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EXECUTIVE SUMMARY 

This Annual Environmental Monitoring Data and Analysis Report (EMDAR) for 
calendar year (CY) 2003 for the St. Louis Sites (SLS) has been prepared to provide 
information about the public safety and environmental protection programs at the SLS 
within the Formerly Utilized Sites Remedial Action Program (FUSRAP). Environmental 
monitoring of various media at the Latty Avenue Properties [Futura, Hazelwood Interim 
Storage Site (HISS), and other Vicinity Properties (VPs)], St. Louis Airport Site 
(SLAPS), SLAPS VPs, and the St. Louis Downtown Site (SLDS) and associated VPs is 
required under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) and a commitment outlined in the Federal Facility Agreement 
(FFA). 

The purpose of this report is to summarize the data collection effort for CY 2003, report 
the current condition of the SLS, and provide an analysis/understanding of the results of 
the CY 2003 environmental monitoring data. The U.S. Army Corps of Engineers 
(USACE), St. Louis District collects comprehensive environmental data for decision-
making and planning purposes. Environmental monitoring serves as a critical component 
to evaluate potential future migration of residual contaminants whether as a component of 
Removal Actions or as a Best Management Practice. 

SITE RADIOLOGICAL MONITORING 

Radiological data were collected and evaluated at the SLS through airborne particulate, 
radon, and gamma monitoring to determine compliance with regulatory standards. The 
gamma radiation data were compared to the dose limit for members of the public 
contained in 10 Code of Federal Regulations (CFR) 20.1301, where total effective dose 
equivalent (TEDE) may not exceed 100 millirem per year (mrem/yr), exclusive of 
background, and may not exceed 2 millirem per hour (mrem/hr) in unrestricted areas. 
Radon data were compared to the 10 CFR 20 regulatory criterion. Emission rates 
calculated from air particulate data are used to assess the dose to a hypothetical 
maximally exposed individual. The results of the radiological monitoring conducted at 
the HISS, the SLAPS, and the SLDS demonstrate compliance with all applicable 
regulations at the three sites. Airborne particulate data is used to demonstrate compliance 
with the National Emissions Standards for Hazardous Air Pollutants (NESHAP). 

Gamma radiation monitoring performed at the SLS during CY 2003 at all monitoring 
locations indicated average dose rates of less than 2 mrem/hr. 

Although the results indicated that average radon concentrations were above background 
at the HISS, the SLAPS, and the SLDS, they were below the 10 CFR 20 regulatory 
criterion of 0.3 pci/L. 

The total effective dose equivalent (TEDE) calculated for the hypothetical maximally 
exposed individual at the HISS, the SLAPS, the SLDS, and Coldwater Creek were 6.1 
mrem/yr, 6.0 mrem/yr, 0.2 mrem/yr, and 0.5 mrem/yr, respectively. These calculated 
TEDEs show compliance with the 100 mrem/yr limit provided in 10 CFR 20.1301. 

NESHAP MONITORING 

The NESHAP standard of effective dose equivalent (EDE) to a critical receptor from 
radionuclide emissions is 10 mrem/yr. The effective dose equivalents were calculated 

ES-1 
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using calculated radionuclide activity fractions, air particulate monitoring data, and the 
U.S. Environmental Protection Agency (USEPA) CAP-88PC modeling code, which 
resulted in EDEs of 5.9 mrem/yr, 5.7 mremJyr, 0.1, and less than 0.1 mrem/yr for the 
HISS, the SLAPS, the SLDS, and the SLS FUSRAP Radiological laboratory, 
respectively. These dose calculations dcmonstrate compliance with the 10 mrem/yr 
criterion for all critical receptors at all sites. 

Evaluations for the SLDS and the SLS FUSRAP Radiological Laboratory resulted in less 
than 10 percent of the dose standard in 40 CFR 61.102. These sites are exempt from the 
reporting requirements of 40 CFR 61.104(a). 

WASTE-WATER DISCHARGE AT THE SLAPS 

CY 2003 was the second year that waste-water was treated and discharged from the 
SLAPS. The discharge was monitored and reported in accordance with the Metropolitan 
St. Louis Sewer District (MSD) authorization letter. The total volume discharged during 
CY 2003 was 2,048,906 gallons and total activities discharged for CY 2003 were 
2.3E-05 curies (Ci) for thorium and 4.8E-04 Ci for uranium. Waste water from the 
SLAPS was discharged to the sanitary sewer system in compliance with the requirements 
stated in the respective MSD authorization letter. 

WASTE-WATER DISCHARGE MONITORING AT THE SLDS 

CY 2003 was the fifth year that waste-water discharges from the SLDS were monitored 
and reported in accordance with the MSD authorization letters. The total volume 
discharged during CY 2003 was 237,560 gallons and total activities discharged for CY 
2003 were 3.62-06 Ci for thorium, 3.4E-05 Ci for uranium, and 1.81E-06 Ci for radium. 
Waste water from the SLDS was discharged to the sanitary sewer system in compliance 
with the requirements stated in the respective MSD authorization letter. 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) 
MONITORING 

Concentration limits are set for water pollutants in the National Pollutant Discharge 
Elimination System (NPDES) permit for the HISS and the permit-equivalent document at 
the SLAPS. In CY 2003, storm-water discharge was monitored from three outfalls at the 
HISS (Permit MO-0111252): HN01, HNO2, and HNO3. During the third quarter of CY 
2003 compliance samples were not collected due to low flow or insufficient flow events. 
Total organic halogen (TOX) concentrations were positive at one or more outfalls during 
the first, second, and fourth quarters of 2003. In accordance with the permit special 
conditions, specific compounds that cause TOX to be positive are required to be 
identified. TOX values were reported as detected throughout the year, but none of the 
specific volatile organic compounds (VOC) or semi volatile organic compounds (SVOC) 
were above their corresponding detection limits. During CY 2003, storm-water 
discharges from each outfall were sampled for permit-required parameters and no permit 
limits were exceeded at the HISS. 

During CY 2003 storm-water discharges at the SLAPS weie monitored at PNOla, PN011) 
and PN02. Permit limits were exceeded for COD and Aroclor 1254 at outfall PNO1 a 
during the fourth quarter. This exceedance was reported as a notification of release to 

ES-2 
DRAFT 



4/5/2004 
Annual Environmental Monitoring Data and Analysis Report for CY03 

MDNR by letter dated January 22, 2004. Otherwise, permit limits were not exceeded at 
the SLAPS. 

COLD WATER CREEK SURFACE-WATER MONITORING 

The environmental monitoring CY 2003 Coldwater Creek surface-water sampling events 
(April and October, 2003) evaluated the physical, radiological, and chemical parameters 
present in the creek. Sampling results for radiological parameters showed that radium-
226 (Ra-226) and thorium 228 (Th-228) were not detected at any of the seven stations. 
Although thorium-230 (Th-230) was detected at all down gradient-monitoring stations, 
the detected concentrations were below the respective evaluation criteria (EC). Isotopic 
uranium analysis of surface water indicated that none of the uranium isotopes exceeded 
their respective EC at any of the monitoring stations during April or October. However, 
the total uranium concentrations from C004, C005, and C006 were greater in 2003 than 
in any other year since the year the monitoring began in 2000. 

Monitoring results for chemicals showed that the concentration of molybdenum was the 
only chemical that exceeded its EC in 2003. All other chemicals that were analyzed were 
either below the detection limits or below the respective EC. The chemical analysis of 
surface water detected concentrations of molybdenum above its corresponding EC at 
C004 and C005 in April and at C005, C006, and C007 in October. 

COLD WATER CREEK SEDIMENT SAMPLING 

The environmental monitoring CY 2003 Coldwater Creek sediment sampling events (April 
and October, 2003) evaluated the radiological and chemical parameters present in the 
creek sediments. The samples were collected in depositional environments at each of the 
six surface-water sampling locations. Sampling results for radiological parameters 
indicated that actinium-221, protactinium-231, and uranium-235 were the only 
radiological parameters that were not detected in 2003. At C002 and C003, uranium-238 
and thorium-228 were the only radiological parameters detected above their respective 
EC. These ex ceedences were only detected during the first sampling event in April 2003. 
Detected total uranium concentrations at Monitoring Stations C002, C003, C004, and 
C007 were greater in 2003 than in any other calendar year. 

Monitoring results for chemicals in sediment showed that antimony, chromium, and 
molybdenum were not detected at any station at a level above their respective EC. 
Except for C003 during the October sampling event, arsenic and barium were detected at 
all monitoring stations. During the second sampling event in October, concentrations of 
antimony, cadmium, selenium, and thallium were not detected at any station at a level 
above their corresponding EC. 

GROUND-WATER MONITORING 

The ground-water monitoring activities conducted under the EMP during CY 2003 are 
summarized in this section. The SLS sampled during CY 2003 are the HISS, the SLAPS, 
and the SLDS. Ground water was sampled following a protocol for individual wells and 
analytes, and analyzed for various radiological constituents, organic compounds, and 
inorganics. Static ground-water levels for all SLS wells were measured quarterly. 
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The environmental sampling requirements and evaluation criterion for each analyte are 
consistent with the EMIFY for the SLS for FY04 and were used for comparison and 
discussion purposes. The EC for ground-water sampling will be revised when a final 
ROD is issued and approved for the North St. Louis County sites (HISS, SLAPS, and 
VPs). The EC for assessing ground-water sampling data at the SLDS are the 
investigative limits (ILs) as identified in the St. Louis Downtown Site Record of Decision 
(USACE, 1998). 

HISS 

Ground-water sampling was conducted at 13 ground-water monitoring wells at the HISS 
during CY 2003. First quarter sampling was conducted from February 24 to March 4, 
second quarter sampling from May 19 to June 6, third quarter sampling from August 28 
to September 3, and fourth quarter sampling from November 12 to November 25. The 
data indicate that there are localized impacts to the HZ-A ground water from site-related 
constituents. The highest levels of inorganic contaminants were reported from 
monitoring wells HISS-07 (for selenium at a concentration of 684 jig/L), HW21 (for 
nickel and thallium at concentrations of 26.4 p.g/L and 3.4 p,g/L, respectively), and HISS-
20S (for cadmium at levels of 14.3 'AWL). The radionuclides Th-228, Th-230, U-234, U-
238, and total uranium are present in HZ-A ground water at concentrations ranging from 
non-detect to levels only slightly exceeding their respective EC value. The CY 2003 
HZ-C ground-water data from the HISS indicate that, with the exception of nickel at a 
concentration of 21.3 tig/L in HISS-05D, the analytes were either at non-detect levels or 
were detected at concentrations below their EC in HZ-C ground water. 

SLAPS  

At the SLAPS, 34 ground-water wells werc sampled for various parameters during CY 
2003. In CY 2003, ground-water sampling at the SLAPS was conducted on the following 
dates, February 25 through 27 (first quarter), May 19 through 29 (second quarter), August 
25 through 28 (third quarter), and November 4, 11, 12 and 19 (fourth quarter). The 
metals detected above the EC for the shallow ground water (HZ-A) include chromium, 
molybdenum, nickel, selenium and thallium. Chromium was detected in one sample 
from upgradient well, B53W19S, at 151 AWL, and in one sample from B53W18S, 
located south of Banshee Road at a concentration of 17.7 ig/L. Molybdenum exceeded 
its respective EC in samples collected from three wells, including an upgradient well, 
B53W19S at 74 mg/L, and two on-site wells, PW40 and PW45, at maximum 
concentrations of 101 mg/L and 753 mg/L, respectively. Nickel was detected in the 
samples from B53W18S, which is located on the north side of Coldwater Creek, and 
B53W19S, which is located upgradient of the site on the south side of Banshee Road, at 
concentrations of 421 pg/L and 730 Ag/L, respectively. The evaluation criterion for 
selenium was exceeded in 11 HZ-A wells. The maximum concentration was 1,580 ptg/L 
detected in the first quarter sample from PW41. Thallium was detected in samples 
collected from two HZ-A wells, B53W14S at 3 tig/L and PW40 at 3.8itg/L. The 
principal radiological contaminants present in the HZ-A ground water at the SLAPS are 
U-238, U-234, U-235, Th-228, and Th-230. The highest levels of U-238 (2,852 pCi/L), 
and U-234 (2,816 pCi/L) were detected in PW38. Th-230 was detected in samples 
collected from B53W17S with a maximum concentration of 7.1 pCi/L. Th-228 was 
detected with a maximum concentration of 3.3 pCi/L in the GW sample from B53W18S. 
Ra-226 was not detected at levels above the EC in any of the HZ-A samples during CY  
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2003. The maximum concentrations of total uranium (8,578 pg/L) were detected in the 
samples from PW38, located near Coldwater Creek at the western edge of the SLAPS. 
Samples from eight other wells (B53W09S, B53W13S, B53W17S, B53W18S, PW39, 
PW40, PW43, and PW45) had total uranium concentrations ranging from 15.8 to 6,567 
pg/L. 

The CY 2003 sampling data for the deeper hydrostratographic zones (HZ-C through HZ-
E) indicate that barium was present in the ground-water samples from PW35 at a 
concentration of 1,560 pg/L. None of the other inorganic constituents in these samples 
exceeded their respective EC for HZ-C ground water. Ra-226 was detected in the 
samples from PW35 at a maximum concentration of 5.3 pCi/L. The total uranium 
concentrations were calculated for each sample from the isotopic uranium results and 
specific activities. The total uranium for B53W09D was 9.3 Ag/L. Th-230 was detected 
at maximum concentrations in samples from wells B53W03D and B53W09D at levels of 
4.6 pCi/L and 8.3 pCi/L, respectively. 

During CY 2003, 26 monitoring wells were decommissioned. Nine monitoring wells on 
the SLAPS site were removed due to remediation progress. Three wells, PW41, MW33- 
98, and MW34-98, located in the central portion of the site, were decommissioned in 
January. Six wells (PW37, PW38, PW39, PW40, M10-8S and M10-8D) in the western 
portion of the site were removed in November. Seventeen wells in the ballfields vicinity 
property were removed in September (B53W03S, B53W04S, B53W04D, B53W05S, 
B53W06D, B53W08S, B53W08D, B53W09D, B53W10S, and B53W12D) and October 
(B53W02S, B53W02D, B53W03D, B53W05D, B53W11S, B53W14S, and B53W20S). 
The well decommissions were discussed and evaluated in various Technical Working 
Group meetings. 

SLDS 

In CY 2003, ground-water sampling at the SLDS was conducted on May 14, 15, and 16 
(second quarter); September 5 (third quarter); and November 13 and 14 (fourth quarter). 
No SLDS wells were sampled during first quarter. Arsenic and total uranium are the only 
COCs that exceeded the Investigative Limits (ILs) in RU-A ground water during CY 
2003. Arsenic concentrations, exceeding the IL of 50 jig/L, were detected in one HU-A 
well that was sampled at the SLDS. The concentrations exceeding 50 pg/L occurred in 
both samples collected from DW21. The total uranium concentrations were calculated 
for each sample from the isotopic uranium results and specific activities. Total uranium 
was detected above the IL of 20 pg/L in samples collected from B16W02S and 
B16W13SR. Samples from B16W02S had a maximum total uranium concentration of 
538 ktg/L and a sample from B16W13SR had a maximum detected concentration of total 
uranium of 39.7 g/L. The CY 2003 sampling results indicate that cadmium was not 
present above the IL (5 AWL) in samples collected from HU-B ground-water wells. 
Atsenic was detected near or above the IL of 50 pg/L in samples collected from three 
RU-B wells: DW14, DW15, and DW22R. The arsenic levels ranged from concentrations 
slightly below the investigative limit in DW15 (48 AWL) and DW22R (47 AWL) to three 
times the limit in DW14 (152 pg/L). The total uranium concentrations were calculated 
for each sample from the isotopic uranium results and specific activities. Total uranium 
was present above the IL of 20 AWL in both samples collected from DW19, located at 
Plant 6. The total uranium concentrations ranged from 54.2 pg/L (second quarter) to 
113.4 ktg/L (third quarter) in this well. 
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1.0 HISTORICAL SITE BACKGROUND AND CURRENT SITE STATUS 

1.1 INTRODUCTION 

The Annual Environmental Monitoring Data and Analysis Report (EMDAR) for calendar 
year (CY) 2003 provides an evaluation of the data collected as part of the implementation 
of the Environmental Monitoring Program (EMP) for the St. Louis Sites (SLS) within the 
Formerly Utilized Sites Remedial Action Program (FUSRA_P). Environmental 
monitoring of various media at each of the SLS locations is required under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
and a commitment outlined in the Federal 1-'acility Agreement (FPA). The SLS FUSRAF' 
consists of the St. Louis Downtown Sites with its associated Vicinity Properties, the St. 
Louis Airport Sites (SLAPS), SLAPS VPs, and the Latty Avenue Properties. The Latty 
Avenue Properties include Futura and the HISS and other VPs. During CY 2003, data 
collection activities Were conducted at the three primary sites: SLDS, SLAPS, and HISS. 
Additional environmental data were collected along Coldwater Creek adjacent to the 
SLAPS and jieai Ole HISS. 

1.2 PURPOSE 

The purpose of this report is to summarize the data collection efforts for CY 2003, 
enhance the reader's awareness of the current condition of the SLS FUSRAP, and 
provide analysis of the CY 2003 environmental monitoring data results. This document 
presents the following information: 

• Sample collection data for various media at each site and interpretation of CY 
2003 EMP results; 

• The compliance status of each site with federal and state applicable or relevant 
and appropriate requirements (ARARs) or other benchmarks; 

• Dose assessments for radiological contaminants as appropriate at each site; 

• A summary of trends based on changes in contaminant concentrations to 
support removal actions, public safety, and maintain surveillance monitoring 
requirements at each site; 

• An evaluation of the adequacy of the monitoring network; and 

• The identification of data gaps and future EMP needs. 

1.3 ST. LOUIS SITE PROGRAM AND SITE BACKGROUND 

The FUSRAP program was initiated in 1974 by the Atomic Energy Commission (AEC), 
the predecessor to the U.S. Department of Energy (DOE). FUSRAP was transferred to 
the U.S. Army Corps of Engineers (USACE) on October 13, 1997. The USACE is 
responsible for the characterization and remediation of contamination associated with the 
historical Manhattan Engineer District (MED) facilities that supported the nation's early 
nuclear defense-related activities. On October 4, 1989, the SLAPS, the HISS, and Futura 
were placed on the National Priorities List (USEPA 1989a). 
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The locations of the SLDS, the SLAPS, and the HISS are identified on Figure 1-1. The 
three primary sites were involved in the refining of uranium ores, production of uranium 
metal and compounds, uranium recovery from residues and scrap, and the storage and 
disposal of associated process by-products. The processing activities were conducted in 
parts of the SLDS under contract to MED and AEC between the early 1940s and the mid-
1950s. 

Detailed descriptions and histories for each site can be found in the Remedial 
Investigation Report for the St. Louis Site, St. Louis, Missouri (DOE, 1994); Remedial 
Investigation Addendum for the St. Louis Site, St. Louis, Missouri (DOE, 1995); St. 
Louis Airport Site (SLAPS) Interim Action Engineering Evaluation/Cost Analysis 
(EE/CA), St. Louis, Missouri (DOE, 1997); Engineering Evaluation/Cost Analysis 
(EE/CA) and Responsiveness Summary for the St. Louis Airport Site (SLAPS) 
(USACE, 1998b); Engineering Evaluation/Cost Analysis (EE/CA) for Hazelwood 
interim Storage Site (HISS), St. Louis, Missouri (USACE, 1998c); Record of Decision 
for the St. Louis Downtown Site, St. Louis, Missouri (USACE, 1998d); and the 
Environmental Monitoring Guide for the St. Louis Sites (USACE, 1999a). 

1.3.1 Latty Avenue Properties CY 2003 Removal Activities 

During the CY 2003, an initial characterization was performed at the Latty VP-06(L) 
(Figure 1-2). In addition, a Pre-Design Investigation (PDI) was performed at VP-01(L). 

During the third quarter CY 2003, ten containers that wece stored at the HISS were 
determined as hazardous in accordance with the Resource Conservation and Recovery 
Act (RCRA). These containers were disposed in accordance with RCRA. Three of the 
drums containing waste purge water from ground-water sampling from (FITS 0024, 
0025, 0052) were treated through the SLAPS on-site wastewater treatment system upon 
approval from USACE, MSD, and MDNR. The remaining containers were hazardous 
from various heavy metals and required treatment and disposal at a RCRA permitted 
facility. Prior to shipment the following compatible wastewaters containing heavy metals 
(i.e., lead, barium, and cadmium) were consolidated into FITS 0005b: FITS 0069, 0070, 
0071, 0075, 0079, 0084, 0086 and 0087. FITS 0081, 0082, and 0084 were hazardous for 
mercury. FITS 0084 was consolidated into containers 0081 and 0082. Drums 0002, 
0004, 0005a, 0005b, 0006, 0081 and 0082 were solidified in preparation for shipment to 
U.S. Ecology in Idaho. On September 29, 2003, these seven containers were manifested 
and shipped to U.S. Ecology in Idaho for proper disposal. 

1.3.2 St. Louis Airport Sites (SLAPS) and VPs CY 2003 Removal Activities 

During the CY 2003, Class I verifications were performed at the following SLAPS 
Survey Units (SU) (Figure 1-3): East End - McDonnell Boulevard South Ditch (SU-14, 
SU-15, SU-16), Radium Pits (SU-21), Phase 1 (SU-27), and Phases 2 and 3(SU-28, SU-
29, SU-30, SU-31, SU-32, SU-33). 

During the first quarter of CY 2003, Phase 1 excavation activity continued and was 
completed during the third quarter with the removal of 14,009 cubic yards of 
contaminated material. This material was shipped via railcar for proper disposal to U.S. 
Ecology in Idaho. Also during the first quarter of 2003, removal actions in Phase 2 and 3 
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began in conjunction with the construction of the lined temporary water storage basins at 
the SLAPS. Excavations in Phases 2 and 3 were completed during the fourth quarter 
with 58,705 and 5,131 cubic yards of contaminated material, respectively, being removed 
and shipped to U.S. Ecology in Idaho for proper disposal during CY 03. 

Phase 2 removal actions at the McDonnell Boulevard South Ditch also began during the 
first quarter and were completed during the third quarter. A total of 9,594 cubic yards of 
contaminated soil were removed from the East end of the McDonnell Boulevard South 
Ditch and shipped to U.S. Ecology in Idaho. The asphalt restoration along McDonnell 
Boulevard was completed during the third quarter of CY 2003. Removal Actions in 
Phases 4 and 5 began during the fourth quarter. A total of 4,438 cubic yards of 
contaminated material were removed from Phase 5 and shipped to U.S. Ecology in Idaho. 
During CY 2003, 94,803 cubic yards of contaminated material were removed from the 
SLAPS and the SLAPS VPs and shipped via rail car to U.S. Ecology in Idaho for proper 
disposal. 

The on-site biodenitrification water treatment system discharged 2,048,906 gallons of 
water in accordance with Metropolitan St. Louis Sewer District (MSD) permit in CY 
2003. Since the beginning of the project, 2,180,906 gallons of water have been treated 
and released to MSD. 

Initial characterizations were performed at the following the SLAPS VPs throughout CY 
2003: VP-02, VP-06, VP-07, VP-15, VP-16, VP-17, VP-18, VP-19, VP-20, VP-20a, VP-
21, VP-22, VP-23, VP-25, VP-28, VP-29, VP-30, VP-32, VP-36, VP-41, VP-43, VP-44, 
VP-45, VP-49, VP-53, VP-60, VP-61, VP-02(C), VP-03(C), VP-04(C), VP-05(C), VP-
06(C), VP-07(C), VP-09(C), VP-I 0(C). Additionally, Pre-Design Investigations were 
performed at the following SLAPS VPs: VP-04(C), VP-05(C), VP-8(C), VP-40a, and 
Old Halls Ferry Bridge. Thirty-five cubic yards of soil from VP-10 were removed and 
shipped to U.S. Ecology and the area was verified. 

During CY 2003 the following documents were finalized: 

• Feasibility Study for St. Louis North County Site (May) 

• Proposed Plan for the St. Louis North County Site (May) 

• Phase I Ground-Water Remedial Action Alternative Assessment (GRAAA) at 
SLDS (June) 

• Final Status Survey Plan for Structures and other Consolidated Material Left in 
Place at the St. Louis Sites (September) 

• Annual Environmental Monitoring Data and Analysis Report for CY 02 
(September) 

• Environmental Monitoring Implementation for FY 2004 (December) 

• Community Relations Plan for St. Louis FUSRAP Sites, Revision 4 for St. Louis, 
Missouri (December) 
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1.3.3 SLDS CY 2003 Remedial Activities 

During CY 2003, Class I verifications were performed at the following SLDS sites 
(Figure 1-4): Heintz Steel VP (DT-6), Proetz Lumber Company VP (DT-10) (SU-la, SU-
lb, SU-1c), Mallinckrodt, Plant 7 East (SU-1, SU-2, SU-3), City of Venice, Illinois 
Vicinity Property (SU-la, SU-lb, SU-1 c, SU-1d), Mallinckrodt, Plant 6 East, and 
Midwest Waste VP (DT-7) (SU-5). A verification quality assurance check was 
performed on Building X Rail Spur — Mallinckrodt, Plant 1. Investigations were 
conducted at the City of Venice, Illinois VP (DT-11). A characterization of a rail spur 
and concrete pad was completed on the Thomas and Proetz Lumber Company VP. 
Gamma walkover radiological surveys and soil sampling were performed at VPs West of 
Broadway and North of Brenem. 

Excavation, remedial, and restoration activities completed in the second quarter of CY 
2003 included: Plant 6 East Half, Heintz Steel VP, Midwest Waste VP, and the pipe 
pedestal area in Plant 1. Additionally, soil was removed and disposed from the Thomas 
and Proetz Lumber Company VP (concrete pad in northern storage shed). A total of 
2,680 and 1,786 cubic yards of contaminated material wcre removed and shipped via 
railcar for proper disposal to U.S. Ecology in Idaho from Plant 6 East Half and Heintz 
Steel, respectively. During the third quarter, remedial activities were completed at Plant 
7 East and 1,986 cubic yards of contaminated material were removed and shipped to U.S. 
Ecology for disposal in CY 2003. During the fourth quarter, soil removal and remedial 
activities were completed at Plant 1 — Building X Rail Spur and Thomas and Proetz 
Lumber Company VP. Ninety-one cubic yards of contaminated material were removed 
from Plant 1 and 490 cubic yards of contaminated material were removed from the 
Thomas and Proetz Lumber Company VP. The contaminated material was shipped via 
rail car to the U.S. Ecology disposal facility in Idaho for proper disposal. Excavation and 
removal continued through the fourth quarter at the City of Venice, Illinois VP and and a 
total of 2,360 cubic yards of contaminated material were removed and shipped to U.S. 
Ecology for disposal in CY 2003. During CY 2003, 9,395 cubic yards of contaminated 
soil were excavated and shipped to U.S. Ecology for disposal from the SLDS. 

During CY 2003, 237,560 gallons of water were released in accordance with the MSD 
authorization letter. Since the beginning of the project, 6,725,929 gallons of water have 
been released from the SLDS. 
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2.0 SITE RADIOLOGICAL MONITORING 

Site perimeter radiological monitoring is separated into two distinct functions: effluent 
monitoring and environmental surveillance. Effluent monitoring assesses the quantities of 
radiological contamination in environmental media at the SLS in contaminant migration 
pathways including pathways subject to regulatory compliance [(e.g., National Emissions 
Standards for Hazardous Air Pollutants (NESHAP)]. Environmental surveillance consists of 
analyzing environmental conditions within or outside the site boundaries for the presence and 
concentrations of contaminants. Surveillance data are used to assess the presence and magnitude 
of radiological exposures and to assess the potential effects to the general public and the 
environment. The following sections discuss the types of radiological measurements taken at 
each site boundary and the results of the data collected during CY 2003 for various 
environmental media. 

2.1 RADIOLOGICAL MEASUREMENTS 

The radiological measurements taken at the SLS facility boundaries are conducted as part of the 
EMP. Sections 2.1.1 through 2.1.3 describe the types of radiological measurements conducted at 
the SLS, potential sources of the contaminants to be measured (including natural background), 
and measurement tcchniques employed during CY 2003. 

2.1.1 Gamma Radiation 

Gamma radiation is emitted from natural, cosmic, and manmade sources. The earth naturally 
contains gamma radiation-emitting substances, such as uranium decay series, thorium decay 
series, and potassium-40 (K-40). Cosmic radiation originates in outer space and filters through 
the atmosphere to the earth. Together, these two sources comprise the majority of natural 
gamma background radiation. The United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) estimates the typical gamma radiation dose is 35 millire.m per 
year (mrem/yi) lioni the earth and 30 mrem/yr from cosmic sources (UNSCEAR, 1982). The 
total estimated naturally occurring background radiation dose equivalent due to gamma exposure 
is 65 mrem/yr. The background monitoring locations are assumed to be representative of 
background gamma radiation for the St. Louis Metropolitan Area. At the SLS, above 
background concentrations of radionuclides in the uranium and thorium decay series may be a 
source of gamma radiation exposure at or outside site boundaries. 

Gamma radiation was measured at the SLS (in CY 2003) using thermoluminescent dosimeters 
(TLDs). TLDs were located at site boundaries on the SLAPS and the HISS. At the SLDS, the 
TLDs were located at areas assumed to be representative of areas accessible to the public. The 
TLDs were placed at the monitoring location approximately 3 feet (ft) above the ground surface 
inside a housing shelter. The TLDs were collected quarterly and sent to an off-site laboratory for 
analysis. 

2.1.2 Airborne Radioactive Particulates 

2.1.2.1 Air Sampling 

Airborne radioactive particulates result from radioactive material in soil (or other sources) that 
becomes suspended in the air. The radioactive material normally becomes airborne as a result of 
wind erosion of the soil surface or as a result of the soil being disturbed (e.g., remediation). This 
naturally occurring radioactive material, as well as the above background concentrations of 
radioactive materials present at the SLS, may contribute to emissions of airborne radioactive 
particulates. 
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Airborne radioactive particulates are measured at the SLS by drawing air through a filter 
membrane with an air sampling pump placed approximately 3 ft above the ground and analyzing 
the material contained on the filter. The results of the analysis, when compared to the amount of 
air drawn through the filter, are reported as radioactive contaminant concentrations [i.e., 
microcurie per milliliter (ACi/mL)]. Particulate air monitors are located at site perimeter 
locations in predominant wind directions at the SLAPS and the HISS and at excavation perimeter 
locations at the SLDS. Air particulate samples are collected weekly at the SLAPS and the HISS 
and during active excavations at the SLDS. HISS samples are analyzed on-site. SLAPS and 
SLDS samples are analyzed at the SLAPS laboratory. 

2.1.2.2 Estimation of Emissions in Accordance with the NESHAP 

The St. Louis FUSRAP Sites CY 2003 NESHAP Report (provided as Attachment 1) presents 
results from calculations of the effective dose equivalent (EDE) for radionuclide emissions to 
critical receptors in accordance with the NESHAP. The report is prepared in accordance with the 
requirements and procedures contained in 40 Code of Federal Regulations (CFR) 61, Subpart I, 
National Emission Standards for Radionuclide Emissions From Federal Facilities Other Than 
Nuclear Regulatory Commission Licensees and Not Covered by Subpart H. 

Site emission rates calculated using air sampling data, activity fractions, and other site-specific 
information, are used for the SLS as inputs to the U.S. Environmental Protection Agency 
(USEPA) CAP88-PC modeling code to demonstrate compliance with the emission standard in 
40 CFR 61, Subpart I. The results of calculations performed for the SLS are reported in 
Sections 2.2 through 2.4, as appropriate. 

2.1.3 Airborne Radon 

Uranium-238 (U-238) is a naturally occurring radionuclide in soil and rock. Radon gas (Rn-222) 
is a naturally occurring radioactive gas found in the uranium decay series. A fraction of the 
radon produced from the radioactive decay of naturally occurring U-238 diffuses from soil and 
rock into the atmosphere, accounting for natural background airborne radon concentrations. In 
addition to this natural source, radon is produced from the above background concentrations of 
radioactive materials present at the SLS. 

Airborne radon concentration is governed by the emission rate and the dilution factors, both of 
which are strongly affected by meteorological conditions. Surface soil is the largest source of 
radon. Secondary contributors include oceans, natural gas, geothermal fluids, volcanic gases, 
ventilation from caves and mines, and coal combustion. Radon levels in the atmosphere have 
been observed to vary with height above the ground, season, time of day, and location. The chief 
meteorological parameter governing airborne radon concentration is atmospheric stability; 
however, the largest variations in atmospheric radon occur spatially (USEPA, 1987). 

Radon alpha track detectors (ATDs) are used at the SLS to measure alpha particles emitted from 
radon and its associated decay products. Radon ATDs are collocated with environmental TLDs 
3 ft above the ground surface in housing shelters at the site boundaries on the SLAPS and the 
HISS. At the SLDS, the ATDs were located at areas assumed to be representative of areas 
accessible to the public. ATDs are collected semi-annually and sent to an off-site laboratory for 
analysis. 
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2.2 	HISS 

2.2.1 EVALUATION OF GAMMA RADIATION DATA 

Gamma radiation monitoring was performed at the HISS during CY 2003 at five locations 
around the perimeter of the site (see Figure 2-1). In addition to these locations, one background 
location (see Figure 2-2) in the North County area was used to compare on-site exposure and off-
site background exposure. The number of background sampling locations was reduced to a 
single location to eliminate redundant sampling. 

In January CY 2003, one environmental TLD was placed at each monitoring location and 
replaced quarterly to provide input for annual exposure. The environmental monitoring program 
uses two TLDs at monitoring Station HA-5 (for each monitoring period) to provide additional 
quality control (QC) of the monitoring data. 

TLD monitoring data for CY 2003 are found in Table 2-1. All quarterly monitoring data 
reported from the vendor were normalized to one quarter's exposure. Net  monitoring results 
(average normalized location reading minus average normalized background reading) were also 
corrected for shelter absorption and fade for each monitoring location. The average corrected 
TLD measurement at the HISS perimeter was approximately 35 mrern/yr above background. 

Gamma radiation exposure measured at the perimeter fenceline assumes that a hypothetical 
member of the public would be at the same location 24 hours/day, 365 days/year. Off-site dose 
to the nearest member of the public is dependent upon the member's proximity to the gamma 
source and amount of time spent at the affected site. A more realistic approach to project dose is 
to evaluate members of the public as either residence-based or off-site-worker-based receptors. 
A residence-based off-site exposure assumes a 100 percent occupancy rate at a given location. 

Table 2-1. 	External Gamma Radiation at the HISS 

Monitoring 
Location 

Monitoring 
Station 

First Quarter 
TLD Data°  
(mrem/qtr) 

Reported/Corrected 

Second Quarter 
TLD Data°  
(mrem/qtr) 

Reported/Corrected 

Third Quarter 
TLD Data°  
(mrem/qtr) 

Reported/Corrected 

Fourth Quarter 
TLD Data°  
(mrem/qtr) 

Reported/Corrected 

CY 2003 
Net TLD 

Datab  
(mrem/yr) , 

89 

HISS 
Perimeter 

HA-1 34.4/20.7 41.7/23.8 39.4/22.9 37.7/21.9 
HA-2 28.8/14.0 32.4/14.4 31.2/14.0 29.2/12.8 55 
HA-3 23.0/7.3 22.9/4.8 23.5/5.6 24.7/8.0 26 , 
HA-4 19.4/3.1 18.7/0.6 17.7/0 18.1/0.9 5 
HA-5 16.7/0 17.4/0 16.8/0 15.7/0 0 

Du pl icate HA-5' 16.2/--- 17.2/--- 17.4/--- 17.3/--- --- 

Back e -round (Holtwick) 16.8/--- 18.1/--- 18.3/--- 17.5/--- --- 

All quarterly data reported from the vendor have been normalized to one quarter's exposure above background. 
CY 2003 net TLD data are corrected for background, shelter absorption (s/a = 1.075), and fade. 
A quality control duplicate is collected at the same time and location and is analyzed by the same method for evaluating 	precision 

in sampling and analysis. Duplicate sample results were not included in calculations. 

--- 	Result calculation not required. 
rnrem/qtr = millirem per quarter 

There are no public areas or residences near the HISS; therefore, exposure to a residence-based 
receptor is greatly reduced due to the distance relative to the site. An off-site-worker exposure 
assumes that a worker's occupancy rate is 23 percent, based on 8 hours/day, 5 days/week, and 50 
weeks/year. The off-site-worker-based receptor is a more realistic choice to represent the 
hypothetical maximally exposed individual because of the proximity of the receptor, 
approximately 50 meters east of the HISS perimeter, and the time the individual will spend at 
this location. A realistic assessment of dose can be performed using conservative assumptions of 
occupancy rate and distance from the source. Based on this methodology, the annual dose from 
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external gamma radiation to the hypothetical maximally exposed individual (the nearest off-site 
worker, 50 meters east of the site perimeter) has been calculated at less than 0.1 mrem/yr (SAIC 
2004a). Additional details of the data and calculation methodology used to determine dose to the 
receptor are located in Appendices A and E to this report, respectively. 

2.2.2 Evaluation of Airborne Radioactive Particulate Data 

2.2.2.1 Air Sampling 

Air sampling for particulate radionuclides was conducted at the HISS perimeter locations 
beginning in January CY 2003 and continued throughout the year. Air samples were typically 
collected weekly. Air particulate monitoring data are presented in Table 2-2. The monitoring 
locations are shown on Figure 2-1. Perimeter stations are located in accordance with the 
Environmental Monitoring Implementation for Fiscal Year (EMIFY) 2004 (USACE, 2003). 

Table 2-2. 	Summary of HISS Air Particulate Data 

Monitoring Location 
Average Concentration (pCihnL) 

Gross Alpha Gross Beta 

11AP-001 1.50E-15 2.07E-14 
HAP-002 1.56E-15 2.10E-14 
HAP-003 1.39E-15 2.13E-14 
HAP-004 1.62E-15 2.18E-14 

Average Site Concentration 1.52E-15 2.12E-14 

2.2.2.2 Estimation of Emissions in Accordance with the NESHAP 

The St. Louis FUSRAP Sites CY 2003 NESHAP Report presents results from calculations of the 
EDE from radionuclide emissions (excluding radon) to critical receptors in accordance with the 
NESHAP. The report is prepared in accordance with the requirements and procedures contained 
in 40 CFR 61, Subpart I, National Emission Standards for Radionuclide Emissions From 
Federal Facilities Other Than Nuclear Regulatoiy Commission Licensees and Not Covered by 
Subpart H. 

The annual dose from radiological particulates to the hypothetical maximally exposed individual 
(50 meters east of the site perimeter) has been calculated at approximately 5.9 mrem/yr (SAIC 
2004a and 20040. Additional details of the data and calculation methodology used to determine 
dose to the receptor are located in Appendix A and Attachment 1 to this report, respectively. 
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2.2.3 Evaluation of Airborne Radon Data 

Airborne radon monitoring was performed at the HISS using ATDs placed around the site 
perimeter to measure radon emissions from the site. Five detectors were collocated with 
TLD locations, as identified in Figure 2-1, and one duplicate detector was placed at Station 
HA-5 for QC purposes. One background detector, located in the North County area, was 
uscd to compare on-site exposure and off-site background exposure. The number of 
background sampling locations was reduced to a single location to eliminate redundant 
sampling. The ATDs were installed in January CY 2003 at each monitoring location, 
collected for analysis after approximately six months of exposure, and replaced with another 
set that would represent radon exposure for the rest of the year. Recorded radon 
concentrations are listed in picocurie per liter (pCi/L), and are evaluated based on the 
regulatory criterion listed in 10 CFR 20, Appendix B, of 0.3 pCi/L (at 30 percent 
equilibrium) average annual concentration above background at the site perimeter. The 
average annual radon concentration above background of 0.1 pCi/L at the HISS perimeter 
was below the 10 CFR 20 Appendix B regulatory criterion of 0.3 pCi/L (see Table 2-3). 

Radon exposure to the receptor, outlined in Section 2.2.1 (off-site worker 50 meters east of 
the site perimeter), has been calculated at approximately 0.1 rnrem/yr (SAIC, 2003a). 
Additional details of the data and calculation methodology used to determine dose to the 
receptor are located in Appendices A and E to this report, respectively. 

Table 2-3. 	Radon Gas (Rn-222) Concentrations at the HISS 

Monitoring 
Location 

Monitoring 
Station 

Average Annual Concentration (pCi/L) 
01/8/03 to 
07/10/03 °  

uncorrected 

07/10/03 to 
01/08/04°  

uncorrectedL  
0.3 

Average Annual 
Concentration° 	— 

0.1 

HISS Perimeter 

HA-I 0.3 
HA-2 0.4 0.2 0.1 
HA-3 0.2 0.3 0.05 
HA-4 0.2 0.2 0.0 
1-1A-5 0.2 0.2 0.0 

Duplicate' HA-5' 0.2 0,3 --- 
Backgroundd  (Holtwick) 0.2 0.2 --- 

a 	Detectors were installed and removed on the dates listed. Data are as lepurted from the vendor. 
Results reported from vendor for two periods are time-weighted and averaged to estimate an annual average 
radon concentration (pCi/L) above background. 

a 	A quality control duplicate is collected at the same time and location and is analyzed by the same method for 
evaluating precision in sampling and analysis. 
Result calculation not required. 

2.3 SLAPS 

2.3.1 Evaluation of Gamma Radiation Data 

I. 

Gamma radiation monitoring was performed at the SLAPS during CY 2003 at six site 
perimeter locations (Figure 2-3). In addition to these locations, one background monitoring 
station located in the North County area was used to compare on-site exposure and off-site 
background exposure. The number of background sampling locations was reduced to a single 
location to eliminate redundant sampling. 

 

2-7 
DRAFT 



4/5/2004 
Annual Environmental Monitoring Data and Analysis Report for CY03 

In January CY 2003, (Figure 2-3) one environmental TLD was placed at each monitoring 
location and replaced quarterly to provide input for annual exposure. The environmental 
monitoring program uses two TLDs at Monitoring Station PA-4 (for each monitoring period) 
to provide additional QC of the monitoring data. TLDs at PA-4 and PA-6 were inadvertently 
destroyed during the second quarter of CY 2003 due to excavation activities and weather at 
the SLAPS. To account for the missing data at these two monitoring locations, net TLD 
results from the first, third, and fourth quarters were summed and then normalized to one 
year. 

TLD monitoring results for CY 2003 are found in Table 2-4. All quarterly monitoring data 
reported from the vendor were normalized to exactly one quarter's exposure. Net  monitoring 
results (average normalized location reading minus average normalized background reading) 
were also corrected for shelter absorption and fade for each monitoring location. The 
average TLD measurement at the SLAPS perimeter was approximately 45 mrem/yr above 
background. 

• As at the HISS, the off-site-worker-based receptor is a more realistic choice to represent the 
hypothetically maximally exposed individual because of the proximity of the receptor, 
approximately 160 meters south of the SLAPS perimeter, and the time the individual will 
spend at this location. Thus, a realistic assessment of dose can be performed using 
conservative assumptions of occupancy rate and distance from the source. 

Table 2-4. 	External Gamma Radiation at the SLAPS 

Monitoring 
Location 

Monitoring 
Station 

First 
Quarter 

TLD Data 
(mrern/qtr) 
Reported/ 
Corrected 

Second 
Quarter 

TLD Data 
(mrem/qtr) 
Reported/ 
Corrected 

Third 
Quarter 

TLD Data°  
(mrem/qtr) 
Reported/ 
Corrected 

Fourth 
Quarter 

TLD Data°  
(mrem/qtr) 
Reported/ 
Corrected 

CY 2003 
TLD Datab  
(mrem/yr) 

SLAPS Perimeter 

PA-1 42.4/30.1 51.8/34.0 53.7/38.4 50.1/35.8 138 
PA-2 20.1/3.9 20.4/2.3 21.5/3.5 25.2/8.5 18 

PA-3 28.8/14.1 34.6/16.6 29.7/12.4 25.7/9.0 52 

PA-4` 20.3/4.1 NS/--- 17.7/0.0 18.5/1.1 7 

Duplicated  PA-4 "  20.7/--- NS/--- 16.6/--- 19.8/--- --- 

SLAPS Perimeter 
PA-5 18.0/1.4 20.6/2.5 20.5/2.4 18.7/1.3 8 
PA-6` 44.6/32.7 NS/--- 15.7/0.0 21.4/4.3 49 

Background (Holtwick) 16.8/--- 18.1/--- 18.3/--- 17.5/--- --- 

O All quarterly data reported from the vendor have been normalized to one quarter's exposure above background. 
CY 2003 net TLD data are corrected for background, shelter absorption (s/a = 1.075), and fade. 

• Calculations were normalize for the year as second quarter's All) were inadvertently destroyed during 
excavation/remediation processes. 

• A quality control duplicate is collected at the same time and location and is analyzed by the same method for 
evaluating precision in sampling and analysis. Duplicate sample results were not included in calculations. 
Result calculations not required. 

NS no sample collected 

Based on this methodology, the annual dose from external gamma radiation to the 
hypothetical maximally exposed individual (the nearest off-site worker, 160 meters south of 
the site) has been calculated at approximately 0.1 mrem/yr (SAIC, 2004b). Additional details 
of the data and calculation methodology used to determine dose to the receptor are located in 
Appendices A and E to this report, respectively. 
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2.3.2 Evaluation of Airborne Radionuclide Data 

2.3.2.1 Air Sampling 

Air sampling for radiological particulates was conducted at the SLAPS perimeter locations 
for the entire CY 2003. Air particulate monitoring data are presented in Table 2-5. The 
monitoring locations are shown on Figure 2-3. 

Table 2-5. 	Summary of SLAPS Air Particulate Data 

Monitoring Location 
Average Concentration (pCi/mL) 

Alpha Beta 
PAP-001 3.45E-15 5.32E-14 
PAP-002 3.71E-15 5.33E-14 
PAP-003 3.52E-15 5.33E-14 
PAP-004 3.73E-15 5.31E-14 
PAP-005 3.61E-15 5.44E-14 

Average Concentration 3.61E-15 5.35E-14 

2.3.2.2 Estimation of Emissions in Accordance with the NESHAP 

The St. Louis FUSRAP Sites CY 2003 NESHAP Report presents results from calculations of 
the F,DE from radionuclide emissions to critical receptors in accordance with NESHAP. The 
report is prepared in accordance with the requirements and procedures contained in 40 CFR 

61, Subpart I, National Emission Standards for Radionuclide Emissions From Federal 
Facilities Other Than Nuclear Regulatory Commission Licensees and Not Covered by 
Subpart H. 

The annual dose from radiological air particulates to the hypothetical maximally exposed 
individual (160 meters south of the site perimeter) has been calculated at approximately 
3.4 mrem/yr (SAIC 2004b and 20040. Additional details of the data and calculation 
methodology used to determine dose to the receptor are located in Appendix A and 
Attachment 1 to this report, respectively. 

2.3.3 Evaluation of Airborne Radon Data 

Airborne radon monitoring was performed at the SLAPS using ATDs placed around the site 
perimeter to measure radon emissions from the site. Six detectors were collocated with TLD 
locations, as identified in Figure 2-3. One additional detector was located at Monitoring 
Station PA-4 as a QC duplicate. One background detector was located in the North County 
area to compare on-site exposure and off-site background exposure. The number of 
background sampling locations was reduced to a single location to eliminate redundant 
sampling. The ATDs were placed at all monitoring locations in January CY 2003. The 
detectors were collected for analysis after approximately six months of exposure, and 
replaced with another set that would represent radon exposure for the rest of the year. ATDs 
at PA-4 and PA-6 were inadvertently destroyed during the second quarter of CY 2003 due to 
excavation activities and weather at the SLAPS. To account for the missing data at these two 
monitoring locations, the results for the first monitoring period (January through June) were 
estimated to be the same as the second monitoring period results (July through December). 
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This was a conservative estimation since second semi-annual results are generally higher 
than first semi-annual results as shown in Table 2-6. Additionally, the estimated results were 
not used to determine the dose to the off-site worker from exposure to radon as described in 
Appendix E. Recorded radon concentrations are listed in pCi/L, and are evaluated based on 
the regulatory criterion listed in 10 CFR 20, Appendix B, of 0.3 pCi/L (at 30 percent 
equilibrium) average annual concentration above background. 

The average annual radon concentration above background of greater than 0.1 pCi/L at the 
SLAPS perimeter was below the 10 CFR 20, Appendix B regulatory criterion of 0.3 pCi/L 
(see Table 2-6). 

Radon exposure to the receptor as outlined in Section 2.3.1 (off-site worker 160 meters south 
of the site perimeter) has been calculated at approximately 0.1 mrem/yr, (SAIC, 2004b). 
Additional details of the data and calculation methodology used to determine dose to the 
receptor are located in Appendices A and E to this report, respectively. 

Table 2-6. 	Radon Gas (Rn-222) Concentrations at the SLAPS 

Monitoring 
Location 

Monitoring 
Station ID# 

Average Annual Concentration (pCi/L) 
01/08/03 to 
07/10/03 °  

(uncorrected) 

07/10/03 to 
01/08/04 °  

(uncorrected) 

Average 
Annual 

Concentration b  

SLAPS Perimeter 

PA-1 0.3 0.4 0.15 
PA-2 0.2 0.3 0.05 
PA-3 0.2 0.2 0.0 
PA-4 0.5' 0.5 0.3 

Duplicate "  PA-4 0.3' 0.3 --- 

SLAPS Perimeter 
PA-5 0.2 0.3 0.05 
PA-6 0.2' 0.2 0.00 

Background (Holtwick) 0.2 0.2 --- 

o Detectors were installed and removed on he dates listed. Data are as 
b  Results reported from vendor for two periods are time-weighted and 

radon concentration (pCi/L) above background. 
• Estimated concentration based upon second semi-annual result due to 
d A quality control duplicate is collected at the same time and location 

evaluating precision in sampling and analysis. 
---Result calculation not required. 

reported from the vendor. 
averaged to estimate an annual average 

lost monitoring device. 
and is analyzed by the same method for 

2.4 	SLDS 

2.4.1 Evaluation of Gamma Radiation Data 

Gamma radiation monitoring was performed at the SLDS during CY 2003 at four locations 
that were representative of areas accessible to the public (see Figure 2-4). In addition to 
these locations, one background monitoring station located in the North County area was 
used to compare on-site exposure and off-site background exposure. The number of 
background sampling locations was reduced to a single location to eliminate redundant 
sampling. 

In January CY 2003, one environmental TLD was placed at each monitoring location and 
replaced quarterly to provide input for annual exposure. The environmental monitoring 
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program uses two TLDs at Monitoring Station DA-1 (for each monitoring period) to provide 
additional QC of monitoring data. 

TLD monitoring results for CY 2003 are presented in Table 2-7. All quarterly monitoring 
data reported from the vendor have been normalized to exactly one quarter's exposure. Net  
monitoring results (average normalized location reading minus average normalized 
background reading) were also corrected for shelter absorption and fade at each monitoring 
location. The average TLD measurement at the SLDS was approximately 17 mrem/yr above 
back ground. 

Table 2-7. 	External Gamma Radiation at the SLDS 

Monitoring 
Location 

Monitoring 
 Station 

First 
Quarter 

TLD Data °  
(mrem/qtr) 
Reported/ 
Corrected 

Second 
Quarter 

TLD Data°  
(mrem/qtr) 
Reported/ 
Corrected 

Third 
Quarter 

TLD Data °  
(mrern/qtr) 
Reported/ 
Corrected 

Fourth 
Quarter 

TLD Data °  
(mrem/qtr) 
Reported/ 
Corrected 

CY 2003 
TLD Datab  
(mrem/yr) 

SLDS Perimeter DA-1 20.1/4.5 20.5/2.4 20.2/2.1 20.2/3.0 12 
Duplicate' DA-1 18.7/--- 21.8/--- 20.2/--- 22.0/--- --- 
SLDS Perimeter DA-2 17.9/1.9 21.6/3.5 20.3/2.2 19.2/1.9 9 
SLDS Perimeter DA-3 25.6/11.0 27.1/9.1 24.4/6.6 24.1/7.2 34 
SLDS Perimeter DA-4 20.3/3.9 21.4/3.3 20.5/2.4 20.5/3.3 13 
Background (Holtwick) 16.8/--- 18.1/--- 18.3/--- 17.5/--- --- 

All qua crly data reported from the vendor have been normalized to exactly one quarter's exposure above 
background. 
CY 2003 net TLD data are corrected for background, shelter absorption (s/a = 1.075), and fade. 
A quality control duplicate is collected at the same time and location and is analyzed by the same method for 
evaluating precision in sampling and analysis. Duplicate sample results were not included in calculations. 
Result calculation not required. 

As at the HISS and the SLAPS, the off-site worker-based receptor is a more realistic choice 
to represent the hypothetical maximally exposed individual because of the proximity of the 
receptor, approximately 50 meters southeast of the Mallincicrodt fenceline [Thomas and 
Proetz Lumber Company (DT-10)], and the time the individual will spend at this location. 
Thus, a realistic assessment of dose can be performed using conservative assumptions of 
occupancy rate and distance from the source. Based on this methodology, the annual dose 
from external gamma radiation to the hypothetical maximally exposed individual [the nearest 
off-site worker, 50 meters southeast of the Mallinckrodt fenceline (DT-10)] has been 
calculated at less than 0.1 mrem/yr, (SAIC, 2004c). Additional details of the data and 
calculation methodology used to determine dose to the receptor are located in Appendices A 
and E to this report, respectively. 
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2.4.2 Evaluation of Airborne Radionuclide Data 

2.4.2.1 Air Sampling 

Air sampling for radiological particulates was not conducted at the SLDS perimeter locations 
during CY 2003 due to the insignificant potential for material to become airborne at the site. 
The ground surface at the SLDS is generally covered with asphalt or concrete, which limits 
the potential for material to become airborne. Air sampling for radiological particulates 
during CY 2003 was conducted by the remedial action contractor at the perimeter of each 
active excavation within the SLDS. Air particulate monitoring data from excavation 
perimeters is presented in Table 2-8. 

Table 2-8. 	Summary of SLDS Air Particulate Data 

Monitoring Location 
Average Concentration (mCi/mL) 

Alpha Beta 
Plant 1 2.73E-15 1.20E-14 
City of Venice (DT-11)_ 1.35E-14 2.43E-13 
Heinz Steel (DT-6) 4.57E-15 4.22E-14 
Plant 6 4.25E-15 2.66E-14 
Plant 7 3.69E-15 2.88E-14 
Thomas & Proetz (DT-10) 3.37E-15 2.86E-14 
Midwest Waste (DT-7) 0.00E+00 5.90E-15 
Average Concentration (excavations) a  5 07E-15 5.45E-14 

Average of all excavation perimeter monitoring at SLDS and vicinity properties during CY 2003. a 

All data reported from the laboratory were negative; therefore, the average concentration was reported as zero. 

2.4.2.2 Estimation of Emissions in Accordance with the NESHAP 

The St. Louis FUSRAP Sites CY 2003 NESHAP Report presents results from calculations of 
the EDE from radionuclide emissions to critical receptors in accordance with the NESHAP. 
The report is prepared in accordance with the requirements and procedures contained in 
40 CFR 61, Subpart I, National Emission Standards for Radionuclide Emissions From 
Federal Facilities Other Than Nuclear Regulatory Commission Licensees and Not Covered 
by Subpart H. 

The annual dose from radiological air particulates to the hypothetical maximally exposed 
individual has been calculated at 0.1 mrem/yr (SAIC 2004c and 2004f). Additional details of 
the data and calculation methodology used to determine dose to the receptor are located in 
Appendix A and Attachment 1 to this report, respectively. 

2.4.3 Evaluation of Airborne Radon Data 

Airborne radon monitoring was performed at the SLDS using ATDs to measure radon 
emissions. Four detectors were collocated with the TLDs at locations listed in Figure 2-4. 
One additional detector was located at Monitoring Station DA-1 as a QC duplicate. One 
background detector was located in the Nut al County area to compare on-site exposure and 
off-site background exposure. The number of background sampling locations was reduced to 
a single location to eliminate redundant sampling. The ATDs were placed at each 
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monitoring location in January of CY 2003 and were collected for analysis after 
approximately six months of exposure, and replaced with another set that would represent 
radon exposure for the rest of the year. Recorded radon concentrations are listed in pCi/L, 
and are evaluated based on the regulatory criterion listed in 10 CFR 20, Appendix B of 0.3 
pCi/L (at 30 percent equilibrium) average annual concentration above background at the 
ATD locations. 

The average annual radon concentration above background of less than 0.1 pCi/L at the 
SLDS was below the 10 CFR 20, Appendix B regulatory criterion of 0.3 pCi/L (see 
Table 2-9). 

Table 2-9. 	Radon Gas (Rn-222) Concentrations at the SLDS During CY 2002 

Monitoring 
Location 

Monitoring 
Station ID# 

Average Annual Concentrat on (pCi/L) 
01/08/03 to 
07/08/03°  

(uncorrected) 

07/08/03 to 
01/08/04 ° 

(uncorrected) Average" 
SLDS DA-1 0.2 0.2 0.0 

Duplicate' DA-1` 0.2 0.2 --- 

SLDS 
DA-2 0.2 0.2 0.0 
DA-3 0.2 0.2 0.0 
DA-4 0.2 0.2 0.0 

Background (Holtwick) 0.2 0.2 --- 
a 	Detectors were installed and removed on the dates listed. Data are as reported from the vendor. 

Results reported from vendor for two periods are time-weighted and averaged to estimate an annual average 
radon concentration (pCi/L) above background. 
A quality control duplicate is collected at the same time and location and is analyzed by the same method for 
evaluating precision in sampling and analysis. 

---Result calculation not required. 

Radon exposure to the receptor outlined in Section 2.4.1 [off-site worker 50 meters southeast 
of the Mallincicrodt fenceline (DT-10)] was 0.0 mrem/yr (SAIC, 2004c) since the reported 
radon results for the ATD nearest the receptor were the same as background radon levels. 
Additional details of the data and calculation methodology used to determine dose to the 
receptor are located in Appendices A and E to this report, respectively. 
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3.0 CV 2003 WASTE-WATER, STORM-WATER, SURFACE-WATER, AND 
SEDIMENT SAMPLING 

This section provides a description of the waste-water, storm-water, surface water and sediment 
monitoring activities at the FUSRAP SLS, including the monitoring of Coldwater Creek for CY 
2003. The results obtained from these monitoring activities are presented and evaluated with 
respect to historical data and the appropriate limits or evaluation criteria (EC) as appropriately 
described in the EMI FY04. 

The EM1FY04 section 2.2.2 outlines the EC for the storm-water and waste water discharged at 
each site. Many of these EC are discharge limits; however, for cases where the governing 
authorities (MDNR-NPDES or MSD authorization letters) have not provided limits (i.e. 
radionuclide contaminants) the 10 CRF 20 Appendix B, effluent values will be used for 
discussion and comparison purposes. EC for assessing surface water sediment data collected for 
CWC were derived from the soil contaminants of concern (COCs) for the NCFS (USACE, 
2003). The 95% Upper Tolerance Limit (UTL) value was used as the background concentration. 
Water quality criteria in 10 CSR 20-7.031 Table A Classifications I, II and V were used if no 
background value existed for a given constituent. These EC are used for comparison and 
discussion purposes. 

3.1 WASTE-WATER AND STORM-WATER DISCHARGE MONITORING 
REM ,TS DURING CV 2003 

This section provides a description of the waste-water and storm-water monitoring activities 
conducted at the SLS during CY 2003. The monitoring results obtained from these activities are 
presented and compared with the various permit or permit-equivalent limits presented in the 
EMIFY 2004 (USACE, 2003). The purpose of storm-water and waste-water discharge sampling 
at the SLS is to maintain compliance with the discharge requirements. The discharge 
requirements for the HISS are contained in the MDNR NPDES permit number MO-0111252. 
Although CY 2003 storm-water discharges from the HISS were monitored per the discharge 
requirements, the USACE terminated this permit in November 2003. The USACE issued a letter 
to Mr. Phillip A. Schreder, MDNR Permit Chief on November 18, 2003 indicating that they no 
longer consider this expired permit valid for the HISS, thus eliminating USACE obligations to 
comply with the conditions of the expired permit (USACE, 2003a). Discharge requirements for 
the other sites are set by the MSD discharge authorization letter dated January 27, 2003, for the 
HISS On-Site Laboratory (MSD, 2004); the MDNR-NPDES ARARs (permit-equivalent) 
document dated October 2, 1998, for the SLAPS (MDNR, 1998); the MSD discharge 
authorization letter dated July 23, 2001, for the SLAPS (MSD, 2001a); and the MSD discharge 
authorization letters dated October 30, 1998 (MSD, 1998) and modified in July 23, 2001 (MSD, 
2001b) for the SLDS. The storm-water sampling results fnr the HISS and the SLAPS 
demonstrate compliance with 10 CFR 20.1302, and with permitted requirements and conditions. 
Waste-water sampling results for the SLAPS and the SLDS demonstrate compliance with 10 
CFR 20 and requirements listed in the MSD discharge authorization letters. 

3.1.1 Evaluation of the CY 2003 Storm-water Discharge Monitoring Results at the HISS 

In CY 2003, storm-water discharge was monitored from three outfalls at the HISS in accordance 
with NPDES Permit MO-0111252. For environmental monitoring purposes, these outfalls have 
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been assigned the station identifications HNO1 for Outfall 001, HNO2 for Outfall 002, and HNO3 
for Outfall 003, as depicted in Figure 3-1. The permit requires monthly monitoring at the 
outfalls for settable solids. It establishes the daily maximum limit for settable solids at 1.5 • 
milliliters per liter per hour (mL/L/hr) and a cumulative daily average limit per month for 
settleable solids at 1.0 mL/L/hr. In addition, the permit requires quarterly sampling for pH, 
specific conductance, total organic carbon, total organic halogen (TOX), gross alpha, gross beta, 
lead-210 (Pb-210), radium-226 (Ra-226), Ra-228, total uranium, thorium-230 (Th-230), and Th-
232. 

A special condition of the permit requires that if a positive value for TOX is recorded, then the 
specific constituent(s) shall be identified. The permit requires analysis of analytes that are not 
MED/AEC contaminants of concern (COCs). TOX results were positive for each outfall in the 
first quarter and fourth quarter and for Outfall 001 in the second quarter. As a result of recording 
a positive value for TOX, representative samples were analyzed for a project-specific list of 
volatile organic compounds (VOCs) and semivolatile organic compounds (SVOCs), as defined 
by the Sampling and Analysis Guide (USACE, 2000) to identify the specific constituents. No 
VOC or SVOC were reported above detection limits at any outfalls in CY 2003. All analytical 
data results for the HISS are presented in Appendix B, Table B-1. 

During CY 2003, storm-water discharge samples from H1\101, HNO2, and HNO3 were collected 
for analysis of settleable solids during each month that adequate flow occurred. Storm-water 
discharges from HN01, HNO2, and HNO3 were not collected for analysis during August and 
September as well as HNO3 storm-water discharge for January because of no flow or limited 
flow conditiwis. In the four quarters of CY 2003, settleable solids results did not exceed the 
allowable maximum daily concentration of 1.5 mL/L/hr per outfall. Results for settleable solids 
storm-water discharge monitoring at the HISS during CY 2003 are presented in Table 3-1. 

Table 3-1. Settleable Solids Results From CV 2003 Storm-water Discharge 
Monitoring at the HISS (mL/L/hr) 

Month Collected HNO1 HNO2 HNO3 
January 0.0 0.0 Not measured°  

February 0.0 0.0 0.0 
March 0.0 0.0 0.0 
April 0.0 0.0 0.0 
May 0.0 0.0 0.0 
June 0.0 0.0 0.0 
July 0.0 0.0 0.0 

August Not measured°  Not measured ° Not measured °  
September Not measured' Not measured °  Not measured°  

October 0.0 0.0 0.0 
November 0.0 0.0 0.0 
December 0.0 0.0 0.0 

° Not measured due to no flow or Imited flow conditions. 
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During CY 2003, rainfall was measured at station (KSTL) 38-45-09N 090-22-25W 171M by the 
National Weather Service at Lambert St. Louis International Airport, located approximately one 
mile South of the HISS. Flow was detected and recorded by flow meter sensors at HN01, HNO2, 
and HNO3. Rainfall was measured in inches and flow was recorded as million gallons per day 
using a continuous flow recorder. 

Daily flow and rainfall data are presented in Appendix B, Table B-2. A quarterly summary of 
CY 2003 HISS storm-water monitoring results are presented below. 

First Quarter 

During the first quarter of CY 2003, the permit-specified parameters were measured during 
January, February, and March (see Table 3-2). All permit-specified parameters were within 
permit requirements. In addition, the constituents on the project-specific lists of VOCs and 
SVOCs were analyzed. No VOCs or SVOCs were detected at concentrations greater than the 
reported detection limits. 

Table 3-2. Results from First Quarter CV 2003 Storm-water Sampling at the HISS 

Monitoring Parameter Units _ HNO1 HNO2 HNO3 
Thorium-228 pCi/L 0.61 1.4 1.9 
Thorium-230 _pCi/L 6.5 5.2 11 
Thorium-232 pCi/L 0.15 °  0.16°  0.56 
Total Uranium" pCi./L 41 0  120 3.2°  
Radium-226 pCi/L 0.49°  0.36°  1.4" 
Radium-228' pCi/L 0.61 1.4 1.9 
Gross Alpha pCi/L 55 120 9.6 
Gross Beta pCi/L 25°  41 25°  
pH SU 8.2 8.7 8.5 
Specific Conductance p ohms/cm 0.53 0.34 0.27 
Total Organic Carbon (TOC) mg/L 13 6.2 5.9 
Total Organic Halogen (TOX) mg/L a d d 

Lead-210 e 	 _ pCi/L 0.49°  0.36°  1.4°  

Result reported less than minimum detectable activitY (MDA). Therefore, results assumed to be the MDA for calculation purposes. 
Calculated value based on the addition of the isotopic analysis: U-234, U-235, and U-238. 
Assumes secular equilibrium with Th-228. 
Total organic halogen (TOX) results were rejected due to breakthrough. 
Assumes secular equilibrium with Ra-226. 

Second Quarter 

The permit-specified parameters were measured in April, May, and June during the second 
quarter of CY 2003 (see Table 3-3). The concentrations of all permit-specified parameters were 
within permit requirements. The data results indicated that the TOX value was positive for the 
sample collected from the HN01 outfall. Therefore, in accordance with the permit requirements, 
a representative sample was collected from HNO1 and analyzed for the project-specific lists of 
VOCs and SVOCs in an effort to identify specific constituents. No VOCs or SVOCs were 
detected at concentrations greater than the reported detection limits. 
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Monitoring Parameter Units HNO1 ., HNO2 . 	. 	, 	.. HNO3 . 
Thorium-228 pCi/L 1.1 2.1 °  2.2°  
Thorium-230 pCi/L 6.0 4.5 4.7 
Thorium-232 pCi/L 1.8 °  1.1 °  2.2°  
Total Uraniumb  pCi/L 24 89 3.3 
Radium-226 pCi/L 1.6°  1.7°  1.5 °  
Radium-228' pCi/L 1.1 2.1 °  2.2°  
Gross Alpha _ 	pCi/L 8.9 33 3.4 
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Table 3-3. 	Results from Second Quarter CY 2003 Storm-water Sampling at the 
MSS 

Monitoring Parameter Units HNO1 HNO2 HNO3 , 	 . 
Thorium-228 pCi/L 1.2" 1.2°  1.7°  
Thorium-230 pCi/L 5.9 3.7 4.1 
Thorium-232 pCi/L 0.53" 0.52°  1.2°  
Total Uranium's  pCi/L 24 54 8.8 
Radium-226 pCi/L 3.5" 1.8°  1.3°  
Radium-228' pCi/L 1.2" 1.2°  1.7°  
Gross Alpha pCi/L 17 55 7.6°  
Gross Beta pCi/L 17 29 13°  
pH SU 7.0 7.1 7.5 
Specific Conductance pohrns/cm 0.38 0.36 0.28 
Total Organic Carbon (TOC) mg/L 18 6.9 9.1 
Total Organic Halogen (TOX) mg/L 19 9.2°  8.6°  
Lead-210d  pCi/L 3.5° 1.8°  1.3 °  

o Result reported less than minimum detectable activity (MDA). Value assumed to be the MDA for calculation purposes. 
• Calrillatpd value based on the addition of the isotopic enalyses: U-234, U-235, and U-1315. 

• Assumes secular equilibrium with Th-228. 

d Assumes secular equilibrium with Ra-226. 

Third Quarter 

For the third quarter of CY 2003, permit-specified parameters were measured during the month 
of July. However, insufficient flow occurred in August and September. Therefore, compliance 
samples were not collected and no quarterly data results are available for HN01, HNO2, and 
HNO3. 

Fourth Quarter 

The permit-spccified parameters were measured in October, November, and December during 
the fourth quarter of CY 2003 (see Table 3-5) and the concentrations of all permit-specified 
parameters were within permit requirements. The data results of monitored parameters indicated 
that TOX values were positive for samples collected from each of the three outfalls. Therefore, 
in accordance with the permit requirements, representative samples were collected from each of 
the outfalls and analyzed for the project-specific lists of VOCs and SVOCs in an effort to 
identify specific constituents. No VOCs or SVOCs were detected at concentrations greater than 
the reported detection limit. 

Table 3-5. 	Results from Fourth Quarter CY 2003 Storm-water Sampling at the HISS 
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Table 3-5. Results from Fourth Quarter CY 2003 Storm-water Sampling at the HISS 
(Cont'd) 

Monitoring Parameter Units HNO1 11NO2 HNO3 
Gross Beta pCi/L 5.8°  12 5.8°  

PH SU 6.2 6.5 6.5 
Specific Conductance pohms/cm 0.45 0.34 0.30 
Total Organic Carbon (TOC) mg/L 5.0 2.6 8.3 
Total Organic Halogen (TOX) mg/L 12 6.0 5.5 
Lead-210 d  pCi/L 1.6°  1.7" 1.5°  

o Result reported less than minimum detectable activity (MDA). Value assumed lobe the MDA for calculation purposes. 
b  Calculated value based on the addition of the isotopic analyses: U-234, U-235, and U-238. 
• Assumes secular equilibrium with Th-228. 
o Assumes secular equilibrium with Ra-226. 

3.1.2 M SD Permit Renewal for On-Site Laboratory 

The USAGE owns the on-site laboratory located at 8945 Latty Avenue in Hazelwood, Missouri. 
The laboratory operates in accordance with a Special Discharge Permit granted by MSD. The 
waste water is discharged to the MSD sewer system at Manhole 10K2-075S, which is shown on 
Figure 3-2. The MSD special discharge permit requires annual renewal in compliance with 
discharge regulations (Ordinance 8472). The MSD requires analysis of isotopic uranium, 
thorium, and radium, pH, total solids (TS), total suspended solids (TSS), chemical oxygen 
demand (COD), cadmium, chromium, copper, iron, lead, nickel, zinc, and the volatile organic 
priority pollutants. 

The results of the analysis of discharge water from the HISS laboratory indicated that the 
following parameters were present in concentrations greater than the detection limits: TSS, total 
solids, chemical oxygen demand (COD), copper, iron, zinc, nickel, lead, Th-230, Th-228, U-234, 
U-235, U-238 and gross beta. The SLS FUSRAP Radiological Laboratory permit renewal data 
are presented in Appendix B, Table B-3. There are no discharge limits or criteria regulating 
these parameters; the parameters are monitored for permit renewal purposes and submitted to 
MSD. 

3.1.3 Evaluation of the CY 2003 Storm-water Discharge Monitoring Results at the 
SLAPS 

During CY 2003, storm-water sampling at the SLAPS was conducted to meet the NPDES ARAR 
discharge limits. Currently, there are three NPDES outfalls at the SLAPS: Outfalls 001, 002, and 
003 (Figure 3-3). For environmental monitoring purposes, these outfalls have been assigned the 
station identifications PNO1 for Outfall 001, PNO2 for Outfall 002, and PNO3 for Outfall 003. in 
conjunction with the construction of a sedimentation basin at SLAPS during the fall of CY 98, 
the MDNR issued discharge requirements for three Outfalls. 

The first outfall covers the discharge requirements from the normal discharge conveyance for the 
sedimentation basin located at the southwest corner of the site and the emergency spillway 
located in the northwest portion of the site near historical Outfall STW-001. To distinguish 
discharge points at PN01, a designation of "a" or "b" is given. Location "PNOla" designates 
normal discharge from the sedimentation basin, while "PNOlb" designates discharge from the 
emergency spillway. PNO2 is located at the termination of a drainage that parallels McDonnell 
Boulevard along the north side. 
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The MDNR issued a letter dated February 19, 2002 (MDNR, 2002), to the USACE, which 
conditionally agreed with USACE's request to reduce the sampling of PNO2 to once a year, 
effective February 2002, until the drainage area is affected by a soil disturbance. The condition 
of the agreement is that the MDNR be notified when the area is to be disturbed. The MDNR also 
agreed with USACE's request to remove PN03, as of June 2002, from the MDNR-NPDES 
ARAR permit-equivalent document for discharge to waters of the state by the USACE at the 
SLAPS in St. Louis, Missouri. 

The discharge limits issued by the MDNR-NPDES ARAR permit-equivalent document requires 
monthly monitoring for oil and grease, total petroleum hydrocarbons (TPH), pH, COD, settleable 
solids, total recoverable arsenic, total recoverable lead, total recoverable chromium, total 
recoverable copper, total recoverable cadmium, and polychlorinated biphenyls. In addition, 
effluent monitoring for gross alpha, gross beta, protactinium-231 (Pa-231), actinium-227 
(Ac-227), total radium, total thorium, and total uranium is required for each discharge event. 
Monitoring for radon in water is required twice per year. The analysis method for TPH was 
modified to total recoverable petroleum hydrocarbons. This issue is described in detail in the 
third quarter discharge monitoring report for CY 1999; see the letter from the USACE to the 
MI)NR dated October 23, 1999 (USACE, 1999b). 

The purpose of the storm-water sampling at the SLAPS is to verify compliance with NPDES 
permit requirements. All analytical data results for the SLAPS are presented in Appendix B, 
Table B-4. A quarterly summary of CY 2003 events for SLAPS storm-water monitoring 
follows. Quarterly SLAPS storm-water monitoring results for CY 2003 are presented in Tables 
3-7, 3-9, 3-11 and 3-13. 

During CY 2003, rainfall data was obtained from the National Weather Service Station at 
Lambert — St. Louis International Airport which is adjacent to the SLAPS property. Rainfall was 
measured in inches and flow was recorded as million gallons pet day (MGD). Daily flow and 
daily rainfall data can be found in Appendix B, Table B-5. 
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First Quarter 

During the first quarter of CY 2003, the permit-specified parameters were measured during January, • 
February, and March. Samples were collected when flow permitted. In accordance with a letter from the 
MDNR dated February 19, 2002, sampling at PNO2 was reduced to one event per year. PNO2 was not 
sampled during the first quarter. Use of PNO3 as a sampling location has been discontinued in accordance 
with a letter by the MDNR dated February 19, 2002 (MDNR, 2002). Storm water was collected and 
pumped to a sedimentation basin, which is monitored by PNOla. There were five sampling events during 
the first quarter and the events occurred as indicated in Table 3-6. During the first quarter sampling event, 
the concentrations of all permit-specified parameters were within permit discharge requirements (see 
Table 3-6). 

Table 3-6. 	First Quarter 2003 Sampling Events at the SLAPS 

Sample Location Event 10 Event 2 Event 3 

PNOla 01/06/03 to 01/08/03 02/14/03 to 02/15/03 02/19/03 to 02/21/03 
PNO2 b b b 

Sample Location Event 4 — Event 5 < 
PNOla 03/15/02 to 03/22/02  

b b 
 

03/25/02 to 03/29/02. 
PNO2 

PNOla 

Monitoring Parameter Units Effluent Limitations' 
Radiological Results' 

Event 1 Event 2  
3.1E+02—  

Event 3  
1.8E+02 

 	Event 4 
8.6E-1-2 

Event 5 
1.7E+02 Uranium, ToT;P Monitor only 2.6E+02 

Radium, Totaldef ga- Monitor only 2E-06 3E-06 4E-06 3E-06 2E-06 	, 
-Thorium, TotaldeJ WI,  Monitor only 5E+00 4E+00 4E+00 2E+00 2E+00 
Gross Alpha' pCi/L Monitor only 1.9E+02 3.2E+02 1.9E+02 1.0E+02 1.4E+02 
Gross Beta'' pCi/L Monitor only 4E+01 5E+01 2E+01 3E+01 4E+01 
Protactinium-231' pCi/L Monitor only 3E-02 7E-02 4E-02 1E-01 8E-02 
Actinium-227d  _pCi/L Monitor only 3E-02 7E-02 4E-02 1E-01 8E-02 

PNOla 

Monitoring Parameter , Units 

Final Effluent Limitations' Chemical Results' 
Daily 

Maximum 
Monthly 

 Average January February March 
Oil and Grease mg/L 15 10 I ND ND 
Total Recoverable Petroleum Hydrocarbons mg/L 10 10 ND ND 

PH SU 6 to 9.0 N/A I 7•3 7.7 
Chemical Oxy2en Demand mg/L 120 90 I ND 21 
Settleable Solids& mL/L/hr 1.5 1.0 ND ND 
Arsenic, Total Recoverable pg/L 100 100 ND ND 
Lead, Total Recoverable pg/L 190 190 I ND ND 
Chromium, Total Recoverable pg/L 280 280 ND ND 
Copper, Total Recoverable pg/L 84 84 I ND ND 
Cadmium, Total Recoverable AWL 94 94 I  ND ND 
Polychlorinated Biphenyls h  pg/L _ <0.5 <0.5 ND ND 

P\ 02 

Monitoring Parameter Units < Effluent Limitations d  
Radio ogical Results' 

Event 1 Event 2 Event 3 Event 4 Event 5 
Uranium, Total"' pg/L Monitor only b b b b b 

Radium, Totaldcf AWL Monitor only b b b b b 

Thorium, Total d4  pg/L Monitor only b b b b b 

Gross Alpha" pCi/L Monitor only a b b 
 

a b 

Gross Betad  pCi/L Monitor only b b b b b 

b 	4 Protactinium-231 d  pCi/L Monitor only b b b b  

Actinium-227d  _pCi/L Monitor only b b b b b 
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Table 3-6. 	First Quarter 2003 Sampling Events at the SLAPS (Cont'd) 

PNO2 

Monitoring Parameter Units 

Final Effluent Limitations" Chemical Results' 

Daily 
Maximum 

Monthly 
Avera:e January Februa March 

Oil and Grease 15 10 
Total Recoverable Petroleum Hydrocarbons mg/L 10 10 ' ' • 

pH SU 6 to 9.0 N/A b b 

Chemical Ox een Demand m L 120 90 b b 

Settleable Solids g mL/L/hr 1.5 1.0 
Arsenic, Total Recoverable Eggs 100 100  

Lead, Total Recoverable WWII 190 190 ' • 

Chromium, Total Recoverable NM 280 280 ' ' • 

Co seer, Total Recoverable MIMI 84 84 ' ' • 

Cadmium, Total Recoverable pg/L 94 94  
Polychlorinated Biphenyls h  fig/L <0.5 <0.5 b b b 

o An event is defined as a measurable increase in discharge rate from precip tation producing 0.1 inch or more of liquid in a 24-hr period, or from pumping 

operation (such as following treatment). An event may exceed a duration of 24 hrs, and two events experienced within 48 hrs may be reported together. 

b  As per MDNR letter from Matthew Sikes addressed to Sharon Comer dated February 19, 2002, sampling at PNO2 has been reduced to one event per year. 

• Monitoring data provided directly by RA contractor 

d Discharge requirements per the MDNR-NPDES ARAR permit-equivalent document (radionuclides require monitoring only, and limits are not permit-specified). 

' Total nuclide values in tig/L units were calculated using the activity concentration values reported by the laboratory and values for specific activity listed in Table 

8.4.1 of the Health Physics and Radiological Health Handbook (Schleien, 1992). 

r Calculated estimates based on addition of isotopic analysis and estimated flow. 

g Detection Limit = 0.1 mI/Uhr. 

h  Detection Limit = 1.0 jig/L. 

1  insufficient flaw 

ND Non-detect 

• Second Quarter 

During the second quarter of CY 2003, the permit-specified parameters were measured in April, May, and 
June. Samples were collected when flow permitted. In accordance with a letter from the MDNR dated 
February 19, 2002, sampling at PNO2 was reduced to once a year. Outfall PNO2 was sampled during the 
second quarter. Storm water was collected and pumped to a sedimentation basin, through Outfall PNOla. 
Thirteen sampling events occurred during this quarter and the results are shown in Table 3-7. During the 
second quarter sampling event, the concentrations of all permit-specified parameters did not exceed 
permit discharge requirements (see Table 3-7). 

Table 3-7. 	Second Quarter 2003 Sampling Events at the SLAPS 

Sample Location Event 1 °  Event 2 Event 3 Event 4 

PNOla 04/16/03 to 04/18/03 04/24/03 04/29/03 to 04/30/03 05/04/03 to 05/05/03 
PNO2 04/17/03 b b b 

Sample Location Event 5 Event 6 Event 7 Event 8 
PNO1 a 05/07/03 to 05/08/03 05/10/03 to 05/12/03 05/25/03 06/02/03 to 06/03/03 
PNO2 b b b b 

Sample Location Event 9 Event 10 Event 11 Event 12 Event 13 	
— PNOla 06/06/03 1006/07/03 06/10/03 to 06/13/03 06/19/03 06/25/03 to 06/28/03 06/30/03 to 07/01/03 

PNO2 b 6 6 6 to 

PNOla 

Monitoring Parameter Units Effluent Limitations °  

Radiological Results' 
Event 1 Event 2 Event 3 Event 4 Event 5 * Uranium, Totaldcf pig/L Monitor only 6.8E+01 7.1E+01 1.4E+02 1.2E+02 1.7E+02 

Radium, Tota1d4  fig/L Monitor only 2E-06 4E-06 2E-06 7E-07 4E-06 

Thorium, Total d.ci itg/L Monitor only 7E100 4E+00 1E+00 5E+00 2E+00 
Gross Alpha"' pCi/L Monitor only 6.8E+01 8.3E+01 1E+02 1.1E+02 1.7E+02 
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Table 3-7. 	Second Quarter 2003 Sampling Events at the SLAPS (Cont'd) 

PNOla 

Monitoring Parameter Units Effluent Limitations' 
Radiological Results' 

Event 1 E. vitt 2 Event 3 Event 4 	, Event 5 

Gross Beta" pCi/L Monitor only 5E+01 5.2E+01 4.5E+01 7E+01 1.E+02 
Protactinium-231 d  pCi/L Monitor only 1E-01 4E-02 4E-02 1E-01 8E-02 	

_ 

Actinium-227" pCi/L 	_ Monitor only 1E-01 	_ 4E-02 	_ 4E-02 1E-01 8E-02 
PNOla 

Monitoring Parameter Units Effluent Limitation? 
Radiological Results' 

Event 6 	. Event 7 Event 8 Event 9 Event 10 

Uranium, Total"' tig/L Monitor only 1.9E+02 6.6E+01 1.3E+02 9.4E+01 9.5E+01 
Radium, Total".eJ yg/L Monitor only 2E-06 1.2E-06 2E-06 5E-06 1.1E-06 
Thorium, Total d'i yg/L Monitor only 4E+00 4.0E+00 5E+00 2E+01 5.1E+00 
Gross Alpha" pCi/L Monitor only 1.5E+02 9E+01 2E+02 2E+02 1E+02 
Gross Beta" pCi/L Monitor only 1.1E+02 5E+01 7E+01 9E+01 8.2E+01 
Protactinium-231 d  pCi/L Monitor only 1.4E-01 .2E-01 1.0E-01 2E-01 1E-01 
Actinium-227" pCi/L Monitor only 1.4E-01 .2E-01 1.0E-01 2E-01 1E-01 

PNOla 

Monitm ing Parameter Units Effluent Limitations' 

Radiological Results °  

Event 11 Event 12 Event 13 

Uranium, Total".cr !AWL Monitor only 4.9E+02 1.2E+02 9.8E+01 
Radium, Total' .ci ileil-,  Monitor only 6E-06 1.9E-06 3E-06 
Thorium, Total" 4  yg/L Monitor only 1E+01 5.5E+00 4E+00 
Gross Alpha" pCi/L Monitor only 2.5E+02 6.5E+01 1.1E+02 
Gross Beta" pCi/L Monitor only 2E+02 3.1E+01 7E+01 
Protactinium-231" pCi/L 

pCi/L 
Monitor only 2.5E-01 2.2E-01 5E-01 

Actinium-227" Monitor only 2.5E-01 2.2E-01 5E-01 
PNOla 

Monitoring Parameter  Units 

Final Effluent 

Limitations' 

Chemical Results" 

April May June 
Daily 

Maximum , 
Monthly 

Average , 

Oil and Grease mg/L 15 10 ND ND ND 
Total Recoverable Petroleum 
Hydrocarbons 

mg/L 10 10 ND ND ND 

pH SU 6 to 9.0 N/A 7.4 7.0 7.7 
Chemical Oxygen Demand mg/L 120 90 ND ND ND 
Settleable Solid? mL/L/hr 1.5 1.0 ND ND 0.2 
Arsenic, Total Recoverable yg/L 100 100 ND ND ND 
Lead, Total Recoverable pLg/L 190 190 ND ND ND 
Chromium, Total Recoverable pg/L 280 280 ND ND ND 
Copper, Total Recoverable nil- 84 84 13 ND 10 
Cadmium, Total Recoverable yg/L 94 94 ND ND ND 
Polychlorinated Biphenyls h 	_ Kg/L <0.5 <0.5 ND ND ND 

PNO2 

Monitoring Parameter , Units Effluent Limitations' 

Radiological Results' 

Event 1 Event 2 Event 3 Event 4 Event 5 

Uranium, Total d.eJ y_g/L Monitor only 2.3E-01 h b b b 

Radium, Total"4  PEA Monitor only 6.7E-07 b b b b 

Thorium, Total" 1  yg/L Monitor only 6.3E+00 b b b b 

Gross Alpha" pCi/L Monitor only 3E+00 b b b b 

Gross Beta" pCi/L Monitor only 4.9E+01 b b b 

Protactinium-231" pCi/L Monitor only 4.7E-02 a b b b 

Actinium-227 a  pCi/L Monitor only 4.7E-02 b 6 b a 
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Table 3-7. 	Second Quarter 2003 Sampling Events at the SLAPS (Cont'd) 

PNO2 

Monitoring Parameter _ Units 

Final Effluent Limitations °  Chemical Results' 

Daily Maximum Monthly Average , April  

Oil and Grease mg/L 15 10 ND 	
— 

Total Recoverable Petroleum Hydrocarbons mg/L 10 10 ND 
PH SU 6 to 9.0 N/A 7.3 
Chemical Oxyeen Demand mg/L 120 90 ND 
Settleable Solidsg mL/Uhr 1.5 1.0 ND 
Arsenic, Total Recoverable pig/L 100 100 ND 

Total Recoverable ,Lead, mg/L 190 190 ND 
Chromium, Total Recoverable lug/L 280 280 ND 
Copper, Total Recoverable AWL 84 84 ND 
Cadmium, Total Recoverable jig/L 94 94 ND 
Polychlorinated Biphenyls tig/L <0.5 <0.5 ND 

a 	An event is defined as a measurable increase in discharge rate from precipitation producing 0.1 inch or more of liquid in a 24-hr period, or from a 
pumping operation (such as following treatment). An event may exceed a duration of 24 hrs, and two events experienced within 48 hrs may be 
reported together. 

• As per the MDNR letter from Matthew Sikes addressed to Sharon Cotner dated February 19, 2002, sampling at PNO2 has been reduced to once a 
year. 

• Monitoring data provided directly by the RA Contractor 
▪ Discharge requirements per the MDNR-NPDES ARAR permit-equivalent document. 
• Total nuclide values in pg/L units were calculated using the activity concentration values reported by the laboratory and values for specific activity 

listed in Table 8.4.1 of the Health Physics and Radiological Health Handbook (Schleien, 1992). 
Calculated estimates based on addition of isotopic analysis and estimated flow. 

• Detection Limit = 0.1 mUUhr. 
• Detection Limit = 1.0 pg/L. 
ND non-detect 

Third Quarter 

During the third quarter of CY 2003, the permit-specified parameters were measured in July, August, and 
September. Samples were collected whcn flow permitted. In accordance with a letter from the MDNR 
dated February 19, 2002, sampling at PNO2 was reduced to one event per year. The sampling of PNO2 
was performed during the second quarter. There were five sampling events in the third quarter and the 
events occurred as indicated in Table 3-8. During the third quarter sampling event, the concentrations of 
all permit-specified parameters were within permit discharge requirements (see Table 3-8). 

Table 3-8. 	Third Quarter 2003 Sampling Events at the SLAPS 

Sample Location Event 1 Event 2 Event 3 

PNOla 07/10/03 07/18/03 to 07/19/03 08/31/03 to 09/04/03 
PNOlb b b  09/02/03 to 09/03/03 
PNO2 

c c c 

Sample Location Event 4 Event 5 
PNOla 09/26/03 to 09/27/03 09/30/03 to 10/01/03 
PNOlbb b b 

PNO2 c c 

PNOla 

Monitoring Parameter  Units 

Effluent 

Limitations' . 

Radiological Results' 

Event 1 Event 2 Event 3 — Event 4 Event 5 

Uranium, Total e" pg/L Monitor only 1.93E+02 3.9E+02 7.3E+01 3.12E+02 1E+02 

Radium, Totale" pg/L Monitor only 3E-06 3E-06 2E-06 4E-06 2E-06 
Thorium, Totale." ii_g/L Monitor only 2E+00 9E-01 4E+00 6E+00 6E+00 
Gross Alpha' pCi/L Monitor only 1.2E+02 3.5E+02 5.8E+01 1E+02 9E+01 
Gross Beta' pCi/L Monitor only 8E+01 1.3E+02 3.0E+01 9E+01 4E+01 
Protactinium-231' pCi/L Monitor only 3E-01 1E-02 1E-01 6E-01 4E 02 
Actinium-227' pCi/L Monitor only 3E-01 1E-02 1E-01 6E-01 4E-02 
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Table 3-8. 	Third Quarter 2003 Sampling Events at the SLAPS (Cont'd) 

PNO1 a 

Monitoring Parameter Units 

Final Effluent Limitations' 

Chemical Results'' 

July August September 
, 

Daily 
Maximum Monthly Average 

Oil and Grease mg/L 15 10 ND ND ND 

Total Recoverable Petroleum 

Hydrocarbons 

mg/L 10 10 ND ND ND 

pH SU 6 to 9.0 N/A 7.2 6.9 7.5 

Chemical Oxygen Demand mg/L 120 90 ND 37 72 

Settleable Solids h  mL/L/hr 1.5 1.0 ND ND ND 

Arsenic, Total Recoverable pg/L 100 100 ND ND ND 

Lead, Total Recoverable pg/L 190 190 ND ND 0.0042 

Chromium, Total Recoverable pg_JL 280 280 ND ND ND 

Copper, Total Recoverable yg/L 84 84 ND 0.019 ND 

Cadmium, Total Recoverable pg/L 94 94 ND ND ND 

Polychlorinated Biphenyls' _ 	pg/L _ 	<0.5 <0.5 ND ND ND 

PNO1 b 

Monitoring Parameter Units Final Effluent Limitations' 

Radiological Result?' 

Event 1 Event 2 Event 3 Event 4 Event 5 

Uranium, Total' .8.  pg/L Monitor only j I 9.5E-01 i ; 

Radium, Totalef .g _pg/L Monitor only I I  1E-06 J J 

Thorium, Totalci's pg/L Monitor only I J  3E+00 1 J 

Gross Alpha' pCi/L Monitor only J I 2E+00 J I 

Gross Beta' pCi/L Monitor only I I 4E+00 J 1 

Protactinium -231' pCi/L Monitor only I I 5E-02 J I 

Monitor only I  5E-02 1 	 I 
Actinium-227' pCi/L 

Monitoring Parameter Units 

Final Effluent Limitations' 

Chemical Result?' 

July August September Daily Maximum Monthl 	Avera:e 

Oil and Grease mg/L 15 10 i i ND 

Total Recoverable Petroleum Hydrocarbons mg/L 10 10 I ND 

PH SU 6 to 9.0 N/A I I  7.8 

Chemical Oxygen Demand mg/L 120 90 I 1 ND 

Settleable Solids" mL/L/hr 1.5 1.0 J 1 ND 

Arsenic, Total Recoverable pg/L 100 100 I ND 

Lead, Total Recoverable 141- 190 190 I J  ND 

Chromium, Total Recoverable ug/L 280 280 I J  0.0065 

Copper, Total Recoverable pg/L 84 84 J I  ND 

Cadmium, Total Recoverable nil,  94 94 1 J  ND 

Polychlorinated Biphenyls' pg/L <0.5 <0.5 I J  ND 

An event is defined as a measurable increase in discharge rate from precipitation producing 0.1 inch or more of liquid in a 24-hour period, or from a 
pumping operation (such as following treatment). An event may exceed a duration of 24 hours, and two events experienced within 48 hours may be 

reported together. 
Outfall 001b is only used for emergency overflow. 
As per the MDNR letter from Matthew Sikes addressed to Sharon Comer dated February 19, 2002, sampling at PNO2 has been reduced to once a year 

(MDNR, 2002). 
Discharge requirements per the MDNR-NPDES ARAR permit-equivalent document. 
Monitoring data provided directly by the RA Contractor 
Total nuclide values in pg/L units were calculated using the activity concentration values reported by the laboratory and values for specific activity listed 

in Table 8.4.1 of the Health Physics and Radiological Health Handbook (Schleien, 1992). 

Calculated estimates based on addition of isotopic analysis and estimated flow. 

Detection Limit = 0.1 mUlJhr. 
Detection Limit = 1.0 AWL. 
Outfall 001b is only used for emergency overflow. 

ND Non-detect. 
NA Not available 
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• Fourth Quarter 

During the fourth quarter of CY 2003, permit-specific parameters were measured during the months of 
October, November, and December. Samples were collected when flow permitted. Twelve rainfall 
events were recorded for the fourth quarter period and the events occurred on the dates shown in Table 3- 
9. 

During the fourth quarter sampling events the concentrations of all permit-specified parameters were 
within permit discharge requirements (see Table 3-9), with the following exceptions. Analytical results of 
a compliance sample of storm water collected on October 9, 2003, (Event 1) from PNOla exceeded the 
daily maximum limit of 120 mg/L for COD with a result of 204 mg/L. The Aroclor 1254 value for this 
sample was reported as 1.3 it g/L, which is greater than the 0.5 Aga, limit. These exceedances were 
reported as a notification of release to the MDNR by letter dated January 22, 2004 (MDNR, 2004). 

Table 3-9. 	Fourth Quarter 2003 Sampling Events at the SLAPS 

Sample Location Event 1 °  Event 2 Event 3 Event 4 

PNOla 10/09/03 to 10/10/03 10/13/03 to 10/15/03 10/17/03 to 10/18/03 11/01/03 to 11/02/03 
PNOlb 8 b b b 	 - 

PNO2 e c c c 

Sample Location 	,.. Event 5 Event 6 - 	Event 7 Event 8 

PNOla 11/05/03 to 11/06/03 11/12/03 11/17/03 to 11/20/03 11/23/03 
PNOlb b b 11/19/03 to 11/21/03 b 

I 	-. 
PNO2 c c c 

Event 11 Event 12 Sample Location Event 9 Event 10 

PNOla 11/26/03 12/10/03 12/23/03 12/29/03 to 12/30/03 
PNOlb b b b a 

PNO2 c 
_ 

c c c 

PNOla 

Monitoring Parameter , Units 
Effluent 

Limitations' 
Radiological Results' 

Event 1 Event 2 Event 3 Event 4 , Event 5 Event 6 
Uranium, Totalei .g pg/L Monitor only 4.E+02 8.E+01 2.E+02 _ 3.E+02 2.E+02 2.E+02 
Radium, Total lig& Monitor only 9.E-06 1.E-06 2.E-06 1.E-06 2.E-06 2.E-06 
Thorium, Total e" tig/L Monitor only 4.E+00 2.E+00 8.E+00 4.E+00 3.E+00 3.E+00 
Gross Alpha' pCi/L Monitor only 4.E+02 6.E+01 1.E+02 2.E+02 1.E+02 1.E+02 
Gross Beta' pCi/L Monitor only 2.E+02 2.E+01 6.E+01 9.E+01 7.E+01 5.E+01 
Protactinium-231' pCi/L Monitor only 3.E+00 3.E-02 5.E-01 1.E-01 8.E-02 1.E-01 
Actinium-227' pCi/L Monitor only 3.E+00 3.E-02 5.E-01 _ 	1.E-01 8.E-02 LE-01 

PNOla 

Monitoring Parameter Units 
Effluent 

Limitations' 
Radiological Results' 

Event 7 Event 8 , Event 9  Event 10 Event 11 Event 12 
Uranium, Totale" ptg/L Monitor only 3.E+02 4.E+02 9.E+01 6.6E+01 2.E+02 6.E+01 
Radium, Total ef.g pg/L Monitor only 2.E-05 1.E-05 3.E-06 6.E-06 3.E-06 4.E-07 
Thorium, Total 4g pg/L Monitor only 1.E+01 6.E+00 6.E+00 7.E+00 1.E+00 7.E-01 
Gross Alpha' pCi/L Monitor only 5.E+02 4.E+02 5.E+01 9.2E+01 2.E+02 4.E+01 
Gross Beta' pCi/L Monitor only 2.E+02 2.E+02 4.E+01 6.E tO1 1.E+02 2.E+01 
Protactinium-231' pCi/L Monitor only 7.E+00 4.E+00 9.E-02 2.E+00 1.E+00 1.E-02 
Actinium-227' _pCi/L Monitor only 7.E+00 4.E+00 _ 9.E-02 2.E+00 1.E+00 1.E-02 

PNOla 

Monitoring Parameter Units 
Final Effluent Limitations' Chemical Results" 

Daily Maximum Monthly Average October _ November December 
Oil and Grease mg/L 15 10 ND ND ND 

ITotal Recoverable Petroleum Hydrocarbons mg/L 10 10 ND ND ND 

PH SU 6 to 9.0 N/A 7.9 7.7 7.1 
COD mg/L  

mL/L/hr 
120 
1.5 

90  
1.0 

204  
ND 

ND  	 

_ 	1.4 
29 
ND Setticahle Solider-  
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Table 3-9. 	Fourth Quarter 2003 Sampling Events at the SLAPS (Cont'd) 

PNOla ill 
Monitoring Parameter Units 

Final Effluent Limitations' Chemical Results" 

Daily Maximum Monthly Average October - November -, December 
-, 

Arsenic, Total Recoverable pg/L 100 100 0.03 0.01 12 

Lead, Total Recoverable pg/L 190 190 0.03 0.02 54 

Chromium, Total Recoverable pg/L 280 280 0.02 0.01 24 

Copper, Total Recoverable igIL 84 84 0.05 0.01 46 

Cadmium, Total Recoverable igIL 94 94 ND ND ND 

Polychlorinated Biphenyl? pg/L <0.5 <0.5 1.3 ND 3.8 

PNOlb 

Monitoring Parameter Units Effluent Limitations' 

Radiological Results" 

Event 1 Event 2 Event 3 I 	Event 4 Event 5 Event 6 

Uranium, Totale" pg/L Monitor only h h h 
 

h h h 

Radium, Total`J' 8  _pg/L Monitor only h h h h h h 

Thorium, TotaleJ. 1  pg/L Monitor only h h h h  
h h 

Gross Alpha' pCi/L Monitor only h h h h h h 

Gross Beta' pCi/L Monitor only h h h h h h 

Protactinium-231' pCi/L Monitor only h h h h h h 

Actinium-227 pCi/L Monitor only h h h h h 
1 

h 

PNOlb 

Monitoring Parameter Units Effluent Limitations' 

Radiological Results" 

Event 7 Event 8 Event 9j Event 10 Event 11 Event 12 

Uranium, Total e./. 8  pg/L Monitor only 2.E+02 h h h h h 

Radium, Total e" pg/L Monitor only 1.E-06 h h h h h 

Thorium, Total 'J.' tigIL Monitor only 4.E+00 h h h h h 

Gross Alpha' pCi/L Monitor only 5.E+01 h h h h h 

Monitor only 3.E101 h h h h h Gross Beta' pCi/L 

Protactinium-231' pCi/L Monitor only 1.E-01 li h h h h 

Actinium-227' pCi/L Monitor only 1.E-01 ), h h h h 

PNOlb 

Monitoring Parameter Units 
. 

Final Effluent Limitation? Chemical Results°  

Daily Maximum Monthly Average October November December , 
Oil and Grease mg/L 15 10 h  ND h 

Total Recoverable Petroleum Hydrocarbons mg/L 10 10 h  ND h 

pH SU 6 to 9.0 N/A h 
7.5 h 

COD mg/L 120 90 
h  23.7 h 

Settleable Solids' mL/L/hr 1.5 1.0 
h 

ND h 

Arsenic, Total Recoverable pg/L 100 100 h  ND h 

Lead, Total Recoverable pg/L 190 190 h  ND h 

Chromium, Total Recoverable pg/L 280 280 h  ND h 

Copper, Total Recoverable pg/L 84 84 h  ND h 

Cadmium, Total Recoverable pg/L 94 94 
h  

ND h 

Polychlorinated Biphenyls' 	 _ pg/L <0.5 ppb <0.5 ppb 
h  ND  h 

o An event is defined as a measurable increase in discharge rate from precipitation producing 0.1 inch or more of liquid in a 24-hour 
period, or from pumping operation (such as following treatment). An event may exceed a duration of 24 hours, and two events 
experienced within 48 hours may be reported together. 

Outfall 001b is only used for emergency overflow. 

• As per the MDNR letter from Matthew Sikes addressed to Sharon Cotner dated February 19, 2002, sampling at PNO2 has been 

reduced to one event per year. 

Monitoring data provided directly by the RA Contractor 

• Discharge requirements per the MDNR-NPDES ARAR permit-equivalent. 

f Total nuclide values in pg/L units were calculated using the activity concentration values reported by the laboratory and values for specific 

activity listed in Table 8.4.1 of the Health Physics and Radiological Health Handbook (Schleien, 1992). 

g Calculated estimates based on addition of isotopic analysis and estimated flow. 

Outfall 001b is only used for emergency outflow. 

i  Detection Limit = 0.1 mL/L/hr. 
Detection Limit = 1.0 pg/L. 

N/A = not available. 

ND = non-detect 
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3.1.4 MSD Permit for Discharge of Treated Waste Water at the SLAPS 

On July 23, 2001, the MSD responded to a request by the USACE to discharge treated waste water to an 
MSD sanitary sewer located on-site. The MSD issued a conditional approval for the discharge of treated 
waste water that resulted from USACE removal activities at the SLAPS. The primary condition of the 
approval required that a treatment system be installed, maintained, and operated to produce an effluent 
meeting the following standards: MSD ordinances 8472, 10177 and 10082, the Nuclear Regulatory 
Commission in 10 CFR 20 Appendix B, and the Missouri Department of Health in 19 CSR 20-10. In 
addition, the MSD limits the annual allocation for radioactivity from the SLAPS to the MSD Coldwater 
Creek treatment plant, establishes the maximum volume of waste water allowed to be discharged in a 24- 
hour period, and requires that the results of specific analysis of the treated waste water comply with 
applicable standards and limits prior to MSD's allowance of discharge. 

The purpose of waste-water discharge sampling at the SLAPS is to verify compliance with the MSD 
discharge authorization letter. Data relative to treatment of waste water by biodenitrification are 
presented in Appendix B-6. 

During CY 2003, approximately 2,042,906 gallons of waste water in eight biodenitrification treatment 
batches were released to one of two discharge points (Table 3-10). The first discharge location is the 
MSD sewer main under Eva Avenue at or very near the MSD manhole 10K4-004S which is located 
approximately 400 ft north of McDonnell Boulevard. The other discharge location is the MSD Inlet 
10L3-045S located near the Coldwater Creek and McDonnell Boulevard intersection (Figure 3-3). 
Batches of treated waste water were sampled and analyzed for MSD influent criteria. 

Table 3-10. Waste-water discharge at the SLAPS During CY 2003 

Quarter 
Number of 
Discharges , 

Number of 
Gallons 

Discharged 

Total Activity (Ci)_ 

Thorium a  Uranium (Nat)b  Radium ' 

1 0 0 0 0 0 
2 2 660.000 9.65E-06 2.63E-04 3.81E-06 
3 3 1,042,500 9.23E-06 2.12E-04 9.75E-06 
4 3 340.406 3.94E-06 4.87E-06 2.47E-06 

Total 8 2.042.906 2.28E-05 4.79E-04 1.60E-05 

• Calculated value based on the addition of isotopic analyses: TH -228, TH230, and TH -232. 
b  Value based on uranium natural isotope. 

• Calculated value based on the addition of isotopic analyses: RA-226 and RA -228. 

During CY 2003, batches BK-005, BK-006, BK-007, SLAPS-008, SLAPS-009 and SLAPS-010 exceeded 
the BOD and COD limits of the MSD Discharge Authorization under the MSD permit. A monetary 
surcharge was applied to the cost for the disposal waste water. No other MSD limit exceedences occurred 
at the SLAPS during CY 2003. 

3.1.5 Evaluation of the CY 2003 Waste-water Discharge Monitoring Results at the SLDS 

Storm-water and plant waste-water effluents at the Mallincicrodt plant are discharged via combined 
sewers to the Bissell Point Sewage Treatment Plant under a local use permit for a significant industrial 
user. Monitoring of the combined effluent for compliance with permit limits is the responsibility of 
Mallincicrodt, Inc. and is not addressed under the EMP. Waste water from SLDS activities is regulated as 
a separate discharge. Waste water at the SLDS is treated excavation water that consists of storm water 
and ground water, which accumulate in open excavations, and water from equipment decontamination. 
This waste water is collected, treated, and tested before disposition. On October 30, 1998, the USACE 
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received an MSD conditional authorization letter to discharge the waste water collected at the SLDS 
resulting from USACE remedial activities. On July 23, 2001, the MSD issued a separate conditional 
discharge authorization letter for discharges of waste water that result from USACE remedial activities 
The purpose of the waste-water discharge sampling at the SLDS is to verify compliance with these MSD 
conditional discharge authorization letters (MSD 1998 and 2001b). 

During CY 2003, approximately 237,560 gallons of waste water were discharged to MSD Base Map Inlet 
17D3-022C (see Figure 3-4). All batches were discharged in accordance with the MSD authorization 
letters, which specified application of treatment to achieve release standards before discharge to the MSD 
sewer system. Compliance with the October 30, 1998, and July 23, 2001 MSD authorization letters was 
achieved for CY 2003. Information related to the discharges from the SLDS to MSD sewer 17D3-022C 
is included in Table 3-11. Additional analytical data relative to individual discharges are included in 
Appendix B, Table B-6. 

Table 3-11. Waste-vvater Discharge at the SLDS During CY 2003 

Quarter 
Number of 
Discharges 

Number of Gallons 
Discharged 

Total Activity (Ci) 

Thorium Uranium Uranium (Nat) Radiumb 

1 8 137,160 1.57E-06 1.1E-05 7.6E-07 
2 5 100,400 2.05E-06 2.3E-05 1.05E-06 
3 0 0 0 0 0 
4 0 0 0 0 0 

Total 13 237,560  3.62E-06 3.4E-05 1.81E-06 

' Calculated value based on the addition of isotopic analyses: th -228, th -230, and th -232. 
b  Calculated value baceri nn the addition of isotopic analyses: To-226 and ra-228. • 
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3.2 CY 2003 COLD WATER CREEK MONITORING RESULTS 

The environmental monitoring plan (EMP) for Coldwater Creek evaluates the physical, 
radiological, and chemical parameters present in the surface water and sediment of Coldwater 
Creek. The physical parameters are evaluated only for surface water. They include pH, 
temperature, dissolved oxygen, conductivity, oxygen reduction potential (ORP), and turbidity. 
The monitoring plan included radiological and chemical parameters as identified in List 3 of 
Table 3-4 of the EM1FY 2004 report (USACE, 2003a). The objectives of the monitoring plan are 

• to assess the quality of surface water and sediment in CWC; 

• to compare the results with evaluation criteria (EC) established for these media; 
and; 

• to evaluate/determine whether runoff from the SLAPS, the HISS, and their VPs 
contributes to the quality of surface water and sediment in the creek. 

Coldwater Creek is designated as a metropolitan no-discharge stream. Therefore, discharges are 
prohibited, except as specifically permitted under the Water Quality Standards, 10 CSR 20-7.031 
and noncontaminated storm-water flows (10 CSR 20-7.015.1.A.4). Coldwater Creek, from its 
mouth at the Missouri River, 5.5 miles to its crossing with U.S. Highway 67 (Lindbergh 
Boulevard), is a Class C stream. Class C streams may cease flow during dry periods but 
maintain permanent pools that support aquatic life (10 CSR 20-7.031.1.F.6). The upstream 
portion of Coldwater Creek between the airport and U.S. Highway 67, which includes the 
SLAPS/HISS reach, is an unclassified water of the state. 

Surface water and sediment are collected from Coldwater Creek semi-annually as part of the 
environmental monitoring plan (EMIFY 2004; USACE, 2003). The sampling events are 
conducted at six Coldwater Creek monitoring stations (C002 through C007). The locations of 
the six monitoring stations along Coldwater Creek are shown on Figure 3-5. Monitoring Station 
C002 is the historical EMP upstream background location at the northern end of the St. Louis 
International Airport. This station provides a data result comparison reference for the 
downgradient stations (C003, C004, C005, C006, and C007) located in Coldwater Creek. 
Monitoring Station C004, located between the SLAPS and the HISS, is used to detect the 
upstream contaminant contribution from the SLAPS to Coldwater Creek, and Monitoring Station 
C005, located downstream of surface drainage from the HISS and certain VPs, is used to detect 
contaminant contribution from the HISS and the vicinity properties located around Latty 
Avenue, and HISS. Monitoring Station C007, located approximately 3,700 ft downstream of the 
HISS, is the last monitoring station on Coldwater Creek. As stated, the results of surface water 
and sediment were compared to respective EC identified in Section 2.2.3 of the EMIFY04. 

3.2.1 CY 2003 Coldwater Creek Surface-water Monitoring Results 

Sampling of surface water at Coldwater Creek was conducted during the months of April and 
October, 2003. The baseflow for Coldwater Creek at the McDonnell Boulevard Bridge is 508.2 
ft above mean sea level (amsl). The baseflow may also be considered a depth of 3.2 ft or less at 
an "average cross-section" along a limited reach between Banshee Road and the Interstate 1-270 
culvert for Coldwater Creek. The semi-annual sampling of the creek is to be conducted when the 
creek's flow is at or below this level. During the April and October 2003 sampling events, 
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The physical parameter monitoring results at each monitoring station for the CY 2003 Coldwater 
Creek surface-water sampling events are summarized in Table 3-12. According to the results, 
the average surface-water temperatures during the first and second sampling events were 59.9 
and 62.3 degrees Fahrenheit ( F), respectively. The surface-water pH level at 59.9 F was 7.6. As 
temperature increased during the second sampling event, solubility of some chemicals may have 
increased, which could have caused the water to become slightly acidic (pH z: 6.5) at 62.3 F. 
However, the pH values for both sampling events were within the acceptance ranee (6.0 to 9.0), 
and thus provide protection for aquatic life. 

Dissolved oxygen (DO) responds inversely to water temperature. However, DO levels were 
higher (7.6 versus 8.2) during the second sampling event in October. During the first sampling 
event, one dead crawfish was observed at Monitoring Station C004. The cause of this mortality 
could not be determined. In addition, more species (crawfishes and ducks) were observed using 
the creek during the first sampling event as compared to second sampling event. 

For Coldwater Creek, the specific conductivities were slightly higher during the first sampling 
event at all sampling stations as compared to the second sampling event. During the second 
event, the average value of ORP was twice as high as the first event. However, the average 
turbidity value during the first sampling event was three times higher than that of second 
sampling event. 

I. 
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sampling activities were conducted when the creek's flow was at an elevation of 506.15 and 
506.29 ft amsl, respectively. 

The environmental monitoring of Coldwater Creek surface water included ambient water quality 
parameters, as well as inorganic and organic chemicals, metals, and radionuclides, which are 
listed in Table 2-3 of EM1FY 2004 report (USACE, 2003). The samples were collected as grab 
samples and analyzed according to the protocol defined in the Sampling and Analysis Guide for 
the St. Louis Site (USACE, 2000). The results of the sampling events at Coldwater Creek are 
presented in Table C-1 of Appendix C. 

The surface-water data for Coldwater Creek during CY 2003 were evaluated relative to 
background evaluation criteria, and guidelines derived from environmental regulatory programs. 
Surface-water and sediment EC for thc COCs listed for Coldwater Creek are provided in Table 
2-3 of EMIFY 2004 (USACE, 2003). Regulatory guidelines selected for evaluation of the 
surface-water monitoring data are the ambient water quality criteria (AWQC) for Class I 
(Protection of Aquatic Life) and Class V (Livestock, Wildlife Watering) streams, as designated 
in 10 CSR 20-7.031. However, these would not apply to the upper reach of Coldwater Creek as 
it remains unclassified by the MDNR. 

3.2.1.1 Physical Parameters 

DRAFT 
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Table 3-12. Water Quality Results for CY 2003 Coldwater Creek Sampling 

Monitoring 
Parameter 

Unit 
Monitoring Station 

Average 
C002 C003 C004 C005 C006 C007 

First Sampling Event (April 2 and 3,2003) 
Temperature' cF 56.4 59.6 57.3 61.6 64.7 59.9 59.9 
pH SU 7.67 7.96 6.59 7.68 8.33 7.46 7.6 
Dissolved Oxygen Ing/L 15.86 11.5 12.69 12.81 12.78 16.41 13.7 
Specific Conductivity /tams 1.65 1.57 1.58 1.33 1.46 1.59 1.5 
Oxidation-reduction 
potential (ORP) 

mV 39 45 177 123 105 124 102.2 

Turbidity NTU 27.1 27.5 23 20.8 26.6 33.4 26.4 
Second Sampling Event (October 22 and 23,2003) 

Temperature' 'F' 64.2 63.2 60.4 62.3 61.4 62.2 62.3 _ 
pH 6.75 6.56 6.05 6.7 6.33 6.29 6.5 
Dissolved Oxygen mg/L 9.9 9.2 9.13 8.65 7.25 4.84 8.2 
Specific Conductivity polims 1.32 1.33 1.28 1.09 1.09 1.1 1.2 
Oxidation-reduction 
potential (ORP) 

mV 207 226 273 150 238 230 220.7 

Turbidity NTU 7.3 6.1 9 6.5 10 11 8.3 
measured in °C and converted to °F 

3.2.1.2 Radiological Parameters 

The radiological monitoring results for the CY 2003 Coldwater Creek surface-water sampling 
events are summarized in Table 3-13. Historically, surface-water samples include unfiltered 
water samples for the following radiological parameters Ra-226, Ra-228, Th-228, Th-230, 
Th-232, U-234, U-235, and U-238. Surface-water samples from Coldwater Creek were not 
analyzed for Ra-228 during CY 2003 as Ra-228 is in equilibrium with Th-232. 

During the April CY 2003 surface-water sampling event, the following results were observed: 

Ra-226 and Th-228 were not detected from, any monitoring station at a level above 
the detection limit; 

• Th-230 was detected at all downgradient-monitoring stations. The maximum 
concentration of Th-230 was 4.57 pCi/L, which is below the evaluation criterion (5 
pCi/L) for the radionuclide; 

• Th-232 was detected only at the background station C002, but at a level below its 
evaluation criterion (1 pCi/L); 

• U-234 was detected at all stations except for C003, and the concentration ranged from 
1.5 to 3.17 pCi/L. The maximum concentration of the U-234 isotope was detected at 
C004, but at a level below its evaluation criterion (4 pCi/L); 

• U-235 was only detected at background station C002 (0.84 pCi/L); 

• U-238 was detected at four monitoring stations (C002, C005, C006, and C007) and 
concentrations ranged from 1.4 to 2.26 pCi/L. However, these concentrations do not 
exceed the evaluation criterion (5 pCi/L). 

• 
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Table 3-13. Radiological Results for CY 2003 Coldwater Creek Surface-water Sampling 

Monitoring 
Parameter 

Evaluation 

._ 	
Criteria 

Monitoring Stations 

C002 C003 C004 I 	C005 C006 C007 

Radionuclides [picocuries per liter fpCi/LE 
First Sampling Event (April 2 and 3, 2003) 

Radium-226 NA 1.81' 1.698  2.18' 1.48' 2.388  1.54 8  
Thorium-228 3 1.59' 1.33' 2.6a  1.12' 2.19' 1.71' 
Thorium-230 5 1.82' 2.22 4.23 1.78 4.57 2.35 
Thorium-232 1 • 0.65 0.6a  0.59' 0.51' 1.22' 0.55' 
Uranium-234 4 2.02 1.71 8  3.17 2.52 2.81 1.5 
Uranium-235 NA 0.84 0.95' 1.01' 0.84°  0.78' 0.77' 
Uranium-238 	._ 5 2.26 	_. 2.09' 2.21' 1.63 1.4 1.84 

Second Sampling Event (October 22 and 23, 2003) 

Radium-226 NA 2.77' 1.37' 2.59' 1.93' 0.67' 1.90' 

Thorium-228 3 1.01' 2.31' 2.71' 2.69' 2.41 8  2.01 8  

Thorium-230 5 2.24 2.51 3.12 3.4 2.01 2.30 

Thorium-232 1 1.01' 1.94' 1.09' 2.39' 1.098  1.08' 

Uranium-234 4 0.97 1.97 3.07 3.53 2.68 1.28 

Uranium-235 NA 0.81' 0.66°  0.88°  0.94' 0.78' 0.86' 

Uranium-238 5 0.97 0.98 1.58 2 	_ 2.36' 3.83 2.55 

Not detected (However, the concentration was set to equal to the detection limit). 
NA 	Not Analyzed. 

During the October CY 2003 surface-water sampling event, the following observations were 
noted: 

• Ra-226, 1'h-228, Th-232, and U-235 were not detected at any monitoring station at a 
level above the detection limit; 

• Th-230 was detected at all monitoring stations and the concentration ranged from 
2.01 to 3.4 pCi/L. These concentrations were below the evaluation criterion for this 
radionuclide; 

• U-234 was detected at all monitoring stations, and the concentrations ranged from 
0.97 to 3.07 pCi/L. The detected concentrations were less than its the respective 
evaluation criterion; 

• U-238 was detected at stations C002, C003, C006, and C007, and the concentrations 
ranged from 0.97 to 3.83 pCi/L. The maximum concentration of U-238 was detected 
at C006. However, it did not exceed the evaluation criterion. 

A summary of the radiological data collected from Coldwater Creek over the last four years is 
presented in Table 3-14. Based on review of this summary, the following observations are noted. 

• Detected total uranium concentrations from C004, C005, and C006 were greater in 
2003 than in any other calendar year; 

• Detected Th-230 concentrations from C002, C004, and C006 were greater in 2003 
than in any other calendar year; 
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• In April 2003, Th-232 was detected at C002 for the first time during the last four 
years. 

Table 3-14. Comparison of Historical Radiological Parameter Surface-water 
Results for Coldwater Creek 

Historical 
Location 

Radionuclide Units 03/00 05/00 03/01 10/01 03/02 08/02 04/03 10/03 

C002 Total Uranium!  pg/L 3.41 8  5.54 2.988  4.068  4.2 5.79 5.12 2.75 
C002 Ra-226 _pCi/L 2.92°  1.21 a  4.13 a  1.64 8  0.32 0 1.81' 2.77' 
C002 Th-228 pCi/L 1.73 a  0.60a  1.80°  1.61' 0.43 8  0.72 a  1.59a  1.01 °  
C002 Th-230 _pCi/L 0.67 a  0.608  0.73a 1.17a  1.23 1.83 1.828  2.24 
C002 Th-232 pCi/L 1.28 8  0.60a  0.72 8  1.35 8  0 _ 	0 0.65 1.01 °  

C003 Total Uraniumb  pg/L 3.68 8  5.05 8  5.53 °  5.23 8  3.04 2.37 4.75 3.61 
C003 Ra-226 pCi/L 4.58 8  1.12 °  1.21 a  0.608  3.8 8  0.30 1.69a  1.37 8  
C003 Th-228 pCi/L 1.71' 1.85' 1.498  2.39a  0.52' 0.20' 1.33 °  2.31 a  
C003 Th-230 pCi/L 1.44 3.31 0.67 8  0.77°  1.5 1.74 2.22 2.51 
C003 Th-232 pCi/L 0.65 8  0.608  0.67 8  0.80a  0 0.148  0.6a 1.94' 

C004 Total Uraniumb gen_ 2.27 a  5.668  4.54 °  2.68' 5.04 0.80 6.39 5.53 
C004 R a-226 pCi/L 3.46a  2.848  1.39' 1.64' 0.11 0.70 2.18 °  2.59 °  
C004 Th-228 pCi/L 0.25 1.31' 1.22 °  1.39°  0.308  1.33 8  2.6" 2.71 2  
C004 Th-230 pCi/L 0.49 0.72 a  1.39 1.17 8  0.59 0.65 4.23 3.12 
C004 Th-232 pCi/L 0.66' 1.31 1.22 °  1.16' 0 0.11 8  0.598 1.098 

C005 Total Uraniumb  4/ g/L 1.97 °  4.22a  497 °  4.62 8  5.65 1.66 4.99 6.83 
C005 Ra-226 pCi/L 3•47' 3.02' 1.2a  2.81' 0.40 1.46 1.488  1.93 °  
C005 Th-228 pCi/L 0.54 1.75 8  1.25 8  2.4 °  0•37' 0.91' 1.128  2.69 8  
C005 Th-230 pCl/L 0.66 8  3.65 0.67' 1.55 8  2.59 0.98 1.78 3.40 
C005 Th-232 pCi/L 0.65 8  1.75 °  0.67 °  1.55' 0.24 2  0 0.51 8  2,39 2  

C006 Total tiraniumb  pg/L 3.81 8  3.108  4.97°  3.068  5.38 2.45 4.99 7.29 
C006 Ra-226 pCi/L 2.32 8  2.25 °  3.12 8  1.72 °  0.36 2.2 8  2.38 °  0.678  
C006 Th-228 pCi/L 2.36 1.30°  2.08°  1.79°  0.02 0.888  2.19°  2.41 2  
C006 Th-230 pCi/L 3.1 0.70°  2.188  1.59' 0.88 0.96 4.57 2.01 
C006 Th-232 pCi/L 1.788  0.708  1.47' 0.728  0  0.11 8  1.228  1.092  

C007 Total Uraniumb  pg/L 5.22°  2.67 °  3.65' 4•542  7.91 3.06 4.11 4.69 
C007 Ra-226 pCi/L 2.57' 2.15 °  2.70' 2.25 8  0.84 0.48 1.54 °  1.90°  
C007 Th-228 pCi/L 0.98  1.34°  1.24 °  1.71 1.19 1.9 1.71 a  2.01" 
C007 Th-230 pCi/L 4.67 1.34' 0.67' 1.89°  2.36 3.14 2.35 2.30 
C007 Th-232 pCi/L 2.102  0.72°  1.24' 1.428  _ 	0.11'4 _ 	0.20°  0.55 °  1.08°  

Not detected (However, the concentration was set to equal to the detection limit). 

Total uranium is equal to the sum of the concentrations of uranium isotopes, assuming secular equilibrium. (Source: Federal Register, 

Vol. 65, No. 236: Part II of 40 CFR Part 9, 141 and 142.) 

3.2.1.3 Chemical Parameters 

The chemical monitoring results for the CY 2003 Coldwater Creek surface-water sampling 
events are presented in Table 3-15. The section following this table provides a summary of the 
data for the analytes presented in Table 2-3 of EMIFY 2004 (USACE, 2003). 
During the first sampling event, the following observations were made: 

• Molybdenum exceeded its corresponding evaluation criterion (30 i.tg/L) at stations 
C004 and C005 with the maximum concentration being detected at station C005 (57.2 

AWL); 

• Selenium exceeded its corresponding evaluation criterion (2 jig/L) at C007 (2.3 AWL); 
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• Arsenic, barium, and vanadium were detected at all monitoring stations; however, the 
maximum concentrations for those analyies did not exceed their corresponding evaluation 
criteria (arsenic = 4 Ag/L; barium = 220 AWL; vanadium = 36 Ag/L); 

• Antimony, cadmium, chromium, nickel, and thallium were not detected at any station 
at a level above their corresponding detection limits. 

During the second sampling event, these results were noted: 

Molybdenum exceeded its corresponding evaluation criterion (30 Ag/L) at C004, 
C005, C006, and C007 with the maximum concentration being detected at station 
C005 (86.4 p.g/L); 

• Barium was detected at all monitoring stations; however, the detected concentrations for 
the analyte did not exceed its corresponding evaluation criterion (220 pg/L); 

• Antimony, arsenic, cadmium, chromium, nickel, selenium, thallium, and vanadium 
were not detected at any station at a level above their corresponding detection limit. 

Table 3-15. Chemical Results for CY 2003 Coldwater Creek Surface-water Sampling 

Monitoring 
Parameter 

Evaluation 
Criteria 

Water Quality 
Criteria 

Monitoring Stations 

C002 C003 C004 C005 C006 C007 

First Sampling Event (April 2 and 3, 2003) 
Target Analyte List (TAL) Metals (pg/L) 

Antimony 4 4,300 2.8 a  2.88  2.8' 2.88  2.8' 2.88  
Arsenic 4 20 2.8 2.8 3.8 1.4 2.2 3.6 
Barium 220 NL 177 173 170 119 151 173 
Cadmium NA 94 2 a  2 °  2 a  2' 2 a  2° 
Chromium 10 280 2' 7 °  2 la r 2 °  
ivIolybdenum 30 NL 19.9 23.6 49 57.2 26.8 26.1 
Nickel 3 6,900 12 a  12 a  12a  12a  12 a  12a  
Selenium 2 5 1 . 2 a 1.2 8  2a  1.2a  1.3 2.3 
Thallium 3 6.3 2.9 °  2.9' 2.9" 2.98  2.9 a  2.9 °  
Vanadium 36 NL 2.7 3.2 4.7 2.4 2.9 3.3 

Second Sampling Event (October 22 and 23, 2003) 
Target Analyte List (TAL) Metals (pg/L) 

Antimony 4 4,300 	1.9' 1.9a 	I 	1.9°  1.9a  1.9°  1.9°  
20 3.8' 3.6°  3.7 a  4.4' 3.2 °  2.8' Arsenic 4 

Barium 220 NL 133 128 148 138 125 139 
Cadmium NA 94 0.29°  0.29°  0.29°  0.29°  0.29' 0.29°  
Chromium 10 280 1.6a  5.4 a  4.4' 3.9°  4.1' 2.9°  
Molybdenum 30 NL 29.2 29 31.2 86.4 36.7 46.3 
Nickel 3 6,900 2.4" 3.1' 4' 3.38  3.4 8  2.6' 
Selenium 2 5 1.3 °  1.8 °  3.3 °  5.9" 1.9a  3.8' 
Thallium 	- 3 6.3 3.6" 3.6°  3.6°  3.6°  3.6  
Vanadium 36 NL 1.5 k  2.1' 3.3°  2.8 °  3.2 °  2.7" 

Not detected (However, the concentration was set to equal to the detection limi ). 
NA 	Not Analyzed 
NL 	No limit for given constituents. 

3.2.2 CY 2003 Coldwater Creek Sediment Monitoring Results 

I During CY 2003, sediment sampling at Coldwater Creek was conducted during the months of 
Apnl and October as a part of the EMP. Sediment samples were collected in depositional 
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environments from each of the six previously described surface-water locations (C002 through 
C007) (Figure 3-5) and analyzed according to the methods described in the Sampling and 
Analysis Guide for St. Louis Sites (USACE, 2000). Sediment samples collected for the EMP 
were evaluated for radiological, organic chemical, and metal constituents, listed in Table 2-3 of 
the EMIFY 2004 (USACE, 2003). Appendix C, Table C-2, presents the results obtained from 
these monitoring activities. 

3.2.2.1 Radiological Parameters 

The radiological results for CY 2003 Coldwater Creek sediment sampling events are presented in 
Table 3-16. The concentrations of radionuclides were compared against their evaluation criteria. 
The results are summarized below. 

Table 3-16. Radiological Results for CY 2003 Coldwater Creek Sediment Sampling 

Monitoring 
Parameter 

Evaluation 
Criteria 

Monitoring Stations 

C002 
._ 

C003 C004 COOS C006 C007 

[picocuries per 	( C i / ) 
First Samlling Event (April 2 and 3 2003) 

Actinium-227 NR 0.07' 0.08 a  0.13 8  0.18 0.13 8  0.198  
Protactinium-231 NA 0.33' 0.378  0.52 8  0.52 8  0.548  0.53 8  
Radium-226 1.2 0.88 0.72 1.01 1.70 1.25 1.13 
Radium-228 0.3 0.21 0.3 0.82 0.66 0.87 0.85 
Thorium-228 0.6 0.58 1.31 0.94 1.22 1.23 1.42 
Thorium-230 2.2 0.67 1.4 1.7 8.7 	

_ 
1.66 2.83 

Thorium-232 0.5 0.19 0.35 0.99 1.04 1.03 0.79 
Uranium-235 NA 0.168  0.17 8  0.248  0.25 8  0.25 8  0.258  
Uranium-238 0.5 0.67 0.61 0.92 1.09 0.77 1.06 

Second Samp ing Event (October 22 and 23, 2003) 
Actinium-227 NA 0.21 8  0.208  0.35 8  0.53 0.31 8  0.37 8  
Protactinium-231 NA 0.67 8  0.62 8  0.968  1.10' 0.91' 1.11 8  
Radium-226 1.2 0.93 0.96 1.06 2.16 1.13 1.32 
Radium-228 0.3 0.24 0.25 0.9 0.74 0.86 0.95 
Thorium-228 0.6 0.38 0.47 1.39 1.29 1.65 1.46 
Thorium-230 2.2 0.81 0.81 1.59 23.51 3.74 4.20 
Thorium-232 0.5 	. 0.17 0.14 0.84 0.69 1.21 0.66 
Uranium-235 NA 0.33 8  0.308  0.46' 0.52 8  0.42' 0.51' 
Uranium-238 0.5 1.77' 1.48' 2.39' 2.43' 2.18°  2.73' 

Not detected (However, the concentration was set to equal to the detection limit). 

NA 	Not Analyzed 

During the first sampling event, these results were noted: 

• Ra-226 was detected at all monitoring stations. Ra-226 exceeded its evaluation 
criterion (1.2 pCi/g) at stations C005 and C006; 

• Ra-228 concentrations exceeded its evaluation criterion (0.3 pCi/g) at all 
downgradient stations except for C003, and the maximum concentration was detected 
at station C006 (0.87 pCi/g); 

• Th-228 exceeded its evaluation criterion (0.6 pCi/g) at all downgradient stations 
(C003, C004, C005, C006, and C007) and the maximum concentration was detected 
at C007 (1.42 pCi/g); 
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• Th-230 exceeded its evaluation criterion (2.2 pCi/g) at two downgradient stations 
(C005, and C007). The maximum concentration was detected at C005 (8.7 pCi/g); 

• Th-232 concentrations exceeded its evaluation criterion at four stations (C004, C005, 
C006, and C007). The maximum concentration was detected at station C005. 

• U-235 was not detected at any monitoring station; 

• U-238 concentrations exceeded its evaluation criterion (0.5 pCi/g) at all monitoring 
stations. The maximum concentration was detected at C005 (1.09 pCi/g). 

During the October CY 2003 sampling event, these results were noted: 

• Ra-226 concentrations exceeded the evaluation criterion at two downgradient stations 
(C005, and C007), and the maximum concentration was detected at C005 (2.16 
pCi/g); 

• Ra-228 concentrations exceeded its evaluation criterion at the last four downgradient 
stations, and the maximum concentration was detected at C007; 

• Th-228 exceeded its evaluation criterion at last four downgradient stations, and the 
maximum concentiation was detected at C006; 

Th-230 concentrations were detected above its evaluation criterion at stations C005, 
C006, and C007. The maximum concentration of 23.51 pCi/g was detected at C005; 

• Th-232 concentrations were detected above its evaluation criterion at the last four 
downeradient stations. The maximum concentration of 1.21 pCi/g was detected at 
C006; 

• Neither U-235 nor U-238 were detected at any monitoring station. 

During both sampling events, a culvert pipe near monitoring Station C002 provided a constant 
source of water. Due to this constant source of water and restricted cross-section, the flow rate 
and water velocities at this station were higher than at any other station. Both flow rate and 
velocities decreased downstream from this location because the sectional area of flow was greater. 

The historical radiological sampling information at all monitoring stations during the last four 
years is summarized in Table 3-17. Based on review of historical results from the last four years, 
the following observations were noted. 

t, 

• Detected total uranium concentrations at Monitoring Stations C002, C003, C004, and 
C007 were greater in 2003 than in any other calendar year; 

• Detected Th-228 concentration at C003 was higher in 2003 than in any other calendar 
year; 

• Detected Th-230 concentration at station C005 was higher in 2003 than in any other 
calendar year; the maximum for that station. 
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Historical 
Location 

Radionuclide Units 03/00 05/00 03/01 10/01 03/02 08/02 04/03 10/03 

C002 Total Uranium' pCi/g 2.198  2.53 °  1.48 8  1.14 8  0.48 0.42 1.5 3.87 
C002 Ra-226 _pCi/g 0.60 0.56 0.50 0.06 0.86 1.05 0.88 0.93 
C002 Ra-228 pCi/g 0.23 0.21 0.18 0.15 0.22 0.19 0.21 0.24 
C002 Th-228 pCi/_g 0.23 0.21 0.41 0.37 0.33 0.92 0.58 0.38 
C002 Th-230 pCi/g 0.97 0.50 0.48 0.83 1.52 <0.71 0.67 0.81 
C002 Th-232 pCi/g 0.42 0.21 0.26 	_ 0.15 0.31 0.45 0.19 0.17 

C003 Total Uraniumb  pCi/g 3.108  2.85 8  2.02 8  1.88' 0.63 0.98 1.39 3.26 
C003 Ra-226 pCi/g 2 0.70 0.68 0.84 0.78 1.44 0.72 0.96 
C003 Ra-228 pCi/g 0.38 0.40 0.41 0.82 0.32 0.73 0.30 0.25 
C003 Th-228 pCi/g 0.78 0.48 0.98 0.96 0.45 1.09 1.31 0.47 
C003 111 - 230 pCi/_g 1.81 1.41 3.61 1.85 1.31 2.3 1.40 0.81 
C003 Th-232 pCi/g _ 	0.32 0.75 0.67 	_ 0.93 0.31 ° 0.7 0.35 0.14 

C004 Total Uraniumb  pCi/e 2.948  2.448  2.51' 1.07' 0.62 0.71 2.08 5.24 
C004 Ra-226 pCi/g 0.81 0.8 0.85 0.99 0.9 1.41 1.01 1.06 
C004 Ra-228 pCi/g 0.23 0.21 1.02 0.96 0.32 0.83 0.82 0.90 
C004 Th-228 pCi/g 1.07 0.98 1.75 1.28 0.42 0.96 0.94 1.39 
C004 Th-230 pCi/g 2.45 1.11 2.60 1.61 2.96 1.28 1.70 1.59 
C004 Th-232 pCi/g 0.55 0.21 1.47 0.96 1.01 0.81 0.99 0.84 

C005 Total Uranium's pCi/g 5.728  3.6' 3.19°  1.43' 0.71 1.12 2.43 5.38 
C005 Ra-226 pCi/e 23.47 1.52 1.44 0.73 1.16 1.94 1.70 2.16 
C005 Ra-228 pCi/g 0.91 0.78 0.98 0.23 0.4 0.55 0.66 0.74 
C005 Th-228 pCi/g 1.12 1.07 1.10 0.38 0.73 1.22 1.22 1.29 
C005 Th-230 pCi/g 17.14 12.47 18.75 3.23 3.62 14.19 8.70 23.51 
COOS Th-232 pCi/g 0.61 1.14 0.98 0.29 0.21 0.86 1.04 0,69 

C006 Total Uraniumb  pCi/g 4.92' 0.19 2.69' 1.58' 0.91 0.69 1.79 4.78 
C 006 Ra-226 pCi/g 0.98 0.97 0.93 0.90 1.16 1.31 1.25 1.13 
C006 Ra-228 pCi/g 1.10 0.96 0.79 0.95 0.85 0.86 0.87 0.86 
C006 Th-228 pCi/g 1.26 1 1.13 1.27 1.47 1.18 1.23 1.65 
C006 Th-230 pCi/g 1.58 1.46 4.02 2.83 2.88 1.42 1.66 3.74 
C006 Th-232 pCi/g 1.16 1.04 1.19 1.50 0.91 0.84 1.03 1.21 

C007 Total Uraniumb  pCi/g 2.43' 2.09' 2.63 1.99' 1.27 1.2 2.37 5.97 
C007 Ra-226 pCi/g 0.72 0.68 1.08 0.99 1.22 1.61 1.13 1.32 
C007 Ra-228 pCi/g 0.23 0.25 0.95 0.73 0.85 0.74 0.85 0.95 
C007 'Th-228 pCi/g 0.62 0.86 1.93 1.45 1.56 1.13 1.42 1.46 
C007 Th-230 pCi/g 4.82 1.86 5.75 9.30 2.75 4.71 2.83 4.20 
C007 Th-232 pCi/g 0.65 0.25 0.95 1.13 1.07 0.74 0.79 0.66 

- 
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Table 3-17. Comparison of Historical Radiological Parameter Sediment Results 

a 	
Not detected (However, the concentration was set to equal to the detection limi ). 
Total uranium is equal to the sum of the concentrations of uranium isotopes. (Source: Federal Register Vol. 65, No. 236: Part 11 of 
40 CFR Part 9, 141 and 14.) 

3.2.2.2 Chemical Parameters 

The chemical monitoring results for CY 2003 Coldwater Creek sediment sampling events are 
presented in Table 3-18. The concentrations of the chemicals were compared with respect to the 
EC defined in Table 2-3 of EM1FY 2004 (USACE, 2003). 

During the first sampling event, the following observations were made: 

• Cadmium exceeded its corresponding evaluation criterion (0.4 mg/kg) at stations 
C002, C003, C005 and C007 with the maximum concentration being detected at 
upstream background station C002 (1.3 mg/kg); 
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• Thallium exceeded its corresponding evaluation criterion (0.7 mg/kg) at stations 
C002, C004, C006, and C007 with the maximum concentration being detected at 
upstream background station C002 (1.7 mg/kg); 

• Antimony, chromium, molybdenum, nickel, and vanadium were detected at two or more 
monitoring stations; however, the maximum concentrations for those analytes did not 
exceed their corresponding evaluation criterion (antimony = 8.1 mg/kg; chromium = 200 
mg/kg; molybdenum = 9.7 mg/kg; nickel = 27 mg/kg; vanadium = 66 mg/kg); 

• Arsenic and barium were detected at all monitoring stations. Selenium was only 
detected at background monitoring station, C002 (1.8 mg/kg). The maximum 
concentrations of arsenic and barium were detected at C007 (12.7 mg/kg) and at C002 
(347 mg/kg) respectively. However, no evaluation criterion was established for any 
of the three analytes. 

During the second sampling event, these results were noted: 

• Nickel exceeded its corresponding evaluation criterion (27 mg/kg) at stations C002, 
and C005 with the maximum concentration was detected at upstream background 
station C002 (71.4 mg/kg); 

• Chromium and vanadium were detected at all monitoring stations whereas molybdenum 
was only detected at station C005. However, the detected concentrations for the analyte 
did not exceed their corresponding evaluation criteria (chromium = 200 mg/kg; 
vanadium = 66 mg/kg; molybdenum = 9.7 mg/kg); 

• Arsenic and barium were detected at all monitoring stations. The maximum 
concentrations of arsenic and barium were detected at C005 (23.7 mg/kg), and at 
C002 (933 mg/kg) respectively. However, no evaluation criterion was established for 
these analytes; 

• Antimony, cadmium, selenium, and thallium were not detected at any station at a 
level above their corresponding detection limit. 

Table 3-] 8. Chemical Results for CY 2003 Coldwater Creek Sediment Sampling 

I lonitoring Parameter 
Background 

Criteria" 

Monitoring Stations 

C002 	C003 	C004 	C005 	C006 	C007 
First Sampling Event (April 2 and 3, 2003) 

TAL-Metals [(milligram per klogram (mg/kg)] 
• ntimony 8.1 0.83 	0.43 	0•34' 	0.44 0.26' 0.3' 
• rsemc MSR 5.4 5.1 4.7 9.1 10.3 12.7 
I: anum MSR 347 88.9 164 321 206 206 

admium 0.4 1.3 0.75 0.42' 0.85 0.34 0.68 
hromium 200 16.5 17 9 18.9 28 12.8 15.7 

I 4olybdcnuin 9.7 5.7 1 0.92' 1.8 0.71' 1 
I Tickel 27 26.5 16.9 16.1 20 23.7 20.8 
Selenium NA 1.8 0.29 0.35 8  0.28' 0.66 0.28' 

hallium 0.7 1.7 0.56 1 0.48 1.6 1.6 
anadium 66 15.4 14.6 23.9 21.5 32.9 30.7 

3-29 

• 
DRAFT 



4/5/2 004 
Annual Environmental Monitoring Data and Analysis Report for CY03 

Table 3-18. Chemical Results for CY 2003 Coldwater Creek Sediment Sampling (Cont'd) 

Monitoring Parameter 
Background 

Criteria b  

Monitoring Stations 

C002 	C003 	C004 	C005 	C006 	C007 

Second Sampling Event (October 22 and 23, 2003) 
TA L-Metals [(milligram per kilogram (mg/kg)] 

Antimony 8.1 la 1 0.24' 0.24' 0.25' 0.24' 

Arsenic MSR 11.7 5.1' 3.8 23.7 2.1 10.2 

Barium MSR 933 239 109 527 88.9 174 

Cadmium 0.4 1.6' 0.22' 0.052' 0.91' 0.053 8  0.052° 

Chromium 200 8.1 11.7 18.1 25.8 16.7 - 19.5 

Molybdenum 9.7 1.6' 1.7a 0.25 8  7.6 0.268  0.39' 

Nickel 27 71.4 10.6 13.4 50.4 14.1 17.9 

Selenium NA 1.3' 1.3' 0.3' 0.35' 0.31' 0.3' 

Thallium 0.7 3.9' 2.1' 2.1 a 4.2 8  1.8' 2.9' 

Vanadium 66 37.1 16.8 24.6 60.1 19.3 36.9 
Not detected (However, the concentration was set to equal to the detection limit). 

MSR 	More sample data is required to determine the background criteria for this analyte. 

NA 	Not Analyzed. 

• 
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4.0 EVALUATION OF ENVIRONMENTAL MONITORING DATA FOR GROUND 
WATER 

The ground-water monitoring activities conducted under the EMP during CY 2003 are described 
in this section. The SLS sampled during CY 2003 are the HISS, the SLAPS, and the SLDS. 
Ground water was sampled following a protocol for individual wells and analytes, and analyzed 
for various radiultwical constituents, organic compounds, and inorganics. In addition, field 
parameters, or indicator parameters, were measured continuously during purging of the wells 
before sampling. The ground-water field parameter results for CY 2003 sampling at the HISS, 
the SLAPS, and the SLDS are presented in Appendix D, Table D-1. Summary tables providing the 
SLS ground-water analytical sampling results for CY 2003 are found in Appendix D, Table D-2. 
Static water levels were measured quarterly for all wells. 

Environmental sampling and evaluation criteria (EC) for such sampling are consistent with Table 
2-1 of the EM1FY04 report for the SLS (USACE, 2003a) and will be used for comparison and 
discussion purposes. The EC for assessing ground-water data collected at the North St. Louis 
County sites (HISS, SLAPS, and VPs) were derived from the soil contaminants of concern 
(COCs) for the North County Feasibility Study. The 95% upper tole, ance limit (UTL) value was 
used as the ground-water background concentration for each COC for the deep units monitored 
(HZ-C and HZ-E). The methodology for the determination is detailed in Appendix D of the 
Annual Environmental Monitoring Data and Analysis Report for CY02 (EMDAR CY02) 
(USACE, 2003b). Water Quality Standards and/or background concentrations (i.e., 10 CSR 20- 
7.031, Table A) are used as EC for the shallow ground water (HZ-A) in North County. The 
criteria for ground-water sampling will be revised when a final Record of Decision (ROD) is 
issued and approved for the North St. Louis County sites (HISS, SLAPS, and VPs). The EC for 
assessing ground-water sampling data at the ST_DS are the investigative limits (ILs) as identified 
in the St. Louis Downtown Site ROD (USACE, 1998) 

4.1 HISS 

The stratigraphic units present at the HISS are shown in the stratigraphic column for the SLAPS 
and the HISS presented in Figure 4-1. Fill and topsoil (Unit 1) overlie Pleistocene loess (Unit 2) 
and fine-grained glaciolacustrine deposits. The glaciolacustrine sediments consist of Subunit 3T 
(silty clay), Subunit 3M (moderately to highly plastic clay), Subunit 3B (silty clay), and Unit 4 
(clayey and sandy gravel). Beneath these unconsolidated deposits, the bedrock is composed of 
Mississippian limestone (Unit 6). Stratigraphic Unit 5, Pennsylvanian shale bedrock, is not 
present at the HISS but is found directly overlying Unit 6 under portions of the SLAPS. 

The stratigraphy beneath the HISS is similar to that found at the SLAPS with the exception of a 
Pennsylvanian shale layer. Four hydrostratigraphic zones (HZ) (HZ-A through HZ-C, and HZ-
E) have been identified at the HISS. The shallow ground-water zone, HZ-A, consists of the fine-
grained silts and clays of Unit 1, Unit 2, and Subunit 3T. Underlying HZ-A is HZ-B, which 
consists of highly impermeable clay (Subunit 3M). HZ-C consists of silty clay and clayey silt 
deposits that make up the stratigraphic Subunit 3B and Unit 4. The Mississippian limestone 
bedrock is defined as HZ-E. HZ-E is the protected aquifer for the site. As a result of its very 
low permeability, Subunits 3T, 3M, and 3B limit vertical ground-water movement between 
HZ-A and the deep ground-water zones (HZ-C and HZ-E) at the HISS. 
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Figure 4-1. 	Generalized Stratigraphic Column for the HISS and the SLAPS 
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The shallow ground-water Unit HZ-A (comprising Units 1, 2, and 3T) at the HISS is of poor 
quality and low yield. Based on the USEPA's guidance document "Guidelines for Groundwater 
Classification under the EPA Groundwater Protection Strategy," this unit is listed under the 
Class IIIA ground-water designation (USEPA, 1988). Class IIIA includes ground water that is 
not a source of drinking water, is of limited beneficial use, and feeds a surface-water body (e.g., 
the Missouri River) that could be used for drinking water. The limestone bedrock aquifer (HZ-
E) is the aquifer of concern at the HISS. Under the EPA's ground-water classification system, 
HZ-E meets the requirements for a Class lIB designation. Class IIB denotes that the ground 
water is a potential source of drinking water but not a current source. 

The current EMP well network for the HISS is shown in Figure 4-2. No ground-water 
monitoring wells were installed or decommissioned at the HISS in CY 2003. With the exception 
of monitoring wells H1SS-05D and HW23, which are screened in HZ-C, all of the monitoring 
wells at the HISS are screened in HZ-A. The screened HZs for the HISS ground-water 
monitoring wells are identified in Table 4-1. 

Table 4-1. 	Screened Hydrostratigraphic Zones for HISS Ground-Water 
Monitoring Wells 

1. 

Well ID Screened Hydrostratigraphic Zone(s) 
HISS-01 HZ-A 

HISS-05D HZ-C 
HISS-06 HZ-A 
HISS-07 HZ-A 
HISS-09 HZ-A 
HISS-10 HZ-A 
HISS-11 HZ-A 
HISS 11 HZ-A 
HISS-15 HZ-A 
HISS-16 HZ-A 

HISS-17S HZ-A 
HISS-18S HZ-A 
HISS-19S HZ-A 
HISS-20S HZ-A 

HW21 HZ-A 
HW22 HZ-A 
HW23 HZ-C 

4.1.1 Evaluation of the CY 2003 Environmental Monitoring Plan Ground-Water Sampling 
at the HISS 

I 40  

Ground-water sampling was conducted at 13 ground-water monitoring wells at the HISS during 
CY 2003. First quarter sampling was conducted from February 24 to March 4, second quarter 
sampling from May 19 to June 6, third quarter sampling from August 28 to September 3, and 
fourth quarter sampling from November 12 to November 25. The EC for assessing ground-water 
data collected at the North St. Louis County sites during CY 2003 were derived from the soil 
contaminants of concern (COCs) identified in the North County Feasibility Study. These EC are 
described in detail in the EMIFY04 (USACE, 2003a). The background concentrations for HZ-C 
and HZ-E (i.e., the deep ground-water background concentrations) are based on the 95% upper 
tolerance limit (UTL) concentrations, as explained in Appendix D of the Annual Environmental 
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Monitoring Data and Analysis Report for CY02 (USACE, 2003a). Water Quality Standards (i.e., 
10 CSR 20-7.031 Table A) and these deep ground-water background concentrations are used as 
EC for the shallow (HZ-A) ground-water zones at the North St. Louis County sites. The deep 
ground-water background concentrations are used as EC for the deep (HZ-C and HZ-E) ground-
water zones. For discussion purposes, the ground-water analytical data acquired during CY 2003 
at the HISS are presented separately for the upper (HZ-A) and lower (HZ-C) ground-water 
zones. 

TiZ-A Ground Water 

The results of the CY 2003 ground-water sampling for contaminants exceeding the ground-water 
EC in HZ-A ground water at the HISS are summarized in Table 4-2. Summary tables presenting 
the results for all analytes are included in Appendix D. 

Four inorganics (cadmium, nickel, selenium, and thallium) were detected in HZ-A ground water 
at concentrations exceeding their EC (i.e., water quality standards and/or deep ground-water 
background concentrations) at the HISS. Based on the number of exceedances, the most widely 
occurring of these inorganics was selenium. Selenium exceeded its deep ground-water 
background concentration of 2 ptg/L in eight HZ-A wells (HISS-01, HISS-07, HISS-10, HISS-
15, HISS-16, HISS-17S, HISS-20S, and HW21) during CY 2003. The highest concentration of 
selenium (684 i.tg/L) was detected in the fourth quarter sample from HISS-07. Cadmium was 
detected above its deep ground-water background concentration of 2 ug/L in one HZ-A well 
(HISS-20S) during CY2003. The remaining two inorganics, nickel and thallium, were found to 
eAccul their EC in only one sample, the first quarter sample from HW21. Nickel was detected in 
this sample at a concentration of 18.39 Ag/L, which is slightly above its deep ground-water 
background criteria of 18 jig/L. Thallium was detected in this sample at a concentration of 3.4 
ptg/L, which slightly exceeds the thallium water quality criterion of 2 Ag/L. 

Total uranium (based on isotopic results) exceeded the EC of 7 AWL in six HISS wells (HISS-01, 
H1SS-06, HISS-10, HISS-20S, HW21, and HW22), with the maximum concentration of 19.6 
Ag/L reported for the fourth quarter sample from HW21. U-238 exceeded its EC (3 pCi/L) in all 
six of these wells and U-234 exceeded its EC (4 pCi/L) in five of them (HISS-06, MSS-10, 
HISS-20S, HW21, and HW22). The maximum concentrations of U-238 (6.56 pCi/L) and U-234 
(7.04 pCi/L) were detected in the fourth quarter sample from HW21. The radionuclide Th-228 
exceeded its EC (2 pCi/L) in four HZ-A wells (HISS-15, HISS-16, HISS-18S, and HW21). The 
maximum concentration of Th-228, 5.04 pCi/L, was detected in the third quarter sample from 
HISS-l6. Th-230 was detected at concentrations slightly exceeding its EC (4 pCi/L) in two 
wells, HISS-06 (4.1 pCi/L) and HISS-18S (4.47 pCi/L). The radionuclide Ra-226 was not 
detected above its EC of 4 pCi/L in any HZ-A wells at the HISS during CY 2003. 

In summary, the data indicate that there are localized impacts to the HZ-A ground water from 
site-related constituents. The highest levels of inorganic contaminants were reported for 
monitoring wells HISS-07 (for selenium), HW21 (for nickel and thallium), and HISS-20 (for 
cadmium). In general, the radionuclides Th-228, Th-230, U-234, U-238, and total uranium are 
present in HZ-A ground water at concentrations ranging from non-detect levels to levels only 
slightly exceeding the EC. 
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Table 4-2. 	Analytes Exceeding the Ground-Water EC in HZ-A Ground Water at the 
HISS in CY 2003 

Chemical . EC° Units Station" 
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

# Detects 
> EC° 

Frequency 
of Detection 

Cadmium 2 pg/L HISS-20S 13.4 14.3 13.7 3 3/3 

Nickel 18 _pg/L HW21 18.4 26.4 22.4 2 2/2 

Selenium 2 pg/L HISS-01 32.4 32.4 32.4 1 1/1 

2 pg/L HISS-07 684 684 684 1 1/1 

2 pg/L HISS-10 9.4 9.4 9.4 1 1/2 
2 pg/L HISS-15 12.9 20.9 16.9 2 2/2 
2 pg/L 1-IISS-16 24.4 24.4 24.4 1 1/1 
2 1.1g/L HISS-17S 37.4 211 96.1 3 3/3 
2 pg/L HISS-20S 100 139 124 3 3/3 
2 pg/L HW21 34.7 50.7 42.7 2 2/2 

Thallium 2 pg/L HW21 3.4 3.4 3.4 1 1/2 
Thorium-228 2 pCi/L HISS-15 3.23 3.23 3.23 1 1/1 

2 pCi/L HISS-16 5.04 5.04 5.04 1 1/1 
2 pCi/L HISS-18S 2.64 2.64 2.64 1 1/1 
2 pCi/L HW21 1.83 3.31 2.6 1 2/2 

Thorium-230 4 pCi/L HISS-06 4.10 4.10 4.10 1 1/1 
4 pCi/L HISS-18S 4.47 4.47 4.47 1 1/1 

Uranium-234 4 pCi/L HISS-06 4.03 4.03 4.03 1 1/1 
4 pCi/L HISS-10 5.62 5.62 5.62 1 1/1 
4 _ pCi/L HISS-20S 4.09 4.09 4.09 1 1/1 
4 pCi/L 1-1W21 6.28 7 04 6.66 2 2/2 
4 pCi/L HW22 4.43 4.43 4.43 1 1/1 

Uranium-238 3 pCi/L 1-I1SS-01 3.18 3.18 3.18 1 1/1 
3 pCi/L HISS-06 4.59 4.59 4.59 1 1/1 
3 pCi/L HISS-10 3.83 3.83 3.83 1 1/1 
3 pCi/L HISS-20S 3.21 3.21 3.21 1 1/1 
3 pCi/L HW21 5.13 6.56 5.84 2 2/2 
3 pCi/L HW22 3.31 3.31 3.31 1 1/1 

Uranium' 7 pg/L HISS-01 9.6 9.6 9.6 1 1/1 
7 pg/L HISS-06 13.9 13.9 13.9 1 1/1 
7 pg/L HISS-10 11.6 11.6 11.6 1 1/1 
7 pg/L HISS-20S 9.9 9.9 9.9 1 1/1 
7 pg/L HW21 15.4 19.6 17.5 2 2/2 
7 pg/L HW22 9.9 9.9 9.9 1 1/1 

a EC = EC (i.e., deep ground-water background concentrations and Water Quality Criteria). EMIFY04, Table 2-1. 
Table lists only those stations at which the analyte exceeds the ground-water EC. 

Total uranium values were calculated from isotopic results in pCi/L and converted to pg/L using radionuclide-specific 
activities. 

HZ-C Ground Water 

Ground-water samples were collected from two deep (HZ-C) wells, HISS-05D and HW23, 
during CY 2003. HW23 was installed as an upgradient well to assist in evaluating background 
conditions. HISS-05D was sampled once (first quarter) and HW23 was sampled twice (first and 
third quarters) during CY 2003. Concentrations of the analytes were compared to the deep 
ground-water background concentrations. The concentrations detected in HZ-C ground-water 
samples collected at the HISS during CY 2003 are presented in Table 4-3. Only one analyte, 
nickel, exceeded the deep ground-water background concentrations in HZ-C ground-water 
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samples collected in CY 2003 at the HISS. Nickel was detected above its deep background 
concentration of 18 Ag/L in the first quarter sample from HISS-05D. The maximum 
concentrations of the remaining inorganics (i.e., antimony, arsenic, barium, cadmium, chromium, 
molybdenum, selenium, thallium, total uranium, and vanadium) did not exceed their deep 
background levels in any HZ-C monitoring well at the HISS during CY 2003. In addition, no 
radionuclides were detected above their respective deep ground-water background 
concentrations in HZ-C ground water at the HISS during CY 2003. In summary, the CY 2003 
HZ-C ground-water data from the HISS indicate that, with the exception of nickel, the analytes 
were either at non-detect levels or were detected at concentrations below their respective EC 
levels in HZ-C ground water. 

Table 4-3. Analytes Detected in HZ-C Ground Water at the HISS in CY 2003 

Chemical Ee Units Stationb  
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

# Detects 
> EC 

Frequency 
of Detection 

Arsenic 180 pg/L HISS-05D 26.5 26.5 26.5 0 1/1 
180 e/L HW23 123 152 138 0 2/2 

Barium 1,400 pg HISS-05D 464 464 464 0 1/1 
1,400 pg HW23 376 386 381 0 2/2 

Chromium 1.3 g HW23 2.6 2.6 2.6 0 1/2 
Molybdenum 68 pg HW23 7.7 9.4 8.6 0 2/2 
Nickel 18 H1SS-05D 21.3 21.3 21.3 1 1/1 

18 p,_ HW23 4.1 4.1 4.1 • 1/2 
Thorium-228 2 p HISS-05D 1.99 1.99 1.99 0 1/1 

2 p HW23 1.64 1.64 1.64 • 1/2 
Thorium-230 4 p HISS-05D 2.06 2.06 2.06 0 1/1 

4 HW23 1.44 3.38 2.41 0 2/2 
Vanadium 1R pCilL HW23 3.2 3.2 3.2 0 1/2 

° EC = EC (i.e., deep ground-water background concentrations). 
Table lists only those stations at which the analyte was detected in CY 2003 

4.1.2 Comparison of Historical Ground-Water Data at the HISS 

Ground-water sampling has been conducted at the HISS from CY 1984 to the present. The most 
comprehensive ground-water monitoring program, involving sampling from 18 monitoring 
wells, was conducted at the site in the summer of CY 1997. Results from subsequent sampling 
events were used to evaluate contaminant trends at the HISS during the period from the first 
quarter of CY 1999 to the fourth quarter of CY 2003. Statistical analysis was used to assist in 
identifying trends for those contaminants that exceeded EC during CY 2003. 

4.1.2.1 Statistical Method 

There are several statistical methods available to evaluate contaminant trends in groundwater. 
These include the Mann-Kendall test, the Wilcoxon rank sum test, and the Seasonal Kendall test 
(USEPA, 2000). The latter two tests are applicable to data that may or may not exhibit seasonal 
behavior, but generally require larger sample sizes than the Mann-Kendall test. The Mann-
Kendall test was selected for the purposes of this study because it can be used with small sample 
sizes and because a seasonal variation in concentrations was not indicated by the time versus 
concentration plots at the SLS. The Mann-Kendall test is a non-parametric test and, as such, is 
not dependent upon assumptions of distribution, missing data, or irregularly spaced monitoring 
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periods. In addition, data reported as being less than the detection limit can be used (Gibbons, 
1994). The test can assess whether a time-ordered data set exhibits an increasing or decreasing 
trend, within a predetermined level of significance. While the Mann-Kendall test can use as few 
as four data points, often this is not enough data to detect a trend. Therefore, the test was 
performed only at those monitoring stations at the SLS where data have been collected for at 
least six sampling events. 

The Mann-Kendall test involves listing the sampling results in chronological order and 
computing all differences that may be formed between measurements and earlier measurements. 
The test statistic, S, is the difference between the number of strictly positive differences and the 
number of strictly negative differences. If S is a large positive value, then there is evidence of an 
increasing trend in the data. If S is a large negative value, then there is evidence of a decreasing 
trend in the data. If there is no trend and all observations are independent, then all rank orderings 
of the annual statistics are equally likely; this result is used to compute the statistical significance 
of the test statistic (USEPA, 2000). 

The Mann-Kendall test was performed using the computer package Chemstat, Version 5.0 
(Starpoint Software, 2003). For data sets where more than 20 percent of the time-series data is 
non-detect, the Mann-Kendall trend test were not conducted. Only unfiltered data were used and 
split samples and field duplicates was not included in the analysis. 

4.1.2.2 Results of Trend Analysis at the HISS 

For those stations whcrc an analyte exceeded the ground-water EC at least once during CY 2003 
and sufficient historical data were available to evaluate trend (i.e., at least six samples), statistical 
trend analysis was conducted to assess whether concentrations of the analyte are increasing 
(upward trending) or decreasing (downward trending) over time. For the purposes of this trend 
analysis, a statistically significant trend in concentration is defined as a trend with a confidence 
level greater than 95%. The confidence level indicates the probability that the trend indicated is 
an actual trend in the data, rather than a result of the random nature of environmental data. 
Statistically significant trends do not always reflect actual trends. Because the Mann-Kendall test 
does not consider the effects of measurement error and does not provide any information 
concerning the magnitude of the trends, time versus concentration plots were used to evaluate 
these factors. The time versus concentration plots are included for only those analytes that 
exceeded the EC and that show an upward or downward trend based on the results of the Mann-
Kendall test. 

HZ-A Ground Water 

The evaluation of historical trends for the HZ-A ground-water unit focuses on those 
contaminants that were identified that exceeded their EC, (i.e., deep ground-water background 
concentrations or water quality criteria) in ground-water samples collected during CY 2003. The 
constituents with EC identified at the HISS include antimony, arsenic, barium, cadmium, 
molybdenum, nickel, selenium, thallium, vanadium, and various radionuclides. The analytes 
detected above the EC in HZ-A ground water during CY 2003 include cadmium, nickel, selenium, 
thallium, Th-228, Th-230, U-234, U-238, and total uranium. The Mann-Kendall test was 
performed for those wells where the analyte exceeded the ground-water EC at least once during 
CY 2003, where sufficient data was available (i.e., at least six samples were collected during the 
period from the first quarter of CY 1999 to the fourth quarter of CY 2003), and where the 
percentage of non-detect results is < 20%. 
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Inorganics 

The time versus concentration plots shown in Figure 4-3 provide an overview of the temporal 
and spatial variability in the concentrations of the principal inorganic contaminant, selenium. 
Statistical trend analysis using the Mann-Kendall test was conducted to confirm if concentrations 
of selenium are increasing or decreasing over time. The test was performed for seven HZ-A 
wells at which the concentrations exceeded the EC at least once during CY 2003: HISS-01, 
HISS-07, HlSS-15, HISS-16, HISS-17S, HISS-20S, and HW21. Although selenium also 
exceeded the EC at HISS-10 and EIW22 in CY 2003, a trend analysis was not performed for 
these wells because the incidence of non-detection exceeded 20 percent during the period from 
CY 1999 through CY 2003. As shown in Table 4-4, a statistically significant trend in selenium 
conc,e.ntrations (i.e., a trend with a confidence level greater than 95%) was observed for two 
wells, HISS-17S and HISS-20S. The concentrations of selenium in samples from these two wells 
appear to be decreasing over time based on the results of the Mann-Kendall test and the time-
concentration plot shown in Figure 4-3. 

In addition to selenium, cadmium, nickel, and thallium exceeded their EC in HZ-A ground water 
at the HISS during CY 2003. Due to the high percentage of non-detect values (greater than 20 
percent) for cadmium and thallium, the Mann-Kendall test could be performed only for nickel at 
HW21. The results of the test, provided in Table 4-4, indicate that there is no evidence of a 
statistically significant trend in nickel concentrations in HW21. 

Radionuclides 

The time-concentration plots shown in Figure 4-4 provide an overview of the temporal and spatial 
variability in the concentrations of total uranium in ground water at the HISS. A statistical 
evaluation of historical uranium concentrations was conducted using total uranium 
c.oncentrations calculated using the radiological analysis (isotopic uranium results). The reported 
values were used for detected and non-detected isotopic values, except in instances when the 
value was negative. Where the reported value was negative, a value equal to the detection limit 
was substituted for the result prior to calculating the total uranium concentration used in the 
time-concentration plots and the Mann-Kendall test. Six wells (HISS-01, HISS-06, HISS-10, 
HISS-20S, HW21, and HW22) exceeded the total uranium EC of 7 pg/L during the period from 
January 1999 through December 2003. The results of the Mann-Kendall test for these wells are 
shown in Table 4-4. A significant deci easing trend in total uranium concentrations was identified 
for HISS-01 based on the Mann-Kendall Test. As shown in Figure 4-5, the error bars (shown as 
bracketed vertical lines) associated with the total uranium values in HISS-01 are generally wider 
than the magnitude of the trend, indicating that the decreasing total uranium trends in this well 
may not be an actual trend. The "no trend" line for this well is shown as a horizontal dashed line 
on the total uranium graph in Figure 4-5. Mann-Kendall test results for U-238 identified a 
downward trend in HISSO1 and an upward trend for U-234 in HW-22, but the time versub 
concentration plots in Figure 4-5 indicate that the magnitude of these trends is small and is 
generally within the range of the measurement error, suggesting that these are not significant 
trends. 

During CY 2003, Th-228 and Th-230 were detected at levels above their EC in HZ-A ground 
water. Because their concentrations did not exceed the EC by amounts greater than the 
associated error measurements in CY 2003 and the incidence of non-detection was high during 
the period from CY 1997 through CY 2003 (>20 0/n), a trend anslysie was not perfomied for Th-
228 or Th-230. 
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Table 4-4. 	Results of Mann-Kendall Trend Test a  for Analytes Exceeding EC during CY 
2003 in HZ-A Ground Water at the HISS 

Analyte Station N b  
Test Statistics` 

Trend d  
P Z 

Nickel HW21 9 -9 -- -- Inconclusive 

Selenium HISS-01 14 -7 -- -0.328 No Trend 

HISS-07 7 3 0.386 -- No Trend 
HISS-15 12 13 -- 0.824 No Trend 
HISS-16 8 0 0.548 -- No Trend 
HISS-17S 16 -46 -- -2.026 Downward Trend 
HISS-20S 17 -65 -- -2.639 Downward Trend 
1-1W21 9 5 -- -- Inconclusive 

Uranium-234 HISS-06 9 0 0.54 -- No Trend 
HISS-10 10 32 -- -- Inconclusive 
HISS-20S 15 -3 -- -0.099 No Trend 

- 
HW21 9 -12 0.13 -- No Trend 
1-1W22 8 16 0.031 -- Upward Trend 

Uranium-238 HISS-01 14 -55 -- -2.956 Downward Trend 
HISS-06 9 -2 0.46 -- No Trend 
HISS-20S 14 10 -- 0.493 No Trend 
HW21 9 -4 0.381 -- No Trend 
HW22 8 14 0.054 -- No Trend 

Total Uranium HISS-01 14 -49 -- -2.628 Downward Trend 
II1SS-06 9 0 0.54 -- No Trend 
HISS-10 10 19 -0.054 -- NO Trend 
HISS-20S 15 -4 -- -0.149 No Trend 
HW21 9 -2 0.46 -- No Trend 
HW22 8 14 0.54 -- No Trend 

° One - tailed Mann-Kendall tests were performed at a 95% level of confidence using Chemstat, Version 5.0 (Starpoint Software, 
2003). 

6  N is the number of HZ-A unfiltered ground-water sample results for a particular analyte at the well for the period between 
January 1999 and December 2003. 

Test Statistics: S = the S-Statistic; p = probability of obtaining the S-statistic (for datasets with N<10); Z = Z-score, or 
normalized test statistic (for datasets with N>10). 

d  Trend: If N<10, p is compared to 0.05. If p < 0.05, a statistically significant trend exists. If N>10, the z-score is compared to 
±1.65 (i.e., the comparison level at 95% confidence level). If the Z-score > +1.65, the test concludes that a significant upward 
trend exists. If the z-score < —1.65, the test concludes that a significant downward trend exists. For z-scores between —1.65 
and +1.65, there is no evidence of a significant trend. An inconclusive trend is reported when the p value can not be 
determined because the "table is out of range". 

-- Not applicable, see footnote "d" for explanation. 

HZ-C Ground Water 

Two HZ-C wells (HISS-05D and HW23) are currently sampled at the HISS. The only 
contaminant exceeding the ground-water EC in these HZ-C wells during CY 2003 was nickel. 
Nickel was detected at a concentration of 21.3 Ag/L in the first quarter sample from HISS-05D, 
which exceeds its deep background concentration of 18 tg/L. Because its concentrations only 
slightly exceeded the EC in CY 2003 and the incidence of non-detection was high during the 
period from CY 1998 through CY 2003 (>20%), a trend analysis was not performed for nickel at 
HISS-05D. Additional sampling data will be collected from HZ-C ground water for future 
evaluations to determine if any MED/AEC contaminants are significantly impacting HZ-C 
ground water at the HISS. 
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4.1.3 Evaluation of the CY 2003 Potentiometric Surfaces at the HISS 

Ground-water surface elevations were measured at the HISS in January, May, August, and 
November of CY 2003. The potentiometric surface maps for HZ-A and HZ-C created from the 
May 7-8 and November 5, 2003 ground-water elevation measurements are illustrated in 
Figures 4-6, 4-7, 4-8, and 4-9. The HISS and the SLAPS were mapped on the same figures 
because these areas are in the same ground-water flow regime. 

The top of the saturated zone occurs in the low hydraulic conductivity silts and clays of 
stratigraphic Units 2 and 3T at the HISS. The potentiometric data indicate a near-radial 
potentiometric surface contour pattern for the HZ-A ground water at the HISS. Wells HISS-01, 
HISS-10, HISS-06, and HISS-07, located near the center of the site, have the highest 
potentiometric surface elevations, with lower ground-water elevations measured in the 
surrounding wells. At the western edge of the site, ground water in the HZ-A zone flows toward 
Coldwater Creek. The protective surface at the HISS continues to reduce evapotranspiration, 
thus allowing the HISS to have a locally high ground-water surface. 

The potentiometric surface of the HZ-C ground water at the HISS is not well defined due to the 
limited data available for the deeper 14Zs. Based on measured ground-water elevations in two 
HZ-C monitoring wells at the HISS (HISS-05D and HW23) and several HZ-C wells located 
southwest of the FINS (at the SLAPS and the ballfields), the flow direction in the HZ-C ground 
water is generally toward the northeast. The regional gradient for HZ-C is low, averaging 
0.002 ft/ft, and it is fairly constant, showing little variation from year to year. 

4.2 SLAPS 

Ground-water monitoring wells have been installed at the SLAPS to characterize the site 
stratigraphy, grniind.water chemistry, and gl uund-water migration pathways. In the vicinity of 
the SLAPS, surficial deposits (Unit 1) include topsoil and anthropogenic fill (rubble, scrap metal, 
gravel, glass, slag, and concrete) generally less than 14 ft thick (as seen in Fi 211TCS 4-1, 4-10, and 
4-11). Unit 2 corresponds to loess and has a thickness of 11 to 30 fl. Unit 3, which is subdivided 
into Subunits 3T, 3M, and 3B, consists primarily of clay and silt lakebed deposits. Each of these 
clayey subunits has a thickness of up to 30 ft. Unit 4 consists of clayey gravel with fine to very-
fine sand and sandy gravel. This unit is interpreted to be approximately 5 to 15 ft thick and thins 
eastward (and westward). This unit is absent beneath the eastern part of the SLAPS, where the 
3T, 3M, and 3B drape, or onlap, onto shale bedrock. Below Units 3 and 4 are Units 5 and 6, 
which consist of shale/siltstone and limestone, respectively. Depth to bedrock ranges from about 
55 ft on the east of the SLAPS to a maximum of 90 ft towards Coldwater Creek on the west. The 
hydrogeologic and geologic setting at the SLAPS is similar to that at the HISS, with one 
exception. The Pennsylvanian shale bedrock unit (Unit 5) present beneath portions of the 
SLAPS is absent at the HISS. 

Five HZs (HZ-A through HZ-E) are recognized beneath the SLAPS. HZ-A consists of the fill 
(Unit 1) and the Pleistocene, glacially-related sediments of stratigraphic Unit 2, and Subunit 3T. 
Underlying HZ-A is HZ-B, which consists of highly impermeable clay (Subunit 3M). HZ-C 
consists of the stratigraphic Subunit 3B and Unit 4. The shale and limestone bedrock are 
recognized as HZ-D and HZ-E, respectively. HZ-E is the protected aquifer for the site. 

The HZ-A or shallow ground-water flow is toward Coldwater Creek under normal flow 
conditions. Average depths to the water surface at thc site iange from near the ground surface 
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during the winter months to about 10 feet below ground surface during the summer months. The 
typical surface-water regime has been modified by the removal of excavation water at the 
SLAPS. The dominant flow in HZ-A is through the more permeable Unit 2. Each of the 
subunits in Unit 3 has lower hydraulic conductivity than Units 1, 2, and 4. Units HZ-B and the 
Pennsylvanian shale, HZ-D, limit the passage of ground water vertically beneath the entire 
SLAPS. Subunit 3M of HZ-B acts as a vertical barrier to ground-water movement under the 
western portion of the site. Subunit 3M is a clayey aquitard (unit resisting water passage) that 
effectively separates the HZ-A ground-water system from the underlying HZ-C and HZ-E. The 
dominant unit to obtain water in the lower horizon is Unit 4. Unit 4 of HZ-C is used as a 
surrogate for HZ-E, as water movement within the limestone is dependent upon the limestone's 
joint and solutioned system. In addition, the limestone has exhibited massive characteristics and 
is very slow to recharge. 

Many of the monitoring wells are screened across more than one HZ; therefore, for discussion 
purposes, HZ-A is considered the upper (or shallow) zone, while HZ-C, HZ-D, and HZ-E have 
been considered the lower (or deep) zone. Thirty-one wells are screened exclusively across the 
shallow zone. Nine wells are screened exclusively in the lower zone across HZ-C, HZ-D, and/or 
HZ-E. The remaining seven wells are screened auuss both the HZ-B and deeper horizons. 

A summary of the HZ information for SLAPS ground-water monitoring wells is provided in 
Table 4-5. This designation of upper and lower HZs is separated at Subunit 3M of HZ-B. The 
current SLAPS ground-water monitoring well network is shown in Figure 4-12. 

During CY 2003, 26 monitoring wells were decommissioned. Nine monitoring wells on the 
SLAPS site were removed due to remediation progress. Three wells, PW41, MW33-98, and 
MW34-98, located in the central portion of the site, were decommissioned in January. Six wells 
(PW37, PW38, PW39, PW40, M10-8S and M10-8D) in the western portion of the site were 
removed in November. Seventeen wells in the ballficlds vicinity property were removed in 
September (1353W03S, B53W04S, B53W04D, B53W05S, B53WO6D, B53W08S, B53W08D, 
B53W09D, B53W10S, and B53W12D) and October (B53W02S, B53W02D, B53W03D, 
B53W05D, B53W11S, B53W14S, and B53W20S). The well decommissions were discussed 
and evaluated in various Technical Working Group meetings. 

4.2.1 Evaluation of the CY 2003 Environmental Monitoring Plan Ground-water 
Sampling at the SLAPS 

At the SLAPS a total of 34 ground-water wells were sampled for various parameters during CY 
2003. Ground-water samples collected from the existing wells have been analyzed for both 
radiological and nonradiological constituents. • Historically, radiological parameters (U-234, U-
235, and U-238), Ra-226, Th-228, Th-230, Th-232) and inorganic constituents have been the 
main focus of ground-water sampling. Ground-water samples were analyzed for individual 
radioisotopes of uranium 

In CY 2003, ground-water sampling at the SLAPS was conducted between February 25 through 
27 (first quarter), May 19 through 29 (second quarter), August 25 through 28 (third quarter), and 
November 4, 11, 12 and 19 (fourth quarter). The results of the ground-water sampling are 
summarized in Tables 4-6 and 4-7. For discussion purposes, the ground-water analytical data 
acquired during the CY 2003 sampling events at the SLAPS are presented separately for the 
upper and lower ground-water zones. The sampling results are compared to EC as described in 
the EMIFY04 (USACE, 2003). The EC for assessing ground-water collected at the SLAPS and 
VPs were derived from the soil contaminants of concern (COCs) for the North County 
Feasibility Study. The 95% upper confidence limit (UTL) value was used as the ground-water 
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Well ID Screened Hydrostratigraphic Zone(s) 
HZ-A HZ-B HZ-C HZ-D HZ-E 

B53WOID X 
B53W01 S X 

B53WO2D* X 
B53W02S* X 
B53WO3D* X 
B53W03S* X 
B53W04D* X X 
B53W04S* X X 
B53WO5D* X 
B53W05S* X 
B53W06D* X X 
B53W06S X 
B53WO7D X 
B53W07S X 

B53WO8D* X 
B53W08S* X 
B53IN09D* X 
B53W09S X 

B53W1OS* X X 
B53W1IS* X 
B53W12D* X X 
B53W13S X 

B53W14S* X 
B53W17S X 
B53W18S X 
B53W19S X 

B53W2OS* X 
M10-08D* X 
MI 0-08S* X 
M10-15D 
M10-15S X 
M10-25D X X 
M10-25S X 
MW3I-98 X 
MW32-98 X 
MW33-98* X 
MW34-98* X X 

PW35 X 
PW36 X X 
PW37* X 
PW38* X 
PW39* X 
PW40* X 
PW41* X 
PW42 X 
PW43 X 
PW44 X 
PW45 X 

• 
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background concentration for each COC for the deep units monitored (HZ-C and HZ-E). The 
methodology for the determination is detailed in Appendix D of the Annual EMDAR for CY02 
(USACE, 2003). Water Quality Standards (10 CSR 20-7.031 Table A) and/or background 
concentrations are used as EC for the shallow ground water at the North St. Louis County sites 
(HZ-A and HZ-B). 

Table 4-5. 	CY 2003 Ground-Water Monitoring Well Network at the SLAPS 

* Indicates well was decommissioned in 2003. 
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HZ-A Ground Water 

Results of ground-water sampling conducted during CY 2003 indicate that various inorganics 
and radionuclides are present above EC in HZ-A ground water at the SLAPS. The contaminants 
include the inorganics (chromium, molybdenum, nickel, selenium, and thallium), radium-226, 
thorium-228, thorium-230, uranium-234, uranium-238 and total uranium. Concentrations of TCE 
and its degradation products were reviewed and evaluated against MCLs for discussion purposes. 
A summary of the results exceeding these criteria is presented in Table 4-6. The results of the 
CY 2003 ground-water sampling for the SLAPS are provided in Table D-2 in Appendix D. 

The metals detected above the EC for the shallow ground water include chromium, 
molybdenum, nickel, selenium and thallium. Chromium was detected above the EC of 13 pg/L 
in one sample from upgradient well B53W19S at 151 pg/L, and in one sample from B53W18S at 
17.7 pz/L located south of Banshee Road. The EC for molybdenum, 68 pg/L, was exceeded in 
three wells (an uperadient well, B53W19S at 74 mg/L, and two on-site wells, PW40 and PW45 
at a maximum concentrations of 101 mg/L and 753 mg/L, respectively). Nickel was detected in 
the samples from B53W18S, located on the north side of Coldwater Creek, and B53W19S, 
located upgradient of the site on the south side of Banshee Road, exceeding the EC (18 pg/L) at 
concentrations of 421 Ag/L and 730 Ag/L , respectively. The EC for selenium, 2 tg/L, was 
exceeded in 11 HZ-A wells. The maximum concentration was 1,580 itg/L detected in the first 
quarter sample from PW41. Thallium exceeded its EC of 2 /..tg/L in two HZ-A wells. The 
maximum concentration of 3.8 pg/L was detected in PW40. It should be noted the detection 
limits for both B53W14S, (2.9 pg/L), and PW40, (3.6 jig/L), exceed the EC for thallium. 

The CY 2003 around-water sampling results indicate that the principal iadiolo2ical contaminants 
present in the HZ-A ground-water at the SLAPS are U-238, U-234, U-235, Th-228, and Th-230. 
The U-238 results exceeded the EC of 3 pCi/L in ten HZ-A wells. The highest levels of U-238 
(up to a maximum of 2,852 pCi/L), and U-234 (2,816 pCi/L), were detected in PW38. Th-230 
was detected above its EC of 4 pCi/L in six HZ-A wells, with the maximum concentration (7.1 
pCi/L) detected in B53W17S. Th-228 (maximum of 3.3 pCi/L in B53W18S) was detected above 
its EC in 16 HZ-A wells. Ra-226 was not detected at levels above the EC, 4 pCi/L, in any of the 
HZ-A wells during CY 2003. 

Total uranium concentrations were calculated using the isotopic uranium results. These results 
indicate total uranium concentrations above the EC of 7 i_tg/L were present in nine HZ-A wells 
sampled at the SLAPS in CY 2003. The maximum concentrations were detected in the 
unfiltered samples from PW38, located near Coldwater Creek at the western edge of the SLAPS. 
Concentrations in PW38 exceeded the EC in all CY 2003 samples, with the maximum 
concentration of 8,578 pg/L detected in the second quarter sample. The remaining eight wells 
with total uranium concentrations above the EC had maximum concentrations ranging from 15.8 
to 6,567 Ag/L. In general, the highest total uranium concentrations were found near the western 
portion of the SLAPS. This area is downgradient of the most highly contaminated portions of 
the SLAPS. 
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Table 4-6. 	Analytes Exceeding the Ground-Water EC in HZ-A Ground Water at the 
SLAPS in CY 2003 

Chemical EC°  Units Station b  
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

# Detects > 
EC°  

Frequency of 
Detection 

-Chromium 13 pg/L B53W19S 151 151 151 1 1/1 
13 pg/L B53W18S 17.7 17.7 17.7 1 1/1 

Molybdenum 68 pg/L 352W19S 74 74 74 1 1/1 
68 pe/L PW40 70 101 85.5 2 2/2 
68 pg/L PW45 197 753 475 2 2/2 

Nickel 18 pg/L B53W18S 421 421 421 1 1/1 
18 pg/L B53W19S 730 730 730 1 1/1 

Selenium 2 ug/L B53W02S 8.5 8.5 8.5 1 1/1 
2 pg/L B53W03S 5.6 5.6 5.6 1 1/1 
2 pg/L B53W09S 276 276 276 1 1/1 
2 pg/L B53W13S 159 159 159 1 1/1 
2 pg/L B53W17S 56.6 67.4 62 2 2/2 
2 pg/L MW33-98 244 244 244 1 1/1 
2 pg/L PW38 169 174 171.5 1 1/2 
2 pg/L PW39 427 428 427.5 2 2/2 

- 
2 pg/L PW40 260 323 291.5 2 2/2 
2 pg/L PW41 1,580 1,580 1,580 1 1/1 
2 pg/L PW45 147 1,650 898.5 2 2/2 

Thallium 2 pg/L B53W14S 3 3 3 1 1/1 
2 pg/L PW40 3.8 3.8 3.8 1 1/2 

Thorium-228 2 pCi/L B53W11S 2.4 2.4 2.4 1 1/1 
2 pCi/L B53W13S 0.5 2.2 1.4 2 2/2 
2 pCi/L 853W17S 3.1 3.1 3.1 1 1/1 
2 pCi/L B53W18S 3.3 3.3 3.3 1 1/1 
2 pCi/L B53W20S 2.5 2.5 2.5 1 1/1 
2 pCi/L PW44 2.7 2.7 2.7 1 1.2 

Thorium-230 4 pCi/L B53W13S 4.5 5 6 5.0 2 2/2 
pCi/L B53W17S 7.1 7.1 7.1 1 1/1 

4 pCi/L B53W18S 6.4 6.4 6.4 1 1/2 
4 pCi/L B53W19S 5.7 5.7 5.7 1 1/1 
4 pCi/L PW37 4.1 4.1 4.1 1 1/1 
4 pCi/L PW44 6.8 6.8 6.8 1 1/2 

Trichloro- 
ethene 

5` pg/L PW38 15 15 15 1 1/1 
5 pg/L B53W17S 200 200 200 1 1/1 

Uranium-234 4 pCi/L B53W09S 7 7 7 1 1/1 
4 pCi/L B53W013S 3.9 11.5 7.7 2 2/2 
4 pCi/L B53W17S 4.3 4.3 4.3 1 1/2 
4 pCi/L MW33-98 87.8 87.8 87.8 1 1/1 
4 pCi/L PW38 2,640 2,816 2,728 2 2/2 
4 pCi/L PW39 168 195 182 2 2/2 	• 
4 pCi/L PW40 1,158 2,166 1.662 2 2/2 
4 pCi/L PW41 6.24 6.24 6.24 1 1/1 
4 pCi/L PW43 20.1 20.1 20.1 1 1/1 
4 pCi/L PW45 23 23 23 1 1/2 

Uranium 238 3 pCi/L B53W09S 8.2 8.2 8.2 1 1/1 
3 pCi/L B53W13S 5.3 5.7 5.5 2 2/2 
3 pCi/L B53W17S 3.4 3.4 3.4 1 1/2 
3 pCi/L MW33-98 90.8 90.8 90.8 1 1/1 
3 pCi/L PW38 2.631 2,852 2,741.5 2 2/2 
3 pCi/L PW39 159 185 170.5 2 2/2 
3 pCi/L PW40 1,173 2,184 1,678.5 2 2/2 
3 pCi/L PW41 7.53 7.53 7.53 1 1/1 
3 pCi/L PW43 17.3 17.3 17.3 1 1/1 
3 pCi/L PW45 26.2 26.2 26.2 1 1/2 
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Table 4-6. 	Analytes Exceeding the Ground-Water EC in HZ-A Ground Water at the 
SLAPS in CY 2003 (Cont'd) 

Chemical EC°  Units Station b  
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

# Detects > 
EC° 

Frequency of 
Detection 

Uranium" 7 pg/L B53W09S 25.8 25.8 25.8 1 1/1 

7 pg/L B53W13S 15.8 17.1 16.5 2 2/2 

7 PO- B53W17S 10.3 10.3 10.3 1 1/1 

7 nil- B53W18S 7.2 7.2 7.2 1 1/1 

7 [I g/L PW38 7,913 8,578 8.246 2 2/2 

7 pg/L PW39 468.2 555.7 511.9 2 2/2 

pg/L PW40 3,525 6,567 5,046 2 2/2 

7 pg/L PW43 52.2 52.2 52.2 1 1/1 

7 pg/L PW45 79.1 79.1 79.1 1 1/2 

EC---- EC (i.e., deep ground-water background concentrations and Water Quality Criteria). 
Table lists only those stations at which the analyte exceeds the ground-water EC. Results include those wells screened in the 
HZ-A and/or HZ-B ground-water units. 
This value, 5 pg/L, is the MCL for TCE. 

d  Total uranium values were calculated from isotopic results in pCi/L and converted to pg/L using radionuclide-specific 
activities. 

The principal organic contaminant detected in the HZ-A ground water is TCE, which was 
detected in HZ-A ground-water at concentrations exceeding the MCL of 5 pg/L in two wells. 
Samples from only two wells, B53W17S and PW38, were analyzed for TCE in CY 2003. The 
CY2003 and historical results indicate that TCE is distributed in two distinct areas, one centered 
around B53W17S west of the end of Khoury Road and the other at the western half of the 
SLAPS near PW38. The highest TCE concentration detected during CY 2003, (200 pg/L), was 
from B53W17S, located in the ballfields. Concentrations in the area at the western edge of the 
SLAPS ranged from non-detect levels in PW38 to a maximum concentration of 15 pg/L in 
PW38. The TCE degradation product cis-1,2-DCE has also been detected in shallow wells at the 
SLAPS. The distribution pattern of 1,2-DCE indicates that degradation of TCE to 1,2-DCE is 
occurring primarily in the western portion of the SLAPS. The maximum concentration of 1,2- 
DCE was 60 jig/L, detected in PW38. 

Lower, HZ-C Through HZ-E, Ground Water 

Seven wells are screened across both the HZ-B and deeper horizons. An additional nine wells 
are screened exclusively in HZ-C, HZ-D, and/or HZ-E at the SLAPS and the adjacent ballfields. 
The CY 2003 sampling data indicate that barium was present above its EC of 1,400 pg/L in the 
ground-water samples from PW35 with a concentration of 1,560 jig/L. A summary of the lower 
ground-water sampling results for CY 2003 is provided in Table 4-7. None of the other 
inorganic constituents in these samples exceeded their respective EC for HZ-C ground water. 

Radium-226 was detected slightly above the EC in one well screened across the deep (HZ-C, 
HZ-D, and/or HZ-E) zones during CY 2003. It was detected slightly above its EC of 4 pCi/L in 
PW35 (maximum concentration 5.3 pCi/L). The only noteworthy concentrations of total 
uranium detected in HZ-C ground water were from well B53W09D, screened within the shale 
(HZ-D). The maximum total uranium concentration calculated for 1153W09D was 9.3 pg/L 
which is above the EC of 7 pg/L, but well below the MCL of 30 pg/L. In addition, the EC for U-
234, 4 pCi/L, was slightly exceeded in this well at a concentration of 7 pCi/L. The uranium 
detected in BS3WO9D is suspected to be naturally occurring from the shale (Coveney, R.M. et. 
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al, 1987). Thorium-228 was detected in samples from wells screened in HZ-C through HZ-E, 
but maximum concentrations were only slightly above EC levels. Th-230 was detected in third 
quarter samples from wells B53W03D and B53W09D at levels of 4.6 pCi/L and 8.3 pCi/L, 
respectively. 

Table 4-7. 	Analytes Exceeding Ground-Water EC in HZ-C Ground Water at the 
SLAPS 

Chemical EC Units Station b  
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

# Detects 
>EC°  

Frequency 
of Detection 

'barium 1400 itg/L PW35 1,560 1,560 1,560 1 1/1 
Radium-226 4 pCi/L PW35 5.3 5.3 5.3 1 1/1 
Thorium-228 2 pCi/L 1353WO3D 3.4 3.4 3.4 1 1/2 

2 pCi/L B53W08D 2.2 2.2 2.2 1 1/2 
2 pCi/L B53W09D 2.6 2.6 2.6 1 1/1 

Thorium-230 4 pCi/L B53W03D 4.6 4.6 4.6 1 1/2 
4 pCi/L B53W09D 8.3 8.3 8.3 1 1/2 

Uranium-234 4 pCi/L B53W09D 7 7 7 1 1/1 
Uranium' 7 pg/L B53W09D 9.3 9.3 9.3 1 1/1 

a EC = EC (Le., deep ground - water background concentrations and Water Quality Criteria). 
b  Table lists only those stations at which the analyte exceeds the ground -water EC. Results include those wells screened in the 

HZ-A and/or HZ-B ground-water units. 
Total uranium values were calculated from isotopic results in pCi/L and converted to Ag/L using radionuclide-specific 

activities. 

4.2.2 Comparison of Historical Ground-Water Data at the SLAPS 

Results of ground-water sampling conducted between CY 1999 though CY 2003 indicated that 
various metals and radionuclides have been detected above the EC in HZ-A ground water at the 
SLAPS. Statistical analysie was used to assist to identify trends for those contaminants that 
exceeded the EC during CY 2003. The statistical method used to evaluate the trends, the Mann-
Kendall test, is described in SectiOn 4.1.2.1. Filtered data, split samples, and field duplicates 
were not included in the analysis. For data sets where more than 20 percent of the time-series 
data is non-detect, the Mann-Kendall trend test was not performed. 

Results of Trend Analysis at the SLAPS 

The evaluation of historical trends for ground water at the SLAPS focuses on those contaminants 
that exceeded ground-water EC in samples collected during CY 2003. The constituents 
identified for the SLAPS soils include antimony, arsenic, barium, cadmium, chromium, 
molybdenum, nickel, selenium, thallium, vanadium, and various radionuclides. For those 
stations where an analyte exceeded the ground-water EC in one or more samples during CY 
2003 and the historical data set had a detection frequency >0.8 and sample size >6, a statistical 
trend analysis was conducted to assess whether concentrations of the analyte are increasing 
(upward trending) or decreasing (downward trending) over time. For the purposes of this report, 
a statistically significant trend in concentration is defined as a trend with a confidence level 
greater than 95%. Statistically significant trends do not always reflect actual trends. Because the 
Mann-Kendall test does not consider the effects of measurement error and does not provide any 
information concerning the magnitude of the trends, time-concentration plots were used to 
evaluate these factors if the Mann-Kendall results indicated a significant trend. 
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HZ-A Ground Water 

Based on the CY 2003 data, chromium, molybdenum, nickel, selenium, and thallium are the 
principal inorganics present in HZ-A ground water at the site. In addition Th-228, Th-230, U-
234, U-238 and total uranium were identified as present at levels above the EC in SLAPS HZ-A 
ground-water samples during CY 2003. Because their concentrations only slightly exceeded 
their EC in CY 2003 and the incidence of non-detection was high during the period from CY 
1999 through CY 2003 (>20%), the Mann-Kendall test was not performed for thallium, Th-228, 
and Th-230. Statistical analysis was performed for the remaining analytes exceeding the EC, but 
only at those stations with sufficient data (>6 samples) and detection frequencies >0.8. To aid in 
the evaluation of trends, time-concentration plots for two of the principal contaminants, selenium 
and total uranium, are provided in Figures 4-13 and 4-14. 

Inorganics 

HZ-A ground-water data for selenium are available for the period from January 1999 through 
December 2003. As shown in the time-concentration plots for selenium in Figure 4-13, selenium 
concentrations have consistently been detected above its respective groundwater EC of 2 1.1g/L in 
several wells during this period. Mann-Kendall tests were performed on nine HZ-A wells having 
concentrations exceeding the selenium EC during CY 2003. These wells include B53W09S, 
B53W13S, B53W17S, MW33-98, PW38, PW39, PW40, PW41, and PW45. A significant 
downward trend in selenium concentrations, i.e., a trend with a confidence level greater than 
95%, was observed for six of these wells. The six wells (IR53W13S, B53W17S, MW33-98, 
PW38, PW39, and PW40) had concentrations that were decreasing during this period. Results of 
the Mann-Kendall test are presented in Table 4-8. As shown in Figure 4-15, the magnitudes of 
the decreasing selenium trends for B53W17S, PW39, and MW33-98 are generally within the 
limits of the measurement error for data collected since August 2000, indicating that the Mann-
Kendall results for these wells may not reflect actual trends. The Mann-Kendall test and the 
time-concentration plots in Figure 4-15 support the decreasing trends of selenium in PW38, 
PW40, and B53W13S. 

The results of Mann-Kendall tests for the remaining three inorganic COCs detected above EC 
during CY 2003 (chromium, nickel, and molybdenum) are presented in Table 4-8. The Mann-
Kendall tests for chromium and nickel indicate no significant trends. For molybdenum, the 
Mann-Kendall test results indicated no trend in B53W19S and an upward trend in molybdenum 
concentrations in PW40. The Mann-Kendall test does not provide an indication of the 
magnitude of the increasing trend. Based on the slope observed in the time-concentration plot in 
Figure 4-15 as well as the range of the error bars, the increasing trends is of low magnitude. 

Radionuclides 

A statistical evaluation of historical uranium concentrations has been conducted using total 
uranium concentrations based on radiological analysis. The Mann-Kendall test was performed 
on 11 HZ-A wells using the quarterly data collected from January CY 1999 through December 
CY 2003. The results of the Mann-Kendall test for total uranium are provided in Table 4-8. An 
increasing trend was observed in four wells (B53W09S, B53W13S, MW33-98 and PW40). As 
shown in the time-concentration plots for total uranium presented in Figure 4-15, the magnitude 
of the increasing total uranium trend for two of these wells (B53W09S and B53W13S) is 
generally within the limits of the measurement error, indicating that the Mann- 
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Figure 4-13. Selenium Coicentration in Ground Water at SLAPS 
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Table 4-8. 	Results of Mann-Kendall Trend Test a  for Analytes Exceeding EC during CY 
2003 in Ground Water at the SLAPS 

Analyte Station i t, Test Statistics` 
Trend°  

S P Z 

Barium PW35 8 18 0.016 -- Upward Trend 

Chromium B53W19S 10 19 0.054 -- No Trend 

Molybdenum B53W19S 10 19 0.054 -- No Trend 

PW40 10 25 0.014 -- Upward Trend 

Nickel B53W18S 10 -13 0.146 -- No Trend 

B53W19S 10 15 0.108 -- No Trend 

Selenium B53W09S 8 -10 0.138 -- No Trend 

B53W13S 9 -34 0.00003 -- Downward Trend 

B53W17S 15 -39 -- 1.88 Downward Trend 

MW33-98 14 -46 -- -2.47 Downward Trend 

PW38 13 -74 -- -4.45 Downward Trend 

PW39 10 -23 0.023 -- Downward Trend 

PW40 10 -21 0.036 -- Downward Trend 

PW41 9 27 -- -- Inconclusive 

PW45 6 -10 -- -- Inconclusive 

Uramum-234 B53W09D 9 2 0.46 -- No Trend 

B53W09S 8 16 0.031 -- Upward Trend 

B53W13S 10 7 0.3 -- No Trend 

MW33-98 13 46 -- 2.74 Upward Trend 

PW38 15 -2 -- 0.05 No Trend 

PW39 10 13 0.146 -- No Trend 

PW40 10 21 0.036 -- No Trend 

PW41 8 4 0.36 -- No Trend 

PW45 8 -7 0.136 -- No Trend 

Uranium-238 B53W09S 8 17 -- -- Inconclusive 

B53W13S 10 33 0.0011 -- Upward Trend 

MW33-98 13 44 -- 2.62 Upward Trend 

PW38 14 9 -- 0.44 No Trend 

PW39 10 9 0.242 -- No Trend 

PW40 10 21 0.036 -- Upward Trend 

PW41 8 -2 0.452 -- No Trend 

PW43 8 14 0.054 -- No Trend 

PW45 6 -7 0.136 -- No Trend 

Total Uranium B53W09D 9 8 0.24 -- No Trend 

B53W09S 8 20 0.007 -- Upward Trend 

B53W13S 10 31 0.0023 -- Upward Trend 

B53W17S 14 3 -- 0.11 No Trend 

B53W18S 10 8 -- -- Inconclusive 

MW33-98 12 32 -- 2.13 Upwaid Trend 

PW38 14 9 -- 0.44 No Trend 
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Table 4-8. Results of Mann-Kendall Trend Test a  for Analytes Exceeding EC during CV 
2003 in Ground Water at the SLAPS (Cont'd) • 

Analyte Station Nb 
Test Statistics ' 

Trendd 
S p Z 

Total Uranium PW39 10 9 0.24 -- No Trend 

PW40 10 21 0.036 -- Upward Trend 

PW41 7 5 0.28 -- No Trend 

PW43 8 14 0.054 -- No Trend 

PW45 6 -7 0.136 -- No Trend 
° One-tailed Mann-Kendall tests were perforrned at a 95% level of confidence using Chemstat, Version 5.0 (Starpoint Software, 2003). 
b  N is the number of ground-water sample results for a particular analyte at the well for the period between January 1999 and December 2003. 

Test Statistics: S = the S-Statistic; p = probability of obtaining the S-statistic (for datasets with I ■110); Z = Z-score, or normalized test statistic 
(for datasets with N>10). 

d  Trend: If N<10, p is compared to 0.05. If p < 0.05. a statistically significant trend exists. If N>I0, the z-score is compared to ±1.65 (i.e., the 
comparison level at 95% confidence level). If the Z-score > +1.65, the test concludes that a significant upward trend exists. If the z-score < — 
1.65, the test concludes that a significant downward trend exists. For z-scores between —1.65 and +1.65, there is no evidence of a significant 
trend. An inconclusive trend is reported when the p value can not be determined because the "table is out of range". 

-- Not applicable, see footnote "d" for explanation. 

• 
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Kendall results for these wells may not reflect actual trends. The Mann-Kendall test results and 
the time-concentration plots in Figure 4-15 support the increasing total uranium trends in the 
other two wells (M W33-98 and PW40). Total uranium concentrations are below background 
levels in MW34-98, located adjacent to MW33-98, indicating that HZ-C is not being impacted. 

liZ-C through IIZ-E Ground Water 

The contaminants exceeding the ground-water EC in lower, HZ-C through HZ-E, groundwater 
during CY 2003 were barium, Ra-226, Th-228, Th-230, U-234, U-238, and total uranium. 
Because the concentrations of Ra-226, Th-228, and Th-230 only slightly exceeded their EC in 
CY 2003 and the incidence of non-detection was high during the period from CY 1999 through 
CY 2003 (>20%), a trend analysis was not performed for these COCs. The results of the Mann-
Kendall test for barium and total uranium in deep ground water wells are provided in Table 4-8. 

Inorganics 

A single parameter, barium, was detected above its EC (i.e., deep background levels) in the 
lower ground-water zones. Results of the Mann-Kendall test indicate increasing concentration 
bends in a deep well (PW35) over the CY 1999 through CY 2003 period. No other inorganics 
exceeded EC in deep ground-water during CY 2003. The Mann-Kendall test results and the time-
concentration plot in Figure 4-15 support the increasing barium trend for PW35. However, the 
time-concentration plot appears cyclical and may reflect seasonal variations. If there is a 
seasonal effect, the seasonal Mann-Kendall test would be required, but insufficient data is 
available to run that test. 

Radionuclides 

Radium-226, Th-228, Th-230, U-234, and U-238 were detected in deep groundwater during CY 
2003. Because their concentrations did not exceed the EC by amounts greater than the associated 
error measurements and the incidence of non-detection was high during the period from CY 
1999 through CY 2003 (>20%), the Mann-Kendall test was not performed for Ra-226, Th-228, 
and Th-230. The Mann-Kendall test was performed for total uranium and U-234, which 
exceeded EC in B53W09D, and the results indicate there is no significant trend. 

4.2.3 Evaluation of the CY 2003 Potentiometric Surfaces at the SLAPS 

Ground-water surface elevations were measured from wells at the SLAPS in January, May, 
August, and November of CY 2003. Ground-water elevation contours were drawn using the 
May 7-8, and November 5, 2003, measurements to provide a comparison of the ground-water 
flow conditions during periods of high and low ground-water elevations, respectively. The 
potentiometric surface maps, shown in Figures 4-5 through 4-8, were developed for both HZ-A 
and HZ-C ground-water zones. The ground-water flow direction is interpreted to bc 
perpendicular to the wound-water equipotential contours. 

The ground-water flow direction at the SLAPS in May and November CY 2003 in the HZ-A 
ground water is westerly to northwesterly towards Coldwater Creek (Figures 4-5 and 4-7). HZ-A 
ground water beneath properties located north of the creek also flows towards the creek as 
shown. The hydraulic gradient increases near the southern side of Coldwater Creek. The 
unconfined HZ-A ground water is interpreted to discharge into Coldwater Creek, which divides 
the HZ-A ground-water system south and east of the creek frnm areas north and west of 
Coldwater Creek. Recharge to the ground water occurs from precipitation, off-site inflow of 
groundwater, and creek bed infiltration during high creek stage. Discharge may occur by seepage 
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into Coldwater Creek during low creek stage (BNI, 1994). The vertical gradient varies beneath 
the site and is influenced by stratigraphic heterogeneity and seasonal fluctuations in recharge and 
evapotranspiration. The position of the HZ-A ground-water surface tends to range from 1 to 5 ft 
lower in the dry season than in the wet season. 

A review of the screened intervals in the deep wells indicates many wells are screened across 
multiple lithologic units and HZs. Based on this review it was determined that the HZ-C (Unit 4) 
potentiometric surface was a proper representation of the lower ground-water system. While the 
results of this review reduce the number of data points used to develop the potentiometric surface 
contours, it provides a higher confidence in the HZ-C potentiometric surface. 

The potentiometric surface contours for the HZ-C ground water in CY 2003 are illustrated in 
Figures 4-6 and 4-8. The flow in HZ-C is generally east to northeast, at a gradient of 
approximately 0.002 ft/ft. A comparison of the ground-water elevations from monitoring well 
pairs indicates that the wells completed in the upper ground-water zones (HZ-A and HZ-B) 
exhibit different hydraulic heads from the wells completed in lower zones (HZ-C, HZ-D, and/or 
HZ-E). Near Coldwater Creek, the potentiometric surface of the "confined" aquifer HZ-C 
(tanging in elevation between 515 and 516 ft amsl) is higher than the potentiometric surface of 
the unconfined HZ-A zone, indicating an upward vertical gradient. In other areas at the SLAPS, 
the potentiometric maps indicate a downward hydraulic gradient. The large difference in 
hydraulic head demonstrates that the HZ-A and HZ-C ground-water zones are distinct ground-
water systems with limited hydraulic connection. This is supported by the lithologic data, which 
indicate that a highly impermeable clay (Subunit 3M) and silty clay (Subunit 3B) separate the 
HZ-A ground-water system from the underlying ground-water zones. The HZ-C potcntiometric 
surfaces do not appear to be influenced by Coldwater Creek (the creek's thalweg is about 500 ft 
amsl) or by seasonal changes. These features are likely a result of the overlying clay layers 
limiting vertical ground-water movement. 

  

• 

 

  

  

  

• 

 

  

4.3 SLDS 

   

Ground water at the SLDS is found within three hydrostratigraphic units (HUs). These units are 
the upper, HU-A unit, which consists of fill overlying clay and silt; the lower, HU-B alluvial 
unit, referred to as the Mississippi Alluvial Aquifer; and the limestone bedrock, referred to as 
HU-C (Figures 4-16 and 4-17). RU-A is not an aquifer and is not considered a potential source 
of drinking water because it has insufficient yield and poor natural water quality. The HU-B, 
Mississippi Alluvial Aquifer, is one of the principal aquifers in the St. Louis area, but expected 
future use as drinking water at the SLDS is minimal, since the Mississippi and Missouri Rivers 
provide a readily available source. As shown in Figure 4-17, the erosional surface of the bedrock 
dips east toward the river. HU-A overlies HU-B on the east and overlies bedrock on the western 
side of the SLDS. HU-B thins westerly along the rock surface until it becomes absent beneath 
the SLDS, being truncated by the rising bedrock and HU-A. 

4.3.1 Evaluation of the CY 2003 Environmental Monitoring Plan Ground-water Sampling 
at the SLDS 

The EMP monitoring well network for the SLDS is shown on Figure 4-18. The screened FUN 
for the SLDS ground-water monitoring wells are identified on Table 4-9. Prior to the long-term 
monitoring requirements for the HU-B aquifer as specified in the SLDS ROD (USACE, 1998d), 

   

 

4-36 
DRAFT 

 



U
n

it  
D

es
ig

n
at

io
n  

A
p

p
r o

x
im

a
te

  

T
h

ic
kn

es
s  

(f
t)

  

Description 

RUBBLE and FILL 
Grayish black (N2) to brownish black (5YR2/1). Dry to slightly moist, generally becoming moist at 5-6 ft 

and saturated at 10 - 12 ft. Slight cohesion, variable with depth, moisture content and percentage of times 

0-25 present. Consistency of relative density is unrepresentative due to large rubble fragments. 

Rubble is concrete, brick, glass, and coal slag. 	Percentage of fines as silt or clay increases with depth from 

5 to 30 percent. Some weakly cemented aggregations of soil particles. 

Adhesion of fines to rubble increases with depth and higher moisture content. 

Degree of compaction is slight to moderate with frequent large voids 
. 	 — 

Silty CLAY (CH) 
Layers are mostly olive gray (5Y2/1), with some olive black (5Y211). 	Predominantly occurs at contact of 

0 - 10 undisturbed material, or at boundary of material with elevated activity. 

Abundant dark, decomposed organics. 

gr
 

Variable2ercentares of silt and clay composition. 
. 	 — 

CLAY (CL) 

0-5 Layers are light olive gray (5Y5/2), or dark greenish gray (5GY4/1). 	Slightly moist to moist, moderate 

cohesion, medium stiff consistency. Tends to have lowest moisture content. 

Slht to moderate plasticity. . 	 — 
Interbedded CLAY, silty CLAY, SILT and Sandy SILT (CL, ML, SM) 
Dark greenish gray (5GY4/1) to Light olive gray (5Y6/1). Moist to saturated, dependent on percentage of 

particle size. 	Contacts are sharp, with structure normal to sampler axis to less than 15 degrees downdip. 
0-2.5 Layer thicknesses are variable, random in alternation with no predictable vertical gradiation or lateral 

continuity. 

Some very fine -grained, rounded silica sand as stringers. Silt in dark mafic, biotite flakes. 

Rnme decomposed organics. 

Sandy SILT (ML) 

0-10 Olive gray (5Y4/1). 	Moist with zones of higher sand content saturated. 	Slight to moderate cohesion, 

moderate compaction. Stiff to very stiff consistency, rapid dilatancy, nonplastic. 

. Sand is well sorted. very fine and finesrained rounded au 	pprticles. 

Silty SAND and SAND (SM, SP, SW) 

[Ir
cz

ti  
it  
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ll
 

Olive gray (5Y4/1). 	SJ !mated, slight eulieston, becoming noncohesive with decrease of silt particles with 

depth. Dense, moderate compaction. 
0-50 Moderate to well - graded, mostly fine- and medium-grained, with some fine- and coarse-grained particles. 

Mostly rounded with coarse grains slightly subrounded. 

Gradual gradation from upper unit, silty sand has abundant dark mafic/biotite flakes. 

Sand is well-graded, fine gravel to fine sand. 	Mostly medium - grained, with some fine -grained and few 

coarse -grained and fine gravel. 
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LIMESTONE 
• Light 	 with interbedded chart modules. Generally hard to very hard; difficult to scratch olive gray (5Y411) Ibta 1 

thickness with knife. Slightly weathered, moderately fresh with little to no discoloration or staining. 

not Top 5 ft is moderately fractured, with 99 percent of joints normal to the core axis. Joints are open, planar, 

penetrated and smooth. Some are slightly discolored with trace of hematite staining. 

during 

drilling 

SOURCE: MODIFIED FROM BNI 1994. 

NID1 1 I HE 1:01)ES IN PARENTHESES FOLLOWING L1THOLOGIES 

ARE THE UNIFIED SOIL CLASSIFICATION SYSTEM CODES. 
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:411 
there was no EMP sampling performed at the SLDS (USACE, 1998d). In CY 2003, 14 
monitoring wells (5 HU-A and 9 HU-B) were sampled for radionuclides and inorganic COCs at 
the SLDS. No new ground-water monitoring wells were installed or decommissioned at the 
SLDS in CY 2003; four monitoring wells were transferred to Mallincicrodt (now Tyco) in 
December 2003 (Table 4-9). The ground-water data for the SLDS COCs are compared to 
investigntivc limits (ILs), as identified in the SLDS ROD. 

Table 4-9. 	Screened liUs for SLDS Ground-water Monitoring Wells 

Well 11) Screened Hydrostratigraphic Unit 
HU-A B 1 6W02S* 

B 1 6W04S* HU-A 
B16WO6D HU-B 
B 1 6W06S HU-A 
B16WO7D HU-B 
B16W07S HU-A 
B16WO8D HI J-11 
B16W08S HU-A 
B16WO9D RU-B 
B16W1OS* HU-A 
Bl 6W12S RU-A 

B16W11SR* HIJ-A 
DW14 HU-B 
DW15 HU-B 
DW16 HU-B 
DW17 RU-B 
DW18 RU-B 
DW19 RU-B 
DW21 HU-A 

DW22R RU-B 
* Ownership of this monitoring well was transferred to Mallincicrodt (now Tyco) 
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In CY 2003, ground-water sampling at the SLDS was conducted on May 14, 15, and 16 (second 
quarter); September 5 (third quarter); and November 13 and 14 (fourth quarter). No SLDS wells 
were sampled during first quarter. The ground-water sampling results for COCs are summarized 
in Tables 4-10 and 4-11. Summary tables of analytical results are presented in Appendix D, 
Table D-2). It was determined that there was no statistically significant difference between 
filtered and unfiltered results as documented in the EMDAR for CY 2002; therefore only 
unfiltered sample results were reported. For discussion purposes, the ground-water analytical 
data acquired in the CY 2003 sampling events at the SLDS are presented separately for the upper 
(HU-A) and lower (HU-B) ground-water zones. 

Table 4-10. Analytes Detected in 1-1U-A Ground Water at the SLDS 
in CY 2003 

Chemical IL°  Units Stationb  
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

i4 Detects 
> IL 

Frequency of 
Detection 

Arsenic 50 AWL B 1 6W04S 10.7 10.7 10.7 0 1/1 
DW21 90 93 91.5 7 2/2 

Radium-226 --- pa/L 1316W02S 1.7 1.7 1.7 --- 1/1 
B16W12S 0 0 0 --- 1/2 

Thorium-228 --- pCi/L B16W04S 4.3 4.3 4.3 --- 1/1 
B16W13SR 2.8 2.8 2.8 --- 1/1 

Thorium-230 --- pCi/L B16W02S 6 6 6 --- 1/1 
B16W04S 3.3 3.3 3.3 --- 1/1 
B I 6Wl2S 5.2 5.2 5.2 --- 1/1 

B I 6W13SR 1.2 1.2 1.2 --- 1/1 
DW21 2.1 2.1 2.1 --- 1/1 

Thorium-232 --- pCi/L B I 6W12S 0 0 0 --- 1/2 
Total Uranium' 20 iig/L B16W0I8 538 538 538 1 1/1 

B16W04S 4.0 4.0 4.0 0 1/1 
B I 6W12S 5.7 20.8 13.25 0 2/2 

B16W13SR 39.7 39.7 39.7 1 1/1 
DW21 3.1 3.1 3.1 0 1/1 

° IL = investigafve limit 
Table lists only those stations at which the analyte was detected in HU-A ground water. 
Total uranium values were calculated from isotopic concentrations in pCi/L and converted to p.g/L using 
radionuclide-specific activities. 

--- not available. 
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Table 4-11. Analytes Detected in 11U-B Ground Water at the SLDS 
in CY 2003 

Chemical IL°  Units St a I ion b  
Minimum 
Detected 

Maximum 
Detected 

Mean 
Detected 

# Detects 
> IL 

Frequency of 
Detection 

Arsenic 50 pg/L DW14 152 152 152 1 1/1 
DW15 9 48 28.5 0 2/2 
DW18 31 31 31 0 1/1 
DW19 15 27 21 0 2/2 

DW22R 37 47 42 0 2/2 
Radium-226 --- pCi/L DW14 3.1 3.1 3.1 --- 1/1 

DW22R 1.9 1.9 1.9 --- 1/2 
Thorium-228 --- pCi/L B16WO7D 3 3 3 --- 1/1 

DW14 4.8 4.8 4.8 --- 1/1 
DW22R 0.93 2.1 1.5 --- 2/2 

Thoriuin-230 --- pCi/L B16WO8D 0.77 3.5 2.1 --- 2/2 
B16WO9D 1.7 3.6 2.7 --- 2/2 

DW14 2.1 2.1 2.1 --- 1/1 
DW15 2.4 3.9 3.2 --- 2/2 
DW17 2.2 4.0 3.1 --- 2/2 
DW18 4 4 4 --- 1/1 
DW19 3.3 3.3 3.3 --- 1/2 

DW22R 1.6 3.3 2.5 --- 2/2 
Thorium-232 --- pCi/L Bl 6WO9D 0 0 0 --- 1/2 

DW15 0 0 0 --- 1/2 
Total Uranium' 20 AWL B16WO7D '1.8 4.8 4.8 0 , 1/1 

B16WO8D 1.5 3.7 2.6 0 2/2 
B16WO9D 17.5 17.5 17.5 0 1/2 

DW14 0.28 0.28 0.28 1/1 
DW15 1.9 11.1 6.5 0 2/2 
DW17 3.3 4.3 3.8 0 2/2 
DW18 7.4 7.4 7.4 0 1/1 
DW19 54.2 113.4 83.8 2 2/2 

DW22R 13.6 13.6 13.6 0 1/2 

o IL = investigative limit 
b  Table lists only those stations at which the analyte was detected in HU-B ground water. 
• Total Uranium Values were calculated from isotopic concentrations in pCi/L and converted to pg/L using 

radionuclide specific activities. 
--- not available. 
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HU-A Ground Water 

HU-A is not considered a potential source of drinking water. For that reason, the federal and 
state laws and regulations related to drinking water are not considered to be applicable or 
relevant and appropriate to the currently impacted shallow, HU-A ground water beneath the 
SLDS. The ILs specified in the SLDS ROD are provided in Tables 4-10 and 4-11 for 
comparison purposes to assist in identifying the COCs present at significant concentrations in the 
SLDS around water (USACE, 1998d). For those COCs that do not have established ILs, MCLs 
are used for comparison purposes only. 

The two COCs that exceeded the ILs in HU-A ground water during CY 2003 are arsenic and 
total uranium. Arsenic concentrations exceeding the IL of 50 ktg/L were detected in one HU-A 
well that was sampled at the SLDS. The concentrations exceeding 50 ktg/L occurred in both 
samplings of DW21, (May 14 at 90 ktg/L and November 13 at 93 ktg/L) during CY 2003. This 
monitoring well is located in the eastern portion of the SLDS. Arsenic was detected in another 
monitoring well, B16W04S, but the levels were well below the IL. Total uranium 
concentrations, calculated from the isotopic uranium results, were detected in two wells above 
the IL of 20 g/L, B16W02S and B16W13SR. Well B16W02S had a maximum total uranium 
concentration of 538 ktg/L. Remedial activities were conducted in the vicinity of this well. 
Remedial activities at Plant 1 near B16W02S were mostly completed in CY 2001; the uranium 
levels have decreased over time since remedial completion (concentration is down from that in 
CY2002 at 705 g/L). Well Bl6W13SR had a maximum detected concentration of total 
uranium of 39.7 A W L . An evaluation of the concentration trends over time for arsenic and total 
uranium in ground water is presented in Section 4.3.2. 

Other COCs identified in the SLDS ROD include Ra-226, Th-228, Th-230, Th-232, and 
cadmium. ILs have not been established for Ra-226. Therefore, Ra-226 levels are compared to 
the MCL. Radium-226 was nut detected above its MCL of 5 pCi/L (combined Ra-226/Ra-228) 
in the CY 2003 HU-A ground-water samples. Ra-226 in HU-A ground water was present at 
detectable concentrations in B16W02S and B16W12S. Cadmium was not detected in the HU-A 
wells during CY 2003. 

HU-B Ground Water 

During CY 2003, nine SLDS wells completed in the Mississippi Alluvial Aquifer (HU-B), were 
monitored for various parameters, including the COCs arsenic, cadmium, Th-228, Th-230, Th-
232, Ra-226, U-234, U-235, and U-238. The concentrations of the COCs were compared to the 
following ILs specified in the ROD: 50 ktg/L for arsenic, 5 ktg/L for cadmium, and 20 ktg/L for 
total uranium (USACE 1998d). The ILs for arsenic and total uranium differ from the current 
SDWA MCLs. In December CY 2000, the EPA updated its standards for radionuclides in 
drinking water, increasing the uranium MCL from 20 to 30 AWL. ln October CY 2001, the EPA 
issued a new standard foi arsenic in drinking water that reduced the MCL from 50 to 10 kg/L. 
The EPA has set the effective date for this rule as January CY 2006. Although use of the 
Mississippi River Alluvial Aquifer (Unit B) as a drinking water source is not likely at the SLDS, 
SDWA MCLs are used here for comparison purposes for those COCs for which ILs have not 
been established to determine if significant concentrations of COCs occur in HU-B ground 
water. 

The CY 2003 sampling results indicate cadmium was not presrnt above the IL (5 ktg/L) in 
samplcs collected from HU-B ground-water wells. Arsenic was detected near or above the IL of 
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50 AWL in three wells: DW14, DW15, and DW22R. The arsenic levels ranged from 
concentrations slightly below the limit in DW15 (48 ,ug/L) and DW22R (47 pg/L) to three times 
the limit in DW14 (152 itg/L). The maximum concentrations of arsenic DW15 and DW22R 
were both reported from the second quarter 2003 (May) sample, with the highest value of 152 
AWL reported for the third quarter sample in DW14. The arsenic concentrations could be 
naturally occurring or related to other industrial source. Arsenic concentrations are elevated 
relative to waters of other geologic units. 

The total uranium concentrations were calculated for each sample from the isotopic uranium 
results and specific activities. Total uranium was present above the IL of 20 Ag/L in both 
samples collected from DW19, located at Plant 6. The total uranium concentrations ranged from 
54.2 Ag/L (second quarter) to 113.4 pg/L (third quarter) in this well. The cause of the elevated 
total uranium concentrations in DW19 is uncertain, but will be investigated as part of the 
Ground-water Remedial Action Alternatives Assessment (GRAAA). Eight other HU-B wells 
(B16WO7D, B16WO8D, B16WO9D, DW14, DW15, DW17, DW18, and DW22R) indicated 
detectable levels of total uranium, but their maximum concentrations were well below the IL. 
Continued ground-water sampling is necessary to determine if the source removal actions being 
conducted at thc SLDS will result in a reduction of uranium concentrations in ground-water 
samples from these wells over time. 

The other COCs detected in HU-B ground-water at the SLDS, Ra-226, Th-238, Th-230, and Th-
232, do not have established ILs. The MCL (5 pCi/L) for combined Ra-226/Ra-228 was 
compared to the concentrations of Ra-226 detected in the HU-B wells during CY 2003. The 
maximum Ra-226 concentration, 3.1 pen, was reported for the third quarter ground-water 
sample from DW14. There are no established MCLs for Th-228, Th-230, or Th-232. The 
maximum concentrations of Th-228 and Th-230 detected in I-IU-B ground water were 4.8 pCi/L 
in DW14 (third quarter), and 4.0 pCi/L in DW17 (second quarter), respectively. Thorium-232 
was detected from the fourth quarter samples in both B16WO9D and DW15. 

As specified in the SLDS ROD, initiation of a GRAAA would be undertaken if significant 
exceedance of the ILs for arsenic, cadmium, or total uranium is observed in the Mississippi 
Alluvial Aquifer (HU-B) (USACE, 1998d). The Phase 1 GRAAA was completed in June of 
2003. Future EMDARs will carefully review the HU-B data until the Phase 2 (investigation) 
GRAAA is recommended to be initiated. 

4.3.2 Comparison of Historical Ground-Water Data at the SLDS 

A quantitative evaluation of COC concentration trends in both HU-A and HU-B was conducted 
based on available sampling data for the period from January CY 1999 through December 2003. 
Mann-Kendall testing was used to evaluate possible trends for arsenic and total uranium. See 
Section 4.1.2.1 for a discussion of Mann-Kendall testing and the associated limitations. This 
testing was done for those wells having at least six sampling events and 80 percent detection 
frequency for the period January 1999 to December 2003. For arsenic in unfiltered ground-water 
samples, and based on this criterion, the Mann Kendall test results for one shallow well (DW21) 
and one deep well (DW14) were calculated (Table 4-12). For total uranium in unfiltered ground-
water samples and based on this criterion, the results for three wells (B16W02S, B16W13SR, 
and DW19) were calculated (Table 4-12). Figure 4-19 shows a downward trend of arsenic in 
DW21 and no trend for DW14. 
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2003 in Ground Water at the SLDS ‘IF  

Analyte Station N
b Test Stastie 

Trend d  
S P Z 

Arsenic DW14 10 -15 0.108 --- No Trend 
DW21 16 -67 --- -2.98 Downward Trend 

Total Uranium Bl 6W02S 9 -6 0.306 --- No Trend 
B16W13SR 10 -1 0.5 --- No Trend 
DW19 17 -24 --- -0.95 No Trend 

One-trailed Mann-Kendall tests were performed at 95% level of confidence using Chemstat, Version 5.0 (Starpoint 
Software, 2003). 
N is the number of ground-water sample results for a particular analyte at the well for the period between January 1999 and 
December 2003. 
Test Statistics: S= the S-statistic; p=probability of obtaining the S-statistic (for datasets with N<10); Z=Z-score, or 
normalized test statistic (for N>10). 
Trend: If N<10, p is compared to 0.05. If p< 0.05, a statistically significant trend exists. If N>10, the z-score is compared to 
±-1.65 (i.e., the comparison level at 95% confidence level). If the Z-score >+ 1.65, the test concludes that a significant 
upward trend exists. If the z-score <-1.65, the test concludes that a significant downward trend exists. For z-scores between 
-1.65 and +1.65, there is no evidence of a significant trend. 

Figure 4-19 Time Versus Concentration for Arsenic in DW21 
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Ground-water sampling results for the SLDS indicate that no significant changes from CY 1999 
COC levels have occurred in HU-A and/or HU-B ground water during CY 2003 (Tablc 4-12). 
Only one well is exhibiting a downward trend for arsenic. The other wells are not showing a 
trend. As shown in the time-concentration plots in Figures 4-20 and 4-21, concentrations of 
arsenic and uranium in the HU-B wells have not shown statistically significant increases since 
January CY 1999. Total uranium was observed above the IL of 20 ptg/L in DW19 during CY 
2003, but the concentrations observed were similar to those observed in CY 1999, CY 2000, CY 
2001, CY 2002 and CY 2003. As with the HU-A ground-water samples, arsenic concentrations 
in HU-B ground-water samples were relatively constant over all CYs. Continued sampling will 
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be necessary to determine if ongoing removal actions will result in a decrease in uranium 
concentrations in HU-B. As specified in the ROD, 

"If long-term monitoring of this unit [I-IU-B] shows significant exceedance of 
MCLs or the thresholds established in 40 CFR 192 for the COCs specified in the 
SLDS ROD, a Ground-water Remedial Action Alternative Assessment (GRAAA) 
will be initiated" (USACE, 1998d)." 

The ROD specified the following ILs for each of the ground-water COCs: 50 tig/L for arsenic, 5 
Ag/L for cadmium, and 20 itg/L for total uranium. The ground-water monitoring data indicate 
that various RU-B monitoring wells have exceeded the ILs for the COCs established in the ROD. 
Monitoring wells DW14 and DW15 have exceeded the IL for arsenic and monitoring well DW19 
has exceeded the IL for total uranium. The USACE has initiated the GRAAA. The USACE has 
adopted a phased approach to the GRAAA, with the first phase equivalent in process to a 
Preliminary Assessment. The purpose of the GRAAA, should all process phases require 
completion, would be to evaluate: 

"MED/AEC COC fate and transport, risk to the public and the environment, 
practical and efficient technologies to reduce the COCs, the likely concentrations 
to be removed, the likely concentrations of the COC(s) remaining post-treatment, 
impact of Mississippi River flooding inflows to the B Unit, and a 
recommendation for action in the Mississippi Alluvial Aquifer, the B Unit" 
(USACE, 1998d). 

The first phase of the GRAAA, issued in CY 2003, summarized the sampling data available for 
each of the monitoring wells completed in RU-B and provided recommendations for further 
investigation of RU-B. 

4.3.3 Evaluation of the CY 2003 Potentiometric Surfaces at the SLDS 

Ground-water elevations were measured in monitoring wells at SLDS in January, May, August, 
and November of CY 2003. Potentiometric surface maps were created from the May and 
November measurements to illustrate ground-water flow conditions in the wet and dry seasons, 
respectively. The potentiometric maps for both RU-A and RU-B are presented in Figures 4-22 
through 4-25. 

The ground-water surface in HU-A, under the eastern portion of the Mallincicrodt plant is 
generally sloping toward the Mississippi River (Figures 4-22 and 4-24). The available ground 
water may be in separate lenses or subunits of RU-A and, therefore, not be linked. A ground-
water high seems to be present under Plants 6 and 7 in the eastern portion of the SLDS. 
Comparison of Figure 4-22 (wet season) with Figure 4-24 (dry season) indicates ground-water 
surfaces in RU-A are similar for the May and November conditions. During 2003, the RU-A 
potentiometric surface elevations showed little seasonal fluctuation in ground-water elevations, 
with elevations averaging approximately two feet higher during the wet season (May) than during 
the dry season (November). 

The data indicate that the RU-B potentiometric surface is relatively flat (Figures 4-23 and 4-25). 
Because ground water in RU-B is hydraulically connected to the Mississippi River, ground-
water flow direction and gradient are strongly influenced by river stage. The water levels 
measured at the SLDS indicate that RU-B ground-water elevations averaged approximately 15 ft 
higher on May 7 than on November 12; this corresponds to the difference in the daily river stage, 
which was approximately 18 ft higher on May 7 (401 ft amsl) than on November 12 (383 ft amsl). 

• 
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Although small contour intervals may tend to exaggerate small differences in ground-water 
elevations, a contour interval of 0.5 ft was used for HU-B (rather than a contour interval of 2 ft as 
used for HU-A) in order to more clearly distinguish variations in flow directions at the site. 

The November 2003 potentiometric surface map for HU-B indicates flow direction on the 
western portion of the site is generally eastward toward the Mississippi River. A reversal in flow 
directions (westerly flow) at the eastern edge of the site is suggested by the May 2003 
potentiometric map in Figure 4-23, but the magnitude of the reversal is relatively small. Based 
on the RU-B potentiometric maps, the horizontal gradient is steeper during the wet season (May) 
than in the dry season (November). 
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• 5.0 ENVIRONMENTAL QUALITY ASSURANCE PROGRAM 

5.1 PROGRAM OVERVIEW 

The environmental quality assurance program includes management of the quality assurance 
(QA) and quality control (QC) programs, plans, and procedures governing environmental 
monitoring activities at the SLS FUSRAP and at subcontracted vendor laboi -atories. This section 
discusses the environmental monitoring standards at FUSRAP and the goals for these programs, 
plans, and procedures. 

The environmental QA program provides FUSRAP with reliable, accurate, and precise 
monitoring data. The program furnishes guidance and directives to detect and prevent quality 
problems from the time a sample is collected until the associated data are evaluated. Key 
elements in achieving the goals of this program are: compliance with the QA program, personnel 
training., compliance assessments, use of quality control samples, documentation of field 
activities and laboratory analyses, and a review of data documents for precision, accuracy, and 
completeness. 

General objectives follows. 

• To provide data of sufficient quality and quantity to support ongoing remedial efforts, 
aid in defining potential contaminants of concern (PCOCs), meet the requirements of 
the Environmental Monitoring Guide (EMG) (USA CE, 1999a), and the Sampling and 
Analysis Guide (SAG) (USACE, 2000) supplement the FS, develop a ROD for the 
North County Sites, and support the ROD for SLDS (USACE, 1998d). 

o To provide data of sufficient quality to meet applicable State of Missouri and federal 
concerns, e.g., reporting requirements. 

• To ensure samples were collected using approved techniques and are representative 
of existing site conditions 

5.2 QUALITY ASSURANCE PROGRAM PLAN (QAPP) 

The QAPP for activities performed at SLS is described within Section 3.0 of the SAG for SLS. 
The QAPP provides the organization, objectives, functional activities and specific QA/QC 
activities associated with investigations and sampling activities at SLS. 

QA/QC procedures are performed in accordance with applicable professional technical 
standards, EPA requirements, government regulations and guidelines, and specific project goals 
and requirements. The QAPP was prepared in accordance with EPA and USACE guidance 
documents, including Interim Guidelines and Specifications for Preparing Quality Assurance 
Project Plans (EPA, 1991), EPA Requirements for Quality Assurance Project Plans for 
Environmental Data Operations (EPA, 1994), and Requirements for the Preparation of 
Sampling and Analysis Plans (USACE, 1994b). 

5.3 SAMPLING AND ANALYSIS GUIDE (SAG) 

The SAG summarizes standard operating procedures (SOPs) and data quality requirements for 
collecting_ and analyzing environmental data. The SAG integrates protocols and methodologies, 
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identified under various USACE and regulatory guidance, and describes administrative 
procedures for managing environmental data and governs sampling plan preparation, data 
verification and validation, database administration, and data archiving. The structure for 
identified sampling/monitoring was delineated through programmatic documents such as the 
EMG for SLS (USACE, 1999a), which is an upper tier companion document to the SAG. The 
EMIFY03 document outlines the analytes to be sampled at each site for various media (USACE, 
2002). 

Flexibility to address non-periodic environmental sampling, such as specific studies to address 
environmental impact, well installations, and/or in-situ waste characterizations was accounted by 
the issuance of Work Descriptions. Environmental monitoring data obtained during these 
sampling activities were reported to EPA Region VII on a quarterly basis per the requirements of 
the FFA. 

5.4 FIELD SAMPLE COLLECTION AND MEASUREMENT 

Prior to beginning field sampling, field personnel were trained, as necessary, and participated in 
a project-specific readiness review. These activities ensured that standard procedures were 
followed in sample collection and in completing field logbooks, chain-of-custody forms, labels, 
and custody seals. Documentation of training and readiness were submitted to the project file. 

The master field investigation documents are the site field logbooks. The primary purpose of 
These documents is to record each day's field activities; personnel on each sampling team; and 
any administrative occurrences, conditions, or activities that may have affected thc fieldwork or 
data quality of any environmental samples for any given day. Guidance for documenting 
specific types of field sampling activities in field logbooks or log sheets is provided in 
Appendix C of EM-200-1-3 (USACE, 2001b). 

At any point in the process of sample collection or data or document review, a non-conformance 
report (NCR) (SAIC, 2002) may be initiated if nonconformances are identified, and data entered 
into the database may be flagged accordingly. 

5.5 PERFORMANCE AND SYSTEM AUDITS 

Performance and system audits of both field and laboratory activities were conducted to verify 
that sampling and analysis activities were performed in accordance with the procedures 
established in the SAG and activity-specific work description (WD) or EMIFY documents. 

5.5.1 Field Assessments 

Internal assessments (audit or surveillance) of field activities (sampling and measurements) were 
conducted by the QA/QC Officer (or designee). Assessments include an examination of field 
sampling records, field instrument operating records, sample collection, handling and packaging 
in compliance with the established procedures, maintenance of QA procedures, and chain-of-
custody. These assessments occurred at the onset of the project to verify that all established 
procedures were followed (systems audit). 

Performance assessments followed to ensure that deficiencies had been corrected and to verify 
that QA practices/procedures were being maintained throughout the duration of the project work 
effort. These assessments involved reviewing field measurement records, instrumentation 
calibration records, and sample documentation. 
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• 	
External assessments may be conducted at the discretion of the USACE, EPA Region VII, or the 
State of Missouri. 

5.5.2 Laboratory Audits 

The USACE Hazardous, Toxic and Radioactive Waste-Center of Expertise (HTRW CX) 
conducts on-site audits and validates laboratories on a regular basis. Every eighteen months, 
these USACE independent on-site systems audits, in conjunction with performance evaluation 
samples (performance audits), qualify laboratories to perform USACE environmental analyses. 

These system audits include examining laboratory documentation of sample receiving, sample 
log-in, sample storage, chain-of-custody procedures, sample preparation and analysis, and 
instrument operating records. Performance audits consist of sending performance evaluation 
samples to USACE laboratories for ongoing assessment of laboratory precision and accuracy. 
The analytical results of the analysis of performance evaluation samples are evaluated by 
USACE HTRW CX to ensure that laboratories maintain acceptable performance. 

Internal performance and system audits of laboratories were conducted by the Laboratory QA 
Manager as directed in the Laboratory QA Plan. These system audits included an examination of 
laboratory documentation of sample receiving, sample log-in, sample storage, chain-of-custody 
procedures, sample preparation and analysis, and instrument operating records against the 
requirements of the laboratory's SOPs. Internal performance audits were also conducted on a 
regular basis. Single-blind performance samples were prepared and submitted along with project 
samples to the laboratory for analysis. The Laboratory QA Manager evaluated the analytical 
results of these single-blind performance samples to ensure that the laboratory maintained 
acceptable performance. 

The contractor is not contacted lo perform laboratory audits; however, additional audits of 
laboratories were planned and budgeted within specific USACE task scopes. These 
project-specific laboratory performance audits were conducted by the contractor only at the 
direction of, and in conjunction with, the USACE. 

External audits may be conducted in conjunction with, or at the direction of, the EPA Region or 
the MDNR. 

5.6 SUBCONTRACTED LABORATORY PROGRAMS 

All samples collected during environmental monitoring activities were analyzed by USACE-
approved laboratories. QA samples were collected for ground water, soil, air, and direct 
radiation monitoring and were analyzed by the designated USACE QA laboratory. Each 
laboratory supporting this work maintained statements of qualifications including organizational 
structure, QA Manual, and SOPs. 

Samples collected during these investigations were analyzed by EPA SW-846 methods and other 
documented EPA or nationally recognized methods. Laboratory standard operating procedures 
are based on the methods as published by the EPA in Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods SW-846, Third Edition (EPA, 1993). 
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5.7 QUALITY ASSURANCE AND QUALITY CONTROL SAMPLES 

These samples were analyzed for the purpose of assessing the quality of the sampling effort and 
the reported analytical data. QA and QC samples to be used are duplicates, equipment rinsate 
blanks, trip blanks, source-water blanks, and split samples. 

5.7.1 Field Duplicate Quality Control Samples 

These samples, collected by the sampling teams, were submitted for analysis to the on-site 
laboratory or contract laboratories. The identity of duplicate QC samples is held blind to the 
analysts and the purpose of these samples is to provide activity-specific, field-originated 
information regarding the homogeneity of the sampled matrix and the consistency of the 
sampling effort. These samples were collected concurrently with the primary environmental 
samples and equally represent the medium at a given time and location. Duplicate samples were 
collected from each medium addressed by this project, and were submitted to the contractor 
laboratories for analysis. The chemical and radiological analyses for relative percent differences 
and normalized absolute differences are presented in Table 5-1 and Table 5-2, respectively. 

5.7.2 USACE Quality Assurance Split Samples 

QA split samples for chemical analysis were collected by the sampling team and sent to a 
USACE QA laboratory for analysis to provide an independent assessment of contractor and 
subcontractor laboratory performance. QA split samples for radiological analysis were collected 
by the contractor and submitted to the USACE-approved radiological QA laboratory. The 
chemical and radiological analyses for relative percent differences and normalized absolute 
differences are presented in Table 5-3 and Table 5-4, respectively 

5.7.3 Trip Blank Samples 

These samples consist of containers of organic-free reagent water that are kept with the field 
sample containers from the time they leave the laboratory until they are returned for analysis. 
The purpose of trip blanks is to determine whether samples are being contaminated from VOCs 
during transit or sample collection. 

5.7.4 Equipment Rinsate Blanks 

These samples are typically taken from the water rinsate collected from equipment 
decontamination activities, and comprise samples of analyte-free water, which have been rinsed 
over decontaminated sampling equipment, collected, and submitted for analysis of the 
parameters of interest. Since all of the monitoring wells have dedicated sampling equipment, 
equipment rinsate blanks were not employed to assess the effectiveness of the decontamination 
process since it does not apply. 

The Coldwater Creek sediment samples are collected from each station using a clean spoon. 
These spoons are segregated after use and decontaminated at the field barn according to Field 
Technical Procedure (FTP) 405 (SAIC, 2000). Since thc process of collecting sediment is below 
the surface of the water, a rinsate blank would not represent the wetted surface of the sampling 
spoon at the time of sample collection and therefore would not apply. The Coldwater Creek 
surface water samples are collected using new nitrile gloves and new laboratory sample 
containers. Therefore, equipment rinsate blanks for these samples are also not required. 
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Table 5-1. 	Chemical Field Duplicate QA Sample Analysis 

Ground Water 

Grab ID/Field Dup ID 
11 IS78610 / 
HIS78610-1 

SLA76449 / 
SLA76449-1 

SLA78598 / 
SLA78598-1 

SLA79782 / 
SLA79782-1 

SLD76468 / 
SLD76468-1 

SLD78581 / 
SLD78581-1 

- RPD 

Analyte 
Inorganics 

Aluminum 5.4% NC NC NC - - 

Antimon 5.1 % NC NC NC - - 

0.3 % NC NC NC 4.7 % 

Barium 2.0 % 0.8 % 0.8 % 2.2 % - - 

eryllium NC NC NC NC - - 

oron 6.7% 4.7 % NC NC - - 

admium 103.5 % NC NC NC NC NC 

alcium 4.9% 1.9% 1.4% 2.2% - - 

hromium NC NC NC NC - - 

obalt NC NC NC NC - - 

opper 43.5 % NC NC NC - - 

ron 18.5 % 2.2 % NC NC - - 

Lead NC NC NC NC - - 

Lithium NC NC NC NC - - 

agnesium 2.2 % 1.0 % 87.5 % 1.5 % - - 

anganese 8.0 % 2.6 % NC 1.8 % - - 

Molybdenum 3.2% NC NC NC - - 

ickel 70.0 % NC NC NC - - 

otassium NC NC NC NC - - 

Selenium 1.7 % NC NC 0.6% - - 

Silver NC NC NC NC - - 

Sodium 4.8% 1.1% 0.2% 1.9% - - 

Strontium 2.3 % 1.0 % 0.6 % 2.2 % - - 

allium NC NC NC 	_ NC - - 

Uranium NC NC NC NC - - 

Vanadium 37.4 % NC NC NC - - 

Zinc 29.2% 154.6% 18.7% 24.0% - - 

Mercury NC NC NC NC - - 
Miscellaneous 

Total Dissolved Solids - 3.5 % - - 2.6 % - 

Total Suspended Solids - 3.4 % - - 10.5 % 

Chloride - NC - - 10.5 % - 

Sulfate - NC - - NC - 

Alkalinity - 2.7 % - - 0.7 % - 

Nitrate-Nitrite - NC - - NC - 

Hardness, Total - 3.2% - - 1.5 % - 

NC = not calculated due to one or both concentrations being non-detected. 

- = analyses not conducted. 
RPD = relative percent difference. 
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Table 5-2. Radiological Field Duplicate QA Sample Analysis 

Ground Water 	 lir 
Grab ID / 
Field Dup 

ID 
H1S78610 / 
H1S78610-1 

H1S79763 / 
H1S79763-1 

SLA76449 / 
SLA76449-1 

SLA78598 / 
SLA78598-1 

SLA79782 / 
SLA79782-1 

SLD76468 / 
SLD76468-1 

SLD78581 / 
SLD78581-1 

SLD79753 / 
SLD79753-1 

RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD 
Ra-226 NC 0.64 NC 0.70 NC 0.04 NC 0.71 NC 0.27 NC 0.95 15.3% OK NC 0.32 
Thorium-228 51.2% 0.75 NC 0.06 51.5% 0.40 51.2% 0.69 NC 0.02 NC 0.78 NC 0.97 NC 0.42 
Thorium-230 15.5% OK 26.2% 0.28 NC 0.69 47.1% 0.72 0.1% OK 48.3% 0.46 NC 0.72 NC 1.22 
Thorium-232 NC 0.29 NC 0.50 NC 1.00 NC 0.69 NC 0.03 NC 0.50 NC 0.04 NC 0.50 
Uranium-234 31.4% 0.34 10.8% OK NC 0.47 31.5 % 0.27 68.1 % 1.16 NC 1.05 NC 0.16 NC 2.21 
Uranium-235 NC 0.86 NC 0.01 NC 0.79 NC 0.28 NC 0.50 NC 0.31 NC NC NC 0.50 
Uranium-238 70.3 % 0.61 23.2 % OK NC NC NC 0.55 6.5 % OK NC 0.34 NC 0.57 NC 2.00 	' 

Environmental TLDs 
Grab 1D/Field Dup ID Analyte RPD NAD 

H1S73055 / H1S73055-1 External gamma radiation 3.0 % OK 
H1S73061 / H1S73061-1 External gamma radiation 1.2% OK 
1-11S73067 / H1S73067-1 External gamma radiation 3.5 % OK 
SLA73089 / SLA73089-1 External gamma radiation  

External gamma radiation 
2.0 %  

6.4% 
 	OK 

OK SLA73101 / SLA73101-1 
SLD73117 / SLD73117-1 External gamma radiation 7.2 % OK 
SLD73121 / SLD73121-1 External gamma radiation 6.1 % OK 
SLD73125 / SLD73125-1 External gamma radiation 0.0% OK 

Alpha Tracks 

Grab 1D/Field Dup ID Analyte RPD NAD 

H1S73042 / H1S73042-1 Radon-222 NC NC 

SLD73109 / SLD73109-1 Radon-222 NC NC 

NC = not calculated due to one or both concentrations being non-detected. 
OK = NAD not calculated when RPD is within control limits. 
NAD= normalized absolute difference. 
RPD = relative percent difference. 
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Table 5-3. 	Chemical QA Split Samples 

Ground Water 

Grab ID/QA Split ID 
HIS78610 / 
HIS78610-2 

SLA76449 / 
SLA76449-2 

SLA78598 / 
SLA78598-2 

SLA79782 / 
SLA79782-2 

SLD76468 / 
SLD76468-2 

SLD78581 / 
SLD78581-2 

RPD 
Analyte 

Inorganics 

Aluminum NC NC NC NC - - 

Antimony NC NC NC NC - - 

Arsenic 18.2% 3.8% NC NC NC 8.2% 

Barium 9.5 % 0.3 % 1.7 % 16.0% - - 

Beryllium NC NC NC NC - - 

Boron - - - - - - 

Cadmium NC NC NC • 	NC NC NC 

Calcium 0.4% 10.0% 4.5 % 2.3 % - - 

Chromium NC NC NC NC - - 

Cobalt NC NC NC NC - - 

Copper NC NC NC NC - - 

iron 26.6 % 6.1 % NC NC - - 

Lead NC NC NC NC - - 

Lithium - - - - - - 

Magnesium 6.1 % 5.8% 4.8% 2.3 % _ - 

Manganese 15.4% 9.5 % NC 9.6% - - 

Molybdenum - - - - - - 

Nickel NC NC NC NC - - 

Potassium NC NC NC NC - - 

Selenium 6.3 % NC NC 0.6 % - - 

Silver NC NC NC NC - - 

Sodium 0.4 % 2.6 % 4.0 % 4.8 % - - 

Strontium - - - - - - 

Thallium NC NC NC NC - - 

Uranium - - - - - - 

Vanadium NC NC NC NC - - 

Zinc NC 58.9% 180.1 % 164.5 % - - 

Mercury NC NC NC NC - - 

NC = not calculated due to one or both concentrations being non-detected. 

- = analyses not conducted. 
RPD relative percent difference. 
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Table 5-4. Radiological QA Split Samples 

Ground Water 
Grab ID / 

Field Dup ID 
HIS78610 / 
HIS78610-1 

111S79763 / 
HIS79763-1 

SLA76449 / 
SLA76449-1 

SLA78598 / 
SLA78598-1 

SLA79782 / 
SLA79782-1 

SLD76468 / 
SLD76468-1 

SLD78581 / 
SLD78581-1 

SLD79753 / 
SLD79753-1 

RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD 
Ra-226 NC 0.43 NC 0.06 NC 0.39 NC 0.19 NC 0.43 NC 0.42 36.0% 0.51 NC 0.09 
Thorium-228 167.9% 2.13 NC 0.62 NC 1.12 NC 1.53 NC 1.03 NC 0.10 160.4% 1.55 NC 0.58 
Thorium-230 160.2% 1.67 168.5 % 1.33 146.5 % 1.27 176.2% 1.82 173.5% 1.60 121.1 % 0.90 140.1 % 0.99 NC 1.41 
Thorium-232 NC 0.73 NC 0.50 NC 0.93 NC 0.70 NC 0.53 NC 0.50 NC 0.48 NC - 0.71 
Uranium-234 0.3 % OK 9.2% OK NC 0.83 106.9% 0.88 72.3 % 1.38 NC 0.22 NC 0.54 NC - 2.27 
Uranium-235 NC 0.86 NC 0.33 NC 0.67 NC 0.70 NC 1.58 NC 0.48 NC 0.40 NC 0.50 
Uranium-238 12.6% OK 30.9% 0.48 	_ NC 0.49 NC 0.19 28.4% 0.46 NC 0.59 NC 0.17 NC 2.13 

NC = not calculated due to one or both concentrations beng non-detected. 
OK = NAD not calculated when RPD is within control limits. 
NAD = normalized absolute difference. 
RPD = relative percent difference. 
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5.8 DATA VERIFICATION AND VALIDATION 

All data packages received from the analytical laboratory were reviewed, evaluated, and 
validated by data management personnel. 

Data validation is the systematic process of ensuring that the precision and accuracy of the 
analytical data are adequate for their intended use. Validation was performed in accordance 
with EPA regional or National Functional Guidelines or project-specific guidelines. General 
chemical data quality management guidance found in ER-1110-1-263 (USACE, 1998a) was 
also used when planning for chemical data management and evaluation. Additional details 
of data review, evaluation, and validation are provided in the FUSRAP Laboratory Data 
Management Process (SAIC, 1999). Data assessment guidance, to determine the 
usability of data from HTRW projects, was provided in EM-200-1-6 (USACE, 1997). 

One hundred percent of the data generated from all analytical laboratories underwent 
independent data review and evaluation. Data reviews document the possible effects on 
the data that result from various QC failures; it does not determine data usability, nor 
does it include assignment of data qualifier flags. Data evaluation uses the results of the 
data review to determine the usability of the data. Data evaluation summarizes the 
potential effects of QA/QC failures on the data, and the District Chemist or District 
Health Physicist assesses their impact on the attainment of the project-specific data 
quality objectives (DQ05) and contract compliance. Consistent with the data quality 
requirements, as defined in the DQ0s, greater than 10% of all project data was validated 
and qualified per the outcome of the review. 

5.9 PRECISION, ACCURACY, REPRESENTATIVENESS, COMPARABILITY 
AND COMPLETENESS 

Precision was determined through the use of spike analyses conducted on duplicate pairs 
of environmental samples (matrix spike/matrix spike duplicate) or comparison of positive 
duplicate pair responses. The relative percent difference (RPD) between the two results 
was calculated and used as an indication of the precision of the analyses performed (see 
Tables 5-1 and 5-2). Sample collection precision was measured in the laboratory by the 
analyses of field duplicates. With the exception of a few outliers, which were qualified 
accordingly, the overall precision for the CY2003 environmental monitoring sampling 
activities was very good. 

The fundamental QA objective for the accuracy of laboratory analytical data is the QC 
acceptance criteria of the analytical protocols. Analytical accuracy is expressed as the 
percent recovery of an analyte that has been added to a blank sample or environmental 
sample at a known concentiation before analysis. Accuracy was determined in the 
laboratory through the use of matrix spike analyses, laboratory control sample (LCS) 
analyses, and blank spike analyses. The percent recoveries for specific target analytes 
were calculated and used as an indication of the accuracy of the analyses performed. 

Representativeness expresses the degree to which data accurately and precisely represent 
a characteristic of a population, parameter variations at a sampling point, a process 
condition, or an environmental condition. Representativeness is a qualitative parameter 
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that depends upon the proper design of the sampling program and proper laboratory 
protocol. Representativeness is satisfied through proper design of the sampling network, 
use of proper sampling techniques, following proper analytical procedures, and not 
exceeding holding times of the samples. Representativeness was determined by assessing 
the combined aspects of the QA program, QC measures, and data evaluations. The 
network design was developed from the EMIFY; the sampling protocol from the SAG 
have been followed; and, analytical procedures were conducted within the bounds of the 
QAPP. The overall representativeness of the CY 03 environmental monitoring sampling 
activities was good for the media and the media's sampling previously listed in this 
document. 

Comparability expresses the confidence with which one data set can be compared with 
another. The extent to which analytical data will be comparable depends upon the 
similarity of sampling and analytical methods as well as sample-to-sample and historical 
comparability. Standardized and consistent procedures used to obtain analytical data are 
expected to provide comparable results. These most recent (post CY97) analytical data, 
however, may not be directly comparable to data collected before CY97 because of 
differences in 1)Q0s. Some media, storm-water and radiological monitoring, have values 
that are only useful in the present and the comparison to historic data is not as relative. 

Completeness is a measure of the amount of valid data obtained from a measurement 
system compared to the amount expected to be obtained under normal conditions. It is 
expected that laboratories will provide data meeting QC acceptance criteria for all 
samples tested. For the CY 03 environmental monitoring sampling activities, the data 
completeness was 99.69% (FUSRAP DQO for completeness is 90%). 

• 
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6.0 DOSE ASSESSMENT 

This scction evaluates the cumulative dose to a hypothetically impacted individual from 
exposure to radiological contaminants at the SLS. The regulatory dose limit for members of the 
public is 100 mrem/yr as stated in 10 CFR 20.1301. Compliance with the dose limit in §20.1301 
can be demonstrated in one of the two following ways [§20.1302(b)(1) and (2)]: 

1. Demonstrating by measurement or calculation that the TEDE to the individual likely 
to receive the highest dose from SLS operations does not exceed the annual dose limit 
(i.e., 100 mrern/yr); or 

2. Demonstrating that: (i) the annual average concentration of radioactive material 
released in gaseous and liquid effluents at the boundary of the unrestricted area do not 
exceed the values specified in Table 2 of Appendix B to Part 20; and (ii) if an 
individual were continuously present in an unrestricted area, the dose from external 
sources would not exceed 2 millirem per hour (mrem/hr). 

USACE has elected to demonstrate compliance by calculation of the TEDE to a hypothetical 
individual likely to receive the highest dose from SLS operations (method 1 above). This section 
describes the methodology employed for this evaluation. 

Dose calculations arc presented for hypothetical maximally exposed individuals at SLAPS, 
SLDS, HISS, and Coldwater Creek. In addition, a dose calculation is presented for a transient 
receptor who frequently passes SLAPS on McDonnell Boulevard. The monitoring data used in 
the dose calculations are reported in respective environmental monitoring sections of this report. 

Dose calculations related to airbornc cmissiuns as required by 40 CFR 61, Subpart I (National 
Emission Standards for Emissions of Radionuclides Other Than Radon From Federal Facilities 
Other Than Nuclear Regulatory Commission Licensees and Not Covered By Subpart H) are 
presented in Attachment 1, the SLS FUSRAP CY 2003 radionuclide emissions NESHAPs 
Report. 

Although USACE has elected to demonstrate compliance as stated above, measurements of 
effluent water concentrations and dose from external sources are also taken at site boundaries 
(i.e., method 2 (i) above). The average annual concentration for contaminants of concern at the 
SLS (i.e., HISS, SLAPS, and SLDS) in water effluents are less than the values specified in 
Table 2 to Appendix B of Part 20 and doses at site boundaries from external sources are less than 
those specified in §20.1302(b)(2)(ii). 

6.1 HIGHLIGHTS 

• The TEDE from the HISS to a hypothetical maximally exposed individual from all 
complete/applicable pathways combined was 6.1 mrem/yr, estimated for an 
individual who works full time at a location approximately 50 m east of the HISS 
perimeter. 

• The TEDE from the SLAPS to a hypothetical maximally exposed individual from all 
complete/applicable pathways combined was 6.0 mrem/yr, estimated for an 
individual who works full time at a location approximately 160 m south of the 
SLAPS perimeter. 
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• The TEDE from the SLDS to the receptor from all complete/applicable pathways 
combined was 0.2 mrem/yr, estimated for an individual who works full-time at 
Thomas and Proetz Lumber Company. 

• The TEDE from Coldwater Creek to a hypothetical maximally exposed individual 
from all complete/applicable pathways combined was 0.5 mrem/yr, estimated for a 
youth spending time as a recreational user of Coldwater Creek. 

The TEDE from the SLAPS to a hypothetical exposed transient receptor from all 
complete/applicable pathways combined was 2.1 mrem/yr. 

6.2 PATHWAY ANALYSIS 

Table 6-1 lists the six complete pathways for exposure from radiological contaminants evaluated 
by the St. Louis FUSRAP EMP. These pathways are used to identify data gaps in the EMP and 
to estimate potential radiological exposures from the site. Of the six complete pathways, four 
were applicable in CY 2003, and were thus incorporated into radiological dose estimates. 

Table 6-1. 	Complete Radiological Exposure Pathways for SLS 

Exposure 
Pathway 

Pathway Description 
Applicable to CY 2003 Dose Estimate 

SLAPS HISS SLDS Coldwater 
Creek 

Transient 

Liquid A Ingestion of ground water from local wPlls 
down-gradient from the site. N N N N N 

Liquid B Ingestion of fish inhabiting Coldwater 
Creek. NC NC NC N N 

Liquid C 
Ingestion of surface water' and sediments. NC NC NC yb N 

Airborne A Inhalation of particulates dispersed through 
wind erosion and remedial action. Y Y Y NC Y 

Airborne B Inhalation of Rn-222 and decay products 
emitted from contaminated soils/wastes. Y Y Y NC Y 

External Direct gamma radiation from contaminated 
soils/wastes. Y Y Y N Y 

a 	Surface water includes stormv:ater run-off from SLS, MSD discharges, and the water in Coldwater Creek. 

The pathway is only applicable to a recreational receptor (youth) exposed to contarn .nants present in Coldwater Creek water and sediments. 

Data from SLS stormwater discharges and MSD discharges are not applicable to the hypothesized recreational receptor, therefore, that data 
is not evaluated in this section. 

NC Not a complete pathway for the respective site. 

N 	not applicable 

Y 	applicable 

In developing specific elements of the St. Louis FUSRAP EMP, potential exposure pathways of 
the radioactive materials present on-site are reviewed to determine which pathways are complete. 
Evaluation of each exposure pathway is based on hypothesized sources, release mechanisms, 
types, probable environmental fates of contaminants, and the locations and activities of potential 
receptors. Pathways are then reviewed to determine whether a link exists between one or more 
radiological contaminant sources, or between one or more environmental transport processes, to 
an exposure point where human receptors are present. If it is determined that a link exists, the 
pathway is termed complete. Each complete pathway is reviewed to determine whether a 
potential for exposure was present during CY 2003. If this is the case, the pathway is termed 
applicable. Only applicable pathways are considered in estimates of dose. 
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Table 6-1 shows the pathways that are not applicable to the CY 2003 dose estimates for SLS and 
Coldwater Creek. The pathways that are not complete were not considered in the dose 
assessment and are only listed in Table 6-1 because they were complete for at least one receptor 
location. The pathways listed as not applicable were not applicable in CY 2003 for the following 
reasons: 

• Liquid A is not applicable because the aquifer is considered to be of naturally low 
quality and it is not known to be used for any domestic purpose in the vicinity of the 
St. Louis FUSRAP Sites (ANL, 1992). 

• Liquid B is not applicable at Coldwater Creek or for the SLAPS transient receptor 
because it is unlikely that a game fish would be caught and eaten by the receptor. A 
survey was conducted and 97% of the fish collected at Coldwater Creek during the 
survey (Parker and Szlemp, 1987) were fathead minnows. 

• The dose equivalent from Coldwater Creek to the receptor from contaminants in the 
water/sediment was estimated by using the Microshield Version 5.03 computer-
modeling program. The scenario used was a youth playing in the creek bed (1 ft of 
water shielding and dry) for 52 hours per year. The highest estimated whole body 
dose to the youth was 0.3 microrem per year (,urem/yr). Therefore, the external 
gamma pathway (from contaminants in the creek water/sediment) is not applicable 
for the Coldwater Creek receptor because the gamma dose rate emitting from the 
contaminants is indistinguishable from background gamma radiation. 

The applicable radiological public dose limits for the SLS are as follows: 

• NESHAPs limit of 10 millirem (mrem) effective dose equivalent annually due to 
airborne emissions other than Rn-222 at off-site receptor locations. 

• Nuclear Regulatory Commission (NRC) limit of 100 mrem TEDE for all exposure 
pathways on an annual basis (excluding background). 

6.3 EXPOSURE SCENARIOS 

Dose calculations were performed for maximally exposed individuals at critical receptor 
locations for applicable exposure pathways (see Table 6-1) to assess dose due to radiological 
releases from the SLS. First, conditions were set to determine the TEDE to a maximally exposed 
individual at each of the main site locations (SLAPS, SLDS, and HISS). A second dose 
equivalent for Coldwater Creek was calculated. A third set of dose equivalent calculations were 
performed to meet NESHAPs requirements (Attachment 1). 

The scenarios and models used to evaluate these radiological exposures are conservative but 
appropriate. Although radiation doses can be calculated or measured for individuals, it is not 
appropriate to predict the health risk to a single individual using the methods prescribed here. 
Dose equivalents to a single individual are estimated by hypothesizing a maximally exposed 
individual and placing this individual in a reasonable but conservative scenario. This method is 
acceptable when the magnitude of the dose to a hypothetical maximally exposed individual is 
small, as is the case for the St. Louis FUSRAP. This methodology provides for reasonable 
potential exposure to the public and maintains a conservative approach. The scenalios and 
resulting estimated doses are outlined in Section 6.4. 
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All ingestion calculations were performed using the methodology described in International 
Commission on Radiation Protection (ICRP) Reports 26 and 30 for a fifty-year committed 
effective dose equivalent (CEDE). Fifty-year CEDE conversion factors were obtained from the 
EPA Federal Guidance Report No. 11 (EPA, 1989d). 

6.4 DOSE EQUIVALENT ESTIMATES EXPOSURE SCENARIOS 

Dose equivalent estimates for the exposure scenarios were calculated using CY 2003 monitoring 
data. Calculations for dose scenarios are provided in Appendix E. Dose equivalent estimates are 
well below the standards set by the NRC for annual public exposure and EPA NESHAPs limits. 

The CY 2003 TEDEs for hypothetical maximally exposed individuals near the HISS, SLAPS, 
SLDS, and Coldwater Creek are 6.1 mrem/yr, 6.0 mrem/yr, 0.2 mrem/yr, and 0.5 mrem/yr, 
respectively. In comparison, the annual average exposure to natural background radiation in the 
United States results in a TEDE of approximately 300 mrem (BEIR V, 1990). Assumptions are 
detailed in the following sections. 

6.4.1 Radiation Dose Equivalent from MSS to a Maximally Exposed Individual 

This section discusses the estimated TEDE to a hypothetical maximally exposed individual 
assumed to frequent the perimeter of the HISS and receive a radiation dose by the exposure 
pathways identified above. No private residences are adjacent to the site. Therefore, all 
calculations of dose equivalent due to the applicable pathway assume a realistic residence time 
that is less than 100%. A full time employee business receptor was considered to be the 
maximally exposed individual from the HISS. 

Thc cxposure scenario assumptions are as follows: 

• Exposure from airborne radioactive particulates was calculated using soil 
concentration data and air particulate monitoring data to determine a source term and 
then running the CAP-88 PC modeling code to calculate dose to the receptor (SAIC, 
2004a). 

• Exposure from external gamma radiation was calculated using environmental TLD 
monitoring data at the site perimeter between the source and the receptor. The site is 
assumed to represent a line-source to the receptor. 

• Exposure to radiation from all SLS sources occurs to the maximally exposed 
individual while working full-time outside at the receptor location facility located 
approximately 50 m east of the HISS perimeter. Exposure time is 2,000 hours per 
year (SAIC, 2004a). 

• Exposure from Rn-222 (and progeny) was calculated using a dispersion factor and 
Rn-222 (alpha track) monitoring data at the site perimeter between the source and the 
receptor (SAIC, 2004a). 

Based on the exposure scenario and assumptions described above, a maximally exposed 
individual working outside at the receptor location facility 50 m east from the HISS perimeter 
received 5.9 mrem/yr from airborne radioactive particulates, less than 0.1 mrem/yr from external 
gamma, and 0.1 mrem/yr from Rn-222 for a TEDE of 6.1 mrem/yr (SAIC, 2004a). 
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6.4.2 Radiation Dose Equivalent from the SLAPS to a Maximally Exposed Individual 

This section discusses the estimated TEDE to a hypothetical maximally exposed individual 
assumed to frequent the perimeter of the SLAPS and receive a radiation dose by the exposure 
pathways identified above. No private residences are adjacent to the site. Therefore, all 
calculations of dose equivalent due to the applicable pathway assume a realistic residence time 
that is less than 100%. A full time employee business receptor was considered to be the 
maximally exposed individual from the SLAPS. 

The exposure scenario assumptions are as follows: 

• Exposure from airborne radioactive particulates was calculated using soil 
concentration data and air particulate monitoring data to determine a source term and 
then running the CAP-88 PC modeling code to calculate dose to the receptor (SAIC, 
2004b). 

• Exposure from external gamma radiation was calculated using environmental TLD 
monitoring data at the perimeter between the source and the receptor. The site is 
assumed to represent a line-source to the receptor. 

• Exposure to radiation from all SLS sources occurs to the maximally exposed 
individual while working full-time outside at the receptor location facility located 
approximately 160 meters south of the SLAPS perimeter. Exposure time is 2,000 
liuuis per year (SAIC, 2004b). 

• Exposure from Rn-222 (and progeny) was calculated using a dispersion factor and 
Rn-222 (alpha track) monitoring data at the site perimeter between the source and the 
receptor (SAIC, 2004b). 

Based on the exposure scenario and assumptions described above, a maximally exposed 
individual working outside at the receptor facility 160 m from the SLAPS perimeter received 
5.7 mrem/yr from airborne radioactive particulates, 0.1 mrem/yr from external gamma, and 
0.2 mrem/yr from Rn-222 for a TEDE of 6.0 mrem/yr (SAIC, 2004b). 

6.4.3 Radiation Dose Equivalent from the SLDS to a Maximally Exposed Individual 

This section discusses the estimated TEDE to a hypothetical maximally exposed individual 
assumed to frequent the perimeter of the SLDS and receive a radiation dose by the exposure 
pathways identified above. No private residences are adjacent to the site. Therefore, all 
calculations of dose equivalent due to the applicable pathway assume a realistic residence time 
that is less than 100%. A full time employee business receptor was considered to be the 
maximally exposed individual from the SLDS. 

The exposure scenario assumptions arc as follows: 

Exposure from airborne radioactive particulates was estimated using soil 
concentration data and air particulate monitoring data to determine a source term and 
then running the CAP-88 PC modeling code to estimate dose to the receptor (SAIC, 
2004c). 

• Exposure from external gamma radiation was calculated using environmental TLD 
monitoring data at the site perimeter between the source and the receptor. The site is 
assumed to represent a line-source to the receptor. 
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• Exposure to radiation from all SLS sources occurs to the maximally exposed 
individual while working full-time outside at the receptor location facility located 
approximately 50 m from the assumed line source. Exposure time is 2,000 hours per 
year (SAIC, 2004c). 

• Exposure from Rn-222 (and progeny) was calculated using a dispersion factor and 
Rn-222 (alpha track) monitoring data at the site perimeter between the source and 
receptor (SAIC, 2004c). 

Based on the exposure scenario and assumptions described above, a maximally exposed 
individual working outside at the receptor location facility received 0.1 mrem/yr from airborne 
radioactive particulates, less than 0.1 mrem/yr from external gamma, and 0 mrem/yr from Rn-
222 for a TEDE of 0.2 mrern/yr (SAIC, 2004c). 

6.4.4 Radiation Dose Equivalent from Coldwater Creek to a Maximally Exposed 
Individual 

This section discusses the estimated TEDE to a hypothetical maximally exposed individual 
assumed to frequent Coldwater Creek and receive a radiation dose by the exposure pathways 
identified above. The assumed scenario is for a recreational user. Therefore, all calculations of 
dose equivalent due to the applicable pathway assume a realistic residence time that is less than 
100%. A youth spending time as a recreational user of Coldwater Creek is considered to be the 
maximally exposed individual from Coldwater Creek. 

The exposure scenario assumptions are as follows: 

• The youth spends 2 hours at Coldwater Creek during each visit, and visits once every 
two weeks. It is likely that activity would be greater in summer and less in winter, 
but the yearly average is 26 visits. 

• The soil/sediment ingestion rate is 50 milligrams per day, and water ingestion rate is 
2 liters per day (EPA, 1989c). 

• Average radionuclide concentrations in Coldwater Creek surface water/sediment 
samples taken in CY03 were assumed to be present in the water/sediment ingested by 
the maximally exposed individual (SAIC, 2004d). 

• Dose equivalent conversion factors for ingestion, are: Total U, 2.50E-5 millirem per 
picocurie (mrem/pCi); Ra-226, 1.33E-3 mrem/pCi; Ra-228, 1.44E-3 mrem/pCi; 
Th-228, 3.96E-4 mrem/pCi; Th-230, 5.48E-4 mrern/pCi; and Th-232, 
2.73E-3 mrem/pCi (EPA, 1989b). 

Based on the exposure scenario and assumptions described above, a maximally exposed 
individual using Coldwater Creek for recreational purposes received 0.015 mrem/yr from 
soil/sediment ingestion, and 0.48 mrem/yr from water ingestion for a TEDE of 0.5 mrem/yr 
(SAIC, 2004d). 

6.4.5 Radiation Dose Equivalent from the SLAPS to a Transient Receptor 

This section discusses the estimated TEDE to a hypothetical transient receptor that passes 
SLAPS daily during the workweek. Therefore, all calculations of dose equivalent due to the 
applicable pathway assume a realistic residence time is less than 100%. 
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The exposure scenario assumptions are: 

• The transient spends 30 minutes per day passing the SLAPS, and passes every day 
during the normal work year. 

• Exposure from airborne particulate radionuclides was calculated using soil 
concentration data and air particulate monitoring data to determine a source term and 
then running the CAP-88 PC modeling code to estimate dose to the receptor (SAIC, 
2004e). 

• Exposure to radiation from all SLS sources occurs to the transient receptor passing 
the SLAPS at approximately 25 m north of the SLAPS perimeter. Exposure time is 
125 hours per year (SAIC, 2004e). 

• Exposure from Rn-222 (and progeny) was estimated using Rn-222 (alpha track) 
monitoring data at the site perimeter between the source and the receptor and then 
running the CAP-88 PC modeling code to calculate dose to the transient receptor 
located approximately 25 m north of the SLAPS perimeter along McDonnell 
Boulevard (SAIC, 2004e). 

Based on the exposure scenario and assumptions described above, the exposed transient receptor 
passing SLAPS along McDonnell Boulevard 25 m north of the SLAPS perimeter received 2.0 
mrem/yr from airborne particulate radionuclides, less than 0.1 mrem/yr from external gamma, 
and less than 0.1 mrem/yr from Rn-222 for a TEDE of 2.1 mrem/yr (SAIC, 2004e). 
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ACRONYMS AND ABBREVIATIONS 

ACi/cm 3 	microcurie per cubic centimeter 

ACi/mL 	microcurie per milliliter 

AEC 	Atomic Energy Commission 

C° 	degree(s) Celsius (centigrade) 

CFR 	Code of Federal Regulations 

Ci/yr 	curie per year 

cm/yr 	centimeter per year 
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EXECUTIVE SUMMARY AND DECLARATION STATEMENT 

1 
1. 

This report presents the results of National Emission Standard for Hazardous Air Pollutants 
(NESHAP) calculations for the St. Louis Formerly Utilized Sites Remedial Action Program 
(FUSRAP) Sites for calendar year 2003 Calendar Year(CY) 2003. NESHAP requires the 
calculation of the effective dose equivalent from radionuclide emissions to critical receptors. The 
report follows the requirements and procedures contained in 40 Code of Federal Regulation (CFR) 
61, Subpart I, National Emission Standards for Radionuclide Emissions From Federal Facilities 
Other Than Nuclear Regulatory Commission Licensees and Not Covered by Subpart H. 

This report evaluates three sites: the St. Louis Airport Site (SLAPS), the Hazelwood Interim 
Storage Site (HISS), and the St. Louis Downtown Site (SLDS). This report also evaluates 
radionuclide emissions from the United States Army Corps of Engineers (USACE) 
Radioanalytical Laboratory operations. Emissions from the sites and lab were evaluated for the 
entire CY 2003 to provide a conservative estimate of total emissions. 

The NESHAP standard of effective dose equivalent (EDE) to a critical receptor from 
radionuclide emissions is 10 millirem per year (mrem/yr). None of the sites exceeded this 
standard. The EDE from radionuclide emissions at the HISS, SLAPS, and SLDS were calculated 
using soil characterization data, air particulate monitoring data, and the Environmental Protection 
Agency (EPA) CAP-88PC modeling code, which resulted in EDEs of 5.9 mrem/yr, 5.7 mrem/yr, 
and 0.1 mrem/yr, respectively. The EDE from the laboratory emissions was calculated using the 
methodology in Appendix D of 40 CFR 61, "Methods for Estimating Radionuclide Emissions", 
soil characterization data, and the CAP-88PC modeling code, which resulted in less than 0.1 
1111ein/yr. 

Evaluations for the SLDS and the USACE Radioanalytical Laboratory resulted in less than 10% 
of the dose standard in 40 CFR 61.102. These sites are exempt from the reporting requirements 
of 40 CFR 61.104(a). 

DECLARATION STATEMENT —40 CFR 61.104(a)(xvi) 

I certify under penalty of law that I have personally examined and am familiar with the 
information submitted herein and based on my inquiry of those individuals immediately 
responsible for obtaining the information, I believe that the submitted information is true, 
accurate and complete. I am aware that there arc significant penalties for submitting false 
information including the possibility of fine and imprisonment. See 18 U.S.C. 1001. 

Signature 	 Date 

Office; 	U.S. Army Corp of Engineers, St. Louis District Office 
Address: 	8945 Latty Ave. 

Berkeley, MO 63134 
Contact: 	Dennis Chambers, CHP 
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vi 



• 1.0 PURPOSE 

This report calculates the EDE from radionuclide emissions (exclusive of radon) to critical 
receptors from the USACE Radioanalytical Laboratory and each of the three St. Louis FUSRAP 
sites: HISS, SLAPS, and SLDS. The air emissions from each site are ground releases of 
particulate radionuclides in soil from windblown in situ and remedial activity sources. The air 
emissions from the laboratory are fume hood stack releases of particulate radionuclides from 
sample preparation and separation activities. 

2.0 METHOD 

Emission rates for the sites were modeled using guidance documents referenced in 40 CFR 61, 
Appendix E, "Compliance Procedures Methods for Determining Compliance with Subpart I", 
(EPA, 1989) and measured by collection of environmental air samples. Emission rates for the 
laboratory were modeled using guidance in 40 CFR 61 Appendix D, "Methods for Estimating 
Radionuclide Emissions". Emission rates were input into the EPA computer code CAP88-PC 
along with appropriate meteorological data and distances to critical receptors' to obtain the EDE 
from the air emissions. 

In the 1998 NESHAP report for the SLAPS, a comparison run was made for the highest critical 
receptor (business) located 160 m from the site in the south sector using COMPLY Version 1.5d 
and CAP88-PC. COMPLY provided an EDE result of 5.1 mrem/yr with CAP88-PC providing a 
result of 7.6 mrem/yr. The general agreement of these two results and the CAP88-PC results 
providing a greater annual EDE result indicates that CAP88-PC is a comparable method of 
demonstrating compliance with 40 CFR 61 Subpart I. 

2.1 EMISSION RATE 

Particulate radionuclide emission rates from the siteswere determined using: 40 CFR 61 
Appendix D, "Methods for Estimating Radionuclide Emissions", and environmental air samples 
collected from the perimeter of a site. Emissions during excavations were evaluated using air 
sampling data at the excavation perimeters when site perimeter air particulate data was not 
available. 

2.2 EFFECTIVE DOSE EQUIVALENT 

The EDE to critical receptors is obtained by using EPA computer code CAP88-PC Version 2.0 
(EPA, 1999). CAP88-PC uses a Gaussian plume equation to estimate the dispersion of 
radionuclides and is referenced by the EPA to demonstrate compliance with the National Emission 
Standard for Hazardous Air Pollutants NESHAP emissions criterion in 40 CFR 61. An area 
ground release at a height of one (1) meter is modeled for HISS, SLAPS, and SLDS and a stack 
release is modeled for the laboratory. 

The EDE is calculated by combining doses from ingestion, inhalation, air immersion, and 
external ground surface. CAP88-PC contains historical weather data libraries for major airports 

"Critical receptors," as used in this report, are the locations for the nearest residence, school, business, and farm. 
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across the country, and the results can be modeled for receptors at multiple distances from the 
emissions source. 

3.0 METEOROLOGICAL DATA 

Meteorological data was obtained from the CAP88-PC code for the St. Louis Lambert 
International Airport (wind file 13994.WND). Data in the file was accumulated from 1988 
through 1992. 

Average Annual Wind Velocity 	[4.446 meters/second (m/s)] 

Average Annual Precipitation Rate 111 [centimeters/year (cm/yr)] 

Average Annual Air Temperature 	14.18 °C 

Wind speed frequency data was obtained from St. Louis Lambert International Airport (see Table 
3-1). 

Table 3-1. 	St. Louis Wind Speed Frequency 

Wind Speed Group, Knots* Frequency 

0 — 3 0.10 

4 — 7 0.29 

8- 12  U.36 

13 — 18 0.21 

19 — 24 0.03 

25 — 31 0.01 

*lmot = 1.151 miles/hr 

Wind direction frequency was obtained from the CAP88-PC code (wind file, 13994.WND) (see 
Table 3-2). 

Table 3-2. 	St. Louis Wind Rose Frequency 

Wind direction 
(wind towards) 

Wind From Wind Frequency Wind direction 
(wind towards) 

Wind From Wind Frequency 

N S 0.1310 S N 0.056 
NNW SSE 0.074 SSE NNW 0.043 
NW SE 0.068 SE NW 0.061 

WNW ESE 0.069 ESE WNW 0.087 
W E 0.055 E W 0.090 

WSW ENE 0.028 ENE WSW 0.068 
SW NE 0.031 NE SW 0.054 

SSW NNE 0.037 NNE SSW 0.050 
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4.0 HAZEL WOOD INTERIM STORAGE SITE AND ADJACENT VICINITY 
PROPERTIES UNDER ACTIVE REMEDIATION 

4.1 SITE HISTORY 

In 1966, Continental Mining and Milling Company of Chicago, Illinois, purchased the wastes 
stored at SLAPS and began moving the waste to a property at 9200 Latty Avenue for storage. In 
1967, the Commercial Discount Corporation of Chicago, Illinois, purchased the residues and 
shipped much of the material to Canon City, Colorado, after drying. Cotter Corporation 
purchased the remaining residues in 1969 and dried and shipped more material to Canon City 
during 1970. In 1973, the remaining undricd material was shipped to Canon City and leached 
barium sulfate was mixed with soil and transported to a St. Louis County landfill. During these 
activities, improper storage, handling, and transportation of materials caused the spread of 
materials along haul routes and to the adjacent Vicinity Properties (VPs). 

In 1979, the owner of the property excavated approximately 13,000 cubic yards (yd 3) from the 
western half of the property prior to constructing a manufacturing facility. The material 
excavated at this time was stockpiled on the eastern half of the property, which now constitutes 
the HISS. In 1984, Bechtel National, Inc. performed remedial action activities, including 
clearing, cleanup, and excavation of the property at 9200 Latty Avenue and surrounding VPs. 
This action created about 14,000 yd 3  of additional contaminated soil, which was stockpiled on 
HISS. These stockpiles will be referred to as the main piles. 

In 1986, the U.S. Department of Energy (DOE) provided radiological support to the cities of 
Hazelwood and Berkeley for a drainage and road improvement project. Soil with constituents in 
excess of DOE remedial action guidelines was excavated and stored at HISS. This action 
resulted in an additional 4,600 yd 3  of material being placed at HISS in a supplemental storage pile. 

In 1996, the owner of the property to the east of the HISS, General Investment Funds Real Estate 
Holding Company, in consultation with DOE, made commercial parking and drainage 
improvements on the property. This action resulted in the stockpiling of approximately 8,000 yd 3  
of soil and debris in two interim storage piles located in the southwestern portion of the Latty 
Avenue VP-2. These piles will be referred to as the eastern piles. 

Tn 2000 and 2001, the USACE removed the main, supplemental, and eastern piles and shipped 
them by rail to Envirosafe landfill in Utah. The ground surface where the piles used to sit were 
covered by a layer of plastic and approximately six inches of gravel. 

4.2 MATERIAL HANDLING AND PROCESSING FOR CY 2003 

No excavations were performed at the HISS during CY 2003. However, environmental air 
samples wei e collected around the perimeter of the site during CY 2003 from January to 
December. The results were used to determine windblown in situ emissions during that time. 

4.3 SOURCE DESCRIPTION — RADIONUCLIDE SOIL CONCENTRATIONS 

The radionuclide concentrations, as they existed in the soil piles at the HISS, were obtained from 
statistical summaries of the piles contained in the St. Louis-FUSRAP Internal Dosimetry 
Technical Basis Manual (T_TSACE, 1999). Since there has been .veiy little characterization data 
for the remaining soil that was beneath the piles on HISS, the radionuclide concentrations used as 
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a source term for determining emission rates are assumed to be the same as the average of the 
concentrations of the piles. Appendix A contains a summary table of the radionuclide 
concentrations used to calculate the emission rate from the site. 

4.4 LIST OF ASSUMED MR RELEASES FOR CY 2003 

Wind erosion during periods of site inactivity is assumed for the particulate radionuclide 
emission determinations from the HISS. VPs do not contribute to the emission determinations 
for periods of inactivity due to the low activity and vegetation cover. 

4.5 DISTANCES TO CRITICAL RECEPTORS 

The distances to critical receptors are shown in Figure 4-1 and Table 4-1. Distances and 
directions to critical receptors are based on measurements obtained from the USGS 7.5-minute 
Florissant Quadrangle Map. 

Table 4-1. 	HISS Critical Receptors 

Receptor Direction from site Distance (miles) Distance (m) 
Nearest Resident E 0.8 1,300 

School SE 1.3 2,100 
Business E 0.1 50 1  

Farm E 0.8 1,300 
Distance from receptor to fenceline is 50 m. Distance from receptor to emission source 
from the HISS is 110 m. 

• 

• 
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4.6 EMISSIONS DETERMINATIONS 

4.6.1 Measured Particulate Emissions 

Particulate air samples are collected from four sampling locations around the perimeter of the 
HISS to measure the radionuclide emissions. Particulate air was continuously sampled for the 
entire year and provides the basis for determining the radionuclide emission rates during CY 
2003. The average gross alpha and beta concentrations [microcurie per millimeter (i_lCi/mL)] are 
determined for each sample location for CY 2003. The site gross alpha and beta emission 
concentration is determined by averaging the four locations. The location and site average 
concentrations are presented in Table 4-2. 

Table 4-2. 	HISS Average Gross Alpha and Beta Particulate Emissions 

Monitoring Location 

_ 
Average Concentration (ACi/mL) . 

Alpha Beta 
HAP-001 1.50E-15 2.07E-14 
HAP-002 1.56E-15 2.10E-14 
HAP-003 1.39E-15 2.13E-14 
HAP-004 1.62E-15 2.18E-14 

Average Site Concentration = _ 	 1.52E-15 2.12E-14 

Radionuclide activity fractions arc determined for alpha and beta from the average radionuclide 
concentration data contained in the St. Louis FUSRAP Internal Dosimetry Technical Basis 
Manual (USACE, 1999). The product of each radionuclide activity fraction and the gross 
concentration provides the radionuclide emission concentration [microcurie per cubic centimeter 
(pCi/cm 3)]. The gross average concentration (iiCi/cm 3) is converted to a release rate [curie per 
year (Ci/yr)] using Equations (1) and (2) below and illustrated in Table 4-3. 

EPA 1989 [page 3-21, (2)] provides Equation (1) for determination of the effective diameter of a 
non-circular stack or vent. 

D = (1.3 A)"2 
	

Equation (1) 

where 

is the effective diameter of the release [meter (m)]; and 

A 	is the area of the stack, vent, or release point [square meters (m 2)]. 

For the HISS, the area within the perimeter of the air samples is 22,000 m 2  resulting in an 
effective diameter of 169 m. 

The average annual wind speed for the St. Louis Lambert International Airport is provided in 
CAP88-PC as 4.446 [meters/second (m/s)]. Conversion of this wind speed to a flow rate through 
a stack with an effective diameter of 169 m is completed using Equation (2). 

• 

• 
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V = (4) F / it (D) 2 	 Equation (2) 

where 

V 	is the wind velocity (m/min) = 266.76 [meter per minute (m/min)]; 

is the flow rate (cubic meters (m 3/min)]; 

TE 	is a mathematical constant, and 

is the effective diameter of the release determined using Equation (1) 
above (m). 

Converting the velocity of emissions from the site to an effective flow rate results in a site release 
flow rate of 6.0E+6 m 3/min. The product of the flow rate, the average radionuclide concentration 
for the HISS, and the appropriate conversion factors, provide the site emission rate for each 
radionuclide as illustrated in Table 4-3. Appendix A can be referenced for flow rate and average 
radionuclide concentration data. 

4.6.2 HISS Total Emission Rates 

The HISS total CY 2003 emission rates that were input into the EPA codes are shown in Table 4- 
3 and are based on the calculated emission rates from the air samples collected from the 
perimeter of the site. 

Table 4-3. 	CY 2003 HISS Total Emission Rates 

Radionuclide 'Emission (Ci/yr) 
ii.238 1.9E-03 
U-235 8.7E-05 
U-234 1.9E-03 
Ra-226 2.0E-04 
Th-232 2.9E-05 
Th-230 5.1E-04 _ 
Th-228 2.9E-05 
Ra-224 2.9E-05 
Th-234 3.2E-02 

Pa-234m 3.2E-02 
'Th-231 1.5E-03 
Ra-228 4.9E-04 
Ac-228 4.9E-04 
Pa-231 8.7E-05 
Ac-227 8.7E-05 

I  Emission rate based on 365 day sampling period at a flow rate of 6.0E+6 m 3/min as determined 

from Equations (1) and (2). 

4.7 CAP88-PC RESULTS 

I . 
The CAP88-PC report for HISS are contained in Appendix B. The area factor input was 22,000 
m2  for the entire HISS. Results show compliance with the 10 millirem per year (mrem/yr) 
criterion for all critical receptors. Table 4-5 summarizes the results. 
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Table 4-5. 	HISS CAP88-PC Results for Critical Receptors 

Receptor Direction from site Distance (m) (mrem/yr) 
0.7 Nearest Resident E 1,300 

School' SE 2,100 0.1 
Business' E 502  5.9 
Farm E 1,300 0.7 
I 	Corrected for the 23 percent occupancy factor (50 weeks/yr 40 hours/wk). 

2 	Distance from receptor to fenceline is 50 m. Distance from receptor to emission source from the HISS is 110 m. 

3 	Occupancy factor .3 100% for resident and farm. 
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5.0 ST. LOUIS AIRPORT SITE AND ADJACENT VICINITY PROPERTIES UNDER 
ACTIVE REMEDIATI ON 

5.1 SITE HISTORY 

The Manhattan Engineering District (MED) acquired the SLAPS in 1946 to store uranium-
bearing residuals generated at the SLDS from 1946 until 1966. In 1966, these residuals were 
purchased by Continental Mining and Milling Company of Chicago, removed from the SLAPS, 
and placed in storage at the Latty Avenue HISS under an Atomic Energy Commission (AEC) 
license. After most of the residuals were removed, site structures were demolished and buried on 
the property along with approximately 60 truckloads of scrap metal and a vehicle that had 
become contaminated. In 1973, the U.S. Government and the City of St. Louis agreed to transfer 
ownership from AEC to the St. Louis Airport Authority. Various characterization studies have 
been performed on the site. 

5.2 MATERIAL HANDLING AND PROCESSING FOR CY 2003 

Excavation activities were performed at the SLAPS on the North side of the Radium Pits and in 
the Phase I and Phase II areas of the site. Excavation also included a small parcel of Phase IV. 
The excavated soils were removed from the site by rail. Environmental air samples were 
collected around the perimeter of the site during CY 2003. The results were used to determine 
the excavation and windblown in situ emissions. 

5.3 SOURCE DESCRIPTION — RADIONUCLIDE SOIL CONCENTRATIONS 

The radionuclide concentrations, as they exist in the surface soils at the SLAPS, were obtained 
from statistical sumnialies of the investigative areas (IAs) contained in the St. Louis-FUSRAP 
Internal Dosimetry Technical Basis Manual (USACE, 1999). Appendix A contains a summary 
table of the radionuclide concentrations used to calculate the emission rate from the site, as 
applicable. For the SLAPS, areas IA-1 through IA-8 were averaged to determine the 
radionuclide concentrations that apply to site emissions. 

5.4 LIST OF ASSUMED AIR RELEASES FOR CY 2003 

Wind erosion during periods of site inactivity and remedial action excavations are assumed for 
the particulate radionuclide emission determinations from the SLAPS. VPs do not contribute to 
the emission determinations for periods of inactivity due to the low activity and vegetation cover. 

5.5 DISTANCES TO CRITICAL RECEPTORS 

The distances to critical teceptors are shown m Figure 5-1 and Table 5-1. Distances and 
directions to critical receptors are based on measurements on the USGS 7.5-minute Florissant 
Quadrangle Map. 

9 



Table 5-1. 	SLAPS Critical Receptors 

Receptor Direction from site Distance (ml) Distance (m) 
Nearest Resident E 1 1,600 
School SE 1.4 2,300 
Business S 0.1 160' 
Farm NE 0.84 1,400 

Distance from receptor to fenceline is 160 meters. Distance from receptor to center of source is 314 

meters for emissions determination. 

5.6 EMISSIONS DETERMINATION 

5.6.1 Measured Particulate Emissions 

Particulate air samples are collected from five sampling locations around the perimeter of the 
SLAPS to measure the radionuclide emissions. Particulate air was continuously sampled for the 
entire year and provides the basis for determining the radionuclide emission rates during CY 
2003. The average gross alpha and beta concentrations .tCi/mL are determined for each site 
location for CY 2003. The site gross alpha and beta emission concentration is determined by 
averaging the five locations. The location and the site average concentrations are presented in 
Table 5-2. 

Table 5-2. 	SLAPS Average Gross Alpha and Beta Particulate Emissions 

Monitoring Location 
Average Concentration (Ki/mL) 

alpha beta 
PAP-001 3.45E-15 5.32E-14 
PAP-002 3.71E-15 5.33E-14 
PAP-003 3.52E-15 5.33E-14 
PAP-004 3.73E-15 5.31E-14 
PAP-005 3.61E-15 5.44E-14 

Average Site Concentration = 3.61E-15 5.35E-14 
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Radionuclide activity fractions are determined for alpha and beta from the average radionuclide 
concentration data contained in the St. Louis FUSRAP Internal Dosimetry Technical Basis 

Manual (USACE, 1999). The product of each radionuclide activity fraction and the gross 
concentration provides the radionuclide emission concentration (pCi/cm 3). The gross average 

concentration (1tCi/cm 3) is converted to a release rate (Ci/yr) using Equations (1) and (2) below 
and illustrated in Table 5-3. 

EPA 1989 [page 3-21, (2)] provides Equation (1) for determination of the effective diameter of a 
non-circular stack or vent. 

D = (1.3 A) 1/2 	 Equation (1) 

where 

• is the effective diameter of the release (m), and 

A 	is the area of the stack, vent, or release point (m 2). 

For the SLAPS, the area within the perimeter of the air samples is 88,000 m 2  resulting in an 
effective diameter of 338 m. 

The average annual wind speed for the St. Louis Lambert International Airport is provided in 
CAP88-PC as 4.446 m/s. Conversion of this wind speed to a flow rate through a stack with an 
effective diameter of 338 m is completed using Equation (2). 

V = (4) F / it ())2 	 Equation (2) 

where 

✓ is the wind velocity (m/min) = 266.76 m/min, 

is the flow rate (m 3/min), 

it 	is a mathematical constant, and 

D is the effective diameter of the release determined using Equation (1) 
above (m). 

Converting the velocity of emissions from the site to an effective flow rate results in a site release 
flow rate of 2.4E+7 m 3/min. The product of the flow rate, the average radionuclide concentration 
for the SLAPS, and the appropriate conversion factors provide the site emission rate for each 
radionuclide as illustrated in Table 5-3. Appendix A can be referenced for flow rate and average 
radionuclide concentration data. 
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• 	5.6.2 SLAPS Total Emission Rates 

The total CY 2003 emission rates, that were input into the EPA codes, are shown in Table 5-3 
and are based on the calculated emission rates from the air samples collected from the perimeter 
of the site. 

Table 5-3. 	CY 2003 SLAPS Total Emission Rates 

Radionuclide 'Emission (Ci/yr) 
U-238 3.4E-03 
U-235 1.6E-04 
U-234 3.5E-03 
Ra-226 3.2E-03 
Th-232 2.5E-04 
Th-230 3.4E-02 
Th-228 1.5E-04 
Ra-224 1.5E-04 
Th-234 3.2E-01 

Pa-234m 3.2E-01 
Th-231 1.5E-02 
Ra-228 1.0E-02 
Ac-228 1.0E-02 
Pa-231 1.6E-04 
Ac-227 1.6E-04 

l Erni33ion rate ba5cd un 365 day sampling period at a flow ra e of 2.4E+7 m3/min as determined from Equations (1) and (2). 

5.7 CAP88-PC RESULTS 

The CAP88-PC repnrt for SLAPS is contained in Appendix B. The area factor input was 
88,000m2  for the entire SLAPS. Results show compliance with the 10 mrem/yr criterion for all 
critical receptors. Table 5-5 summarizes the results. 

Table 5-5. 	SLAPS C.A.P88-PC Results for Critical Receptors 

Receptor Direction from site Distance (m) (mrem/yr) 
Nearest Resident3  E 1,600 3.1 
School' SE 2,300 0.2 
Business' S 1602 5.7 
Farm3  NE 1,400 2.1 

Corrected for the 23 percent occupancy factor (50 weeks/yr at 40 hours/wk). 
2 	Distance from receptor to fenceline is 160 m. Distance from receptor to center of source is 314 m for 

emissions determination. 

3  Occupancy factor is 100% for resident and farm. 
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6.0 ST. LOUIS DOWNTOWN SITE PROPERTIES UNDER ACTIVE REMEDIATION 

6.1 SITE HISTORY 

From 1942 until 1957, Mallinckrodt Chemical Works was contracted by MED and AEC to 
process uranium ore for the production of uranium metal. Residuals of the process, including 
spent pitchblende ore, process chemicals, and radium, thorium, and uranium, were inadvertently 
released from the Mallincicrodt Plant and into the environment through handling and disposal 
practices. Residuals from the uranium process had elevated levels of radioactive radium, 
thorium, and uranium. From 1942 to 1945, Plants 1, 2, 6, 7, and 4 (now Plant 10) were involved 
in the development of uranium-processing techniques, uranium compounds and metal 
production, and uranium metal recovery from residues and scrap. Uranium-bearing process 
residues from these operations were stored at the SLAPS and the Latty Avenue Properties from 
1946 to 1966. Relocation and storage of these processed wastes at SLAPS and the Latty Avenue 
Properties resulted in the subsequent contamination of the SLAPS VPs. Mallinckrodt 
decontaminated Plants I and 2 from 1948 through 1950 to meet the AEC criteria then in effect, 
and the AEC released these plants for use without radiological restrictions in 1951. 

6.2 MATERIAL HANDLING AND PROCESSING FOR CY 2003 

Excavation activities were performed at SLDS Plants 1, 6 and 7E. Excavation activities also 
occurred at the following SIDS VPs: City of Venice Illinois (DT-11), Heintz Steel (DT-6), 
Midwest Waste (DT-7), and Thomas & Proetz (DT-10) properties. The excavated soils were 
removed from the site by rail. General area air samples were collected around excavation 
perimeters during CY 2003 with the results used to determine the excavation emissions. In situ 
emissions from inactive areas of SLDS were not calculated because the ground surface soil at 
SLDS is generally covered with asphalt or concrete that limits the potential for material to 
become airborne. 

6.3 SOURCE DESCRIPTION — RADIONUCLIDE SOIL CONCENTRATIONS 

The radionuclide concentrations for Plant 1, 6, and 7E as they exist in the soils at SLDS, were 
obtained from statistical summaries of Plant areas contained in the St. Louis-FUSRAP Internal 
Dosimetry Technical Basis Manual (USACE, 1999). The radionuclide concentrations for 
Midwest Waste, as they exist in the soils at SLDS, were obtained from screening data provided 
by the Remedial Action (RA) contractor. For the SLDS areas of the City of Venice, Heintz Steel 
and Thomas & Proetz, radionuclide concentrations as they exist in the respective soils were 
determined using pre-design investigation (PDI) data. Appendix A contains summary tables of 
the radionuclide concentrations for each area or plant used to calculate the emission rate from 
each area or plant, as applicable. Air particulate concentrations were averaged at each area or 
plant to determine the radionuclide concentrations that apply to site emissions during the open 
excavations. 
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Sources 
Resident Farm Business School 

Distance 
(m) 

. 	. 
Direction 

Distance 
(m) 

. 
Direction 

Distance 
(m) 

.. Direction 
Distance 

(m) 
. 

Direction 

Plant 1 1,140 NE 1 140 i NE 391 SE 1,781 SW 

City of Venice 887 NE 887 NE 370 SW 4,968 SW 

Heintz Steel 1,300 NE 1,300 NE 64 N 4,550 SW 	_ 

Plant 6 1,046 NE 1,146 NE 202 SW 4,805 SW 

Plant 7 1,094 NE 1,094 NE 280 SW 4,783 SW 

Thomas & Proetz 1,191 NE 1,191 NE 59 SW 4,480 SW 

Midwest Waste 1,251 NE 1,251 NE 146 _ 	W 4,608 SW 

6.6 EMISSIONS DETERMINATION 

7 

• 6.4 LIST OF ASSUMED AIR RELEASES FOR CY 2003 

Wind erosion during periods of remedial action excavations is assumed for the particulate 
radionuclide emission determinations from the SLDS. VPs do not contribute to the emission 
determinations for periods of inactivity due to the low activity and cover. 

6.5 DISTANCES TO CRITICAL RECEPTORS 

The distances to critical receptors are shown in Figure 6-1 and listed in Table 6-1. Distances and 
directions to critical receptors are based on measurements obtained from the USGS 7.5 minute 
Florissant Quadrangle Map. 

Table 6-1. 	SLDS Critical Receptors 

6.6.1 Measured Particulate Emissions 

Particulate air samples were collected from several locations around the perimeter of the SLDS 
excavations to measure the radionuclide emissions from remedial activities. The samplers were 
established at the start of each remedial activity and provide the basis for determining the 
radionuclide emission rates during CY 2003. The average gross alpha and beta concentrations 
(pCi/mL) are determined for each area or plant location for CY 2003. All gross alpha 
concentration results for Midwest Waste were reported from the laboratory as negative values 
(i.e., less than the detector background); therefore the average gross alpha concentration was 
assumed to be zero for determining Midwest Waste emission rates. The area or plant average 
concentrations are presented in Table 6-2. 

Table 6-2. 	SLDS Average Cross Alpha and Beta Particulate Emissions 

I. 

Monitoring Location 
Average Concentration (pCi/mL) 

alpha beta 

Plant 1 2.73E-15 1.20E-14 

City of Venice 1.35E-14 2.43E-13 

Heintz Steel 4.57E-15 4.22E-14 

Plant 6 4.25E-15 2.66E-14 

Plant 7 3.69E-15 2.88E-14 

Thomas & Proetz 3.37E-15 2.86E-14 

Midwest Waste 0.00E+00 1  5.90E-15 
All data reported from the lab were negative; therefore the average concentration was reported as zero. 
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• With the following exceptions, all radionuclide activity fractions for the SLDS areas are 
determined for alpha and beta from the average radionuclide concentration data contained in the 
St. Louis FUSRAP Internal Dosimetry Technical Basis Manual (USACE, 1999). Midwest Waste 
radionuclide activity fractions are determined for alpha and beta from the average radionuclide 
concentration data obtained from screening data provided by SHAW Corporation. Radionuclide 
concentration data for the City of Venice, Heintz Steel, and Thomas and Proetz were based upon 
CY 2002 and 2003 PDI data. The product of each radionuclide activity fraction and the gross 
concentration provides the radionuclide emission concentration (.iCi/cm 3). The gross average 
concentration (piCi/cm 3) is converted to a release rate (Ci/yr) using Equations (1) and (2) below 
and illustrated in Table 6-3. 

EPA 1989 [page 3-21, (2)] provides Equation (1) for determination of the effective diameter of a 
non-circular stack or vent. 

D = (1.3 A) I/2  

where 

is the effective diameter of the release (m), and 

A 	is the area of the stack, vent or release point (m 2). 

Equation (1) 

Table 6-3 provides the effective surface area available for release of airborne radionuclides 
normalized to one year and the effective diameter for each area or plant of SLDS that was 
excavated in CY 2003. Calculation of the effective surface area can be referenced in Appendix 
A. 

Table 6-3. 	SLDS' Excavation Locations Effective areas and Effective Diameters. 

SLDS Location Effective Area (m 2) Effective Diameters (m) 
Plant 1 14 4 
City of Venice 203 16 
Heintz Steel 31 6 
Plant 6 981 36 
Plant 7 225 17 
Thomas & Proetz 93 11 
Midwest Waste 4 2 

The average annual wind speed for the St. Louis Lambert International Airport is provided in 
CAP88-PC as 4.446 m/s. Conversion of this wind speed to a flow rate through stacks with the 
listed effective diameters for each area is completed using Equation (2). 

V = (4) F / rc (D) 2  Equation (2) 

where 

V 	is the wind velocity (m/min) = 266.76 m/min, 

is the flow rate (m 3/min), 
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it 	is a mathematical constant, and 

is the effective diameter of the release determined using Equation (1) 
above (m). 

Converting the velocity of emissions from the sites to an effective flow rate results in the 
following site release flow rates for the SLDS areas as listed in Table 6-4. The product of the 
flow rate, the average radionuclide concentration for the SLDS, and the appropriate conversion 
factors provide the site emission rate for each radionuclide as illustrated in Table 6-5. Appendix 
A can be referenced for flow rate and average radionuclide concentration data. 

Table 6-4. 	SLDS' Site Release Flow Rates 

SLDS Location Site Release Flow Rate (m 3/min.) 
Plant 1 3.7E+03 
City of Venice 5.5E+04 
Heintz Steel 8.4E+03 
Plant 6 2.7E+05 
Plant 7 6.1E+04 
Thomas & Proetz 2.5E+04 
Midwest Waste 1.2E+03 

( 
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Table 6-5. SLDS Area Particulate Radionuclide Emission Rates Based on Excavation Perimeter 
Air Samples • 

Radionuclide 

, 
'Emission (Ci/yr) 

Plant 1 Plant 7 Plant 6 Midwest 
Waste 

City of 
Venice 

Heintz Steel Thomas and 
Proetz 

U-238 6.2E-06 6.2E-06 2.1E-04 0.0E+00 4.1E-06 7.6E-07 6.0E-07 

U-235 3.0E-07 3.0E-07 1.0E-05 0.0E+00 2.2E-07 4.6E-08 3.6E-08 

U-234 6.2E-06 6.2E-06 2.1E-04 0.0E+00 4.1E-06 	, 7.6E-07 6.0E-07 

Ra-226 3.9E-06 3.9E-06 4.1E-05 0.0E+00 3.9E-06 2.5E-07 5.2E-07 

Th-232 1.5E-06 1.5E-06 1.0E-05 0.0E+00 9.1E-07 6.1E-08 1.1E-07 

Th-230 4.2E-06 4.2E-06 7.9E-05 0.0E+00 3.2E-06 4.6E-07 5.6E-07 

Th-228 1.5E-06 1.5E-06 1.0E-05 0.0E+00 1.1E-06 6.6E-08 1.3E-07 

Ra-224 1.5E-06 1.5E-06 1.0E-05 0.0E+00 1.1E-06 6.6E-08 1.3E-07 

Th-234 6.5E-05 6.5E-05 1.8E-03 2.5E-15 9.8E-05 9.3E-06 6.8E-06 

Pa-234m 6.5E-05 6.5E-05 1.8E-03 2.5E-15 9.8E-05 9.3E-06 6.8E-06 

Th-231 3.1E-06 3.1E-06 8.3E-05 1.6E-16 5 1E.06 5.6E 07 4.0E-07 

Ra-228 1.5E-05 1.5E-05 8.3E-05 3.6E-16 2.0E-05 6.8E-07 1.1E-06 

Ac-228 1.5E-05 1.5E-05 8.3E-05 3.6E-16 2.0E-05 6.8E-07 1.1E-06 

Pa-231 3.0E-07 3.0E-07 1.0E-05 0.0E+00 2.2E-07 4.6E-08 3.6E-08 

Ac-227 	_ 3.0E-07 	_ 3.0E-07 	_ 1.0E-05 0.0E+00 2.2E-07 4.6E-08 3.2E-08 
I 

	

	Release rate based on 365 day period @ a respective flow rate as presented in reportable 6-4 as determined from the average annual 

wind speed (4.446 meters/second) and the effective site area for each location. 

6.7 CAP88-PC RESULTS 

The CAP88-PC report is contained in Appendix B. The effective area factor input was taken 
from Table 6-3. This evaluation demonstrates that all SLDS critical receptors receive less than 
10 percent of the dose standard in 40 CFR 61.102 and therefore, SLDS is exempt from the 
reporting requirements of 40 CFR 61.104(a). Table 6-6 summarizes the results. 

Table 6-6. 	SLDS CAP88-PC Results for Critical Receptors 

Source 
Dose (mrem/yr) 

Resident2  School' Business' Farm2  

Plant 1 1.6E-04 1.3E-05 1.8E-04 1.6E-04 

City of Venice 1.1E-03 5.5E-05 8.7E-04 1.1E-03 

Heintz Steel 5.4E-04 1.0E-04 9.6E-03 5.4E-04 

Plant 6 4.3E-02 3.9E-03 1.0E-01 4.3E-02 

Plant? 1.5E-03 1.2E-04 2.7E-03 1.5E-03 

Thomas & Proetz 6.6E-04 1.3E-04 4.1E-03 6.6E-04 

Midwest Waste 6.4E-06 1.4E-06 3.9E-06 6.4E-06 

SLDS Total Dose' 4.7E-02 4.3E-03 1.2E-01 4.7E-02 
I  Corrected for the 23 percent occupancy factor (50 weeks/yr at 40 hours/wk). 

2 	100 percent occupancy factor. 

3  Combined dose from all SLDS' sources. 
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7.0 USACE RADIOANALYTICAL LABORATORY • 7.1 SITE DESCRIPTION 

The USACE radioanalytical laboratory is located on VP-38. VP-38 is a St. Louis FUSRAP VP, 
owned by SuperValue, Inc. VP-38 is bounded on the north, east, and west by the SuperValue, Inc. 
property and on the south by Latty Avenue. The laboratory site covers approximately one acre of 
VP-38. 

7.2 LIST OF ASSUMED AIR RELEASES FOR CY 2003 

Emissions from USACE Radioanalytical Laboratory operations are assumed for the particulate 
radionuclide emission determinations from the Laboratory Site. The VP is assumed not to have 
contributed to the emission determinations during CY 2003 due to prior remediation, low 
activity, and vegetation cover. 

7.3 EFFLUENT CONTROLS 

The effluent controls at the USACE laboratory during operations includes performing all 
radioanalytical activities in fume hoods that exhaust to the outside air after passing through a 
high efficiency particulate air (HEPA) filter. 

7.4 DISTANCES TO CRITICAL RECEPTORS 

The distances to critical receptors are shown on Figure 7-1 and in Table 7-1. Distances and 
directions to critical receptors are based on measurements obtained from the USGS 7.5 minute 
Florissant Quadrangle Map. 

Table 7-1. 	Laboratory Critical Receptors 

Receptor Direction from site Distance 
(miles) 

Distance 
(m) 

Nearest Resident E 0.5 830 
School SE 1.2 1950 
Business S 0.04 60 
Farm E 0.5 830 

• 
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7.5 EMISSIONS DETERMINATIONS 

7.5.1 Stack Emissions from USACE Laboratory Operations 

There are two potential sources of emissions from laboratory operations: 

1. The drying and grinding operations for soil samples, and 

2. The dissolution of soil and water samples. 

To obtain an estimate of the emissions that these operations might cause, the methodology in 
Appendix D of 40 CFR 61, "Methods for Estimating Radionuclide Emissions" was utilized. For 
the drying and grinding operations, a factor of 0.001 (applicable to liquids and powders) was 
applied to the entire annual laboratory inventory to determine the emissions for the year. For the 
dissolution operation, however, only five grams of any sample are used. Since the dissolution 
involved heating samples to near boiling temperatures, no adjustment was made to the 
dissolution inventory to determine the emissions (a factor of 1.0 as specified in Appendix D). To 
account for the small aliquot utilized, the annual inventory was adjusted by a factor of 0.005 (the 
ratio of the 5-gram aliquot to the 1-kilogram sample mass) to estimate emissions. The two 
emission sources were then summed to determine the total laboratory source term. 

Note that no credit is taken for emission controls serving the drying and grinding operations, 
even though Appendix D allows for credit to be taken for the HEPA filters installed on the 
grinder equipment. The calculated source term therefore provides a conservative basis on which 
to determine compliance with EPA guidance in 40 CFR 61. 

To determine whether the laboratory complies with the 10 mrem/yr limit specified in 40 CFR 61, 
Subpart I, the annual inventory handled by the laboratory had to be determined. The actual 
number of samples handled by the laboratory was reported as shown in Table 7-2. With this 
data, the following equation was used to calculate laboratory emissions from the operations 
conducted in CY 2003. 

Emission Rate (Ci/yr) = C* N * F *1000 g/sample * 1 E —12 (Ci/pCi) 

where: 

C = the concentration of a radionuclide of concern in a sample type (pCi/g), 

N = the number of samples of that type processed by the laboratory in CY 2003. 

F = the appropriate con-ection factor (i.e., 0.001 for drying/grinding or 0.005 for 
dissolution) 

• 

• I 
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I. 

Table 7-2. 	Laboratory Samples CY 2003 Annual Inventory 

Site Type Gamma 'soRa lsoTh IsoU Total Drying and Grinding' Total Separations 2'3  _ 
CWC4 ' 5  sediment 12 0 12 0 24 12 
CWC4 '5  water 0 12 12 12 NA 36 
HISS soil 63 0 10 0 73 10 , 
HISS water 0 30 30 30 NA 90 . 

SLAPS soil 561 0 426 0 987 426 

SLAPS water 0 153 162 60 NA 375 

SLDS soil 1,863 28 1,639 3530 1,667 _ 
SLDS water 0 28 28 28 NA 84 

VP soil 	_ 2,330 _ 	0 1,960 0 4,290 1,960 

HISS and VP Total 
SLAPS and CWC Total 

SLDS Total 

4,363 2,060 
1,011 849 
3,530 1,751 

Assumes all soil samples went through a drying/grinding process 
2 	Assumes all soil and water samples for isotopic radium, thorium, and uranium went through a separations process 
3 	Assumes isotopic radium, thorium, and uranium occur in separate and distinct processes 
4 CWC - Coldwater Creek 

Coldwater Creek samples use SLAPS characterization data to determine release rates. 
6 	VP samples use HISS characterization data to determine release rates. 

7.5.2 Laboratory Total Emission Rates 

The Laboratory total CY 2003 emission rate was input into the EPA CAP88-PC code. The total 
emission rates are shown in Table 7-3 as the calculated emissions from laboratory operations. 
The result was then used to calculate, total dose to the hypothetical maximally exposed receptor. 
Calculation of emission rates can be referenced in Appendix A. 
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Table 7-3. 	Laboratory CY 2003 Total Emission Rates 

Radionuclide Emission (Ci/yr) 1  
U-238 4.3E-06 
U-235 2.0E-07 
U-234 4.3E-06 
Ra-226 8.0E-07 
Th-232 1.0E-07 
Th-230 2.8E-06 
Th-228 9.7E-08 
Ra-224 9.7E-08 
Th-234 4.3E-06 

Pa-234m 4.3E-06 
Th-231 2.0E-07 
Ra-228 9.3E-08 
Ac-228 9.3E-08 
Pa-231 2.0E-07 
Ac-227 2.0E-07 

I  Total emission rate is the sum of individual emission rates that were determined by using the 

calculation in section 7.5.1. 

7.6 CAP88-PC RESULTS 

The CAP88-PC report is contained in Appendix B. The stack factor input was 3 m in height and 
0.3 IJJ in diameter. This evaluation demonstrates that all USACE Radioanalytical laboratory 
critical receptors receive less than 10 percent of the dose standard in 40 CFR 61.102 and 
therefore, the laboratory is exempt from the reporting requirement of 40 CFR 61.104(a). Table 
7-4 summarizes the results. 

Table 7-4. 	Laboratory CAP88-PC Results for Critical Receptors 

Receptor Direction from site Distance (m) (mrem/yr) 
Nearest Resident E 830 <0.1 
School' SE 1,950 <0.1 
Business' S 60 <0.1 
Farm E 830 <0.1 
I  Corrected for the 23 percent occupancy factor (50 weeks/yr 40 hours/wk). 

2  Occupancy factor is 100% for resident and farm. 
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ATTACHMENT 1 
APPENDIX 1A 

CALCULATED EMISSION RATES FROM SLS PROPERTIES 



I le 1. Radionuclide Concentrations' 

11 
Area / Rad Range (pCii_g) Avg. (pCi/g) Area /Rad Range (pCi/g) 

Avg. 
(pCi/g) 

Main Pile Supplemental Pile 

Tot-U 2  

U-238 

U-235 

U-234 

Ra-226 

Ra-228 

Th-232 

Th-230 

Th-228 

6-640 

3-310 

0.1-14 

3-310 

0.7-5,400 

0.5-14 

0.5-14 

0.3-330 

0.5-14 

45 

22 

1.0 

22 

87 

2.2 

2.2 

17 

2.2 

Tot-U 2  

U-238 

U-235 

U-234 

Ra 226 

Ra-228 

Th-232 

Th-230 

Th-228 

6.2-68,000 

3-33,000 

0.1-1,500 

3.1-33,000 

0.4-500 

0.5-9 

0.5-9 

0.4-14,000 

0.5-9 

2,700 

1,300 

61 

1,300 

13 

2.3 

2.3 

270 

2.3 

East Piles North Spoils Pile 

Tot-U 2  8.2-350 47 Tot-U 2  2.7-31,000 290 

U-238 4-170 23 U-238 1.3-15,000 140 

U-233 0.2-7.9 1.1 U-235 0.1-700 6.6 

U-234 4-170 23 U-234 1.3-15,000 140 

Ra-226 1-290 21 Ra-226 0.5-2,800 27 

Ra-228 0.7-130 7.0 Ra-228 0.4-440 6.6 

Th-732 0.7 130 7.0 Th-232 0.4-440 6.6 

Th-230 0.5-1,000 57 Th-230 0.4-3,000 52 

k 	Th-228 0.7-130 7.0 Th-228 0.4-440 6.6 

IrSorth Spoils Pile Avg. Conc. for HISS 

Tot-U 2  4.1-640 43 Tot-U 2  - 625 

U-238 2-310 21 U-238 - 301 

U-235 0.1-14 1.0 U-235 - 14 

U-234 2-310 21 U-234 - 301 

Ra-226 0.4-490 13 Ra-226 - 32 

Ra-228 0.4-210 5.0 Ra-228 - 4.6 
Th-232 0.4-210 5.0 Th-232 - 4.6 

Th-230 0.4-670 14 Th-230 - 82 

Th-228 0.4-210 5.0 Th-228 - 4.6 

I  Radionulcides and concentrations from St. Louis FUSRAP Internal Dosimetry Technical Basis Manual. 
2  U+234 + U-235 + U-238 

HISS Table 2. Avera e Gross Alpha and Beta Particulate Air Emissions. 

Location l Average Conc. (uCi/nd) for Location 

HAP1 alpha 1,50E 15 bcta 2.07E-14 _ 
HAP2 alpha 1.56E-15 beta 2.10E-14 

HAP3 alpha 1.39E-15 beta 2.13E-14 

HAP4 alpha 1.62E-15 beta 2.18E-14 

2 Total = alpha 1.52E-15 beta 2.12E-14 
Average concentration values for the sampling period by location. 

2  Total site gross alpha and beta release concentrations determined by averaging the results for all sample locations. 



HISS Table 3. Particulate Radionuclide Emissions Based on Site Perimeter Air Samples. 

Radionuclide 8 Activity Fraction 9  Emission Conc. (uCi/cm3) " Release Rate (Ci/y) 

U-238 _ 3.9E-01 5.9E-16 1.9E-03 , 
U-235 1.8E-02 2.8E-17 8.7E-05 

U-234 3.9E-01 5.9E-16 1.9E-03 

Ra-226 4.2E-02 6.3E-17 2.0E-04 

Th-232 6.0E-03 9.1E-18 2.9E-05 

Th-230 LIE-01 1.6E-16 5.1E-04 

Th-228 6.0E-03 9.1E-18 2.9E-05 

I  Ra-224 6.0E-03 9.1E-18 2.9E-05 

2  Th-234 4.8E-01 1.0E-14 3.2E-02 

3  Pa-234m 4.8E-01 1.0E-14 3.2E-02 

4  Th-231 2.3E-02 4.8E-16 1.5E-03 

Ra-228 7.4E-03 1.6E-16 4.9E-04 

5  Ac-228 7.4E-03 1.6E-16 4.9E-04 

6  Pa-231 1,8E-02 2.8E-17 8.7E-05 

7  Ac-227 1.8E-02 2.8E-17 8.7E-05 
Assumed to be in secular equilibrium with parent Th-228. 

2 	Assumed to be in secular equilibrium with parent U-238 (see Table 3). 
3 	Assumed to be in secular equilibrium with parent Th-234. 
4 	Assumed to be in secular equilibrium with parent U-235. 
5 	Assumed to be in secular equilibrium with parent Ra-228. 
6 	Pa-231 is assumed to be in secular equilibrium with parent Th-231. 
7 	Ac-227 is assumed to be in secular equilibrium with parent Pa-231. 

Derived from the average soil radionuclide concentrations for HISS as presented in Table 2-4 of the St. Louis FUSRAP 
Internal Dosimetry Technical Basis Manual. Alpha and beta emitters are evaluated separately. 

9 	Product of gross alpha or beta emission concentration from HISS Table 2 and the radionuclide fraction. 
10  Release rate based on 365 day period @ a flow rate of 6.0 E+6 m 3/min. as determined from the average annual wind speed 

(4.446 meters/second) and the site area of 22,000 m2 . 

• 

• 



SLAPS Table 1. Radionuclide Concentrations for IAs 1-8 I  

Area / Pad 
Range 

 (pCi/g) 
Avg. 

(pCi/g) Area / Pad 

IA-2 

Range 
(pCi/g) 

Avg. 
(pCi/g) Area / Rad 

• IA-3 

Range 
(pCi/g) 

Avg. 
(pCi/g)  

IA-1 

Tot-U 2  1.2-2,500 58 Tot-U 2  0.7-1,500 76 Tot-U 2  0-3,300 93 
U-238 0.6-1,200 28 U-238 0.3-710 37 U-238 0-1,600 45 
U-235 0-57 1.3 U-235 0-34 1.7 U-235 0-75 2.1 
U-234 0.6-1,200 29 U-234 0.3-740 37 U-234 0-1,600 46 
Ra-226 0.5-2,700 29 Ra-226 0.3-590 19 Ra-226 0.7-5,600 51 
Ra-228 0.6-1.1 0.9 Ra-228 0.4-4.8 1 Ra-228 0.3-1.8 1 
'Th-232 0.1-63 1.9 Th-232 0.4-13 2.1 Th-232 0.4-50 2.1 
Th-230 0-28,000 610 Th-230 0-14,000 180 Th-230 0-7,200 200 
Th-228 0.7-1.6 1.2 Th-228 0.5-4.8 1.4 Th-228 0.3-1.8 1.2 

IA-4 IA-5 IA-6 
Tot-U 2  1.6-3,600 120 Tot-U 2  0.8-2,100 52 Tot-U 2  1.2-260 58 
U-238 0.8-1,800 58 U-238 04-1000 25 U-238 0.6-130 28 
U-235 0-81 2.7 U-235 0-47 1.2 U-235 0-65.9 1.3 
U-234 0.8-1,800 59 U-234 0.4-1,000 26 U-234 0.6-130 29 
Ra-226 0.6-1,700 81 Ra-226 0.6-900 12 Ra-226 0.7-39 4.6 
Ra-228 0.8-3.6 1 Ra-228 0.6-3.6 0.9 Ra-228 0.8-1 4 1 
Th-232 0.6-20 3.2 Th-232 0.6-12 2.2 Th-232 0.7-7 2.6 
Th-230 1.1-20,000 340 Th-230 0.8-15,000 180 Th-230 0.6-2,100 150 

0 Th-228 0.6-3.6 1.3 Th-228 0.6-3.6 1.2 Th-228 1.3-1.7 1.5 

IA-7 IA-8 Average of IAs 1-8 
Tot-Ti 2  0-950 33 Tut-U 7  0-840 32 Tot-U 2 	 - 65 
U-238 0-460 16 U-238 0-410 16 U-238 - 32 
U-235 0-21 0.7 U-235 0-19 0.7 U-235 - 1.5 
U-234 0-470 16 U-234 0-410 16 U-234 - 32 
Ra-226 0.7-1,800 27 Ra-226 0.7-1,200 11 Ra-226 - 29 
Ra-228 03-7.5 1.3 Ra-228 0.3-4.8 1.1 Ra-228 - 1.0 
Th-232 0.6-25 2 Th-232 0-20 2.2 Th-232 - 2.3 
Th-230 0.1-38,000 630 Th-230 0.6-20,000 260 Th-230 - 319 
Th-228 0.7-7.5 1.6 Th-228 0.5-4.8 1.4 Th-228 - 1.4 

I  Radionulcides and concentrations from St. Louis FUSRAP Internal Dosimetry Technical Basis Manual. 

2  U+234 + U-235 + U-238 

SLAPS Table 2. Avcra e Cross Alpha and Beta Particulate Air Emissions. 

Location ' Average Conc. (uCi/m1) for Location _ 

PAP1 alpha 3.45E-15 beta 5.32E-14 
PAP2 alpha 3.71E-15 beta 5.33E-14 
PAP3 alpha 3.52E-15 beta 5.33E-14 
PAP4 alpha 3.73E-15 beta 5.31E-14 

PAPS alpha 3.61E-15 beta 5.44E-14 

'Total = alpha 3.61E-15 beta 5.35E -14 
1  Average concentration values for the sampling period by location. 

2  Total site gross alpha and beta release concentratinns determined by averaging the rcsults ft,' all sample 

locations. 

• 



• SLAPS Table 3. Particulate Radionuclide Emissions Based on Site Perimeter Air Samples. 

Radionuclide 8  Activity Fraction 9  Emission Conc. (uCi/c m3) ° Release Rate (Ci/y) 

U-238 7.5E-02 2.7E-16 3.4E-03 

U-235 3.5E-03 1.3E-17 1.6E-04 

U-234 7.7E-02 2.8E-16 3.5E-03 
Ra-226 7.0E-02 2.5E-16 3.2E-03 _ 
Th-232 5.4E-03 2.0E-17 2.5E-04 

Th-230 7.6E-01 2.7E-15 3.4E-02 

Th-228 3.2E-03 1.2E-17 1.5E-04 

1 Ra-224 3.2E-03 1.2E-17 1.5E-04 

2  Th-234 4.7E-01 2.5E-14 3.2E-01 

3  Pa-234m 4.7E-01 2.5E-14 3.2E-01 

4  11-231 _ 2.2E-02 1.2E-15 1.5E-02 

Ra-228 1.5E-02 8.2E-16 1.0E-02 

5  Ac-228 1.5E-02 8.2E-16 1.0E-02 

6  Pa-231 3.5E-03 1.3E-17 1.6E-04 

7  Ac-227 3.5E-03 1.3E-17 1.6E-04 
Assumed to bc in secular equilibrium with parent Th-228. 

2 	Assumed to be in secular equilibrium with parent U-238 (see Table 3). 
3 	Assumed to be in secular equilibrium with parent Th-234. 
4 	Assumed to be in secular equilibrium with parent U-235. 
5 	Assumed TO be in seLular cquilibrium with parent Ra-278. 
6 	Pa-231 is assumed to be in secular equilibrium with parent Th-231. 
7 	Ac-227 is assumed to be in secular equilibrium with parent Pa-231. 
8 	Derived from the average soil radionuclide concentrations for SLAPS as presented in Table 2-2 of the St. Louis FUSRAP 

Internal Dosimetry Technical Basis Manual. Alpha and beta emitters are evaluated separately. 
9 	Product of gross alpha or beta emission concentration from SLAPS Table 2 and the radionuclide fraction. 
io Release rate based on 365 day period @ a flow rate of 2.4 E+7 m 3/min. as determined from the average annual wind speed 

(4.446 meters/second) and the site area of 88,000 m 2 . 



SLDS Table 1. Radionuclide Concentrations 
Area / Rad Conc. (pCi/g) Avg. (pCi/g) Area / Rad Conc. (pCi/g) 	1 	Avg. (pCi/g)_ 

Plant 1 1  _ Plant 6/6E 1  
Tot-U 2  6-640 45 Tot-U 2  2.7-31,000 290 	

_ 
_ 

U-238 ___ 3-310 22 U-238 1.3-15,000 140 _ 
U-235 0.1-14 1.0 U-235 0.1-700 6.6 
U-234 3-310 22 U-234 1.3-15,000 140 _ 
Ra-226 0.7-5,400 87 Ra-226 0.5-2,800 27 
Ra-228 0.5-14 2.2 Ra-228 0.4-440 6.6 _ 
Th-232 0.5-14 2.2 Th-232 0.4-440 6.6 _ 
Th-230 0.3-330 17 Th-230 0.4-3,000 52 
Th-228 0.5-.14 2.2 Th-228 0.4-440 6.6 

Plant 7 1  Heintz Steel 4 	
- 

Tot-U 2  4.1-640 43 Tot-U 2  0.22-543 31 
U-238 2-310 21 U-238 0.11-265 15 
U-235 0.1-14 1.0 U-235 0.0-13.2 0.9 _ 
U-234 2-310 21 U-234 0.11-265 15 _ 
Ra-226 0.4-490 13 Ra-226 0.28-19.5 5 
Ra-77R 0.4-210 5.0 Ra-228 0.09-2.24 1.1 _ 
Th-232 0.4-210 5.0 Th-232 0.09-3.65 1.2 _ 
Th-230 0.4-670 14 Th-230 0.0-350 9 _ 
Th-228 0.4-210 5.0 Th-228 0.09-3.28 1.3 

Thomas & Proetz 4  City of Venice 4  
Tot-U 2  0.9-65.5 10.7 Tot-U 2  0-68 8.6 
U-238 0.4-32 5.4 U-238 0-33 4.2 _ 
U-235 0.1-1.5 0.3 U-235 0-2 0.2 
U-234 0.4-32 5.4 U-234 0-33 4.2 
Ra-226 0.9-27 4.7 Ra-226 0.5-127 4 _ 
Ra-228 0.09-20 0.8 R.a-228 0.11-2.5 0.8 _ 
Th-232 0.0-20 1.0 Th-232 0.11-2.5 0.9 
Th-230 0.0-43 5 Th-230 0-51.79 3.23 , 
Th-228 0.07-20 1.2 Th-228 0.11-3.4 1.1 

Midwest Waste 3  

Average of Plant 1, Plant 6, Plant 7, City of Venice, 
Thomas and Proetz, Heintz Steel, and Midwest 

Waste 
Tot-U 2  0.4-186 13.1 Tot-U2  - 116 
U-238 0.2-88 6.3 U-238 - 31 
U-235 0-10 0.4 U-235 - 1 
U-234 0.2-88 6.3 U-234 - 31 
Ra-226 0.3-10 2.8 Ra-226 - 21 
Ra-228 0.1-7 0.9 Ra-228 - 2 
Th-232 0.1-3 1.1 Th-232 - 3 
Th-230 0-234 6.6 Th-230 - 15 
Th-228 0.2-5 1.3 Th-228 - 3 

Radionulcides and concentrations from St. T 	FUSRAP Internal Dosimetry Technical Basis Manual. 
2  U+234 + U-235 + U-238. 
3  Radionuclides and concentrations for Midwest Waste from soil data results supplied by IT in CY 2003. 
4  Radionulcides and concentrations taken from PDI Data 2002 and 2003. 



SLDS Table 2. Average Gross Alpha and Beta Particulate Air Emissions. 

Location 'Average Conc. (uCi/m1) for Location 

BLDX 2.73E-15 

City of STL 8.46E-15 . 
City of Venice 1.35E-14 

Heinz Steel 4.57E-15 
Plant 6 4.25E-15 
Plant 7 3.69E-15 
Thomas & Proetz 3.37E-15 

Midwest Waste 0.00E+00 

2Total Alpha 5.07E-15 

BLDX 1.20E-14 

City of STL 4.90E-14 
City of Venice 2.43E-13 
Heinz Steel 4.22E-14 
Plant 6 2.66E-14 
Plant 7 2.88E-14 
Thomas & Proetz 2.86E-14 
Midwest Waste , 5.90E-15 

2Total Beta 5.45E-14 

1 Average concentration values for the sampling period by location. 
2 Total site gross alpha and beta release concenu a lions &tern -lined by averaging the results for all sample 
locations. 

• 

• 

• 



SLDS Table 3. Excavation Data 

USACE Location Name _ _ 	Survey unit area Surface Area (m2) _ 	Start 	Date Backfill Date 

Plant 6E - SU4 137.00 01-Jan-03 22-Apr-03 

Plant 6E - SU5 Phase II 270.00 01-Jan-03 22-Apr-03 	_ 
29-May-03 _ Plant 6E - SU5 Phase III 572.00 01-Jan-03 

Plant 6E - SU7 Phase' ** 01-Jan-03 24-Mar-03 _ 
Plant 6E - SU7 Phase II 975.00 01-Jan-03 08-Apr-03 	_ 

29-May-03 Plant 6E - SU8 Phase I 342.00 01-Jan-03 
Plant 6E - SU8 Phase II 570.00 01-Jan-03 10-Apr-03 

29-May-03 _ Plant 6E - SU8 Phase III 179.00 01-Jan-03 

_ 
Plant 1 - TVW *** 09-Jun-03 30-Jun-03 
Plant 1- Bldg. X 156.00 28-Au2-03 29-Sep-03 

Midwest Waste SU-5a 71.00 01-Jan-03 24-Jan-03 

Heintz Steel 374 06-Aug-03 05-Sep-03 

Plant 7E-SU1 1079* 80 24-Jul-03 05-Sep-03 
Plant 7E-SU2 915 24-Jul-03 05-Sep-03 

05-Sep-03 Plant 7E-SU3 914 24-Jul-03 

T & P SU-1B 28 19-Jun-03 02-Oct-03 
T&P SU-1C 295 19-Jun-03 02-Oct-03 

City of Venice -SUla 28 05-Nov-03 17-Nov-03 
City of Venice -SUlb 172 05-Nov-03 01-Dec-03 
City of Venice -SUlc 202 13-Nov-03 12-Dec-03 
City of Venice -SUld 580 20-Nov-03 23-Dec-03 
City of Venice -SI1le 884 	_ 02-Dec-03 31-Dec-03 

Note: Start and backfill dates provided by RA contractor. Area determined from backfill authorization request forms. 
*Actual Area- But only 80 m 2  was excavated 
** Plant 6E - SU7 Phase I & II areas combined in Phase II result 
*** Plant 1 - TVW and BLDG X areas combined in BLDG X result. 

• 



SLDS Table 4. Average Surface Area and Flow Rate Per Location 

, 

Total 
days 

Surface 
area * 
Total 
Days 

Average 
Surface 
Area/yr3  

(m2) 

Diameter 
of stack 

D=(1.3A) 1/2  

II 
Flow Rate 

F=V*Pi*(D)2/4 
Plant 6E - SU4 111 15,207 
Plant 6E - SU5 Phase II 111 29,970 
Plant 6E - SU5 Phase III 148 84,656 
Plant 6E - SU7 Phase I 82 i 

Plant 6E - SU7 Phase II 97 94,575 
Plant 6E - SU8 Phase I 148 50,616 
Plant 6E - SU8 Phase II 99 56,430 
Plant 6E - SU8 Phase III 148 26,492 
Average Plant 6E 118 Total: 357,946 
Average Surface Area per year: 981 36 2.7.E+05 
Plant 1 
Plant 1 - TVW 21 2 

Plant 1- Bldg. X 32 4,992 
Average Plant 1 26.5 Total: 4,992 
Average Surface Area per year: 14 4 3.7.E+03 
Plant Midwest Waste 
SU-5a 23 1,633 
Average Plant Midwest Waste 23 Total: 1,633 
Average Surface Area per year: 4 2 1.2.E+03 
Heintz Steel 
SU-1 30 11,220 1111 
Average Heintz Steel 30 Total: 11,220 
Average Surface Area per year: 31 6 8.4.E+03 
Plant 7E SU-1 43 3,440 
Plant 7E SU-2 43 39,345 
Plant 7E SU-3 43 39,302 
Average Plant 7E 43 Total: 82,087 
Average Surface Area per year: 225 17 6.1.E+04 
Thomas & Proetz 
SU-lb 105 2,940 
SU-1c 105 30,975 
Average T&P 105 Total: 33,915 
Average Surface Area per year: 93 11 2.5.E+04 
City of Venice SU-la 12 336 
City of Venice SU-lb 26 4,472 
City of Venice SU-le 29 5,858 
City of Venice SU-Id 33 19,140 
City of Venice SU-le 29 25,636 
Average City of Venice 25.8 Total: 55,442 
Average Surface Area per year: 152 14 4.1.E+04 

TOTAL: SLDS 1499 44 4.1.E+05 
'Accounted for in SU-7 phase II 
2 Accounted for in BLDG X 
3  Calculated by dividing "Surface area * Total Days" by 365 days/yr • 



• 	 • 
SLDS Tab.e 5. Particulate Radionuclide Emissions Based on Mr Sampling Data  

Radionuclide  
8  Activity 
Fraction 

9  Emission 
Conc. 

(uCi/cm3) 
10  Release 

Rate (Ci/y) 
8  Activity 
Fraction 

9  Emission 
Conc. 

(uCi/cm3) 
I°  Release 

Rate (Ci/y) 
8  Activity 
Fraction 

9  Emission 
Cone. 

(uCi/em3) 
" Release 

Rate (Ci/y) 
8  Activity 
Fraction 

9  Emission 
Cone. 

(tiCi/cm3) 
10  Release 

Rate (City) 
	  Plant 6 Plant 1 Plant 7 Thomas and Proetz 

U-238  3.5E-01 1 5E-15 2.1E-04 1.4E-01 3.8E-16 7.4E-07 5.3E-02 1.9E-16 6.2E-06 1.4E-02 4.6E-17 6.0E-07 
U-235  1.7E-02 7 0E-17 1.0E-05 6.3E-03 1.7E-17 3.4E-08 2.5E-03 9.3E-18 3.0E-07 8.0E-04 2.7E-18 3.6E-08 
U-234  3.5E-01 1 5E-15 2.1E-04 1.4E-01 3.8E-16 7.4E-07 5.3E-02 1.9E-16 6.2E-06 1.4E-02 4.6E-17 6.0E-07 
Ra-226  6.8E-02 2 9E-16 4.1E-05 5.5E-01 1.5E-15 2.9E-06 3.3E-02 	1.2E-16 3.9E-06 1.2E-02 4.0E-17 5.2E-07 
Th-232  1.7E:02 7 0E-17 1.0E-05 1.4E-02 3.8E-17 7.4E-08 1.3E-02 	4.6E-17 1.5E-06 2.4E-03 8.0E-18 1.1E-07 
Th-23 0  1.3E-01 55E-16 7.9E-05 1.1E-01 2.9E-16 5.7E-07 3.5E-02 	1.3E-16 4.2E-06 1.3E-02 4.2E-17 5.6E-07 
Th-228  1.7E-02 7.0E-17 1.0E-05 1.4E-02 3.8E-17 7.4E-08 1.3E-02 	4.6E-17 1.5E-06 3.0E-03 1.0E-17 1.3E-07 

I  Ra-224  1.7E-02 7.0E-17 1.0E-05 1.4E-02 3.8E-17 7.4E-08 1.3E-02 4.6E-17 1.5E-06 3.0E-03 1.0E-17 1.3E-07 
2  Th-234  4.7E-01 12E-14 1.8E-03 4.5E-01 5.3E-15 1.0E-05 7.0E-02 2.0E-15 6.5E-05 1.8E-02 5.1E-16 6.8E-06 

3  Pa-234m  4.7E-01 12E-14 1.8E-03 4.5E-01 5.3E-15 1.0E-05 7.0E-02 2.0E-15 6.5E-05 1.8E-02 5.1E-16 6.8E-06 
4 Th-23]  2.2E-02 51E-16 8.3E-05 2.0E-02 2.4E-16 4.7E-07 3.3E-03 9.6E-17 3.1E-06 1.1E-03 3.1E-17 4.0E-07 
Ra-228  2.2E-02 5.8E-16 8.3E-05 4.5E-02 5.3E-16 1.0E-06 1.7E-02 4.8E-16 1.5E-05 2.8E-03 8.0E-17 1.1E-06 

5  Ac-223  2.2E-02 5.8E-16 8.3E-05 4.5E-02 5.3E-16 1.0E-06 1.7E-02 4.8E-16 1.5E-05 2.8E-03 8.0E-17 1.1E-06 
6  Pa-23 : 1.7E-02 7.DE-17 1.0E-05 6.3E-03 1.7E-17 3.4E-08 2.5E-03 9.3E-18 3.0E-07 8.0E-04 2.7E-18 3.6E-08 
7  Ac-227 1.7E-02 7.)E-17 1.0E-05 6.3E-03 1.7E-17 3.4E-08 2.5E-03 9.3E-18 3.0E-07 8.0E-04 2.4E-18 3.2E-08 

Midwest Waste City of Venice Heintz Steel 
I 	Ra-224 assumed to be in secular 

equilibrium with parent Th-228. 
2 	Th-234 assumed to be in secular 

3 	
equilibrium with parent U-238. 
Pa-234m assumed to be in secular 
equilibrium with parent Th-234. 

4 	Th-23I assumed to be in secular 
equilibrium with parent U-235. 

5 	Ac-228 assumed to be in secular 
equilibrium with parent Ra-228. 

6 	Pa-231 is assumed to be in secular 
equilibrium with parent Th-231. 

7 	Ac-227 is assumed to be in secular 
equilibrium with parent Pa-231. 

U-238 2.3E-01 0.0E+00 0.0E+00 1.1E-02 1.4E-16 3.1E-06 3.8E-02 1.7E-16 7.6E-07 
U-235 1.5E-02 0.0E+00 0.0E+00 5.5E-04 7.4E-18 1.6E-07 2.3E-03 1.0E-17 4.6E-08 
U-234 2.3E-01 0.0E+00 0.0E+00 1.1E-02 1.4E-16 3.1E-06 3.8E-02 1.7E-16 7.6E-07 
Ra-226 1.0E-01 0.0E+00 0.0E+00 1.0E-02 1.4E-16 2.9E-06 1.3E-02 5.7E-17 2.5E-07 
Th-232 4.1E-02 0.0E+00 0.0E+00 2.3E-03 3.1E-17 6.7E-07 3.0E-03 1.4E-17 6.1E-08 
Th-230 2.5E-01 0.0E+00 0.0E+00 8.1E-03 1.1E-16 2.4E-06 2.3E-02 1.0E-16 4.6E-07 
Th-228 4.8E-02 0.6E+00 0.0E+00 2.8E-03 3.7E-17 8.0E-07 3.3E-03 1.5E-17 6.6E-08 

I  Ra-224 4.8E-02 0.6E+00 0.0E+00 2.8E-03 3.7E-17 8.0E-07 3.3E-03 1.5E-17 6.6E-08 
2  Th-234 4.3E-01 2..!;E-15 1.6E-06 1.4E-02 3.4E-15 7.3E-05 5.0E-02 2.1E-15 9.3E-06 

3  Pa-234n 4.3E-01 2.E-15 1.6E-06 1.4E-02 3.4E-15 7.3E-05 5.0E-02 2.1E-15 9.3E-06 
4 Th-231 2.7E-02 1.6E-16 1.0E-07 7.3E-04 1.8E-16 3.8E-06 3.0E-03 1.3E-16 5.6E-07 
Ra-228 6.1E-02 3.6E-16 2.3E-07 2.8E-03 6.8E-16 1.5E-05 3.7E-03 1.5E-16 6.8E-07 

5  Ac-228 6.1E-02 3.CE-16 2.3E-07 2.8E-03 6.8E-16 1.5E-05 3.7E-03 1.5E-16 6.8E-07 
6  Pa-231 1.5E-02 0.0E+00 0.0E+00 5.5E-04 7.4E-18 1.6E-07 2.3E-03 1.0E-17 4.6E-08 
7  Ac-227 _ 	1.5E-02 0.0E+00 0.0E+00 _ 	5.5E-04 7.4E-18 1.6E-07 2.3E-03 1.0E-17 4.6E-08 

Activity fractions were derived from soil radionuclide concentrations listed in SLDS Table 1. 
9 	Product of gross alpha or beta emission concentration from SLDS Table 2 and the radionuclide fraction. 
io 	Release rate based on 365 day period @ a flow rate as determined from the average annual wind speed (4.L46 meters/second) and the site area listed in SLDS Table 4. 



Laboratory Table I. FUSRAP Lab Analyses for 2003 
Site Type Gamma IsoRa IsoTh IsoU Total Drying and Grinding 

CWC sediment 12 0 12 0 24 

Total Separatio. 

12 

CWC water 0 12 12 12 36 

HISS soil 63 0 10 0 73 10 

HISS water 0 30 30 30 90 

SLAPS soil 561 0 426 0 987 426 

SLAPS water 0 153 162 60 375 

SLDS soil 1863 28 1639 0 3530 1667 _ 
SLDS water 0 28 28 28 84 

VP soil 2330 0 1960 0 4290 1960 

Total _ 4829 251 4279 130 

HISS and VP Total 4363 2060 
SLAPS and CWC Total 1011 849 
SLDS Total 	_ 3530 1751 

Assumptions:  
All soil samples went through a drying/grinding process. 
All soil and water samples went through a separations process for IsoRa, IsoTh, and IsoU. 
IsoRa, IsoTh, and IsoU are distinctly separate processes occurring at different times. 
VP samples use HISS characterization data to determine Release rate. 
CWC samples use SLAPS characterization data to determine Release rate. 

Laboratory Table 2. SLDS Samples - Avg. For All Excavation Locations 
Radionuclide Avg. (pCi/g) No. Samples' No. Sam_ples2  Emission Rate (City 

U-238 31 3530 1751 3.8E-07 
U-235 1 3530 1751 1.8E-08 
U-234 31 3530 1751 3.8E-07 
Ra-226 21 3530 1751 2.5E-07 
'Th-232 2.6 3530 1751 3.2E-08 
Th-230 15 3530 1751 1.9E-07 
Th-228 2.7 3530 1751 3.3E-08 
Ra-224 2.7 3530 1751 3.3E-08 
Th-234 31 3530 1751 3.8E-07 

Pa-234m 31 3530 1751 3.8E-07 
Th-231 1 3530 1751 1.8E-08 
Ra-228 2.5 3530 1751 3.1E-08 
Ac-228 2.5 3530 1751 3.1E-08 
Pa-231 1 3530 1751 1.8E-08 
Ac-227 1 3530 1751 1.8E -08 

Emmission Rate = (0.001*Avg * No. Samples[drying&grinding]+ 0.005*Avg *No. Samples[separations])*(1000g * 1E - 12Ci/pCi) 

i  Number of samples involved in drying/grinding operations 
2  Number of samples involved in separations operations 
3  Average soil concentration from SLDS Table 1. 

• 



Laboratory Table 3. SLAPS Samples 

Radionuclide Avg. (pCi/g) No. Samples' No. Samples2  Emission Rate (Ci/v) 
U-238 31.6 1011 849 1.6E-07 
U-235 1.5 1011 849 7.4E-09 
U-234 32.3 1011 849 1.6E-07 
Ra-226 29.3 1011 849 1.5E-07 
Th-232 2.3 1011 849 1.2E-08 
Th-230 318.8 1011 849 1.6E-06 
T1,-228 1.4 1011 849 6.9E-09 
Ra-224 1.4 1011 849 6.9E-09 
Th-234 31.6 1011 849 1.6E-07 

Pa-234m 31.6 1011 849 1.6E-07 
Th-231 1.5 1011 849 7.4E-09 
Ra-228 1.0 1011 849 5.2E-09 
Ac-228 1.0 1011 849 5.2E-09 
Pa-231 1.5 1011 849 7.4E-09 
Ac-727 1.5 1011 849 7.4E-09 

Emmission Rate = (0.001*Avg *No. Samples[drying&grinding]+ 0.005*Avg *No. Samples[separations])*(1000g * 1E-12Ci/pCi) 

1  Number of samples involved in drying/grinding operations 

2  Number of samples involved in separations operations 

3  Average soil concentration from SLAPS Table I. 

Laboratory Table 4. HISS Samples 

Radionuclide 	 Avg. (pCi/g) No. Samples' No. Samples2  Emission Rate (Ci/y) 
U-238 301 4363 2060 3.7E-06 
U-235 14 4363 2060 1.7E-07 
U-234 301 4363 2060 3.7E-06 
Ra-226 32 4363 2060 4.0E-07 
Th-232 4.6 4363 2060 5.7E-08 
Th-230 82 4363 2060 1.0E-06 
Th-228 4.6 4363 2060 5.7E-08 
Ra-224 4.6 4363 2060 5.7E-08 
Th-234 301 4363 2060 3.7E-06 

Pa-234m 301 4363 2060 3.7E-06 
Th-231 14 4363 2060 1.7E-07 
Ra-228 4.6 4363 2060 5.7E-08 
Ac-228 4.6 4363 2060 5.7E-08 
Pa-231 14 4363 2060 1.7E-07 
Ac-227 14 4363 2060 1.7E-07 

Emrnission Rate = (0.001*Avg * No. Samples[dryine&erinding]+ 0.005*Avg * No. Samples[separations])*(1 000g * 1E-12Ci/pCi) 

1  Number of samples involved in drying/grinding operations 

2  Number of samples involved in separations operations 

3  Average soil concentration from HISS Table 1. 



Laboratory Table 5. Total Emission Rate 

Radionuclide Emission Rate (Ci/y) 	 1111 
SLDS SLAPS HISS Total 

U-238 3.8E-07 1.6E-07 3.7E-06 4.3E-06 

U-235 1.8E-08 7.4E-09 1.7E-07 2.0E-07 

U-234 3.8E-07 1.6E-07 3.7E-06 4.3E-06 

Ra-226 2.5E-07 1.5E-07 4.0E-07 8.0E-07 

Th-232 3.2E-08 1.2E-08 5.7E-08 1.0E-07 

Th-230 1.9E-07 1.6E-06 1.0E-06 2.8E-06 

Th-228 _ 3.3E-08 6.9E-09 5.7E-08 9.7E-08 

Ra-224 3.3E-08 6.9E-09 5.7E-08 9.7E-08 

Th-234 3.8E-07 1.6E-07 3.7E-06 4.3E-06 

Pa-234m 3.8E-07 1.6E-07 3.7E-06 4.3E-06 

Th-231 1.8E-08 7.4E-09 1.7E-07 2.0E-07 

Ra-228 3.1E-08 5.2E-09 5.7E-08 9.3E-08 

Ac-228 3.1E-08 5.2E-09 5.7E-08 9.3E-08 

Pa-231 1.8E-08 7.1E-09 1.7E-07 2.0E-07 

Ac-227 1.8E-08 7.4E-09 1.7E-07 2.0E-07 
Total emission rate is sum of SLDS, SLAPS, and HISS emission rates. 
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CAP 8 8 -PC 

Version 2.00 

Clean Air ,Pot AssPssment Package 	1900 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
Feb 23, 2004 11:33 am 

Facility: HISS 
Address: 9127 Latty Ave. 

City: Berkeley 
State: MO 	 Zip: 63134 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: NESHAP 

Dataset Name: HISSO3N 
Dataset Date: Feb 23, 2004 11:33 am 
Wind File: C:\CAP88PC2\WNDFILES\13994.WND  



Feb 23, 2004 11:33 am SUMMARY 
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ORGAN DOSE EQUIVALENT SUMMARY 

  

Selected 
Individual 
(mrem/y) 

 

Organ 

 

    

    

GONADS 	 2.28E-01 
BREAST 	 8.64E-02 
R MAR 	 7.65E+00 
LUNGS 	 1.81E+02 
THYROID 	 7.64E-02 
ENDOST 	 9.58E+01 
RMNDR 	 1.28E+00 

EFFEC 	 2.60E+01 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

  

Selected 
Individual 
(mrem/y) 

 

• Pathway 

 

     

INGESTION 	 5.14E-01 
INHALATION 	 2.55E+01 
AIR IMMERSION 	2.11E-05 
GROUND SURFACE 	1.25E-02 
INTERNAL 	 2.60E+01 
EXTERNAL 	 1.25E-02 
	

1 
TOTAL 	 2.60E+01 



Feb 23, 2004 11:33 am SUMMARY 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

 

Nuclide 

 

Selected 
Individual 
(mrem/y) 

U-238 
U-235 
U-234 
RA-226 
TH-232 
TH-230 
TH-228 
RA-224 
TH-234 
PA-234M 
TH-231 
RA-228 
AC-228 
PA-231 
AC-227 

7.92E+00 
3.85E-01 
8.90E+00 
8.57E-02 
3.66E-01 
4.48E+00 
2.57E-01 
3.58E 03 
5.72E-02 
7.61E-06 
5.29E-05 
7.09E-02 
1.49E-03 
1.50E+00 
1.96E+00 

2.60E+01 TOTAL 

 



Feb 23, 2004 11:33 am 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Cancer 	 Fatal Cancer Risk 

LEUKEMIA 	 6.53E-06 
BONE 	 4.25E-06 
THYROID 	 1.64E-08 
BREAST 	 1.76E-07 
LUNG 	 2.87E-04 
STOMACH 	 1.26E-07 
BOWEL 	 3.50E-07 
LIVER 	 2.36E-06 
PANCREAS 	 7.30E-08 
URINARY 	 1.16E-06 
OTHER 	 8.92E-08 

TOTAL 	 3.02E-04 

PATHWAY RISK SUMMARY 

SUMMARY 
Page 3 
	 • 

• 
Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 	 2.73E-06 
INHALATION 	 2.99E-04 
AIR IMMERSION 	 4.95E-10 
GROUND SURFACE 	 2.88E-07 
INTERNAL 	 3.02E-04 
EXTERNAL 	 2.88E-07 

TOTAL 	 3.02E-04 

• 



Feb 23, 2004 11:33 am 	 SUMMARY 
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NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 1.05E-04 
U-235 5.17E-06 
U-234 1.17E-04 
RA-226 1.51E-06 
TH-232 2.07E-06 
TH-230 3.69E-05 
TH-228 5.16E-06 
RA-224 0.11E-08 
TH-234 2.51E-06 
PA-234M 1.94E-10 
TH-231 1.55E-09 
RA-228 9.05E-07 
AC-228 3.01E-08 
PA-231 8.36E-06 
AC-227 1.70E-05 

TOTAL 3.02E-04 



Feb 23, 2004 11:33 am SUMMARY 
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 110 1300 2100 

2.1E+01 7.2E-01 5.4E-01 
NNW 2.3E+01 5.6E-01 4.7E-01 
NW 2.2E+01 5.9E-01 4.8E-01 

WNW 2.1E+01 6.3E-01 5.0E-01 
1.8E+01 5.7E-01 4.7E-01 

WSW 1.5E+01 4.8E-01 4.3E-01 
SW 1.3E+01 5.1E-01 4.4E-01 

SSW 1.4E+01 5.4E-01 4.6E-01 
1.3E+01 5.2E-01 4.5E-01 

SSE 1.4E+01 4.9E-01 4.3E-01 
SE 1.7E+01 5.3E-01 4.5E-01 

ESE 2.3E+01 6.2E-01 4.9E-01 
2.6E+01 6.9E-01 5.2E-01 

ENE 2.4E+01 6.4E-01 5.0E-01 
NE 2.1E+01 5.4E-01 4.6E-01 

NNE 2.1E+01 5.2E-01 4.5E-01 

1 

• 

• 



Feb 23, 2004 11:33 am SUMMARY 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 110 1300 2100 

2.5E-04 5.9E-06 3.8E-06 
NNW 2.7E-04 4.0E-06 3.0E-06 
NW 2.5E-04 4.4E-06 3.1E-06 

WNW 2.4E-04 4.8E-06 3.3E-06 
2.0E-04 4.2E-06 3.0E-06 

WSW 1.7E-04 3.1E-06 2.5E-06 
SW 1.5E-04 3.5E-06 2.7E-06 

SSW 1.6E-04 3.8E-06 2.8E-06 
1.5E-04 3.6E-06 2.8E-06 

SSE 1.6E-04 3.2E-06 2.6E-06 
SP 2 	OP-04 3.7E-06 2.8E 06 

ESE 2.6E-04 4.8E-06 3.3E-06 
3.0E-04 5.5E-06 3.6E-06 

ENE 2.8E-04 5.0E-06 3.3E-06 
NE 2.4E-04 3.9E-06 2.9E-06 

NNE 2.5E-04 3.6E-06 2.7E-06 



CAP88 OUTPUT RESULTS 

SLAPS 



1 .) 

CAP 8 8-PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual AssessmenL 
Mar 10, 2004 04:29 pm 

Facility: SLAPS 
Address: McDonnell Blvd. 

City: Hazelwood 
State: MO 	 Zip: 63074 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: NESHAP 

Dataset Name: SLAPSO3N 
Dataset Date: Mar 10, 2004 04:29 pm 

Wind File: C:\CAP88PC2\WNDFILES\13994.WND  

p 



Mar 10, 2004 04:29 pm 
	

SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

  

Selected 
Individual 
(mrem/y) 

 

Organ 

 

    

    

GONADS 	 2.59E-01 
BREAST 	 2.26E-01 
R MAR 	 4.60E+01 
LUNGS 	 2.44E+02 
THYROID 	 2.16E-01 
ENDOST 	 5.72E+02 
RMNDR 	 8.28E-01 

EFFEC 	 5.23E+01 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

   

INGESTION 	 4.45E-01 
INHALATION 	 5.18E+01 
AIR IMMERSION 	4.37E-05 
GROUND SURFACE 	8.42E-03 
INTERNAL 	 5.23E+01 
EXTERNAL 	 8.46E-03 

TOTAL 	 5.23E+01 



Mar 10, 2004 04:29 pm SUMMARY 
Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

 

Selected 
Individual 
(mrem/y) 

   

U-238 	 2.15E+00 
U-235 	 1.08E-01 
U-234 	 2.49E+00 
RA-226 	 2.01E-01 
TH-232 	 4.80E-01 
TH-230 	 4.54E+01 
TH-228 	 2.02E-01 
RA-224 	 2.82E-03 
TH-234 	 8.38E-02 
PA-234M 	 5:68E-06 
TH-231 	 8.06E-05 
RA-228 	 2.08E-01 
AC 220 	 4.61E-03 
PA-231 	 •.19E-01 
AC-227 	 5.49E-01 

TOTAL 	 5.23E+01 



SUMMARY 
Page 3 

Mar 10, 2004 04:29 pm 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Cancer 	 Fatal Cancer Risk 

LEUKEMIA 	 3.88E-05 
BONE 	 2.55E-05 
THYROID 	 3.76E-08 
BREAST 	 3.50E-07 
LUNG 	 3.93E-04 
STOMACH 	 2.80E-07 
BOWEL 	 5.29E-07 
LIVER 	 1.88E-06 
PANCREAS 	 1.84E-07 
URINARY 	 3.70E-07 
OTHER 	 2.25E-07 

TOTAL 	 4.61E-04 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

   

INGESTION 	 2.19E-06 
INHALATION 	 4.59E-04 
AIR IMMERSION 	 1.03E-09 
GROUND SURFACE 	 1.91E-07 
INTERNAL 	 4.61E-04 
EXTERNAL 	 1.92E-07 

TOTAL 	 4.61E-04 

• 



Mar 10, 2004 04:29 pm SUMMARY 
Page 4 

NUCLIDE RISK SUMMARY 

Selected Individual 
Total Lifetime 

Nuclide 	 Fatal Cancer Risk 

U-238 	 2.86E-05 
U-235 	 1.45E-06 
U-234 	 3.28E-05 
RA-226 	 3.65E-06 
TH-232 	 2.71E-06 
TH-230 	 3.74E-04 
TH-228 	 4.06E-06 
RA-224 	 6.38E-08 
TH-234 	 3.79E-06 
PA-234M 	 1.45E-10 
TH-231 	 2.35E-09 
RA-228 	 2.73E-06 
AC-228 	 9.30E-08 
PA-231 	 2.34E-06 
AC-227 	 4.76E-06 

TOTAL 	 4.61E-04 



Mar 10, 2004 04:29 pm 
	

SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 314 1400 1600 2300 

4.3E+01 4.1E+00 3.4E+00 2.0E+00 
NNW 4.3E+01 2.3E+00 1.9E+00 1.2E+00 
NW 3.9E+01 2.6E+00 2.1E+00 1.3E+00 
WNW 4.1E+01 3.1E+00 2.5E+00 1.5E+00 

3.3E+01 2.4E+00 2.0E+00 1.2E+00 
WSW 2.4E+01 1.3E+00 1.1E+00 7.4E-01 
SW 2.4E+01 1.7E+00 1.4E+00 9.1E-01 

SSW 2.7E+01 2.0E+00 1.7E+00 1.1E+00 
2.5E+01 1.9E+00 1.6E+00 9.8E-01 

SSE 2.3E+01 1.4E+00 1.2E+00 7.8E-01 
SE 2.9E+01 1.9E+00 1.6E+00 1.0E+00 

ESE 4.4E101 3.0E+00 2 9F+00 1.5E+00 
5.2E+01 3.8E+00 3.1E+00 1.8E+00 

ENE 4.7E+01 3.2E+00 2.6E+00 1.5E+00 
NE 3.4E+01 2.1E+00 1.7E+00 1.1E+00 
NNE 3.8E+01 1.8E+00 1.5E+00 9.6E-01 



Mar 10, 2004 04:29 pm SUMMARY 
Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 314 1400 1600 2300 

3.8E-04 3.5E-05 2.8E-05 1.6E-05 
NNW 3.8E-04 1.9E-05 1.5E-05 9.0E-06 
NW 3.4E-04 2.2E-05 1.8E-05 1.0E-05 

WNW 3.6E-04 2.6E-05 2.1E-05 1.2E-05 
2.9E-04 2.0E-05 1.6E-05 9.4E-06 

WSW 2.1E-U4 1.0E-05 8.5E-06 5.3E-06 
SW 2.1E-04 1.4E-05 1.1E-05 6.8E-06 

SSW 2.4E-04 1.7E-05 1.4E-05 8.1E-06 
2.2E-04 1.5E-05 1.2E-05 7.4E-06 

SSE 2.0E-04 1.1E-05 9.2E-06 5.7E-06 
SF 2.6E-04 1.6E 05 1.3U-05 7.6E-06 

ESE 3.9E-04 2.5E-05 2.1E-05 1.2E-05 
4.6E-04 3.2E-05 2.6E-05 1.5E-05 

ENE 4.1E-04 2.7E-05 2.2E-05 1.2E-05 
NE 3.0E-04 1.7E-05 1.4F-05 8.3E-06 

NNE 3.3E-04 1.5E-05 1.2E-05 7.2E-06 



CAP88 OUTPUT RESULTS 

• 

• 
SLD$ 

• 



HEINTZ STEEL 

CAP8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
Feb 26, 2004 02:48 pm 

Facility: HEINTZ STEEL 
Address: 

City: St. Louis 
State: MO 
	

Zip: 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: PARTICULATE EMISSION FROM HEINTZ STEEL 

Dataset Name: 2003 HEINTZ ST 
Dataset Date: Feb 26, 2004 02:47 pm 

Wind File: C:\CAP88PC2\WNDFiLES\13994.WND  



Feb 26, 2004 02:48 pm 
	

SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(mrem/y) 

   

GONADS 	 4.30E-04 
BREAST 	 2.10E-04 
R MAR 	 1.80E-02 
LUNGS 	 2.72E-01 
THYROID 	 1.95E-04 
ENDOST 	 2.24E-01 
RMNDR 	 1.74E-03 

EFFEC 	 4.22E-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

   

INGESTION 	 6.53E-04 
INHALATION 	 4.16E-02 
AIR IMMERSION 	5.25E-08 
GROUND SURFACE 	2.06E-05 
INTERNAL 	 4.22E-02 
EXTERNAL 	 2.07E-05 

TOTAL 	 4.22E-02 



Feb 26, 2004 02:48 pm SUMMARY 
Page 2 

 

  

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(mrem/y) 

  

U-238 	 9.29E-03 
U-235 	 5.98E-04 
U-234 	 1.04E-02 
RA-226 	 2.99E-04 
TH-232 	 2.27E-03 
TH-230 	 1.19E-02 
TH-228 	 1.72E-03 
RA-224 	 2.40E-05 
TH-234 	 4.62E-05 
PA-234M 	 8.34E-09 
TH-231 	 5.83E-08 
RA-228 	 2.67E-04 
AC-228 	 6.10E-06 
PA-231 	 2.33E-03 
AC-227 	 3.05E-03 

TOTAL 	 4.22E-02 



  

• 
Feb 26, 2004 02:48 pm 

CANCER RISK SUMMARY 

SUMMARY 
Page 3 

 

 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 1.54E-08 
BONE 9.99E-09 
THYROID 3.90E-11 
BREAST 3.80E-10 
LUNG 4.34E-07 
STOMACH 2.69E-10 
BOWEL 3.92E-10 
LivEK 3.93E-09 
PANCREAS 1.82E-10 
URINARY 1.19E-09 
OTHER 2.23E-10 

TOTAL 4.66E-07 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 3.46E-09 
INHALATION 4.62E-07 
AIR IMMERSION 1.25E-12 
GROUND SURFACE 4.76E-10 
INTERNAL 4.66E-07 
EXTERNAL 4.77E-10 

TOTAL 4.66E-07 

• 



Feb 26, 2004 02:48 pm 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 1.24E-07 
U-235 8.04E-09 
U-234 1.38E-07 
RA-226 5.49E-09 
TH 232 1.28E-08 
TH-230 9.81E-08 
TH-228 3.46E-08 
RA-224 5.44E-10 
TH-234 2.12E-09 
PA-234M 2.13E-13 
TH-231 1.70E-12 
RA-228 3.54E-09 
AC-228 1.23E-10 
PA-231 1.30E-08 
AC-227 2.65E-08 

TOTAL 4.66E-07 

SUMMARY 
Page 4 



• 1 

( 

Feb 26, 2004 02:48 pm 
	

SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Direction 

Distance 	(m) 

64 1300 4550 

4.2E-02 6.4E-04 4.8E-04 
NNW 2.2E-02 5.5E-04 4.7E-04 
NW 2.5E-02 5.7E-04 4.7E-04 

WNW 3.1E-02 5.9E-04 4.8E-04 
2.4E-02 5.6E-04 4.7E-04 

WSW 1.2E-02 5.1E-04 4.7E-04 
SW 1.6E-02 5.3E-04 4.7E-04 

SSW 2.0E-02 5.4E-04 4.7E-04 ' 
1.8E-02 5.3E-04 4.7E-04 

SSE 1.3E-02 5.1E-04 4.7E-04 
SE 1.8E-02 5.4E-04 4.7E-04 

ESE 3.0E-02 5.9E-04 4.8E-04 
3.9E-02 6.2E-04 4.8E-04 

ENE 3.2E-02 6.0E-04 4.8E-04 
NE 2.0E-02 5.4E-04 4.7E-04 

NNE 1.7E-02 5.3E-04 4.7E-04 



Feb 26, 2004 02:48 pm SUMMARY 
Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 64 1300 4550 

4.7E-07 4.4E-09 2.7E-09 
NNW 2.4E-07 3.5E-09 2.6E-09 
NW 2.8E-07 3.6E-09 2.6E-09 

WNW 3.4E-07 3.9E-09 2.6E-09 
2.6E-07 3.5E-09 2.6E-09 

WSW 1.3E-07 3.0E-09 2.5E-09 
SW 1.8E-07 3.2E-09 2.5E-09 

SSW 2.1E-07 3.4E-09 2.6E-09 
1.9E-07 3.3E-09 2.5E-09 

SSE 1.4E-07 3.0E-09 2.5E-09 
SE 2.0E-07 3.3E-09 2.6E-09 

ESE 3.3E-07 3.9E-09 2.6E-09 
4.3E-07 4.3E-09 2.7E-09 

ENE 3.5E-07 4.0E-09 2.6E-09 
NE 2.2E-07 3.4E-09 2.6E-09 

NNE 1.9E-07 3.2E-09 2.5E-09 



• 1 
MIDWEST WASTE 

CAP 8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
Feb 26, 2004 03:59 pm 

Facility: Midwest Waste 
Address: 

City: St. Louis 
State: MO 	 Zip: 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: Emission from Midwest Waste during 2003 

Dataset Name: 2003 MIDWEST WST 
Dataset Date: Feb 26, 2004 03:59 pm 

Wind File: C:\CAP88PC2\WNDFILES\13994.WND  

• 

• 



Feb 26, 2004 03:59 pm 
	 SUMMARY 

Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

 

Selected 
Individual 
(mrem/y) 

 

Organ 
-a 

GONADS 	 6.60E-06 
BREAST 	 6.59E-06 
R MAR 	 1.94E-05 
LUNGS 	 9.22E-05 
THYROID 	 6.578-06 
ENDOST 	 1.91E-04 
RMNDR 	 1.02E-05 

FFFEC 	 2.50E-05 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

   

Selected 
Individual 
(mrem/y) 

 

Pathway 

    

    

INGESTION 	 8.80E-06 
INHALATION 	 1.62E-05 
AIR IMMERSION 	3.83E-09 
GROUND SURFACE 	1.57E-08 
INTERNAL 	 2.50E-05 
EXTERNAL 	 1.95E-08 

TOTAL 	 2.50E-05 



Feb 26, 2004 03:59 pm 
	 SUMMARY 

Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

 

Selected 
Individual 
(mrem/y) 

   

U-238 	 0.00E100 
U-235 	 0.00E+00 
U-234 	 0.00E+00 
RA-226 	 0.00E+00 
TH-232 	 0.00E+00 
TH-230 	 0.00E+00 
TH-228 	 0.00E+00 
RA-224 	 0.00E+00 
TH-234 	 1.98E,06 
PA-234M 	 2.63E-10 
TH-231 	 2.56E-09 
RA-228 	 2.25E-05 
AC-228 	 5.08E-07 
PA-231 	 0.00E+00 
AC-227 	 0.00E+00 

TOTAL 	 2.50E-05 



Feb 26, 2004 03:59 pm 

CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 2.39E- 11 
BONE 1.21E-11 
THYROID 1.16E-12 
BREAST 9.75E-12 
LUNG 2.99E-10 
sTnmArm 8.72E 12 
BOWEL 1.32E-11 
LIVER 1.29E-11 
PANCREAS 6.06E-12 
URINARY 3.16E-12 
OTHER 7.41E-12 

TOTAL 3.98E-10 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 6.48E-11 
INHALATION 3.32E-10 
AIR IMMERSION 9.18E-14 
GROUND SURFACE 3.48E-13 
INTERNAL 3.97E-10 
EXTERNAL 4.40E-13 

TOTAL 3.98E-10 

SUMMARY 
Page 3 



 

• 

Feb 26, 2004 03:59 pm 
	

SUMMARY 
Page 4 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 0.00E+00 
U-235 0.00E+00 
U-234 0.00E+00 
RA-226 0.00E+00 
TH-232 0.00E+00 
TH-230 0.00E+00 
TH-228 0.00E+00 
RA-224 0.00E+00 
TH-234 9.02E-11 
PA-234M 6.71E-15 
TH-231 7.49E-14 
RA-228 2.97E-10 
AC-228 1.02E-11 
PA-231 0.00E+00 
AC-227 0.00E+00 

TOTAL 3.98E-10 

• 

• 



Feb 26, 2004 03:59 pm SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 	146 1251 4608 

2.5E-05 6.6E-06 6.3E-06 
NNW 1.6E-05 6.5E-06 6.3E-06 
NW 1.8E-05 6.5E-06 6.3E-06 

WNW 2.0E-05 6.5E-06 6.3E-06 
1.7E-05 6.5E-06 6.3E-06 

WSW 1.1E-05 6.4E-06 6.3E-06 
SW 1.3E-05 6.4E-06 6.3E-06 

SSW 1.5E-05 6.4E-06 6.3E-06 
1.4E-05 6.4E-06 6.3E-06 

SSE 1.2E-05 6.4E-06 6.3E-06 
SE 1.4E-05 6.4E-06 6.3E-06 

ESE 2.0E-05 6.5E-06 6.3E-06 
2.4E-05 6.6E-06 6.3E-06 

ENE 2.1E-05 6.6E-06 6.3E-06 
NE 1.5E-05 6.4E-06 6.3E-06 

NNE 1.4E-05 6.4E-06 6.3E-06 



Feb 26, 2004 03:59 pm SUMMARY 
Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Dislance 	(m) 

Direction 146 1251 4608 

4.0E-10 5.3E-11 4.7E-11 
NNW 2.3E-10 5.0E-11 4.7E-11 
NW 2.6E-10 5.0E-11 4.7E-11 

WNW 3.1E-10 5.1E-11 4.7E-11 
2.4E-10 5.0E-11 4.7E-11 

WSW 1.4E-10 4.8E-11 4.6E-11 
SW 1.8E-10 4.9E-11 4.6E-11 

SSW 2.1E-10 4.9E-11 4.7E-11 
1.9E-10 4.9E-11 4.7E-11 

SSE 1.5E-10 4.8E-11 4.6E-11 
SE 1.9E-10 4.9E-11 4.7E-11 

ESE 3.0E-10 5.1E-11 4.7E-11 
3.8E-10 5.2E-11 4.7E-11 

ENE 3.2E-10 5.1E-11 4.7E-11 
NE 2.1E-10 4.9E-11 4.7E-11 

NNE 1.9E-10 4.9E-11 4.7E-11 

1  

• 



PLANT 1 

CAP 8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessmcnt 
Feb 26, 2004 03:09 pm 

Facility: SLDS Plant 1 
Address: 

City: St. Louis 
State: MO 	 Zip: 

1 	 Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: Emission from Plant 1 

Dataset Name: 2003 SLDS PLT 1 
Dataset Date: Feb 26, 2004 03:09 pm 
Wind File: C:\CAP88PC2\WNDFILES\13994.WND  

• 



SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

  

Selected 
Individual 
(mrem/y) 

 

Organ 

 

 

    

GONADS 	 3.38E-05 
BREAST 	 2.76E-05 
R MAR 	 8.96E-04 
LUNGS 	 1.17E-02 
THYROID 	 2.68E-05 
ENDOST 	 1.10E-02 
RMNDR 	 8.58E-05 

EFFEC 	 1.88E-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

   

INGESTION 	 6.61E-05 
INHALATION 	 1.81E-03 
AIR IMMERSION 	2.77E-09 
GROUND SURFACE 	2.02E-06 
INTERNAL 	 1.87E-03 
EXTERNAL 	 2.03E-06 

TOTAL 	 1.88E-03 

Feb 26, 2004 03:09 pm 



Feb 26, 2004 03:09 pm SUMMARY 
Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 

(mrem/y) 

   

U-238 	 3.60E-04 
U-235 	 1.76E-05 
U-234 	 4.05E-04 
RA-226 	 1.44E-04 
TH-232 	 1.09E-04 
TH-230 	 5.85E-04 
TH-228 	 7.67E-05 
RA-224 	 1.07E-06 
TH-234 	 2.07E-06 
PA-234M 	 1.36E-10 
TH-231 	 1.94E-09 
RA-228 	 1.66E-05 
AC-228 	 3.55E-07 
PA-231 	 6.85E-05 
AC-227 	 8.98E-05 

TOTAL 	 1.88E-03 



Feb 26, 2004 03:09 pm SUMMARY 
Page 3 

CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

LEUKEMIA 7.84E-10 
BONE 5.02E-10 
THYROID 5.23E-12 
BREAST 4.71E-11 
LUNG 1.97E-08 
STOMACH 3.53E-11 
BOWEL 3.38E-11 
LIVER 1.5UE-10 
PANCREAS 2.53E-11 
URINARY 6.33E-11 
OTHER 3.09E-11 

TOTAL 2.14E-08 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 3.46E-10 
INHALATION 2.10E-08 
AIR IMMERSION 6.62E-14 
GROUND SURFACE 4.70E-11 
INTERNAL 2.14E-08 
EXTERNAL 4.70E-11 

TOTAL 2.14E-08 



Feb 26, 2004 03:09 pm 
	

SUMMARY 
Page 4 

NUCLIDE RISK SUMMARY 

I. 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 4.78E-09 
U-235 2.37E-10 
U-234 5.34E-09 
RA-226 2.56E-09 
TM-232 b.18E-10 
TH-230 4.83E-09 
TH-228 1.54E-09 
RA-224 2.42E-11 
TH-234 9.17E-11 
PA-234M 3.45E-15 
TH-231 5.67E-14 
RA-228 2.14E-10 
AC-228 7.15E-12 
PA-231 3.82E-10 
AC-227 7.78E-10 

TOTAL 2.14E-08 



• 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 	391 1140 4781 

1.9E-03 3.0E-04 7.2E-05 
NNW 9.8E-04 1.8E-04 6.1E-05 
NW 1.2E-03 2.0E-04 6.3E-05 

WNW 1.4E-03 2.3E-04 6.6E-05 
1.1E-03 1.8E-04 6.1E-05 

WSW 5.3E-04 1.1E-04 5.5E-05 
SW 7.4E-04 1.4E-04 5.7E-05 

SSW 9.0E-04 1.6E-04 5.9E-05 
7.9E-04 1.5E-04 5.8E-05 

SSE 5.7E-04 1.2E-04 5.5E-05 
SE 8.1E-04 1.5E-04 5.9E-05 

ESE 1.4E-03 2.2E-04 6.5E-05 
1.8E-03 2.7E-04 7.0E-05 

ENE 1.5E-03 2.4E-04 6.6E-05 
NE 9.1E-04 1.6E-04 6.0E-05 

NNE 7.7E-04 1.5E-04 5.8E-05 

Feb 26, 2004 03:09 pm 
	

SUMMARY 
Page 5 

• 



I . 

Feb 26, 2004 03:09 pm 
	 SUMMARY 

Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 391 1140 4781 

2.1E-08 3.1E-09 5.3E-10 
NNW 1.1E-08 1.7E-09 4.0E-10 
NW 1.3E-08 2.0E-09 4.2E-10 

WNW 1.6E-08 2 	-1F-n9 4.5E-10 
1.2E-08 1.8E-09 4.0E-10 

WSW 5.9E-09 1.0E-09 3.2E-10 
SW 8.2E-09 1.3E-09 3.5E-10 

SSW 1.0E-08 1.6E-09 3.8E-10 
8.9E-09 1.4E-09 3.6E-10 

SSE 6.3E-09 1.1E-09 3.3E-10 
SE 9.0E-09 1.5E-09 3.7E-10 

ESE 1.5E-08 2.3E-09 4.5E-10 
2.0E-08 2.9E-09 5.0E-10 

ENE 1.7E-08 2.4E-09 4.6E-10 
NE 1.0E-08 1.6E-09 3.8E-10 

NNE 8.6E-09 1.4E-09 3.6E-10 

is 



PLANT 6E 

CAP8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
Feb 26, 2004 03:14 pm 

Facility: SLDS Plant 6 
Address: 

City: St. Louis 
State: MO 
	

Zip: 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: Emission from Plant 6 

Dataset Name: 2003 SLDS PLT 6 
Dataset Date: Feb 26, 2004 03:14 pm 

Wind File: C:\CAP88PC2\WNDFILES\13994.WND  



Feb 26, 2004 03:14 pm 
	

SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(mrem/y) 

   

GONADS 	 1.14E-02 
BREAST 	 4.95E-03 
R MAR 	 4.48E-01 
LUNGS 	 8.81E+00 
THYROID 	 4.47E-03 
ENDOST 	 5.60E+00 
RMNDR 	 5.47E-02 

EFFEC 	 1.30E+00 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

   

INGESTION 	 2.13E-02 
INHALATION 	 1.28E+00 
AIR IMMERSION 	9.23E-07 
GROUND SURFACE 	6.14E-04 
INTERNAL 	 1.30E+00 
EXTERNAL 	 6.15E-04 

TOTAL 	 1.30E+00 



Feb 26, 2004 03:14 pm 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected 
Individual 

Nuclide 	 (mrem/y) 

U-238 	 3.50E-01 
U-235 	 1.77E-02 
U-234 	 3.94E-01 
RA-226 	 6.79E-03 
TH-232 	 5.07E-02 
TH-230 	 2.78E-01 
TH-228 	 3.55E-02 
RA-224 	 4.95E-04 
TH-234 	 1.24E-03 
PA-234M 	 1.38E-07 
TH-231 	 1.18E-06 
RA-228 	 4.55E-03 
AC-228 	 1.01E-04 
PA-231 	 6.90E-02 
AC-227 	 9.05E-02 

TOTAL 	 1.30E+00 

SUMMARY 
Page 2 



 

Feb 26, 2004 03:14 pm 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Cancer 	 Fatal Cancer Risk 

SUMMARY 
Page 3 

LEUKEMIA 	 3.82E - 07 
BONE 	 2.49E-07 
THYROID 	 9.26E-10 
BREAST 	 9.58E-09 
LUNG 	 1.40E-05 
STOMACH 	 6.39E 09 
BOWEL 	 1.04E-08 
LIVER 	 1.12E-07 
PANCREAS 	 4.21E-09 
URINARY 	 4.56E-08 
OTHER 	 5.15E-09 

 

TOTAL 	 1.48E-05 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individua] 
Total Lifetime 

Fatal Cancer Risk 

   

INGESTION 	 1.11E-07 
INHALATION 	 1.47E-05 
AIR IMMERSION 	 2.19E-11 
GROUND SURFACE 	 1.41E-08 
INTERNAL 	 1.48E-05 
EXTERNAL 	 1.42E-08 

TOTAL 	 1.48E-05 



Feb 26, 2004 03:14 pm 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

13-238 4.65E-0G 
U-235 2.38E-07 
U-234 5.19E-06 
RA-226 1.23E-07 
TH-232 2.86E-07 
TH-230 '2.29E-06 
TH-228 7.14E-07 
RA-224 1.12E-08 
TH-234 5.62E-08 
PA-234M 3.51E-12 
TH-231 3.43E-11 
RA-228 5.96E-08 
AC-228 2.04E-09 
PA-231 3.85E-07 
AC-227 7.85E-07 

TOTAL 1.48E-05 

SUMMARY 
Page 4 



Feb 26, 2004 03:14 pm SUMMARY 
Page 5 

  

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/Y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 202 1046 4805 

1.3E+00 7.4E-02 2.0E-02 
NNW 6.7E-01 4.6E-02 1.8E-02 
NW 7.9E-01 5.0E-02 1.8E-02 

WNW 9.7E-01 5.8E-02 1.9E-02 
7.3E-01 1.7E 02 1.0E-02 

WSW 3.6E-01 3.1E-02 1.7E-02 
SW 5.0E-01 3.7E-02 1.7E-02 

SSW 6.2E-01 4.2E-02 1.7E-02 
5.4E-01 3.9E-02 1.7E-02 

SSE 3.8E-01 3.2E-02 1.7E-02 
SE 5.5E-01 4.0E-02 1.7E-02 

ESE 9.4E-01 5.7E-02 1.9E-02 
1.2E+00 6.9E-02 2.0E-02 

ENE 1.0E+00 6.0E-02 1.9E-02 
NE 6.2E-01 4.3E-02 1.7E-02 

NNE 5.3E-01 3.8E-02 1.7E-02 



Feb 26, 2004 03:14 pm SUMMARY 
Page 6 

 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 202 1046 4805 

1.5E-05 7.5E-07 1.3E-07 
NNW 7.6E-06 4.3E-07 1.1E-07 
NW 9.0E-06 4.8E-07 1.1E-07 

WNW 1.1E-05 5.7E-07 1.2E-07 
8.3E-06 4.5E-07 1.1E-07 

WSW 4.0E-06 2.6E-07 9.4E-08 
SW 5.7E-06 3.3E-07 9.9E-08 

SSW 7.0E-06 3.9E-07 1.0E-07 
6.1E-06 3.5E-07 1.0E-07 

SSE 4.3E-06 2.7E-07 9.5E-08 
SE 6.2E-06 3.6E-07 1.0E-07 

ESE 1.1E-05 5.6E-07 1.2E-07 
1.4E-05 6.9E-07 1.3E-07 

ENE 1.2E-05 5.9E-07 1.2E-07 
NE 7.1E-06 3.9E-07 1.0E-07 

NNE 5.9E-06 3.4E-07 1.0E-07 

• 



PLANT 7E 

CAP 8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
Feb 26, 2004 03:19 pm 

Facility: SLDS Plant 7 
Address: 

City: St. Louis 
State: MO 
	

Zip: 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: Emission from Plant 7 

Dataset Name: 2003 SLDS PLT 7 
Dataset Date: Feb 26, 2004 03:19 pm 

Wind File: C:\CAP88PC2\WNDFILES\13994.WND  



Feb 26, 2004 03:19 pm 
	 SUMMARY 

Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(mrem/y) 

   

GONADS 	 3.60E-04 
BREAST 	 2.55E-04 
R MAR 	 1.39E-02 
LUNGS 	 1.97E-01 
THYROID 	 2.45E-04 
EADOST 	 1.72E-01 
RMNDR 	 1.15E-03 

EFFEC 	 3.09E-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

5.95E-04 
3.03E-02 
7.22E-08 
1.30E-05 
3.09E-02 
1.31E-05 

3.09E-02 TOTAL 

 



Feb 26, 2004 03:19 Pm 
	

SUMMARY 
Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected 
In  

Nuclide (mrem/y) 

U-238 5.64E-03 
U-235 2.91E-04 
U-234 6.34E-03 
RA-226 3.56E-04 
TH-232 4.15E-U3 
TH-230 8.07E-03 
TH-228 2.91E-03 
RA-224 4.06E-05 
TH-234 2.47E-05 
PA-234M 2.18E-09 
TH-231 2.40E-08 
RA-228 4.55E-04 
AC-228 9.97E-06 
PA-231 1.13E-03 
AC-227 1.48E-03 

TOTAL 3.09E-02 



SUMMARY 
Page 3 

Feb 26, 2004 03:19 pm 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Cancer 	 Fatal Cancer Risk 

LEUKEMIA 	 1.20E-08 
BONE 	 7.78E-09 
THYROID 	 4.57E-11 
BREAST 	 4.17E-10 
LUNG 	 3.20E-07 
STOMACH 	 3.17E-10 
BOWEL 	 3.41E-10 
LIVER 	 2.30E-09 
PANCREAS 	 2.25E-10 
URINARY 	 8.48E-10 
OTHER 	 2.76E-10 

TOTAL 	 3.45E-07 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

   

INGESTION 	 3.32E-09 
INHALATION 	 3.41E-07 
AIR IMMERSION 	 1.73E-12 
GROUND SURFACE 	 2.99E-10 
INTERNAL 	 3.44E-07 
EXTERNAL 	 3.01E-10 

TOTAL 	 3.45E-07 



Feb 26, 2004 03:19 pm 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 7.50E-08 
U-235 3.90E-09 
U-234 8.36E-08 
RA-226 6.41E-09 
1H-232 2.34E-08 
TH-230 6.66E-08 
TH-228 5.85E-08 
RA-224 9.18E-10 
TH-234 1.11E-09 
PA-234M 5.55E-14 
TH-231 7.00E-13 
RA-228 5.93E-09 
AC-228 2.01F-10 
PA-231 6.30E-09 
AC-227 1.28E-08 

TOTAL 3.45E-07 

SUMMARY 
Page 4 



• 

Feb 26, 2004 03:19 pm 
	

SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 280 1094 4783 

3.1E-02 2.8E-03 6.4E-04 
NNW 1.6E-02 1.7E-03 5.4E-04 
NW 1.9E-02 1.8E-03 5.6E-04 

WNW 2.3E-02 2.1E-03 5.8E-04 
1.7E-02 1.7E-03 5.4E-04 

WSW 8.6E-03 1.1E-03 4.8E-04 
SW 1.2E-02 1.3E-03 5.1E-04 

SSW 1.5E-02 1.5E-03 5.2E-04 
1.3E-02 1.4E-03 5.2E-04 

SSE 9.1E-03 1.1E-03 4.9E-04 
SE 1.3E-02 1.4E-03 5.2E-04 

ESE 2.2E-02 2.1E-03 5.8E-04 
2.9E-02 2.6E-03 6.2E-04 

ENE 2.4E-02 2.2E-03 5.9E-04 
NE 1.5E-02 1.5E-03 5.3E-04 

NNE 1.3E-02 1.4E-03 5.1E-04 



Feb 26, 2004 03:19 pm 
	

SUMMARY 
Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 280 1094 4783 

3.4E-07 2.9E-08 4.8E-09 
NNW 1.8E-07 1.6E-08 3.6E-09 
NW 2.1E-07 1.8E-08 3.8E-09 

WNW 2.6E-07 2.2E.08 4.1E 09 
1.9E-07 1.7E-08 3.7E-09 

WSW 9.4E-08 9.4E-09 3.0E-09 
SW 1.3E-07 1.2E-08 3.2E-09 

SSW 1.6E-07 1.5E-08 3.4E-09 
1.4E-07 1.3E-08 3.4E-09 

SSE 1.0E-07 1.0E-08 3.1E-09 
SE 1.4E-07 1.4E-08 3.4E-09 

ESE 2.5E-07 2.1E-08 4.1E-09 
3.3E-07 2.7E-08 4.5E-09 

ENE 2.7E-07 2.2E-08 4.1E-09 
NE 1.6E-07 1.5E-08 3.5E-09 

NNE 1.4E-07 1.3E-08 3.3E-09 



THOMAS & PROETZ LUMBER COMPANY 

CAP8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
Feb 26, 2004 03:24 pm 

Facility: THOMAS & PROETZ Lumber Company 
Address: 

City: St. Louis 
State: MO 	 Zip: 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: Emission from Thomas & Proetz 

Dataset Name: 2003 SLDS T & P 
Dataset Date: Feb 26, 2004 03:24 pm 

Wind File: C:\CAP88PC2\WNDFILES\13994.WND  



Feb 26, 2004 03:24 pm 
	

SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Selected 
Individual 
(mrem/Y) 

  

GONADS 	 5.18E-04 
BREAST 	 3.45E-04 
R MAR 	 2.41E-02 
LUNGS 	 3.02E-01 
THYROID 	 3.30E-04 
ENDOST 	 2.99E-01 
RMNDR 	 1.70E-03 

EFFEC 	 4.88E-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

   

INGESTION 	 7.96E-04 
INHALATION 	 4.79E-02 
AIR IMMERSION 	8.54E-08 
GROUND SURFACE 	2.30E-05 
INTERNAL 	 4.87E-02 
EXTERNAL 	 2.30E-05 

TOTAL 	 4.88E-02 



Feb 26, 2004 03:24 pm 
	 SUMMARY 

Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

 

Selected 
Individual 
(mrem/y) 

   

U-238 	 8.30E-03 
U-235 	 5.29E-04 
U-234 	 9.33E-03 
RA-226 	 7.03E-04 
TH-232 	 4.63E-03 
TH-230 	 1.64E-02 
TH-228 	 3.84E-03 
RA-224 	 5.35E-05 
TH-234 	 3.82E-05 
PA-234M 	 7.04E-09 
TH-233 	 4.71E-08 
RA-228 	 4.87E-04 
AC-228 	 1.12E-05 
PA-231 	 2.06E-03 
AC-227 	 2.40E-03 

TOTAL 	 4.88E-02 



Feb 26, 2004 03:24 pm 

CANCER RISK SUMMARY 

Cancer 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

SUMMARY 
Page 3 

     

LEUKEMIA 	 2.07E-08 
BONE 	 1.35E-08 
THYROID 	 6.29E-11 
BREAST 	 5.81E-10 
LUNG 	 4.93E-07 
STOMACH 	 4.32E-10 
BOWEL 	 4.76E-10 
LIVER 	 3.64E-09 
PANCREAS 	 3.04E-10 
URINARY 	 . 1.14E-09 
OTHER 	 3.72E-10 

TOTAL 	 5.34E-07 

PATHWAY RISK SUMMARY 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

   

INGESTION 	 4.29E-09 
INHALATION 	 5.29E-07 
AIR IMMERSION 	 2.05E-12 
GROUND SURFACE 	 5.30E-10 
INTERNAL 	 5.34E-07 
EXTERNAL 	 5.32E-10 

TOTAL 	 5.34E-07 



SUMMARY 
Page 4 

Feb 26, 2004 03:24 pm 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 1.10E-07 
U-235 7.12E-09 
U-234 1.23E-07 
RA-226 	S  1.29E-08 
TH-232 2.62E-08 
TH-230 1.35E-07 
TH-228 7.72E-08 
RA-224 1.21E-09 
TH-234 1.76E-09 
PA-234M 1.79E-13 
TH-231 1.37E-12 
RA-228 6.47E-09 
AC-228 2.25E-10 
PA-231 1.15E-08 
AC-227 2.08E-08 

TOTAL 5.34E-07 



• 

Feb 26, 2004 03:24 pm 
	

SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 59 1191 4480 

4.9E-02 7.7E-04 5.9E-04 
NNW 2.6E-02 6.7E-04 5.7E-04 
NW 2.9E-02 6.9E-04 5.8E-04 

WNW 3.5E-02 7.2E-04 5.8E-04 
2.7E-02 6.8E-04 5.7E-04 

WSW 1.3E-02 6.2E-04 5.7E-04 
SW 1.8E-02 6.4E-04 5.7E-04 

SSW 2.2E-02 6.6E-04 5.7E-04 
2.0E-02 6.5E-04 5.7E-04 

SSE 1.5E-02 6.2E-04 5.7E-04 
SE 2.1E-02 6.5E-04 5.7E-04 

ESE 3.4E-02 7.1E-04 5.8E-04 
4.4E-02 7.6E-04 5.8E-04 

ENE 3.7E-02 7.2E-04 5.8E-04 
NE 2.3E-02 6.6E-04 5.7E-04 

NNE 2.0E-02 6.5E-04 5.7E-04 



Feb 26, 2004 03:24 pm 	 SUMMARY 
Page 6 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 59 1191 4480 

5.3E-07 5.4E-09 3.3E-09 
NNW 2.8E-07 4.2E-09 3.2E-09 
NW 3.2E-07 4.4E-09 3.2E-09 

WNW 3.9F-07 4.7E-09 3.2E-09 
3.0E-07 4.3E-09 3.2E-09 

WSW 1.4E-07 3.6E-09 3.1E-09 
SW 2.0E-07 3.9E-09 3.1E-09 

SSW 2.4E-07 4.1E-09 3.1E-09 
2.2E-07 4.0E-09 3.1E-09 

SSE 1.6E-07 3.7E-09 3.1E-09 
SE 2.3E-07 4.0E-09 3.1E-09 

ESE 3.8E-07 4.7E-09 3.2E-09 
4.9E-07 5.2E-09 3.3E-09 

ENE 4.0E-07 4.8E-09 3.2E-09 
NE 2.5E-07 4.1E-09 3.2E-09 

NNE 2.1E-07 3.9E-09 3.1E-09 



CAP 8 8 -PC 

Version 2.00 

Clean Air Act Assessment Package - 1988 

DOSE AND RISK EQUIVALENT SUMMARIES 

Non-Radon Individual Assessment 
mar in, 7004 04. :39 pm 

Facility: CITY OF VENICE 
Address: 

CiLy: SL. Louis 
State: MO 	 Zip: 

Source Category: Area 
Source Type: Area 

Emission Year: 2003 

Comments: Emission from City of Venice 

Dataset Name: 2003CITYOFVENICE 
Dataset Date: Mar 10, 2004 04:39 pm 

Wind File: C:\CAP88PC2\WNDFILES\13994.WND  



• 
Mar 10, 2004 04:39 pm 
	 SUMMARY 

Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Selected 
Individual 

Organ 	 (mrem/y) 

GONADS 	 1.63E-04 
BREAST 	 1.29E-04 
R MAR 	 4.58E-03 
LUNGS 	 6.06E-02 
THYROID 	 1.26E-04 
ENDOST . 	 5.64E-02 
RMNDR 	 4.35E-04 

EFFEC 	 9.71E-03 
	 • 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/y) 

   

INGESTION 	 2.70E-04 
INHALATION 	 9.44E-03 
AIR IMMERSION 	4.27E-08 
GROUND SURFACE 	4.68E-06 
INTERNAL 	 9.71E-03 
EXTERNAL 	 4.72E-06 

TOTAL 	 9.71E-03 



Mar 10, 2004 04:39 Pm SUMMARY 
Page 2 

  

   

NUCLIDE EFFECTIV2 DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(mrem/y) 

U-238 1.68E-03 
U-235 9.21E-05 
U-234 1.88E-03 
RA-226 1.61E-04 
1H-232 1.10E-03 
TH-230 2.74E-03 
TH-228 9.20E-04 
RA-224 1.28E-05 
TH-234 1.69E-05 
PA-234M 1.15E-09 
TH-231 1.74E-08 
RA-228 2.80E-04 
AC-228 5.91E-06 
PA-231 3.58E-04 
AC-227 4.69E-04 

TOTAL 9.71E-03 



Mar 10, 2004 04:39 pm 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Cancer 	 Fatal Cancer Risk 

LEUKEMIA 	 4.02E-09 
BONE 	 2.58E-09 
THYROID 	 2.32E-11 
BREAST 	 2.05E-10 
LUNG 	 1.01E-07 
STOMACH 	 1.64E-10 
BOWEL 	 1.88E-10 
LIVER 	 8.17E-10 
PANCREAS 	 1.16E-10 
URINARY 	 2.97E-10 
OTHER 	 1.42E-10 

TOTAL 	 1.09E-07 

PATHWAY RISK SUMMARY 

• 
SUMMARY 
Page 3 

• 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

   

INGESTION 	 1.60E-09 
INHALATION 	 1.07E-07 
AIR IMMERSION 	 1.02E-12 
GROUND SURFACE 	 1.08E-10 
INTERNAL 	 1.09E-07 
EXTERNAL 	 1.09E-10 

TOTAL 	 1.09E-07 

• 



Mar 10, 2004 04:39 pm 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 2.22E-08 
U-235 1.24E-09 
U-234 2.48E-08 
RA-226 2 89F-09 
TH-232 6.21E-09 
TH-230 2.26E-08 
TH-228 1.85E-08 
RA-224 2.90E-10 
TH-234 7.44E-10 
PA-234M 2.94E-14 
TH-231 5.09E-13 
RA-228 3.59E-09 
AC-228 1.19E-10 
PA-231 2.00E-09 
AC-227 4.07E-09 

TOTAL 1.09E-07 

SUMMARY 
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 370 887 4968 

9.7E-03 2.0E-03 3.1E-04 
NNW 5.1E-03 1.1E-03 2.5E-04 
NW 5.9E-03 1.3E-03 2.6E-04 

WNW 7.2E-03 1.5E-03 2.8E-04 
5.5E-03 1.2E-03 2.6E-04 

WSW 2.7E-03 6.8E-04 2.3E-04 
SW 3.8E-03 8.7E-04 2.4E-04 

SSW 4.7E-03 1.0E-03 2.5E-04 
4.1E-03 9.5E-04 2.4E-04 

SSE 2.9E-03 7.2E-04 2.3E-04 
SE 4.2E-03 9.6E-04 2.4E-04 

ESE 7.0E-03 1.5E-03 2.7E-04 
9.1E-03 1.9E-03 2.9E-04 

ENE 7.6E-03 1.6E-03 2.8E-04 
NE 4.7E-03 1.1E-03 2.5E-04 

NNE 4.0E-03 9.2E-04 2.4E-04 

• 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 370 887 4968 

1.1E-07 2.2E-08 2.4E-09 
NNW 5.6E-08 1.2E-08 1.8E-09 
NW 6.6E-08 1.4E-08 1.9E-09 

WNW 8.1E-08 1.6E-08 2.0E-09 
6.1E-08 1.3E-08 1.8E-09 

WSW 3.0E-08 6.6E-09 1.5E-09 
SW 4.2E-08 8.8E-09 1.6E-09 

SSW 5.2E-08 1.1E-08 1.7E-09 
4.5E-08 9.6E-09 1.7E-09 

SSE 3.2E-08 7.1E-09 1.5E-09 
SE 4.6E-08 9.8E-09 1.7E-09 

ESE 7.8E-08 1.6E-08 2.0E-09 
1.0E-07 2.0E-08 2.2E-09 

ENE 8.5E-08 1.7E-08 2.1E-09 
NE 5.2E-08 1.1E-08 1.7E-09 

NNE 4.4E-08 9.3E-09 1.7E-09 
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ORGAN DOSE EQUIVALENT SUMMARY 

  

Selected 
Individual 
(mrem/y) 

 

Organ 

  

    

    

GONADS 	 6.72E-04 
BREAST 	 2.59E-04 
R MAR 	 4.08E-02 
LUNGS 	 6.09E-01 
THYROID 	 2.26E-04 
ENDOST 	 5.09E-01 
RMNDR 	 3.29E-03 

EFFEC 	 9.45E-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

 

Selected 
Individual 
(mrem/y) 

• 

    

INGESTION 	 1.18E-03 
INHALATION 	 9.33E-02 
AIR IMMERSION 	5.87E-09 
GROUND SURFACE 	3.98E-05 
INTERNAL 	 9.44E-02 
EXTERNAL 	 3.98E-05 

TOTAL 	 9.45E-02 

• 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

Selected 
Individual 
(mrem/y) 

   

U-238 	 2.27E-02 
U-235 	 1.14E-03 
U-234 	 2.55E-02 
RA-226 	 4.14E-04 
TH-232 	 1.62E-03 
TH-230 	 3.18E-02 
TH-228 	 1.10E-03 
RA-224 	 1.53E-05 
TH-234 	 9.17E-06 
PA-234M 	 1.83E-09 
TH-231 	 9.12E-09 
RA-228 	 1.57E-05 
AC-228 	 3.64E-07 
PA-231 	 4.43E-03 
AC-227 	 5.81E-03 

TOTAL 	 9.45E-02 



Mar 9, 2004 03:45 pmm 

CANCER RISK SUMMARY 

Selected Individual 
Total Lifetime 

Cancer 	 Fatal Cancer Risk 

SUMMARY 
Page 3 

 

LEUKEMIA 	 3.45E-08 
BONE 	 2.25E-08 
THYROID 	 4.81E-11 
BREAST 	 5.26E-10 
LUNG 	 9.62E-07 
STOMACH 	 3.04E-10 
BOWEL 	 3.17E-10 
LIVER 	 7.30E-09 
PANCREAS 	 2.10E-10 
URINARY 	 2.69E-09 
OTHER 	 2.56E-10 

TOTAL 	 1.03E-06 

PATHWAY RISK SUMMARY 

Selected Individual 
Total Lifetime 

Pathway 
	

Fatal Cancer Risk 

INGESTION 	 5.79E-09 
INHALATION 	 1.02E-06 
AIR IMMERSION 	 1.38E-13 
GROUND SURFACE 	 9.14E-10 
INTERNAL 	 1.03E-06 
EXTERNAL 	 9.15E-10 

TOTAL 	 1.03E-06 

1 

1  

1 
1 • 



Mar 9, 2004 03:45 pmm 

NUCLIDE RISK SUMMARY 

Nuclide 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

U-238 3.02E-07 
U-235 1.53E-08 
U-234 3.37E-07 
RA-226 7.64E-09 
TH-232 9.16E-09 
TH-230 2.62E-07 
TH-228 2.21F-OR 
RA-224 3.47E-10 
TH-234 4.23E-10 
PA-234M 4.67E-14 
TH-231 2.66E-13 
RA-228 2.10E-10 
AC-228 7.33E-12 
PA-231 2.47E-08 
AC-227 5.04E-08 

TOTAL 1.03E-06 

SUMMARY 
Page 4 
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 60 830 1950 

9.4E-02 2.9E-03 1.3E-03 
NNW 5.4E-02 1.9E-03 1.1E-03 
NW 4.9E-02 2.1E-03 1.1E-03 

WNW 5.4E-02 2.4E-03 1.2E-03 
4.8E-02 2.0E-03 1.1E-03 

WSW 2.5E-02 1.4E-03 .9.4E-04 
SW 2.8E-02 1.6E-03 9.9E-04 

SSW 3.2E-02 1.8E-03 1.0E-03 
4.4E-02 1.7E-03 1.0E-03 

SSE 3.3E-02 1.4E-03 9.5E-04 
SE 4.5E-02 1.7E-03 1.0E-03 

ESE 6.0E-02 2.3E-03 1.2E-03 
6.1E-02 2.8E-03 1.3E-03 

ENE 4.7E-02 2.4E-03 1.2E-03 
NE 4.0E-02 1.8E-03 1.0E-03 

NNE 3.7E-02 1.6E-03 1.0E-03 

• 
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INDIVIDUAL LIFETIME RISK (dcatho) 
(All Radionuclides and Pathways) 

Distance 	(m) 

Direction 60 830 1950 

1.0E-06 2.7E-08 9.2E-09 
NNW 5.9E-07 1.6E-08 6.7E-09 
NW 5.3E-07 1.8E-08 7.1E-09 

WNW 5.9E-07 2.1E-08 7.8E-09 
5.2E 07 1.7E-00 G.9E-09 

WSW 2.7E-07 1.0E-08 5.4E-09 
SW 3.0E-07 1.3E-08 5.9E-09 

SSW 3.5E-07 1.5E-08 6.4E-09 
4.8E-07 1.3E-08 6.1E-09 

SSE 3.6E-07 1.1E-08 5.5E-09 
SE 4.9E-07 1.4E-08 6.2E-09 

ESE 6.5E-07 2.0E-08 7.7E-09 
6.7E-07 2.5E-08 8.8E-09 

ENE 5.1E-07 2.2E-08 8.0E-09 
NE 4.4E-07 1.5E-08 6.4E-09 

NNE 4.0E 07 1.3E-00 G.0E-09 



APPENDIX A 

SLS ALPHA TRACKS, `MD & PERIMETER AIR RESULTS 
(Provided on CD-ROM) 



APPENDIX C 

COLDWATER CREEK SURFACE-WATER AND SEDIMENT DATA 
FOR 2003 (Provided on CD-ROM) 



APPENDIX D 
GROUND-WATER FIELD PARAMETERS DATA FOR CY 2003 

AND ANALYTICAL DATA RESULTS FOR CY 2003 
(Provided on CD-ROM) 



APPENDIX E 

DOSE ASSESSMENT ASSUMPTIONS 



A. 	Dose from the MSS to a Maximally Exposed Individual 

The following dose assessment is for a maximally exposed individual who works full-
time (2,000 hours per year) at a location approximately 50 meters east of the HISS 
perimeter and 110 meters from the center of the HISS. 

1. Airborne Radioactive Particulates:  An effective dose equivalent of 5.9 mrem/yr 
to the receptor was calculated by using activity fraction and air particulate 
monitoring data to determine a source term, and then using the EPA approved 
CAP88-PC modeling code to calculate dose to the receptor at 50 meters east of 
the HISS (SAIC, 2004a). 

2. External Gamma 

Since stations HA-3, HA-4, and HA-5 were the closest TLD locations to the 
receptors, the TLD results at these stations were used for dose calculation. 
Station HA-3, HA-4, and HA-5 TLDs measured annual exposures, above 
background of 26 mrem/yr, 5 mrem/yr, and 0 mrem/yr, respectively, based on 
8,760 hours of continuous exposure. The effective dose equivalent due to gamma 
exposure for the maximally exposed individual is estimated by assuming that the 
site approximates a line source with a source strength (Hi) that is the average of 
the TLD measurements between the source and the receptor (Cember, 1996). 

(2 6 + 5 + 0) mrem/yr _ 10.3 mrem/yr Hi= 
3 

hi 	tan -1  (L/h2) 
H2=Hix x 

112 	tan -1 (L/hi) 

H2 = 0.2 mrem/yr 

Where: 
H2= 
H1= 
h2= 
hi = 
L = 

 

exposure rate to the receptor 
exposure rate to the TLDs 
distance from the source to the receptor = 50 meters 
distance from the source to the TLDs = 1.6 meters 
average distance from centerline of the line source (111) to the end of the 
line source = 68 meteis 



Dose to the maximally exposed individual who is only present during a normal work 
year, is calculated as follows: 

FIMEI = H2 X 
8760 hours/total year 

HmEI = 0.05 mrem/yr 

3. 	Airborne Radon 

Station HA-3, HA-4, and HA-5 ATDs measured above background annual 
exposures of 0.05 pCi/L, 0.0 pCi/L, and 0.0 pCi/L, respectively, based on 8760 
hours of continuous exposure. Exposure to the receptor from radon (and progeny) 
was estimated using a dispersion factor (C2) and the average ATD monitoring 
data at the site perimeter between the source and the receptor (SAIC, 2004a). 

si- [ (0.05+ 0.0 + 0.0) pCi/L _ 
0.02 pCi/L 

3 

S MEI = S 1 X F x DCF x T x C 1 x C 2 

WL 	mrem 1 month 2000 hrs 
SMEJ = 0.02 pCi/L x 0.0005 	x1250 	 x 0.88 = 0.1 mrem/yr 

pCi/L 	WLM 170 hrs 	yr 

Where: 
Si = Fenceline average of ATD measurements between source and receptor 
SmEi = Radon exposure to the hypothetical maximally exposed individual. 
F = 	Equilibrium fraction of 0.05 WL per 100 pCi/L (DOE 1998) 
DCF = Dose Conversion Factor (USEPA 1989b) 
T = 	Exposure time for the hypothetical maximally exposed receptor 
C1 = Occupancy factor constant = 1 month per 170 hours 
C2 = Constant derived using CAP-88PC Version 2, the Lambert Airport wind 

file (assuming a distance of 50 meters), and an impacted surface area of 
22,000 m2 . Calculation assumes a 1 Ci/yr radon release rate and then 
ratios the concentrations at 1 meter and 50 meters to determine the 
constant. 

WL = working level (concentration unit) 
WLM = working level month (exposure unit) 

2000 hours/work year 



4. Total Effective Dose Equivalent (TEDE) 

TEDE = CEDE (airborne particulates) + DDE (external gamma) 
+ CEDE (airborne radon) 

TEDE = 5.9 mrem/yr + 0.05mrem/yr + 0.1 mrem/yr = 6.1 mrem/yr 

B. 	Dose from the SLAPS to a Maximally Exposed Individual 

The following dose assessment is for a maximally exposed individual who works full-
time (2,000 hours per year) at a location approximately 160 meters south of the SLAPS 
perimeter and 314 meters from the center of the SLAPS. 

1. Inhalation Pathway 

Airborne Radioactive Particulates: An effective dose equivalent of 5.7 mrem/yr 
to the receptor was calculated by using activity fractions data and air particulate 
sampling data to determine a source term, and then using the EPA 
approvedCAP88-PC modeling code to calculate dose to the receptor at 160 meters 
south of the SLAPS perimeter (SAIC, 2004b). 

2. External Gamma Pathway 

Since stations PA-1 and PA-2 were the closest to the receptor, the TLD results 
from these stations were used for the dose calculations. Station PA-1 and PA-2 
TLDs measured annual exposures, above background, of 138 mrem/yr and 18 
mrern/yr, respectively, based on 8,760 hours of continuous exposure. The dose 
equivalent due to gamma exposure for the maximally exposed individual is 
estimated by assuming that the site approximates a line source with a source 
strength (H 1 ) that is the average of the TLD measurements between the source 
and the receptor (Cember, 1996). 

Hi= 
(138+18)mrem/yr 

— 78 mrem/yr 
2 

tan - ' (L/h2) 
112 111 X 	* 

h2 tan -1  (L/hi) 

H2 = 0.5 mrem/yr 

Where: 
H2  = exposure rate to the receptor (continuous exposure) 
H 1  = exposure rate to TLDs 
h2 = distance from source to receptor = 160 meters 
h 1  = distance from source to TI_Ds = 1.6 meters 



L = average distance from centerline of the line source (H1) to the end of the 
line source = 300 meters 

Dose to the maximally exposed individual who is only present during a normal work 
year, is calculated as follows: 

HMEI = H2 X 
2,000 hours/work year 

8,760 hours/total year 

HmEi = 0.1 mrem/yr 

3. 	Airborne Radon Pathway 

Station PA-1 and PA-2 alpha track detectors (ATDs) measured above background 
annual exposures of 0.15 pCi/L and 0.05 pCi/L, respectively, based on 8,760 
hours of continuous exposure. Exposure to the receptor from radon (and progeny) 
was estimated using a dispersion factor (C2) and the average ATD monitoring 
data at the site perimeter between the source and the receptor (SAIC, 2004b). 

[ (0.15+ 0.05) pCi/L1 
Si- 	

2 	
- 0.1 pCi/L 

S MEI S I xFxDCFxTxC xC2 

WL 	mrem 2,000 hrs 1 month 
S mEl  = 0.1pCi/L x 0.0005 	x1250  	x0.21 =0.2 mrem/yr 

pCi/L 	WLM 	Yr 	170 hrs 

Where: 
S1 = Fenceline average of ATD measurements between source and receptor 
SmE = Radon exposure to the hypothetical maximally exposed individual. 
F = Equilibrium fraction of 0.05 WL per 100 pCi/L (DOE 1998) 
DCF = Dose Conversion Factor (USEPA, 1989b) 
T = 	Exposure time for the hypothetical maximally exposed receptor 
C1 = Occupancy factor constant = 1 month per 170 hours 
C2 = Constant derived using CAP-88PC Version 2.0, the Lambert Airport wind 

file (assuming a distance of 160 meters), and an impacted surface area of 
88,000 m2 . Calculation assumes a 1 Ci/yr radon release rate and then 
ratios the concentrations at 1 meter and 160 meters to determine the 
constant. 

WL = working level (concentration unit) 
WLM = working level month (exposure unit) 

Total Effective Dose Equivalent (TEDE) 

TEDE = CEDE (airborne particulates) + DDE (external gamma) 



+ CEDE (airborne radon) 

TEDE = 5.7 mrem/yr + 0.1 mrem/yr + 0.2 mrem/yr = 6.0 mrem/yr 

C. 	Dose from the SLDS to a Maximally Exposed Individual 

The following dose assessment is for a maximally exposed individual who works full-
time (2,000 hours per year) at a location approximately 50 meters southeast of the 
external gamma and radon monitoring location and 59 to 391 meters from the SLDS 
excavation areas. 

1. Airborne Radioactive Particulates:  An effective dose equivalent of 0.1 mrem/yr 
to the receptor was calculated by using activity fractions to determine a source 
term, and then combining the dose results for City of Venice (DT-11), Plant 1, 
Plant 6, Plant 7, Thomas & Proetz (DT-10), Heintz Steel (DT-6), and Midwest 
Waste (DT-7). EPA CAP88-PC modeling code was used to calculate dose to the 
receptor at 59 to 391 meters from the SLDS excavation areas (SAIC, 2004c). 

2. External Gamma 

Since station DA-2 was the closest TLD to the receptor, the TLD results from this 
location were used for the dose calculations. The station DA-2 TLD measured an 
annual exposure, above background, of 9 mrem/yr, based on 8,760 hours of 
continuous exposure. The effective dose equivalent due to gamma exposure for 
the maximally exposed individual is estimated by assuming that the site 
approximates a line source with a source strength (Hi) that is the average of the 
TLD measurements between the source and the receptor (Cember, 1996). 

Hi— (9)nuem/Yr  = 9 mrem/yr 

hi tan-1  (L/h2) 
H2=111 x 	x 

h2 tan -1  (L/hi) 

H2 = 0.23 mrem/yr 

Where: 
H2 
H 1 = 
h2= 
h i  — 
L = 

exposure rate to the receptor 
exposure rate to the TLDs 
distance from the source to the receptor = 50 meters 
distance from the source to the TLDs = 1.6 meters 
average distance from centerline of the line source (H i ) to the end of the 
line source = 150 meters 



Dose to the maximally exposed individual who is only present during a normal work 
year, is calculated as follows: 

HMEI = H2 X 
8,760 hours/total year 

HmEi = 0.05 mrem/yr 

3. Airborne Radon 

Evaluation of environmental radon results indicated that the annual exposure at 
station DA-2 was equal to annual average background (see Table 2-9). Effective 
dose equivalent to the receptor due to exposure from radon (and progeny) was 
zero. 

4. Total Effective Dose Equivalent (TEDE) 

TEDE = CEDE (airborne particulates) + DDE (external gamma) 
+ CEDE (airborne radon) 

TEDE = 0.1 mrem/yr + 0.05 mrem/yr + 0.0 mrem/yr = 0.2 mrem/yr 

D. 	Dose from Coldwater Creek to a Maximally Exposed Individual 

The following dose assessment is for a maximally exposed individual who is assumed to 
be a youth that spends time at Coldwater Creek for recreational purposes. 

1. 	Contaminated Water Ingestion (SAIC, 2004d) 

The UCL-95 values of the average contamination values in Coldwater Creek in 
2003 at each monitoring station (Table 3-17) were used to calculate the effective 
dose equivalent to the receptor from an intake of contaminated water. 
Assumptions are as follows: 

The receptor visits Coldwater Creek as a recreational user once every two weeks 
(26 visits/year) and the receptor drinks 2 L/day of contaminated water from the 
creek during each visit (USEPA, 1989a). 

Dose Conversion Factors (DCF) (USEPA, 1989b) are as follows: 

Tot-U 	2.5E-5 mrem/pCi 
Th-228 	3.96E-4 mrern/pCi 
Th-230 	5.48E-4 mrem/pCi 
Th-232 	2.73E-3 mrem/pCi 
Ra-226 	1.33E-3 mrem/pCi 

2,000 hours/work year 



Equations 

TEDEw = E (TEDErot-u, TEDE-rh_228, TEDETh-230, TEDEn1-232, TEDER2-226, 
TEDERa-228) 

TEDE = (Umax), pCi/L x 2.0 L/d x 26 d/yr x DCF mrem/pCi 

Radiological contaminant concentration UCL-95 values for in Coldwater Creek 
water are as follows: 

Tot-U 
Th-228 
Th-230 
Th-232 
Ra-226 

4.98 
2.35 
3.23 
1.28 
2.17 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

Therefore, 

4.98 pCi/L x 2.0 L/d x 26 d/yr x 2 .5E-5 mrem/pCi 
= 6.5E-3 mrem/yr 

2.35 pCi/L x 2.0 L/d x 26 d/yr x 3. 96E-4 mrem/pCi 
= 4.9E-2 mrem/yr 

3.23 pCi/L x 2.0 L/d x 26 d/yr x 5. 48E-4 rru -em/pCi 
= 9.2E-2 mrcm/yr 

1.28 pCi/L x 2.0 L/d x 26 d/yr x 2. 73E-3 nu -em/pCi 
= 1.8E-1 mrem/yr 

2.17 pCi/L x 2.0 L/d x 26 d/yr x 1 .33E-3 mrem/pCi 
= 1.5E-1 mrem/yr 

TEDETot-u = 

TEDE-rh-228 = 

TEDETh -23 0 = 

TEDE-rh- 2 3 2 

TEDER. -226 = 

TEDEw = 4.8E-1 mrem/yr 

2. 	Contaminated Sediment Ingestion (SAIC, 200/1d) 

The UCL-95 values of the average contamination values measured in Coldwater Creek in 
2002 at each monitoring station (Table 3-14) were used to calculate the effective dose 
equivalent to the receptor from an intake of contaminated sediment. Assumptions are as 
follows: 



1. The receptor visits Coldwater Creek as a recreational user once every two 
weeks (26 visits/year). • 

2. The receptor ingests 50 mg/day of contaminated sediment from the creek 
during each visit (USEPA, 1989a). The dose conversion factors (DCF) 
(USEPA, 1989b) are as follows: 

Tot-U 	2.50E-5 rnrem/pCi 
Th-228 	3.96E-4 mrem/pCi 
Th- 230 	5.48E-4 mrem/pCi 
Th-232 	2.73E-3 mrem/pCi 
Ra-226 	1.33E-3 mrem/pCi 
Ra-228 	1.44E-3 mrem/pCi 

Equations 

TEDEs = E (CEDErot-u, CEDETh_228, CEDE -rh-230, CEDETh-232, CEDE12-226, 
CEDERa-228) 

TEDEi= (Umax) ;  pCi/g x 0.05 g/d x 26 d/yr x DCF mrem/pCi 

Radiological contaminant concentration UCL-95 values for Coldwater Creek 
sediment are as follows: 

Tot-U 	3.93 	pCi/g 
Th-228 	1.42 	pCi/g 
Th-23 0 	9.13 	pCi/g 
Th-232 	0.99 	pCi/g 
Ra-226 	1.51 	pCi/g 
Ra-228 	0.89 	pCi/g 

Therefore, 

TEDE-rot-u = 3.93 pCi/g x 0.05 g/d x 26 d/yr x 2.5E-5 mrem/pCi • 
= 1.3E-4 mrem/yr 

TEDE-rh-228 = 1.42 pCi/g x 0.05 g/d x 26 d/yr x 3.96E-4 mrem/pCi 
= 7.3E-4 mrem/yr 

TEDE-rh-no = 9.13 pCi/g x 0.05 g/d x 26 d/yr x 5.48E-4 mrem/pCi 
= 6.5E-3 mrem/yr 

TEDETh-232 = 0.99 pCi/g x 0.05 g/d x 26 d/yr x 2.73E-3 mrem/pCi 
= 3.5E-3 mrem/yr • 



TEDER,226 = 1.51 pCi/g x 0.05 g/d x 26 d/yr x 1.33E-3 mrem/pCi 
= 2.6E-3 mrem/yr 

TEDER,228 = 0.89 pCi/g x 0.05 g/d x 26 d/yr x 1.44E-3 mrem/pCi 
= 1.7E-3 mrem/yr 

TEDEs = 1.5E-2 mrem/yr 

3. Total Effective Dose Equivalent (TEDE)  

TEDE = TEDEw + TEDEs 

TEDE = 4.8E-1 mrem/yr + 1.5E-2 mrem/yr = 0.5 mrem/yr 

E. DOSE FROM SLAPS TO A TRANSIENT RECEPTOR 

The following dose assessment is for a hypothetical transient receptor who passes SLAPS 
daily during the work week approximately 25 meters north of the SLAPS perimeter. 

1. Airborne Radioactive Particulates 

An effective dose equivalent of 2.0 mrem/yr to the receptor was calculated by 
using air particulate sampling data to determine a source term, and then using the 
EPA approved CAP88-PC modeling code to calculate dose to the receptor at 25 
meters north of the SLAPS perimeter (SAIC, 2004e). 

2. External Gamma 

Since stations PA-3, PA-4, PA-5 and PA-6 were the closest TLD locations to the 
receptor, the TLD results from these stations were used for the dose calculations. 
Station PA-3, PA-4, PA-5 and PA-6 TLDs measured annual exposures above 
background of 52 mrem/yr, 7 mrem/yr, 8 mrem/yr, and 49 mrem/yr, respectively, 
based on 8,760 hours of continuous exposure. The dose equivalent due to gamma 
exposure for the transient receptor is estimated by assuming that the site 
approximates a line source with a source strength (H1) that is the average of the 
TLD measurements between the source and the receptor (Cember, 1996). 

Hi = 
(52 + 7 + 8+  49) mrem/yr 

— 29 mrem/yr 
4 

hi tan -I  (L/h2) 
H2 =Hi x x 

h2 tan -1  (L/hi) 



H2  = 1.8 mrem/yr 

Where: 
H2  = exposure rate to the receptor (continuous exposure) 
H 1  = exposure rate to TLDs 
h2 = distance from source to receptor = 25 meters 
h 1  = distance from source to TLDs = 1.6 meters 
L = average distance from centerline of the line source (H 1 ) to the end of the 

line source = 300 meters 

Dose to the transient receptor who is only occasionally present (125 hrs/yr), is calculated 
as follows: 

HME1 = H2 X 
125 hours/work year 

8,760 hours/total year 

Hm Ei  = 0.025 mrem/yr 
2. 	Airborne Radon 

Stations PA-3, PA-4, PA-5, and PA-6 TLDs measured above background annual 
exposures of 0.0 pCi/l, 0.015 pCi/l, 0.05 pCi/l, and 0 pCi/l, respectively, based on 
8760 hours of continuous exposure. Exposure to the receptor from radon (and 
progeny) was estimated using a dispersion factor (C 2) and the average ATD 
monitoring data at the site perimeter between the source and the receptor (SAIC, 
2004e). 

= 
[ (0.0 + 0.30 + 0.05 + 0.0) pCi/L _ 

0.09 pCi/L Si  
4 

SMEI = S i  X F x DCF x Tx C 1 x C2  

WL  
mrem 1 month 125 hrs 

SmE = 0.09 pCi/L x 0.0005 	x1250 	
x 	x

170 
	hrs 
	

x1.0 = 0.04 mrem/yr 
WLM pCi/L 	 Yr 

Where: 
S 1  = Fenceline average of ATD measurements between source and receptor 
SmEl = Radon exposure to the hypothetical transient receptor. 
F = 	Equilibrium fraction of 0.05 WL per 100 pCi/L (DOE, 1998) 
DCF = Dose Conversion Factor (USEPA, 1989b) 
T = 	Exposure time for the hypothetical transient receptor 
C 1  = Occupancy factor constant = 1 month per 170 hours 
C2 = Constant derived using CAP-88PC Version 2, the Lambert Airport wind 

file (assuming a distance of 25 meters), and an impacted surface area of 
88,000 m2 . Calculation assumes a 1 Ci/yr radon release rate and then 

• 



• ratios the concentrations at 1 meter and 25 meters to determine the 
constant. 

Total Effective Dose Equivalent (TEDE)  

TEDE = CEDE (airborne particulates) + DDE (external gamma) 
+ CEDE (airborne radon) 

TEDE = 2.0 mrem/yr + 0.03 mrem/yr + 0.04 mrem/yr = 2.1 mrem/yr 
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