfer coefficient and the liquid loading for 2.5 em (1 in.) plastic saddles
observed at the other municipalities was as follows.

0.48

KLa - 0.094L* {2.5 cm plastic saddles)

Where: KLa = Mass transfer coefficient (sec-l)

L = Liquid loading (m3 m 2 gec-l)_
for 0.007<L<0.024 (m3 m 2 sec”!)

This relatfonship for 2.5 cm (1 1in.) plastic saddles observed at other
municipalities and the relationship for 5 cm (I in.) plastic saddles observed
at Olean, NY, cannot be directly comparad. However, the relationship for
2.5 cm plastic saddles can be used to compare the size and estimated cost of a
system using 2.5 cm plastic saddles to that of a system using 5 cm plastic
saddles at Olean, NY. Tabie A-~Z2 also includes a series of packed column air
stripping systems using 2.5 cm plastic saddles. The estimated production cost
for a 992 TCE removal system is 2.l¢ m 3 (7.9¢ per 1,000 gal.). This is 10%
higher than the system using 5 em (2 in.) plastic saddles; however, this may
be due to the different safety factors used.

The author expresses special thanks to the employees of Olean's municipal
water department in erecting and operating this pilot systen. Without their
courteous and pvofessional help this field evaluation would not have been
possible.
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Packed column air stripping pilot
system at Olean, NY on 5/25/82.

Figure A-1l.

129



o€l

(ug/1)

Concentration in Water Phase

100 1000

10

Alr:Water

Effluent ug/1

:

P E
B g’ =43 |
- ° P
¥ ;"7\&“ |

o~

A S~350 12
| 2 Concentration B 4
b - Profile Math Model ?&\\\@'{5 : 5.75
& (150 "\ i

= Wy

c R 2.1]

c N

= ; ) | ; : ; ~»! 0.8
0 1 2 3 4 5 8

Length of Travel Through Column (m)

Figure A-2. Trichloroethylene concentration
profile at Olean, NY on 5/25/82.



d B 'l 1 I I U 4 2 1 32
- I
- o 1
-_” - = LW
o o i
- ha o )
g o - =
I SE
X
>0
2 52 S
¥- E > I
fto - 1
TOo - £
+ o= [- -] -
4 o X 1
l.!u -
o
o
4 £
F- T
49 +
o oo -
4 @ 3
43 4
(1]
-t fae =
1< 4
E 2 +
s 5 -
S .
o L o
-t 4
-+ 4.
21 4 Y 4 b‘! re it L 2 . ’ a "
001! oL 8
(%) uojlejaeQ piepuel}s eajlejey

131

1000

(atm)

Henry's Coefficlont

Relative standard deviation vs.

Henry's coefficient for trichloroethylene

at Olzan, NY.on 5/25/82.

Figure A-~3.



(4%

Relative Standard Deviation

Alr:Water Ratlo
ol ; = 1
"1 h { ; 4
I oo o Note: Henry’s Coeff. I
1 — < - Held Constant 1
+ ol . o OQ e
Ol O] O ofv=] .
4 .Olo| ¥ Optimum i
e B Mass Transfer Coefficlients
d
o T T : :
0 0.01 0.02 0.03 0.04 0.05

Mass Transfer Coefficlent (sec ')

Fijure A-4. Relative standard deviation vs. KlLa
for trichloroethylene at Olean, NY
on 5/25/82.



£el

)

(sec

.Mass Transfer Coefficient

0.001

0.1

P S

0.01

4 'l g ) 1
L L] 1 1) L SN L |

=
-
-
-l

. i

T3 R by

10 Alr:Water Ratio
Not Usod In
- Roegreselopn

i
. o
ast 18 i
o“‘
o 50

\\ &
_ P 18 \ i
! 150 E , "
: ————WE»#IMI Design Rango [
- -
L L.
. - o 9 ' e
) KLa=0.12% 0.8
I r2-0.996 i
0.001 0.01 0.1

Liquid Loading (m3 m2 sed

Figure A-5. Mass transfer coefficient vs. liquid loading at Olean NY
on 5/25/82 - Trichloroethylene,



9ET

TABLE A-1.

OLEAN, NY ~ MAY 25, 1982

Water Temp. = 10.5°C:

PILOT PACKED COLUMN AIR STRIPPING RESI'LTS

Air Temp. = 20°C

Liquid Loading (n® m 2 gec™})
Liquid loading (GPM ft~2)
Alr Loading (m3 m 2 sec”})
Air Loading (CPM ft2)

Alr:Hater Volume Ratio

Z Removed*
Mass Transfer Coeff (sec 1)*
Influent Concentration (ug/l)*

Effluent Concentration (pg/l)*

Run

] 2 3 4 5 6
0.035 0.026 0.020 0.014 0.0082 0.0050
51 38 29 20 12 7.4
0.34 C.43 0.49 0.66 0.72 0.74
67 85 96 130 140 145
10 16 24 48 88 150
5 87 93 96.8 98.9 99.6
0.014 0.014 0.012 0.0096 0.0072 0.0052
174 173 175 177 192 207
4 22 .12 5.7 2.1 0.8

*Based on curve fitting 9 or more data points.,



TABLE A-2.

PACKED COLYMN AIR STRIPPING DESIGNS

% TCE Removal

80 90 95 98 99
5 cm (2 in.) Plastic Saddles
Packed Column Size
Number of Columns
Column Diameter (fc) 8.8 9.2 9.7 16 10
Pecking Height (fe) 13.6 19.0 23.2 29.7 35.4
Air Flow (SCMM) 5,500 6,400 7,400 8,000 8,000
Alr Pressure Drop (in Hzo) 2.8 3.2 3.4 3.8 4,2
Economic Estimate
Total Capital (K$) 215 245 280 320 350
Operating Cost (KS/yr) 27 30 35 40 43
Production Cost (¢/1,000 gal) 4.5 5.3 5.7 6.8 7.2
2.5 cr (1 in.) Plastic Saddles
Packed Column Size
Number of Columns 1 1 2 2 2
Column Diameter (fr) 10.0 10.0 8.2 8.8 8.9
Packing Height (ft) 12.6 18.0 19.0 22.5 25.8
Alr Flow (SCFM) 4,006 4,000 6,400 7,700 8,200
Alr Pressure Drop (in HZO) 3.0 3.4 3.4 3.6 3.8
Economic Estimate
Total Capital (KS) 230 270 350 410 450
Operating Cost (KS/yr) 26 30 32 36 39
Production Cost (c/1,000 gal) 4.6 5.4 6.4 7.3 7.9
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