Case Study Abstract

Pump and Treat of Contaminated Groundwater at
U.S. Department of Energy, Kansas City Plant

Kansas City, Missouri

—=

Site Name:
U.S. Department of Energy (DOE)
Kansas City Plant

Location:
Kansas City, Missouri

Contaminants:

Chiorinated Aliphatics: includes

Tetrachioroethene (PCE), Trichloroethene

{TCE), 1.2-Dichloroethenes (1,2-DCEs), and

Vinyl Chloride

PCBs, Petroleum Hydrocarbons, and Metals

- TCE concentrations of > 10,000 pg/L in
groundwater

- Presence of DNAPLs suspected

Period of Operation:
Status: Ongoing
Report covers - 5/88 10 2/94

Cleanup Type:
Fuil-scale cleanup (interim
results)

Vendor:
Allied Signal. Inc.

SIC Code:
9711 (National Security)
3724 (aircraft-engine manufacturing)

Technology:

Groundwater Extraction with Advanced

Oxidation Processes (AOPs)

- 14 extraction wells and one trench;
screened intervals of wells ranged from 27
feet to approximately 47 feet below ground
surface; flow rates ranged from 0.9 w0 3
gallons per minute (gpm) based on a design
flow rate of 2 gpm

- Interceptor trench of 250 ft. in kength;
ranged in depth from about 22 ft. to 31 ft,

- Treatment system - acidiftcation to
solubilize inorganic metals, bag filtration,
UV/peroxide oxidation, and neutralization

- Inidal AOP - UV/Ozone/Peroxide system
replaced in May 1993 with a high intensity
UV/Peroxide system

Cleanup Authority:

RCRA Corrective Action and
Other: Kansas City Water and
Pollution Control Department

Point of Contact:

G.P. Keary
Environmental Restoration
Program Manager

DOE Kansas City Plant
Kansas City, MO

Waste Source:
Manufacturing Process

Type/Quantity of Media Treated:
Groundwater
- 11.2 million gallons treated (1993)

- Horizontal/Vertical distribution of VOCs in groundwater - up to 4,000 ft.

horizontal and over 40 ft. vertical

- Alluvial deposits undertain by bedrock consisting of sandstone and shale

- Shale is relatively impermeable
- Porosity of aquifer is 20%

- Horizontal Hydraulic Conductivity of aquifer is 1.1 to 2.3 ft/day; sandstone is
0.04 to 0.005 fi/day: underlyving shale is impermeable in water

Purpose/Significance of Application:

Full scale remediation of groundwater contaminated with VOCs using advanced oxidation processes (UV/peroxide).

Regulatory Requirements/Cleanup Goals:

- Final cleanup goals for site have not been established at time of report; will be set subsequent to RFI/CMS activites

- Treated groundwater discharged to municipal sewer system must meet requirements of permit issued by the Kansas City
Water and Pollution Control Department; for organics - total organic halogen 0.16 mg/L; metais - 0.69 to 100 mg/L.
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Case Study Abstract

Pump and Treat of Contaminated Groundwater at
U.S. Department of Energy, Kansas City Plant
Kansas City, Missouri (Continued)

Results:

As of February 1994:

- Influent VOC concentrations to UV/Peroxide treatment system were 10.6 mg/L with an average influent concentration of 23
mg/L; effluent concentrations were 0.01 mg/L

- The UV/peroxide system destroyed > 99.95% VOCs

- PCBs were detected at levels up to 0.3 pg/L in influent to UV/peroxide unit: not detected in effluent

- VOC contaminant plume appears to be contained

- No significant change in VOC groundwater concentrations at this time

Cost Factors: _

- Total Capital Costs: $1.383.400 (including equipment. site preparation, construction/engineering, startup)

- Annual Operating Costs: $355.200 (including maintenance, project management, laboratory analysis. supplies)
- An estimated total cost for completing the cleanup is not available at this time.

Description:

The U.S. Department of Energy (DOE) Kansas City Plant. constructed in 1942, has been used for aircraft engine _
manufacturing, production of nuclear weapons components. and defense-related research and manufacturing operations.’
During the 1980s. hydrogeologic investigations identified soil and groundwater contamination at the site which had resulted
from releases from the research and manufacturing operadons. The primary contaminants detected included chlorinated
VOCs. aromatic VOCs, PCBs, and metals. DNAPLs are suspected in the groundwater, but have not been detected at this
time. Final cleanup goals have not been established at this time. Treated water from the system is discharged to the
municipal sanitary sewer system under the provisions of a Kansas City Water and Polltution Control Department wastewater
discharge permit (2/88).

Operation of a groundwater pump and treat system, which includes an Advanced Oxidation Process (AOP), began in May
1988 under RCRA corrective action. The initial system inciuded 14 extraction wells followed by a low intensity Ultraviolet
{UV)/Ozone/Peroxide treatment system. This system was replaced in May 1993 by a high intensity UV /Peroxide system to
provide additional 30 GPM treatment capacity for groundwater and to correct operational problems with the initial unit
{equipment malfunctions and downtime). While the cleanup is ongoing at this time and final performance data are not yet
available. interim results indicate that the extraction system appears to be containing the VOC contaminant plume. However,
the concentrations of VOC in the groundwater have not changed significantly.

The total capital costs for this application were 31,383,400 and the annual operating costs were $355.200. With respect 10 the
AOQP. the replacement of the low intensity UV/ozone/peroxide system with the high intensity UV/peroxide system resulted in
both increased treatment capacity and cost savings while meeting the discharge limits for the treated water. The high intensity
UV/peroxide system etiminated the need for GAC polishing and reatment of air emissions and reduced operation and
maintenance costs. Although more expensive than alternatives such as air stripping, AOP was selected because it destroys the
contaminants rather than transferring contaminants to other media.
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Wl SITE IS TECHNOLOGY APPLICATION
This analysis covers an effort to pump and treat
U.S. Department of Energy groundwater contaminated with volatile organic
Kansas City Plant (KCP) compounds (VOCS) by above ground advanced
A RCRA Corrective Action Site oxidation processes (AOPs). The treatment began in
Kansas City, Missouri May 1988 and is currently ongoing. This analysis covers

performance through February 1994.

Bl SITE CHARACTERISTICS
E Site History/Release Characteristics

« The KCP is located within the Bannister Fedsral Complex approximately 13 miles south of downtown Kansas City,
Missouri. The complex is bordered on the east by the Blue River and on the south by Indian Creek.

+ Constructed in 1942 as an aircraft sngine manutacturing facility, the KCP is pan of the U.S. Department of Energy's
(DOE) Albuguergue Operations Office. The Atomic Energy Commission, predecessor to the DOE, began production of
components for nuclear weapons at the KCP in 1949. Subsequent defense related research and manufactunng operations
rasulted in the release of contaminants to the subsurface.

- A series of hydrogeologic investigations initiated in the early/mid 1980s revealed elevated contaminant concentrations
(primarily chlorinated VOCs) in scil and groundwater.

« A groundwater pump and treat systam, the subject of this report, started operation in May 1988. That system was

designed as an interim remedial measure to prevent further migration of VOC-contaminated groundwater while additional

RCRA Facility investigation (RFi) and Corrective Measures Study (CMS) sfforts to define final site remedial measures

were being performed. A low intensity Ultraviolst (UV)/Czane (O, Hydrogen Peroxide (H,0,) treatment system operated®

until May 1993 when it was repiaced by a high intensity UV/H,0, system. Tha initial system was a demonstration of
b first-generation AOP technology; the replacement system is considered second-generation technology.

= Contaminants of Concern HEET1 N Contaminant Properties
Contaminants identified as being of greatest Properties of contaminants focused upon dunng remediation are:

concerm in groundwater at the KCP are: Properties”  Units PCE TCE__12.DCEs™ Ve
Density - 1.62 146 1.281.27 091
Tetrachloroethens (PCE)
Trichiorosthene é‘rCE& Vapor Prassure  nmig w2 an ? 5
1,2-dichiorosthenes 2-DCEs) Henry's Law semdimole  0.0250  0.0091  0.0068/ 0.0144
Vinyl chloride Constant 0.0076
Wawr Solublity mg) 150 1,100 225003500 2670
Other contaminants detsctad in soil or Octanol -Water - %8 240 s 24
groundwater inciude aromatic and haiogerated Partition
VOCs, patroleum hydrocarbons, PCBs and Cosfficient; Koy
selected metals. Orgaic Carbon - %4 126 “se 57
Parvvon
Arssnic, present at concsntrations higher than Coeffice
drinking water standards, was detsrmined 1o be n Koe
mruunotmudgoodmnedm * Properties at 20 °C. * Dats preseniad for bath cis and rans-somers.

BN Nature & Extent of Contaminati>n

« Characterization cf the nature and extent of contamination at the KCP svoived over a numbar of years of investigation
and interim remediation. Thirty-seven solid wasts management units were found to have contributed to three primary
areas of groundwater contamination known as: the TCE Still Area, the Underground Tank Farm Area, and the Northeast
Area/Outfall 001 Area.

+ Groundwater comtamination is largely canfined within tha KCP limits. Howaever, chiorinated VOCs have migrated with
groundwater along a backfilled stream channel to the Biue River northeast of the KCP.

» Tha vertical distribution and concentrations of VOCs in soil and groundwater suggest the potential presence of dense
non-aqueous phasa liquid (DNAPL) in several areas which contribute to groundwater contamination.
+ The presence of numerous subsurface utilities/utility renches, including building footing tile drains, have a significant
' impact on contaminant migration at the KCP site. These utilities act as sources of recharge water, preferential migration
b pathways, and collectors for contaminated groundwater.

@ U.S. Air Force
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EB Contaminant Locations and Geologic Profiles

Remedial investigation field activities Flood Wall
at the site have included: L
* Borings and subsuriace soil B
. Momtomring well instaliation u:"m
groundwates
» Groundwatsr slevation measwements
» Geophysical wating
+ Walr source/sink assesament
e e
+ Bore r
+ Surface water nn-ﬂ:w? and elevation
MeasSUrements
+ Groundwater modeling

Data from ~200 soil borings and ~190
monitofing/extraction wells were used to
develop an understanding of subsurface J
conditions, including contaminant

migration. Selected data from site studies

have been used in this report to depict

site conditions.

Troost Ave

Lagend Scale in Feet
Il Reioase Sins [l Grouncdwater Pure [l Groundwamr Pums
» 1,000 » 5 upA Toml VOGs 0 750 1,500
) )

@ U.S. Air Force

159




o

Kansas City Plant - Page 3 of 13 wwes

H Contaminant Locations and Geologic Profiles {Continued)
Vertical Distribution of YOCs in
Groundwater

* In general, concentrations of prime
comaminars of concern in groundwater
increase with depth in overburden scils at
the KCP site. Dense non-aqueous -phase
liquid(s) (DNAPL) may be present in some
areas. The figure below, illustrating TCE
cancentrations in groundwater at ons of the
3 primary contamination areas (the TCE Still
Area), is representative of the vertical
distribution of chlorinated VOCs at the KCP
site.

+ Alluvial deposits at the KCP site are under
lain by badrock consisting of alternating
layers of sandstone and shale. A thin layer
of sandstone (< 10 fest thick) immediately Upper
beneath the ailuvium pinches out beneath Complstion i
the site. Packer testing performed on the Zone  Approximataly 20 fest below ground surface (bgs)
shale indicated it was relatively
impermeabie. No bedrock migration of
VOCs has been cbserved.

+ Because the bedrock surface dips in the
opposite direction as aliuvial groundwater

flow, additional monitoring wells ware Lower

completed within the shallow sandstone at Completion 250 50
the request of EPA to monitor for the 2one  Approximately 40 fest bgs N\O‘-‘f""_
potential migration of VOCs. No VOCs or

dissolved-phase contamination have been Legend

detected in these wells. Additionally,
contaminant transport modeling predicted
that VOCs (i present) wouid migrate at an
average rate of < 1 foot per yesar under
worst-case conditions in the sandstone. I 100w 1,000 up/

TCE Concentrations in Groundwater {July 1993)

R 1.000 to 10,000 ugh
B >10,000 ugA

Notes:  Cross section is not to scale.
Cross saction location shown on site map {page 2).

@ U.S. Air Force
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HR Site Conditions —

Kansas City Plant - Page 4 of 13 emam

Pre-1967 Blue
River Channa!

The former Blue River channei, row filled,
has a hydraulic conductivity an order of
magnitucie greater than the surrounding
soil. This former river channel is serving
as a preferential pathway for migration of
contaminated groundwater from the
Northeast Area/001 Outfall to the current
location of the Blue River.

II%DMHMGIIM:GI-'

~ Groundwater Sinks and Sources

Several site structures (in addition to the sxtraction wells and interceptor rench) serve as sinka/coliectors for groundwater on
the KCP site and 'm'%ncl contaminant migration. Groundwater drains include: the 001 Owutfall Interce system | ~6,000
Hons per day (GPD)), which is a collection system 10 prevent groundwatsr infiltration into an NPDES storm sewer, a sump
r the buikiing southwest of the former South Lagoon, building footer drains, and possibly the plant sewer lines. Building
drains control the surtace of the wamr table in the vicinity of the Main Manufacturing Building.

In addition to recharge dus to infiltrating precipitation, it is believed that leaking underground water and steam lines could
be serving as asouruolwuhrht‘:gsubsm. ﬂ-KCPhuiiﬁnud:'gdthMiddsimmmm
of water in the subsuriace at the KCP site,

Sl RN

+ The KCP is situated in the Blue River Valley about 860 feet above Mean Sea Level (MSL) and is in the 100-year flood
plain ¢f the both the Blue River and indian Cresk. However, a 500 year event fioodwall protects the site.

+ Approximately 46% of the site is covered by grass or gravel and is available for recharge. The site receives ~ 34 inches
of precipitation per year.

+ The topography of the complex is flat-lying sxcept where it drops ~ 30 fest along the Blue River and Indian Creek and
where it nses ~ 50 feet north of the KCP site.

+ The Pennsylvanian badrock {shales) in the vicinity of the KCP is noted for its uniformity, There are no structural features
such as faults, that affect the KCP site. No fractures were observed in bedrock (shale) cores performed at the KCP site.

+ The surface of the bedrock at the KCP site siopes to the east, refiecting surface topography. Howsver, the sicpe or dip
of individual layers (sandstones and shales) is to the west. Site lithologic logs indicats the presence of ~1 to 3 feet
variation in the elevation of the bedrock surface.

+ Groundwater fiow at the KCP site is primarily to the east and discharges to the Blue River and Indian Creek. A portion of
the KCP site groundwater fiow is to the south.

N Key Aquifer Properties
Aquifer parameters for the aliivial deposits at the KCP site have been estimated as:

Broparty Units IankFaern Scuthlagoon  NorthesstAres
Porosity % 20 20 20
Hydraulic Gradient vt 0.002 0.008 0.007 10 0.02
Horzontal Hydraulic Conductivity®* - f/day 23 1.1 15
Groundwater Velocity ftiyr 8.4 18 1910 55
Storage Coefficient** - 0.002 0.0005 0.002

* Based on pumping test data. Conductivites calculated from bail and siug wst data were - one order of magnitude lower.
" Low values are reflective of the fine-grained nawre of the aquifer materials.

(' The horizontal hydraulic conductivity of the shallow (knobtown) sandstone is 0.04 to 0.005 fi/day. The underlying shale is
impermeable to water.

@ U.S. Air Force
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I REMEDIATION SYSTEM
L/ WM Overall Process Schematic

Kansas City Plant - Page 50! 13 ==

-

Extraction Well Network Replacement Treatment System Discharge to Sanitary
and Trench Sewer
Muncipal
Waswaisr
Treatmenmt
Plant
ﬁ
Neutraizason
UViPercxide
Filtration
Fourtean extraction walls and Acidification to solubilize inorganic metais, bag Discharge treated water
cne french installed in three filtration, (UV/percxide) oxidation of arganic to municipal wastewater
phases (1987, 1988, and comaminants in one of two reactors, and treatment plant.
1989). subsequent neutralization.
E Extraction Well Network
KCag-11148.5 2.0 “ :
KC8$-11248.7 1.5
KC89-6239 1.3 "L Trwneh (with not © ecaie)
Groundwair
Traatment 4
Buiding é.ll\ KC89-108 27 5.0
!
KC89-110 46.5 0
KC89-83 39 1.4
KC88-89 42.2 1.1 KC89-10045.2 1.0
KCa7-61 40 1.6
KC88-90 41 1.7
KC88-91 42,5 1.4 KC86-88 40.5 1.4
KC88-87 40 0.9
KC88-86 42 1.0

KC88-9240.5 1.3

r Legend
& Extraction Well KC88-62 4015 1.
) Botom Depth of Flow Ratwe
Wed m fon Screered I::‘rvod in Gallons Pn-r
(Scresned Lengths Vary Minut (GPM)
from 10t 11 fest)

The design h-hruﬂnofhnhm!gw,hmmﬂmlliomm.

@ U.S. Air Force
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W Extraction Well Detall Bl Interceptor Trench Schematic

Typical extraction well (KC89-112)
T Ground Surface
S5t To Trearnent System
, 1 1/4* Stiniess Swel
W ' :.. 1:6 Bentonie Grout

hl 3
J}) i

2 1/4° Bentoniwe Pellsts
=
Six inch Stainiess Steel Casing
] Welded (@ 21 ft Joints)
| Biack lron Casing Cantraiizers '
21 <> w-u-duca:::‘g-usnmaunaam

8 0.010 inch Cantinuous Wire-Wound
111t . Stainiess Smel Screen

e $20 Frac Sand Pack

X B Weided Botiom Cap
lm 174
n

NOTES: 1.) Soms sxtracton weils compiemd with subsurface vauits
2.), Smu;ﬂ- pumps with stiniess stes| impeilers in
»

Bl Key Monitored Operating Parameters

+ Groundwater elevations

(to assess « UV and H,0, dosags
CONLANWTENt SysIem 2
+ Groundwater VOC performancs) + Filter pressures

Elevation (Fest, M5L)

KCB9-108

6° Stniess Stee! Casing
Procducton Weil

10' Screen from Bedrock

Compacwd Fi
>

2 pagrock

2% S 7 100 125 150 175 200 25 280

Distance in Fest

Bl Key Design Criterla

+ Water fiow rates

* Temperature, pressure, and pH (10 assess veatment
syssm operation and
[ Ly ]

+ Hydraulic containment of VOC-contaminated

+ Handle range of flow rates to aliow for operational

« Destruction of organic contaminants in extracted
groundwater rather than transfer to another media

» Redundant treatment capability to maintain hydraulic

containment in the event of unanticipated breakdown, and
1o provide for treating increased flow rates during future- |
final site remediation '

concentrations « influent/sffiuent contaminant concentrations

E Treatment System Schematic

Up to 33 GPM Grouncdwamr
From inwrcepior Trench
and Exwraction Walls

In-Line Smtic Mixar

Discharge Treated Wawmr
© Savary Sewer
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Il PERFORMANCE
W Performance Objectives

« Pravent further migration of VOC-conmaminated groundwater from 3 areas of identified contamination
+ Design and operate reatment system to decrease VOC concentrations in extracted groundwater to below sawer
discharge limits

IR Remedial Action History/Plan

Remediation at the KCP site is being implemented in a phased manner. The following groundwater-related interim
remadial actions have been performed to date:

1988 Intiated pumping of groundwater (6 GPM) from Underground Tank Farm Area and treatment with
UV/Qy/H,0, system as interim measurs and to demonstrate reatment technology

1990 Treatment of additional 14 GPM from TCE Still Area and 13 GPM from Northeast Area/001 Outfall using
the same treatment system with additional Aquecus-Phase Granuiar Activated Carban (GAC) polishing

¥

1993/1994 Second-generation UV/H;0, treatment system installed to provide capacity for treating an
additional 30 GPM (approximate) of groundwater from the 001 Outfall Area, and to pfovndo additional
operational and environmental benefits

I Overall Performance Summary
Conclusions drawn after 5 (plus) years of operating the interim pump and treat system are summarized below:

» The extraction system appears to have besn sffective in substantially containing VOC-contaminated groundwater
emanating from the KCP site. The KCP expects to begin extracting up to an additional 30 GPM of VOC-contaminated
groundwater 1o prevent its infiltration into the 001 Outfall storm sewer iine during 1994,

» The concentrations of VOCs in groundwater and the extent of contamination has not changed considerabiy in the TCE
Sitili Area, Underground Tank Farm Area or the Northeast Area/001 Outfall since initiating the Imterim Remedial Action.

* While the initial AOP treatment system met discharge limits, ozone leaks, the need to treat air emissions and significant
downtime required for maintenance contributed o the decision to change to the high-intensity UV/H,0, AOP. The naw
AOP system has aiso operated within discharge limits.

B Operational Performance

Volume and Rate of Water Pumped/Traated

1993, a total of appmximately 11.2 million ng of Wt watsr was exractsd
.?J'J'.";.a the interim system. Of this total, -23'“ mmmn

u*FlrmkuﬁSnﬂunodmmmo CE Still Arsa and ~4.5 million galions
from the Northaast Area/001 Outfall.

. average flow ram for the entire interim system in 1993 varied from a high of 32 GPM in
mmu.:z%'mnm during reatment unit replacement,

— System Downtime
» Numerous squipment maltunctions and a significant amount of downtime occumred during the first 15 months (May 1988 - July
1989) of continuous operation of th UV, sysiem. The sysiem operawd > 85%of the ime in 1988 except durmg

September when it was shut down for equipment modifications. The interim system operated 61% of the tma in 1969 sxcept
during June when it was down for servicing modifications by the manutacturer. Except during dowrtime periods for construction,
equipment, modifications and fo2en pipes, and the UV/Oy/H.0, systam operated > 0% of the tme from 1990 until May 1983

when it was replaced by the high intensity UV/H,0, sysiem.
+ The repiacement UV/H,0, systsm commenced continuous operation in August’September 1993. This Teatment sysism has

opornhd>95%nthm Much of the mainsnance hat required the prior reatment system 1o be shut down can now be
performed while the replacement system remains cperational.

@ U.S. Air Force
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@ Hydrodynamic Performance

B Effect on In Situ Contaminant Concentrations

IR Treatment System Performance

Kansas City Piant - Page 8 of 13 ==

+ A modaeling evaiuation performed in May
1992 conciuded that the extraction system
was substartiaily containing the three
prnmary groundwater VOC plumes at the
KCP site. The planned addition of
suppiemental sxtraction wells near Outfall
001 is intended to decrease infiltration of
contaminated groundwater into storm sewer
lines 1o compiy with NPDES permit effluent
standards.

While the pump and treat system has removed a substantial mass of VOCs from the subsurface, statistically significant
changes of in situ groundwater VOC concenirations have not occirred.

* The original UV/QyH,0, treatment system was repiaced with the high intensity UV/H,0, in May 1993 to provide
capacity to treat an additional 30 GPM from the 001 Qutfall Area. Despite the on-going maintenance problams, the
UV/OyH,0, treatment system routinaly met permit discharge limits at a flow rate ~ § GPM from 1988 until 1990. The
sewer discharge limit for total organic halogens was exceeded on 2 occasions in 1990 as a result of the adding of ~ 27
GPM of groundwater sxtracted from the TCE Still Area and the Outfall 001/Northeast Area. The original system was
designed to handle only 25 GPM of water containing VOCs at concentrations higher than pradicted by an Interim
Corective Measure Study. Aquecus-phase granular activated carbon (GAC) polishing of the UV/OyM,0 Unit effluent
was added in the late 1990 to remove residual organics prior to discharge. An in-line filter was installed and backwashing
instituted to extend the |ife of the GAC by removing iron and manganese that precipitated following oxidation in the AOP
reactor.

« Following successiul compistion of a rigorous acceptance testing program of the replacement UV/H,0, system during
late 1992, the system was placed into operation during May 1983 . As illustrated in the following graph, total VOC
concentrations in the replacement system effiuent have been well below the sewer discharge limit, The on-going
maintenance problems sxperienced with the initial system have besn eliminated .

UV/Peroxide Treatment System Performance

+ The initial UV/OyH,0; system destroyed ~

January/Febriaiy 1994 94.6% VOCs; ~3.7% ware emitted 1o ambient
100,000 air and ~ 1.7% were discharged to the sanitary
-‘._‘\.——.——‘.'__.\' sewsr system. The replacement UV/H,0,
10,000 system destroyed > 99.95% VOCs; ~< 0.05%
are discharged 1o the sanitary sewer system
1,000 and there are no emissions,
PERMIT LIIT 150 upt TOX » The system is designed 1o treat up to 30,000
100 //\’___\/\ ug/. Influen averaged approximataly 25,000
ugl.
0 - » Up to 0.3 ug! PCBs have been detected in
the UV/H, 0, treatment system influent. PCBs

Dans S T ST N N N TR have not been detected in the treated

Influent 23,500 33400 31000 19600 21000 23.500 26.410 10,600

Effiuent 9 % & z 2 9 . 10
Al restits ugA ot VOCs

groundwater discharged to the sanitary sewer.

Legend
I_-.- Influsnt VOC Concentration —e—EMuant VOC Concentraton
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Hl COST

b + Although advanced oxidation was more expensive then other aliernatives such as air stripping/GAC, it was
salected becausa of its waste minimization benefits. With advanced oxidation the contaminants are destroyed,
and not transferred to another media.

* The selection of the high intensity UV/H,O, treatment to replacs the UV/H,0, was due in part to cost savings
associated with: eliminating GAC polighing, sliminating the need 1o treat air emissicns, and reduced operation
and maintenance labor and expenses.

+ Capital and operating costs for the replacement UV/H,0, system is presented below. Operating costs for
treatment (including replacement parts, laboratory analysis, utilities, labor, and raw matenals) calcuiated by
Oak Ridge National Laboratory were $15.51/1,000 galions for the first-generation UV/OyH,O, demonstration
unit and are projectad to be $13.80/1,000 gallons for the second-generation UV/H,0, replacement units once
the additional 001 Qutfall extraction system commences operation. The costs presented below are based on
actual costs spent from fiscal years 1987 to 1994, the cost figures are not in constant dollars.

M Capital Costs

Extraction Walls, Vaults, Pumps, Piping, Trenching, Eiectrical Conduit, & Utilities $1,213,900
Bag Filter Units (2) 4,500
Tanks (3) 1,700
Treatment Buildings (site preparation, construction, and engineering }, 3 original extraction wells 126,000
Control Systems 2,300
Equipment Installation 20,000
Startup (including acceptance testing} 15,000
Total Capital Cost $ 1,353,400

ER Operating Costs

Electrical Power $ 25,300
Maintenance

Labor 52,200

Equipment Repair and Replacements? 3,300
Enginesring Support and Project Management 44,200
Laboratory Analysis (Influsntv/Effluent) : ‘ 78,000
Monitoring Wel Analysis 110,000
Consumables

Hydrogen Peroxide 3,600 galiona/year @ $4.00/gallon 14,400

Sulfuric Acid 3,600 gallona’year @ $1.09/gallon 3,900

Caustic 7,200 galions/ysar @ $1.91/gailon 13,800

Bag Filters 700
Extraction Pump and Motor Assembly Replacement (2/year) 1,200
Transport and Disposal of Spent Filters and Personal Protective Equipment 500
Extraction Wel Rehabilitations

Chemical Treatmem 5,300

Redevelopment 2400
Total Annua! Operating Cost $ 355,200

* Average snnual cost of equipment repair and repiacemant costs from 1983 to 1994, including costs associated with sysem
start-up and he purchase of spare pars.

éi 'U.S. Air Force
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Bl REGULATORY/INSTITUTIONAL ISSUES

* The KCP Site investigation i being performed in accordance with a U.S. Environmental Protection Agency
RCRA 3008 (h) Administrative Consent Order in 1989, [nitial investgation efforts, and the extraction and treatment of
grouncwater frem the Underground Tank Farm Area were performed as voluntary actions in 1988 with EPA cognizance

« Traatment of exiracted groundwater using UV/Oy/H,0, was initiated in 1988 as a demonstration of ona of the first full-
scaie operating AOP systams. A rigorous program of piict testing and long term performance monitoring was
implemented to assure regulators of the etfectiveness of this treatment technigue and to develop data on long-term
reiiability and operation and maintenance costs. The second generation UV/H,Q, that replace the UV/OyH,0, system in
1992 aiso underwent rigarous prove-in testing in accordance with a Startup Plan approved by EPA and the City of Kansas
City, MO,

+ Treated water is discharged to the municipal sanitary sswer system under the provisions of a wastewater discharge
permit issued by the Kansas City Water and Pollution Control Department in February 1988. Discharge limits are
summarized beiow:

EParameter Concentration (mg/L} Parameter Concentration {ma/L)
G o5 S ncridogm 38
ormium . ol gen .
r 138 Sulfides 10.0
Lead 0.69 Oil and Greass 100
Nickel 398 Total Cyanide 20
Jinc 2.61
Iron 100.00
Manganess 20.00
Boron 1.00

» Final cleanup poals have not yet been established for the site. Cleanup goals will be sat subsaquent to complating
RFUCMS activities.
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+ Extraction and treatment of groundwater from near the 001 Outfall will be initiated following NEPA review and cbtaining
approval from a railroad to a pipe groundwater beneath an active rail line that crossss the KCP site.
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Bl LESSONS LEARNED -
L_/ S Implementation Considerations

* An understanding of the extent of contamination at this site has evoived over a decade of investigation, monitering, and
remediation. Defining the extent of contamination has focused on determining the need for remediation in spacific areas
of the site, sslacting and designing remedies, and svaluating the sfisctiveness of implemented remedial actions.

* Monitoring data and modeling results suggest that predicting the rate of aquifer restoration my be complicated due to
hydrogeoiogic variability caused by leaking underground utilities, building footing tile drains and other anthropogenic
factors and the likely presence of DNAPL(s) in a a number of arsas of the site.

* Initiating an interim remedial action provided for hydraulic containmert of VOCs dissolved in groundwatar while the full
extent of contamination and supplemental remedial actions are defined.

* Extraction flow rates must be manually adiusted at the individual weil heads. Tha ability to control fiows from the
cantral freatment system building would sliminate difficulty in performing this task. |

* Substantial and frequent fouling of the extraction system walls with bacterial stime and oxides of naturally-occurring iron
and manganese have resulted in the need for frequent chemical treatment and redevelopment of wells, and
repair/repiacement pumps, pump motors and water level probes.

* Vauits and pipe conduits allow oxygenated rainwater to drain into extraction wells through vent tubes, contributing to the
growth of bacterial slime and need for more frequent well treatmenvredevelopment. Modifications made to minimize this
concern have included installation of berms and drainage systems around selacted well vaults. Measures to epoxy seal
openings in the piping conduit are being investigated.

* The initial UV/OyH;0, treatment system was not designed to adequately handie the flow rate and VOC concentrations
realized with the interim containment system. The replacement UV/H,0, treatment system was designed to handle a
wider range of fiow rates and concentrations to provide operational flexibility,

’ » The initial UV/O4H,0; treatment system experienced significant downtime for acid cleaning of filters, ozone sparger
b tubes and UV lamp sheathes, and GAC backwashing/changeout. The replacement system provides for pH adjustment
prior to UV/H,0, treatment to minimize fouling caused in part by oxidation of inorganics.

I Technology Limitations

+ The initial UV/QyH,;0;, treatment system was a first-genaration AOP technology instalied and operated at the KCP for
demonstration purposes. The sacond-generation (replacemaent) AOP treatment system, operational since May 1993, has
performed well at & lower cost and without the on-going raintenance problems experienced with the initial demonstration
system.

* The saturated hydrocarbons present at the KCP site waere readily treated by both the initial UV/OyH,0, and the second-
generation'raplacement UV/H,0, systems. AOP manufacturers’ literature indicates that treatment efficiencies for
unsaturated hydrocarbons are much lower.

¢« UV/H,0, was selected instead of a second-generation UV/OyH,O, AOP to replace the initial treatment system because
systems that employ 62one: require more maintenance (¢.9., the ozone generator and delivery system), residual ozone in
the headspace of the reaction chamber is corrosive to the chamber, and catalytic oxidation is required to destroy ozone in
the air discharge.

N Future Technology Selection Considerations

+ Greater attantion should be paid to the design of sxtraction well systems that minimize cperation and maintenance
problems,

+ AOP systems can destroy saturated hydrocarbons in extracted groundwater. However, designs must consider the
. potential for fouling with oxidized inorganics and the implementation of pretreatment measures when appropriate to ensure
b _ satisfactory performance and manageable maintenance.
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Bl ANALYSIS PREPARATION

This analysis was preparad by:

Stone & Webster Environmental
Technology & Services

245 Summer Street
Boston, MA 02210
Contact: Bruno Brodfeld {617) 588-2767

An'anmmngid.dbyh
ALLIEDSIGNAL INC,
which supplied key informanon and reviewed report draits.

HAZARDOUS WASTE REMEDIAL ACTIONS PROGRAM
Environmental Restoration and Waste Mlm_ymm Programs
Oak Ridge, Tennessee 37831-7606

MARTIN MARIETTA ENE%’GY SYSTEMS
for the

U.S, Department of Energy
under Contract DE-ACO5-840R-21400

This analysis was funded by:

U.S. Air Force i

Headquarers USAF/CEVR

BN CERTIFICATION

This analysis accurately reflects the periormance and costs of the remediation:

G.P.
DOE Kansas City Plant
Environmental Restoration Program Manager
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M SOURCES . [T |

L/- BB Major Sources For Each Section

Site Characteristics: Source #s (from list beiow) 3,4,6,7,8,9,and 10

Remaediation System.: Source#81,2,3,4,5,7, 8,9 and 10

Perlormancs: Source #s1,2,3,4,6,7,8,9,10, and 11

Cost: Source #s1,2,8 and 11

Reguistory/institutional lssues:  Source#s1,3,4,.5,6,9, and 11

Schedule: Source #81,2,4,5,6,7 and 10

Lsssons Learmned: Source #s1,2,4,6,7,10, and 11

W Chronological List of Sources and Additional References

1, Kansas City Plant Groundwater Treatment System Overview, prepared by AlliedSignal, Inc., Undated.

2. Kansas City Plant Ultraviolet/Ozone/Hydrogen Peroxide Groundwater Treatraent System Overview, prepared by
M.E. Stites, Environment, Safety and Health Department AlliedSignal, Inc., and R.F. Hughes, Energy and
Environmental Systems Division, Oak Ridge Associated Universities, Undated.

3. Tank Farm interceptor System Evaluation and Treatrnent Unit Coirective Action Plan - Rev 1, April 1981,

4. Groundwater interceptor System Evaluation, Kansas City Plant, prepared by Department of Energy,
Albuquerque Operations Office, Environmental and Health Division, Environmental Programs Branch, May 1952,

5. Groundwater Treatment System interim Measures Plan, U.S. DOE Kansas City Plant, revised August 1993,
6. TCE Still Area RCRA Facility Investigation Report - Draft, Kansas Cily Plant, prepared by Department of
Energy, Albugquerque Operations Offics, Environmental and Health Division, Environmental Programs Branch,
Environmental Restoration Program, September 1993,

7. Kansas City Plant Groundwater Remediation, prepared by AlliedSignal, Inc., October 15, 1983,

8. Northeast Area/001 Outfall Corrective Measure Study - Draft, Kansas City Plant, prepared by Department of
Energy, January 1984.

8. Annual Groundwater Monitoring Report for Calender Year 1993, Kansas City Plant, prepared by Department of
Energy, Albuquerque Qpaerations Offics, Environmental Programs Branch, Environmental Restoration Program,
March 1994,

10. Data Package Supplied by Mr. Michael E. Stites, AlliedSignal, Inc., April 25, 1984,

11. Personal Communications with Michael E. Stites and Joseph L. Baker, AlliedSignal, inc. May and June 1994,
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