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Building 3001 NPL Site 
Tinker Air Force Base, Oklahoma Executive Summary 

EXECUTIVE SUMMARY 

This is the third Five-Year Review for the Soldier Creek/Building 3001 National 
Priorities List (NPL) site, Operable Unit I (OU-l) at Tinker Air Force Base, Oklahoma. 
The remedy for the Building 3001 site, OU-I, includes the following: 

Building 3001 Groundwater: Conduct an optimization study of the groundwater 
extraction system. Perform the optimization study in accordance with the 2003 
Explanation of Significant Difference (ESD) agreement approved by the U. S. 
Environmental Protection Agency (USEPA), Region 6. Consistent with the ESD, 
evaluate the efficacy of current treatment system defined in the 1990 Record of Decision 
(ROD), which includes: 1) Extraction of contaminated groundwater from the perched 
zone, top of regional aquifer zone, and regional aquifer zone via extraction wells; 2) 
Treatment of the contaminated groundwater in a treatment facility constructed 
specifically for the Building 300 I remedial action; and 3) Reuse of the treated water in 
industrial operations. 

Pit Q-51: Remove approximately 45 gallons of liquid, steam clean the pit, analyze 
the liquid and wash water, and dispose in a facility that is approved to receive 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
waste. Backfill the pit with sand and cover it with an 8-inch concrete cap to prevent 
future use. 

North Tank Area (NTA): Install a floating fuel product removal system to recover 
fuel product floating above the groundwater table. Dispose of recovered fuel at a 
Resource Conservation and Recovery Act (RCRA) approved facility. Treat the recovered 
groundwater the Building 300 I treatment plant. Install a vapor extraction system to 
remove fuel vapors from the subsurface soils, which will then be destroyed in a thermal 
combustor. Finally, implement removal and disposal of a 750-gallon waste tank, and 
proper closure of a 235,000 gallon fuel oil tank. 

Part of the selected remedial method for NT A was installation of a vapor extraction 
system to remove fuel vapors from subsurface soils. Vapor extraction was accomplished 
through extraction of soil vapors along with free product and groundwater, using 
enhanced vacuum pumping with multi-phase extraction. This method includes both the 
soil fuel vapor extraction required by the ROD and additional extraction and treatment 
capabilities that are over and above the requirements of the ROD. Removed liquids are 
disposed at an approved RCRA facility. Removed vapor exhausts are below de minimis 
treatment requirements, and are therefore vented to the atmosphere. 

Five-Year Review Trigger: Because the remedial action selected resulted in 
hazardous substances, pollutants or contaminants remaining at the site above levels that 
allow for unlimited use and unrestricted exposure, the U.S. Air Force is required to 
review the action no less often than every five years after initiation of the selected 
remedial action. EPA's database contains only one date field for the initiation of remedial 
action, and the date in that field is September 30, 1992; thus, five year reviews were 
required beginning in September 1997. The assessments from the five year reviews 
conducted to date were that the remedies were constructed and operated in accordance 
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with the requirements of the 1990 ROD. Subsequent to the last five year review, Tinker 
submitted an ESD to EPA in 2003 requesting a tempomry shutdown of the extraction 
wells around Building 300 I in order to obtain 'pre-system operation' ambient and 
hydrogeological conditions as well as to monitor plume stability. This additional data is 
intended for use in optimizing the remediation of the groundwater contaminant plume 
under Building 3001. The ESD was approved by USEPA and implemented. in March 
20()4. The temporary shutdown will continue at least through March 2008. 

Protectiveness Statement(s): 

Building 3001 Sile: The remedy is considered. protective in the short-tenn because 
the plume is not migrating and there is no evidence of current exposure. However, for the 
remedy to remain protective in the long-term, a RPO will be conducted within the next 
two years to obtain further intbnnntion. A long term protectiveness determination will be 
made at that lime. 

NTA Sile: The remedy in place is prott.'Clive of human health and the environment. 

Pit Q-5 1: The remedy in place is protective of human health and the environment. 

• 
A~~hL 

Samuel E. Cokrnan. P.E. F 
DiR.-Clor. Superfund Division 
U.S. Em'ironmenral Protection Agency, Region fl 
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FIVE-YEAR REVIEW SUMMARY FORM 

.\/11 II>I \/11/( Ifl(}\ 

Site namejfrom WasteL4M: Tinker AFB{Soldier Creek I Building 3001) 

EPA 10 (from WasteLAN): OK1571724391 

! 

.\ III \ I f II .\ 

• 
Type of review: 

)(Post-SARA 

Review number: 61 
Triggering action: 
oActual RA Onsite Construction at OU #__ 

oConstruction Completion 

•• [Review period should correspond to the actual start and end dates of the Five-Year Review in 
WasteLAN.] 
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SECTION 1 

• 


INTRODUCTION 

The u.s. Air Force (USAF) has conducted a Five-Year Review of the remedial 
action implemented at the Soldier Creek/Building 3001 Federal Facilities NPL site at 
Tinker Air Force Base (Tinker AFB or "the Base") in Oklahoma. The United States 
Environmental Protection Agency (USEP A) has the authority to make the final 
determination concerning the protectiveness of selected remedies at NPL sites pursuant to 
the FFA, 120 (e) and CERCLA § 121 (c). This Five-Year Review was prepared by 
Parsons under USAF Contract F41624-03-D-8613, Task Order No. 0229. The primary 
purpose of five-year reviews is to determine whether the remedies for the Building 3001 
site remain protective of human health and the environment. The methods, findings, and 
conclusions of reviews are documented in Five-Year Review reports. These reports 
evaluate the implementation, operation and maintenance (O&M) of the remedy, and the 
continued appropriateness of the remedial action objectives (RAOs), including cleanup 
levels at a site. In addition, Five-Year Review reports identify deficiencies and other 
issues found during the assessment, if any, and recommendations to address them. 

This review is required by statute as defined in Section 121 (c) of the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as 
amended by the Superfund Amendments and Reauthorization Act of 1986, and Section 
300.430 (f) (4) (ii) of the National Oil and Hazardous Substance Contingency Plan. 
Periodic (no less often than every five years) reviews must be conducted for sites where 
hazardous substances, pollutants, or contaminants remain at the site above levels that 
allow for unlimited use and unrestricted exposure. 

Executive Order 12580 delegates the authority to conduct five-year reviews to the 
Departments of Defense and Energy, where either the release is on or is from any facility 
under the jurisdiction of those departments. In the Federal Facilities Agreement signed 
on December 9, 1988 between the USAF, US EPA, and the Oklahoma State Department 
of Health (succeeded by the Oklahoma Department of Environmental Quality (ODEQ) in 
1993), the USAF was established as the lead agency for remediation of the Soldier 
Creek/Building 3001 NPL site. This review is being conducted following USEPA 
guidance (USEP A, 2001). 

This document constitutes the third Five-Year Review for the Building 3001 
Operable Unit (OU-1). Tinker AFB completed a previous review for Building 3001 in 
April 2003 (OC-ALC/EMPE, 2003). The groundwater treatment plant was physically 
completed in February 1993, and operational shakedown activities followed. Continuous 
operation of the Groundwater Treatment Plant (GWTP) commenced in June 1994. Five­
Year Reviews are required for Building 3001 because hazardous substances, pollutants or 
contaminants remaining at the site above levels that allow for unlimited use and 
unrestricted exposure. Pit Q-51 and the North Tank Area (NT A) are included in this 

• 
volume of the Five-Year Review. The three other OUs which together with OU-l 
comprise the entire Soldier Creek/Building NPL site are: Soldier Creek Sediment and 
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Surface Water (OU-2), the Soldier Creek Off-Base Groundwater (OU-3); and, the 
Industrial Wastewater Treatment Plant (IWTP)Groundwater (OU-4). The Five-Year 
Review for OU-2 is a separate volume (Vol. II) to this Five-Year Review. The USAF has 
completed the remedial action (RA) associated with OU-2, and USEPA Region 6 
approved the RA report on January 12, 2006. The USAF has discontinued monitoring 
associated with the OU-2 Record of Decision (ROD) and has submitted the final Five­
Year Review for that OU. The USAF is currently supplementing the August 2000 
Feasibility Study associated with OU-3 and OU-4. However, no five-year reviews are 
included in this document for OU-3 or OU-4 because no remedies have been selected for 
either of those two operable units. 

• 
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SECTION 2 

SITE CHRONOLOGY 


Tinker AFB began industrial processes in 1942 and disposed of industrial wastes on­
base until 1979. Following enactment of RCRA in 1976 and CERCLA in 1980, 
environmental restoration activities were initiated at the Building 3001 Site and other 
contaminated areas of the Base. In 1981, the Secretary of Defense established the 
Defense Installation Restoration Program (IRP) to investigate and remediate Department 
of Defense sites, and to comply with the requirements of RCRA and CERCLA. A 
chronology of the environmental restoration process at the Building 3001 Site is provided 
in Table 2.1. 

Table 2.1 Chronology of Activities for Building 3001 Site 

• 
IRP Phase I records search Records search conducted to identify past 1981 (Engineering 
conducted waste disposal activities that may have Science, 1982) 

caused environmental contamination. 

Underground Storage Tanks Two tanks (800-gallon waste oil tank and 1983-1985 (Battelle, 
removed at the NT A 13,000-gallon gasoline tank) removed at the 1993) 

NTA. 

IRP Phase II TCE detected in groundwater in the vicinity 1983 (Radian, 1985a 
Confirmation/Quantification of Building 3001. and 1985b) 
investigation conducted 

Supply wells in Building Water supply wells (WS-18 and WS-19) 1984 (Engineering 
3001 taken out of service located inside Building 3001 taken out of Enterprises, 1984) 

service. 

Supply wells in Building WS-18 and WS-19 located inside Building 1986 (Dansby & 
300 I plugged 300 I plugged. Associates, 1986) 

Remedial investigation (RI) Pit Q-51 identified as containing hazardous 1986-1987 (United 
and risk assessment contaminants. Investigation conducted to States Army Corps of 
conducted determine nature and extent of Engineers (USACE), 

contamination. 1988a and 1988b) 

NPL listing Soldier Creek/Building 3001 added to the July 22, 1987 
NPL. 

Building 3001 ROD Remedies defined for Building 3001 August 16,1990 
Groundwater, Pit Q-51, and the NT A. (USACE, 1990b) 

Pit Q-51 RA Pit Q-51 removed and capped. Decision and June 12, 1991 
Closeout Documents issued. (Oklahoma City/Air 

Logistics Center (OC-
ALC), 1991 a and 
1991b)• 2-1 Final 

September 2007 
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Table 2.1 Chronology of Activities for Building 3001 OU (colldllllftl) 

NTARA 

Building 3001 Groundwater 
RA 

First Five-Year Review 

Second Five Year Review 

Implement 
Recommendations of ESD 

Waste tank removed, gasoline tanks 
removed/upgraded, fuel oil tank demolished 
and closed in place. Free product removal and 
vapor extraction initiated. 

Building 300 I Groundwater Treatment Plant 
and recovery well system startup 

Documented efficacy and protectiveness of 
remedies-in-place for Building 3001 site, Pit 
Q-51, and the NT A. 

Documented efficacy and protectiveness of 
remedies-in-place, and provided an ESD for 
optimizing the Building 300 I remedy-in­
place. 

Shut down Building 300 I GWTP and well 
field. Monitor groundwater and contaminant 
concentration rebound associated with 
Building 300 I site. 

1992-1994 (Parsons 
Engineering Science, 
Incorporated (Parsons 
ES) and Battelle, 1994) 

1993 (Parsons, 1998b) 

1998 (Parsons, 1998b) 

2003 (OC-ALCIEMPE, 
2003) 

April 2004, (OC­
ALC/EM, 2007 and 
USEPA, 2007b) 

• 
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SECTION 3 
BACKGROUND 

3.1 PHYSICAL CHARACTERISTICS 

The Soldier Creek/Building 300 1 NPL site is located within the northeast quadrant 
of Tinker AFB, OK. Included in the NPL site are the main branch of Soldier Creek and 
all tributaries of Soldier Creek originating on Tinker AFB. The Soldier Creek/Building 
300 I NPL site is divided into four distinct areas for remediation. Each of these areas is 
designated as an operable unit (OU). Along with OU-l, which is discussed in this report, 
OU-2 is the Soldier Creek Sediment and Surface Water, OU-3 is the Soldier Creek Off­
Base Groundwater (SCOBGW) and OU-4 is the Industrial Wastewater Treatment Plant 
(lWTP) groundwater. The IWTP covers an area of approximately 4 acres while the 
SCOBGW OU covers an area of approximately 230 acres. Both OU-3 and OU-4 do not 
have a final ROD in place at this time. OU-2 is covered in a separate review. This Five­
Year Review only addresses OU-l and its respective ROD requirements. 

• 
OU-l encompasses the groundwater contamination from sources associated with 

Building 3001. OU-l includes the Building 3001 building complex (covering 50 acres), 
Pit Q-51, the NTA, and the surrounding areas encompassed by the lateral extent of a 
groundwater contaminant plume emanating from Building 3001. OU-l covers 
approximately 220 acres. Though encompassed by OU-l, Pit Q-5l and the NTA are 
separate RAs within its boundaries. 

Building 3001 is the largest active industrial facility at Tinker AFB, and the base 
employs approximately 24,000 personnel (72nd ABW and Parsons, 2005e). Tinker AFB 
borders the Oklahoma City metropolitan area that had a population of 506,132 in 2000 
(United States Department of Commerce, 2000). 

Since Tinker AFB is within the recharge zone of the Garber-Wellington aquifer, a 
water supply for the base and the surrounding community, OU-l is in an environmentally 
sensitive area. In addition, OU-l borders OUs-2, -3, and -4, which also encompass 
surface waters and groundwater associated with the Soldier Creek watershed. 

3.2 LAND AND RESOURCE USE 

3.2.1 Building 3001 Site 

Prior to 1941, the site was located on undeveloped pasture and prairie lands. There 
were some agricultural activities and ranching but no known industrial uses prior to 1941. 
Beginning in 1941, 960 acres of land, including the area now occupied by OU-l, were 
donated to the Army Air Corps by the City of Oklahoma City for the construction of the 
Midwest Air Depot. Renamed Tinker Field in 1942 and subsequently Tinker Air Force 
Base in 1948, the entire base now covers 5,033 acres (72nd ABW and Parsons, 2005e). 

• 
OU-l lies in the most industrialized area of the base. The Building 3001 complex has 
been involved in reconditioning, modifying, and modernizing aircraft, including jet 
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engine overhaul and missile repair. The industrial processes used or generated solutions 
containing organic chemicals including trichloroethylene (TCE), tetrachloroethylene 
(PCE) and metals such as chromium. Fuels for the boiler system included No.2 fuel oil 
stored at the NT A. Diesel, gasoline, and waste oil were also stored at the NT A. 

Subsequent to the initiation of remedial actions at OU-l, operational activities at 
Building 3001 have increased with the relocation of the Fighter Propulsion Division to 
Tinker AFB in 2000. Currently, Building 3001 is under a ten phase renovation program 
scheduled for completion in 2020 (72nd ABW and Parsons, 200Se). 

3.2.2 Surrounding Community 

The Soldier Creek/Building 3001 NPL site and OU-l lie within an area representing 
transition from residential and industriaVcommercial land use on the north and west to 
agricultural land use to the east and south. Soldier Creek and its tributaries, which flow 
northwest through the area, are bordered mainly by recreational and residential areas with 
some areas supporting commercial and industrial land use. Some off-base industries, 
such as a metal plating facility and a dry cleaning facility, and commercial facilities such 
as gas stations, auto repair facilities, and a closed sanitary landfill are located within the 
drainage basin. In addition, three schools, Soldier Creek Elementary, Steed Elementary, 
and Monroney Junior High are located within the drainage basin. Ten public parks are 
within the general vicinity of Tinker AFB, including the Joe B. Barnes, Fred F. Meyers, 
Kiwanis, and Lions Parks. A public golf course is also located north of the base. Five 
mobile home parks are located north and northeast ofTinker AFB. 

The land use plan for the area immediately north of Tinker AFB, between Sooner 
Road and Douglas Boulevard includes all levels of land use. The areas between Sooner 
Road and Midwest Boulevard are zoned primarily for housing (single and multifamily 
units) and low to medium commercial use. The area between Midwest Boulevard and 
Douglas Boulevard is zoned primarily for heavy commercial and moderate to heavy 
industrial use. 

Soldier Creek, which flows from Tinker AFB into adjacent neighborhoods, is 
reportedly used for wading and playing by area children and is large enough to support 
edible fish. No hunting or fishing has been reported to occur in the immediate area 
outside of Tinker AFB. Hunting and fishing are not pennitted on Base. Beneficial uses 
of Soldier Creek include agriculture, secondary recreation, process and cooling water, 
and aesthetics. Soldier Creek also supports a wann-water aquatic community. 

The off-base properties within the Soldier Creek/Building 3001 NPL site include the 
fonner Kimsey Addition to the north, along with commercial/retail establishments and 
mobile homes to the east. The Kimsey Addition was a residential area consisting of 
approximately 100 homes adjacent to Tinker AFB. Oklahoma County purchased all of 
the properties in the Kimsey Addition, and demolished or removed all structures within 
the addition by the end of 2003. Oklahoma County is developing the fonner addition as 
an entry gate and security buffer zone for Tinker AFB, and is operating the area in a 
manner to protect the airfield and associated clear zone and/or accident potential zone. 
The commerciaVretail facilities between Tinker AFB and East Soldier Creek include 
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convenience stores and self-storage units. The remainder of the site east of Douglas 
Boulevard and northwest of East Soldier Creek is undeveloped between the Evergreen 
Mobile Home Park and Interstate 40. 

3.2.3 Human and Ecological Use of Resources 

The most important source of potable groundwater in the Oklahoma City 
metropolitan area is the Central Oklahoma aquifer, which is commonly referred to as the 
"Garber-Wellington (G-W) aquifer." Tinker AFB presently obtains all of its water 
supply from wells that are screened in the G-W aquifer. Base wells range from 700 to 
I, 100 feet in total depth, with yields ranging from 205 to 250 gallons per minute (gpm). 
These wells draw water from deep portions of the Garber-Wellington (in general 
beginning below 250 feet). At this depth, Tinker obtains groundwater from an 
uncontaminated portion of the Garber-Wellington. Domestic wells were originally 
completed in the upper levels of the Garber-Wellington to the northeast of Tinker AFB in 
the Kimsey Addition. However, in the years prior to their demolition, these homes were 
connected to Oklahoma City water supply. Due to this connection to city water and 
Oklahoma County removal of all homes in the Kimsey Addition, Tinker AFB is unaware 
of any domestic water use in the immediate vicinity of the northeast corner of the Base. 

• 
On the east side of Tinker AFB, the G-W aquifer has been classified as a Class IIA 

aquifer by the State of Oklahoma, indicating that it provides groundwater from a major, 
unconfined basin that is capable of being used as a drinking water supply with little or no 
treatment (OAC 785:45-7-3). The western portion of the G-W aquifer basin, which 
extends from the west side of the base to just west of Oklahoma County, is classified as a 
Class llC aquifer, a major confined groundwater basin. The nearby communities of 
Midwest City and Del City also derive a portion of their water supply from the G-W 
aquifer. 

Until 1993, groundwater was used as a domestic water source by several of the 
residents living within and adjacent to the boundaries of the Base. All of the down­
gradient wells were removed from service in 1994 after municipal water distribution lines 
were conveyed to and installed at the residences and businesses. No off-base wells are 
known to be used for drinking water purposes. All of the water supply wells on Tinker 
AFB are routinely sampled for contaminants. 

3.3 HISTORY OF CONTAMINATION 

• 

The USAF IRP Phase I identified potential sources of contamination through records 
searches and reviews of waste management practices (Engineering Science, 1982). The 
first report of a release to the environment occurred in 1983 during routine wellhead 
sampling and testing. TCE and PCE were detected in two of the base water supply wells 
(WS-18 and WS-19) at Building 3001. A Phase II IRP investigation was conducted in 
1983 to confirm and quantifY contamination resulting from past waste storage practices at 
Building 3001(Radian, 1985a and 1985b). Sampling was also initiated at East and West 
Soldier Creek in 1984. Sample results indicated the presence of chromium and solvent 
contamination in the sediment and surface water. In 1985, fuel and free product 
contamination were found at the NTA. In September 1987, the Soldier Creek/Building 
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3001 site was evaluated under the hazard ranking system with a score of 42.24 and was 
placed on the NPL (scores of28.5 are generally eligible for the NPL). 

RIs were conducted at the Building 3001 au between 1986 and 1987 to determine 
the nature and extent of contamination associated with Building 300 I, the NT A, and Pit 
Q-51. The areas with highest concentrations of groundwater contamination were located 
beneath Building 3001, the NTA, and the Southwest Tank Area (SWTA) (shown on 
Figure 3.1). TCE and chromium were considered the primary groundwater contaminants, 
due to significantly high concentrations and widespread occurrence at the site. Other 
significant contaminants included dichloroethylene, PCE, acetone, toluene, benzene, 
xylenes, lead, nickel, and barium. 

Samples collected from sludge in Pit Q-51 in 1986 indicated TCE, cadmium, 
chromium, and lead contamination. Leakage from this pit and other similar structures is 
considered the source of soil and groundwater contamination beneath B300 I. 

Fuel product in the form of No. 2 fuel oil was discovered beneath a leaking 235,000 
gallon underground storage tank (UST) at the NTA. As a result, the soils and 
groundwater beneath the NT A and the north end of Building 300 I were heavily 
contaminated with fuel and other organic compounds. 

• 
The groundwater used by residents and the work force of Tinker AFB was identified 

as an exposure pathway. Potential points of exposure included water supply wells and 
discharge to surface water bodies. Exposure with long-term health effects was deemed a 
possibility in the 1988 baseline risk assessment (USACE, 1988b). A chronology leading 
to the NPL listing is provided in Table 3.1. 

Table 3.1 Chronology of Activities for Building 3001 OU •••...•),,,.........w.,·
. i;c".··.· " .';' "~ . .'0 . 

·s ., ........ '>?,;;>.,.t.:1di?;i, ...... 'c' 

~. .s ',~;, ,,\~.~1" i .>, ,;.;'.,;".;"f;,>',,"',·.... " . 

IRP Phase I records search 
conducted 

Records search conducted to identify past waste 
disposal activities that may have caused 
environmental contamination. 

1981 (Engineering 
Science, 1982) 

USTs removed at NT A Two tanks (800-gallon waste oil tank and 
13,OOO-gallon gasoline tank) removed at NTA. 

1983-1985 (Battelle, 
1993) 

IRP Phase II 
Confirmation/Quantification 
investigation conducted 

TCE detected in groundwater in the vicinity of 
Building 3001. 

1983 (Radian, 1985a 
and 1985b) 

Supply wells in Building 
3001 taken out of service 

Water supply wells (WS-18 and WS-19) located 
inside Building 3001 taken out of service. 

1984 (Engineering 
Enterprises, 1984) 

Supply wells in Building 
3001 plugged 

Water supply wells (WS-18 and WS-19) located 
inside Building 3001 plugged. 

1986 (Dansby & 
Associates, 1986) 

Remedial investigation and 
risk assessment conducted 

Pit Q-51 identified as containing hazardous 
contaminants. Investigation conducted to 
determine nature and extent of contamination. 

1986-1987 (US ACE, 
1988aand 1988b) 

NPL listing Soldier Creek/Building 3001 added to the NPL July 22, 1987 
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3.4 INITIAL RESPONSE 

• 


The USEPA, USAF, and Oklahoma State Department of Health (succeeded by the 
ODEQ in 1994) signed a Federal Facilities Agreement (FFA) designating the USAF as 
the only Potentially Responsible Party. Response actions initiated prior to the ROD are 
discussed below. 

Between 1983 and 1985, two USTs, Tank 3403 (800 gallon waste oil tank) and Tank 
3405 (13,000 gallon leaking gasoline tank), were removed from the NT A. Inside of 
Building 3001, the contents of three pits containing solvent and metals contamination 
were removed in 1985. The pits were backfilled and capped with concrete. Water supply 
wells WS-18 and WS-19 were plugged and abandoned in 1986. WS-17 was plugged and 
abandoned in 1988. 

The Building 3001 ROD was signed in August 1990 (USACE, 1990b). Soils and 
groundwater contamination remain onsite and are in remediation. Groundwater 
concentrations remain above maximum contaminant levels (MCLs). 

3.5 BASIS FOR TAKING ACTION 

A Risk Assessment of the Building 3001 site was conducted in August 1988 
(USACE, 1988b). A total of 32 chemicals were identified in the remedial investigation 
(24 organic and eight inorganic). From these, seven indicator chemicals were selected 
based on toxicity, mobility, frequency of detection, and concentration. The primary 
contaminants of concern (COCs) are TCE and chromium, because these were the most 
frequently detected chemicals in each aquifer zone, and these chemicals occurred at 
significantly high concentrations. The Risk Assessment determined that the only 
completed exposure pathway at the Building 3001 site was from groundwater used as a 
drinking water supply on the base. Routes of exposure from contaminated drinking water 
in the producing zone (PZ) could include ingestion, dermal contact, and inhalation (from 
showers and industrial processes). The Risk Assessment also recognized the potential for 
upper aquifer contaminant migration towards Soldier Creek. 

Chromium, particularly hexavalent chromium, is a human health threat and a human 
carcinogen. TCE is a probable human carcinogen. Both compounds are extremely mobile 
in groundwater. The Building 3001 RA was designed to prevent further increase in risk 
due to continuing migration towards Soldier Creek and the PZ portion of the aquifer. The 
RA at Pit Q-51 was designed to mitigate direct exposure to TCE by on base workers. The 
NT A RA was designed to remove the threat of free product and vapor exposure to on­
base workers (USACE, 1990b) . 
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SECTION 4 

REMEDIAL ACTIONS 


The selected remedy for OU-l addressed three components: the groundwater 
associated with Building 3001 activities, Pit Q-51 contaminants, and the NT A impacts. 
This section discusses the components and operation and maintenance (O&M) aspects of 
OU-I. 

4.1 REMEDY SELECTION 

4.1.1 Building 3001 ROD 

The Building 3001 ROD, signed in August 1990, prescribed remedies for 
groundwater and other contaminant sources beneath Building 3001. The RAs selected in 
the ROD incorporated the following components: 

Building 3001 Groundwater 

• 	 Installation of monitoring wells to monitor the groundwater contaminant plume. 

• 	 Extraction of contaminated groundwater from the perched water zone, top of 
regional water zone, and regional water zone by exterior and interior extraction 
wells. 

• 	 Treatment of the contaminated groundwater in a treatment facility constructed 
specifically for the Building 3001 RA. 

• 	 Treatment of volatile contaminants by air stripping and carbon adsorption. 

• 	 Treatment of metals by chemical reduction and precipitation. 

• 	 Reuse of the treated water in Tinker AFB's industrial operations. 

• 	 Disposal of the sludge from groundwater treatment operations at an offsite 
RCRA-permitted facility approved to receive CERCLA waste. 

Pit Q-51 

• 	 Removal of approximately 45 gallons of liquid. 

• 	 Steam cleaning of the pit, analysis of the liquid and wash water, and disposal of 
wastes in a facility that is approved to receive CERCLA waste. 

• 	 Backfilling of the pit with sand and covering with an 8-inch thick concrete cap. 

NTA 

• 	 Installation of a floating fuel product removal system to recover fuel floating 
above the groundwater table. 

• 	 Disposal of the recovered fuel at a RCRA-approved facility. 

• 	 Treatment of the recovered groundwa,ter at the Building 3001 treatment plant. 

• 	 Installation of a vapor extraction system to remove fuel vapors from the 
subsurface soils. 
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• 	 Thermal combustion of fuel vapors recovered by the removal systems. 

• 


• 	 Removal and disposal of a 750-gallon waste tank and proper closure of a 
235,000-gallon fuel oil UST. 

4.1.2 Explanation of Significant Difference 

Tinker AFB submitted an ESD to USEP A and the agency approved the application 
in May 2003. The purpose of the ESD was to conduct an optimization study of the 
Building 3001 RA. The most conspicuous component of the ESD optimization study is 
the shut-down the GWTP and extraction well field. The principal objective of the shut­
down is to re-establish a baseline condition for comparability to future actions and to 
assess rebound of contaminant concentrations and groundwater elevations. The goal of 
the ESD optimization study is to collect and utilize past, current, and future data 
associated with this shutdown to support a potential Technical Impracticability (TI) 
waiver. If a TI waiver is pursued, it will support CERCLA § 121 remedy selection and 
Applicable, Relevant and Appropriate Requirements (ARAR) waiver requirements, 40 
C.F.R. § 300.430 remedy selection and ARAR requirements, and CERCLA § 120 (a) 
guidelines used in making TI waiver determinations. Long term monitoring (L TM) 
information is evaluated during the shutdown to determine whether the plume is in 
equilibrium or migrating, and whether the current remedial action is protective of human 
health and the environment. 

The actions proposed in the ESD were implemented on March 29,2004. The GWTP 
and extraction well field were shut down, and the aquifer was allowed to begin recovery. 
LTM of the sentry wells continues, and based on results of semi-annual groundwater 
sampling, the groundwater plume is not migrating at an unacceptable rate. Therefore, the 
GWTP system has remained shutdown while the optimization study continues. 

Certain evaluations that were proposed in the 2003 ESD and associated work plans 
included: center of mass calculations to ascertain plume stabilization, tracer tests, 
intrinsic bioremediation parameters without the effects of an operating pump-and-treat 
system, possible source locations, and whether or not the pump-and-treat system had a 
negative effect on natural attenuation. Not all of these assessments have been completed. 
Evaluations of vertical migration have not provided conclusive results at this time either. 
Therefore, the one-year shutdown outlined in the ESD has been extended three times and 
is still in effect. Data is still being collected for evaluation of the system and 
optimization of the remedial plans. 

4.2 REMEDIAL ACTION OBJECTIVES 

The remedial action objectives (RAOs) are the MCLs and are cited in the Building 
3001 Site ROD. TCE and Chromium are the primary COCs and the MCLs for these are 
0.005 mg/L and 50 mg/L, respectively. This document was signed by representatives of 
the USAF and USEPA Region 6 and filed in August 1990. In addition, the ESD and the 
responses to USEPA comments to the ESD were recorded in 2002. Regulatory approval 
of the ESD was gained in May 2003. 
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ARARs reviewed included MCLs established under the Safe Drinking Water Act 
(SDW A), Clean Air Act requirements related to the emission standards for ambient air 

• 


quality, and RCRA requirements for the management of hazardous waste. 

4.2.1 Building 3001 

The RAOs for Building 3001 groundwater are SDWA MCLs. No changes in MCLs 
or RAOs have been effected since the previous Five-Year Review (OC-ALC/EMPE, 
2003). 

4.2.2 NTA 

At this time, groundwater ARARs at the NT A are the federal MCLs as promulgated 
under the SDWA. Other ARARs include Oklahoma Water Quality Standards for COCs. 
At petroleum, oil, and lubricant contaminated sites, Oklahoma Corporation Commission 
(OCC) established levels for benzene, toluene, ethylbenzene, xylenes, and total petroleum 
hydrocarbons in groundwater and soil also apply. 

Because the NTA is a CERCLA site, MCLs are the primary ARARs for the site. 
Since the previous five-year review, MCLs for the COCs have not changed. 

4.2.3 Pit Q-51 

Since the contents of Pit Q-51 were permanently removed from the Building 3001 
site and disposed at a facility approved to receive the waste material, all ARARs have 
been met. 

4.3 REMEDY IMPLEMENTATION 

A chronology of the remedy development and implementation activities for OU-1 is 
provided in Table 4.1. 
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Table 4.1 Summary of Remedy Development and Implementation Activities at OU-l 

• 

• 

RI. Determine extent of groundwater 1988 
contamination from Building 3001. (USACE, 1988a) 

Feasibility study Feasibility study for Building 3001 site 1988 
conducted. evaluated alternatives for remediating (USACE, 1989b) 

groundwater plume. 

FFA signed. Federal Facilities Agreement signed by December 1988 
Tinker AFB, USEPA, and Oklahoma State (USEPA, 1988) 
Department of Health. 

Quarterly RI conducted. Supplemental remedial investigation 1988-1989 (USACE, 
conducted. 1989a) 

ROD signed. ROD for Building 3001 site, including Pit Q- August 1990 (USACE, 
51 and NT A, signed. Identified selected 1 990b) 
alternatives. 

Groundwater collection Tested proposed groundwater collection and September 1990 
pilot test conducted at treatment system on a small-scale. (USACE, 1 990b ) 
B300l. 

Product recovery Product recovered from seven monitoring May 1991 (Battelle, 
initiated at NT A. wells installed at the NT A. 1993) 

Additional recovery Two product recovery wells (RC-l and RC- December 1991 (Camp 
wells installed at NTA. 2) installed at NT A. Dresser & McKee, 

Incorporated (CDM), 
1992) 

Pit Q-51 remediated. Pit Q-51 contents were removed and 1991 (OC-ALC, 1991b) 
disposed of off-site. Decision document 
prepared. Site closed. 

Modeling and system Modeled groundwater flow and designed 1991 (Black and Veatch 
design conducted. full-scale groundwater collection and Waste Science and 

treatment system. Technology Corporation 
(B&V), 1991) 

In-situ respiration and air Two vapor extraction wells, five tri-level March 1992 (Battelle, 
permeability tests in vapor pressure monitoring points, and two 1993) 
NTA soils. blower units were installed for in-situ 

respiration and air permeability tests. 

One UST removed, one 1,200 gallon sump pump tank removed in April and May 1992 
abandoned at NT A. April, and 235,000 gallon fuel oil tank (Parsons ES and Battelle, 

abandoned in place in May. 1994) 

Additional recovery Four additional recovery wells (RC-3, RC-4, September 1992 (Roy F. 
wells installed at NT A. RC-5, and RC-6) installed to enhance Weston, 1992) 

product removal at the NT A. 
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Table 4.1 Summary of Remedy Development and Implementation 
Activities at OU-l (continued) 

~~".:,.>.,\ 
".' ~ 

GWTP construction 
initiated at Building 300 I. 

j~.;i';/~"";:\; 
"'" 

" t\i~"',"'-'• .a)',).,.;', .,.' ',', .. < ."".'" , 

GWTP construction initiated and 33 1992 (B&V, 1992a 
groundwater extraction wells installed. and 1992b) 

GWTP construction GWTP construction completed and intermittent 
completed and intermittent pumping of Building 300 I groundwater plume 
pumping initiated. initiated. 

Fracturing demonstration Fracturing demonstration project was conducted 
project conducted at NT A. to determine if fracturing could enhance product 

recovery at the NT A. 

Focused remedial Supplemental field investigation conducted at October-December 
investigation conducted at the NT A to further delineate the extent of 1993 (Parsons ES & 
NTA. product contamination. Battelle, 1994) 

Extraction system Continuous pumping of groundwater extraction June 1994 (Tinker 
operations fully initiated. wells at Building 300 I site began. AFB) 

Expanded fracture injection Installed additional recovery wells at the NT A January 1995 
treatment at the NT A. and fracture treated the uppermost aquifer. (Parsons ES, 1995)

• Results from one full year of operation were 
system evaluated. 
Building 300 I remediation 

evaluated to evaluate progress and to determine 
what ways the system could be optimized. 

Building 300 I extraction Results from 2 years of groundwater extraction 
system evaluated. at Building 3001 site were evaluated. Volume 

of contamination removed and remaining in 
groundwater estimated. Estimates of the time to 
recover remaining contaminants were made. 

First Five-Year Review for Baseline documentation of the remedy 
the Soldier Creek/Building protectiveness for OU-I and OU-2, and 
300 I NPL Site. remedial progress at OU-3 and OU-4. 

NT A Recovery System Removed pneumatic free product recovery 
upgrade. pumps and installed vacuum enhanced pumping 

(VEP) system for free product recovery. 

Building 300 I Remedial AFCEE conducts pilot test on horizontal well 
Process Optimization HW-2 to determine efficacy of soil vapor 
Study extraction for this site. 

Technical Impracticability Initiate planning and data collection needed for 
Work plan support of Technical Impracticability Waiver 

Application for the Building 300 I site. 

February 1993 
(Tinker AFB) 

Summer 1993 
(Parsons ES & 
Battelle, 1994) 

1996 (Parsons ES, 
1996) 

September 1997 
(Parsons ES, 1998) 

September 1998 
(Parsons ES, 1998a) 

January 1999 (Tetra 
Tech, 1999) 

December 2000 
(Parsons, 2000) 

January 200 I 
(Parsons, 200 I a) 
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Table 4.1 Summary of Remedy Development and Implementation 
Activities at OU-l (continued) 

Technical Assessment of 
the Building 3001 GWTP 

Second Five-Year Review 
for the Soldier 
CreeklBuildin 300 I Site. 
ESD for GWTP Shutdown 

Dual Phase Extraction and 
Extended Soil Gas Vapor 
Pilot Test 

GWTP Shutdown 

• 
Remediation at NTA and 
GWTP shutdown 
continued at Building 3001 
site. 

Building 3001 Extraction 
System Shutdown, 
Operable Unit 1 
memorandum to USEP A. 

Assessed Building 3001 plume capture and 
containment 

Documented efficacy and protectiveness of 
remedies at OU-Iand OU-2. 

ESD submitted to perform rebound testing of 
groundwater and contaminant plumes 

Conducted 9-month soil gas vapor test at HW-2 
to and 4-month dual phase extraction pilot test 
at monitoring well 1-70B to compare viability 
and efficacy of both removal technologies. 

Groundwater treatment system shut down for 
rebound testing in support of technical 
impracticability data collection 

Product recovery at NT A and rebound testing at 
Building 3001 continued. 

One year extension request for ESD 
optimization shutdown 

4.4 SYSTEM O&M 

4.4.1 O&M Requirements 

February 2001, 
(Parsons, 200 I b) 

April 2003, (OC­
ALC/EMPE, 2003) 

May 2003 

(OC-ALC/EM) 

May 2003 through 
April 2004 (Parsons, 
2004c) 

April 2004 (Parsons, 
2004b) 

2004 - ongoing 

February 2007 

Elements of OU-l that require potential O&M include: 1) the rebound test for the 
ESD optimization study, 2) the extraction well field and groundwater transport system 
associated with Building 3001 groundwater; 3) the GWTP for Building 3001 
groundwater and 4) the product recovery system at the NTA. The removal of the 
contents from Pit Q-51 and off-base waste disposal was a permanent remedy and requires 
noO&M. 

4.4.1.1 Rebound Test for ESD Optimization Study 

Tinker APB submitted an ESD to USEP A and the agency approved the application 
in May 2003. The purpose of the ESD was to conduct an optimization study of the 
Building 3001 RA. The most conspicuous ESD component of the optimization study is 
the shut-down the GWTP and extraction well field. The principal objective of the shut­
down is to re-establish a baseline condition for comparability to future actions and to 
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assess rebound of contaminant concentrations and groundwater elevations. The goal of 

• 


the ESD optimization study is to collect and utilize past, current, and future data 
associated with this shutdown to support a potential Technical Impracticability (TI) 
waiver. If a TI waiver is pursued, it will support CERCLA § 121 remedy selection and 
ARAR waiver requirements, 40 C.F.R. § 300.430 remedy selection and ARAR 
requirements, and CERCLA 120 (a) guidelines used in making TI waiver determinations. 
Long term monitoring (L TM) information is evaluated during the shutdown to determine 
whether the plume is in equilibrium or migrating, and whether the current remedial action 
is protective of human health and the environment. 

The actions proposed in the ESD were implemented on March 29,2004. The GWTP 
and extraction well field were shut down, and the aquifer was allowed to begin recovery. 
LTM of the sentry wells continues, and based on results of semi-annual groundwater 
sampling, the groundwater plume is not migrating at an unacceptable rate. Therefore, the 
GWTP system has remained shutdown while the optimization study continues. 

Certain evaluations that were proposed in the 2003 ESD and associated work plans 
included: center of mass calculations to ascertain plume stabilization, tracer tests, 
intrinsic bioremediation parameters without the effects of an operating pump-and-treat 
system, possible source locations, and whether or not the pump-and-treat system had a 
negative effect on natural attenuation. Not all of these assessments have been completed. 
Evaluations of vertical migration have not provided conclusive results at this time either. 
Therefore, the one-year shutdown outlined in the ESD has been extended three times and 
is still in effect. Data is still being collected for evaluation of the system and 
optimization of the remedial plans. 

While the ESD is in effect, semi-annual sampling is to be performed to monitor 
plume migration. If sampling indicates that the plume is migrating at an unacceptable 
rate, the contingency is to resume operation of the pump-and-treat system. Definition of 
"unacceptable rate" of contaminant migration is addressed in the response to USEP A 
comments to the ESD, and further elaborated in the work plan. "Unacceptable rate" of 
contaminant migration is evaluated based on historic well data. Trend analysis plots were 
prescribed for key sentry wells, and "maximum allowable increase in concentrations" 
would be specified for each of these wells. Sentry (a.k.a. sentinel) wells, located on the 
downgradient edge of the current plume, have historically shown lower levels of TCE 
contamination. Unacceptable plume migration was defined as concentration rise to 50% 
greater than the maximum historical high TCE concentration over a period of at least four 
consecutive sample rounds. If concentrations exceeded that criterion for four consecutive 
semi-annual sampling rounds, the system would be turned back on. The sentry wells are 
identified in the work plan (Parsons, 2004b). 

Therefore, in order for the remedy to be functioning as intended in the decision 
documents (i.e., that the shut-down evaluation continue), the remedy is protective as long 
as the sentry wells do not exceed the unacceptable migration criterion defined in the ESD 
response to comments. 
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4.4.1.2 Extraction Well Field and Groundwater Transport System 

The Building 300 I extraction well network consists of 33 extraction wells installed 
in three aquifer zones, as shown in the following Table 4.2. It should be noted that the 
Top of Regional Aquifer (TOR)-series wells are completed primarily in the upper portion 
of the lower saturated zone (LSZ), but two of the wells also penetrate the lower portion of 
the LSZ. 

Table 4.2 Groundwater Extraction Wells by Hydrogeologic Zone 

3 16 
TOR-l through TOR-7 

LSZ (Top of Regional 
6 

LSZ R-l through R-7 
6 

• 
Each well is surrounded by a water-proof well vault containing the well head, piping 

from the well into the pipe manifold which transports the water to the GWTP, electrical 
equipment, and instrumentation. The pump in each well pumps with sufficient head to 
carry the extracted water to the influent holding tank of the GWTP. 

This system is operated and maintained by the same staff responsible for operating 
the GWTP. Some requirements for the extraction and transport system overlap with the 
GWTP requirements. See Section 4.4.1.3 for the delineation of the requirements 
associated with staffing, reporting, emergency procedures, etc. Specific O&M 
requirements for this system are as follows: 

1. 	 Perform Daily Inspections and Operations Tasks - see that wells pump 
according to schedule; observe equipment, instruments, and unit processes for 
proper operation; maintain daily operating log in current condition; check 
instruments, controls, and alarms for proper operation; check for visible sign of 
leaks; collect samples; check sampling results and provide proper feedback to 
well field operation and control. 

2. 	 Perform Periodic Inspections and Routine Maintenance of Equipment - perform 
periodic inspections of pumps, valves, and piping to identify wear, needs for 
special maintenance, and insure proper operation; perform lubrication at 
specified intervals; perform cleaning at specified intervals or as required; repair 
as necessary. 

3. 	 Perform Instrument Inspections and Calibration - periodically, at specified 
intervals, inspect all instruments including meters, controllers, and electrical 
equipment for proper working, needs for maintenance; clean; calibrate; repair as 
necessary. 
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4. 	 Perform Well Field Maintenance - perform periodic inspections of extraction 

• 


and monitoring wells; perform maintenance and well redevelopment tasks as 
needed. 

4.4.1.3 GWTP 

The GWTP is contained in a pre-engineered metal building. This building also 
contains chemical storage facilities, a maintenance area, and a control room, which 
includes office space. The GWTP is located east of Building 300 I and lies within the 
secured area of the base. An alarm on the door to the building alerts the on-duty operator 
to the arrival of anyone into or out of the building. 

The GWTP consists of the following components: 

• 	 An influent holding tank to which the extracted water is pumped. 

• 	 An air stripper coupled with a vapor phase activated carbon system for the 
removal of volatile organics. 

• 	 A chemical reduction system for the reduction of hexavalent chromium. 

• 	 A chemical precipitation system for the precipitation and removal of trivalent 
chromium and other metals. This system consists of chemical addition systems, 
flocculation, and sedimentation in an inclined plate settler. 

• 	 Granular media filtration for the removal of additional suspended solids. This 
filter is a "moving bed" type (Dynasand brand). 

• 	 Sludge handling using a sludge holding tank, recessed plate filter press, and 
thermal sludge dryer. Dried sludge is disposed in a RCRA landfill certified to 
receive CERCLA wastes. 

• 	 An effluent holding tank from which the treated water is pumped for reuse. 

O&M requirements for the GWTP are presented in several categories as follows: 

l. 	 Develop and Maintain Adequate Operations and Supervisory Staff - hire, train, 
and supervise O&M staff. 

2. 	 Meet Performance Requirements - keep system running; keep down time to a 
minimum; meet performance specifications including required effluent quality, 
air quality, and sludge quality; and advise management of any major problems 
or potential major problems. 

3. 	 Meet Reporting Requirements - perform system monitoring; collect required 
data; perform laboratory audits, if required; develop and maintain system for 
data management; submit reports as required; make notifications of abnormal 
operating conditions; maintain daily operations logs, maintenance logs, spare 
parts inventory, and other logs required; and perform all waste manifesting in a 
timely manner. 

4. 	 Perform Daily Inspections and Operations Tasks- manage water flow through 
system including associated air flows, sludge flows, and chemical feeds; observe 

• 
equipment, instruments, and unit processes for proper operation; maintain daily 
operating log in current condition; check instruments, controls, and alarms for 
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proper operation; check for visible sign of leaks; collect samples; check 

• 


sampling results; and provide proper feedback to GWTP operation and control. 

5. 	 Perform Periodic Inspections and Routine Maintenance of Small Equipment ­
perform periodic inspections to identify wear, needs for special maintenance, 
and ensure proper operation; perform lubrication at specified intervals; perform 
cleaning at specified intervals or as required; and repair as necessary. 

6. 	 Perform Instrument Inspections and Calibration - periodically, at specified 
intervals, inspect all instruments for proper working and needs for maintenance; 
clean; calibrate; and repair as necessary. 

7. 	 Perform Inspections and Maintenance of Major Equipment - inspect major 
equipment (major rotating equipment, other equipment with moving parts, and 
large and/or complicated pieces of equipment) at specified intervals; perform 
routine maintenance including cleaning, lubrication, performance checks, etc.; 
perform preventive maintenance tasks; repair, recoat, and replace as necessary; 
and schedule next inspection. 

8. 	 Keep and Update Maintenance Records - using the prescribed system, keep 
records up to date, regarding maintenance history, equipment replacement, 
maintenance advisories, etc. 

9. 	 Perform Periodic Leak Inspections - in addition to daily observations for leaks, 
make more thorough inspections on a periodic basis and report findings. 

10. 	 Perform Periodic Infrastructure Inspections - periodically inspect building, 
loading/unloading areas, on-site maintenance area, and utilities supply points for 
repair and maintenance needs and be aware of and correct any hazards to 
operators, visitors, delivery personnel, etc. 

11. 	 Employ Proper Emergency Procedures - keep staff properly trained in 
emergency operating procedures, response procedures, and safety practices and 
update requirements as necessary. 

12. 	 Maintain Spare Parts Inventory - update inventory as parts are used and 
periodically review and update required inventory based on maintenance history. 

13. 	 Review and Update O&M Manual and Operating Procedures - perform 
periodically as required. 

4.4.1.4 Product Recovery System at NTA 

The original design of the product recovery system specified a dual phase recovery 
system consisting of a hydrocarbon recovery pump and a groundwater pump. The 
groundwater pump was installed to create a groundwater cone of depression around the 
wellbore so that the hydrocarbon pump could collect the floating phase-separated 
hydrocarbon (free product). This system was installed in 1991, but the groundwater 
depression pumps are no longer used. It was intended that the water pumped from below 
the product would be discharged to the Building 3001 groundwater treatment system; 
however, this design approach was never realized. The pneumatic hydrocarbon pumps 

• 
are still run intermittently to skim free product from the surface of the water table in two 
of the recovery wells. An O&M manual was developed for the system, which was 
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expanded to a total of six extraction wells, including submersible electric pumps and the 
pneumatic pumps. The original pumping schedule and protocols are no longer used 
except for routine maintenance of the compressor and repairs (Battelle, 1993). 

Three additional dual pump pneumatic recovery wells were added in 1995 for a total 
of nine recovery wells (Parsons ES, 1995). Two recovery wells were installed on the 
west side of Building 3001 and one monitoring well was converted to a recovery well 
north of the abandoned 235,000 gallon fuel tanle All pump controls are maintained 
inside of a locked metal building within the fenced and secured compound. 

4.4.2 O&M Activities 

O&M activities are conducted by experienced environmental contractors. The 
contractor personnel are trained in operational and health and safety procedures relevant 
to the job performance. 

4.4.2.1 Rebound Test for ESD Optimization Study 

• 
Baseline and semi-annual sampling along with water level measurements are 

conducted by contractors to Tinker AFB. The sentry wells are sampled semi-annually 
under the Basewide Groundwater (BWGW) sampling contract. The current BWGW 
sampling contractor is Science Applications International Corporation (SAIC). Baseline 
sampling was conducted by Parsons Corporation in 2004, prior to system shutdown. The 
last round of BWGW samples was collected by SAIC in November 2006. Water levels 
are collected monthly by SAIC, Based on review of the data, the majority of required 
information has been collected and exists in sufficient quantity and quality to prepare an 
adequate evaluation of the rebound effects and impacts at the sentry wells. 

4.4.2.2 Extraction Well Field and Groundwater Transport System 

Since the last Five-Year Review, three different contractors have been responsible 
for O&M of the extraction well and groundwater transport system, namely: TetraTech 
Nuclear Utility Services, Inc. (TTNUS) from April 2003 through December 2003, Dick 
Corporation (formerly J.A. Jones Environmental Services) from October 2003 through 
December 2005, and Parsons Corporation from January 2006 through present. These 
contractors have been responsible for the O&M of this system under contract to the Air 
Force. Additional details of the operating arrangement appear in Section 4.4.2.2 below. 
O&M activities related to the extraction and transport system include the necessary tasks 
to carry out the responsibilities enumerated in Section 4.4.1.3. Based on the inspections 
associated with this project, all of the required activities are being effectively and 
regularly performed. 

4.4.2.3 GWTP 

Since the last Five-Year Review, three different contractors have been responsible 
for the Groundwater Treatment Plant, namely: TTNUS from April 2003 through 
December 2003, Dick Corporation (formerly J.A. Jones Environmental Services) from 

• 
October 2003 through December 2005, and Parsons from January 2006 through present. 
Each of these contractors have been responsible for operator staffing, operator training, 
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engineering support, system maintenance, monitoring, and reporting results to the on-site 
Tinker AFB personnel. Some maintenance is performed by the operations staff; other 
tasks are subcontracted to outside vendors. Each contractor has also been responsible for 
containerizing dewatered and dried sludge from the sludge handling operation and 
recovered organics from the air stripping operation for shipment offsite. This waste is 
transported and disposed under another Tinker AFB contract. Each contractor's 
responsibilities at the GWTP begin at the influent holding tank (Tank T -1) and continue 
to the pumping of treated effluent into the reuse system downstream of the effluent 
holding tank (Tank T -2). Each contractor has also been responsible for operating the 
extraction well field and transport system and monitoring these components from the 
GWTP control room (see Section 4.4.1.3 above). 

The GWTP is staffed with an operator 24 hours per day, 7 days per week when in 
operation. Process engineering support has been available from a contractor staff person 
located at the base. At the time this inspection was performed, the GWTP Superintendent 
was Mr. Jim Holcomb and the GWTP Chemist was Mr. Eric Houston. Tinker AFB 
personnel monitor the operation. Mr. Jason Flaming (72nd ABW/CEVPE) has been 
responsible for the TTNUS, Dick Corporation, and Parsons contracts, and has been 
conducting daily site visits. The O&M requirements are enumerated in Section 4.4.1.2 
above. Based on the inspections associated with this project, all of the required activities 
are being effectively and regularly performed. 

• 4.4.2.4 NT A Product Recovery System 

Since the last Five-Year Review, O&M of the product recovery system was 
contracted to Dick Corporation (formerly J.A. Jones Environmental Services) until 
September 2003. Following a brief rebound test from October 2003 until March 2004, 
O&M of this site has been contracted to Parsons Corporation. A YEP system was 
installed in 1999 and has been operating continuously (except for the rebound test) to the 
present. The treatment system consists of nine extraction wells for free product recovery. 
A high vacuum liquid ring pump is used for vapor phase and liquid phase extraction. The 
treatment system removes vapor, water, and free product from all of the extraction wells. 
Parsons maintains and monitors the system on a daily basis; however, cycling of the 
system (two weeks on, one to six weeks oft) was initiated in 2005. Parsons also performs 
weekly gauging of the tanks and monthly collection of groundwater levels from site 
monitoring wells. The NT A site manager for Tinker AFB is Mr. Dan Hunt (72nd 

ABW /CEVPE). 

4.4.3 O&M Costs 

Average annual costs for the GWTP operation was approximately $500,000 through 
2003. Average annual operating costs for the treatment system declined to approximately 
$300,000 from 2004 through 2006. For the NT A, average annual operating costs have 
remained stable around $130,000. 

The remedy for Pit Q-51 requires no O&M expenditures. 
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4.4.3 O&M Costs 

Average annual costs for the GWTP operation was approximately $500,000 through 
2003. Average annual operating costs for the treatment system declined to approximately 
$300,000 from 2004 through 2006. For the NT A, average annual operating costs have 
remained stable around $130,000. 

The remedy for Pit Q-51 requires no O&M expenditures. 

• 
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SECTION 5 
PROGRESS SINCE LAST FIVE-YEAR REVIEW 

5.1 PROTECTIVENESS STATEMENT FROM ROD 

"The remedial actions would remove contaminated groundwater from the upper 
regions of the Garber-Wellington aquifer and treat it to acceptable levels for reuse in the 
Tinker AFBs industrial operations. By removing and treating the contaminated 
groundwater, destruction of the mobile contaminants including most of the known and 
suspected carcinogens will be achieved. 

The USEP A reported acceptable carcinogenic risks fall within the range of 
1.0 X 10-4 to 1.0 X 10-6

• The carcinogenic risk for the site if no action were taken is 1.2 X 
10-5

, which falls within acceptable limits. This number will be further reduced when the 
proposed remedial action is implemented. Therefore, no unacceptable short-tenn risks 
would result from implementation of the remedial alternative. The final RA would 
prevent the contaminants from migrating further horizontally and vertically within the 
aquifer thus reducing the risk of exposure to the drinking water zone in the lower aquifer. 

• 
Unacceptable short-tenn risk or cross-media impacts will not be caused by 

implementation of the selected remedial alternatives. The RA will be penn anent and will 
adequately protect human health and the environments" (USACE, 1990b). 

5.2 PROTECTIVENESS STATEMENTS (PREVIOUS REVIEW - 2003) 

Building 3001 

The previous review states that "The remedy is functioning as designed; however, 
the remedy is not optimal" (OC-ALC/EMPE, 2003). US EPA, Region 6 concurs with the 
review findings: "The remedy components are currently functioning as designed, and no 
deficiencies were identified in the Five-Year Review which impact the protectiveness of 
the remedies" (USEPA, 2005). Further, the previous review recommends an ESD that 
would shut down the extraction well field and institute a monitoring program. This 
program would be used to detennine whether the plume is in equilibrium and not 
migrating. If the plume is in equilibrium, L TM could be substantiated as a satisfactory 
remedy that would be protective of human health and the environment (OC-ALC/EMPE, 
2003). 

NTA 

"As long as the fuel product remains relatively immobile, the O&M activities 
currently perfonned at the site are protective of human health and the environment. 
Sufficient monitoring and institutionaVengineered controls are in place to detennine if 
product is migrating from the NTA" (OC-ALC/EMPE, 2003). Institutional controls are 
discussed further in section 7.1.1. 5. 
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Pit Q-51 

• 


"Pit Q-51 has been effectively remediated with the removal of the pit contents and 
sealing with an 8-inch thick concrete cap. The site inspection confirmed that the cap is 
intact" (OC-ALC/EMPE, 2003). 

5.3 	 STATUS OF RECOMMENDATIONS AND FOLLOW-UP ACTIONS 
FROM SECOND REVIEW 

5.3.1 	 Building 3001 Groundwater 

Recommendation: In order to establish pre-pump-and-treat system conditions, a 
recommendation was made to shut down the GWTP and extraction well field. This 
action was proposed to re-establish a baseline condition for comparability to future 
actions and to determine rebound of contaminant concentrations and groundwater 
elevations. The recommended action stated that past, current, and future data associated 
with this shutdown would be needed to support a potential TI waiver. L TM information 
is evaluated during the shutdown to determine whether the plume is in equilibrium or 
migrating, and whether the current remedial action is protective of human health and the 
environment. 

Current Status: An ESD was submitted to USEP A and approved by the agency in 
May 2003. A one-year shutdown of the extraction well field and groundwater treatment 
plant was initiated in April 2004. Three additional one-year shut downs were approved 
by USEP A, and the GWTP and well field will remain shut down at least through March 
2008. 

5.3.2 	 NTA 

Recommendation: It was recommended that free product removal continue until 
such time as the effectiveness and efficiency of the YEP system could be weighed against 
the benefits of other remedial alternatives. 

Current Status: The YEP system was evaluated under a remedial process 
optimization (RPO) study in 2005 (Parsons, 2005d). Results of the RPO study indicated 
that various components of the system needed repair and refurbishment. Also the study 
indicated that the system was still approaching, but had not yet reached asymptotic levels 
at that time. Refurbishments and repairs have been made, and various operating 
sequences (e.g. cycling) have been employed in attempts to enhance free product 
recovery. The YEP system continues to operate at the optimum level of efficiency for 
this particular technology. YEP is fulfilling all of the protectiveness requirements. 

5.3.3 	 Pit Q-51 

Recommendation: Annual inspection of the concrete cap was recommended to 
ensure that the cap integrity is maintained. 

Current Status: Periodic inspections are conducted and there is no evidence that the 
remedy is impaired. 
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5.4 RESULTS OF IMPLEMENTED ACTIONS AND ACHIEVEMENT OF 

• 


INTENDED EFFECT(S) 

5.4.1 Bui1ding 3001 Groundwater 

Tinker AFB submitted an ESD to USEP A and the agency approved the application 
in May 2003. The purpose of the ESD was to conduct an optimization study of the 
Building 300 I RA. The most conspicuous ESD component of the optimization study is 
the shutdown the GWTP and extraction well field. The principal objective of the 
shutdown is to re-establish a baseline condition for comparability to future actions and to 
assess rebound of contaminant concentrations and groundwater elevations. The goal of 
the ESD optimization study is to collect and utilize past, current, and future data 
associated with this shutdown to support a potential TI waiver. If a TI waiver is pursued, 
it will support CERCLA § 121 remedy selection and ARAR waiver requirements, 40 
C.F.R. § 300.430 remedy selection and ARAR requirements, and CERCLA 120 (a) 
guidelines used in making TI waiver determinations. L TM information is evaluated 
during the shutdown to determine whether the plume is in equilibrium or migrating, and 
whether the current remedial action is protective of human health and the environment. 

The actions proposed in the ESD were implemented on March 29,2004. The GWTP 
and extraction well field were shut down, and the aquifer was allowed to begin recovery. 
L TM of the sentry wells continues, and based on results of semi-annual groundwater 
sampling, the groundwater plume is not migrating at an unacceptable rate. Therefore, the 
GWTP system has remained shutdown while the optimization study continues. 

Certain evaluations that were proposed in the 2003 ESD and associated work plans 
included: center of mass calculations to ascertain plume stabilization, tracer tests, 
intrinsic bioremediation parameters without the effects of an operating pump-and-treat 
system, possible source locations, and whether or not the pump-and-treat system had a 
negative effect on natural attenuation. Not all of these assessments have been completed. 
Evaluations of vertical migration have not provided conclusive results at this time either. 
Therefore, the one-year shutdown outlined in the ESD has been extended three times and 
is still in effect. Data is still 
optimization of the remedial plans. 

being collected for evaluation of the system and 

5.4.2 NTA 

Free product removal continu
under consideration. 

es using YEP. Other remedial alternatives are still 

5.4.3 Pit Q-51 

Periodic inspection of the concrete cap continues and ensures that the cap integrity is 
maintained. There is no evidence that the remedy is impaired. 

5.5 ST A TUS OF ANY OTHER PRIOR ISSUES 

Second Five-Year Review Memorandum - Actions Needed 
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USEPA Region 6 reviewed the second Five-Year Review for the Building 3001 Site. 

• 


USEPA concurred with the findings and recommendations of the report, but provided 
comments for following actions needed on January 25, 2005 (USEPA, 2005). Tinker 
AFB provided responses to the comments as shown below. 

USEPA, Region 6 - Comment 

1. 	 The exposure assumptions used in the risk assessment have not changed. USEP A 
conducted a Draft TCE Toxicity Risk Re-Assessment in September 2001. The 
Draft Re-Assessment provided for a range of potential TCE toxicity and 
established new "provisional values". These provisional values are more 
stringent and USEP A recommends the USAF evaluate risk using both values, as 
warranted. 

Tinker AFB - Response 

The new "provisional values" were not (and still are not) implemented at the time 
of this Five-Year Review. Because the values were only provisional, performing 
additional risk assessments is not currently warranted. 

USEPA. Region 6 - Comment 

2. 	 TCE contamination of the saturated zone ground water on the Tinker AFB 
property remains above the remedial goal of 5.0 micrograms/liter. This 
contamination is predominantly from the Building 3001 TCE plume. An 
institutional control (IC) program is a component of many of the alternatives 
being evaluated for the property. A ROD Amendment is required to implement 
and monitor an IC program if remedial goals are not based on unrestricted use and 
unrestricted exposure. USEP A recommends use of the Institutional Control User 
Guidance (USEP A, 2000), including the use of the IC Checklist and IC Tracking 
System, as warranted. Other protective measures may be needed such as a base­
wide comprehensive plan that formally restricts the use of ground water. 

Tinker AFB - Response 

This guidance will be taken into consideration when future situations warrant, in a 
manner consistent with Air Force policy and guidance on ICs. 

USEPA, Region 6 - Comment 

3. 	 US EPA recently published the Draft Guidance For Evaluating The Vapor 
Intrl/sion To Indoor Air Pathway From Ground Water and Soils (Subsurface 
Vapor Intrusion Guidance) (USEPA, 2002). USEPA recommends that the USAF 
conduct a screening evaluation as to whether or not the vapor intrusion exposure 
pathway is complete and, if so, whether it poses an unacceptable risk to human 
health. USEP A recommends that this screening evaluation is necessary for both 
occupied buildings and structures above the Building 3001 TCE plume and for 
any remedial systems that off-gas TCE. 

Tinker AFB - Response 
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As 	a matter of due diligence, Tinker has performed preliminary screening of 
vapors inside the building. Since no vapors were detected, Tinker is satisfied that 
there is no vapor intrusion inside Building 3001. 

USEPA, Region 6 - Comment 

4. 	 Performance monitoring and evaluation is necessary to continuously optimize the 
remedial action at the site. 

Tinker AFB - Response 

Since the system is shut down, performance monitoring is not applicable at this 
time. However, contaminant monitoring is on-going as part of the B300l 
extraction system shutdown. 

• 
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SECTION 6 
FIVE-YEAR REVIEW PROCESS 

Site VISitS and interviews were conducted by Ed Heyse, PhD, P.E. and Micah 
Goodspeed of Parsons on April 17, 2007. Site inspection checklists for NTA and 
Building 300 I can be found in Appendix B. The current (2006 through 2007) O&M 
contractor for the sites is Parsons. The prior O&M contractors for the site were TTNUS 
(2003) and Dick Corporation (2004 through 2005). Management responsibility for the 
Soldier Creek/Building 300 I Site was transferred from OC-ALC/EM Directorate to the 
nnd Air Base Wing, Civil Engineering Directorate, Environmental Management Division 
(72nd ABW/CEV) in 2005. Both the environmental management division, program 
engineering branch (CEVPE) and Parsons maintain a constant presence at the sites. 

6.1 COMMUNITY INVOLVEMENT 

• 
Community involvement was initiated at the April 17, 2007 restoration advisory 

board (RAB) (formerly the community advisory board) meetings by announcing that a 
Five-Year Review process was underway. In addition, questions, comments, or concerns 
were solicited from the public during the RAB meeting. No comments have been 
received from the public at this time 

6.2 DOCUMENT REVIEW 

Documents from the administrative record were reviewed in order to assess the 
progress and actions taken at the Building 300 I site. The documents are listed in Table 
4.1. In addition, monitoring reports required under the ODEQ regulated RCRA program 
are referenced in this section. 

6.3 DA TA REVIEW 

6.3.1 Building 3001 Groundwater Treatment System Performance 

• 

The perfonnance and effectiveness of the groundwater extraction and treatment 
system was reviewed. Since the last Five-Year Review inspection in April 2003, the 
GWTP and extraction well field ran continuously until the USEP A-authorized shutdown 
that was implemented on March 29,2004. Based on data review through April 2004, the 
GWTP was found to be in good operating order, well maintained, staffed with competent 
operating personnel, and supervised by a knowledgeable and informed base staff. 
According to records reviewed, on-site laboratory results showed two treated 
groundwater effluent exceedances of chromium in October 2003 and February 2004. No 
exceedances of chromium were detected in samples analyzed by the off-site laboratory. 
During this same period, on-site sampling with detector tubes showed effluent vapor 
exceedances of TCE in March, April, and May 2003, and off-site laboratory results of 
Summa canisters collected indicated exceedances of dichloroethene and TCE in April 
and May 2003. While in inactive service (i.e., during the rebound testing), the system is 
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still staffed and maintained by an adequate staff who inspect and maintain the system for 
operational readiness. 

In addition to the GWTP extraction well field, groundwater extracted at the SWTA 
YEP system was also discharging pre-treated groundwater to the GWTP prior to the 2004 
shutdown. The SWTA is an interim corrective measure (lCM) operated under RCRA 
jurisdiction. 

6.3.2 Aquifer Response and Groundwater Contaminant Monitoring 

The 2003 ESD initiated a shut-down or rebound test, still in progress, to evaluate the 
system and optimize remedial plans, including gathering data necessary for a TI waiver 
(Parsons,2004b). The one-year shut-down outlined in the ESD has been extended three 
times and is still in effect (OC-ALC/EM, 2007). Data is still being collected for evaluation 
.of the system and optimization of the remedial plans. 

As discussed in Section 4.4.1.1, while the ESD is in effect, semi-annual sampling is 
performed to monitor plume migration. If sampling indicates that the plume is migrating 
at an unacceptable rate, the contingency is to resume operation of the pump-and-treat 
system. Definition of "unacceptable rate" of contaminant migration is addressed in the 
response to USEPA comments to the ESD, and further elaborated in the work plan. 
"Unacceptable rate" of contaminant migration is evaluated based on historic well data. 
Trend analysis plots were prescribed for key wells, and "maximum allowable increase in 
concentrations" would be specified for each of these wells. Sentry (a.k.a. "Sentinel") 
wells, located on the downgradient edge of the current plume, have historically shown 
lower levels of TCE contamination. Table 6.1 identifies the sentry wells and the aquifer 
zones they are intended to monitor. The sentry wells were identified in the work plan 
(Parsons,2004b). 

Table 6.1 Sentry Wells 

• 

fJSz UppetLSZ MW4IeLSZ LowerLSZ 

M-IBR M-4AR M-ICR 
M-3BR 1-3AR M-4CR 
M-4B 1-6AR 1-12CR 
1-14B 1-9AR 1-45CR 
1-45B 1-45AR 1-6CR 

2-360B 
1-9BR 
1-2B 

2-277B 
1-4B 

2-427B 
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Unacceptable plume migration was defined as a concentration rise to 50% greater 
than the maximum historically high TeE concentration over a period of at least four 
consecutive sample rounds. If concentrations exceeded that criterion for four consecutive 
semi-annual sampling rounds, the system would be turned back on. 

Therefore, in order for the remedy to be functioning as intended in the decision 
documents (i.e., that the shut-down evaluation continue), the remedy is protective as long 
as the sentry wells do not exceed the unacceptable migration criterion defined in the ESD 
response to comments. To evaluate the remedy for the five-year review, the time-series 
plots of contaminant concentrations were studied for both TeE and chromium for each of 
the sentry wells. The location of each of the sentry wells is shown on Figures 6.1 through 
6.8. Trend charts of contaminant concentrations in each of the sentry wells are presented 
as Figures 6.9 through 6.29. 

The subsurface underlying Building 3001 site has been divided into 5 discrete 
hydro stratigraphic units. Figure 6.30 illustrates a cross-sectional view of typical 
hydrostratigraphic units at the site with associated nomenclatures. These units include: 
the USZ, the upper shale, the LSZ, the lower shale, and the PZ. Only the USZ (formerly 
known as the "Perched" aquifer) and the LSZ (formerly divided and referred to 
individually as the "Top of Regional" and "Regional" aquifers) portions of the aquifer 
system underlying Tinker AFB were evaluated. The deeper "Producing Zone" is not part 
of the cleanup requirement described in the ROD for the Building 3001 OU and was not 
evaluated. As a result of implementing the proposed ESD in 2004, an updated technical 
approach was developed, and a rebound test workplan was prepared at the time of ESD 
approval (Parsons, 2004b). 

Well measurements obtained in November 2003 were used to evaluate the influence 
recovery wells exert in controlling plume migration. The hydraulic zones of influence 
are visible on the November 2003 pre-shutdown potentiometric maps (Figures 6.31 
through 6.34). Aquifer recovery, following the April 2004 GWTP shutdown, is indicated 
on the November 2006 post-shutdown potentiometric maps (Figures 6.35 through 6.38). 
The return to ambient or near ambient hydrogeologic conditions is providing an 
understanding of plume behavior when the aquifer is not stressed. 

The sentry wells were selected to chart the contaminant concentration trends over the 
nearly 15-year lifetime of the OU-1 remedial action. As shown on Figure 6.1 through 6.8, 
the 21 sentry wells were placed at strategic locations for determining whether significant 
contaminant rebound or other noteworthy behavior is occurring in the USZ and LSZ. No 
sentry wells were identified for the upper LSZ due to inadequate well distribution in that 
layer. 

Because of its widespread use within and around Building 3001, TeE likely resides 
beneath the site as free-phase dense non-aqueous phase liquid (DNAPL) in small areas in 
the upper zones of groundwater saturation. Though it has not been identified at the site, it 
is likely that TeE is present as a persistent and virtually continuous source throughout 
OU-1. The USEPA's Dense Nonaqueous Phase Liquids Workshop Summary (USEPA, 
1992) reports that "groundwater concentrations of 1 % or less of effective solubility can 
be found even in the immediate proximity of the DNAPL." The effective solubility of 
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TCE is 1,000 milligrams per liter (mg/L), and concentrations greater than 10 mg/L might 
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indicate the presence of DNAPL. Concentrations of TCE in the USZ have been recently 
measured as high as 40 mg/L (I-70B); therefore, DNAPL may be present. In addition, 
given that TCE concentrations in the upper LSZ and middle LSZ have been measured in 
monitoring wells in excess of 3 mg/L, it is possible that the DNAPL has migrated to these 
layers as well. 

6.3.2.1 Evaluation of USZ 

The USZ is a shallow, unconfined, water-table aquifer that is known to be perched in 
the vicinity of Building 3001. The lower boundary of the USZ is the upper shale. The 
saturated thickness of the USZ ranges from 0 feet, on the east where the upper shale 
subcrops along Soldier Creek, to 33.9 feet on the west where the depth of the upper shale 
reaches 50 feet. The mean thickness of the USZ is 15.1 feet. 

Figures 6.1 and 6.2 show the distribution of TCE and chromium in the USZ along 
with the sentry wells selected for monitoring during the rebound test. Figures 6.31 and 
6.35 show the pre- and post-shutdown water levels, respectively, for 2003 and 2006. The 
USZ water levels have recovered dramatically after the extraction well system was shut 
down. 

Concentration trend charts for the USZ sentry wells are shown on Figures 6.9 
through 6.19. Concentration data are posted from 1999 (or earlier) through 2006 for the 
sentry wells. There is no apparent trend or pattern common to the majority of the USZ 
sentry wells. Three of the USZ sentry wells have exceeded 150% of the historically high 
concentration for TCE and one for chromium. All of these wells showed a decrease in 
concentmtion for subsequent sampling events with the exception of 1-45B, which has not 
been sampled since the high detection. 

6.3.2.2 Evaluation of LSZ (Uppermost portion) 

The uppermost portion of the LSZ is unconfined under much of Building 3001. 
Approximately 1,500 feet west of Building 3001, water levels intersect the aquitard 
resulting in confined or semi-confined conditions in the uppermost LSZ to the west. The 
unconfined zone also thins north of Building 3001. An east-west trending groundwater 
mound located north of Building 3001 is coincident with the discontinuity in the upper 
shale unit believed to exist at the 1-76 well cluster location and a depression in the USZ 
water table at the same location. Groundwater flow directions in this layer are generally 
to the west-southwest. 

Figures 6.3 and 6.4 show the distribution of TCE and chromium in the upper LSZ. 
Figures 6.32 and 6.36 show the pre- and post-shutdown water levels, respectively, for 
2003 and 2006. These maps for the upper LSZ show significant shrinkage of the 
hydraulic zone of influence between November 2003 (prior to system shutdown) and 
November 2006. Steady-state or near steady-state conditions have likely been achieved 
over the three year rebound/recovery period. 
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No trend charts are generated for the upper LSZ, because no sentry wells were 
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designated for this zone. The spatial coverage of the upper LSZ plume is limited for TCE 
and chromium, and a meaningful sentry well configuration could not be developed. 

6.3.2.3 Evaluation of LSZ (Middle Portion) 

The middle portion of the LSZ lies below the uppennost portion (discussed above) 
and acts as a confined aquifer. Groundwater flow in this layer is primarily to the 
southwest, except northeast and west of Building 3001. There is a local groundwater 
divide located northeast of Building 3001. The groundwater divide trends northwest­
southeast between well 1-87B and the northeast comer of the IWTP. Northeast of the 
divide, groundwater flow is to the northeast. The southwesterly flow pattern is also 
interrupted by the capture zone of the extraction wells located just west of Building 300 I. 

Figures 6.5 and 6.6 show the distribution of TCE and chromium in the middle LSZ 
along with the sentry wells selected for monitoring during the rebound test. Figures 6.33 
and 6.37 show the pre- and post-shutdown water levels, respectively, for 2003 and 2006. 
The middle LSZ water levels have recovered dramatically after the extraction well 
system was shut down. 

Concentration trend charts for the middle LSZ sentry wells are shown on Figures 
6.20, 6.21, 6.22, 6.23, and 6.24. Concentration data is posted from 1994 through 2006 
for the sentry wells. There is no apparent trend or pattern common to the five middle 
LSZ sentry wells, but it is evident that two of the wells have exceeded 150% of the 
historically high concentration for chromium. Both of these have shown less than 150% 
of the historic high in subsequent sampling events. None of the five wells have exceeded 
150% of their respective historical highs for TCE at any time since treatment system 
shutdown. 

6.3.2.4 Evaluation of LSZ (Lower Portion) 

Groundwater in the lower portion of the LSZ is confined or semi-confined by the 
overlying shale lenses comprising the units above, and the hydraulic heads are 
characteristically less than 5 feet lower than in the overlying layer. The general flow 
direction in this unit is to the southwest, except for the pre-shutdown interruption by the 
capture zone of the extraction wells just west of Building 3001. 

Figures 6.7 and 6.8 show the distribution of TCE and chromium in the lower LSZ 
along with the sentry wells selected for monitoring during the rebound test. Figures 6.34 
and 6.38 show the pre- and post-shutdown water levels, respectively, for 2003 and 2006. 
The lower LSZ water levels have recovered dramatically since the extraction well system 
was shut down. Steady-state or near steady-state conditions have likely been achieved 
over the three year rebound/recovery period. 

Concentration trend charts for the lower LSZ sentry wells are shown on Figures 6.25, 
6.26, 6.27, 6.28, and 6.29. Concentration data is posted from 1994 through 2006 for the 
sentry wells. There is no apparent trend or pattern common to the five lower LSZ sentry 

• 
wells. Concentrations exceeded 150% of the historically high concentration for 
chromium during one sampling event at one well, with lower detections in subsequent 
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sampling events. No TCE concentrations have exceeded 150% of the historic high since 
shutdown. 

6.3.3 NTA 

Site data, including free product removal and product thickness in monitoring wells 
is documented in semi-annual and annual reports (Parsons, 2007b). Since the last five­
year review, data is provided in technical reports (Parsons, 2004a; 2005a; 2005b; 2005c; 
2007a; 2007b). 

6.3.3.1 Free Product Removal 

Overall, the total volume free product removed from NT A between July 1991 and 
June 2006 is estimated at 36,772 gallons. Production data from March 22, 2005 through 
June 22,2006 indicates that the YEP system has been removing about 7 gallons of 
product per day - down about 2 gallons per day from the last Five-Year Review (Parsons, 
2007b). Free product monitoring suggests that the distribution and thickness of the free 
product layer is diminishing. 

6.3.3.2 Vapor Extraction 

• 
Based on the 2003 Five-Year Review, soil vapor extraction has been conducted by 

various means since 1990. YEP is the current technology used for soil vapor removal. 
Mass loading from vapor recovery is well below de minimis levels and total vapor 
recoveries are negligible on a daily and annualized basis (Parsons, 2007b). Based on 
results of the focused RI (Parsons ES and Battelle, 1994), remediation through natural 
attenuation was recommended. This alternative was recommended because time is not a 
critical factor due to long-tenn monitoring for the Building 3001 groundwater plume. 
The shallow soils are considered sufficiently impenneable so that soil vapor exposure to 
potential receptors at the surface will not occur. This needs to be substantiated based on 
the current CA requirements of US EPA (USEPA, 2007a). 

6.3.3.4 Pit Q-51 

Other than ARARs, no data were evaluated for Pit Q-51. 

6.4 SITE INSPECTIONS 

Building 3001 Groundwater 

• 

A site visit to the Building 3001 groundwater treatment plant and extraction well 
field was conducted on April 16,2007. The site visit was attended by Ed Heyse, PhD, 
P.E., Micah Goodspeed, John Osweiler, and Eric Houston of Parsons. Since the plant 
was shut down due to implementation of the ESD, plant operations have diminished to 
utility maintenance activities. Daily and monthly operation logs for the GWTP, quarterly 
reports, and chemical use inventories indicated little activity had taken place since 2004 
when the plant was shut down. The O&M Plan and associated design and as-built 
drawings are maintained on-site in the plant office, and some upgrades are underway at 
the plant while the system is down. Discussions were held at the GWTP with plant 
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operating and supervisory personnel to further assess operating condition of equipment, 
level of maintenance, housekeeping practices, performance history, and operator 

• 


knowledge. 

NTA 

A site visit was completed on the afternoon of April 16, 2007. This ViSit was 
attended by Dr. Ed Heyse, Micah Goodspeed, and John Osweiler, all of Parsons. This 
visit was conducted to establish the current conditions of the site and monitoring systems. 

In the previous review, it was noted that a multi-phase or YEP extraction system is 
now in use at the site, and all of the flow lines from the nine existing extraction wells are 
below ground and double contained. Currently, all recovered groundwater and 
contamination is pumped to the treatment unit and manifolded to a liquid ring pump. 
Although this represents a change from the initial system that was installed as a result of 
the ROD, the essential remediation mechanics remain the same. While the ROD 
specifies a vapor extraction remedy, the upgraded system goes one step farther to include 
not only vapor extraction, but also contaminated groundwater extraction. Treatment of 
vapor exhausts was discontinued, because emissions do not exceed de minimis levels. 
Treated water obtained in association with the free product removal is discharged to the 
IWTP. All other equipment on site appears to be secure and compliant with all codes and 
laws. 

Pit Q-51 

The location of former Pit Q-Sl was visited to observe the condition of the concrete 
cap on May 3, 2007. Equipment and materials were staged on top of the patch, but the 
surface was sufficiently visible to determine the condition of the concrete. The concrete 
patch was intact and all the seals around the joints were in good condition and no 
separation or deterioration was evident. 

6.5 INTERVIEWS 

Building 3001 Groundwater: Interviews were conducted with Jason Flaming (nnd 
ABW/CEYPE), current project manager of the remediation system and plant oversight, 
on June 19, 2007. In addition, interviews were conducted with Eric Houston of the 
contract operating company, Parsons, on April 16, 2007. 

NTA: Interviews were conducted with Dan Hunt (nnd ABW/CEYPE), the site 
manager on June 19, 2007, and also Stan Townsend of the contract operating company, 
Parsons, on June 19,2007. 

Pit Q-51: Because Pit Q-Sl is closed according to the ROD, no interviews were 
conducted as part of this five-year review. 
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Figure 6.17 

TCE and Cr Concentrations, Well 2-277B (USZ) 


Tinker AFB, Oklahoma 
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Figure 6.18 

TCE and Cr Concentrations, Well 2-360B (USZ) 
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Figure 6.19 

TCE and Cr Concentrations, Well 2-427B (USZ) 


Tinker AFB, Oklahoma 
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SECTION 7 

TECHNICAL ASSESSMENT 


The 1990 ROD provided the original framework for achieving protectiveness of 
human health and the environment for OU-l. While the 1990 ROD remains the 
governing document for actions associated with the NT A and Pit Q-51, the 2003 ESD is 
the most recent decision document in the Administrative Record, and is the current 
governing document for obtaining protectiveness of human health and the environment at 
the Building 300 I site. The principle opinion expressed in the ESD is that pump-and­
treat technology may not attain site remediation, and a temporary shutdown of the 
treatment system is needed to optimize the remedial plans for the site. For this Five-Year 
Review, the current status of the remedy in place resulted from implementing the 
proposals in the ESD. This technical assessment describes the condition of the remedies 
in place and factors influencing the protectiveness of each remedy. As such, the technical 
assessment examines the following three key questions: 

• 	 Question A: Is each remedy functioning as intended by the respective decision 
documents? 

• 	 Question B: Are the exposure assumptions, toxicity data, cleanup levels, and 
RAOs used at the time of the remedy selection still valid? 

• 	 Question C: Has any other information come to light that could call into question 
the protectiveness of the remedy? 

7.1 BUILDING 3001 SITE 

The ESD affected the Building 300 I site more than any other component of OU-l. 
Monitoring data, changes or updates in standards and assumptions, and any other relevant 
information were considered in this technical evaluation. 

7.1.1 Question A (Building 3001) 

Is the remedy functioning as intended by the decision document? 

Yes. USEP A provided consent to provisions of the ESD, and monitoring IS 

conducted to ensure compliance. 

7.1.1.1 Remedial Action Performance 

While in operation through April 2004, the remedial action was operating and 
functioning as designed. Subsequent to the ESD proposal, rebound testing has been 
underway to evaluate the system and optimize remedial plans, including gathering data 
necessary for a TI waiver. 

The actions proposed in the ESD were implemented on March 29,2004. The GWTP 

• 
and extraction well field were shut down, and the aquifer was allowed to begin recovery. 
LTM of the sentry wells continues, and based on results of semi-annual groundwater 
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sampling, the groundwater plume is not migrating at an unacceptable rate. Therefore, the 

• 


GWTP system has remained shutdown while the optimization study continues. 

Certain evaluations that were proposed in the 2003 ESD and associated work plans 
included: center of mass calculations to ascertain plume stabilization, tracer tests, 
intrinsic bioremediation parameters without the effects of an operating pump-and-treat 
system, possible source locations, and whether or not the pump-and-treat system had a 
negative effect on natural attenuation. Not all of these assessments have been completed. 
Evaluations of vertical migration have not provided conclusive results at this time either. 
Therefore, the one-year shutdown outlined in the ESD has been extended three times and 
is still in effect. Data is still being collected for evaluation of the system and 
optimization of the remedial plans. 

While the ESD is in effect, semi-annual sampling is performed to monitor plume 
migration. If sampling indicates that the plume is migrating at an unacceptable rate, the 
contingency is to resume operation of the pump-and-treat system. Definition of 
"unacceptable rate" of contaminant migration is addressed in the response to USEP A 
comments to the ESD, and further elaborated in the work plan (Parsons, 2004b). 
Therefore, in order for the remedy to be functioning as intended in the decision 
documents (i.e., that the shut-down evaluation continue), the remedy is protective as long 
as the sentry wells do not exceed the unacceptable migration criterion defined in the 
ESD, ESD response to comments, and work plan (Parsons, 2004b). 

The "unacceptable rate" of migration criterion has not been triggered in any of the 
sentry wells. A few of the wells have short-term spikes in concentration, but none of 
these has been sustained at 50% greater than the maximum historical high concentration 
over a period of at least four consecutive sample rounds. One of the most recent spikes 
(November 2006) in well 1-45B exceeded the TCE trigger concentration for that well in 
the most recent sampling round only. However, to trigger restarting the pumping system, 
the increased TCE concentration must be sustained for three more sampling rounds. 
Therefore, at this time, the remedy is functioning as intended in the decision document. 

Though the ROD-based contaminant cleanup levels have not been reached, 
containment (no horizontal migration) of the plume appears to be effective based on 
current monitoring data. It was noted that the required semi-annual monitoring frequency 
was not consistently met in 2006; however, this data gap does not create enough 
uncertainty to conclude that unacceptable migration may have occurred. Semi-annual 
monitoring of all sentry wells should be accomplished and evaluated to ensure 
protectiveness. 

7.1.1.2 Systems O&M 

The groundwater extraction and treatment systems have been maintained, and the 
system can be made operational if necessary. Current operating procedures (i.e. 
monitoring) as defined in the rebound test work plan will maintain the effectiveness of 
the response action with regard to protecting human health and the environment. 
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7.1.1.3 Opportunities for Optimization 

• 


The GWTP treatment process for chromium should be considered for elimination. 
Prior to shutdown of the active pump-and-treat system, the most recent influent 
chromium concentrations were at or below drinking water standards. Therefore, 
violations of permitted discharge limits are not anticipated if the groundwater pump-and­
treat system were to once again operate as it did prior to the current shutdown. However, 
if pump-and-treat were resumed in a different pumping scenario (such as focusing on the 
USZ only), chromium treatment could be necessary. Once the rebound test is complete, 
the need for and goals of pump-and-treat should be re-evaluated, to include possible 
elimination of chromium treatment. Focused removal of contaminant sources could 
reduce costs of groundwater extraction and treatment for organics, specifically TeE, as 
well. This could be achieved by limiting the number of wells that are pumped. 
Monitoring well sampling should be re-evaluated for efficacy. 

7.1.1.4 Early Indicators of Potential Issues 

Because the treatment system and well field have been shut down since 2004, there 
are no equipment breakdowns that indicate any adverse impacts to protectiveness. Risk 
to potential receptors is currently evaluated by means of groundwater monitoring and 
sampling. 

One of the most recent concentration spikes is in sentry well 1-45B, which exceeded 
the TeE trigger concentration for that well in the most recent (November 2006) sampling 
round. However, to trigger restarting the pumping system, the increased TeE 
concentration must be sustained for three more sampling rounds. 

Reviewers note that semi-annual monitoring data were not available for all of the 
sentry wells. Semi-annual monitoring generally appears to be available through 2005, 
but few sample results are available for 2006. Although there appear to be some data 
gaps for 2006, the gaps do not create enough uncertainty to conclude that there could be 
an unacceptable rate of migration. However, if semi-annual monitoring is not resumed, 
or "unacceptable rate of migration" is not redefined, this data gap could lead to 
uncertainty about protectiveness in the future. 

7.1.1.5 Implementation ofInstitutional Controls and Other Measures 

Institutional controls are non-engineered means, such as administrative and/or legal 
controls, that help minimize the potential for human exposure to contamination and/or 
protect the integrity of a remedy. This is accomplished by limiting land or resource use 
and/or by providing information to modify or guide human behavior at the site. 
Institutional controls may include zoning restrictions, building or excavation permits, 
well drilling prohibitions, and easements and covenants. Access controls may be 
implemented to regulate access to the site and any contaminated media. The technologies 
for access controls consider the potential implementation of active and passive controls. 
Active controls can consist of physical barriers such as fences, gates, and security forces, 
while passive controls include administrative controls such as ownership, access permits, 

• 
and deed restrictions . 
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InstitutionaUEngineering Controls Currently in Use at Tinker AFB 

• 


Institutional controls are used when contamination is first discovered, when remedies 
are ongoing and when residual contamination remains on site at a level that does not 
allow unrestricted use and unlimited exposure after cleanup. T AFB is an active military 
base; its property boundary is fenced and security allows access only to authorized 
persons. T AFB has not been identified as a base for closure. Accordingly, continued use 
as an active Air Force Base and associated land-use restrictions are not anticipated to 
change during the foreseeable future. 

All activities performed at Tinker AFB have to follow the procedures outlined in the 
Base Plan. A permitting process is in place that requires all locations be reviewed with 
respect to buried structures and utilities, as well as potential environmental hazards prior 
to initiating any borings or excavations on T AFB. Prior to issuing permits, all locations 
are reviewed with respect to the results from environmental site investigations to identify 
areas where known or potentially contaminated media are present. Any work permitted 
within these areas includes controls to protect workers from exposure and includes 
measures to ensure the work does not result in releases or exposures that would adversely 
impact human health or the environment. Some of these procedures are outlined below. 

• 	 T AFB has an established construction review process, which includes a 
representative from Tinker Environmental Management (EM) to attend all 
Facility Board Working Panel meetings, EM reviews all digging permits, EM 
approval of form AF 332s ("Base Civil Engineer Work Request"), and EM 
approves any "Request for Environmental Impact Analysis" (Form AF 813). 
These steps ensure that no digging will occur at known contaminated sites 
unless adequate health and safety precautions are taken by the contractor. In 
addition, project officials at the Base routinely access the Tinker AFB 
Geographic Information System prior to approval of projects. This system 
shows which areas of the Base are contaminated and, therefore shows areas 
where activities such as excavation, construction, etc. should be prohibited. 

• 	 Pumping of shallow groundwater is not allowed on base, commercial or 
otherwise, except in a site remedial/clean up scenario, or when necessary for 
construction purposes. 

• 	 Partnering with Regulatory Agencies will assume the following format. 

o 	 The Air Force will implement, monitor, maintain and report on the 
implementation of the Land Use Controls (LUCs). 

o 	 Tinker AFB will supply annual reports containing information such as 
specific actions taken to implement and enforce LUCs, including 
annotation of the Base General Plan. 

o 	 Tinker AFB will obtain regulator concurrence for significant changes to 
use and activity restrictions and LUCs. 

o 	 Tinker AFB will make prompt notification to regulators in the event that a 

• 
LUC is breached along with corrective measures planned or taken. 

7-4 Final 
September 2007 



• 
Five- Year Review Report 
Building 3001 NPL Site 
Tinker Air Force Base. Oklahoma Technical Assessment 

Tinker will make prior notification to regulators prior to transfer of property. 

7.1.2 Question B (Building 3001) 

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the 
time of the remedy selection still valid? 

Yes. In accordance with the ESD, optimization of the remedy re-considers all 
exposure assumptions, toxicity data, cleanup levels, and RAOs. 

7.1.2.1 Changes in Standards and TBCs 

The cleanup standards, as defined in the ROD, for TCE and chromium remain 
protective of human health and the environment. In fact, as shown in Table 7.1, 
chromium cleanup standards were changed in 1991 (USEP A, 1991), and are actually less 
restrictive than stated in the ROD. Therefore, although the toxicity data for chromium 
has changed since the ROD, the MCL for chromium as stated in the ROD remains 
unchanged at 0.05 mg/L. 

Table 7.1 Chromium Cleanup Standard 

CoatamiaaDt I Media I ClemUl) Level" Starulartl CitadoalYear 
Chromium I Groundwater I 0.05 mg/L Previous I 0.05 mg/L (USACE, 1990b) 

New I 0.10 mg/L (USEPA,1991)

• 7.1.2.2 Changes in Exposure Pathways 

Land use on or near the site has not changed and is not expected to change in the 
foreseeable future. No newly identified COCs or confirmed contaminant sources exist; 
however, peripheral contaminants are being used to help identify potential source areas. 

With regard to the exposure pathways identified in the ROD, no changes require 
further investigation or action. No toxic by-products of the remedy are in place. Physical 
site conditions have not changed in such a way that protectiveness of the selected remedy 
or current rebound testing would be adversely affected. 

7.1.2.3 Changes in Risk Assessment Methods 

The current ROD requirements are based on a conservative risk assessment and have 
been formalized for "non-restricted" land use and "non-restricted" exposure. 
Standardized risk assessment methodologies could bring the site into compliance with a 
"restricted" use and exposure scenario and provide a less conservative but equally 
protective remedy. Although the toxicity data for chromium and TCE has changed since 
the ROD, the MCL for chromium as stated in the ROD remains unchanged at 0.05 mg/L 
and TCE at 0.005 mg/L. 

7.1.2.4 	 Expected Progress Toward Meeting RAOs 

The selected remedy, pump-and-treat, was not progressing as expected; hence, a 

• 
rebound test was conducted in an attempt to help identify contaminant source areas and 
optimize the existing system. As of the end of 2006, the data has not provided an 
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explainable pattern of contaminant rebound (OC-ALC/EM, 2007). As stated in Section 
11 of the ROD, it was estimated that the pump and treat system would remove 45% of the 
TCE and 49% of the chromium in the upper most aquifer within two years of start-up. 
After an initial reduction after start-up, concentration levels entering the GWTP from the 
well field have remained asymptotic since then. Due to changes over the course of this 
remedial effort, such as the addition of monitoring wells, dewatering of USZ, changes in 
sampling protocol and analytical laboratories, progress towards meeting RAOs is difficult 
to quantify. 

7.1.3 Question C (Building 3001) 

Has any other information come to light that could call into question the 
protectiveness of the remedy? 

No. 

7.2 NORTH TANK AREA (NTA) 

The ESD has no direct impact on the remedy at the NTA. However, the remedy in 
place was evaluated based on the requirements of the ROD. Monitoring data, changes or 
updates in standards and assumptions, and any other relevant information were 
considered in this technical evaluation. 

• 7.2.1 Question A (NTA) 

Is the remedy functioning as intended by the decision document? 

Yes. The treatment system at NTA is functioning as intended by the ROD. 

7.2.1.1 Remedial Action Performance 

In conformance with the ROD, a floating fuel product removal system is in place and 
is effectively removing fuel product floating above the groundwater table. Free product 
is disposed in accordance with the Hazardous Waste Management Plan, and other fluids 
are treated in accordance with discharge permits The product is disposed at a RCRA 
approved facility. The treatment system at the site also removes soil vapors, and 
dissolved phase groundwater contaminants beneath the NT A site. 

7.2.1.2 Systems O&M 

Operating procedures have maintained optimal effectiveness of this response action. 
There are no remedy problems or issues associated with this activity. 

7.2.1.3 Opportunities for Optimization 

• 
Remedy enhancements (pneumatic fracturing, surfactant flushing, VEP, phased­

pumping, etc.) have been implemented over the years to meet or exceed design 
requirements by removing free product, soil gas vapors, and contaminated groundwater. 
Since free product removal began in 1991, it is estimated that over 36,772 gallons of 
product have been recovered, which is over three times the 10,000 gallons of product 
estimated to be on-site in the ROD. 
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Nonetheless, free product recovery is reaching asymptotic levels, and further 

• 


optimization is not likely achievable with this technology. The remaining free product at 
NTA is extremely viscous, resulting in considerable uncertainty in free product 
measurements and estimates of remaining free product and increased removal difficulty 
despite numerous remedy enhancements. Although the mobility of the product has 
almost certainly been substantially reduced, and the current system ensures that 
containment is effective, it is unlikely that complete free product removal can be 
accomplished through any technology short of excavation. Free product removal was 
prescribed for the NT A in order to prevent migration of product towards the B300 I well 
field. Since the current remedy for the B3001 GWTP and extraction well field is not 
active and will remain inactive until at least 2008; free product at the NTA site cannot 
impact the B3001 well field. This site has achieved case closure with the oee regulatory 
agency. 

7.2.1.4 Early Indicators of Potential Issues 

There are no equipment breakdowns that indicate any adverse impacts to 
protectiveness. 

7.2.1.5 Implementation ofinstitutional Controls and Other Measures 

Institutional controls are non-engineered means, such as administrative and/or legal 
controls, that help minimize the potential for human exposure to contamination and/or 
protect the integrity of a remedy. This is accomplished by limiting land or resource use 
and/or by providing information to modify or guide human behavior at the site. 
Institutional controls may include zoning restrictions, building or excavation permits, 
well drilling prohibitions, and easements and covenants. Access controls may be 
implemented to regulate access to the site and any contaminated media. The technologies 
for access controls consider the potential implementation of active and passive controls. 
Active controls can consist of physical barriers such as fences, gates, and security forces, 
while passive controls include administrative controls such as ownership, access permits, 
and deed restrictions. 

Institutional/Engineering Controls Currently in Use at Tinker AFB 

Institutional controls are used when contamination is first discovered, when remedies 
are ongoing and when residual contamination remains on site at a level that does not 
allow unrestricted use and unlimited exposure after cleanup. T AFB is an active military 
base; its property boundary is fenced and security allows access only to authorized 
persons. T AFB has not been identified as a base for closure. Accordingly, continued use 
as an active Air Force Base and associated land-use restrictions are not anticipated to 
change during the foreseeable future. 

All activities performed at Tinker AFB have to follow the procedures outlined in the 
Base Plan. A permitting process is in place that requires all locations be reviewed with 
respect to buried structures and utilities, as well as potential environmental hazards prior 

• 
to initiating any borings or excavations on TAFB. Prior to issuing permits, all locations 
are reviewed with respect to the results from environmental site investigations to identify 
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areas where known or potentially contaminated media are present. Any work permitted 
within these areas includes controls to protect workers from exposure and includes 
measures to ensure the work does not result in releases or exposures that would adversely 
impact human health or the environment. Some of these procedures are outlined below. 

• 	 The base has an established construction review process, which includes a 
representative from Tinker Environmental Management (EM) to attend all 
Facility Board Working Panel meetings, EM reviews all digging permits, EM 
approval of form AF 332s ("Base Civil Engineer Work Request"), and EM 
approves any "Request for Environmental Impact Analysis" (Form AF 813). 
These steps ensure that no digging will occur at known contaminated sites 
unless adequate health and safety precautions are taken by the contractor. In 
addition, project officials at the Base routinely access the Tinker AFB 
Geographic Information System prior to approval of projects. This system 
shows which areas of the Base are contaminated and, therefore shows areas 
where activities such as excavation, construction, etc. should be prohibited. 

• 	 Pumping of shallow groundwater is not allowed on base, commercial or 
otherwise, except in a site remedial/clean up scenario, or when necessary for 
construction purposes. 

• 	 Partnering with Regulatory Agencies will assume the following format. 

• 
o The Air Force will implement, monitor, maintain and report on the 

implementation of the Land Use Controls (LUCs). 

o 	 Tinker AFB will supply annual reports containing information such as 
specific actions taken to implement and enforce LUCs, including 
annotation of the Base General Plan. 

o 	 Tinker AFB will obtain regulator concurrence for significant changes to 
use and activity restrictions and LUCs. 

o 	 Tinker AFB will make prompt notification to regulators in the event that a 
LUC is breached along with corrective measures planned or taken. 

Tinker will make prior notification to regulators prior to transfer of property. 

7.2.2 Question B (NTA) 


Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the 

time of the remedy selection still valid? 


Based on the remedy selected in the ROD, yes. 


7.2.2.1 Changes in Standards and TBCs 

The cleanup standards, as defined in the ROD, for free product remain protective of 
human health and the environment. 
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7.2.2.2 Cbanges in Exposure Pathways 

• 


Land use on this site or near the site has not changed and is not expected to change in 
the foreseeable future. No newly identified contaminants of concern or confirmed 
contaminant sources exist. 

With regard to the exposure pathways identified in the ROD, a Risk Assessment 
conducted in 1996 indicated that the vapor pathway was not a threat to human health due 
to the depth and confinement of the free product layer (Parsons 1996). 

No toxic by-products of the remedy are in place. Physical site conditions have not 
changed such that protectiveness of the selected remedy would be adversely affected. 

7.2.2.3 Changes in Risk Assessment Methods 

Standardized risk assessment methodologies (Parsons, 1996) have already brought 
the NT A site into compliance with a "restricted" use scenario and provided a less 
conservative but equally protective remedy. 

7.2.2.4 Expected Progress Toward Meeting RAOs 

The selected remedy, free product removal with vapor recovery, has progressed to 
the limits of the technology's capability. It is unlikely that the current technology will be 
able to completely remove all free product under the site. 

7.2.3 Question C (NTA) 

Has other information has come to light that could call into question the 
protectiveness of the selected remedy? 

No. 

7.3 PIT Q-51 

The remedy for Pit Q-51 meets all of the requirements for questions A, B, and C. 
The remedy is functioning properly. The remedy continues to meet all RAOs, and there 
are no issues that would indicate that the remedy is potentially not protective. 
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SECTION 8 

ISSUES 


The ESD and rebound work plan provide a framework to evaluate and decide how to 
best address the remaining contaminants in Building 3001 groundwater. The rebound 
test has been on-going since 2004, and the site has been adequately monitored during 
rebound testing to satisfy protectiveness requirements. Completion of the ESD process, to 
include adequate monitoring and data evaluation, should be accomplished expeditiously 
to optimize site remediation and ensure protectiveness in the future. Specifically, the 
issues identified in Table 8.1 need to be resolved so that future evaluations can provide 
relevant feedback for resolving the cleanup requirements for this site. 

Table 8.1 Issues Affecting Protectiveness 

• 
NTA 

Need to complete 
process to optimize and 

Compliance with 
TIIRebound Work Plan 
Determine mobility and 
the need to remove 
remaining product. and 
how to best achieve site 

·ectives. 

No 

No 

No 

Yes 

Yes 

Yes 

While the rebound test is in effect, sentry well monitoring needs to conform to the 
requirements of the rebound work plan, so that response actions meet the intent of the 
rebound evaluation. Though preliminary screening was performed, vapor intrusion is 
another exposure pathway that will likely demand more detailed investigation of Building 
3001. Indoor air pathway screening is the most expedient way to address this issue. 

YEP is reaching the limit of its optimal efficacy for free product removal at the 
NTA. The need to remove the remaining product at NT A, and how best to achieve 
RAOs, need to be evaluated. 
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SECTION 9 

CONCLUSIONS, RECOMMENDATIONS, 


AND FOLLOW-UP ACTIONS 


Specific goals identified in the ROD for OU-1 include preventing future human 
exposure by ingestion, inhalation, or dermal exposure to TCE concentrations exceeding 
0.005 mg/L in the groundwater of the saturated zone(s). No change in this goal has been 
effected since the last Five-Year Review; however, an ESD was submitted to the USEPA 
in 2003, and proposed that pump-and-treat technology may not meet remediation goals. 
The ESD further petitioned the USEP A to allow a temporary shutdown of the B3001 
GWTP and well field. The purpose of this shutdown was to allow the groundwater 
plume to stabilize, while Tinker AFB collected performance monitoring data for use in 
evaluating the OU-1 RA, as well as to monitor the plume stability. On 
February 27, 2007, USEPA approved the Air Force request to continue shutdown of the 
Building 3001 Extraction System for one year until March 2008 (USEP A, 2007b). 

• 
Although the goal of 0.005 mg/L TCE in the groundwater of the saturated zones has 

not been achieved, the currently operating remedy components along with the on-going 
optimization evaluation/monitoring indicate that remedies are protective with respect to 
the ROD and ESD. The operating remedy components are functioning as designed, and 
no deficiencies were identified that impact the protectiveness of the remedies. The 
optimization components generally comply with the requirements of the ESD that 
supports the temporary shutdown of the Building 3001 (OU-l) groundwater pump-and­
treat system. 

The rebound study has not yet been completed. Though other studies are underway 
using investigative techniques such as environmental forensics and various treatment 
alternatives, a concerted effort towards site characterization and feasible treatment 
methods needs to be performed prior to initiating the next phase of treatment 
optimization. 

Performance monitoring needs to be reviewed and perhaps enhanced in order to 
improve the ability to interpret contaminant plumes. A complete round of groundwater 
sampling should be collected in 2008 to determine distribution of the COCs across the 
NPL site. Groundwater levels should be collected contemporaneously with sample 
collection. In addition the sentry wells used for performance monitoring need to be 
sampled in accordance to the ESD requirements and possibly re-evaluated for usability in 
the optimization evaluation. Sentry monitoring of the PZ during optimization needs to be 
evaluated for future protectiveness (i.e. for impacts of vertical plume migration). 

The remedy at NT A has reached a stage of diminishing returns. Since there are ICs 
in place to prevent unprotected workers from digging in the NT A area, an alternative to 
YEP should be considered. In addition, free product thickness and distribution need to be 
more rigorously defined to obtain and verify existing measurements. 
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SECTION 10 
PROTECTIVENESS STATEMENT(S) 

Building 3001 Site 

The remedy in place is currently protective of human health and the environment, 
during this period of system optimization. Long-tern protectiveness of the RA will be 
verified by continued groundwater monitoring and characterization to fully evaluate 
potential migration and impacts of the contaminant plume under Building 300 I. 

NTA Site 

The remedy in place is protective of human health and the environment. 

Pit Q-51 

The remedy in place is protective of human health and the environment. 

• 
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SECTION 11 
NEXT REVIEW 

The next Five-Year Review will be conducted III 2012, 20 years after 
implementation of the groundwater remedy at OU-i. 

• 
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G PaIIdi.,. G Locolion MMi" on III.., ll1RP A.-I GlItant•.•• _____ 

G !JoIpa :llncl1tinn Mm." ollalrc map AtalCXlIlllI 

GSnIi~ GLocolien "lIo~'Il Oft silO map Areal exJl'lIlt 
Romub _.' . ..... ­

.-. .. 	 . . 

9. 	 !IIIIpe .....ftJKty G!\lIr1e.1 (.I Lac"lion ~Oll" on sile map Ii No CYicIeftoe ofJtlof'O illlltdlllity 
Areal C%lCnt__... 

"~--'-
Acmuts 	 _e· 

... _---	 / _..........
-
n. lk.mc. G AJ']'llicah1c ~NlA 

(HorizontIIIIyC01>!llnlclod ,nonnd.. ofcart" p~ ;)CrOlll II llleep ImIdl'illlldIJ slope ~ interrupt the "Tapc 
in nnlar In !II"", dmm !he velocllY or !lUfraec mooFf' jrw! inlon:ept ROd cnmq' U.c runoff III " lined 
clumncL) 

1. 	 pt..,....,.... Bencll Gl..(ICnDon ,1",..... on .ill: map (; Nih 01' "kay 
Ramarb. 


.... . . ­~ 

2. 	 DadlBradd ~ Locution tJ\cI", n on slle IllIIP r. N"I A or oleay 
RCJIUII'b--_.'.- L._. _. 

_. 
). 	 Rndl~ GloCAtI'm ,"""" nn !litc In."'P G\lilA <'1' n\cRy 
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._.. ' 	 -- .. 
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AInf1c Gf k om. and wm "llow [hi! rullOt'f Ir.lCer cnllcdr.d by t.he hcnc~ In mn'IC off nr rhe 1andnJi 
(IOVIlI'wtll1outcn:a!ing crnaiao gul/lc9.) 

1. 	 !ietllUHIII Gr . .nc.~iDII shown on MIC IMfl GNn cviclcnl:c of 9CltJOloot1L 
An:IIl CXIalI Dc)!lh____.•....... 

R.cmarb ..... 


...~ 

2. 	 MorteriAl .....atloa G LOClllinn ....nwn nn IIlre map GNn cv1dcncc ordc!Jr~d'llon 
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• 14. Uadcnlllftllltl Gr.llClltilWl Rbown on slie map GNo C'.idooco OClllldel'Cllllinll 
Dcplh_____"".1 atem 

RImIarb .a., -
- ...... ,' ....- ....... 

.1- Ob~ T~'PO__ .. G )k) ohtItrucIlon.1 
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Size 
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,. 	 -- ... .. ­
6. 	 . Rucum Vqdalhe Growtl 1)ylQ. . _0 .... 

(. Nil evlrlomce nfmccmw growth 
a VCj!.etlUIcm 10 chllMcla ~ 001 obonnlCt Anw 
G locIIllan Mown 1\11 ~il" "III!' A"al CXletit 
Rcnwk.o ....... .... ­ "'-- ­

./-" -	 -..... 
D. CDYa' I'e-tl''''_ r. .I\flplicahlc ~A 

1. 	 C-",VCl'IlUl G J\elivoG 1'_,"", 
G Properly !IOClIretlllnclmd a Functiacllna G RtRll: lIaly :am1/t1ed ::: ("tnOd cOJIdition 
,~ Evidence oflcnlm~ I'll ~Clltlnn G Need. Mam.\lII811\)1) 
GNIA 
Romarb - . 0.- ......... 

, .. _- .' ._-	 ...-
2. 	 c-.... :weallorlnlJ l'robal 

GProperly ~cun:tl/loclcod CO I'Ilt1clinnlnJ G RO<Il' nely smnplod G('mnd canditinn 
G E~ of JOllie,.. at rcnclmtion G Nacdo Maint<:nnncc GNiA 
lU!i1ulrlc!l 

. - . ,"-' 	 .---- ­
" ....... 


• 

1. MontbrrInA W~ (within RurfsCQ '""'" nflmwlffil) 


GPropcriy lIOQlmlllnckcd r.; Fanetlcnln(l GRoot ".,Il' ""l'IIfIlcd G Good condllion 

G E...lclcoco Qf.lankago nt pcnclrntion :'1 Nccdo Mainlenance GNI'\ 
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~ 

4. 	 LGacbltQ Extnacdoa Weill 
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Ram&rtlI_.. .. .. _. .0 . 
.. ....- -'_.--	 _."­

• 




• 


• 


• 


L GIll CIIIIedI •• nd Trabllelt r. AfJpllcnble ~I!A 

1. Gel -rr.ua., FadltIes 
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~'----------------------------~----
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~~------~--------------------------------------
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~~-----------------------------------------------

3. OIId1tWwb GrUllclionin.ll GNf."­
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4. D_ 
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2. 	 Vopralln Grmom GLocatiOll.dio'lfn on ~i'a IIII\f' ,o;NI,'&" 
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 .-
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C. TratRmt s,.tnI ~1lP1~blc GNli\ 

1. 

ab mnt1'o'lll 
l'(A;,minD.., 
Ii ,rill_ 
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3. 	 T...k..V.al.... "2 Vetlltlll ~ 
G Nt" innd. cnncl11inn mp:r ICC<lIIdu)' cnntaimncnt G NcccIR ~"'inrcnll\)CC 
Ramarb 

.. .. -..- ...••..-...._. - -_.. 
4. 	 J)[ICIMrJII! 8lndJlft ••d APp'lrt'IIIIlftCM 

GNI." GGood c(l1ldtlinnG Need. Maillll:r:mc:c 
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RCI'IIlIfD .. ' .. 
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• D. )1nllwccl NntlInl Attnuldua 

I. M-"ar", Weill (Mlar4l1l1laK1ntinn n:mc:dy) 
C:1 f'rop:rly ~'1ndced GFnnclloolnll GRcw.ltincly AI1l1f1Jcd GGood ccmdiliOft 
G All required wells IDCAted G Need" MDilllC11111l1CC GN/A 
R.cmIIrIi$ 

'_"M 

- .._.......... .. .... _. -.. _. 

x. ornER RlnfDlL'II 

Jfth_ ~I'Q I'IImadillll Rpplled III tlwe Illre wIllolllIft' tIOlCloM:700 8bcM>,I1U11lh Dn j""pc:c:ti.",.Ju:at de!aihing 
Ille physicalllllitue and condition or1m)' IiIoility llIIIocilllad ,.n[h !flo ramorty. An ~mpl.would be toil 
wpor CIllncdoa. 

XI. OVERALL OBSl:RVATIONS 

A. 1......-•••'...of III. Re..edy 


Dotr;ril!o illlUOll mel ~IiClnS n:lllina 10 "iIctbcr the remedy ia ~fI'Ct;m wilil11c1innini n~ dlllltlfllld. 

B.l wid! n miDr IITalemanl nfwhat the remedy .. Ir ~ml1ll~h (t.o., 1(1 oon18ln ClD11IIlllillllR( pllllllC, 
minlmize lnrull'lltlon nod IIU omis.'lioo, Ole.). 

iJr )~ ''H::£ rtr le~__+l..I~Jd.!IIJI!I.~ ~~ c\.. (.s~ 
-'"e J.. s .. ~ .I!"!o!'" oJ .4f.~~ ~ :4/f.<:1.·L .~~ ~5l> 
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b... ru!.t~.!'..u. ~1....,:.#o"';"';:; 1~~....,dW".L...1 l..,w ~!"'i- ~sl> -I, 
d,k.... ;.,,~ A .1\.1!(!l. ;; ~CA{·.\n\"'C .....ts:,nr+:..... r= .J~..I" I 

---!~;.:!s:! ...~\~__.tf!.J.'~'!\'~_..:!~~~~_~ ~." =' ...'~ 9.\­

t'" or"" .... i 

~'" .... ~A'Sdl:~.4..j.\c I':S~ i":!sl':£s..::s ~ I...... ;;;;::Q~,\_~.-W4 I 

R. AdeqDIIq' nro.\:M 

• 
~be t_ nnd e>ll!lCTYllliOl1' relacod ((I t~ irnrllllnCl1ult!on And !!Cope ofO&:M prooedures. 1ft 
pnrticuiaT, diac:u.'III cbcir rel.lion.hip \CI the cun'cnl nJlIlloog-lcnl1 proIJ:cti\.""".,; "r Ihll rl!medy_ 

~r......M ~R--k.r ~:bcl:.,..t."!!!o ~r .J,.r4i.....~a.....\- s~l........ L.~.. t."!:iQ
""J;'t'l a.k·t..., ~Q~.. ..k·"""'4d t 

._. ..__.­

---.....--.... -.-..~-.--
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Deocr1he ....... ROO ~tOllS I'1x:h .. nnexpacted ~ In rbe cOU nf IICCIpe afQ&:M nr a htgh 
Itcqi&cftcy ohlllldnxllliad TQ(IIIinI, Ihlt MI8PI1llv1l 11.0 pmrc:dil'OlllM of tile remedy may bo 
c:omprombed iJllhc fuklft:. 
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.,f .J.f.. 5'/ Ie (f",,,.cC'l s:\.... r" b~ ~...... "",~ of , 



• Site Inspection Checklist 

• 


I. SITE INFORMATION 

Date of inspection: "'/I'l\ 0.,Site name: ~.u'... (,4..."- J'&loO I 
Location and Rqion: EPAID: Or'f"ln:t4~q, 

Weather/tempenture: 
review: t>cu~ ...... , 
Agency, omce, or company leadina the five-year 

F.~, 

Remedy Includes: (Check all that apply) 
.Landfill cover/containment • Monitored natural attenuation 
)(Access controls .Groundwater containment 
• Institutional controls • Vertical barrier walls 
)foroundwater pump and treatment~1ft..~.... \ 
• Surface water collection and i!:ent 
¥Other R~1.1i1 ~""'oeod ~-!'"'- Co.: -~ 

Attacbments: • Inspection team roster attached • Site map attached 

IL INTERVIEWS (Check all that apply) 

1. O&M site manager (f......._ E.- C -T.\-~.,
j:::1....~-, ~lltc(~J 
Name TlIe Date 

Interviewed .at site • at office Jiby phone Phone no. l+?D"H-4 (1 ~ 
Proble~ugges~• Report attached 
.s~& c-_, 

2.0&Mstaff 

\ t b.+ !:a:"..L..'_ - ,d;;:o£f A ..... .. 

Name Title 

:c:£ ttl: -
.......\.6--.£ ~"'±'1 

Date 
Interviewed. at site • at office • by phone Phone no. 
Problems, suggestions; • Report attached ___ 

• Site Inspection Checklist - 1 



---

• 3. Local replatory authorities and response agencies (i.e., State and Tribal offices, emergency response 
office, police department, office of public health or environmental health, zoning office, recorder of 
deeds, or other city and county offices, etc.) Fill in all that apply. 

Agency l-PA K.4~ L 
Contact ~;J...J r~-ifL..A 

Name Title Date Phone no. 
Problems; suggestions; • Report attached 

Agency 
Contact 

Name Title Date Phone no. 
Problems; suggestions; • Report attached 

Agency 
Contact 

Name Title Date Phone no. 
Problems; suggestions; • Report attached 

• 
Agency 
Contact 

Name Title Date Phone no. 
Problems; suggestions; • Report attached 

4. Other interviews (optional) • Report attached . 

• Site Inspection Checklist - 2 



---
__ 

• 	 m. ON-SITE DOCUMENTS" RECORDS VERIFIED (Cbeck 811 that apply) 

1. 	 OAM Documents 
~Mmanual )fReadilyavailable ~ptodate .N/A 
.As-built drawings • Readily available .Upto date .N/A 
• Maintenance logs • Readily available .Upto date .N/A 
Remarks 

2. 	 Site-Speeific Health and Safety Plan ~eadily available )IUp to date .N/A 
.Contingency plan/emergency response plan • Readily available .Upto date .N/A 
Remarks 

3. 	 OAM and OSHA Training Records tReadily available 'iupto date .N/A 
Remarks 

4. 	 Permits and Service Agreements 
• Air discharge pennit 	 • Readily available .Upto date .N/A 
• Effluent discharge 	 • Readily available .Upto date .N/A 
• Waste disposal, POTW • Readily available .Upto date .N/A 
• Other permits • Readily available .Up to date .N/A 
Remarks ~.s~ A....I J!III 

• 
5. Gas Generation Records • Readily available .Upto date .N/A 

Remarks l~.L J~1~ 

6. 	 Settlement Monument Records • Readily available .Upto date ~/A 
Remarks 

7. 	 Groundwater Monitorinl Records ~Readily available "Up to date .N/A 
Remarks 

8. 	 Leachate Extraction Records • Readily available .Upto date ~NfA 
Remarks 

9. 	 Discharge CompUance Records 
.Air • Readily available • Up to ~ ~N/A 
• Water (effluent) • Readily available .Up to date fA 
Remarks ~UJ,,_ 

10. 	 Daily Access/Security ~ • Readily available .Upto date .N/A 
Remarks ~; \. : -, t'!I '\}O~.l 1oc.!It.J. tl 

• 	 Site Inspection Checklist - 3 

I 



• 


• 


IV. OAM COSTS 

I. OAM Organization 
• State in-house • Contractor for State 
.PRP in-house • Contractor for PRP 
• Federal Facility in-house "Contractor for Federal Facility 
• Other 

2. OAM Cost Records 
• Readily available .Upto date 
.Funding mechanism/agreement in place 
Original O&M cost estimate • Breakdown attached 

Total annual cost by year for review period if available 

From To .Breakdown attached 
Date Date Total cost 

From To • Breakdown attached 
Date Date Total cost 

From To • Breakdown attached 
Date Date Total cost 

From To • Breakdown attached 
" 

Date Date Total cost 
From To • Breakdown attached 

Date Date Total cost 

3. Unanticipated or Unusually Higb OAM Costs During Review Period 
Describe costs and reasons: 

V. ACCESS AND INSTITUTIONAL CONTROLS VApplicable .N/A 

A. Fencing 

1. Fencing damaged .Location shown on site map ¥Jates secured 
Remarks 1~.'c:~!! 'T: ...LL ..J b"':~~=3 .', l<it c.._r~ 

.N/A 

B. Other Access Restrictions 

1. Signs and otber security measures • Location shown on site map 
Remarks 

.N/A 

• Site Inspection Check1ist - 4 



• C. Institutional Controls (ICs) 

I. 	 Implementation and enforcement 
Site conditions imply ICs not properly implemented .Yes .N/A 
Site conditions imply ICs nol being fully enforced • Yes t~ .N/A 

Type ofmonitoring (e.g., self-reporting, drive by) 
Frequency 
Responsible party/agency 
Contact 

Name 	 Title Date Phone no. 

Reporting is up-to-date • Yes .No .N/A 
Reports are verified by the lead agency .Yes .No .N/A 

Specific requirements in deed or decision documents have been met .Yes .No .N/A 
Violations have been reported • Yes .No .N/A 
Other problems or suggestions: • Report attached 

-

2. 	 Adequacy ~ICs are adequate .ICs are inadequate .N/A 
Remarks 

• D. General 

I. 	 Vandalism/trespassing • Location shown on site map )(No vandalism evident 
Remarks 

2. 	 Land use changes on site"AN/A 

Remarks 
 . 

3. 	 Land use change! ofTsite'j..N/A 

Remarks 


VI. GENERAL SITE CONDITIONS 

A. Roads l(Applicable .N/A 

I. 	 Roads damaged • Location shown on site map ~Roads adequate .N/A 
Remarks .. ­

• 	 Site Inspection Checklist - 5 



• Site Inspection Checklist 

I. SITE INFORMATION 

Site name: ~loo I AI'\"1 ;4.c INT,It 

Location and Regio.: Ol\~ I ~-c.c. b 
Age_cy, ofllce, or company leading the nv":-year 
review: 

Remedy Includes: (Check all that apply) 

Date of inspection: 4h~ ILot.l 

EPA ID: 0'" SlD2.'l~ 


Weatber/temperature: 

F~wI.,c-\lli[ 

• Landfill cover/containment • Monitored. natura] attenuation 
.Access controls • Growuiwater containment 
.Institutional controls • Vertical barrier walls 
• Groundwater pump and treatment 
• Surface water collection and tre~ent 
.Other V...,.._. l.....l.-~ ok -~ ;.d 

Attachments: .Inspection team roster attached • Site map attached 

U. INTERVIEWS (Check all that apply) 

1. O&:M site manager ~- ""--*" C-f.--~ ill'~' 0.... 

• 
. Name -4'itle Date 

Interviewed .at site ~by phone Phone no. (.fbc")1~+i01 
Problems, suggestions; • Report attached 

2. O&:M stafT S\-.'I""-I-J -VCVlQ........ »M. ~ Ca..,.4n.L~~ ~watlsllQ'

Name Title Date 

Interviewed.at site .at office~ Phone no. (M-'12.-1 \\0) 
Problems, suggestions; • Report hed 

• Site Inspection Checklist - ] 



• 3. Local regulatory authorities and respoDse aaencies (i.e., State and Tribal offices, emergency response 
office, police department. office ofpublic health or environmental health, zoning office, recorder of 
deeds, or other city and county offices. ek:.) Fill in all that apply. 

=g!q,!l--\ ROO' Title Date Phone no. 
Problems; suggestions; _Report attached 

Agency OJH~'G} 
Contact i~ ~!II.l~\.t. Wl,.U,-·tl~ ..... ~}1°1~~J 

Name Title Date Phone no. 
Problems; suggestions; _ Report attached 

Agency 
Contact 

Name Title Date Phone no. 
Problems; suggestions; _ Report attached 

• 
Agency 
Contact 

Name Title Date Phone no. 
Problems; suggestions; _ Report attached 

4 . Other interview! (optional) _Report atlached. 

• Site Inspection Checklist - 2 
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III. ON-SITE DOCUMENTS It RECORDS VERIrIED (Check all that apply) 

1. O&tM Documents 
.O&Mmanual ~Readily available ~Uptodate .N/A 
• As-built drawings 
• Maintenance logs 

• Readily available 
X.Readily available 

.Up to date 
1(.Up to date 

.N/A 

.N/A 
Remarks 

2. Slte-SpceiOc Health and Safety Plan ~Readily available ~Uptodate .N/A 
.Contingency plan/emergency response plan • Readily available .Up to date .N/A 
Remarks 

3. O&M and OSHA Training Records y'Readily available ~Up to date .N/A 
Remarks 

4. Permits and Service Agreements 
• Air discharge pennit • Readily available ~Uptodate .N/A 
• EfDuent discharge • Readily available "-Up to date .N/A 
• Waste disposal, POTW • Readily available lvp to date .N/A 
• Other permits • Readily available .Up to date .N/A 
Remarks 

5. Gas Generation Records • Readily available .Upto date '(.NlA 
Remarks 

6. Settlement Monument Records • Readily available .Upto date ~N/A 
Remarks 

7. Groundwater Monitoring Records ~Readily avail8ble '-Up to date .N/A 
Remarks 

8. Leachate Extraction Records • Readily available .Upto date ~N/A 
Remarks 

9. Discbarge Compliance Records 
• Air • Readily available ~.Uptodate .N/A 
• Water (effluent) • Readily available ~.Uptodate .N/A 
Remarks 

10. Daily AcceulSec:urity Logs ~Readily available ~Uptodate .N/A 
Remarks 

• Site Inspection Checklist - 3 
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IV. O&M COSTS 

l. O&M Organization 
• State in-house • Contractor for State 
• PRP in-house • Contractor for PRP 
• Federal FaciJity in-house ~Contractor for Federal Facility 
• Other 

2. 04M COlt Records 
• Readily available .Uptodate 
~Funding mechanism/agreement in place 

Original O&M cost estimate • Breakdown attached 

Total ann~cost by year for review period if available 

From 
4,ro.;_~\y 130."'\)0 ~""'4.\\y 

To • Breakdown attached 
Date Date Total cost 

From To • Breakdown attached 
Date Date Total cost 

From To • Breakdown attached 
Date Date Total cost 

From To • Breakdown attached 
Date Date Total cost 

From To .Breakdown attached 
Date Date Total cost 

3. Unanticipated or Unusually Bigh O&M COlts During Review Period 
Describe costs and reasons: 

V. ACCESS AND INSTITUTIONAL CONTROLS .Applicable .N/A 

A. Fencing 

l. Fencing damaged • Location shown on site map )IGates secured 
Remarks 

.N/A 

B. Other Access Restrictions 

l. Signs and other security meas.res • Location shown on site map 
Remarks 

.N/A 

• Site Inspection Checklist - 4 



• C. Institutional Controls (ICI) 

I. 	 Imple.eatation and enforcement 
Site conditions imply ICs not properly implemented .Yes .N/A 
Site conditions imply ICs not being ruUy enforced • Yes .N/A~~ 

(:-\--
Type ofmonitoring (e.g., self-reporting, drive by) .s:~ "'.. 
Frequency 

RespoDsible partylagency c.nl6 

Contact 	b_ ~_\- &w e.~~<!!o&&, <d~'3~· 4(11 

Name 	 Title Date Phone no. 

Reporting is up-to-date ",Yes .No .N/A 
Reports are verified by the lead agency "'Yes .No .N/A 

Specific requirements in deed or decision documents have been met .No .N/A~Yes 
Violations have been reported Yes .No .N/A 
Other problems or suggestions: • Report attached 

2. 	 Adequacy )(ICs are adequate .ICs are inadequate .N/A 
Remarks 

• D. GeJlel'8I 

1. 	 VandalislDltrespassing • Location shown on site map ){No vandalism evident 
Remarks 

2. 	 Land use changes on site'1N1A 

Remarks 


3. 	 Land use cbanges off sitef.,N1 A 

Remarks 


VI. GENERAL SITE CONDITIONS 

A. Roads • Applicable .N/A 

\. 	 Roads damaged • Location shown on site map )(Roads adequate.NIA 
Remarks 

• 	 Site Inspection Checklist - 5 
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Executive Summary 

The ROD, signed in August 1993 provided for a limited action remedy for the Soldier Creek 
Sediment and Surface Water Operable Unit 2. The remedial actions selected in the ROD 
incorporate the following: 1) a five-year monitoring program of the Soldier Creek sediment and 
surface water at on-base and off-base locations to determine if contaminant migration has 
occurred and, if so, determine if migration has resulted in contaminant concentrations greater 
than health based cleanup goals, 2) an ecological investigation of Soldier Creek sediment and 
surface water to further define potential environmental risk, 3) annual monitoring reports to 
present and evaluate monitoring results for levels exceeding health-based cleanup goals and, 
finally 4) a five-year ROD review to ensure that the remedy continues to provide adequate 
protection of human health and the environment or whether additional remedial actions are 
necessary. The initial five-year review was completed in 1998 and gained regulatory acceptance 
in October 2002. This document is the third five-year review. 

The assessment of the previous review indicated that there were no unacceptable risks to human 
health and the environment. Numerous remedial activities not required by the ROD have 
occurred in the area that serve to remove or reduce potential contaminant sources. In addition, 
results of the humau health risk assessments indicate no unacceptable risk to human health and 
there have been no exceedences of health based screening levels (based on 1 X 10 -4) . 
Therefore, sampling has been discontinued and the site is considered closed in accordance with 
the ROD. A Remedial Action Report (RAR) was submitted and was accepted by the EPA on 
January 12, 2006. 

This Remedial Action Report (RAR) documented that Tinker Air Force Base has completed all 
construction activities for the remedial action at the Soldier Creek Sediment and Surface Water 
(OU-2) site in accordance with Close-Out Procedures for National Priorities List Sites (EPA 
OSWER Directive 9320.2-09A-P, January 2000). A letter dated September 14th

, 2004, was 
received from the Environmental Protection Agency (EPA) which confirmed that the remedial 
actions conducted at the site were constructed in accordance with the Record of Decision (ROD), 
August 1993. Tinker Air Force Base (AFB) has completed remedial construction activities 
necessary to achieve performance standards and site completion. 

All site response actions, including remedial actions, were accomplished pursuant to, and in 
accordance with, the requirements of the Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA), 42 U.S.c. § 9601 et seq., and consistent with the 
National Contingency Plan (NCP), 40 CFR Part 300 . 
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• Five-Year Review Summary Form 

• 

9/30/2007 

Other 

•• [Review period should correspond to the actual start and end dates of the Five-Year Review in WasteLAN.] 

• 

Remediation status (choose all that apply): Under Construction 

x Com 

Operating 

Multiple OUs?* x YES 

NO 

Construction completion date: September, 2004 

onal Discretion 

Review number: 1 

Triggering action: 
Actual RA Onsite Construction at au # 
Construction Completion 

I\IPL-Removalonly 
NPL State/Tribe-Iead 

Actual RA Start at OU# 
x Previous Five-Year Review Report 

• ["OU" refers to operable unit.] 

NPL status: X Final Deleted Other 
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Five-Year Review Summary Form (cont'd) 

Issues: 
There are no issues associated with this five-year review. 

Recommendations and Follow-up Actions: 
A letter dated September 14th

, 2004, was received from the Environmental Protection Agency (EPA) which 
confirmed that the remedial actions conducted at the site were constructed in accordance with the Record of 
Decision (ROD), August 1993. Tinker Air Force Base (AFB) has completed remedial construction activities 
necessary to achieve performance standards and site completion. 

In addition, a Remedial Action Report (RAR) was submitted and was accepted by the EPA on January 12,2006. 
This Remedial Action Report (RAR) documents that Tinker Air Force Base has completed all construction activities 
for the remedial action at the Soldier Creek Sediment and Surface Water (OU-2) site in accordance with Close-Out 
Procedures for National Priorities List Sites (EPA OSWER Directive 9320.2-09A-P, January 2000). 

All site response actions, including remedial actions, were accomplished pursuant to, and in accordance with, the 
requirements of the Comprehensive Environmental Response Compensation and Liability Act (CERCLA), 42 
U.s.c. § 9601 et seq., and consistent with the National Contingency Plan (NCP), 40 CFR Part 300. 

Because the remedies specified in the ROD have been fulfilled and because approval for the Remedial Action 
Report has been accepted by the EPA, this will be the final Five Year Review report for the Soldier Creek Sediment 
and Surface Water (Operable Unit 2). 

Protectiveness Statement(s): 
Based on results of the HHRAs and comparison of data to health-based action levels, there is no unacceptable 

risk to human health for the SCSSW Ou. 

In addition, numerous activities have occurred in the area of the SCSSW OU that serve to remove or reduce 
potential contaminant sources. Certain remedial measures have also recently been implemented by OC-ALCIEM at 
West Soldier Creek. Flight line criteria at Tinker AFB have prompted upgrades to the landscape along the creek. 
The channel of the creek has also been concreted. This action serves as a facility improvement as well as a remedial 
measure (although not identified as a ROD requirement) to minimize the potential for sediments to move off-base 
and pose a human health or ecological threat to downstream receptors. 

Protectiveness of the environment has been attained by these remedial responses. As required in the ROD for 
this site, annual monitoring efforts were carried out during the previous five years to ensure no danger to human 
health or the environment exists. Because sampling has been discontinued at the SCSSW OU and the site is 
considered closed in accordance with the ROD, it is recommended that no further five year reviews be generated. 

Other Comments: 
No other comments . 

• 
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SECTION 1 

INTRODUCTION 

The U.S. Air Force has conducted the final five-year review of the remedial action 
implemented at the Soldier Creek site at Tinker Air Force Base in Oklahoma (Figure 1). The 
primary purpose of the review is to determine whether the remedy remains protective of human 
health and the environment. Five-year review reports identify deficiencies, if any, and 
recommendations to address them. Five-year review reports document the evaluation of the 
implementation of the remedy and operation and maintenance (O&M), as well as the continued 
appropriateness of remedial action objectives (RAOs), including cleanup levels at a site. This is 
the second five-year review for the Soldier Creek site. There have been no additional remedial 
efforts since the last five-year review, therefore, descriptions of work contained in past five year 
reviews are not repeated in this five year review to limit repetition. The previous Five-Year 
Review was submitted in February 2003 and gained regulatory approval through a letter from the 
USEPA dated January 25, 2005. 

• 

This review is required by statute. Section 121(c) of the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the Superfund 
Amendments and Reauthorization Act of 1986 (SARA), and Section 300.430(f)(4)(ii) of the 
National Oil and Hazardous Substance Pollution Contingency Plan (NCP), require that periodic 
(no less often than every five years) reviews be conducted for sites where hazardous substances, 
pollutants, or contaminants remain at the site above levels that allow for unlimited use and 
unrestricted exposure following the completion of all remedial actions . 

Executive Order 12580 delegates the authority to conduct five-year reviews to the 
Department of Defense, where either the release is on, or the sole source of the release is from, 
any facility under the jurisdiction of those departments. In the Federal Facilities Agreement 
signed on December 9, 1988 between the U.S. Air Force, EPA, and the Oklahoma State 
Department of Health (succeeded by the Oklahoma Department of Environmental Quality in 
1993), the U.S. Air Force was established as the lead agency for remediating the Soldier Creek 
Site. 

SECTION 2 
BACKGROUND 

SITE DESCRIPTION 

The main portion of Soldier Creek is to the east of Tinker AFB; however, two unnamed 
tributaries (East and West Soldier Creeks) originate on the Base. Soldier Creek flows to the 
north from its headwaters near Southeast 59th Street to its confluence with Crutcho Creek 
approximately six miles downstream (Figure 2). According to the Federal Facility Agreement 
(FFA) for the Base, the Soldier Creek Operable Unit includes Soldier Creek, its tributaries, and 
any area underlying or adjacent to the waterway that may be contaminated by the migration of 

• 
hazardous substances, pollutants, or contaminants from Tinker AFB . 
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• The Soldier Creek Sediment and Surface Water (SCSSW) site, or Operable Unit 2 (OU-2), 
includes Soldier Creek, its tributaries, and any area underlying or adjacent to the waterway that 
may be contaminated by the migration of hazardous substances or pollutants from Tinker AFB. 
The tributaries of Soldier Creek are unnamed, but are referred to as East and West Soldier 
Creeks in this report. As required in the SCSSW ROD, a work plan was created for monitoring 
this OU and the boundaries of the OU were established in the work plan. As defined in the work 
plan (WCFS, 1994), these boundaries are as follows: 1) All sediment and surface water of East 
Soldier Creek that originate on Tinker AFB to the intersection of East Soldier Creek and 
Interstate 40 north of Tinker AFB, and 2) All sediment and surface water of West Soldier Creek 
that originate on Tinker AFB to the intersection of West Soldier Creek and Interstate 40 north of 
Tinker AFB. 

The boundaries include the ditches leading from the eight NPDES outfalls to East and West 
Soldier Creeks, the lower portion of the stream defined as Tributary B in the RIfFS documents 
Uust prior to its confluence with East Soldier Creek), and terrestrial habitats within the 100-year 
floodplain of the aforementioned stream segments (or within 50 feet from either bank of the 
stream where it is not located in the 100-year floodplain). These boundaries supercede the 
boundaries originally established in the Soldier Creek RI (B&V, 1993b). 

Environmentally sensitive areas within the Soldier Creek site include the Garber-Wellington 
aquifer and Soldier Creek as described above. The closest Superfund site is the Mosley Road 
Landfill site located approximately 6 miles north of Tinker AFB. 

• LAND AND RESOURCE USE 

Prior to 1941, the site was located on undeveloped pasture and prairie lands. There were 
some agricultural activities and ranching but no known industrial uses prior to 1941. Beginning 
in 1941,960 acres of land were donated to the Army Air Corps by the City of Oklahoma City for 
the construction of the Midwest Air Depot. Renamed Tinker Field in 1942 and subsequently 
Tinker Air Force Base in 1948, the entire base now covers 5,277 acres. 

The on-base portion of the Soldier Creek site is in the northeast quadrant of Tinker AFB, 
which is the most industrialized area of the base. 

The off-base properties within the Soldier Creek site included the Kimsey Addition to the 
north, along with commercial/retail establishments and mobile homes to the east. The Kimsey 
Addition was a residential area consisting of approximately 100 homes bounded by Tinker AFB 
to the south and west, Interstate 40 to the north, and Douglas Boulevard to the east. Since the 
last Five-Year Review, the properties in the Kimsey Addition and some nearby businesses have 
been purchased by Oklahoma County. The houses and businesses have been demolished and the 
parcel is being fenced and gated for use by Tinker AFB (Figure 3). The commercial/retail 
facilities between Tinker AFB and East Soldier Creek include convenience stores and self­
storage units. Other than the Evergreen Mobile Home Park, the remainder of the site east of 

• 
Douglas Boulevard and northwest of East Soldier Creek is undeveloped between the mobile 
home park and Interstate 40 . 
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Soldier Creek and its tributaries receive surlace runoff from approximately 9,000 acres (14 
square miles), at its confluence with Crutcho Creek. Areas of Tinker AFB that contribute runoff 
or discharge to Soldier Creek and its tributaries include the eastern-most runway areas and the 
Building 3001 complex. Prior to April 1996, the IWTP discharged treated water to East Soldier 
Creek. Recharge from East Soldier Creek to the aquifer occurs and remains within the 
boundaries of Tinker AFB. 

Surrounding Community 

The Soldier Creek site and Tinker AFB lie within an area representing transition from 
residential and industrial/commercial land use on the north and west to agricultural land use to 
the east and south. Soldier Creek and its tributaries, which flow northwest through the area, are 
bordered by recreational and residential areas with some areas supporting commercial and 
industrial land use. Some off-base industries, such as a metal plating facility and a dry cleaning 
facility, and commercial facilities such as gas stations, auto repair facilities, and a closed sanitary 
landfill are located within the drainage basin. In addition, three schools, Soldier Creek 
Elementary, Steed Elementary, and Monroney Junior High are located within the drainage basin. 
There are ten public parks within the general vicinity of Tinker AFB, including the Joe B. Barns, 
Fred F. Meyers, Kiwanis, and Lions Parks. A public golf course is also located north of the base. 
Five trailer parks are located north and northeast of Tinker AFB. 

The land use plan for the area immediately north of Tinker AFB, between Sooner Road and 
Douglas Boulevard includes all levels of land use. The areas between Sooner Road and Midwest 
Boulevard (see Figure 1 for location) were zoned primarily for housing (single and multifamily 
units) and low to medium commercial use, however, since the last Five-Year Review; the area 
has become commercial only (Figure 3). Large retail stores such as Lowes, SuperTarget, Kohls, 
Marshalls, Best Buy and many restaurant and smaller retail stores are currently located in this 
area. The area between Midwest Boulevard and Douglas Boulevard is zoned primarily for heavy 
commercial and moderate to heavy industrial use. 

Soldier Creek, which flows from Tinker AFB into adjacent neighborhoods, is reportedly 
used for wading and playing by area children and is large enough to support edible fish. No 
hunting or fishing has been reported to occur in the immediate area outside of Tinker AFB. 
Hunting is not permitted on base and fishing is not permitted in Soldier Creek within base 
boundaries. Beneficial uses of Soldier Creek include agriculture, secondary recreation, process 
and cooling water, and aesthetics. Soldier Creek also supports a warm-water aquatic community. 

Human Use ofResources 

The most important source of potable groundwater in the Oklahoma City metropolitan area 
is the Central Oklahoma aquifer, which is commonly referred to as the "Garber-Wellington 
aquifer." Tinker AFB presently obtains part of its water supplies from wells that are completed in 
the Garber-Wellington aquifer. Base wells range from 700 to 1,100 feet in total depth, with 
yields ranging from 205 to 250 gallons per minute (gpm) . 
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• On the east side of Tinker AFB, the Garber-Wellington aquifer has been classified as a Class 
IIA aquifer by the State of Oklahoma, indicating that it provides groundwater from a major, 
unconfined basin that is capable of being used as a drinking water supply with little or no 
treatment (OAC 785:45-7-3). The western portion of the Garber-Wellington aquifer basin, which 
extends from the west side of the base to just west of Oklahoma County, is classified as a Class 
IIC aquifer, a major confined groundwater basin. Tinker AFB and the nearby communities of 
Midwest City and Del City derive a portion of their water supply from the Garber-Wellington 
aquifer. 

Until 1993, groundwater was used as a domestic water source by several of the residents 
living within and adjacent to the boundaries of the site. Most of these wells were removed from 
service in 1994 after municipal water distribution lines were conveyed to and installed at the 
residences and businesses. A records search and site survey indicated that there are no off-base 
wells adjacent to the northeast portion of the base that are known to be used for drinking water 
purposes. All of the water supply wells on Tinker AFB are routinely sampled for contaminants. 

CONTAMINANTS 

• 
The Air Force Installation Restoration Program (IRP) Phase I identified potential sources of 

contamination through records searches and reviews of waste management practices. The first 
report of a release to the environment occurred in 1983 during routine wellhead sampling and 
testing. Trichloroethene (TCE) and tetrachloroethene (PCE) were detected in two of the base 
water supply wells (WS 18 and WS 19) at Building 3001. A Phase II IRP investigation was 
conducted in 1984 to confirm and quantify contamination resulting from past waste storage 
practices at Building 3001. Sampling was also initiated at East and West Soldier Creek in 1984. 
Sample results indicated the presence of chromium and solvent contamination in the sediment 
and surface water. In September 1987, the Soldier Creek site was evaluated under the hazard 
ranking system with a score of 42.24 and was placed on the NPL. 

The groundwater used by residents and the work force of Tinker AFB was identified as an 
exposure pathway. Potential points of exposure included water supply wells and discharge to 
surface water bodies. Exposure with long-term health effects was deemed a possibility in the 
1988 baseline risk assessment. A chronology leading to the NPL listing is provided in Table 1. 

Remedial investigations of the SCSSW OU were conducted between 1990 and 1991. 
Results of the sediment analyses indicated acetone, chloroform, methylene chloride, PCE, 
toluene, xylene, cadmium, chromium, and lead were the primary sediment contaminants. The 
primary surface water contaminants were acetone, chloroform, methylene chloride, PCE, 
toluene, 1,1,1 trichloroethane, cadmium, chromium, and lead. 

The surface water and sediment of Soldier Creek were considered as potential exposure 
pathways for human receptors, but results of the 1993 risk assessment for these media indicated 
that there was not an unacceptable risk to human health . 

• 
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• Table 1 
Activities Leading to NPL Listing for SCSSW OU 

Investigation! Activity Description Event Date (Source) 
Sediment and surface water 
sampling 

Evaluate water quality effects of OctoberlNovember 
wastewater discharge from Tinker AFB 1984 

on Soldier and Crutcho Creeks (USEPA, 1984) 

Sediment sampling Site investigation to evaluate magnitude October 1985 
of contamination in East and West (HKS,1985) 

Soldier Creeks 

Sediment dredging Dredging of unknown volume of ApriVMay 1986 

sediment from on-base portions of East (HKS,1986) 

and West Soldier Creeks 

NPDES surface water 
sampling 

Determine surface water concentrations September 1986 - July 1987 
downstream of IWTP effluent (Tinker AFB) 

discharge location 

Sediment and surface water 
sampling 

Sampling was performed to collect March - September 1987 

sediment and surface water samples at (Source:B&V,1993b) 
the IWTP and sanitary wastewater 

treatment~lant outfalls . 

NPL listing Main stream of Soldier Creek and all July 22,1987 

tributaries of Soldier Creek originating on 
Tinker AFB were included in the NPL site • 


INITIAL RESPONSE 

The U.S. Environmental Protection Agency (EPA), U.S. Air Force, and Oklahoma State 
Department of Health signed a Federal Facilities Agreement (FFA) designating the Air Force as 
the only Potentially Responsible Party (PRP). Response actions initiated prior to the ROD are 
discussed below. 

In 1986, excavation activities were conducted along East and West Soldier Creek to identify 
and eliminate potential sources of contamination to Soldier Creek. Approximately 7,500 cubic 
yards of sediment were removed. In 1990 and 1991, several industrial cross-connections were 
removed that may have been contaminating the Soldier Creek storm-water system. Between 
1990 and 1993, fourteen solvent pits and USTs in the vicinity of Soldier Creek were removed or 
abandoned. 

The SCSSW ROD was signed in September 1993. Contamination remains on-site, but there 
have been no unacceptable human health risks associated with the levels of contaminants 
detected. Numerous contaminants, however, were found to present an unacceptable ecological 

• risk. These risks were based on concentrations of site contaminants, which exceeded the lowest 
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available eco-toxicological benchmark for the exposure pathway. The adverse effects were 
limited to a localized scale in on-base areas . 

SECTION 3 
REMEDIAL ACTIONS 

Remedy Selection and Implementation 

The ROD, signed in August 1993 provided for a limited action remedy for the SCSSW au. 
The remedial action objectives for the au were to prevent the ingestion of, or dermal contact 
with, sediment and surface water with contaminant concentrations greater than health-based 
cleanup goals and to prevent off-base migration of contaminants with concentrations greater than 
health-based cleanup goals. Existing or potential groundwater contamination was to be addressed 
separately under the Soldier Creek Off Base Groundwater (SCOBGW) au due to the 
complexity of potential groundwater interactions between all of the OUs at Tinker AFB. The 
IWTP/SCOBGW investigations included evaluation of the interactions between the creeks and 
groundwater. 

The baseline risk assessment determined that the Soldier Creek sediment and surface water 
did not pose a risk to human health or the environment in excess of the acceptable risk-based 
levels established by EPA. However, the environmental assessment conducted as a part of the 
baseline risk assessment was only qualitative and could not be used to fully assess ecological 
risk. Long-term monitoring would be used to determine if levels in the creek remain below the 
health-based cleanup goals over time and quantitatively evaluate the environmental risk, if any, 
existing at the au. The remedial actions selected in the ROD incorporated the following 
components: 

• 	 A five-year monitoring program of Soldier Creek sediment and surface water at on-base 
and off-base locations to determine if contaminant migration has occurred and, if so, 
determine if migration has resulted in contaminant concentrations greater than health­
based cleanup goals. 

• 	 An ecological investigation (quantitative and qualitative) of Soldier Creek sediment and 
surface water to further define potential environmental risk. 

• 	 Annual monitoring reports to present and evaluate monitoring results for levels 
exceeding health-based cleanup goals. 

• 	 A five-year ROD review to ensure that the remedy continues to provide adequate 
protection of human health and the environment or whether additional remedial actions 
are necessary. 

A chronology of the remedy development and implementation activities for the SCSSW au 
is provided in the Table 2 below . 
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• 
Table 2 

Summary of Remedy Development and Implementation Activities at SCSSW OU 

• 

Investigation! Activity Description Date(and Source) 

Quarterly groundwater 

sampling 
Sample groundwater in area of East and West 
Soldier Creeks, Building 3001, and IWTP. 

December 1987 - March 1989 
USACE, Tulsa District 
(Source: WCFS, 1998) 

Final storm water 

investigation 

Sample surface water to identify contaminant 

release from Building 3001 storm sewers to 

East and West Soldier Creeks 

October 1989 

(NUS, 1989) 

Phase I and Phase II RIIFS Determine extent of sediment and surface 

water contamination along East, Main, and 
West Soldier Creeks 

Phase I - July 1990 

Phase II - June1991 
(B&V, 1993b) 

HI-IRA and qualitative ERA Quantitative HHRA and qualitative ERA to 

establish potential current and future risk to 

on-base and off-base receptors utilizing 

sediment, surface water, and groundwater data 

February 1993 
(B&V, 1993c) 

ROD issued/signed Establish remedial action for the site Issued - August1993 

Signed - September 

14,1993 (B&V, 1993a) 

Quantitative ERA II Quantitative ERA to determine potential 

effects of chemicals in surface water and 

sediment on biological environment - included 

biological survey to determine characteristics 

of species within on-base and off-base portions 

of the OU (conducted as ROD requirement) 

Vols. I, II, III 

WCFS, 1997 

First - Seventh year long-term 
monitoring and annual reports 

Quarterly monitoring of sediment and surface 

water and yearly reporting to present 
monitoring results and HHRA I (conducted as 

ROD requirement) 

November 1994 through 
October 2002 

Remedial responses Numerous past and on-going remedial actions 
in the area to provide protectiveness of the 
environment such as sediment removal and 

cementing of creek beds in 1999. 
(actions not identified as a ROD requirement) 

1990 - on-going 

II 

Operation and Maintenance Requirements 

• 
There are no O&M requirements associated with the continued monitoring rep1edy. Flight 

line criteria at Tinker AFB have prompted upgrades to the landscape along West Soldier Creek. 
The channel of West Soldier Creek has also been concreted. This action serves as a facility 
improvement for Tinker's mission, as well as a remedial measure (although not identified as a 
ROD requirement) to minimize the potential for sediments to move off base and pose a human 
health or ecological threat to downstream receptors . 
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• Remedial Action Objectives 

The selected remedial action goals for the SCSSW were based on results of the baseline risk 
assessment (RA) conducted for the OU (B&V, 1993 c), which included a quantitative baseline 
human health risk assessment (BHRA), and a qualitative ecological risk assessment (ERA). 
Results of the BHRA showed that potential risk to human health from Soldier Creek sediment 
and surface water was within acceptable risk-based exposure levels established by the EPA. The 
qualitative ERA identified several contaminants that may pose a potential environmental 
concern, however, additional study was recommended to fully characterize potential risk. 

The health-based cleanup goals were identified in the ROD as to-be-considered (TBC) 
criteria to be used as guidelines for evaluating future concentrations of contaminants detected in 
Soldier Creek sediment and surface water. TBCs are evaluated in the five-year review with 
respect to any changes since the time of their development. TBCs can vary due to changes in site 
characteristics (e.g., receptors, exposures, or pathways) and/or characteristics of the contaminant 
(e.g., new toxicity information and level of contaminant). The TBCs were initially based on the 
existing site conditions and contaminant characteristics computed by back-calculating equations 
used in the BHRA (B&V, 1993b; 1993c). 

• 
The ROD response action was based on sediment and surface water data collected during 

Phase I and Phase II of the RI. For these media, the BHRA evaluated potential risks for 
incidental ingestion and dermal contact for adult workers and child/adult recreators. Based on the 
conceptual site model (CSM), which identifies and describes exposure pathways, which may be 
potentially complete for the site, ten reasonable maximum exposure (RME) scenarios were 
selected to represent the current and future land use. The exposure pathways and RME 
assumptions initially evaluated in the BHRA are considered to be applicable to current 
conditions. 

The qualitative ERA focused on the effects of contaminant exposure on general populations 
of aquatic and terrestrial species typical of the OU area (B&V, 1993 c). It was found that the 
presence of several metals in surface water and sediment (barium, cadmium, chromium, copper 
lead, nickel, selenium, silver, and zinc) were of potential environmental concern to aquatic 
species; however, additional data were needed to fully characterize this risk as well as the 
potential risk to terrestrial species. 

Human Health Risk Assessment 

The first annual human health risk assessment (HHRA I) was prepared to provide 
information on potential "current" and future risks based on data for surface water and sediment 
samples collected in November 1994, and January, April, and June 1995. The stream segments 
that were sampled are shown on Figure 4. The data were also used to compare results with those 
of the RI (B&V, 1 993b) and determine if previous conclusions remained valid. Based on results 
of the second year of quarterly monitoring, the second annual HHRA (llliRA II) was prepared to 

• 
address the same issues as the llliRA I. 'Current" data for HHRA II (collected in October 1995, 
and March, May, and August 1996) were used to identify potential risk and also verify that 
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previous conclusions remained valid. These issues were similarly addressed in the third annual 
HHRA (HHRA III) using monitoring results from samples collected in January and July 1997 . 

Although not impacting the overall results, slight differences in methodology are noted 
between the original BHRA and the long-term HHRAs: 

• PCB/pesticide analyses were added as sampling criteria in the long-term monitoring 

• 
study (these analytes were not included in the RI samples); 
Four stream segments were evaluated for risk in the long-term HHRAs (nine segments 
were evaluated in the BHRA); and 

• Age-corrected skin surface areas for the potential receptors were used in the long-term 
HHRAs for evaluating exposure to surface water and sediments (these parameters were 
not corrected in the BHRA). 

Despite these slight differences in approach, there were no unacceptable cancer risks or non­
carcinogenic hazards calculated during any of the long-term HHRAs. Thus, under the "current" 
or future stream use conditions for potential on-base or off-base population exposures to 
sediment and surface water in the SCSSW OU, there continues to be no unacceptable human 
health risk. 

Comparison of Data to Health-Based Cleanup Goals 

Based on the remedial action requirements for the SCSSW QU, human health-based cleanup 
goals were developed to evaluate the long-term monitoring results. These health-based goals 
were calculated for each chemical using the most health-protective exposure scenario (i.e., the 
scenario associated with the highest calculated risk or hazard). The residential exposure scenario 
was used for chemicals found off-base and the construction worker scenario was used for on­
base chemicals. 

Four sets of human health-based cleanup goals were developed based on acceptable risk 
levels established by the EPA. This included three levels for carcinogens based on the EPA­
acceptable cancer risk range of 10-6 (one additional case of cancer per one million), 10-5 (one 
additional case per one hundred thousand), and 10-4 (one additional case per ten thousand). One 
health-based risk level was also calculated for each non-carcinogenic chemical based on the 
target Hazard Index (HI) of 1.0. For chemicals with both carcinogenic and non-carcinogenic 
properties, the lower (more health-protective) level was selected. Since surface water is dynamic 
(constantly changing), the calculated health-based cleanup goals are referred to as "health-based 
indicators of water quality." Both sediment and surface water values, however, provide the basis 
for comparing chemical concentrations to health-based levels and for evaluating whether 
additional remedial action may be necessary at the site. 

During the BHRA and subsequent long-term monitoring HHRAs, health-based indicators 
for water quality were not exceeded for any detected contaminants. No analytes in sediment 
samples exceeded the 10-4 RAO, which is the highest TBC concentration for a chemical detected 
at the site based on the USEPA-accepted risk range (10-6 to 10-4

). The third year long-term 
monitoring annual report (WCFS, 1998) contains the results of the comparison of site data to the 
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acceptable 	10-4 to 10-6 range of health-based cleanup goals. 

• 	 TBCs are evaluated in the five-year review with respect to any new infonnation on chemical 
toxicity, which may increase or decrease the TBC. Since the time of the third year monitoring 
report, toxicity data for two of the detected contaminants (alpha-chlordane and beryllium) have 
been updated (EPA, 1998). The new cancer and non-cancer toxicity data for alpha-chlordane 
show that the chemical is less toxic than indicated in the HHRAs. Beryllium was not identified 
as presenting a potential human health risk using the previous toxicity data, and although new 
data indicate that the chemical is slightly more toxic as a non-carcinogen, the change in the 
toxicity value is not significant for the site. [The change in the toxicity value would result in a 
decrease of the non-carcinogenic action level for sediments from 21,800 to 8,720 milligrams per 
kilogram (mg/kg). Compared to the range of detected concentrations for beryllium in sediments 
(1.7 to 0.27 mg/kg), this change is not significant]. Since beryllium was not detected in surface 
water during the third year monitoring results, there is no effect on the level of risk for this 
medium. Additionally, the oral slope factor (SF) for beryllium has been withdrawn (the toxicity 
data show that beryllium is not carcinogenic by ingestion). Thus, the chemical would not be 
calculated as a carcinogen via ingestion of sediments (i.e., the calculated overall carcinogenic 
risk would decrease). 

Ecological Risk Assessment 

• 
The ecological investigation mandated by the ROD for the SCSSW au was conducted as 

part of the environmental monitoring program to quantify potential effects of contaminant 
concentrations on the biological environment of the creek (WCFS, 1997b). The main ERA field 
activities were perfonned during October 1994 and June 1995. One noted observation of the 
ecological survey was that no federally listed threatened or endangered species or their habitats 
were found to occur within the SCSSW au. 

For sampling data evaluated in the ERA, a constituent was selected as a chemical of 
potential concern (COPC) if it was detected in one ecological or quarterly-monitoring sample 
(i.e., detected in at least one sampling event and at one location) at a concentration that exceeded 
the lowest available ecotoxicological benchmark for the specific medium. Using this screening 
process, forty-six COPCs (including chemical "groups" in some cases) were identified in either 
sediment, surface water, or both media. These forty-six chemicals, or groups of chemicals, 
included: 

• 	 Nineteen inorganics: aluminum, antimony, arsenic, barium, cadmium, chromium, 
cobalt, copper, cyanide, iron, lead, manganese, mercury, molybdenum, nickel, 
selenium, silver, vanadium, and zinc; 

• 	 Eleven VOCs/SVOCs: acetone, benzidine, bis(2-ethylhexyl)phthalate, carbon di 
sulfide, chlorobenzene, 1 ,4-dichlorobenzene, methylene chloride, toluene, 2,3,6­
trichloronaphthalene, triphenyl phosphine sulfide, and total xylenes; 

• 	 Four phenols and substituted phenols/nonylphenols: 2,4-dimethylphenol, 
pentachlorophenol, phenols and various substituted phenols (counted as one chemical 
group), and nonylphenols (counted as one chemical group); 

• • Total PCBs (counted as one chemical group): Aroclor 1254 and other mixtures; 
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• 
• Eight organochlorine pesticides: aldrin, alpha- and delta-BHC (counted as one 

pesticide), alpha-chlordane, dieldrin, endosulfan sulfate, heptachlor, heptachlor 
epoxide, and methoxychlor; 

• 	 Low molecular weight PARs (counted as one chemical group): acenaphthene, 
anthracene, fluorene, and phenanthrene; 

• 	 Medium molecular weight PAHs (counted as one chemical group): fluoranthene and 
pyrene; and 

• 	 High molecular weight PAHs (counted as one chemical group): benzo(a)anthracene, 
benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, 
dibenz(a,h)anthracene, and indeno( 1,2,3 -cd)pyrene. 

At the concentrations estimated for direct exposures to strictly-aquatic organisms (algae, 
benthic and water-column invertebrates, and fish) and/or the doses estimated for indirect 
exposure (via the ingestion pathway) to terrestrial/semi-aquatic birds and mammals, sixteen of 
the forty-six chemicals were found to pose a potential threat to ecological species. In general, the 
potential risks to strictly-aquatic organisms were somewhat greater than the potential hazards to 
terrestrial animals. The potential risks associated with both direct (aqueous) and dietary 
exposures were largely, but not entirely, confined to on-base portions of East and West Soldier 
Creeks. 

• 
Results of the ERA showed that the most significant COPCs for sediments were cadmium, 

chromium, copper, nickel, silver, zinc, total PCBs, PAHs, certain organochlorine pesticides, and 
certain phenolic compounds. Among these, cadmium, chromium, copper, nickel, PCBs, and 
P AHs were the most ubiquitous. The ERA indicated that potential effects of these contaminants 
may extend downstream (northward) beyond the ERA study boundary at Interstate 40. However, 
the potential for downstream hazards was not considered to be of major ecological significance, 
particularly at higher levels of biological organization (i.e., populations, communities, 
ecosystems). 

The most significant chemicals in surface water were barium, cadmium, chromium, copper, 
lead, molybdenum, and zinc. All of these chemicals, except molybdenum, were Ubiquitous, and 
were also considered, to some extent, as possible contaminants of concern for areas downstream 
of Interstate 40. Copper and chromium were of particular concern due to their phytotoxicity and 
indirect effect on higher trophic levels. These two metals, as well as cadmium and zinc (and 
possibly barium), were also considered to possibly directly affect invertebrate and fish 
communities. 

Chromium, PCBs, and high molecular weight PAHs appeared to be the most significant 
chemicals for the ingestion pathways of terrestrial/semi-aquatic receptors. However, the lack of 
relevant dietary toxicological data prevented detailed quantitative estimation of dietary risk to 
amphibians and semi-aquatic reptiles (e.g., certain turtles and water snakes), which may be the 
most sensitive wildlife receptors for the Ou. 

Toxicity tests (acute and chronic effects under controlled laboratory conditions) were also 

• 
measured on ecological species exposed to sediment and surface water. With the exception of 
conditions in off-base portions of West Soldier Creek, which did not appear to be as hazardous to 

11 



• 
aquatic receptors as indicated by the risk estimates described above (based on the hazard quotient 
I hazard index approach), the toxicity test results of the initial ERA generally corroborated the 
risk estimates. Biological surveys, particularly of benthic invertebrate and fish communities, also 
generally supported conclusions of the risk estimates. 

Initial chemical-specific concentrations referred to as preliminary remedial goal options 
(RGOs) were developed as protective levels for ecological receptors in sediment and surface 
water of Soldier Creek. These levels are similar to the human health-based cleanup goals and can 
be used for evaluating chemical concentrations detected in the on-going five-year monitoring 
efforts and for evaluating whether additional remedial action may be necessary at the site. 

It should be noted that the ERA is based on very conservative exposure values and that the 
risk characterization is inflated by additive conservative assumptions. The degree to which 
exposures and toxicities are overestimated leads to a great deal of uncertainty in the assessment. 
Additionally, the adverse effects identified in the assessment were limited to a localized scale in 
on-base areas. Further data are necessary to more accurately characterize the extent of 
contamination and the associated potential hazards to ecological receptors in downstream areas. 
Interpretation of the ecological significance of the ERA results is provided in Section 6. 

Additional Remedial Actions 

• 
In addition, although it was not required by the ROD, additional corrective measures have 

been pursued as a means to alleviate the risk to human health and the environment. These 
measures include removal of contaminated soils in West Soldier Creek and cementing the on­
base portion of the channel. In addition, contaminated sediments were removed from East 
Soldier Creek and the channel was cemented around the dam near the IWTP. 

SECTION 4 
PROGRESS SINCE LAST FIVE-YEAR REVIEW 

Protectiveness statement from ROD 

As stated in the ROD, the protectiveness statement is as follows: the selected remedy is 
protective of human health and the environment because monitoring of the concentrations of the 
chemicals of concern in Soldier Creek sediment and surface water will be conducted and an 
ecological investigation will be performed. Continued monitoring will determine if a human 
health risk develops from these media at the operable unit. Implementation of the selected 
remedy does not pose any unacceptable short-term risks or cross-media impacts. Because 
carcinogenic risk levels are within the acceptable risk range (lE-04 to lE-06) and the IDs for 
noncarcinogens are less than 1.0, the sediment and surface water contamination at the Soldier 
Creek Sediment and Surface Water Operable Unit does not present a significant threat to human 
health. Based on the qualitative environmental assessment conducted as a part of the baseline 
risk assessment, a significant threat to the environment does not exist. Therefore, the only 
response action required at this time is that specified in the selected remedy. The continued 

• monitoring of Soldier Creek sediment and surface water at on-base and off-base sampling 
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• locations will be adequate to address operable unit contamination because the concentrations of 
the sediment and surface water COCs do not exceed the remediation goals (risk-based cleanup 
levels) established for the operable unit. The ecological assessment to be conducted will 
determine the effects of contaminant concentrations on the biological environment of Soldier 
Creek. Yearly and at the time of the five-year review, the results of the monitoring program will 
be evaluated to determine if a remedial action needs to be implemented or additional monitoring 
needs to be conducted at the operable unit. 

Protectiveness Statement from last Five-Year Review 

As stated in previous Five-Year Review: The results from the ERA indicated that potential 
for ecological risk in the area. Subsequent remedial measures have been implemented by OC­
ALCIEM to remove or reduce potential contaminant sources and minimize the potential for 
sediments to move off base and pose a human health or ecological threat to downstream 
receptors. Continued annual monitoring and evaluation will determine the need for further 
remedial actions, if necessary. 

Status of Recommendations from Last Five-Year Review 

Recommendations taken from the previous five-year review are as follows: 

• 
Based on results of the HHRAs and comparison of data to health-based action levels, there 

is no unacceptable risk to human health for the SCSSW OU. 

In addition, numerous activities have occurred in the area of the SCSSW OU that serve to 
remove or reduce potential contaminant sources. Certain remedial measures have also recently 
been implemented by OC-ALCIEM at West Soldier Creek. Flight line criteria at Tinker AFB 
have prompted upgrades to the landscape along the creek. The channel of the creek has also been 
concreted. This action serves as a facility improvement as well as a remedial measure (although 
not identified as a ROD requirement) to minimize the potential for sediments to move off-base 
and pose a human health or ecological threat to downstream receptors. 

Protectiveness of the environment has been attained by these remedial responses. As 
required in the ROD for this site, annual monitoring efforts were carried out during the previous 
five years to ensure no danger to human health or the environment exists. However, since there 
have been no exceedences of health based screening levels (based on 1004

) in the sampling over 
the past five years, it is recommended that sampling be discontinued at the SCSSW OU and the 
site be considered closed in accordance with the ROD. 

Additional Progress Since last Five-Year Review 

A letter dated September 14th
, 2004, was received from the Environmental Protection Agency 

(EPA) which confirmed that the remedial actions conducted at the site were constructed in 

• 
accordance with the Record of Decision (ROD) dated August 1993. Tinker Air Force Base 
(AFB) has completed remedial construction activities necessary to achieve performance 
standards and site completion. 
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• Subsequently, a Remedial Action Report (RAR) was submitted and was accepted by the EPA on 
January 12,2006. This Remedial Action Report (RAR) documents that Tinker Air Force Base 
has completed all construction activities for the remedial action at the Soldier Creek Sediment 
and Surface Water (OU-2) site in accordance with Close-Out Procedures for National Priorities 
List Sites (EPA OSWER Directive 9320.2-09A-P, January 2000). 

All site response actions, including remedial actions, were accomplished pursuant to, and in 
accordance with, the requirements of the Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA), 42 U.S.C. § 9601 et seq., and consistent with the 
National Contingency Plan (NCP), 40 CFR Part 300. 

SECTION 5 
FIVE-YEAR REVIEW PROCESS 

The five-year review was conducted by Sara Sayler of 72nd ABW/CEVPE. Typically, the 
key elements of a five-year review include: document review, interviews, site inspection, 
evaluation of findings and report preparation. However, because no further action was 
recommended during the last five-year review and an RAR was completed and accepted, the site 
inspection, interview and data review elements were not repeated. 

• Community Involvement 

Community involvement was initiated at the April 17, 2007 community advisory board 
(CAB) meeting by announcing that a Five-Year Review process was underway. Community 
comments/concerns were also solicited during the CAB meeting. 

SECTION 6 
TECHNICAL ASSESSMENT 

Question A: Is the remedy functioning as intended by the decision documents? The remedy 
specified by the ROD included only requirements for sampling at specific locations in and 
around the Ou. The past five years of sampling indicated no consistent areas of concern. Given 
this information, the remedy can be considered to function as intended. 

Question B: Are the exposure assumptions, toxicity data, cleanup levels, and remedial action 
objectives (RAOs) used at the time of the remedy selection still valid? Any changes in these 
parameters have been accounted for in additional rounds of both ecological and human health 
risk assessments. 

Question C: Has additional information arisen to question the protectiveness of the selected 

• 
remedy? Not at this time . 
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SECTION 7 
ISSUES FROM PREVIOUS REVIEW 

There are no issues from the previous five-year review. 

SECTION 8 
CONCLUSIONS 

Interpretation of Human Health Significance 

As required by the ROD, the five-year monitoring program for the SCSSW OU has been 
implemented. Over the five-year duration of the monitoring program, health-based indicators for 
water quality (health-based cleanup goals) were not exceeded for any chemical detected in water. 
Additionally, no analytes in sediment samples exceeded the 1E-04 RAO, which is the highest 
TBC level (human health-based action level) for a detected chemical based on the EP A­
acceptable risk range (lE-06 to 1E-04). 

In addition to these results, the quantitative HHRAs did not show an unacceptable health 
risk. Results of the HHRAs for the first three years of the monitoring program, as well as results 
of the BHRA, indicate that under "current" or future stream use conditions there is no 
unacceptable human health risk (cancer or noncancer risk) for potential on-base or off-base 
receptors due to sediment and surface water exposures for the SCSSW OU . 

Interpretation of Ecological Significance 

Initial ERA Results 
The initial ERA indicated that forty-six chemicals, or chemical groups, were of ecological 

concern (pesticides, PCBs, PAHs, and other volatile and semi-volatile compounds). Ecological 
exposures were found to pose some risk of acute and chronic, sub-lethal effects to certain 
individual receptors or individuals of receptor classes. 

The study indicated that the ecological exposures and effects were largely confined to the 
on-base portions of the SCSSW OU. The concentrations of the PAHs were found to vary 
between sampling segments and sampling events suggesting that multiple on-base origins for the 
P AHs may exist. For example, highest P AH concentrations for the second year of monitoring 
occurred in the stream segment representing Outfall G, but during the third year of monitoring, 
many of the highest PAR concentrations occurred in the segment representing Outfall F. Data 
also indicated that discharge from Outfall G is a possible source of the PCB contamination. 
Although all electrical transformers with PCB-containing oil were replaced at the base in 1989, 
minor leaks or spills of old transformer oil may have previously entered the storm drain system. 
There are no known industrial processes that use PCBs in the area. 

The ERA states that the adverse affects are clearly limited to a localized scale. This is also 
why results showed that the most ecologically-relevant actual or potential effects are those on 
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strictly-aquatic communities (i.e., algae, benthic and water-column invertebrates, fish) and small 
terrestrial/semi-aquatic animals. The ERA states that it is unlikely that larger terrestrial 
vertebrates (wildlife) are at much risk from site-related chemicals. 

The conclusions of this limited initial ERA also indicate that the risk characterization is 
inflated by additive conservative assumptions and that there is much uncertainty related to the 
degree to which exposures and toxicities are overestimated. The conclusions indicate that better 
understanding of the ingestion-pathway exposures is needed (as opposed to estimating dietary 
constituent concentrations of chemicals) and additional sampling may be required. As an 
example, the ERA suggests sampling and analyses of plant tissues (particularly fruits), 
amphibians, and/or small mammals to provide a better understanding of the dietary exposures to 
higher-level consumers as well as more insights into the actual availability for direct uptake of 
the chemicals. 

Second ERA Results completed since last Five-Year Review 
Two basic factors led to the second EA: 1) salient changes in conditions within the SCSSW OU 
- specifically, the complete removal of the Industrial Waste Treatment Plant and Sewage 
Treatment Plant effluents, and 2) the substantial uncertainty associated with risk characterization 
in the first EA. In order to reduce the uncertainty associated with the previous exposure and 
toxicity assessments, expanded and/or improved procedures intended to fill, or mitigate, many of 
the key data gaps identified by the initial EA were developed. This was done by: 1) reviewing 
analytical methodologies to obtain increased analytical sensitivity for some analyses, 2) 
expanding replication of samples to increase statistical confidence, 3) sampling biological tissues 
in multiple potential forage or prey items, 4) measuring several physicochemical characteristics 
to provide further insight into the fate and transport (especially bioavailability) of the COECs, 
and 5) developing biota-sediment accumulation factors using field-collected biological tissues 
and data from bioaccumulation tests conducted in the laboratory. Based on the ecological 
endpoints previously established and focusing on the COECs identified during the initial EA, the 
second EA re-evaluates exposures to ecological receptors in light of changed conditions, updated 
toxicological information and the expanded and/or improved site-specific information obtained 
in 1997. 

Interpretation of ecological significance is summarized as follows. The estimated and apparent 
adverse effects of several of the COECs, based on the results of this second EA, suggest impact 
at the population and community levels, primarily to strictly-aquatic receptors and small 
semiaquatic vertebrates). However, these effects are largely confined to on-base portions of the 
SCSSW Ou. In addition, interpretation of significance is blurred by the overt presence of 
numerous other stresses, particularly the extensive physical modifications of habitats in both 
creeks. 

SECTION 9 
DEFICIENCIES 

There were no deficiencies identified for the second Five-Year Review of the SCSSW Ou. 
Recommendations identified in the previous Five-Year Reviews were carried out. 
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SECTION 10 

PROTECTIVENESS STATEMENTS 


Based on results of the HHRAs and comparison of data to health-based action levels, there 
is no unacceptable risk to human health for the SCSSW Ou. 

In addition, numerous activities have occurred in the area of the SCSSW OU that serve to 
remove or reduce potential contaminant sources. Certain remedial measures have also recently 
been implemented by OC-ALCIEM at West Soldier Creek. Flight line criteria at Tinker AFB 
have prompted upgrades to the landscape along the creek. The channel of the creek has also been 
concreted. This action serves as a facility improvement as well as a remedial measure (although 
not identified as a ROD requirement) to minimize the potential for sediments to move off-base 
and pose a human health or ecological threat to downstream receptors. 

Protectiveness of the environment has been attained by these remedial responses. As 
required in the ROD for this site, annual monitoring efforts were carried out during the previous 
five years to ensure no danger to human health or the environment exists. Because sampling has 
been discontinued at the SCSSW OU and the site is considered closed in accordance with the 
ROD, it is recommended that no further five year reviews be generated. 

SECTION 11 
NEXT REVIEW 

A letter dated September 14th 
, 2004, was received from the Environmental Protection Agency 

(EPA) which confirmed that the remedial actions conducted at the site were constructed in 
accordance with the Record of Decision (ROD), August 1993. Tinker Air Force Base (AFB) has 
completed remedial construction activities necessary to achieve performance standards and site 
completion. 

Subsequently, a Remedial Action Report (RAR) was submitted and was accepted by the EPA on 
January 12,2006. This Remedial Action Report (RAR) documents that Tinker Air Force Base 
has completed all construction activities for the remedial action at the Soldier Creek Sediment 
and Surface Water (OU-2) site in accordance with Close-Out Procedures for National Priorities 
List Sites (EPA OSWER Directive 9320.2-09A-P, January 2000). 

All site response actions, including remedial actions, were accomplished pursuant to, and in 
accordance with, the requirements of the Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA), 42 U.s.C. § 9601 et seq., and consistent with the 
National Contingency Plan (NCP), 40 CFR Part 300. 

Therefore, this will be the final Five Year Review report for the Soldier Creek Sediment and 
Surface Water (Operable Unit 2) . 
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TABLE. 
COMI'AIlISON OF 1.0N(;-U:IlM ~IONITOI(IN(; MAXIMUM ,\,'1.'\1. \ I L (O,'1('J':,YIHATION,'i 

WITIlItI I(ESlILTS IN SIIIlFACE WATFIl •• 
An.lyles Phuf' I 

M... ls(mg/L) 

Aluminum 7,43 
Anlimony NO 
Arsenic O,OOQX 
Barium 1.9 
U.;ryllium 0,001 
Boron NO 
""Bdmium 0,0569 
a.lcium 117 
hromium 0,628 

'oball 0,)24 
Cov.;er 0,985 
Iron 4.55 
Lead O,32S 
Magnesium 40,8 
Manganese ),06 

~1ercurY NO 
Molybdenum NO 
Nickel ),56 

rotassiunl 6,68 
Sc:fenium 0,0109 
Silver 0,0131 
Sudium 130 
rhallium NlJ 
fin Nil 
V:tnaJium 0,067 

linc 2.4 

Nil 
pcn'! 11111 Chlorin.lcd I'eslicidrs (uJ!.fl..) 

~,4'-DIlIl Nil 
rJ.4'-IJIlI' Nil 
,1,4'-IlIlT Nil 
Ahfrin Nil 

alpha-IIIIC ND 

alpha-Chlurdane Nil 

Aroclo( 1016 ND 

I\roclnr 1221 ND 

Amc1ur 1232 NO 

Arodur I :!.4:!. NO 

Aroclor 1248 NO 
AH,c1or 1254 NO 

Moclor 1260 NlJ 
bCIO-DIIC NO 

della-BIIC NO 

lJieldrin NO 

Endosulran I NO 

1(1 "hllst II 1(1 IQfd "'r (No\.' ZQlrl\'r )()lrl \'r ~<}lrl Yr (,lui IQlrZYr Z()lr2Yr )QIrZ\r 
199~) (Jan 1995) (A Jr 1995/ 1995/ «(JeI95/ (M" 96/ (Ma\ 96/ 

ND 4.J 0,55 0.7 0,15 0,053 0.0)8 0,18 
NlJ NU NU NU NO 0.0"*6 0,00091 0,000l7 
NO 0,0026 0,0035 0.002~ 0,00)1 0,0015 0.00)) 0.003) 
NlJ 0.61 0,46 0.4·1 O.6H O.S~ 0.)7 0.49 
NO NO NO NO NO NlJ NO 0.00068 
NO NO NO NO NO NO NO NO 

0,0094 0,00)6 0,0061 ND ND NO 0,001 0,00)4 
NO 92.4 74.4 61.2 99,6 10) 67,9 103 

0,0369 0,0)9 0,52 0,0) I 0,056 0,014 0,0097 0,015 
NO 0,031 0,0068 0,008 NO NU 0,001" 0,0017 
NU 0.11 0.08 0,098 0,) 0,2] 0.049 0,14 
NO ),4 1.3 1.4 0,28 0.12 1.5 L7 

0,0)45 0,0066 O,OJ 0,0054 0,0048 0,0028 0,00)5 0.016 
NO 44,3 )),) 29,9 45,7 47,2 32,S 49,8 
NO OJ5 OJ 3 0.44 0,14 0,086 0,12 0.23 
NO NO 0,00018 NO NO NlJ NlJ NlJ 
NlJ 0,57 0,42 0,2 0,3 0,5 0.29 0,56 
NO 0,)) 009J O.OJJ 0,U16 O.llli o,un O.OH 
NlJ 5,7 5 4,5 5.7 5,4 9,6 6.2 
NO 0,0016 0,0041 O,OO~ I 0.00'4 0,0027 0,0028 0,021 
NO ND NO ND NlJ NO NO NO 
Nil 'til 1116 123 III IN 21111 114 
NlJ ND NO 0,0012 Nil ND Nil Nil 
NlJ NU NO ND Nil NO Nil NlJ 
Nt> 0,028 O,OIM 0,017 II.UJ O.O'h 0,01') 0,02(, 

ND O,Ot.K (1,044 0,0)4 (10.12 (I,OSS (1.07(, 0.1 

Nil Nil Nil Nil Nil Nil Nil Nil 

Nil Nil Nil Nil Nil Nil Nil Nil 
NIJ Nil Nil Nil Nil NI) Nil Nil 

Nil Nil Nil Nil Nil Nil 0.075 Nil 

Nil Nil (I,OX" NI) Nil Nil Nil Nil 

Nil ND Nil Nil Nil Nil Nil ND 

ND Nil ND Nil Nil Nil Nil Nil 

NIJ ND NlJ ND Nil Nil Nil ND 

NIJ ND NIJ NIJ Nil Nil NO NO 

Nil ND NO ND ND Nil Nfl ND 

NIJ Nil Nil ND Nil NI1 Nil Nil 

NO Nil NIJ ND Nt> Nil NlJ Nil 

NlJ NO NO NIJ Nil NO NlJ NO 

NlJ NO NO NlJ NO Nfl NlJ NlJ 

NO NO NO NO NO NO NO NO 

NO ND NO NO NlJ NO NO NO 

NO NO NO NO NO NO NO NO 

NO NO ND NO NO ND ND NO 

~()lr2\ r IE"n!." r 2E\nIJYr lr..vnl~Yr 

(Au. 96/ (Jon 97/ Uul971 (Jon 98/ 

0,21 0,06 U,7.1 0.06) 
0.0005 I 0,00055 Nil 0,00076 
0,0029 0,0027 o,olm NO 

0.65 0.55 O.h~ 0,42 
0,00014 NO NlJ NlJ 

NO NO NO ND 
0,005) 0,0012 0,016 0.00075 

91.1 12.4 66,9 69,2 
O.O:! 0,01 ~ 0.0~5 0,025 

0,00054 0,0018 0.00 I 0,00058 
0,)6 0,083 0.51 0.061 
1.1 O,H 1.9 0,16 

0.0001 0.0016 0.015 0,000)4 
44,7 36.1 JJ.J 26.4 

0.091 0,067 0,24 0,14 

NO NO NO NO 
0,01 ) 0,02 0.U026 0,12 

0.015 0,052 0,01) 0,33 

),6 2.3 10.1 2.1 

U,OU42 0,0042 U.UUIS O,OO)J 

NO 0,0001] 0.OU062 O,OOOJ 

68 :!q.J ·H).~ 26.4 

NlJ Nil Nil NO 

NO ND Nil NO 
0.02) 0,0 I X 0017 0.017 

0.026 0,0.110 0.117> 0,065 

ND Nil Nil Nil 

Nil Nil Nil Nil 

Nil Nil Nil NO 

Nil Nil Nil NIJ 

Nil Nil Nil ND 

ND Nil Nil NO 

ND Nil Nfl NO 

NlJ Nil Nil NO 

NO NO Nil NO 

NO ND Nil NO 

ND NlJ Nfl NO 

NlJ NlJ Nil NO 

NO 0.58 NlJ NO 

NO NO Nil NO 

NO NO NO NO 

NO NO ND NO 

NO NO NO ND 

NO NO ND NO 

leT ~n-l.\lAnllunl.rJIlII3b5ri_7Yrdds,"'sI~w-cmp 



• • TABLe 
CO~II'''HISON OF 1.0N(;-TEI~~1 ~IONIT()I(lN(; ~I,·\\IM\I~I ANAL YTE (,ON(,ENTlC\TlONS 

WITIr HI Hf:SIII.TS IN S(II~FA(T WATEI! 

An.lytr!l rhur r 

I',ndusullim II ND 
Ellllosu((:1n sulfate NO 
l-:ru.Jrin NO 
Endrin Aldehyde NO 
'amma-IlIIC (Lind.ne) NO 
'ilmma-Chlordane NO 

II.p••chlo, NO 
IleOI.chlo, eooxide ND 
Melhuxychlo, NO 
rux.phene ND 

NO 
Vola iii. O'E.nic. (u!!lL) 
1,1,1,2-Telr.chlo,oethane NO 
I ,1,1-Trichloroethane 2 
1,1,2,2·Telr.chloroethane NO 
1,I,l·Trichloroelhane NO 
I, I-Oichloroelhane NO 
I ,I· Dichloroelhene NO 
1,2,J·Trkhloropropane ND 
1,2·Did,loraelh.ne NO 
1,2-Dichloropropane NO 
,·Uulanon. (ME!:) NO 
2·l'hltlrc.hyl vinyl ether NO 
.:!-llc.'(:J.nune ND 
~-Melhyl-2-penlanone (MID!:) NO 
:\!;cIUIiC 5 
A!;Tokin ND 
-\a)'fclllitrill! NIJ 
Ikllll'IIC Nil 
IlrtlllllltikhltulIntdh;.mc (0 

lirolllulilrm 4 
IlrtlllllHI1I:lhanc Nil 
(',lIhllll di!>ullidc NIJ 
('iuhtll1 tetrachloride Nil 
·1,lorohcn7.C'Tlc Nil 

Chlnrol'lhanc ND 
t'hlllftlrorlll 6 
( 'hltlftHllc(h:mc ND 
",.1 J·I)iehloropropcne Nt) 
I )ihHIIl111chloromclhanc 5 
I)i~roml1methane NO 
I )jch I~'rodi Iluoromethane ND 
I:.r":mol ND 
lIhyl melh.cryl.,c ND 
Elhylbenzene NO 
lodol11elhanc NO 

RI 1111I1 .. r If Itl 
IQ.,I 1', (Nov 2<)." V, 3<)'rI V, ~1}.r1 1', I,Iul 1<).,2\', H}lr2\'r JQr...:!\'r 

(99~, (Jan 1995) (A" 1995, 19'/5, (Uri 95, (~.. , 96, (Ma,' 96, 
ND NIJ NI> NIJ NI> NLJ Nil Nil 
NIJ NIJ Nfl NO NIJ NO NIJ ND
NO ND ND NO ND ND ND NO 
NO NIJ NLJ NO NIJ NO NO NO 
NO NO NO NO ND ND Nil NO 
NO NO NO NO NIJ NO NO ND 
NO NO NO ND ND NO ND NO 
ND NO NO NO NO NO NO NO 
NO ND ND NO NO NO NO NO 
NO NO NO ND NO NO NO NO 
NO ND NO NO NO NO NO ND 

NO NO NO NO ND NO NO NO 
5 NO NO NO NO NO NO NO 

NO NO ND NO NO NO NO NO 
2 NO NO NO NO NO NO NO 

NO NO NIJ NO NO NO NO NO 
ND NO NO NO ND NO NO NO 
NO NO ND NO NIJ NLJ Nil NO 
NO ND ND NO Nil ND ND ND 
NO NO ND ND Nil NO NO ND 
NO 2.8 Nil ND Nil 5A ND NIJ 
NO Nil Nil Nil Nil Nil Nil NO 
NIJ Nil ND NIJ Nil NO ND ND 
ND Nil NI) Nil Nil NIJ NIJ ND 
611 II 4.1> RA 12 26 4.4 12 
Nil Nil Nil Nil Nil Nil Nil Nil 
NIJ Nil NI> Nil Nil NI! Nil Nil 
2 Nil Nil Nil Nil Nil Nil Nil 

0.1) Nil Nil Nil Nil Nil Nil Nil 
15 1.9 Nil 2.(1 I.X 4.0 Nil 1.9 

Nil Nil Nil Nil Nil Nil Nil Nil 
I Nil I Nil Nil Nil 4 2 . .\ 

Nil Nil Nil Nil Nil Nil Nil Nil 
2 Nil I.R Nil Nil Nil Nil Nil 

ND Nil Nil Nil Nil Nt) ND ND 
9 NIJ I.R Nil Nil ND NO 1.0 

Nil ND Nt) Nt) Nt) ND ND ND 
ND Nt) Nil Nil Nil NIJ ND ND 
ND ND ND NO Nil Nt) NO NO 
NO NO ND ND NLJ NO NO ND 
NO ND NO NO Nll 2.4 ND NO 
NO NO NO ND Nt) NO NO NO 
NO ND Nil NO NO ND NO NO 
NO ND Nil NO NO NO NO NO 
ND NO ND NO NO ND NO NO 

.H}lr2\'r­ fE, nL'Yr IF:, nlJ\"r I E",n,"'y,. 
(Auo 96) IJan 971 IJuI971 (Jan 98, 

N[) Nil Nil NO 
NO NO NIJ NO 
ND NO NO NO 
NO NIJ ND NO 
NO ND NO NO 
NO NO NO NO 
NO NO ND NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 
NO ND NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO ND NO NO 
NO NO Nil NO 
ND NO NO NO 
ND NO NO NO 
7...7 6,2 NO NO 
NO ND NIJ ND 
5.4 NO NIJ NO 
ND NO ND NO 
14 7.'1 12 5.1 
Nil 2.5 Nil NO 
Nil 2.7 NI> Nil 
Nil Nil NI) NO 
Nil Nil Nil ND 
2.t1 1.1> Nil IA 
Nil 7.2 NI) NO 
Nil Nil Nil Nil 
Nil Nil Nil ND 
Nil Nil Nil NO 
ND Nil NIJ NO 
NO Nil ND NO 
NIJ J.I> Nil NO 
ND Nil Nil NO 
1.1 10 NO NO 
NO NO NO ND 
NO NO NO NO 
ND 41 NO NO 
NO NO NO NO 
ND NO NO NO 
ND 1.8 ND NO 

inlt'r'~n4,lIArm\l;'l' rpl,'l:lh~ti)Yrdds.:'tIYsw-crnr 



TABLE3. 
COI\II'AIUSON OF LONG-n:HI\II\IONI"I'OIlIN(; I\I,\XII\WI\I ANAI.\TE CONCENTRAHONS 

WITtI Itl KF.SIILTS IN SliHFAU: WAT ....{ •• 
Anal)'le!l rhllSt I 

Melilylerlc t:hloritle 14 
SryrcJlI! NO 
rL'lr:Jchlllroelhene 3 
Toluene I 
Iralls-I,2·Uichloroethene ND 
trans-I,3-Dichlorooronene NO 
ltan,-I,4·0ichlo,o-2-butene NO 
frichlun::thene NO 
Trichluronuoromelhane NO 
Vinyl8l:l!late NO 
VinYl chlllriJo NO 
Xvkn.:s (lolal) NO 

NO 
St'mivolatile OrganlcJ (uifL) 
',~.4,5-Tetrat.:hloro-ben:zene NO 
!,2,.f·Trichloro~nzene NO 
1,2-Dichlorobenzene NO 
1 • .1-lJil:hlorob~nzc:nt: NO 
I.-l-I)il:hlt}rob~nzt:"c: NO 
I·l'hlownaphthalone NO 
1- Naplllhylaminc NO 
2,J,-t,h-T etrachlorophenol NO 
,,~5·TrichlllroDhonol NO 
!,~ ,I'-Trichlorophonol ND 
:!.4-l)idllur~ht:nol NO 
2,4·1 Jilfldhylph<nol ND 
~,'" -1)il1it~l)phcnol Nt> 
',4_1 Jinilrululucnc Nil 
~,h-I hd,ltlrtlflhcntll Nil 
l,(l-I )illilrutuluC'flC' Nil 
2-( 'hlt1f(ut:l('lhlh;lknc Nil 
.."-{ 'hI1Inl(,hc:nol Nil 
,.~klhyh",phlh,tlcnc ND 
'·~kthylrh<nol NI) 
~-Na lhlhy);uninl: NO 
,~-Nilrtlrhcnlll ND 
~-I'iCtllinc ND 
1, l'.I}khltlfllhcll/.ic.Jinc NO 
l. t-.ll'lhY1t:IIlllanthn:nc NO 
.1-Nilroanilillc NO 
.11~·Mdhylrhcnol NO 
~,(O·Oinil",·2·mclhylphenol NO 
1. illflil1l,biphcnyl NO 
~·Drom{)phcnyl phenyl elhe, NO 
I·Chloro-J-methylphcnol NO 
4-Chloroanilinc NO 

HI '-h.st: II HI !Qt,!I', (Nov lQlrI \',. -'Qt'!I', ~Qfd I', (Jul IQl,n', H}I ,1\ , .H}U!Yr 
199~) (Jan 19951 (AI" 1995) 1995) (Oct 95) (M.,961 (M.\, 96) 

610 II 150 2,K 5,1 150 2.3 J.J 
ND NO NO NO NO NO NO NIJ 
6 II 7,6 2,1 NI) Nil NO 1.5 
5 NO 1.4 NI) NI) NO NO 3,6

NO NO NO NO ND ND ND NI)
NO NO NO NO NO NO ND NO 
NO NO NO NO NO NO NO NO 
NO J,I 14 1.6 NO NO 9.4 IJ 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO ND NO NO 
NO NO NO I NO NO NO NO 
2 NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO 
NO NO NO NO ND NO NO NO 
NO NO NO NO NO 1.7 NO NO 
NO NO NO NO ND NO NO NI) 
NO NO NO NO NO Ni) NI) NI) 
NO NO NO NO ND NO NO NIJ 
NO NO NI) NU NO NlJ NO NO 
NO NO NO NI) ND NO ND Nt> 
NO NIJ NO NI) ND Nil NI) NO 
NO NO NI) NI> NO NI> ND NO 
NO NO NO NO NO NO ND Nt> 
NO NO NI) Nil ND NIJ NO NI) 
Nil NI) Nil Nil Nil NIJ Nil NIJ 
Nil Nil Nil NI) Nil NIJ NI) Nil 
Nil Nil NIJ Nil NI) NI) Nil Nil 
Nil NI> NI> NI> Nil NI> Nil NI> 
NI) Nil Nil Nil Nil NIJ Nil NO 
Nil NIJ Nil NI> Nil NIJ NI> NI> 
NI) Nil Nil NI> Nil NI> Nil NI> 
NI) Nil NI> NI) NI) NIJ Nil Nil 
NI) ND NI) Nil NO NI) Nil Nil 
NO Nll NI> Nil NO NI> NI> NI) 
NI) NI) Nil NIJ Nil ND Nil Nil 
NIJ Nll NI) NI> ND NI> Nil Nil 
NO NO NI) Nil ND NI> NO NO 
NI) NO Nil NO NO Nil NIJ NO 
NO NO NI> I,J 1.1 12 NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO ND NO NO NO 
NO ND NO NO NO NO NO NO 
NO NO NO ND NO NO NO NO 

·H}lrl \'r I E"nIJY r IEv",)Yr I E"ot4Yr 
(Au~ 961 (J.n 971 (JuI97) (J •• 981 

11 5,~ U J,I 
NO 3.4 NO NO 
NO NO NO 1,5 

NO NO Nil NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 
NO NO NO NO 
1.0 NO NO NO 
NO NO NO NO 
NO NO Nil NO 
NO NO ND NO 
NO NlJ Nt> NO 
NO NO ND NO 
NO NI) ND NO 
0,96 ND Nt> NO 
NO NO ND NO 
NO ND ND NO 
NO Nil Nil NO 
ND Nil Nil NO 
1.R NI> NI> NI) 
NI) NI) Nil NO 
ND Nil Nil NO 
1.4 Nil NI> NO 
NI) NI) NI> NO 
NI) Nil Nil NO 
NI) NI> NI) NO 
NO Nt> Nil NO 
ND Nil Ni) NO 
NO NI) NI> NO 
NO NI) Nil NO 
ND NO NO NO 
NO NO ND NO 
NO NO ND NO 
NO NO NO NO 
NO NO NO ND 
NO NO NO NO 
NO NO ND ND 

, nr III 



TABLE 3­-
COI\II',\'WiON OF LON(;-n:itM MONITOltlN(; l\'AX,1\1l11\1 ANAI.\'TE CONCTNT1tATiONS 

WIT" RI RESULTS IN SlIltl'ACF: WATFIt -
An·'l'es "haH'r 

~-ChlutuphenYI_""enyl e,her NO 
.t·Nilruaniline NO 
4-Nilrophenol ND 
7,12-0imelhylbenz(.)-anlhracene NO 
<l,a.Dinu:thylphenethyl-amine NO 
'\l:Cn~~hlhcne NO 
Acen,p"'''ylene NO 
Acetophenone NO 
Anifinc: NO 
Anthracene NO 
Azobenzene NO 
Iknzidine NO 
Uc:nzo(a)l1nthracene NO 
lIenw( ')pyrene NO 
lJenzo(b)l1uoranlhene NO 
llenzo(g,h,i )pel)<lcn. 6 
11,,,zo(k)l1uura11lhene NO 
Ikn:,wic acid 0,4 

Iknzyi.lcuhul NO 
his( 2-Chloru<thoxylmethane NO 
hi,( 2-Chluroethylldher NO 
hi,( 2-Chloroisopropyl )elher NO 
hi,! 2-Elhylhe'yl )phlhal... ND 
Ilclly! b,nzyl phlh.late Nil 
l'hrySl'11C 5 

lJi-n-h,,'yl ph,h.I"le Nil 
I Ji·n-",lylrhlhal.," ND 
I Jihl.'ll/.(a,h,):lnthr:Jccnc NI> 
I lihclI/.( aj )ilcridinc Nil 
I JihCll/llli.lr<lII Nil 
Iliclhyl rhl""',,,c Nil 
IJilllclhyl phlhal.lc NIJ 
1)iphc~ylal11illc NU 
1':lhyl mclh.ne,ulronale ND 
1:lul)r~l/)lhcnc I 
l'lllllrclll.' NU 
I k.xilchhmlhcnr.cnc ND 
Ilc\;<1chlorohutadicnc NO 
llcxilc:hlortlcyclqrt!'ntadicnc ND 
Ilcx;tchlorocthanc NO 
Indelll)( I,2,]-cd )pyrene NI> 
1~(lrll{lnmC NO 
Melhyl melhanesulron.te ND 
N-Nilrnso-di-n-butylamine NO 
N-Nitroso-di-n-propylamine ND 
N-Nilrosodiphenylamine NO 

Itl rhrst " Itl 
IQlrlYr INn, IQlrI Yr JQlr I \'r 4Qlrl Yr pul IQorZYr ZI}'rZYr JQor2\'r 

'994) (Jln 1995) fA or IY'IS) (995) (0<,95) (Mar 96) (Ma,9b)
NO NO NO Nil Nil NO ND NIJ 
NO NO NO Nil ND NO NO NI)
NO NO L7 2 U Nil U NO 
ND NO NO NLJ NLJ Nt) Nt) Nil 
NO NO NO NO NO NO NO NLJ 
NO NO NO NO NO ND NO ND 
NO NO NO ND NO ND NO NO 
NO NO NO ND NO NO NO ND 
NO NO NO ND NO NO 4 NO 
NO NO NO ND NO NO NO NO 
NO NO NO ND ND ND NO NO 
NO NO ND NO ND ND L2 NO 
ND NO NO ND NO NO NO NO 
No NO NO ND NO NO ND NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO ND NO NO NO NO 
NO NO NO 2,9 ).q 1.6 U l.~ 

NO NO 1.7 1.2 NLJ Nil NLJ NO 
NO ND NO NO Nil NO NO Nil 
NO Nil NO NO NO NI> NLJ Nil 
ND Nil NI> ND ND Nil NO Nil 
NO I ),6 Nil Nil Nil Nil NIJ 
NO I NO Nil Nil U Nil Nil 
ND NO NIJ NIJ Nil NO NIJ Nil 
NI> Nil NO NI) Nil Nil ND Nil 
Nt> Nil NI> Nil Nil NIJ Nil NIJ 
Nil Nil NI> Nil Nil Nil Nil Nil 
Nil Nil Nil Nil NIJ NIJ Nil Nil 
NI> Nil Nil Nil Nil Nil Nil Nil 
NO Nil Nil Nil 12 1.1 NI> Nil 
ND Nil Nil Nil Nil Nil I Nil 
ND Nil NIJ Nil Nil Nil ND Nil 
NI> NIJ NIJ NI> Nil NIJ NIl Nil 
NO ND 1.5 NIJ NIJ NIJ 1.6 NI> 
NO Nil NO Nil ND Nil ND Nil 
NO Nil NlJ Nil NIJ NI> ND Nt> 
ND Nil ND Nil NIJ ND NU Nil 
NU ND NO NIJ NIJ Nil ND ND 
NO ND NO ND ND ND ND Nil 
NO Nll NO NU Nll NO NO ND 
NO NIJ NO Nl> NO NI> NO ND 
NO NO NO Nil ND NI> NO ND 
NO NO NO NO NO ND NO NO 
NO NO NO NI> NO NI> NO NO 
NO NO NO NO NO NO NO NO 

4QorlYr (E,:ntH r 2hn1JY.- I E:"nl~Yr 

(Aug 96) (Jan 971 (Ju1911 (Jan 981 
NO NO Nil NO 
NO ND Nil ND 
ND Nil Nil NO 
ND NO NLJ ND 
NO NO NO NO 
NO NO Nt) NO 
NO NO NO NO 
ND NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO ND NO NO 
NO NO NO NO 
NO NO NO NO 
NO ND NO NO 
NO NO NO NO 
1.5 NO NO NO 
NLJ Nil Nil NO 
NO Nil Nil NO 
NO Nil Nt) NO 
NO Nil NO NO 
I.J IJ I ~(I 140 

NI> Nil NIJ NO 
ND Nil Nil NO 
1.4 Nil Nil 1.5 
ND NIJ Nil NO 
Nil Nil NIJ NO 
NI> Nil Nil NO 
1.1 Nil Nil ND 
Nil Nil N\) NO 
!) Nil ND NO 
Nil Nil NIJ NO 
NI> NI> Nil NO 
U Nil Nil NO 
NO ND Nil NO 
ND Nil ND NO 
NO Nil Nil NO 
NO ND Nl> NO 
NO NO NO NO 
NO ND NO NO 
NO Nl> NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO ND 
NO NO NO NO 



• TABLE 3. 
COMrAIUSON OF LON(;-Tr.I~M I\IONlTOIIIN(; M,\XIMml AN,\LVTE CONCENTItATIONS 

WITII RII~r.SUlTS IN SUI!FACE WATER •
An.lyles Ph.I.e I 

N-NittClSt:)piperidine NO 
Naphthalene NO 
Nitrobenzene NO 
iP-OimethEominoazobenzene NO 
ret1tnchlonlbenzene NO 

ene NO 
NO 
NO 

• NO 
NO 
NO 
I 

Ius. II RI 
IQ.rI \'r (Nov lQlrlYr~ ~Q"I 'ir (101 IO!rl"r 10,,2\', JQlr!Yr 

199~) (Jan 1995) 1995) (~hy 96) 
NO NO NO NO NO NO NO 
NO NO NO NO NO NO ND NO 
NO NO NO NO NO NO ND NO 
ND NO ND NO NfJ NO NO ND 
NO NO NO NO NO NO NO ND 
NO NO ND NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO ND NO NO ND NO NO 
NO NO 1.6 NO NO NO NO NO 
NO NO 35 2.7 NO 2 2 NO 
NO NO NO NO NO NO NO NO 
NO NO NO ND NO NO NO NO 

40Ir2\'r 1["nOYr 2Evn!J\'r IE.n!~"r 

(Au~ 9bl (J.n 91) (JuI97) (Jan 98) 

NO NO NO NO 
1.4 NO NO NO 
NO ND !'iD ND 

NO NO NO NO 
NO ND NO NO 
NO ND NO NO 
ND ND NO ND 
NO ND NO NO 
NO ND NO NO 
1.4 NO NO ND 
NO ND NO NO 
NO NO NO NO 



TABLE. 
C()~"'ARIS(),'i OF 1.0:'U;-TUt,\lI\IONITOIUN(; M,IXIMIII\I ANALYTE CONCENTII,\1I0NS 

WIT" III I!E.~tlLTS IN StillFACE WATEI! •• 
Analyles

M".,. (mglL) 
Aluminum 

Anlimony 

Arsenic 
Barium 
Beryllium 

80ron 

Cadmium 

alcium 
Chromium 
Coball 

opper 
Iron 
Lend 

Magnesium 

Mo,!&anesc 

Mercury 

Molybdenum 

Nickel 

PotMsium 

Selc:nium 
Silver 

Sodium 

Thallium 

rin 
Vana.dium 

inc 

l'lu'lil:' I III I'h.., " RI 
2[vnl~Yr I Evnl5Yr IEvnlSYr I ['IInlb\'!" lEvnlb\'r 

(JuI98) (Jon 99) (Jun 99) (AI" OU) (Aue 00) 

7.43 ND 0.88 0.06 0.54 0.7 0.26 
NO ND 0.0019 0.0014 0.0015 0.0011 3 NIJ 

0.0098 NO 0.0061 0.0018 0.00~9 0.002]4 0.0033 
1.9 NO 0.52 0.48 0.43 U.5 1 7 0.47 

0.00) NO 0.0001" ND ND NO NO 
NO NO NO NO NO NO ND 

0.0569 0.0094 0.01 0.0012 0.0071 0.00163 0.000891 
117 ND 48.5 51.9 76.6 55 51 

0.628 0.0369 0.025 0.0019 0.013 0.00836 0.0067 
0.324 NO 0.00089 0.00063 0.00055 NO NO 
0.985 NO 0.14 0.029 0.16 0.0209 0.024 ) 
4.55 NO 1.2 0.54 1.2 2.2 0.28 

0.325 0.0345 0.0091 0.0014 0.0045 0.OU429 0.00174 
40.8 NLJ 24.1 25.4 25.1 27 26 
3.06 NO 0.092 0.24 0.22 0.:!32 0.12 

NO NO NO NO 0.00032 NO NO 

NO NO 0.0036 0.0051 O.00~6 0.018 Nil 

3.56 ND 0.015 O.OOS'! 0.0052 0.110554 U.U 1J1 

6.63 Nil 4.7 3.6 10 5.3 S 
U.0209 NlJ 0.0016 0.002J 0.00066 O.OOIIl~ O.OO~O] 

0.013 I NO O.OOOJ6 ND NO ND Nil 

DO ND J6,J )(,4 )11.~ 1:'i ~t) 

ND NI) O.00O()Q75 O.oonOliCt O.OOOO~ Nil ND 
ND ND NO Nil ND Nil Nil 

0.061 ND 0.016 0.014 0.012 0.011" Nil 

2.4 Nil (1.051> (I.OSI 0.0101 Nil 0.0.17 

Nil Nil Nil Nil Nil Nil Nil 

I"CD', .nd Chlurh'.'t'd I'esficides (uJ!/L) 

4,4'-ODI> Nil Nil Nil Nil Nil (1.0 I NI) 

4,4'-OOE ND Nil Nil Nil Nil Nil Nil 

4,4'·00T NIJ Nil Nil Nil Nil 0.072 Nil 

Aldrin NO Nil Nil Nil Nil Nil Nil 

alpha-BIIC ND Nil Nil Nil Nil Nil Nil 

alpha-Chlordane NO NO Nil Nil Nil Nil Nil 

Arodor 1016 NLJ Nil Nil NI) NlJ Nil Nil 

Arodor 1221 Nil Nil ND Nil NO ND Nil 

Mocior 12)2 Nil Nil NO Nil NLJ Nil Nil 

Aroclor 1242 ND Nil N[l Nil NO Nil NO 

Moclot 1248 NO NO ND NO NO NO NO 

Aroclor 1254 NO NO NO NO NO Nil NO 

Aroclor 1260 ND Nll NO NO NO NO NO 

betn-BHC NO NO NO NO ND ND ND 

delia·BHC NO ND NO NO NO NO ND 

Dieldrin NO NO 0.029 ND NO NO NO 

End05ulfan 1 NO NO NO NO NO NO NO 

IE\'nI1Yr 2bn,1Yr 

(Aflr 0 II (: 

1.93 1.24 
0.OU21 0.00"9 

NO 0.0058 

DAM 0.658 
ND 0.00014 

NO NO 

0.001 0.0022 
61.4 46.5 

O.OO9:! 0.0)51 

0.0019 0.0023 
0.0303 0.0"98 

1.96 1.9) 

O.ODn 0.0108 
26.3 :!:! 

0.328 O.S 17 

NO NO 

NO NO 

O.JlOb NO 

7. l ) 6.21 

NLJ ND 

Nil NO 

J 1.1> ~ttJ 

O.UOtJLJX ND 

Nil NLJ 

Nil 0.0096 
O.O(,(,S 0.0641 

NI) Nil 

Nil Nil 

Nil Nil 

Nil Nil 

Nil Nil 

Nil Nil 

NlJ NO 

Nil NO 

NO ND 

Nil ND 

I'll NO 

Nil NO 

NO NO 

NO NO 

NO NO 

ND NO 

NO NO 

NO NO 



TABLE 3. 
COMl'AltlSON OF U)NC-TEIl~1 MONITOItIN(; M"XIMII~I ANAL\TI': CIIN(t:NTltATIONS 

WITH RI HESliLTS IN S(IItFACE WATnl •• 

It:vnUVr I E\'ntS\'r IEvnIS\'r IEvnlbYr IEvnlbYr IEv.l7\r IEvnl7YrAn.'yteJ flilitse I HI I'hue 1/ RI 
(JuI9H) (Jan 99) (Ju.99) (A"OIl) (Aug DO) (Apr UI) (Sep 0I) 

ElHlu5tJlla" II Nil Nil NIJ Nil Nil Nil NO ND NDl:ndosultJn suifalC! NO NO ND NI)Nil NO ND Nil No
Endrin NDNO Nil NO Nil Nil NO NI> NO
Endrin Aldehyde NO NO NO Nil ND Nil NO NO ND 
·amma·BHC (lindane.) NO NO Nil ND ND N[) ND NU ND
gamma-Chlordane NO NO NO NO NO NU NO NO NO
H<:!,!ochlor NO ND 0,024 NDND ND ND NO NO 
Heptachlor epuxide ND NO NO NOND NO NO NO NO 
Methoxychlor NO NO NO NOND NO NO NO NO 
To:<.aphene NO NO NO 0.00084ND NO NO NO NO 

NO NO NO NO NO NO NO NO No 
VolatiJe Org.nics (ug/L) 

1,1,I,1-Telrachloroethane ND NO NO NO NO NO NONO NO 
I.I.I-Trichlorocthll/le 2 5 ND NO NO NU NO NO Nil 
1,I,}.2-Tetrachloroethane ND NO NO ND NO NONO NO NO 
1.1,2-Trichloroethane NO 2 ND I ND NO NOND No 
I,I-Dichloroethane ND NO NO NDNO NO NONO No 
1,l·Oichloroethene NO NO NO NO NO NONil NO NO 
1.2,3-Trichloropropane NO NI) ND Nil NOND NO NONO 
I.I-Dichlaroelh.ne NI}ND NO 0.29 NO Nt> NDNO ND 
1.2-Dichlorol'rop.ne NO NO ND NONO Nt>Nil NO ND 
'·[lulnno.e (MEK) N[) ND NOND ND Nil 2 NilND 
'·Chlurelhyl vinyl Clh., N[)ND ND N[) Nil NONil NI> NO 
!-I h:xanone Nil Nil NOND NI> NI> Nil Nil ND 
4-Mdhyl·2-penl.none (MIIlK) NI)NI> NOND ND Nil NDND NO 
Al:duTlt: 611 NI> NO 
/\t:mll.!in 

NOJ I 1O('.it-' -' 
NI) NI) NI> ND 

Acrylullirrilc 
Nil ND NI> ND Nil 

N[) NI) NDNil Nil N[)Nil Nil ND 
Ikll/.cue NI) Nil ND 
Ilnlllllluh.:hltmuncthanc 

Nil NilNil Nil2 Nil 
0,9 0.11' Nil NDNI>Nil NI>h NI' 

NO 
Ilnlllulmethane 

NI>Itwnmfonn 4 0.]5 NI>Nil NI'J1-' 
NI) NI> ND 

t"artwn disulfide 

NI) Nil NI>NI> Nil Nil 
NO 

Cnthon tetrachloride 

NilNilNI> Nil NilNil I NI> 
NI) NI> ND 

Chlorobcnlcnc 

Nil NilND NI> NilNil 
NO 

l'hloroclha.nc 

O.:!5O.:!I NDO.n. NDNO Nil2 
NONI1NI>NO NO NDNil Nil ND 

Nil NO 
l'hhlromcth.1nc 

('hl{lmrOml Nil ND9 NI) 0.176 Nil 
NI) NO 

ci'·I.J-Oichloroprop_cnc 
Nt) Nil NONil NilND Nil 

NI1 NO 
Dibromochloromethanc 

Nil NLJNI) NllNO NO NIJ 
ND 

llibronlOmclh.ne 
NO0.27 Nll NONLJNO NO5 

NO 
Dichlorodinuoromelhane 

NONDNt) ND NDNO ND NIJ 
Nll NO 

EII1anol 
NO NONOND NO ND NO 

NO 
Elhyl melh.cryl.le 

NOND NDNOND ND NDNll 
NO 

Elhylbenzene 
NOND ND NDND NllNO NO 

ND 
lodomethane 

NDNO NDNO NDND ND NO 
NONDNDNO NDND NDNO ND 



• TABLE 3 • 
COI\U'ARISON O.F l.ON(;-n:RM MONITORIN(; 1\1,\,\ 1 M\1/\1 AN,\IXn: CONCENTRATIONS 

\VITI/ill H£SI!I.TS IN SIlRFACf: WAn·1t •
An.l)'te~ 

Met"y!ene <Morillo 
"ilyrl'Oe 

~'"~.""I< 

,I-Dichloroethem: 
!f·am-! ,J-Dichloropropcm: 

Ilrans-I.4-0ichloro-2-butene 

~lIJ1e 

Vin}·! eMond. 
Xylene, tlol.l) 

Semiv.I'.il. Oreanicr (a//IL) 
1.2,4,5 ·Tetrachl()ro~benzene 

1,1,4-Trichlorobenzene 
1.2-Dichlorobenzene 
1)·Dichlurobenlene 
, .J·l)khJumot'nlcnr 
I-Chlorol13phthal.n~ 

'·Naphthyl.min. 
',J.4 ,6-T<lr3chlorophenol 
2.4.~-Trichloruphcnol 
~.4.fI~Trkhtun\phcnuJ 

2.4-' )iddorophcnol 
~."·l )irncfh ylnhef1ol 
~ ."~1 )initrnpheHllf 
":,4.' )inilrot\llul'nc 
2.h-1 }i..-hlt,ruphclIlll 
2,i,,1 )illitrnllllucnc 

.;~( 'hh!n~flaf"Hhafcnc 

~·l 'hll.,n;phcnIJI 
, -M<.hy'naph.halcne 

~'L'rheM' 
:!-N~·lthvI3ft1i:ne 
':.Nilnlphcnol 

2.Pit:t)I'l1l' 
\ • .1'-1 }ichlorohcnliuioc 
l-fl.klhyh:holanlhrcnc 
3-Niltll"nilinc 

11~·Mclhylpheno' 

~.f•• Dinilro-2-mcl"ylphenol 
-Aminnbiphenyl 

-Dromophenyl phenyl ether 
'Iphenol 

-Chroroaniffne 

rhue' I III rilll:oe tI III 
H:.nl~rr IEtftt!'\ r 11-:~nf5\',. IEvnf6Y,. 2£\,nI6\,,. 

(Ju19KI tho 991 tJun 99, (AI" UU, (Au£ 00) 
!~ 620 22 (j,(, tl.25 N!J Nt) 

NO Nil NO Nil Nil NP NO 
J 6 NO I'll) NO NO NO 
r 5 NO NO ND O.KI NO 

NO NO NO NO NO NO ND 
ND ND NO ND NO NO NO 
NO NO ND NO NO NO NO 
NO NO NO NO NO NO NO 
NO NO NO NO NO ND ND 
NO NO 1-<0 NO NO NO NO 
NO NO NO NO NO ND NO 
NO 2 NO NO NO NO NO 
ND NO NO NO NO NO NO 

NO NO NO NO ND NO NO 
ND Nil NO NO NO NO NO 
NO NU NO NO NO NO NO 
ND NO NO NO NIJ NU NO 
NU NO NO NU Nil ND NO 
ND ND ND NI> NI) NU NO 
ND Nt> NO ND NLl ND ND 
NO NIJ NO NIJ NP NO ND 
NO Nil ND Nil Nil N!) ND 
ND ND ND ND Nil Nil NU 
NO Nil NO Nil NI> Nil ND 
Nil Nil Nil Nil Nil Nfl NO 
Nil NO NI) Nil Nil Nil Nil 
Nil ·Nf) Nfl Nil NI) Nil Nil 
Nil Nil Nil Nil Nil Nil Nil 
Nil Nil ND NIl NIJ NfJ Nfl 

Nil Nil Nil ND NI) Nil ND 
NI) ND Nil NIJ Nil Nil Nil 
NO NO Nil Nil Nil Nil ND 
Nil NI) Nil N1) Nil Nil NO-NO Nil NO Nil NO NlJ NO 
NO Nil ND Nil Nil Nil NO 
ND Nil NO Nt> Nil ND ND 
Nil Nil Nil NO Nil Nil ND 
Nfl Nil NO Nil Nil Nil NO 
NIJ NO NO NIJ ND Nf) NO 
ND NO i.Tn-· Nt> ND ND ND 
NO Nil NO ND Nil NO NO 
NU NO ND NO ND NU NO 
NO I'D NO Nt> Nt> ND NO 
ND NU NO NI) ND NO ND 
ND ND ND ND ND ND ND 

U·:~·ftf'Yr ::a:\-dt7Yr 

(Anr 1/ Ii IS,n 01/ 

Nil ND 
Nil NO 
NI> NO 
2.~ NO 
NO NO 
ND NO 
ND NO 
NO NO 
NO ND 
ND NO 
NO NO 
NO NO 
ND NO 

ND NO 
NO NO 
NO NO 
ND NO 
Nil NO 
Nfl NO 
NI) ND 
NU ND 
Nil ND 
Nil NO 
NO NO 
NO ND 
Nil ND 
Nil Nil 
NI> Nil 
Nil ND 
Nil Nt> 
Nil ND 
Nil NO 
NIl ND-
Nil ND 
Nil NO 
Nil NO 
Nil NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO N~_ 
NO NO 
NO ND 
ND NO 

~ (If III 




TABLE 3 • 
COI\II'AIUSON Of J.ON(;-TEltM I\JONJTOIUN(; ~J..\XI~IlIM ANALYTE ('ON('ENTltATII)NS 

WITH Itl ItESliLTS IN SliltFACE WATEI( •• 

2Evnl4Yr I EvnlSl'r 2EvnlSI'r IEvnlhYrAn.lylrs ZEvnlbl r I[.nI7Y, ZEo-nl1YrPhut I RI rhll.'ie II RI 
(JuI9Y) (Jan 99) (Jun 99) (A >r 00) (Aue 00) (A >r 01) (Sep Oil 

~-l"hl"rtlphcnyl phenyl elher Nil ND Nil NO NO Nil NO Nil NO~·Nilruaniline NO NU Nil NO NO Nil ND ND ND~-Nilruphenul ND Nil ND NO ND Nil ND Nil ND
7,ll-Dimclhylbenz(a)-anlhracene NO ND NIJ NIJ ND ND ND Nil NO 
a.•-Oim<thylphenelhYI-amine NIJ' NO NO NIJ NO NIJ ND ND NO
Acenaphthene NO NO NO NO ND Nil NO NO NOAcenaphlhylene No NO ND ND ND NIJ NO NO NOAcelophenone ND NO ND ND NO NO NO ND ND 
AniJihe NO ND ND ND ND NO ND ND NO
Anthracene ND ND ND ND NO NO ND NO NO 
AlDb~nzene NDND NO NO NO NO NO NO NO 
Ucnzidine NO NO NO NO NO NO NONO NO 
Ocnzo{a).znthracene NO NO NO NO NO NIJ NO NO NO
Iknzo(,)pyrene NO NO NO NO NO NO NO NO NO 
llenlo(b)Iluoranlhene NONo NO NO NO No No NO NO 
nenzo(g.h,i)perylene NO6 NIJ NO NO NO NO ND ND 
llenzo{k)lluor.nlhene ND NO ND ND NO Nil ND NIJ NO 
Benzoic acid 0.4 NO NO NO NO NO NO NONO 
lIenzyl.lcohol NONO ND NO NO ND ND NI> ND 
his(2-Chloroelhoxv)melh.ne NO ND Nil NilNO Nil NONO NO 
his( 2-Chloroelhvl )elher ND Nil Nil NO NU Nil NDNil ND 
his(2-Chloroisopropyl)elher ND ND NO NO NO ND NONIJ ND 
hi,(2-Elhylhexyl)phlh.I.le NIJ Nil Nil 5,5 ~NO ND ::!.2 
lIulyl benzyl phth.l.te Nil Nil ND ND Nil"NO NO Nil NO 
L'hryscnc NI)5 Nil Nil NO NONil NO Nil 
l>i-l1-hulyl phlhalale Nil Nil NI)2 Nil Nil NONil NO 
Ili-l1-oclyl phlh,lale Nil ND Nil Nil NI> Nil NDND Nil 
I Jihl:I1/.( a,h')'lI1lhracCIlC Nil ND Nil Nil Nil Nil NI> NONil 
I )ihclIl.(a j)acritJinc ND Nil NilNil Nil Nil Nil NONil 
I )ihclll.\lrur:lII Nil Nil Nil NONil NilNil Nil NO 
I lidhyl phlhalale Nil Nil 1,1Nil Nil Nil Nil Nil Nil 
Ilill1clhyl phlhalalc NI> NDNil Nil Nil Nil Nil NilNO 
I )jrhcnyl;unirte NilNil NDNil Nil Nil NilNil Nil 
'·:lllyllllc(hancsulfon.1.tc Nil Nil Nil Nil NONil Nil NDNil 
I:hulrantlll..'nc Nil NDNil Nil Nil NilI Nil NO 
r:lullrcnc NO NONil NilNil Nil ND Nil NO 
Ilc,,\ill'hlnrohcnrcnc Nt) Nil NDNfl Nil Nil NDNil ND 

NONilIlex:1chlnrobuladicne Nil Nil NDNfl Nil Nil NO 
Nil NDllcxachlurocyclopcnladicnc NilNil Nil ND Nil NONil 

NDNilNDl1cxlchloroelhlnc NIl NO Nil ND ND Nil 
NDIndeno( 1_2.l-cd)pyrene NONO NO ND NO NDND ND 

NO NDNDIsophorone NO Nil NO NilND Nil 
ND NO~Ic[hyl mclh;Jm:sulfon3.tc: ND NDNO NOND NO Nfl 

NDNONDNDN-Nitroso-di-n-butyl.mine ND ND ND NDND 
ND NDNONO ND NON-Nilroso-di-n-propyl.mine NO NO ND 

NONOND NDN-Nitrosodiphenyl.mine NO NO ND NDNO 



• • TABLE 3 
COMI'ARISON OF LONG-TERM MONITOIlIN(; MAXIMUM ANALYTE CONCF:NTIlATIONS 

WIT" RI RESULTS IN SUHfACF: WATER 

• 


~rfSO"JI"nnu:lt.rpllla"Sri _ lYtdds.l( IY5W-Cmr 

An.fyte!li rhase I RI rhan II RI 
ZEvo'~Yr 

(JuI98) 
I Evnl5Yr 

(Jan 99) 
lEvntSYr 

(Jun 99) 
tE\lnl6Vr 

(AI"00) 
2[vo,6Yr 
(Aue 00) 

l[vo'7)'r 
(Apr 011 

ZEvn,7Yr 
(Sep 0I) 

N-Nilros0l!i~ridint: NO NO NO NO NO N[) NO NO ND 
Naph,halene NO NO NO NO ND NO NO NO NO 
Nitrobenzene 
p.Oimelhylaminoazobenzene 

NO NO NO NO NO NO NO NO ND 
NO NO NO NI) NO NO 

NO 
NO NO NO 

Penlachiofobenzene NO NO NO NO ND ND NO NO 
Penlachloronilrobenzene NO NO NO NO NO NO NO NO NO 
Penlachlorophenol NO ND NO NO NO NO NO NO NO 
Phenacelin NO NO NO NO NO NO NO NO NO 
Phenanthrene NO NO NO NO NO NO NO NO NO 
Phenol NO NO NO NO NO NO NO NO ND 
Pronamide NO NO NO NO NO NO NO NO NO 
Pyrene I NO NO NO NO NO NO NO NO 



TABLE 4 • 
COMI'AIUSON OF LONG-TEltM ~IONITOI!lN(; M'\XI~IlI~1 ANALYTF. CONCENTIIATIONS 

WITIIIU RESULTS IN SEIJIMENT •• 
Analyles 

rhl•• I rh... 11 
Rt RI 

Metals (mglkg) 

Aluminum 42]00 NO 
Antimony NO NO 
Arsenic 15.7 NO 
B.ilrium 2910 NO 
OerylJium NO NO 
Boron NO NO 
Cadmium 428 15.7 
Calcium 72500 NO 
Chromium 2020 186 

ob.1I 52.1 ND 
Copper 600 NO 
Iron 41200 NO 
Lead 586 152 
Magn~sium 2()400 NO 
Manganese 1490 NO 
Mercury 2.6 NO 
Molybdenum NO NO 
Nickel 2270 NO 

Potassium 2300 NO 
Srlenium 10.2 NO 
Silver 112 NO 
Sodium NO NO 
lhallium NO NO 

rin NO NO 
v;lI\ildium 51.9 NO 
Zinc MO NO 

NO NO 

I'Cfl':oI IInLl Chlo.-in.ted I'esticitl~~ 

("~Ik~) 

,1.4'-000 ND NO 

·1,4'-00E NO NO 

4,4'·00T NO NO 

Aldrin NO NO 
,lph.·1J1IC NO NO 

,Irha'(hlordanc NO NO 

Aroclor 1016 NO NO 

Aroclor 1221 NO NO 

Aroclor 1232 NO NO 

Aroelor 1242 NO NO 

r\roc1or 1248 NO NO 

Aroelor 1254 NO NO 

Aroclor 1260 NO NO 

IqlrlyrtNov 199<) 2ql.-lyr {Jan 1995) Jql .... yr- (Apr 199$) Jqldyr(JuI199S) Iqlrlyr (OcI95) 
0-6 in 6-121n 0-6 In 6-12 in 0-6 I. 6-12 in 0-6 in 6-11 in 0-6 in 6-12 in 

14100 16400 2J~00 20000 21000 16~OO 13400 12900 21000 21200 
NO NO 9.8 6.2 7.9 9.5 8.6 NO 158 5.6 
7.5 7.5 7.2 5.J 8.4 7.2 9 5.7 5.2 8.7 

3850 1010 2380 1350 1860 12000 1690 1050 3350 807 
1.1 I.J 1.2 1.2 1.5 1.2 0.85 0.82 1.2 14 
NO NO NO NO NO NO NO NO NO NO 
12) 328 8).2 132 106 18) 415 108 87.3 )06 

181000 132000 128000 36000 142000 81200 210000 174000 214000 107000 
820 13350 1130 2430 1890 828 2040 JZtO 91Z 5140 
42.1 35.7 123 91.8 61.7 56.7 21.6 126 108 105 
541 168 650 125 583 246 2210 175 654 1220 

19000 26600 249000 19800 21100 21800 24900 22200 24900 27900 
] 18 184 225 469 268 286 4400 746 498 616 

22800 15200 16700 12000 13600 10300 306000 17000 24100 I) 100 
890 965 836 1750 778 2010 1930 4250 1730 " 30 
0.55 0.] .9 .J .59 .81 0.63 0.58 1.5 1.1 

23.8 26 62.6 34.8 J6.9 56.4 25.5 17.9 39 ~ 136 
70~ /090 3160 1370 2830 1220 747 861 3690 8790 

2030 2910 42)0 4880 3200 2850 1930 1590 2830 2820 
].4 4.2 12 2 4.3 .79 I 0.85 7.2 17.7 

64.6 79.4 205 72.2 91.9 6.9 18.7 15.9 112 2~5 

1890 819 NO NO NO ND 191 165 400 392 
0.38 0.19 NO NO .2· ND 0.1'1 0.18 0.33 0.26 

NO NO NO NO Nt) NU Nil NO Nil ND 

4S.7 58.7 95,7 42.1 67,9 38.4 4X ..l 47 75.4 112 

668 372 1790 506 1280 311 RC)() 5<12 19~0 2570 

NO NO ND NO NI> ND Nil Nil Nil ND 

NO NO NO NO NI> NO Nfl NO 260 Nfl 

NO NO NO NO NO Nfl Nil Nil NO ND 

NO NO NO NO NO ND ND NO NO NO 

57 120 NO 1.4 8~0 650 NI) NO 3700 2500 

NO NO NO NO 2 ND NO NO ND NO 

NO 910 ND NO NO NO Nil NO 16000 15000 

NO NO NO NO NO NO Nil NO ND NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NI) Nfl NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NI) NO ND NO NO NO 

8300 5200 24000 )JOOO 40000 18000 25000 17000 )9000 19000 

NO NO NO NO NI) NO NO NO NO ND 

lqlrlyr (~1ar 96) 3qtrllr (Ma) Qb) ~qtr2)r (Aug 96) 
0-6 in 6-12 in 0-6 in 6-12 in 0-6 in 6-1:2 in 

17000 949(, 16700 15400 23400 13500 

NO NO 7.9 NO 17.J NO 
10.5 ).1 6.4 6.1 13.2 7.3 

2440 6~O IlJO I~70 1840 20 to 
1.2 0.72 I 0.78 L5 0.97 

NO NO NO NO NO NO 
85.1 12C )90 158 142 29.8 

2l 1000 54700 140000 94)00 79200 76800 

2920 97i 2130 1460 1870 1850 

51.8 80.' 109 20 I 90.1 15.1 

551 181 467 217 17000 292 

26700 155eO 20200 17800 27500 3 I guO 

291 187 1050 170 PIO 224 
12400 959'1 17300 15000 6120 9150 

857 653 4140 833 1840 1940 

4.7 0.:­ 0.9 0.67 3.8 067 

135 28 32.6 ~ I 6~.1 277 

)600 179) 778 431 1420 801 

2780 /l8') 2530 ::!~50 )010 2400 

6.2 I.J 0.93 0.54 7.2 5.5 

I) I 80 10~ I~.I ~2, 7 23 

NO NC' 270 296 NO ND 

NO N[' 62.6 51A 61.6 52.5 

ND Nl' NO ND NO NO 

121 487 46.1 31.7 57 56.8 

1670 55" 4~:! :!OQ 759 2'27 

ND Nt.> ND Nll NO NO 

890 NC> 72 oJ NO NO 

NO Nfl NO NO NO NO 

NO N[I NO NO NO NO 

ND Nll NO NO NO NO 

NO Nll NO Nil NO NO 

480 25] 120 OS NO NO 

NO Nll NO NO NO NO 

NO NO NO NO NO NO 

NO NO NO NO NO NO 

NO NO NO NO ND NO 

NO NO NO NO NO NO 

15000 86000 20000 5 I 000 61000 8200 

NO NO NO NO 480 NO 

~r/504J/AnnUld rrlt:lb~ri~7Vrdds :t!slsd-cmr 



T&4 •COMrAIUSON Of LON(j-TEHM ~J()NI'f()IUN(; M,\XIMlil\l M",U.Vn: C{)NC~:NTI{,HION~ 
WITII HIIU:Sl1LTS IN SEllIMHIT 

• 
A••lyl.. 

Phas. 1 Ph.sell 

Rl RI 

bm-BliC NO NO 
·Blle NO NO 
lin NO NO 
,ulfan I NO NO 
sulfan 11 NO NO 
sulfan sulfa<c NO NO 

"nJrtA NO NO 
NO NO 

ie~') NO NO 
NO NO 
NO NO 

, hlor~'id, NO NO 
xyehlor NO NO 

r ''''pho"e ND NO 
NO ND 

Volatile Organics (ug/Kg) 

1,1. I ,2-Teltachloro,'hanc NO NO 
1.1.I·Trichloro<'han. NO NO 
1.1,2.'2 -T t':trll~hlv(octhane NO NO 
l.l.~·Trichloroethan~ NO ND 

, I, I·Dichluro<!lhane ND ND 
I, I-DichlurO<lhe~ ND NO 
1.2.3 ·Ttichlo(oP(~E..at!e NO NO 
1,2-0jchloro<thane NO NO 

, 1,!·O;chloroprop"". ND NO 
!~nut.lnoJJ11! (MEK) NO ND 
2-Chlun.i.hyl"inyJ elher NO NO 

,'~ -llc.\Joone Nil ND 
1,:'>k,h,I·2·pcnlaJIone (MinK) ND NO 
",clone 1100 51 
\t;fl)lcitl NO NO 

,\cryI0nifriie ND ND 
Iknzenc NO I 
Jrmnoul(;tlioromcth<lne NO ND 
lmm\lrorm NO NO 
IrnrnorntthJn.: NO ND 

Carh\lf\ disulfide )6 2 
'~.ubon tcUachloridr: NO NO 
Chlcrvb:nunc 78DOO 10 
·~hlorQl.!thJ.ne !6 ND 
Chloroform 9200 2 
Ch10fQfi1e:1h.:me NO NO 
..:is- i .3~OichfofOpro~n¢ ND NO 
Oibromochforomcthanc NO ND 

Iqlrlyr(No.1994) lqlrlyr (J•• 1995) lqlrlyr (Apr 19~5) 4qlrlyr (.1.119951 Iqlr2yr (OcI95) 

0-6 i. 6-\l i. 0-6 in 6-12 i. ~6ill 6-12 i. 11-6 in 6-12 i. 0-6i. 6-12 i. 

ND NO NO NO NO ND NO NO NO NO 
140 )10 ND NO ND NO ND NO 3200 NO 
ND NO NO NO NO NO NO NO 25000 18000 
NO NO NO NO NO NO NO NO ND NO 
NO NO NO NO ND NO NO NO NO NO 
NO NO NO NO 41 NO NO NO NO NO 
2 !'i0 NO ND NO Nfl NO NO NO NO 

NO ND NO NO NO NO NO NO NO 
NO NO NO NO 0 NO NO NO NO NO 
NO NO ND NO NO NO NO ND NO J8 

180 820 1200 1400 NO Ill) HOOD ~9 1000 4600 

NO NO ND 210 NO NO NO ND NO NO-
19 NO I'D ND NO ND NO ND NO NO 

NO ND NO ND NO ND NO NO NO NO 
NO NO NO ND NO NO NO NO NO NO 

2.6 NO NO ND NO Nil NO ND NO NO 
NO NO ND NO ND ND ND ND ND 29 

NO NO NO NO ND I'll) NO NO NO NO 
NO NO NO NO NO Nil NO NO NO NO 
ND NO NO NO NO Nn NO NO NO 2.5 

NO NO NO 
+=NO 

NO I'll) ND NO NO NO 
1.7 NO NO NO ND NI) NO NO NO NO 
NO NO NO NO 2, I liX NO NO NO NO 
NO ND ND ND Nil NI) ND NO NO NO 
6.9 11 21 26 2'l()O 51 81l 15 61 99 
NO NO NO NO I'll) Nil Nil ND ND NO 
NO NO H I'll) I'll> NO I'll) NO Nil I'll) 
NO ND 5 NO ND I'll} I'll) ND NO NO 
100 62 tOo 1]0 95() 2~O 4'}Q 82 1211 54 
ND NO NO ND I'll> NO ND 10 I'll) NO 
4,' ND ND NO ND ND NO NO ND NO 
NO 2.2 NO IS 1.7 S i; ND ND NO NO 
NO ND NO NO ND NO NO NO NO NO 
NO NO NO NO ND NO NO NO NO ND 
NO NO NO ND NO I'll) NO NO NO NO 
II 15 56 2.9 1.5 II 81 9.6 ~.I 76 

NO ND ND ND I'lD ND ND NO NO ]6 
41 !NO J 10 3900 18000 64 120 64 180 3.9 
ND NO NO NO ND ND NO NO NO NO 
NO ND NO 25 NO ND ND NO ND NO 
18 ND NO J.3 NO NO ND NO NO NO 
ND ND ND NO ND NO ND ND NO NO 
NO ND ND NO NO NO NO NO NO NO 

l.q<rlyr (M~r 94, Jqlrlyr IM.y 96) 4qlrlyr(Auc 96) 
0-6 i. 6-12 i. 0-6 in 6-12 in 0-6i. 6-12 i. 

NO I NO ND Nn ND NO 
NO NO NO Nfl NO NO 
890 NO 890 280 NO NO 
NO NO NO NO ND NO 
NO NO NO NO ND NO 
NO NO NO NO ND ND 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO 1'10-
NO NO NO NO NO NO 
600 390· 110 190 NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO'-

NO NO NO NO NO ND 

NO NO ND NO NO NO 

ND I'D NO NO NO NO 
ND ND 2.6 NO NO ND 
NO ND NO NO ND NO 
NO NC' .1'0 ND NO NO 
NO NO 1.7 ND NO NO 
NO NO NO I'll} NO ND 
ND ND ND NO NO NO 
NO NO ND ND NO NO 
NO ND NO ND NO ND 
25 7.9 250 19 56 71 

ND Ne NO NI} NO I'll) 

ND NC ND NP NO I'D 
ND Ne NO Nil NO NO 
200 70 740 62 190 79 
ND ND ND NP ND NO 
NO Ne NO ND NO ND 
NO Ne ND ND NO NO 
NO ND ND NO NO NO 
NO Nt NO NO NO NO 
ND I'll) NO ND NO NO 
·14 ND ].2 2.7 56 64 
NO ND NO NO NO NO 
240 2500 95 25000 ) IJ 
ND Nt> NO NO NO ND 
NO NO NO NO NO NO 
NO 1'10 ND NO 3.4 NO 
ND NO ND NO NO NO 
ND NO NO NO ND NO 

1 vt" III 




COMI'AHISON OF LON(;-TEHMMONITOIUN(; IIIAXIMUM ANALY'fF CONCFNTUATIONS 

WITII RJ HESlJLTS IN SEIlIMENT •• 
""n.lyles rho.. I rho,. II 

RI RI 

Oibrumomt:lhanl! NO NO 
Oi~hl\JruJir1uaromc:[hanl! NO NO 
Ethanol NO NO 
Elh) I mc<hacrylate NO NO 
Elhylbo!nunl! 4 NO 
luJomcthanc: NO NO 
1\1;:lhylc:nc: chloride 140000 51 

Slyrc:n< NO NO 
T':Uil,hJorol!lhc:nc: 33000 II 

Tuluc=n.: 980 6 

uan::.-I,1-Dichloroc:thc:ne NO NO 
Hans-I )-Oichloropropcnc: NO NO 
Iran.s-I,-,-DichJoro-2·bu{cnc NO NO 
fri..:-hlufl::'lhcnc: 4100 NO 
rrichlvrofliJoromc:lham: NO NO 
Vinyl a,c:IJlc .9 NO 
\'10)1 chloride: NO NO 
.'\yic:ncs (w[al) 1000 6 

NO NO 
Scrui ..'ublilc: Organics (uf/le) 
1.2,-'.5-TC:lrachloro-b~nz~nC! NO NO 
1.2.4· rrichhJrob~nzcn¢ NO NO 
! .::-niddLlr\lb<:nzcn~ 3100 NO 
I, 3-nILhlurobl!nlc:::n~ 2~0 NO 
1.4-Dlchlorobcnlcne HOD NO 
I-Chlllrllnarhthal(:nc NO ND 
I-N.lrllth,I.lminl! ND NO 
2.J.4,b· Tet(Jchlo(ophl!nol NO NO 
2.4 j·Tm:hlorophcnol NO NO 
2.4.h;rrichlorophenol NO NO 
2 ... · Dil:hloruphcnoi 160 NO 
2.4.()im..:thylphcnol NO NO 
~, -l-IJmilrophcnol NO NO 
2.·~ -ninitrow\uene NO NO 
2.(i- nidllnrophenol NO NO 
.; .6-0inilrotolu<!nc::: NO NO 
~ -eh Illronaphlhalenc::: 1600 NO 
~·Chlnrophl!noJ NO NO 
::! -/'.tclh) Inaphthalene 1900 NO 
'-~I..:[hylphenol 68 NO 
2-NJphlh)'laminc: NO NO 
].Ni!roph(:noi NO NO 
l-Picolinc: NO NO 
3.3' -Dich lorobenzidinc 1700 NO 

Iqldyr (Nov 1994) lqlrlyr (.Il1n 1995) )qlrlyr (Apr 1995) 4qlrlyr (Jul 1995) Iqlr2yr (OcI95) 

0-6 in 6-12 in 0-6 in 6-12 in G-6 in 6-1Z in 0·6 in 6-12 in 0-6 in 6-12 in 

NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
3.1 2.3 NO NO NO 2.5 NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
24 I~ 5.4 )90 600 15 7.1 72 5 6.8 

NO NO NO NO NO NO NO NO NO NO 
79 16 5.5 NO 17 5.8 36 NO 89 87 

12 3.6 NO 2.9 2.1 150 3 2.7 15 8.5 

NO NO NO NO I.S NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
16 77 4.1 1.7 1.9 1.9 NO NO 13 16 

NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO 15 NO NO NO NO NO NO 
NO 3 ~ 2.3 NO NO 1.7 NO NO 2.2 2.4 
NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
)~O 200 250 570 850 2200 310 NO 44 NO 
NO NO NO NO ND 100 NO NO NO NO 
60 NO ND 210 NO 2~0 NO 46 NO ND 

250 5200 610 2400 ND 3500 1300 960 3'l1l 420 
ND ND Nil ND Nil ND Nfl ND Nil ND 
NLJ Nil Nil Nil Nil Nil ND Nfl Nil Nil 
Nfl Nil NO NO Nil ND Nil NO Nil ND 
NO NO NO NO Nil ND NO NO Nil NO 
NO NO Nll Nll NO NO NO NO ND ND 
84 NO 50 NO NO ND NO 350 NO NO 
NO NO NO NO NO ND NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO 700 NO 210 NO 350 I~OO 1000 310 600 
NO NO NO NO NO NO NO NO NO NO 
110 150 NO 100 410 1000 1200 100 460 NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO ND NO NO ND NO NO ND NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 

lqlr2yr (Mar 96) Jq/rlyr (M.y 96) 4qtrlyr (Aue 96) 

0-6 in 6-12 in 0-6 in 6-12 in 0-6 in &-12 in 

NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO 18 ~20 NO J.) 

NO ND NO NO NO NO 
21 4.1 25 2~ 8.2 3.2 

NO NO NO NO NO NO 
II 7.3 2.1 12 NO 33 

63 150 760 )1 15 I.~ 

NO NO NO NO NO NO 
NO ND NO NO NO NO 
NO I'll) NO NO NO NO 
3.8 2A NO 3.7 NO NO 
NO NO NO NO NO NO 
NO N[, NO NO NO NO 
NO NC NO NO NO NO 
2.6 NC· NO 770 NO NO 
NO ND NO NO NO NO 

NO NC· NO NO NO NO 
NO NC' 140 51 NO NO 

3000 N[o 1600 670 3600 NO 
NO N[' 150 1SOO 520 NO 

2400 ND 250 4100 1200 NO 
1500 2601) 260 470 350 NO 
NO NP ND Nil NO ND 
ND Nfl NO Nil NO ND 
I'll) Nfl ND Nil NO NO 
NO ND NO NO NO NO 
Nfl N!J NO ND NO NO 
NO ND 180 NO NO NO 
NO ND NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO ND NO NO 
NO NO NO NO NO NO 
NO J 10 NO 2100 280 NO 
NO ND NO NO NO NO 

4000 NO 460 10000 610 NO 
NO NU NO NO NO NO 
NO ND NO NO NO NO 
NO NO NO NO NO NO 
NO ND NO NO NO NO 
NO NO NO NO NO NO 

J uf 10 



TAa4 
COl\Il'AlWiON 0.' l.()N(;·n:ltI\lIHONlTOIUN(; MAXll'IlIJl\I.\NAIXn: (,ONn:NT/tATiONS 

WITU HI HESIJLTS IN Sf:n/I\IENT •• 
I 

An.lyt" Ph... ! Ph.... 1/ 
III RI 

)-~klh)kholan"trent NO NO 
Nltroanihnc NO NO 
-M«hylph<noj NO NO 
-DiniU'o-1-m.chylpo,nol NO NO 

NO NO 
-Bromo'phenyljlhenyl.<her NO NO 
-Chloro-3-me!lt;"phenol NO NO 

il-Chloro.miline ND NO 
: j ·Chlorophenyl phe.yl ether NO NO 
,~ -N }ifL).1njJjn~ NO NO 
~-Njltoph~nol NO NO 
7, '"-Dim«hylben.z(a)-anthracene NO NO 
4,.·Olm<thylph<nethyl·Aminc NO NO 
AcenJphrhcflc 1100 NO 
A«n,phlh,lcne NO NO 
·\':t:'!vph~nllnt: NO NO 

, \nilin¢ NO NO 
At1rhr'h::enl! 1500 NO 
\!vb<:nzc:n<: NO NO 

jlkn.ciJine NO NO 

Iii:;;:::" 4800 NO 
HOO NO 

b}lluor"'l~ene 9200 NO 
_L)( ",h,j}p~ryll!ne 4100 t-.O 
tJ(l<..)tluo_J?lmb:oc 5100 NO 

Ilkn"'i" 'ciJ NO NO 
'1!h.'II£}I Jknhul Nil NO 
/111'lt::'ChIIJfodhoxy)mcrhanc No NO 
nl",(2 ·ChlorOel";I).:.h« NO NI) 
111)!,;!}.Chh)ro!so£raeyl}c:thcr NO NO 

II~"'''''"''''' 
46000 NO 

I bcnl)'1 phco,I", 720 NO 
Sene 7100 NO 

I phlh,lm 2200 NO 
Hh}.;tjl pncluJ.ne 5,)0 ND 

ff )iht.:/!.ti.J.f:, }Jntnracene 110 NO 
I )jb~nllaj)acrjdint: NO NO 

, Dibcllzoruran 480 NO 
IDi.:th;l.ehthabte NO NO 
1111li~lhyl ph!hakue NO NO 
[)iflhenrlamir.e NO NO 
Ethyl nll!th:lfle:sulfon;ut NO NO 
~luor3mhl!n~ 11000 NO 
fltloun~ 880 NO 

•. 

Iql' 11r (Nov 199~) 2qtrlyr (,Ian 1995) Jqlrlyr (Apr I9?S) ~qlrlyr(,luI1995) IIltrlyr (0<195) 
0-6 i. 6,12 in 0-6 in 6-12 i. 1)·6 in 6-11 in 0-6 in 6-11 i. 0-6 in 6-12 i. I 
NO NO NO NO NI) ND NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
8& NO NO 5& 140 ND 160 ' ~:!O NO NO 

NO NO NO NO NO ND NO NO 17000 NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
NO NO NO NO ND ND NO ND ND NO 
ND NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO ND NO NO NO 
NO NO ND NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
410 3100 260 490 1600 1800 8000 510 4100 20~Q...... 
NO NO NO NO NO NO H NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO ND NIJ NO NO NO NO NO 
8JO 4800 620 1400 5800 4400 26000 &40 11000 11000 

NO NO NO NO NO ND NO ND t-.O ND 
NO 160 NO NO 410 NO ND NO 350 ND 

2900 15000 2100 3000 11000 IJOOO 39000 3100 26000 21000 

2600 14000 2200 3100 9800 111100 260111] DOO 26000 19000 

6100 nooo 4000 6000 19000 201'00 9800 6600 .9000 33000 

1800 1200 1100 1100 7600 6800 17000 1900 20000 11000 

2400 670 2300 1111 IlOtlO 81 3")0011 1600 lHJ 2100 .... 
170 ND NO NO 70 ND NO Nil NO I'll) 

Nil NO NI) I'll) Nil Nil Nil NIl NI) NJ) 
NI) Nil Nil NIl Nil Nil Nil 'Nil Nil NO 
ND NO NI) ND Nil NI) Nil I'll) NI) NO 
NO NO ND ND Nil Nil Nil NI) NI) NO 

7000 7800 8000 11000 7800 23000 I'll) Nil 7KOO 5500 
60no NO ND ND 4900 NO 560 NO 230 NO 
5200 19000 2600 )300 15000 151100 35000 5000 33000 21000 

ISO I SO llO 150 ND NO NO 4600 59 ND 
410 400 NO 520 180 11000 700 NO 500 56 
750 410 150 liO 1600 1300 NO NO IlOO 2100 
NO No NO NO NO NO 14110 89 NO NO 
250 I sao 160 

H~ 
1000 1000 5500 J 10 2500 1600 

NO NO NO NO ~.g...... .. NO NO 120 NO 
NO NO 57 NO NO NO 660 530 Joo NO 
NO NO NO NO NO NO NO NO NO NO 
ND NO NO NO ND NO NO ND NO NO... 

6400 l8O~~ 6300 8100 25000 23000 53000 8000 100000 85000 
410 2600 ;-­ 300 560 2400 2100 12000 530 5900 3600 

2qlr2yr (M.. 96) Jqrrlyr (May 96) I ~'1lr2yr (Aug 96) 
0-6 in I 6-12 i. 0-6 in 6-11 tn 0-6 in 6-12 ill 

NO ND 10UO NO NO 
ND NO ND NO NO NO 
440 60 NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO ..!W-
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO ND NO NO NO 
NO ND NO t-.O NO NO 
NO NO ND NO NO ND 
NO ND ND NO 2JO 570 

ND NO NO NO NO NO 
NO NO NO NO NO NO 

17000 50~ 1900 15000 3100 110 

NO ND NO NO 360 NO 
NO ND NO NO NO NO 
NO NO NO NO NO NO 

16000 ~40') l600 29000 5000 2600 

NO liD NO NO NO NO 
NO 1'4(, NO NO 290 NO 

59000 620) 11000 46000 16000 6joo­
45000 4700 10000 )5000 1,1000 6100 

83000 8JQO 2001JO 43000 27000 9300 

19000 2000 5.100 16000 toOOO 3600 

ND 2SIl 410 21000 7~00 320 

56 69 50 NO NO ND 
79 NI) NO ND 1'.0 NO 
NO I'll) "NO NO NO -~ 
NO NfJ NO NO NO NO 
NO ND ND NO NO NO 

11000 240110 6500 22000 4500 8900 

NO ND ND NO 71 NO 
57000 59G0 12000 41000 18000 7200 

NO ND 54 NO 510 NO 
1400 89CO NO 110 84 630 

6000 510 1100 4100 770 840 

NO NO ND NO NO ND 
11000 )60 1200 8000 1600 NO 
NO NO NO 160 NO NO 
86 280 NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 

120000 14000 15000 110000 30000 14000 
23000 g~O 1700 16000 2700 620 



.E4
COI\Il' AlliSON OF LONG·Tf.ItMMONITOItIN(; MAXIM LIM ANALYTF: CONCENTIIA nONS 

WITIlIIi IUcSlILl'S IN SEIlIMENT •• 
A..lylt> Pha,e I Ph ... II 

r----- RI RI 
J 11!.\achlorob~n2ene NO NO 
~II! uchlorQbul.:ldj~ne NO NO 
Hr;! .\a.:hlorocyc!openlildiene NO NO 
11c::.:.;]chlorol!thaIlc! NO NO 
Indeno( I,2,3 -<:d)pyrcne 3800 NO 
ISDphorone NO NO 
~1<lhyl mcthanesulfonale NO NO 
N·Ni[roSio-di-n-buty IJJTIine NO NO 
N·NilrQso-di-n-er~ylamine NO NO 
N-I' iIrosodiphenylamine NO NO 
N- Nirrosopip<ridine NO NO 
N.phlh.i<ne 690 NO 
Nllrobl!nzenC' NO NO 
p-Oimc,hylaminoazobenzene NO NO 
PcntJ.chlarobc:nlc:nc: NO NO 
P.::m.l..:hloronitroberuene NO NO 
Pentachlorophenol NO NO 
PhenJcc:cin NO NO 
Phc:nJnlruenc: 6700 NO 
Phenol NO NO 
PronJmidc: NO NO 
p) r~ne \0000 NO 

Iqrrlyr (NoY 1994) 2qlrlyr (J•• 1995) Jqlrlyr (Apr 1995) 4qlrl yr (Jul 1995) Iqlr2yr (0<195) 
0-6 in 6-11 in 0-6 in 6-12 in 0-6 in 6-12 ill 0-6 in 6-12 in 0-6 in 6-12 in 

NO NO NO NO NO Nil NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO I'D NO NO NO NO 
\100 4600 1100 1600 6100 5600 19000 1700 I~OOO 8200 
NO NO NO NO 9& NO NO 57 NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO 150 50 NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
1000' 860 1100 3700 980 16UO 5900 800 2500 1100 
NO NO NO NO NO NO NO NO NO NO 
NO I'D I'D NO NO NO NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
NO NO NO NO NO Nil NO NO NO NO 
NO ND 55 ND NO ND NO NO NO NO 
NO I'D NO NO NO NO NO NO NO NO 

3800 3700 JJOO 6200 22000 14000 58000 5200 73000 58000 
NO NO 63 NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
noo 55000 4500 6~00 20000 33()00 51000 7100 80000 58000 

2qlrlyr (Mar 961 Jqlr2yr (May 96) 4qlr2yr (Aug 96) 
0-6 in 6-12 in 0-6 in 6-12 in 0-6 in 6-12 in 

NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 

20000 190(' 4700 15000 8900 3400 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO 47 NO NO NO 
NO NO NO NO NO NO 

15000 690 2200 4100 2700 520 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO ND NO NO NO 
NO NO NO NO 490 NO 
NO NO NO NO NO NO 

110000 710(1 18000 I 10000 28000 9100 
NO NO NO NO NO ND 
NO NO NO NO NO NO 

110000 HOOU 27000 8800U 28000 1\000 

~ ul" 10 



T&4 
COMI'AIIiSON OF 1.0,'H;-'I'FIlI\II\IONITOIIiNC I\I,.\XII\IUI\I ANALYTE CONONI'IlATIONS 

WITIIIII RESULTS IN SUlIl\lENT •• 
Analyles 

Melal, (mglkll) 

-\luminum 

-\ntimony 

Arsenic 

Barium 

B<ryllium 
Boron 
Cadmium 

Calcium 
Chromium 

Coball 
Cop.,.r 

Icon 
Lead 

Magnesium 
Manganese! 

Mercury 

Mul,bJ<num 
Nickel 

Putassium 
Sc:!t:nium 

Sillfcr 

Sodium 

rh.1Hium 

rin 
Vam.Jiufll 

/inc 

(,CU'] and Chlodn.Ced re.sCicidc!I 

(1I~/'g) 

VDOO 
1,4'-OOE 

I-u-ODT 
.-\ldrin 

Jlpha-BIIC 
Jlpha-Chlordane 
,·\rodar 1016 

Aroclor 1221 
Aroclor (2)2 

Araclor 12·U 
Aroclor 11~S 

Arodar 12~~ 

.~roclQr 1260 

IEvnIJYr(J.n 
Ph.>< I PlliI.se II 97) l[vnlJYr (Jul 97) I [v1I14 Y r (.I.n 98) lEYnI~Yr (Jul 98) 

III RI 0-6 in 6-12 ill 0-6 in 6-12 in 0-6 in 6-12 in 0-6 in 6-12 in 

~2JOO NO 22700 1)800 12000 89~0 16300 10500 11900 8690 
NO NO NO NO 7.6 6,2 2.9 74 7.2 ~, I 
1l.7 NO 15.7 7,2 5.3 4.8 9.7 3,6 12.1 4A 

2910 NO 3200 1790 2370 655 4550 599 890 914 
NO NO 1.7 081 0.97 0,93 I 0.9) 0.97 0.7) 

NO NO NO NO NO NO NO NO ND NO 
418 15.7 80 112 837 255 127 193 291 115 

72500 NO 14100( 121000 79300 67800 102000 70200 96700 59200 

2020 186 2800 1110 1700 1210 994 1830 731 734 

52, I NO 61 7 166 36,6 164 33 II 7S,3 23.9 10,1 

600 NO 581 2010 548 401 1390 498 514 94.5 
41200 NO 2HOO 18500 15)00 20)0,) 27000 14100 18500 14700 

586 152 528 422 415 160 1280 306 158 188 
20400 NO 27100 22000 23900 7J~r, 14900 10500 17900 10500 
H90 NO 1780 1890 1830 725 5370 887 1390 898 
2.6 NO 3.7 055 8.3 0.41 P 0.69 1.1 2.9 

NO NO 418 262 14.5 7,7 61 8 97) 146 14.6 
2270 NO 1430 6470 180 480 3590 3010 300 18~ 

2300 NO 2730 2050 1~30 1~0(j 2580 1550 \720 1280 
10.2 ND 7.5 10.3 2.1 1.9 3.2 2.6 3.1 1.6 
112 NO 99,2 725 15,2 14.8 45.3 236 163 12 
NO NO NO NO 242 517 244 170 181 194 
NO NO 127 126 37.8 )6.5 618 40.9 86 U 
NO NJ) Nil N)) Nil NO NO Nil ND ND 
51.9 Nil S::tC) 117 45K 3fi 92.2 SI.7 47.10 JI.K 
6411 NI) 11811 ~3 III 671 2118 6·17 92"­ 4K'1 2h·' 
Nil Nil Nil Nil Nil ND Nil Nil Nil Nil 

NO ND NO NO 42 37 NO NO 5.7 NO 
NO NO NO NO 8.5 NO NO NO Ion ND 
NO NO ND ND NO NO NO NO I~ ND 
NO Nil 6.7 Nil 97 NO Nil NO 110 ND 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO 13 NO NO NIJ NO NO 
NO NIJ NO NO NO NO NO NO NO Nil 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
ND NO NO NO NO NO NO NO NO NO 
NO NO 10000 82000 3600 240 ))000 9000 4700 380 
NO NO NO NO 680 NO NO NO NO NO 

IEvIIISYr(Jan 99) IF.vnl5Vr (Jun 99) 

0-6 in 6-12 in 0-6 in 6-12 in 

12300 12~00 16200 1~700 

21.7 NO 17 21.2 
38.2 10.5 12 6,1 

1680 1860 1880 884 
I 0.9 0.89 0.8 

NO NO NO NO 
58.4 7~.1 297 961 

226000 14700u 99100 40900 

600 372 896 2060 

12 47,7 504 ~5,6 

324 267 ~Ol 514 

107000 91000 23000 17500 

J230 176 4JJ 1060 

22600 21400 27100 4920 

918 1620 5750 24)0 

0.085 O.OJK 0.)9 08 
\1,6 14.1 6.6 11.7 
17) 827 665 )08 

881 2020 3050 2610 
5,5 14 1.6 1.6 

8.7 5.6 186 26 

463 228 169 202 
NO NO 0,66 I 

NO ND Nil NO 
54') 29.5 H.~ 44,) 

618 2(12 3KK 691 

NLJ ND Nil NO 

NO NO 110 9~ 

NO NO 6R NO 
NO NO 1100 ~30 

NO NO NO NO 
NO NO I~O 170 

NO NO ~ 10 NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

19000 16000 1600 38 
NO 96 NO 660 



AE4 •CO,\\I',\IUSON OF UING-Tf.:ItM 1\10NITOIUNC; M,\XIMU/I1 ANAL""": CON('FNTllATlON~ 
WITII It! rtF-Slit":> IN S~:OIMENT 

Analyl.S 

I--

hdJ-(lIlC 

Jd,.-BHC 
Di.IJ,in 

"do,ulfan I 

Endosulfan Il 

Endosulran ,ulfate 

ndrin 

.drin Aldehyde 

amm.-BHC (lindane) 
amm.,Chlordane 

~achlOf 
,a.:hlo( -:eoxidc 

hoxychlor 
To:\aphtnc 

Vola IIi< Org.nic. (ugJl;g) 

I, I , 1 ,2~TCU'3,hlor04:'han~ 

, I ,1,1-T ",hlofocthan< 
I, t,2.2-T!!trachloroclhanc 
i. J ,2~TfichJoro¢'hanc 

I, I~Dit:hloro(tha.n~ 
I ,I -Dit:hl~n'k:(h(nc 

,1.2.3-Tridda,opcopane 
I ,2~Dichloro<thilne 

1,2-Dichlo,opr"""ne 

1,llu'JMn< (MEK) 
2~Chllult:ihyl vinyl ether 

2-II,;xJJlOne 

".~k'h,I'2-p"nl.none (~IIj)K) 

\;,;t!ilJOI! 

\...:rolcjn 

\L:ryl{mitri}e 

lknzcnl! 

ijrolnodichloromcrhanc 
Ilro'lll)fQIit1 

IIrufnt1filelhane 

'arbon disulfide 

,rbon letrachloride 

hIOfoi1<nzene 

~ 
Ild'-I, )·Oichlo(opropene 
[gibromochloromelhane 

I [.nIJY, (J•• 

Ph... I rhas< " 97) 2EvntJYr (,JuI97) IIl.nl~Yr(J.n 9111 2E.a1Hr (Ju1981 
BI IH 0-6 ill 0-12 in 0-0 ill i. o-Ilin 0-6 i. 6-llin 

NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO I NO 2 NO NO NO 
NO ND ND NO 2,' NO ~D NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO 93 79 NO NO 590 ND 
NO NO NO ND NO NO NO NO NO NO 
NO ~,:?- NO NO NO NO NO NO NO NO 
NO NO 'No NO N-D~ NO NO NO ND ND 
NO NO NO NO NO NO NO NO NO NO 
NO NO ND 20 23 NO NO NO 25 NO 
NO NO NO NO NO NO NO NO NO NO 
NO ND NO NO 2,8 ~? NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO ND NO NO NO NO 
NO NO NO NO Nfl NO NO NO NO NO 

NO NO NO NO Nll NO NO NO NO NO 
ND ND NO NO NO NO NO NO NO NO 

NO NO 27 NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO N~ 
NO NO NO NO 16 NO NO NO NO NO 
NO ND ND NU NO NU NO NO NO NO 
NO NO NO NU NO NO NU NO NI) NO 
ND NO 

±=Wi 
NO Nfl NI) NO NO Nfl Nil 

NO NO NO Nil NI) Nl) Nil Nil Nil 
NO I'll) 31 4K IK 62 16 5;)'­ 12 
Nn Nil Nil I'll) Ni) I'll) Nil Nil Nil Nil 
I'll) Nil Nil NI) Nil Nil Nil Nil Nil Nil 
ND Nil Nt} NO NO Nil Nil I'll) NI) Nil 

1700 51 26 190 130 97 210 63 I Jil 5111 
NO NI) Nil NI) Nf) Nil Nil Nil Nil Nil 
NO Nfl L5 NO ND 1'111 NO ND Nil NO ----. 

NI) I NO ND 21 NI) ND I'll) NJ) NO 
NI) Nil NO NO Nil ND NO NI) NO NO 
NO NO NI) NO NO NO NO ND NO NI) 
NO NO Nf) NO ND NO Nf) NO NO NO 
36 1 5,7 8,7 9,2 liD 10 93 NO NO 
ND NO NO NO ND ND NO NO ND NO 

nooo 10 140 910 2100 1800,1 J2 1j 2000 20000 
86 ND NO ND NO NO NO ND NO ND 

9200 2 NO NO NO NO ND ND NO NO 
NO NO 25 NO NO NO NO NO NO NO 
ND ND ND ND NO NO NO NO NO NO 
ND NO NO NO ND NO NO NO NO NO 

IIl.n,5Yr (J•• 99) lE~~rpu. 99) 
0-0 in 6-12 i. 0-6 ill 6-11 i. 

NO NO 9' 30 

NO NO 310 220 

NO NO 38 2S 

NO NO 130 NO 
NO NO 71 22 

NO NO NO NO 
NO NO 81 NO 

30000 NO 190 78 
NO NO NO NO 
NO NO 73 6,7 

NO NO NO 0,95 

NO NO NO NO 
NO NO 11 NO 
NO NO NO NO 
NO NO NO NO 

NO NO ND NO 
ND ND ND NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO ND NO 
NO NO NO NO 
NO NO I'll) NO 
'lIO 420 11(1(1 710 

Nil Nil Nil NO 
NO 1'111 Nil NO 
NO NO Nil NO 
7JO 6·Hl 1000 2200 
Nf) NO NI) NO 
NO NO NO NO 
NO 2J ND 2,8 
NO NO ND NO 
NO NO I'll) NO 
NO NO NO NO 
15 23 28 6.7 

ND ND NO ND 
3to 10000 JOO nooo 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

• 


--~~~-'''''--- -~-------~--
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TA.4 •COMI'AIWiON OF 1.0N(;-TEHM MONITOltlN(; MAXIMUM ANAU'Tt: CONCENTI(ATiONS 
WITIIIU It ESLII.TS IN SF:I>JMF:NT 

• 


'.m.kcr/5Q.U{.o\nnual_rpnab~'1_7YrJJ, ,hhJ'cl1lr 

Analyle< 

Dibrl.lmom~lhJ.n1! 

Oi~hlofodiJluorom~lhan.: 

Ethanol 
Eth) Imethacr),l.te 
Eth)'lbenzcne 
!odoffiethane 
,\Icihylene chloride 
SliT!!ne 
r clIJ..:hlorQC:lh~nc 
Tulucn.: 
trans-I.2-Dichlorocthcnc 
trans-I ,3-Dichloropr~oe 

Irans-I,-4-Dichloro-2-butc:ne 

rrichlon:rhc:nc 
'rrichlorofluOfomethane 
V inyt JC(tJIc: 

V inyl chloride 
.Xylenos Iiolal) 

SCllli'o'olalilc: Organics (ug/kg) 

I ,2,"",5-T Clfilchloro-bcnzenc 

1,1:,--1 ·Trichlorobc:nzl!'ne 
1.~-Di~hlorDbcnzenc 

I,J-Dichlorobenzene 

I ,-'-Dichlorobenzene 

I-Chl"",n'phlhaknc 
I-N.lphJh)'IJrninc: 

~ ,J,-1.6~Tctrilchloraphl.!nol 

2 A .5-Trichlorophenol 
2.4,6- Trichlurophcnol 

2A-DlChlorophcnol 
2A-Oimclhylphenol 
~,-1-Djnitrophcnol 

~ .-I-Dinitrotolucne 

:!.o·Dichlor~enoJ 

2.6~ninilrofolucne 
2 -Ch loronJphlhalenc: 

2-Chlorophenol 
~ -/I. tt!thylnaphthalenc 
:! -Meth) Iphenol 
2-N;]phthyIJmine 

2·Nitrophenol 
2-Picolinc: 

3,J', Dichlorobenzidine 

I EvnlJYr (.Jan 
Ph.se I Ph.,e 1/ 97) 1EvnIJYr (.lui 971 IEvnl~Yr (.'.n 9H) 1.EvlIl~Yr (JuI9H) 

RI RI 0-6 in 6-12 in 0-6 in 6-12 in 0-6 in 6-11 in 0-6 in 6-11 in 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO 43 NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO 7A NO NO 
4 NO 8.1 53 NO NO 12 60 NO NO 

NO NO NO NO NO NO NO NO NO NO 
140000 51 5 17 21 5.5 7.7 6.3 6.9 NO 

NO NO 500 ))0 NO NO NO NO NO NO 
8]000 /I NO NO NO NO 2.2 NO NO NO 
980 6 3~ 21 NO 13 2.5 f] NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
~ 100 NO NO NO 1.9 NO NO NO NO NO 
NO NO NO NO NO NO 3.5 NO NO NO 
.9 NO NO NO NO NO NO ND NO NO 

NO ND 2.8 I.J NO NIJ ND NO NO NO 
1000 6 NO 6.1 ND 3 I 9.4 2..1 ND NO 
NO NO NO NO ND NI1 NO NO NO NO-
NO NO NO NO NI1 NO NO NO NO ND 
ND ND NO ND NO ND NO NO ND ND 

3100 ND Nil 1200 220 130 920 190 I~OO 11000 
280 ND Nil ND Nil 3KO NO Nil 150 1100 

4400 Nfl 51 NO IlU llIlU NO Illll K'lll "lOll 
NO Nil 46 230 lOll (,I) 3KllOll 250 8'lll nll11 
ND Nfl Nil Nil Nil Nil Nil Nil Nfl Nfl 
Nfl Nil Nil Nil Nil Nil Nil Nil Nil Nfl 
NO Nil Nil ND Nfl Nil Nil Nil Nil Nfl 
ND Nil Nil NO Nil Nil ND Nil Nil Nil 
160 ND ND ND Nil Nil ND ND Nil Nil 
NO Nil Nil NO 64 Nil 62 NO Nil Nil 
NO NO NO ND Nil NO NO NO NO ND 
ND NO NO ND Nil Nil NO NO NO NO 
ND Nil NO NO NO NO NO NO NO NO 
ND ND NO NO ND NO NO NO NO NO 
1600 ND 220 53 500 290 82 ND 78 710 
NO NO NO NO NO NO NO NO NO NO 
1900 ND 280 410 HO 4500 71 ND 95 1600 
68 NO ND NO NO ND 83 NO NO NO 
NO ND NO NO ND NO NO NO NO NO 
NO ND NO NO NO NO NO NO NO NO 
NO NO ND NO NO ND NO ND NO NO 
1700 ND NO NO NO NO NO NO NO NO 

IEvnl5Yr (J.n 99) 1E,nI5\'r (Jun 99) 
0-6 in 6-/2 in 0-6 ill 6~12 in 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
1.7 NO 71 5] 

NO NO NO NO 
NO 13 NO NO 
NO 2.1 NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO 29 NO NO 
NO NO NO NO 
NO NO ND NO 
NO NO NO NO 
NO NO ND 610 
NO NI1 NI1 NO 

NO NO NO NO 
357 ND ND NO 
NO Nil NO NO 
NO 61 NO NO 
365 240 Nil NO 
2600 nOll 71111 1000 
Nil Nil Nil ND 
ND Nil Nil NO 
NO ND Nil NO 
NO Nil Nil NO 
NO ND ND NO 
NO ND NO ND 
NO NO NO NO 
J43 NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO 500 
521 NO NO NO 
120 3300 220 4400 
NO NO ND NO 
ND NO NO NO 
NO NO NO NO 
NO ND ND NO 
NO NO NO NO 



TA.4 •COI\\I'AIIISON OF UINC-TEIIM 1\10NITOIIIN(; MAXIMLIM ANALYTE CONCENTItATIONS 

WITII RI KESIILTS IN SEIlIMENT 

Analyles 

3-1\ Ie th) [cholanthrene 

3·NitroJniline 

J '4-Mclh)lphenol 

4 ,6-0Ini,,0-2-methy Iphenal 

4-_Aminobiphenyl 

~-Bromophenyl phenYl ether 

4 -Chi oro- J -methyl phenol 

-J-Chloroanilinc: 

-Chloraphenyl phenyl ether 

-t-N llroaniline 
4-Nilrophcnol 

7, I~-Dim~thylbcnz(a)-anLhracc:nc: 

J,a-Oim«hylphenethyl-.mine 

J.,.I:'cnJphlhcnc: 

A.::c:naphth)'icnl! 

·\L"clUphcnonc 

\nillnc 

-\nthra(cnc 

:\lub<:nlcnc: 

IknziJinc 

Iknzo(a)Jnthracc:nc 

IklllU(Jlp)fcnc 

lknlo(b)l1uoranlhcnc 

Ikll/oJ{ ",h,ilpcrylene 

I kn/o(1o. )t1uoranthc:nc: 

Iku/Ull: ;lLiJ 

1h:IIF~1 31"':1)1\01 

111'.1 ~-Chll)roclho.'(y)ml:th:iOl.! 

hl"(1-ChlllrQC:lhyl)~thcr 

1\1'i(1-Chlllroisop~~yDc:thcr 

hl,(2-Elhylhexyl)phlhalale 

lIulyl benzyl phthalale 

Clu) sene 

Ill-n-bulyl phlhalalc 

Ili-n-aeryl phlhalale 

I 1ihl.'nz(a,h, )anthracene 

DlbL'nz(a,j)acridine 
nibcnzofuran 
l)icthyl phthalate 
Ollllclh~ I phthalate 
Oiphl!n~ lamine 

Elhyl methanesulfonate 

Fluor;)nthen~ 

Fluorc:nt: 

I £\'nIJ\'r (.Ian 

Phase I Ph.,. II 97) 1EvnlJYr (JuI97/ IEvnlHr (Jan 9Y) 1EvlIl~Yr (JuI98) 

RI RI 0-6 in 6-11 in O~ in 6~12 in 0-6 in 6-11 in 0-6 in 6-11 in 

NO NO NO NO 250 NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

1100 NO 1000 860 2200 280 1400 2100 410 IJOO 

NO NO NO NO 4) NO 60 NO 90 510 

I'll) NO NO NO 110 NO 5)0 NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

1500 NO ]100 IQOO 4400 440 11000 77UO I lOll 5000 

NO NO ND NO Nil NO 530 NO NO NO 

NO NO NU NO NO NO 110 94 NO NO 

4800 Nil 9')00 470ll 7100 170ll 46000 14000 8000 10000 

44UO NO IlOilO 500U 9300 19UU 63000 39UOII <))OU noo 
9100 Nil IJUIlIl 59UO 11000 1300 55000 40000 13000 7)00 

4100 Nil 53110 llUO 4)00 960 60000 HOllO 8<)00 40110 

5)00 Nil 8hOO SSO(l 1111110 11100 5'1000 33110(1 8300 5'100 

Nil Nil Nil Nil 1KII Nil / KilO Nil Nil Nil 

Nil Nil Nil Nil Nil NI) Nil Nil Nil Nil 

Nil Nil Nil NI) Nil I'll) Nil Nil Nil Nil 

Nil Nil Nil Nil Nil Nil Nil ND ND Nil 
I'll) Nil Nil I'll) Nil Nil I'll) ND Nil ND 

40000 ND 751/1/ 19000 1l0nO 141111(1 16000 4100 5100 5500 

7~0 Nil 471/ Nil 510 Nil 68 I'll NO NO 
7100 NO 12000 6300 12000 2300 66000 47000 11000 12000 
~:!OO I'll) 2110 I'll) 68 SO 470 NO 53 NO 
5~O NI) 660 500 ND NO 510 NO 1)0 NO 
IIIl NO 19011 900 1500 360 15000 11000 1700 620 
NO NO 330 NO NO NO 100 9~1I NO NO 
480 NO I:!OO 790 1500 180 800 1400 210 750 
NO NO NO NO NO NO NO NO NO NO 
ND NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 

11000 NO 31000 18000 24000 6500 160000 100000 27000 26000 
880 NO 2200 1200 2500 280 4200 3500 420 1600 

I EvnlSY r (Jon 99) 2Evnl5Yr (Jun 99) 

0-6 in 6-11 in 0-6 in 6-11 in 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO ,,---0­
506 NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

727 NO NO NO 

NO NO NO NO 

NO NO NO NO 

590 8JO 1700 120 

67 NO NO NO 

NO NO NO NO 

NO NO NO NO 

1600 1800 )000 110 

NO NO NO NO 

NO NO NO NO 

11000 6100 8600 1700 

15000 7100 8400 2000 

35000 8700 11000 2100 

19000 4900 8300 1400 

11000 6800 K'IOO 1600 

Nil Nil Nil NO 

Nil Nil Nil NO 

NU Nil Nil NO 

NO Nil I'll) NO 

Nil Nil Nil NO 

5600 8300 ) SOli 11000 

NO I'll) NO NO 

33000 8900 12000 2700 

NO NO I~O NO 

NO NO NO NO 
7000 1900 NO NO 
I~O NO NO NO 
450 400 110 NO 
NO NO 5)0 430 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

5900 20000 1)000 6500 

1200 760 1700 190 

• 


Ilr\k~r/30-1]/AnnuJJ rpll.1b5rL_7) rJJ~ \I,I)J-.::nlp 



r.4
COMI'AIUSON OF LONG·n:IH.I MONITOIUNC: MAXIMUM ANALYTIC CONCIWI'ltATIONS 

WITII UII(ESULTS IN SEOIMENT •• 
,'inalylc. 

H,x3chlGro!><oue.c 
rkuchl()cobutadicnc 
IHcuchlorocyclop¢ntadiene 
'H«3chloroc!hane 

lit"'t'suJfonate 
·bury1amine 

.Nitroso-Gi-n-propylamine 
-Nilro5od.phenylamine 
·Ni\lo,opipcridine 
;.\ohth.ll<ne 
itrobcnzenc 

~Oimf!thybminQa.zQbc:nlf!nc 

cfltachlorob(nzenc 

~Ofl;tTObCnl<n< 
ophenol 

!Phcnanthrcne 

Irh'MI 
Pronamidc 

P),(<:n.: 

1",ollYr pan 
Pb... I Ph,. II 91) lEvnIJYr{JuI97) I [vnIH'r (J.n 98) 2EvnlH'r (JuI98) 

RI RI 0·6 in 6·11 in 0·6 In 6·12 in 0-610 6-1l in 0·6 in 6·12 in 

NO NO ND NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO ND NO NO NO 
ND NO NO NO NO ND NO NO NO ND 

3800 ND 4700 2100 4500 1000 49000 31000 7900 3900 
NO NO NO NO NO 470 NO NO NO NO 
NO NO ND ND NO NO ND ND NO NO 
ND NO ND NO NO NO NO NO ND NO 
NO ND NO ND NO ND NO NO NO NO 
NO ND NO NO NO NO NO NO NO ND 
NO NO NO NO NO NO NO NO NO ND 
690 ND 1400 1700 2100 4000 9400 9400 3900 3400 
NO ND ND NO ND NO NO NO ND NO 
NO ND 

it NO NO ND ND NO NO NO 
ND ND NO ND NO ND NO NO NO 
NO ND NO NO NO NO NO ND NO 
NO NO NO NO NO NO NO NO NO NO-_. 
NO NO NO NO NO NO NO NO NO NO 

6700 NI) 21000 11000 16000 }SOO 70000 51000 7100 16000 
ND NO NO ND NO NO 86 NO NO 46 

NO ND NO ND NO ND NO ND ND ND 
10000 ND 25000 ilOilO 16000 29()1) 1200(1) 80000 200i)O 1911()O 

I [vnlSY r (Jan 9g) 2Evnl5Yr (Jun 99) 
0·6 in 6·12 in 0·6 in 6·12 in 
NO i'.O NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

18000 4500 7600 UOO 
NO ND ND NO 
NO NO ND NO 
NO NO NO ND 
293 NO NO NO 
ND ND NO NO 
ND ND NO NO 

17000 2900 )700 4100 
ND NO NO NO 
NO NO NO NO 
ND NO NO NO 
NO NO NO NO 
214 NO NO NO 
NO NO NO NO 

18000 7700 18000 1600 
506 NO NO NO 
NO NO NO t-;O 

45000 1-1000 20000 3800 

liJ Ilf III 



TABLES 

• 

Sediment Samples with Analytical Concentrations 


Greater than BHRA 10-6 Screening Criteria 

First Event Eighth Year Sampling, April 2002 


Field ID 
SC-QE11-SD-1902DL 
SC-Q E 11-SD-1 902DL 
SC-QE11-SD-1902DL 
SC-QE11-SD-1902 
SC-QE11-SD-1902 
SC-QE11-SD-1903 
SC-QE11-SD-1903 
SC-QE11-SD-1903 
SC-QE11-SD-1903 
SC-QE11-SD-1903 

DL=Diluted 

Benzo( a )anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b )fl uoran the ne 
Benzo(k)fluoranthene 
Chrysene 

• 


• 

Exceedance.xls/qrySD-ND_BV _10_6 6/17/2002 

Final Result 

3100 

3700 

5800 

1800 

2500 

2000 

2100 

2600 

1700 

1800 


Units 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 

Carcinogenic 
10-6 
1600 
1600 
1600 J 
1600 J 
1600 
1600 
1600 J 
1600 J 
1600 J 
1600 



• 
TABLE 6 

Sediment Samples with Analytical Concentrations 

Greater than HHRA 10-6 Screening Criteria 
First Event Eighth Year Sampling, April 2002 

Field 10 Anal e Final Result 
SC-QE11-S0-19020L Benzo(a)pyrene 3700 
SC-QW06-S0-1902 Benzo(a)pyrene 1100 1057.55 J 
SC-QE 11-S0-1903 Benzo(a)pyrene 2100 1057.55 J 

OL=Oiluted 

• 

• 




APPENDIXB• 	 PHOTOS 

1. Stream gauging and sampling point at Outfall G to East Soldier Creek. 
2. Stream sampling segment QE06 on East Soldier Creek. 
3. 	Excavation at West Soldier Creek, prior to concrete pouring. 
4. 	Preparation for concrete channel along West Soldier Creek. 
S. 	Excavation of West Soldier Creek channel for concrete resurfacing. Note monitoring wells for 

Building 3001 recovery system in background. 
6. Excavation activities prior to concrete pouring for flightline drainage. Building 3001 to the 
east, flightline and runway to the west. Monitoring wells and extraction well field to east. 

• 


• 




J. Stream gauging and sampling point at Outfall G to East Soldier C_" 

. 2. Stream sampling segment QE06 on East Soldier Crak. 



3. Excavatioo at West Sol~r Creek. prior to coo= pouriDi. 

4. Preparation for CODcre~ channel aloog West Soldier Cr..,k. 



5. Excavation of West Soldier Creek: cbanocl for concrete resurfacing. Note 
monitoring wells for Building 3001 recovery system in background. 

6. 	excavatio" activities prior to co"crete pouring far fligbtlioe drainage. 
Building )00 I 10 the east, flighiline aod Nnway to the weSl Monitoring 
weUs and eXlractian weU Geld 10 e..t. Looking north. 


	Final Five-Year Review Bldg 3001(OU1) September 2007
	APPENDICES
	Final SC Sediment & Surface (OU2) Five-Year Review September 2007



